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Abstract - The control method, one of the most reliable methods of selection forest management, has been applied in
selection forests of western Serbia in a somewhat modified form (Goc¢ variety) for fifty years. This paper analyzes the
effects of the control method, i.e. its Go¢ variety, in the period from 1960/70 - 2000. It is based on the data of five
successive complete inventories of the Forest Management Unit (FMU) “Tara”, whose high selection forest of spruce, fir
and beech (Piceo-Abieti-Fagetum subass. typicum) trees on diluvium, brown and illimerised soil on limestone, and on
limestone in formation with hornfels, are the best quality and the most spacious forests in the Management Class MC
491/1. The effects were monitored through the changes in the distribution of the number of trees and volume per
diameter classes, separately for fir as the protagonist of the selection structure, and collectively at the level of a
compartment, a typical representative of MC 491/1. Also, the analysis included the changes in the number of trees,
volume, current volume increment, yield, and number of recruited trees per unit area (1 ha) by tree species in MC
491/1, occupying an area of 2,648.78 ha. The study results show that in the study period the average volume in MC
491/1 increased by 18.8%, the percentage of conifers increased from 66.0% to 78.5%, and the bearer of the changes was
fir. The volume of the mean fir tree increased by 35.9% and it attained 1.086 m’. The volume increment increased by
15.7%. The selection structure of conifers was satisfactory, but there were problems with beech regeneration, in its stable
presence and in its achievement of the targeted structure. The number of trees per unit area (1 ha) decreased, which in
the long run could have detrimental consequences, but the sustainability in general was satisfactory. The levels of
regeneration and recruitment were satisfactory. The health of the trees was improved; the stands were healthy, vital, and
biologically and functionally stable. The study results point not only to a series of positive effects of the several-decades’
long implementation of the Go¢ variety of the control method, but also to some problems, the understanding of which
will have a corrective role in the future management of selection forests in western Serbia.
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INTRODUCTION

The theoretical bases for selection forests, the
specificities of selection structure, recruitment,
inventory stability and renewal, tree maturity and
normal state have been reported by numerous
authors (Liocourt, 1898; Mayer, 1943; Mileti¢, 1950,
1951, 1952, 1959; Bankovi¢, 1981; Jovi¢ et al.,, 1991,
1994; Tomani¢ et al., 1997a; Bagnaresi et al, 2002;
Medarevi¢ et al., 2002, 2005, 2008). The specificities
of selection forest management have also been dealt
with in numerous papers (Schiitz, 2001a, 2002;
Boncdina et al., 2002; O’Hara and Gersonde, 2004;
control concept of the number of trees in uneven-

aged forests; Govedar, 2005; Cavlovi¢ et al., 2006,
etc.). In accordance with the main idea (Biolley,
1920), the control method, with some adaptations
to site and stand conditions, was first applied in
Serbia in the inventory of selection forests on the
mountain Go¢ (Milojkovi¢, 1962, 1986) in
1958/1959. From 1960 to date this method has also
been applied in selection forests on Mt. Tara —
FMU “Tara”. The method was not selected by
chance. Due to the fact that in these selection
forests (extremely heterogeneous groups from the
statistical point of view) the real state is very
difficult to estimate by partial measurement, the
decision to use total inventory was unreservedly

407



408 M. MEDAREVIC ET AL.

accepted. Furthermore, this method leads to more
reliable conclusions on the dynamics of change in
the anthropogenically conditioned selection struc-
ture in mixed forests of conifers and broadleaves, by
which, among other things, the management risk is
reduced.

Main data on the Goc variety of the control method

This new variety of the control method was worked
out during the measurement of the Faculty of
Forestry’s selection forests on Mt Go¢ in
1958/1959. The new variety retained the essence
and the leading idea of the basic Biolley method, i.e.
all the postulates that were evaluated as positive,
which are: frequently repeated inventories and
attentive monitoring of the fluctuation of current
volume increment and its relation to the volume
from which it originates; reaching the maximal
productivity of the best quality with the most
economic inventory; and permanent experiments in
each compartment (stand) in the search for the
most favorable state and relationships.

The following principle was adopted from the
variety of Schaeffer-Gazin-D’Alverny (1930): - that
yield calculation should take into account the
number of trees by comparing the real and the
equilibrium curves of the number of trees
(calculated after de Liocourt).

The specificities of the new variety are as fol-
lows: complete inventory of all trees above the taxa-
tion limit of 10 cm, with obligatory and permanent
marking of the point of diameter measurement;
special recording of recruited trees; adoption of a
ten-year cutting cycle, as silviculturally and econo-
mically rational; calculation of current volume in-
crement already in the first forest inventory by the
Goc¢ variety, applying some of the methods based
on the sufficient number of increment cores from
the trees of individual tree species in each compart-
ment; careful use of current volume increment as
an exceptionally uncertain value in yield calcula-
tion; establishment of management classes (classes
covering the compartments of similar site and stand
conditions and with the same specific purpose) for

which it is possible to select the common goals of
future forest management, as well as the measures
and means for their realization; definition of the
goals of future forest management at the level of
management classes, as well as the measures and
means for their realization (the most favorable mix-
ture, equilibrium volume (Mileti¢, 1951), diameter
of felling maturity of individual tree species
(Mileti¢, 1961)); and special procedure of yield cal-
culation by compartments.

Current volume increment of a stand is calcula-
ted during the first inventory by taking increment
cores of a sufficient number of trees, and it is based
on the diameter increment method (Mirkovié,
1959) using the formula:

(1)

where I4 is the current volume increment in the
diameter class; Av, the tariff difference of the
volumes of two adjacent diameter classes (Va-Vis);
ig the fitted value of diameter increment in the
diameter class; Ny the number of trees in the
diameter class; and a, the diameter class width in
mm. The value of volume increment can also be
verified by other formulas based on diameter
increment, transition period, or period of retention.

The periodic stand yield is calculated by the
formula:

E=V,+1,-V, (2)

where E is the periodic yield, Vi, the real stand
volume, I, the periodic volume increment and V, the
(normal) volume to be achieved at the end of the first
management period in the process of attaining the
equilibrium volume of the targeted mixture.

On average, in the selection system all the
stands will eventually be felled by the end of the
fifth year of the management period. It is at that
point that the state before felling in the stand is
realized. Immediately after felling, it is calculated as
the state after felling. Consequently, the selection
cutting cycle (ten years) lasts on average from the
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middle of the first to the middle of the second
management period. The volume before felling
(Vin) and the volume after felling (Vi,) are
calculated by the following formulas:

I, -n
Ve =V, +——
2

3)

n
-E

I, -
V, =V, +—
2 (4)
where I, is the current volume increment of the
state at the time of the inventory, computed both as
an absolute value and as a percentage (pi), and 7 is
the number of years in the cutting cycle.

The volume before felling (Vi,) is obtained by
adding the five-year volume increment at the time
of the inventory (I1) to the initial compartment
volume per ha (V,,). The state after felling (Vi) is
established immediately after felling, which is
usually done at the end of the fifth year in all
compartments. It is assumed that in the following
five years the stand will have a reduced production,
because of the reduced growing stock (Vi,). The
stand production till the end of the management
period is equal to the current increment of the state
after felling (I,), obtained on the basis of
unchanged increment percentage (p:):

I
p,=—--100
Va (5)
Ivz :Vin ’ i
100 (6)

The periodic normal volume attainable at the
end of the management period is calculated by
adding the increment () to the stand volume after
felling (Vin), to calculate the:

‘N

|
V, =V, +—=2
2 ?)

Because of the great uncertainty when
forecasting volume increment in yield calculation,

the following concerns must be considered:
recruitment during the management period is not
taken into account, and the progressive increase in
volume increment due to the progressive increase
in timber supply from the state (V.) to the state
(Vin) is not taken into account. These same
concerns must also be considered with regard to the
increment after felling.

The goal of this method is the control of stand
development, especially stand reaction to silvicultu-
ral measures aimed at the stationary, optimal state
which is the most favorable for forestry purposes.
The optimal state is achieved when the stand reaches
the point of maximum production, i.e. when the
production is simultaneously both maximal and
permanent (Biolley, 1920). The control of stand de-
velopment includes the complete control of the reali-
zation of the planned targets regarding tree species,
number of trees and the attained volume (yield). The
conditions for the successful use of this method are
regular forest management practice and relation-
ships, especially regarding the records and control of
the planned selection felling (Medarevi¢ et al., 2008).
In addition, because the periodic complete invento-
ries ensure not only the most reliable information
base for the analysis of forest state, forest inventory
and productivity changes in time, but also the
conclusions on the defined goals and sustainability as
the imperative of forest management, the scientific
significance of this method is also indisputable.

MATERIALS AND METHODS

The investigated MC 491/1 is a high selection forest
of spruce, fir and beech (Piceo-Abieti-Fagetum
subass. typicum) on diluvium, brown and
illimerised soil on limestone and limestone
formation with hornfels. It occupies an area of
2,648.78 ha in FMU “Tara” in the western part of
Serbia. The bedrock of the complex consists of deep
limestone of the Middle and Upper Triassic. There
are all forms of soils on limestone, but the most
common soil is the well-developed terra fusca. The
climate is temperate continental, the mean annual
precipitation is 991 mm, the mean annual tempera-
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Table 1. Changes in the number of trees in MC 491/1

M. MEDAREVIC ET AL.

Year of inventory

1970 1980 1990 2000
Tree species
Number of trees per hectare

trees % trees % trees % trees %
Fir 383.3 73.1 370.5 74.0 347.7 71.4 318.7 69.6
Spruce 50.6 9.7 52.3 10.4 54.6 11.2 52.0 11.3

Other conifers 0.6 0.1 0.7 0.2 1.1 0.2 0.7 0.2
¥ conifers 4345 82.9 423.5 84.6 403.4 82.8 371.4 81.1
Beech 81.0 15.5 68.1 13.6 71.4 14.7 71.5 15.6

Ash 6.2 1.2 6.3 1.3 7.6 1.6 10.1 2.2

Other broadleaves 2.3 0.4 3.0 0.5 45 0.9 5.2 1.1
¥ broadleaves 89.5 17.1 77.4 15.4 83.5 17.2 86.8 18.9
Total 524.0 100.0 500.9 100.0 486.9 100.0 458.2 100.0

ture 7.9°C, and the average relative air humidity is
83.0%.

Based on the data of five successive forest in-
ventories (1960, 1970, 1980, 1990 and 2000) stored
in the information system database on Serbian fo-
rests, the development of diameter and volume
structure was analyzed both for fir as the represen-
tative of the selection structure and collectively for
Compartment 51, as a typical representative of MC
491/1. As MCs in the present form were established
in 1970, the changes in the number of trees,
volume, volume increment, yield, and number of
recruited trees per tree species at the level of MC
491/1 were analyzed for the period 1970-2000.

RESULTS AND DISCUSSION

During the fifty-year period, the forests of FMU
“Tara” were managed continuously and by the same
method (by the principles of the Go¢ variety of the
control method), resulting in the successful realiza-
tion of the periodic goals set by this method, which

was reflected in the achievement and maintenance
of the typical selection structure, and in the
improvement of the health and quality of these
forests. The results of the forest management are
best reflected in the changes in structure and tree
species, number of trees, wood volume, increment,
regeneration, recruitment, yield continuity, tree and
stand health and quality during the study period.

Changes in the number of trees

The changes in diameter structure during the study
period were analyzed in Compartment 51 as a
typical representative of MC 491/1. We can observe
the stability of individual diameter classes per
inventory years. More significant fluctuation was
observed only in the class 22.5-37.5 cm. All
measurements were characterized by the width of
the layer of medium-diameter trees (31-50 cm). In
the layer of small-diameter trees, there was some
differentiation between the trees belonging to the
first class and the trees of the other classes in this
diameter category.
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Fig. 1. Changes in the distribution of the number of fir trees in
Compartment 51.
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Fig. 2. Changes in the distribution of the total number of trees
in Compartment 51.

During the study period, the distribution had a
declining (hyperbolic) course. The number of trees
in diameter classes 17.5-37.5 cm decreased in 2000
compared to the previous inventories, which was
certainly a consequence of the decrease in the total
number of trees during the last 20 years. This
negative trend should be especially controlled and
stopped in subsequent management periods. In
general, the control of the number of trees points to
the required management procedures which can
change the number and distribution of trees in the
stand. It is the basic element of selection (uneven-

aged) forest management aiming for distribution of
growth space (Schiitz, 2001a; OHara and Gersonde,
2004). The result of the analysis of Compartment 51
(Fig. 2) is the distribution of fir by diameter classes
and the changes shown by this tree species (Fig. 1).

Table 1 presents the changes in the number of
trees in the entire MC 491/1.

The average number of trees per hectare in the
last 40 years in MC 491/1 ranged from 524.0
measured in 1970 to 458.2 in 2000. However,
regardless of the permanent decrease in the number
of trees, the final state can be evaluated as close to
optimal, because according to previous research
(Milojkovi¢, 1986), the average number of trees
from 450 to 480 per hectare is appropriate to these
tree species and the structure of this group
selection. The decreasing trend in the number of
trees is also characteristic of fir (from 383.3 in 1970
to 318.7 in 2000). It was qualified as a negative
trend, considering the conclusions reported by
numerous authors (Mileti¢, 1951; Milojkovi¢, 1986;
Jovi¢ et al., 1991; Schiitz, 2001a) on the significance
of fir as the dominant species in the selection
structure.

Changes in volume

The distribution of volume per diameter class is
directly conditioned by the distribution of the
number of trees per the same diameter class. In “the
first” 20 years it had a stable course and the maxima
in diameter classes was 42.5 cm, i.e. 47.5 cm, with a
steeper right part, i.e. a slight skewness of the
distribution curve (Fig. 4). The inventory in 1990
shows that the maximum moved to 52.5 cm, and in
2000 the inventory movement to the right was even
greater. The wavy bell-shaped line of distribution
points to group-selection layers of forests in 2000.
The total distribution volume is primarily the result
of the change in fir inventory as the dominant tree
species and in this compartment (Fig. 3).

The inventory changes in MC 491/1 are
presented in Table 2.
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Fig. 3. Changes in the distribution of the total number of trees
in Compartment 51.

The analysis of volume shows its permanent
increase in the study period. The volume of the mean
tree also increased, from 0.799 m? (1970), to 0.862 m’®
(1980), 0.984 m* (1990) and 1.086 m®in 2000. This can
result in the change from the hyperbolic to the
sigmoid form of stand structure. The average volume
increased by 78.7 m’/ha, i.e. from 418.9 m’/ha in 1970
to 497.6 m*/ha in 2000. Some authors (Miletié, 1950,
1951; Schiitz, 2001a) are of the opinion that the
selection system can be realized only by a permanent
control of wood volume, and that its surplus com-
pared to the equilibrium volume leads to a reduction
in regeneration and recruitment. According to
previous research (Milojkovi¢, 1961), the equilibrium
(normal) volume in these forests was 410 m®/ha, with
a ratio of conifers to broadleaves of 80:20%. Already in
1970, the value of average volume slightly exceeded
this amount, and the ratio of conifers and broadleaves
differed from the predicted optimum. In later
inventories, the normal volume increased to 500
m?’/ha (Medarevi¢ et al., 2003).

The analysis of the ratio among the volumes of
small-diameter trees (10-30 cm), medium- (31-50 cm)
and large-diameter trees (>51 cm) in the investigated
period (Fig. 5) shows that in the first three ma-
nagement periods there were no considerable oscil-
lations in the volumes of these tree categories. Ho-
wever, the last inventory showed an increase in the
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Fig. 4. Changes in the distribution of total volume in
Compartment 51.

volume of large-diameter trees, less in medium-dia-
meter trees, and more in the volume accumulation in
large-diameter trees. There were no essential changes
in the category of small-diameter trees which attained
its smallest value in 2000, i.e. the lower limit in this
category. According to Schiitz (2001b), selection fo-
rests should have 15-34% of their volume in smaller-
diameter trees (up to 30 cm), 22-42% in medium-dia-
meter trees (31-50 cm) and 24-57% in large-diameter
trees (above 50 cm). At the end of the study period,
the volume ratio of individual tree categories in MC
491/1 ranged within the above values, i.e. it accounted
for 15:35:50%.

Changes in volume increment

As the control method provides data on the volume
at different moments, it is possible to calculate the
volume increment in the most methodically correct
way - from the difference of the volumes. However,
the volumes must be determined in the same way
(by using the same volume tables or tariffs), and
there should be reliable records on the volume of
trees removed from the stand in the meantime
(Mirkovi¢, 1959).

The changes in current volume increment, the
percentage of individual tree species, and the chan
ge in increment percentage in the study period are
presented in Table 3.
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Table 2. Changes in volume and percentage of conifers and broadleaves in MC 491/1

Year of inventory

1970 1980 1990 2000

Tree species
Volume per hectare

m? % m? % m? % m’ %

Fir 238.5 56.9 276.9 64.1 317.0 66.2 324.7 65.3

Spruce 36.8 8.8 47.9 11.1 61.1 12.7 64.6 13.0

Other conifers 1.1 0.3 1.0 0.2 1.3 0.3 1.4 0.2
¥ conifers 276.4 66.0 325.8 75.4 379.4 79.2 390.7 78.5
Beech 130.9 31.3 96.7 224 89.7 18.7 95.0 19.1

Ash 9.4 2.2 8.0 1.8 8.0 1.7 9.5 1.9

Other broadleaves 2.2 0.5 1.5 0.4 2.0 0.4 2.4 0.5
¥ broadleaves 142.5 34.0 106.2 24.6 99.7 20.8 106.9 21.5
Total 418.9 100.0 432.0 100.0 479.1 100.0 497.6 100.0

Table 3. Changes in current volume increment and increment percentage in MC 491/1

Year of inventory

1970 1980 1990 2000

Tree species
Volume increment per hectare

m’ pi % m’ pi % m’ pi % m’ pi %
Fir 742 311 678 711 257 703 666 210 631  7.53 232 644
Spruce L19 324 109 135 281 133 181 297 172 188 291 161
Other conifers 0.01 - 0.1 0.01 - 0.1 0.03 - 0.3 0.02 - 0.2
% conifers 862 312 788 847 260 837 850 224 806 943 241 807
Beech 212 162 194 148 153 147 177 198 168 194 205 166
Ash 0.15 - 14 0.13 - 13 0.19 - 1.8 0.24 - 2.0
Other broadleaves 0.04 - 0.4 0.03 - 0.3 0.08 - 0.8 0.09 - 0.7
% broadleaves 231 162 212 164 153 163 204 198 194 227 205 193
Total 1093 261 1000 1011 234 1000 1054 220 1000 1170 235  100.0
The highest value of current volume increment this management class was defined. The exponent
amounting to 11.70 m*/ha was measured in 2000. In of the site potential is fir. Its percentage in the pro-
the last management period, the increment in- ductivity per management periods ranged from

creased by 1.15 m’/ha, the highest increase since 63.1% to 70.3%. The highest increment percentage
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Table 4. Changes in recruitment in MC 491/1

Year of inventory

1970 1980 1990 2000

Tree species
Number of recruited trees per hectare

trees % trees % trees % trees %
Fir 58.7 77.1 55.7 73.0 55.4 68.1 49.1 67.3
Spruce 7.9 10.4 9.4 12.3 9.6 11.8 8.6 11.8

Other conifers - - - - 0.1 0.1 - -

¥ conifers 66.6 87.5 65.1 85.3 65.1 80.0 57.7 79.0
Beech 7.8 10.2 8.7 11.4 13.2 16.2 11.1 15.2

Ash 1.0 1.3 1.2 1.6 1.8 2.2 2.7 3.7

Other broadleaves 0.7 0.9 1.3 1.7 1.3 1.6 1.5 2.1
> broadleaves 9.5 12.5 11.2 14.7 16.3 20.0 15.3 21.0
Total 76.1 100.0 76.3 100.0 81.4 100.0 73.0 100.0

Table 5. Changes in periodic (ten-year) felling volume in MC 491/1

Management period

1971-1980 1981-1990 1991-2000

Tree species Felling Felling Felling Felling Felling Felling

volume intensity volume intensity volume intensity
m’ %V % I, m’ %V % I, m’ %V % I,
Fir 128,987 22,0 70.7 184,554 23.6 91.9 187,574 23.0 109.6
Spruce 15,992 17.7 54.5 26,244 19.4 69.1 35,927 22.9 77.0
Pine 935 330 2474 468 166 1203 330 10.3 38.0
Beech 118,793 369 2276 68,733 252 164.3 42,038 18.2 92.2
Ash 5,581 243 150.5 4,192 186 1111 2,744 132 56.9
Other broadleaves 1,951 35.3 182.8 1,516 34.1 166.0 1,213 23.8 57.5
> 272,239 264 1011 285,707 234 100.0 269,826 21.9 99.5

during the last inventory was attained by spruce (2.05%). These values are close to the values of in-

(2.91%) and fir (2.32%), and the lowest by beech crement percentage in selection forests of fir,
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Fig. 5. Changes in volume of individual tree categories

spruce and beech at other sites in Serbia (Vamovig,
2005).

Regeneration and recruitment

The sustainability of selection forest management,
among other things, also depends on the scope of
regeneration and recruitment, as well as on the
ratio of the number of recruited and harvested trees
(Milojkovi¢, 1986). Special attention was devoted to
this problem in the elaboration and application of
the technology of selection felling in the Go¢ variety
of the control method. Recruitment includes juve-
nile trees activated by light and growing into the
higher part of the stand, which ensures the equi-
librium number of trees per diameter class. Com-
pared to regeneration, recruitment has an advan-
tage because it is quantitatively defined, i.e. it repre-
sents the number of trees that exceeded the inven-
tory threshold during the management period (Mi-
leti¢, 1959). Recruitment depends on tree species,
regeneration, site quality, completeness of the selec-
tion structure, and the volume and duration of the
cutting cycle. In the study period, the recruitment
was calculated directly by special recording of these
trees, which is one of the principles of the Go¢
variety of the control method.

Table 4 presents the changes in recruitment in
the forests of MC 491/1 in the period 1970-2000.

The analyses show the relative stability of recruit-
ment in the past periods. In the first two ma-
nagement periods, it was 7.6, in the third period it
was 8.1, and in the fourth period it was 7.3 trees per
hectare per year. Mileti¢ (1959) found that selection
structure could be maintained by 5.9 to 9.2 recruited
trees per year. Similar results were also reported by
other authors (Tomani¢, 1997b; Klepac, 2001).
Aiming for continuity of regeneration, the recruit-
ment of 7 trees per hectare per year is considered the
minimum for sustainable selection structure.

Felling volume

The control method gives quite reliable data on the
changes in volume and its structure, and on
changes in volume increment in the past. Based on
the past development, probable forest development
in the near future can be predicted. The previous
relations and conditions that brought about the
given state should be considered, as should the pos-
sibilities of enhancement and the requirements that
should be satisfied.

Table 5 presents the changes of periodic felling
volume, percentage of tree species and felling
intensities.

Harvesting in this management class was equal
to (1981-1990), greater by 1.1% (1971-1980) and
slightly lower by 0.5% (1991-2000) than the current
volume increment. Felling intensity compared to
volume decreased by period, from 26.4% (1971-
1980) and 23.4% (1981-1990) to 21.9% in the last
analyzed period (1991-2000). The analysis of felling
volume per tree species shows that: harvesting of
beech and broadleaves in general in the first two
management periods was considerably higher than
the current volume increment of the same tree
species, and in contrast to beech, conifer harvesting
(fir and spruce) at the beginning was lower than the
current volume increment.

The basic principle in selection felling,
especially in the conditions on Mt. Tara, is that each
felling, with the exception of regeneration, should
also have a sanitation-silvicultural character. Adhe-
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rence to this principle in the past has had a positive
effect on the state of the forest ecosystem in general.
The forests are characterized by good health, a rich
appearance, and vitality, and they are biologically
and functionally stable.

CONCLUSIONS

The stability of hyperbolic distribution of the
number of fir trees per diameter classes and the
distribution of the total number of trees in Com-
partment 51 as the typical representative of the
forests in MC 491/1 indicate that the priority goals -
primarily silvicultural goals - of forest management
in the past period have been realized, which is
reflected in the maintenance of the selection
structure of these forests. However, the decrease
both in the number of trees per hectare in MC
491/1 and in the number of fir trees, as well as its
approximation to the lower level of the determined
optimum of 450-480 trees per ha can lead in future
to greater disturbances of the selection structure of
these forests, thus requiring permanent control and
the stopping of this negative trend.

The analysis of the change in volume points to the
following facts: a permanent increase in the average
volume, and also fir volume, and its approximation to
the determined optimum of 500 m’/ha although the
average number of trees per hectare decreased; a
permanent increase in spruce percentage in the
volume; a declining trend till 2000 in the percentage of
beech in volume due to the felling of over-mature
trees, after which there was a slight increase in its
percentage’ a ratio of conifers and broadleaves close to
the estimated optimum of 80:20%; a positive effect on
stand stability by the increase in average volume of a
tree (representative of MC) up to 1 m® - but a further
increasing trend would endanger the sustainability of
the selection structure.

Current volume increment did not show major
fluctuations and was relatively high - during the
entire period it was above 10 m’/ha. The bearer of
volume increment in this management class, analo-
gous to the number of trees and the volume, was fir

whose percentage in the production accounted for
up to 70.3% (1980).

The number of recruited trees at 7-8 trees per
hectare was almost the same annually, and considered
to be sufficient in light of the need for the continuous
regeneration of the inventory and thereby the
permanent maintenance of the selection structure.

Felling intensity had a very mild decreasing
trend in the past period.

Based on the previous conclusions, the overall
conclusion is that the multiannual application of
the Go¢ variety of the control method has led to a
series of positive effects on selection forests of
spruce, fir and beech in western Serbia, and resulted
in both their vitality, and their structural, biological
and functional stability. Some problems, such as the
negative trend in the decrease in the number of fir
trees (the dominant species of the selection
structure) and the total number of trees per hectare,
impose further control of this, and also of other
potentially destabilizing processes and the necessity
of a timely management response. Finally, perma-
nent control and experiments in forests as dynamic
systems are the basic principles of the control
method and its Go¢ variety.

REFERENCES

Bagnaresi, U., Giannini, R., Grassi, G., Minotta, G., Paffetti, D.,
Pini Prato, E., and P. Proietti, (2002). Stand structure
and biodiversity in mixed, uneven-aged coniferous
forests in the eastern Alps. Forestry 75 (4), 357-364.

Bankovié, S. (1981). Study of the effect of site and stand
conditions on the development of fir trees on Go¢ and
the possibility of their use in the production
differentiation of ecological units. Doctoral Dissertation,
Faculty of Forestry University of Belgrade, Belgrade (in
Serbian).

Biolley, H. (1920). I Aménagement des foréts par la méthode
expérimentale et spécialement la méthode du controle.
1-108. Paris Attinger freres, Paris-Neuchatel.

Bon¢ina, A., Diaci, J., and L. Cenci¢ (2002). Comparison of the
two main types of selection forests in Slovenia:
distribution, site  condition, stand  structure,
regeneration and management. Forestry 75 (4), 365-373.



EFFECTS OF THE CONTROL METHOD (GOC VARIETY) IN SELECTION FOREST MANAGEMENT 417

Cavlovié, J., BoZié, M., and A. Bondina, (2006). Stand structure
of an uneven-aged fir-beech forest with an irregular
diameter structure: modeling the development of
Belevine forest, Croatia. Eur. J. For. Res. 125, 325-333.

Govedar, Z. (2005). Methods of natural regeneration of
mixed forests of fir and spruce (Abieti-Picetum
illyricum) in the region of the west part of the
Republic of Srpska. Doctoral Dissertation, Faculty of
Forestry University of Belgrade, Belgrade (in Serbian
with English summary).

Jovié, D., Bankovié, S., and M. Medarevié, (1991). Fir and beech
productivity in the most represented forest types on the
mountain Goc¢. Bulletin of the Faculty of Forestry
University of Belgrade 73, 343-352 (in Serbian with
English summary).

Jovié, D., Medarevié, M., and S. Bankovié, (1994). Die
Entwicklungs und Productionsmerkmale der Tanne im
Tannen und Buchenwald auf den Berg Cemerno
(Serbien). 7.-IUFRO-Tannen Symposium “Okologie
und Waldban der Weisstanne”, 279-292.

Klepac, D. (2001). Development of management in fir forests-
common fir in Croatia. Monograph, Croatian forests,
25-64, Zagreb.

Liocourt, de F. (1898). De l'amenagement des sapinieres.
Bulletin trimestriel, Soc. Forestiere de Franche-Comte et
Belfort, 396-409.

Mayer, HA. (1943). Management without rotation. J. For. 41,
126-132.

Medarevié, M., Bankovié, S., Pantié, D., and N. Petrovié, (2002).
Distribution, conditions and management policy in
mixed fir forests in Serbia. Tagungsbericht zum 10.
Internazionalen IUFRO-Taunem Symposium, Tripp-
stadt, 201-208.

Medarevi¢, M., Bankovi¢, S., and Lj. Stojanovic, (2003). Forest
management plan for the forests of the National Park
Tara., Faculty of Forestry University of Belgrade,
Belgrade (in Serbian).

Medarevié, M. (2005). Forests of Mt. Tara. 1-140. Ministry of
Science and Environment control of the Republic of
Serbia, SE National Park Tara (in Serbian with English
summary).

Medarevié, M., Bankovié, S., Pantié, D., and S. Obradovié,
(2008). Mixed forests of conifers and broadleaves in
Serbia. USITS, Forestry 3, 17-31. (in Serbian with
English summary).

Mileti¢, Z. (1950). Fundamentals of selection forest mana-
gement. Book one, 1-355. Agricultural publishing
company, Belgrade (in Serbian).

Miletié, Z. (1951). Fundamentals of selection forest
management. Book two, 1-424. Cooperative Book,
Belgrade (in Serbian).

Mileti¢, Z. (1952). Structure and yield of theoretically normal
selection forest, construction and (analysis) application.
Yugoslav Academy of Science and Art, 289. Book of
works, Zagreb (in Serbian).

Mileti¢, Z. (1959). Analysis of some methods of calculation of
number and volume of recruited trees. USITS, Forestry
5-6, 539-552. (in Serbian with English summary).

Miletié, Z. (1961). Contribution to the method of estimation of
felling maturity in the selection forest of fir and beech.
Bulletin of the Faculty of Forestry University of Belgrade
20, 1-34. (in Serbian with English summary).

Milojkovié, D. (1962). A new variety of the control method-Go¢
variety. Bulletin of the Faculty of Forestry University of
Belgrade 26, 129-150. (in Serbian with English
summary).

Milojkovi¢, D. (1986). Development of forest management of
FMU Tara. USITS, Forestry 1-2, 11-27. (in Serbian with
English summary).

Mirkovié, D. (1959). Faster methods of calculation of volume
increment in selection forests-fundamentals, applica-
tion. Seminar-Progressive selection management based
on forest inventories, 1-14. (in Serbian).

O Hara, K.L., and R. F. Gersonde, (2004). Stocking control
concepts in uneven-aged silviculture. Forestry 77 (2),
131-143.

Schaeffer, A., Gazin, A., and d’Alverny (1930). Sapiniéres. Le
jardinage par contenance (Méthode du contréle par les
courbes). 1-100. Presse Universitaire de France, Paris.

Schutz, J.-P. (2001a) Opportunities and strategies of trans-
forming regular forests to irregular forest. For. Ecol.
Manage. 151, 87-94.

Schiitz, ].-P. (2001b). Der Plenterwald und weitere Formen
strukturierter und gemischter Wilder. 1-207. Parey
Buchverlag, Berlin.

Schutz, ].-P. (2002). Silvicultural tools to develop irregular
diverse forest structures, Forestry 75 (4), 329-337.

Tomanié, L., and D. Jelisavcié, (1997a). Research of Develop-
ment of the Reserves Gorudica and Sljivovica on Mt.
Tara. Forest ecosystems of the National Parks, Ministry
of Environment of the Republic of Serbia, Belgrade (in
Serbian).

Tomanic, L., and M. Malini¢, (1997b). Regeneration and Re-
cruitment in the Forests of the National Park Tara.
Forest ecosystems of the National Parks, Ministry of
Environment of the Republic of Serbia, Belgrade (in
Serbian).

Vamovié, B. (2005). Mixture as the condition of normal forest
in selection forests of fir, spruce and beech. Master of
Sciences Thesis, Faculty of Forestry University of
Belgrade, Belgrade (in Serbian with English summary).



418 M. MEDAREVIC ET AL.

E®EKTU ITPMMEHE KOHTPO/IHOI METOJJA (TOUYKE BAPUJAHTE) Y TA3JOBAILY
IIPEBMPHUM ITYMAMA 3AIIAJHE CPBUJE

M. MEJJAPEBUR', C. BAHKOBUR', [I. TAHTUR' u CHEXXAHA OBPAJIOBIR!

'Kameopa ITnanupatrwa 2azdosara wiymama, llymapcku daxynmem, Yrnusepsumem y Beoepady,
11030 Beorpag, Cpbuja

KoHTponHu MeTof], Kao jefaH oOf HAjIOY3HAHMjUX
MeTOJja Ta3[oBama IPeOMPHNUM IIyMaMa, Y U3Bec-
Hoj Mepu MoaudukoaH (['ouka BapujanTa) npume-
myje ce Beh mefeceT rogyHa y npeOMpHUM IIyMama
sanagHe Cpb6uje. Kopucrehn nogarke ner ysacrom-
HMX IOTIIYHUX ITpeMepa IIyMa Ta3AMHCKe jefjuHnIle
(I'].) “Tapa”, xojom cy, usmeby ocramor, obyxBa-
heHe v HajkBa/MTeTHNje ¥ MOBPUIMHCKM Haj3acTyII-
/beHMje myMe rasguucke knace I'K. 491/1 — Bucoke
npebupHe IIyMe cMpue, jerie u 6ykBe (Piceo-Abieti-
Fagetum subass. typicum) Ha munyBujymy, cmehem
Y WINMEPU30BAHOM 3eM/BMIITY Ha KPedmaKy U Ha
KpeubaKy y GopManmju ca poxKHaIeM, Y OBOM pajy
aHAMM3VPaHN Cy e(deKTM IpMMeHe KOHTPOIHOT
MeTO/ja, OJHOCHO meroBe [odke BapujaHTe Y
nepuoay 1960/70-2000 rox. OBm edexktn moc-
MaTpaHu Cy Kpo3 mpoMeHe (pa3Boj) AucTpubyIuje
Opoja crabama u 3ampeMuHe IO Je6/BMHCKUM
CTeIeHMMa, IT0ceOHO 3a jelry Kao HoCMola mpebup-
He CTPYKType 1 30MpHO Ha HUBOY jeJHOT Ofle/berba,
tunnyHor npencraBurka K. 491/1. Taxobe, ana-
NM3upaHe Cy U IpoMeHe 6poja cTabana, 3alrpeMunHe,
TeKyher 3ampeMMHCKOT IIpMpacTa, peal30BaHOT
npuHoca u Opoja ypacnux crabama Ha jefVHULN
nospuuHe (1 ha), mocmarpano no Bpcrama gpseha

Ha HuBoy I'K. 491/1, Kxoja saysuma MOBpPLIVHY Of
2.648,78 xa. PesynraTu ucTpakuBama MOKA3aIN Cy
fla je y TIOMEHYTOM IIepMOfly IIPOCeYHa 3alpeMMHa
I'K. 491/1 nosehana 3a 18,8%, yzeo 4eTnHapa y 10j
rmopacrao je ca 66,0% Ha 78,5%, a HOCMIAL, TUX
IpoMeHa je jerma. 3ampeMuHa cCpefmer crabna jene
Ha HnBoy I'K. moBehana je 3a 35,9% u cajja usHOCH
1,086 m’. 3anpemmHcky mpupact ce moBehao 3a
15,7%. Vsrpabena je 3amoBospaBajyha mpebmpna
CTPYKTypa KOJ 4eTMHapa, anu ¥ Jabe II0CToje
npo6emMn ca o6HaB/bameM OYKBe, leHUM CTaOuI-
HUM IIPUCYCTBOM U U3TPafiIlbOM XKeJ/beHe CTPYKTYpe.
KoHcraTtoBaHo je cMameme Opoja crabama Ha je-
puHyy nospuyHe (1 ha), mro gyropouso riegano
MOJK€ MIMAaT! HeTaTMBHe IOC/Iefiulle, /I Cafalllbe
CTaibe Y OJJHOCY Ha IIPVHINII OAP>KUBOCTHU Y LIe/IN-
HM je 3agoBo/baBajyhe. IlogmmabuBame n ypacrame
je Ha 3afoBo/baBajyheM HUBOy. CaHMpAHO je 3hpas-
CTBEHO CTambe, Te Cy CacTOjuHe 3[IpaBe, BUTAJHE,
Ouonouky 1 QyHKIMOHAMHO crabuiHe. [lobujeHn
pe3yiTatu yKasyjy Ha HMU3 IO3UTUBHMX edeKTa
BUILIEJIELleHNjCKe NpyMeHe ['04Ke BapujaHTE KOH-
TPOJIHOT METOJa, a/ll ¥ Ha U3BeCHe IpobieMe Koju
he nmaTy kopexTuBHY ynory y 6ynyhem rasmosamy
npebupHUM IrymaMa 3ananHe Cpouje.





