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Abstract — The paper presents research results on quality and assortment structure of uneven-aged
beech high forests in Central Serbia. Eleven representative stands of submontane beech forest
(Fagenion moesiacae submontanBmJov. 1976) and montane beech foregtagenion moesiacae
montanum B. Jov. 1976) were selected. Their altitude ranges from 450 m to 1350 m. Site class ranges
from 1/l to 11/1V, canopy closure from 0.7 to 0.9 and volume from 29hmto 522 nfha. Total area

of the stands is 241.9 ha. Sample plots of 56@vere established in a systematic grid of 200 x 100 m.
From silvicultural aspect, 16% of the standing volume (384ha) is class one, 39% is class two and

45% is class three. From the aspect of forest utilization 37% of the volume is class one, 34% is class
two, 19% is class three, and 10% is class four. In the assortment structure of the average stand volume,
industrial wood accounts for 42%, cordwood 48% and waste 10%. It has been concluded that beech
high forests in Serbia have unfavourable quality and assortment structure. This situation should be
improved in future by taking adequate management measures.

European beech / stand volume / stand structure / wood quality / assortments

1 INTRODUCTION

Beech is a dominant tree species in the forests of Serbia since it accounts for 60% of the total
tree volume of all high forests (Stojanéwt al. 2005). In the past different management
systems of beech forests were used the main ones were: selection felling system,
regeneration felling system, and group selection system.

Until the planned conversion of beech virgin forests into productive forests at the
beginning of the twentieth century, selection management system was solely applied (single
tree selection). The system was used up to the sixties. The selection system then was assessed
as unsuitable for beech forests and it was replaced with the management system of group
selection felling. This system was developed by Milin (1988) both in theory and in practice,
and was introduced in the period from 1960 to 1990. The system was later also considered as
unsuitable for beech forests and a new change of management system was implemented. The
system of forest management by regeneration felling with short regeneration periods was
proposed. This system is still the most commonly applied in management plans, but it is
seldom put into practice.
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Generally, there is a great difference between gemant planning of beech high forests
in Serbia and putting these plans into operati@pdhding on the stand structure (even-aged,
uneven-aged and selection stands with variousitiamal forms), either regeneration, group
selection or selection felling is planned. Howewngle tree selection felling and selection
felling of trees in small groups are most commamed in practice. This is due to a number
of reasons, particularly to the wrong approach l&nt that most uneven-aged forests are
almost even-aged and to determine the intensitjellihg on stand level, rather than on
management class level. Beech stands in Serbiprad®minantly group-selection all-aged,
while there is an insufficient confidence of theasered stand parameters, required for the
planning of the forest management on the stand (&eprivica 2006).

Implementation of different management systems edich high forests in Serbia and
their frequent change have resulted in exceptigriiaterogeneous structural development of
beech high forests, which has had a particularfiawourable influence on the quality and
natural regeneration of the stands.

Inventory of these forests is still focused on sime and diameter structure of the basic
taxation elements: number of trees, basal areamland volume increment. Evaluation of
the quality and assortment structure of standsoaedall classification of forest management
units has not been given enough considerationotast management plans data on stand
quality structure are usually given descriptivelyhile their assortment structure is
determined based on the experience gained durs@tkortment production in a particular
locality or region. However, this approach is oft&ubjective in its nature and there is a
permanent need for development, improvement andicagipn of a more objective and
precise method of assessing quality and assortstrertture of stands.

Dendrometry textbooks (Mirkog4Bankovi 1993, Pranfi-Luki¢ 1997) describe several
methods of assessing quality and assortment cotigpusHowever, different methods have
different reliability as well as different poteriafor their practical implementation.
Therefore, the Institute of Forestry in Belgrade matiated a research project under the title
“Method of assessment of quality and assortmenttire of beech high forests in Serbia®“.
The project was successfully carried out in thegaeof 2005 to 2007. A part of the obtained
results has been published so far (Koprivica e2al06, 2007, 2008, 2009).

The task and the aim of this paper is analyze gnthesize the results of older and recent
investigations of the quality and assortment stmgcibf beech stands in order to determine
more precisely the quality of beech high forest$Searbia and to plan suitable management
measures.

2 STUDY AREA AND METHOD

The research was performed in eleven high, pureyamaged beech stands, selected from
six forest complexes located in Central Serbia.s€hare: Severno Kajsko, Jablarko,
Podrinjsko-Kolubarsko, Donje-Ibarsko, Golijsko aRdsinsko with a total area of 241.9 ha.
Average stand area is 22.0 ha, while individuahdtareas range from 9.8 ha to 32.3 ha.
Average altitude of the stands is 850 m, whilevidiial stand altitudes ranging from 445 m
to 1330 m. Average slope is21Individually from 1F to 27 . The most frequent exposure is
northwest. Parent rock consists of different typésrocks (sandstone, slates, limestone,
granite, gneiss, granodiorite, andesite, etc.). Most frequent soil type is acid brown soll
(dystric cambisol), with the depth of approximatdly to 80 cm. The stands belong to the
submontane Hagenion moesiacae submontan@nJov. 1979 and montane beech forests
(Fagenion moesiacamontanumB. Jov. 197%. By silvicultural treatment and structure, they
are group-selection uneven-aged stands of beethfbigst, in operational (economic) use.
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Average site class is Il/1ll, ranging from I/l tb/IV. Average canopy closure degree is 84%,
ranging from 69% to 94%. Average percentage of lbéedhe stand volume is 97%, stand
mean diameter is 34 cm and Lorey’s mean height 28hm average number of trees (with
diameter above 10 cm) per hectare is 298, basal Zfenf/ha, volume 384 ftha, volume
increment 8.3 ritha (Koprivica et al. 2006, 2007, 2008).

A special method was designed (Koprivica et al.®)00r collecting and processing
data needed for the research of quality and assaoitisiructure of beech high forests in
Serbia. We shall present only the basic charatiesisf the applied method. The size and
the structure of taxation elements, particularlg ttolume and its quality and assortment
structure, were determined by partial measuremsamples). Simple circular sample
plots, sized 500 frwere used. They were distributed in the stands @& m quadratic
grid. The intensity of sampling was 5% of the staréa. Altogether there were 242
sample plots. The quality of the 3611 trees insalinple plots was evaluated by using
three different methods: the method of the Facaft{forestry in Belgrade (Stamenkovi
Vuckovi¢ 1988), the method of the Faculty of Forestry iragavo (Matt 1977) and
Priesol’s method (Mirko¢iBankovic 1993).

In this paper we used Matic's (Matil977) method. This method includes two
classifications of trees: silvicultural-technicaldatechnical. The first classification is used to
determine the quality of the growing stock and theld, while the second is used to
determine the proportions of assortments in thedsteolume, as well as in the marked
volume. The classifications are based on the dieametd the quality of the trees, or more
precisely trunks. The silvicultural-technical clifisation is defined primarily from the aspect
of silviculture, while the technical classificatios defined from the aspect of forest
utilization. The second classification is derivadni the first one. The criteria for these
classifications are described in detail in the pdgyeMatic, V. (1977).

This paper gives only the general characteristicthese classifications. According to
their diameter, trees are classified in the folloyvicategories: 5-10, 10-20, 20-30, 30-50,
50-80, and above 80 cm, while their quality is ased according to different criteria. A
number of different stem characteristics are asskeswigin, health condition, leaf colour,
forks, butt end, tree trunk, sweep, twist, denégsnage, frost cracks, overtopping, supression,
crown damage, snapped or dry tops and infectionccoAding to silvicultural-technical
classification, there are three classes of tre&adnd 3. The first class is the best, while the
third is the worst.

The first silvicultural-technical class comprisesalthy and normally formed trees, with
trunks beginning at the stump, suitable for thedpotion of logs of the best and good quality
(or potentially so when a tree reaches mature sthgaves should be healthy and green. The
third silvicultural-technical class comprises seldamaged, diseased and decaying trees, as
well as healthy trees which can be used only fergiroduction of fuel and pulp wood, and
possibly the lowest quality logs (e.g. ,wolfs*). &second silvicultural-technical class (2)
comprises all other trees.

According to technical classification, trees arasslified into four classes: 1, 2, 3 and 4.
The first class is the best, while the fourth is Worst. Trees are classified according to their
previously established silvicultural-technical atidmeter class, while taking other criteria
into consideration as well, primarily those relgtito the technical quality of trees. For
example, a tree with a dry or a snapped top cladsds a tree of the third silvicultural-
technical class can be classified as a tree ofirstetechnical class because the quality of its
trunk is the same as the quality of a tree in iitst $ilvicultural-technical class etc.

The provisional marking of the trees for felling svgperformed exclusively for
silvicultural purposes (positive selection).
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The assortment structure was assessed by theataodment tables for beech in Bosnia
(Vukmirovi¢ 1971), with some corrections (Koprivica et al. 2D0These assortment tables
show the proportion of forest assortments in thal teolume of the trees (with diameter
above 3 cm at the thinner end) expressed in pexgentThe inputs in these tables are
technical class and diameter class, as well akitlieof assortment, the proportion of which
is assessed. For a given technical class, the mgagee of a particular kind of assortment, by
its diameter class can be read directly from th#eta The total tree volume, previously
classified into technical and diameter classesyssed to determine assortment structure
expressed in fh The volume of each class is simply multipliedthbg appropriate percentages
read from the tables and then they are added up.

Field data were processed with the SORTIMENT compsivftware which was specially
designed for this purpose (Markéat al. 2007).

3 RESULTS

Out of the numerous study results, we shall ongsent the results concerning the size and
structure of the basic beech stand taxation elesn&hie focus will be naturally on the stand
volume.

3.1 Size and structure of beech stand taxation elants

The average values for the number of trees (N)albaa (G), volume (V) and volume
increment k) of the beech stands (per hectare at the time asarement) are presented in
Table 1 while Table 2shows the values for the marked part of the stand3able 3for the
unmarked part.

The average per hectare value of the taxation eltsmef all stands at the time of
measurement was as follows: number of trees 298| lzmea 27.0 fmvolume 383.9 rhand
volume increment 8.3 n

Table 1. Beech stand taxation elements (total)

Elements Stand

33a 42a 42b  122a 27a 3la 46a 8a 38b 44a 116a
N 274 321 308 214 259 301 298 352 482 294 314
G, nf 334 317 315 290 231 215 232 308 295 31.0 222
VvV, m? 522.4 379.6 333.2 503.6 353.7 290.8 316.0 385.2 361.0 502.0 289.9
ly, m° 8.6 6.6 5.0 105 8.0 6.4 10.1 8.9 6.7 9.2 8.0

Table 2. Beech stand taxation elements (marked part

Elements Stand

33a 42a 42b  122a 27a 3la 46a 8a 3b 44a 116a
N 135 179 142 110 127 155 136 146 230 110 167
G, nf 19.0 17.1 17.2 14.0 10.6 99 115 122 118 13.7 11.8
VvV, m? 304.5 203.3 189.1 242.1 159.8 130.7 157.8 152.9 142.1 229.1 152.9
ly, m° 4.3 3.3 2.3 4.9 3.6 2.7 4.7 3.3 2.2 35 3.9

The average per hectare value of the taxation eltnad the part which is included in the
provisionalmarking of all stands is: number of trees 145abasea 13.2 f volume 188.6 th
and volume increment 3.7°m
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Table 3. Beech stand taxation elements (unmarkedl pa

Elements Stand

33a 42a 42b  122a 27a 3la 46a 8a 8b 44a 116a
N 139 142 166 104 132 146 162 206 252 184 147 |
G, nf 144 146 143 150 125 116 11.7 186 17.7 17.3 104
VvV, m? 2179 176.3 1441 261.5 193.9 160.1 158.2 232.3 218.9 2729 137.0
Iv, m° 4.3 3.3 2.7 5.6 4.4 3.7 54 5.6 4.5 5.7 4.1

The average per hectare value of the taxation eitsyad the part which is not included
in the provisional marking of all stands is: number of trees 154 abasea 13.8 f volume
195.3 i and volume increment 4.6°m

The given data on the existing state of beech stamdl the part which has not been
included in the provisional marking of trees clgahow that the current state of beech high
forests in Serbia is very bad. Provisional markimgjuded on the average: 48.5% of trees,
48.9% of basal area, 49.1% of volume and 44.6%hfme increment.

Distribution of stand volume per diameter classesne of the most important parameters
of the quality and assortment structure — in thessethat, with approximately the same
quality of healthy trees, the stand with a highercpntage of larger diameter trees is more
valuable. In order to better understand the diffees in the stand volume structures per
diameter classes; their percentage distributiganesented ifable 4.

Table 4shows that in all stands altogether the percerdagiee trees with diameter above
60 cm (threshold diameter of felling size) is 26.8%the average volume. The volume of the
trees with diameter above 60 cm in individual starahge from 0 to 41.0%. It can be assumed
that the stands with a higher percentage of thitiess have better quality and assortment
structure, but this cannot be proven yet. Abovetalepends on the quality of the trees.

The volume of the trees included in the provisiamalrking in the stands is presented in
Table 5.The table shows that the percentage of the tretts diameters above 60 cm in the
provisionally marked volume of all stands amounts36.0% in the average. Individual stand
percentages of the trees with diameters above 6@rerm the range from 0 to 52.0%. This is in
accordance with the percentage distribution ofstaed volume presented Trable 4.1t further
shows that provisionally marked trees are distedun all diameter classes, which supports the
previous conclusion that the trees were exclusingyked from the aspect of silviculture (stand
tending).

Table 4. Structure of the beech stand volume maneier classes,in %

Stand Diameter class (cm) Total,
10-20 20-30 30-40 40-50 50-60 60-70 70-30 80-90 90-100%
33a 2.4 6.1 11.7 126 26.2 215 103 7.2 2.0 100.0
42a 1.7 95 241 276 246 107 1.8 - - 100.0
42b 1.9 7.9 99 287 275 174 6.7 - - 100.0
122a 1.6 4.0 95 189 215 297 121 2.7 - 100.0
27a 3.4 88 189 205 26.1 18.0 4.3 - - 100.0
3la 47 106 213 382 110 11.2 3.0 - - 100.0
46a 4.9 93 147 21.0 29.0 132 7.9 - - 100.0
8a 1.7 155 358 309 16.1 - - - - 100.0
8b 6.6 208 276 26.8 18.2 - - - - 100.0
44a 3.3 6.5 95 160 192 210 212 3.3 - 100.0
116a 54 102 244 268 160 104 4.5 2.2 - 100.0

Average, % 3.3 87 172 229 212 163 8.1 2.0 0.3100.0
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Table 5. Structure of the provisionally marked woduin the beech stands per diameter

classes, in %

Stand Diameter class (cm) Total,
10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 180- %
33a 1.8 3.8 9.4 83 247 229 134 123 3.4 100.0
42a 19 109 239 241 203 156 3.3 - - 100.0
42b 1.6 5.1 6.5 201 243 306 11.8 - - 100.0
122a 1.7 53 111 153 20.2 27.7 13.0 5.7 - 100.0
27a 38 115 186 142 263 20.8 4.8 - - 100.0
3la 68 108 141 304 116 19.7 6.6 - - 100.0
46a 4.7 76 133 144 249 193 1538 - - 100.0
8a 24 167 276 318 215 - - - - 100.0
8b 12.0 18.0 9.7 282 321 - - - - 100.0
44a 2.8 5.1 4.0 87 166 21.3 343 7.2 - 100.0
116a 58 112 179 29.7 11.0 149 5.2 4.3 - 100.0
Average, % 3.6 83 135 185 201 195 119 4.1 0.5 100.0

However, intensity of marking (per volume) is rathggh and amounts to around 49.1%.
Intensity of marking in individual stands rangesnir 39.4% to 58.2%. Apart from the high

percentage of the trees with diameter above 60ncthe stand volume, this is primarily the
consequence of the poor quality of the trees. Hregmtage of the trees with diameter above
60 cm in the unmarked average volume of all stands.6%, while there are no trees with
diameter above 80 cm.

3.2 Quality structure of beech stand volume

The study results include the quality structurethad existing stand volume, provisionally
marked volume, and the stand volume which wouldarerafter the provisional marking (tree
felling) has been carried out.

The percentage distribution of the existing stantlime per silvicultural and technical
classes is shown ifable 6

Table 6. Quality structure of the existing bee@ndtvolume, in %

Stand Silvicultural class Total, Technical class Total,
1. 2. 3. % 1. 2. 3. 4, %

33a 10.8 36.4 52.0 100.0 27.9 36.1 24.6 114 100.0
42a 11.3 39.6 49.1 100.0 38.9 36.6 18.5 6.0 100.0
42b 5.9 22.0 72.1 100.0 185 22.7 39.9 18.9 100.0
122a 30.2 43.3 26.5 100.0 56.0 33.0 9.3 1.7 100.0
27a 24.6 45.9 29.5 100.0 57.9 26.3 10.2 5.6 100.0
3la 17.3 35.1 47.6 100.0 37.7 31.4 17.4 13.5 100.0
46a 5.0 35.6 59.4 100.0 25.2 39.3 22.0 135 100.0
8a 6.9 42.9 50.2 100.0 23.7 38.3 26.9 11.1 100.0
8b 10.0 43.7 46.3 100.0 26.1 33.7 20.7 19.5 100.0
44a 19.7 47.5 32.8 100.0 44.2 37.0 135 5.3 100.0
116a 9.5 32.6 57.9 100.0 26.6 32.8 25.0 15.6 100.0
Average, % 15.5 39.5 45.0 100.0 374 34.0 18.9 9.7 100.0
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Table 6shows that the quality structure of the existirgedh stand volume is rather
unfavourable. The percentage of the trees of thrd {the lowest) silvicultural class in the
existing volume is 45.0%, ranging from 26.5% dol%2. The percentage of the trees of the
third and fourth technical class (the lowest clay$e the existing volume is approximately
28.6%, ranging from 11.0% to 58.8 %. This resuitam exceptionally high intensity of the
provisionally marked volume, 49.1%, ranging from.43@ to 58.2%, which means that
practically half of the existing stand volume shiblle removed in the next three or four
decades. This is the consequence of the high siiarees with large diameters and poor
quality, and the failure to apply adequate tendim@asures in the past. Approximately 23.5%
of the trees in the stands are strongly damagedfected by canker or decay. The volume of
such trees accounts for 25.5% of the existing be&id volume.

We came to similar conclusions in our earlier itigegions for the Jablagko and
Severno-Kdajsko forest areas, where the quality structurthefvolume of the beech stands
was also rather unfavourable (Koprivica et al. 20088). However, the quality structure of
the volume of the beech stands in Kolubarsko-Pgkinforest area was far better (Koprivica
et al. 2007). The best quality beech stands atheérBoranja (122a i 27a) and Zeljin (44a)
region.

Earlier studies concluded that the quality of bebidh forests in Serbia was far from
being satisfactory (Mirko¢i 1971). The recent evaluations of the quality aédbeforests in
Serbia have proven the same fact (Stojahetval. 2005).

The quality structure of the volume of the treeduded in the provisional marking in the
stands is presented Trable 7.1t shows that the provisional marking includes tiyosees of
the third silvicultural class, on average 71.8%giag from 49.8% to 96.8%, then trees of the
second and finally a negligible percentage of irat tlass trees. The share of the third and
fourth technical classes (together) in the prowialty marked volume accounts for about
46.4%, ranging from 17.4% to 87.0%. Therefore, qneality structure of the provisionally
marked volume is much less favourable than theitguatructure of the existing stand
volume, which could have been expected. In shbe,planned volume yield of the beech
high forests has a rather unfavourable qualitycstine, which will be more clearly shown in
the analysis of the assortment structure of thedstalume.

Quality structure of the unmarked tree volume i@ bieech stands is shownTable 8.
The data show the quality structure of the stadidme which should be achieved in the next
three to four management periods (30-40 years)pipyyimg the stand tending principle of
positive selection.

Table 7. Quality structure of the marked beechdtariume in %

Stand Silvicultural class Total, Technical class Total,
1. 2. 3. % 1. 2. 3. 4, %
33a - 26.4 73.6 100.0 10.2 36.3 35.2 18.3 100.0
42a 1.3 24.1 74.6 100.0 151 44.0 29.8 111 100.0
42b - 3.2 96.8 100.0 2.1 10.9 54.8 32.2 100.0
122a 11.9 38.3 49.8 100.0 355 47.1 14.0 3.4 100.0
27a 7.1 41.2 51.7 100.0 39.6 30.7 17.6 12.1 100.0
3la 0.5 20.0 79.5 100.0 15.2 29.7 27.1 28.0 100.0
46a - 13.7 86.3 100.0 0.8 46.1 27.2 25.9 100.0
8a - 20.3 79.7 100.0 6.2 30.0 39.1 24.7 100.0
8b - 11.4 88.6 100.0 5.2 19.6 30.4 44.8 100.0
44a 8.1 35.0 56.9 100.0 22.9 46.3 20.4 10.4 100.0
116a - 11.4 88.6 100.0 7.0 30.2 34.4 28.4 100.0

Average,% 3.4 24.8 71.8 100.0 16.5 37.1 27.8 18.6 00.01
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Table 8. Quality structure of the unmarked volurhthe beech stands, in %

Stand Silvicultural class Total, Technical class Total,
1. 2. 3. % 1. 2. 3. 4. %
33a 25.9 50.4 23.7 100.0 52.6 35.8 9.9 1.7 100.0
42a 22.8 57.5 19.7 100.0 66.3 28.1 5.4 0.2 100.0
42b 13.5 46.8 39.7 100.0 40.0 38.3 20.2 15 100.0
122a 47.1 48.0 4.9 100.0 75.2 19.8 4.9 0.1 100.0
27a 39.0 49.8 11.2 100.0 73.0 22.7 4.1 0.2 100.0
3la 31.0 47.4 21.6 100.0 56.1 32.7 9.5 1.7 100.0
46a 10.0 57.4 32.6 100.0 49.6 325 16.8 1.1 100.0
8a 11.4 57.8 30.8 100.0 35.2 43.8 18.9 2.1 100.0
8b 16.4 64.7 18.9 100.0 39.7 42.7 14.4 3.2 100.0
44a 29.4 58.0 12.6 100.0 62.1 29.2 7.6 1.1 100.0
116a 20.2 56.3 23.5 100.0 485 35.8 14.6 1.1 100.0

Average, %  27.2 53.5 19.3 100.0 574 31.2 10.3 1.1100.0

The average share of the third silvicultural classhe provisionally unmarked volume
accounts for 19.3%, while the third and the fouetthnical class amounts to 11.4%. This goal
is difficult to attain in the management practiteit we should do our best to reach it.
Naturally, we should also consider a very imporiastie of natural regeneration of the beech
stands and the intensity of tree growth abovedkation limit (10 cm).

3.3 Assortment structure of the beech stand volume

Table 9presents the assortment structure of the existolgme of the beech stands. The
assortment structure of the existing volume instinelied beech stands is unfavourable. The share
of the best quality assortments (FT/TL and PT1§0s3 ni/ha or 15.7%. The percentage of
industrial wood in the volume is 41,7%, cordwood48 and waste 9.9%.

Table 9. Assortment structure of the existing velwfithe beech stands, in m3/ha

Volume of the products and waste’/na Total,

FT/TL" PT1  PT2 PT3 C 01/02 03 S oTP m’ha
33a 315 407 644 771 8.0 701 686 282 56.8 2.452
42a 26.5 342 477 52.7 65.6 47.6 44 4 25.2 35.7 9.637
42b 121 184 328 493 611 525 475 19.0 405 3.233
122a 553 600 720 695 694 495 548 281 45.003.65
27a 38.0 384 437 463 544 409 379 23.0 311 3.735
3la 179 242 327 388 516 410 357 199 29.0 0.89
46a 158 236 383 429 56.0 450 420 195 329 6.031
8a 146 226 419 539 781 592 478 28.2 389 .2385
8b 11.8 207 359 442 756 606 478 27.1 373 .®B61
44a 440 514 689 689 753 577 600 279 479 2.060
116a 13.3 200 319 387 537 443 385 191 30.489.%

A‘rﬁ;ﬁge' 269 334 472 526 645 503 472 238 380 3839

% 7.0 8.7 12.3 13.7 16.8 13.1 12.3 6.2 9.9 100.0

Stand

* FTTL —veneer log and rotary log2T1, PT2 i PT3- saw logs of the first, second and third classp@pwoodQD1, O2 i O3-
fuelwood of the first, second and third class,8ak round billets and OTP - waste
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Table 10shows the assortment structure of the provisigmalirked volume of the beech
stands. The assortment structure of the providipmahrked volume of all the stands is on
average rather unfavourable, which is due to unfeatde quality structure. The share of the
best quality assortments (FT/TL and PT1) is 20%hanor 10.7%. The percentage of the main
groups of products is as follows: industrial wo&236, cordwood 52.4% and waste 11.4%.

Table 10. Assortment structure of the marked velofithe beech stands, irf/ha

Stand Volume of products and waste>/tma Tgtal
FT/TL PTL PT2 PT3 C 01/02 O3 S OTP miha
33a 111 179 349 475 491 464 456 144 37.6 4.530
42a 79 128 244 290 373 307 269 131 212 .303
42h 23 48 140 295 358 348 315 91 27.4 1892
122a  19.0 242 355 347 360 275 287 134 23.042.02
27a 138 140 187 206 257 225 189 10.3 153 9815
31la 45 65 124 175 242 227 192 82 155 1307
46a 32 7.7 181 223 278 262 248 87 190 157.8
8a 290 48 133 208 318 284 224 106 17.9 1529
8b 23 40 93 154 288 304 240 98 181 1421
44a 140 197 32.6 327 335 292 321 108 245 9.122
116a 37 65 140 207 285 280 235 94 186 9152
Arﬁ?}ﬁge 83 119 215 266 323 290 267 108 215 1886
% 44 63 114 141 171 154 142 57 114  100.0

It is interesting to see the assortment structdréh® unmarked volume of the beech
standgTable 11).Although this structure can be calculated fromdh& inTables 9 and 10
we will present it here in full to make the studytloe stand volume structure complete. As a
matter of fact, this is a model which should bévett for in the beech forest management and
which can be brought about by changes in the gustliticture of the trees in the stands.

The data inTable 11show that the difference in assortment structéinenonarked stand
volume is smaller than the difference in the mariketlme. The share of the best quality
assortments (FT/TL and PT1) is 40.%/ma or 20.5%. The percentage of the main groups of
products is as follows: industrial wood 47.0%, eeodd 44.4% and waste 8.6%.

Table 11. Assortment structure of the unmarkedmelwf the beech stands in m3/ha

Stand Volume of products and waste>/im Tc;tal,
FT/TL PTL PT2 PT3 C 01/02 O3 S OTP miha
33a 204 227 295 296 360 237 230 138 192 7.1
42a 186 214 232 237 283 169 176 121 145 6.317
42h 98 136 188 19.8 253 177 160 99 131 Q44
122a 363 358 364 348 333 220 261 148 22.161.62
27a 242 244 250 256 287 184 190 127 159 3.919
31a 134 178 203 212 274 183 165 117 135 0.116
46a 126 158 203 206 282 188 17.3 107 13.9 8215
8a 117 17.7 286 331 463 309 254 17.6 21.0 .3232
8b 95 167 265 289 468 302 238 173 192 @i8.
44a 300 31,7 367 361 417 285 278 171 233 2.97
116a 97 136 179 180 251 163 150 9.6 11.8 .0137
Ar‘gﬁlrﬁage 186 215 255 262 322 211 203 131 168 1953
% 95 11.0 131 134 165 108 104 6.7 86 1000
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4 DISCUSSION AND CONCLUSION

The results of the quality and assortment volumessire of the studied beech stands show that
according to the quality of their volume, the stndn be classified into three groups: the stands
of good, medium and poor quality. Stands 122a, 24a,belong to the group of good quality,
stands 42a, 33a, 31a, 46a medium quality and 8464d2b, 8b are poor quality stands.

In order to give a full insight into the quality tife studied beech stands, we applied the
stratified sample. The quality and assortment sirecof the present volume, provisionally
marked volume and unmarked volume are comparablé 12and13).

Table 12. Quality structure of the volume of akbtle stands, together

Stand volume Silvicultural class(%) Technical class (%)

1. 2. 3. Total 1. 2. 3. 4, Total
Present 155 395 450 1000 374 34.0 189 9.7 .0100
Marked 34 248 718 1000 165 371 278 18.6 @OO0.
Unmarked 272 535 193 100.0 574 312 103 1.10.010

The data in Table 12 show that the quality of tleeg i.e. their volume in the studied
beech stands in Serbia is rather bad. The percemhghe third silvicultural class in the
marked volume is 71.8%, while the third and thertlodechnical class account for 46.4%.
The percentage of the third silvicultural classha provisionally unmarked volume amounts
to 19.3%, while the third and the fourth technidaks make 11.4% altogether.

Table 13. Assortment structure of the volume dbedich stands, together

Products and waste (%)
FT/TL PT1 PT2 PT3 C 01/0203 S OTP Total

Stand volume

Present 7.0 8.7 123 13.7 16.8 131 123 6.2 9.9 0.010
Marked 4.4 6.3 114 141 171 154 142 57 114 0.0
Unmarked 95 110 131 134 165 108 104 6.7 8.400.0

Unfavourable quality structure of the stand volume a negative impact on their assortment
structure, i.e. the structure of the present volupnevisionally marked volume and unmarked
volume. The share of the best quality assortmé&tslL and PT1 in the present stand volume is
15.7% (10.9% in the marked volume and 20.5% irutimaarked volume). The percentage of the
main groups of products in the above three stditte stand volume is the following:

Stand volume Industrial wood Cordwood Waste Total
(%) (%) (%) (%)
Present 41.7 48.4 9.9 100.0
Marked 36.2 52.4 11.4 100.0
Unmarked 47.0 44.4 8.6 100.0

To improve the present unfavourable quality anersgent structure of beech stands in
Serbia, an appropriate management system shoulinpkemented consistently, which
implies that tending and regeneration measureddH@uapplied in a permanent, planned and
professional way. Since these are all pure uneged-aéeech stands, we think that the forest
management should continue to support the growgmtseh structure of stands. This
statement is further supported by the followingtdadhe present structural and spatial
development of beech stands, the present stateraathence of regrowth, unfavourable tree
quality on a large area, and steep terrain on wthiehstands are locateflpart from their
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production function, there are numerous other fofesctions which should be taken into
consideration in forest management planning andtigea To put it briefly, it is our opinion
that only a ,permanent forest” can fulfil all thequirements of multifunctionality.

Management should gradually strive towards achgesilguality and assortment structure
for unmarked volume calculated in this research. ek that in the next four decades,
disciplined and professional work can improve thasteng unfavourable quality and
assortment structure of beech high forests in §erbi
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