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Effect of long-term tending on qualitative and quantitative
production in mixed stands of spruce, fir and beech

on Motycky research plot

I. STEFANCIK, ‘L. STEFANCIK

Forest Research Institute, Zvolen, Slovak Republic

ABSTRACT: The paper is a contribution to research on thinnings in mixed (spruce-fir-beech) stands situated in the fifth forest
altitudinal zone in the central part of Slovakia. Three plots were tended by free crown thinning while one plot was left without any
planned silvicultural treatment (as a control). Dynamic changes in tree species composition, stand structure and quantitative pro-
duction were evaluated for a period of 30 years. A special attention was paid to development of crop trees that are the main bearers
of stand quality and quantity. The changes were compared with respect to differences between plots with long-term silvicultural

treatments and control plot (without treatments).

Keywords: thinnings; crop trees; static stability; mixed stands; spruce — fir — beech

The advantage of mixed stands in comparison with
unmixed ones, especially from the aspect of their stabil-
ity and/or resistance to injurious factors, has been known
since the end of the 19" century. However, it is generally
known that management of mixed forests is more com-
plicated in comparison with unmixed stands. Besides the
site conditions it is necessary to take into account also
ecological requirements and/or properties of individual
tree species in their management. The principal problems
for silviculture of mixed stands including management
goals were published by STEFANCIK L. (1977).

Mixed spruce, fir and beech stands are an important
stand type of mixed forest complex in higher locations
in the Alps and the Carpathian Mountains. In Slovakia,
the mentioned stands occur mainly from the 4" to 6
forest altitudinal zone. VLADOVIC (1998) stated that the
management set of stand types for spruce-fir beechwoods
took up the area of 14.13% out of the forests in Slovakia
but its typologically suitable distribution should increase
up to 24.85%.

Owing to the complexity of silvicultural problems in
spruce, fir and beech stands the knowledge of their tend-
ing methods is also scarce in comparison with unmixed
stands. Within the framework of tending only few papers
dealt with cleanings (KOSTLER 1952; HOCKENJOS 1968;
STEFANCIK L. 1977; PAUMER 1978). More papers were
focused on thinnings and/or long-term effects of tending
on their structure, production and stability (ASSMANN
1961; MOLOTKOV 1966; LEIBUNDGUT et al. 1971;
STEFANCIK L. 1977, 1990; HLADIK 1992; STEFANCIK I.
1999; STEFANCIK I., STEFANCIK L. 1998, 2001, 2002).
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In Slovakia, research on the tending of mixed spruce, fir
and beech stands started at the end of the 60°s of the last
century. For this reason four series of permanent research
plots (17 partial plots) were established located in natural
areas of mixed spruce, fir and beech forests in Slovakia.
The first research results of the mentioned problems were
published in 1977 (STEFANCIK L. 1977). Assessment of
30-year tending effect on the stand condition was already
carried out on two series (STEFANCIK 1., STEFANCIK L.
2001, 2002).

The aim of this paper was to find and assess the changes
in tree species composition, stand structure, static stability,
qualitative and quantitative production of mixed spruce,
fir and beech stand on the Motycky PRP in a 30-year pe-
riod of its systematic tending.

MATERIAL AND METHOD

The mixed spruce, fir and beech stand at the growth
stage of pole-stage stand up to thin high forest on per-
manent research plot (PRP) Motycky was chosen as an
object of our research. This PRP is located inside the zone
of the Forest District Staré Hory, Branch Forest Enter-
prise Slovenska Lupca, and was established in 1971 for
research on the silviculture-production relations in mixed
spruce, fir and beech stands. The series of PRP Motycky
consists of four partial plots (PP) — three with an area
of 0.20, 0.25 and 0.30 ha (designated as H), where free
crown thinning is applied (STEFANCIK L. 1984) and one
plot with an area of 0.20 ha was left without treatment
— control plot (designated as O). The plots are isolated
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Table 1. Basic characteristics of permanent research plot (PRP) Motycky

Characteristic Motycky PRP
Establishment of PRP (year) 1971

Age of stand (years) spruce 46, fir 41, beech 48
Geomorphologic unit Velké Fatra Mts.
Exposition NE

Altitude (m) 810-870

Inclination (degree) 30

Parent rock Dolomite

Soil unit

Forest altitudinal zone

Ecological series

Management complex

Management complex of forest types
Forest type group

Forest type

Average annual temperature (°C)

Average annual precipitation sum (mm/year)

Rendzic Leptosol/Calcaric Cambisol
5™ fir-beech

B/C

55

511 fertile fir-beechwoods
Fageto-Aceretum (FAc) n.st.

5401 mercury-beech maplewoods n.st.
5.8

1,085

from each other and from another stand by a 10 m wide
tree belt. A more detailed description of research plots is
presented in Table 1.

The trees on all plots are numbered and measurement
points at breast height 1.3 m are marked out. Complex bio-
metrical measurements are carried out in 5-year intervals in
accordance with standard methods that were developed for
long-term research on silviculture-production problems of
thinnings (STEFANCIK L. 1977) on all plots. Within their
framework, besides the quantitative parameters (breast
height diameter, tree height, crown size at horizontal pro-
jection), the trees were also evaluated according to the
silvicultural and commercial classification with orienta-
tion on the trees of selective quality (promising and crop
trees). Since the establishment of PRP, seven biometrical
measurements have been carried out and simultaneously
thinning treatments have always been performed. From
a rationalization point of view, the method of promising
trees and later crop trees (STEFANCIK L. 1984), which is
focused on individual tending of trees of selective quality,
was applied on the treated plot (H).

Experimental material was processed by common bio-
metrical and statistical methods according to presented
standard methods for research on thinnings (STEFANCIK
L. 1977). Statistical significance of differences in arith-
metical means of values was tested by Student’s #-test.

In this paper we assessed the first measurement carried
out at the time of PRP establishment in 1972 (at stand
age of 4148 years) and the last measurement in 2002 (at
stand age of 71-78 years) in order to compare dynamic
changes of investigated parameters on the partial plots for
the period of 30 years. The results of the first four meas-
urements were already published in the past (STEFANCIK
L. 1990).
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RESULTS AND DISCUSSION
Tree species composition

Percentage proportions of tree species according to the
basal area (G) on Motycky PRP are presented in Fig. 1. At
the initial stage in 1972 the proportion of coniferous trees
ranged from 44% to 68%. According to the tree species
(except for plot IV), the highest proportion was found
for fir (37-52%), followed by beech (24-51%), spruce
(7-16%) and sycamore maple (4—7%). Pine is character-
ized as an admixed tree species with proportion of 1-5%
only. The proportion of other species (European mountain
ash, whitebeam, willow, Scotch elm and European hazel)
was negligible. After 30 years, the proportion of conifer-
ous trees on all plots markedly decreased, the most on
control plot (24%) while a decrease by 6—18% was found
on tended plots. This decrease was caused especially by
fir whose proportion decreased to 23-30%, that means
a reduction by 14-22%. On the contrary, an increased
proportion was recorded for other tree species for the
30-year period. The proportion of spruce on treated plots
increased by 1-6%, beech by 6—15% and sycamore maple
by 1% and 3%. On control plots, there was an increase in
the proportion of spruce by 4%, beech by 21% and also
sycamore maple by 4%. The proportion of pine was almost
the same on all plots. It can be concluded that the greatest
changes in the investigated period of 30 years were found
for fir in favour of the other tree species (spruce, beech,
sycamore maple).

We stated after 15-year investigations into the develop-
ment of tree species composition on this PRP that under
the given natural condition the following proportion of
tree species seems to be suitable: 30-40% for fir and
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Fig. 1. Percentage proportions of tree species according to basal area on Motycky PRP

beech, 10-20% for spruce and 10% for sycamore maple
(STEFANCIK L. 1990). It can be seen that after 30 years
the actual tree species composition almost corresponded
to the assumed one. Similarly, a comparison of tree spe-
cies composition with developmental goals according to
HANCINSKY (1972) showed that all plots slightly differed
from the required composition, especially on plot IV by
a higher proportion of beech to the detriment of spruce
and valuable broadleaved trees (sycamore maple, Scotch
elm).

From the presented development of tree species compo-
sition we consider the fir decrease as especially important;
it was caused by numerous reasons. One of them is the fact
that the mentioned stands were neglected from silvicul-
tural aspects at young and middle age. It is a well-known
fact that fir suffers very much from tending treatments at
older age, especially after the previous lack of silvicul-
tural treatments it causes its increased mortality (KORPEL,
VINS 1965). Such fir decrease confirmed its known overall
decline in forest stands during the last decades (MALEK
1983; VLADOVIC et al. 1998).

Our results related to fir decline in mixed stands also
correspond with those found on other PRP Hrable and
Korytnica where we conducted our research (STEFANCIK
I., STEFANCIK L. 2001, 2002) and with knowledge pub-
lished by other authors (KANTOR, PARIK 1998; KLIMA,
HUBENY 2002).

Stand structure

Stand structure was expressed by relative frequency
according to the growth (tree) classes. Thus, the propor-
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tions of trees at crown level of the stand (1% + 2" growth
class) and suppressed level of the stand (3™ to 5™ growth
class) is important from the silvicultural aspect, we present
them in Fig. 2 in the initial stage of our research (in 1972)
and at the last measurement in 2002. The results showed
that in the initial stage on all plots the proportion of
spruce, fir, beech, sycamore maple and other broadleaved
tree species at crown level of the stand was lower than at
suppressed level of the stand. An exception is pine with
markedly higher proportion at crown level of the stand in
comparison with suppressed level of the stand.

After the 30-year period (except for beech) the propor-
tion of spruce, fir, sycamore maple and pine at crown level
of the stand on all plots increased in comparison with
initial stage of our research. A considerable proportion of
pine and a little higher proportion of spruce (except for
plot IV) were found at crown level of the stand, contrary to
fir and beech characterized by an opposite tendency. The
proportion of sycamore maple was higher at crown level
of the stand on two plots while it was vice versa on the
remaining two plots. Other broadleaved tree species (Eu-
ropean mountain ash, whitebeam, Scotch elm) composed
only the suppressed level of the stand. A comparison of
30-year development on control plot (I — O) showed that
spruce, pine and sycamore maple had higher proportions
at crown level of the stand contrary to beech, fir and other
broadleaved tree species that occurred more frequently at
suppressed level of the stand.

Although the stand structure (classification according
to the growth classes) depends on site, tree species, age
and tending measures (SEBIK, POLAK 1990), except for
beech these results suggest a slight increase in the propor-
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Fig. 2. Relative frequency of trees according to the level of the stand (C — crown level of the stand; S — suppressed level of the stand)
at the first measurement (in 1972) and at the 7" measurement (in 2002)

tion of crown level of the stand within the framework of Development of qualitative production by the
stand structure for all main tree species (spruce, fir, pine, method of crop trees

sycamore maple) during the period of 30 years. Similar

development was also found on other PRP in mixed Table 2 presents the development of crop trees, the main
spruce, fir and beech stands (STEFANCIK 1., STEFANCIK  bearers of stand quality and quantity. It can be seen that in
L. 1998, 2001, 2002). the initial stage of Motycky PRP the number of promising
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Table 2. Development of crop trees

Number of trees Basal area Volume of timber to the top of 7 cm 0.b.
Plot Age (years) - -
(per 1 ha) (m*ha) (% out of main stand) (m*/ha) (% out of main stand)
I-H 41-48 308 7.55 30.6 64.90 38.0
71-78 208 14.57 53.3 168.14 58.5
-0 41-48 220 6.94 234 66.33 33.3
71-78 145 11.02 28.9 136.14 322
nr-H 41-48 295 7.26 27.1 59.66 36.0
71-78 230 15.68 50.6 182.26 56.6
IV-H 41-48 213 6.48 22.4 61.37 29.9
71-78 203 15.15 48.7 188.26 54.1

Explanatory notes: H — plots with free crown thinning, O — plot without treatment (control)

trees (future crop trees) ranged from 213 individuals per
hectare to 308 individuals per hectare, with the propor-
tion out of the growing stock from 30% to 38%. After the
30-year period the number of crop trees decreased, so
their number ranged from 203 individuals per hectare to
230 individuals per hectare on tended plots, while there
were 145 individuals per hectare on control plots. The
proportion of crop trees in growing stock was from 54%
to 58% on the tended plots, and only 32% on control
plots. Tree species composition of crop trees at the last
measurement in 2002 is presented in Fig. 3. On all plots
(except for plot IV) the highest proportion out of all crop
trees was found for fir (35—45%), beech (28-48%) and
spruce (10-20%).

Very interesting results were found by a comparison of
the actual proportion and/or number of crop trees with

a general model developed for spruce, fir and beech stands
(STEFANCIK L. 1990; STEFANCIK I., STEFANCIK L. 2001)
that was elaborated for stand age 100 years in three vari-
ants depending on the proportion of beech (30%, 40%,
50%). The following variants were determined for partial
plots: plot I — variant 1 (30% beech proportion), plot III
— variant 2 (40% beech proportion) and plot IV — vari-
ant 3 (50% beech proportion). As for the number of crop
trees, the cited model assumed 200 to 260 individuals per
hectare in relation to the variants. It can be stated that the
model values were achieved on all plots except for plot I,
where a little lower number of coniferous crop trees was
found in comparison with the above-mentioned model. On
the other hand, the tree species composition determined
by the model was already achieved at stand age 71 to
78 years, but as for the target diameter of main tree spe-
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Table 3. Growth parameters of crop trees

Proportion of

Diameter d, , Height Crpwn Crown crown length Slenderness
Plot  ree Age (cm) (m) width length in total height ~ coefficient
species (years) (m) (m) of tree (%)

X s % x s % X s % X s % X s % X s %
H spruce 46 20.4 22.6 18.1 13.3 3.8 18.1 8.1 28.6 44.2 22.0 0.91 12.7
fir 41 185 275 165 209 3.8 20.2 5.8 396 344 276 092 14.1
beech 48 159 244 185 174 4.7 24.2 7.3 270 397 213 120 177
pine - 18.1 16.1 17.2 8.4 33 21.0 53 15.0 31.1 12.6 0.98 21.1
s. maple” - 144 199 163 1.5 3.9 19.5 6.8 3.7 41.6 52 1.18 184
(¢} spruce 46 24.1 252 21.6 137 4.1 206 102 257 46,6 151 093 175
fir 41 18.2 28.4 16.9 16.9 3.7 27.5 5.5 34.7 323 26.9 0.96 14.3
beech 48 160 313 179 19.8 4.5 40.1 6.6 403 356 273 118 195

pine* - 22.1 - 19.0 - 4.0 - 8.0 - 42.1 - 0.86 -

s. maple”* - 16.9 - 19.0 - 6.0 - 10.0 - 52.6 — 1.13 -
H spruce 76 33.1%%  18.7 25.5%* 109 4.8** 159 13.7% 17.8 53.7** 123 0.79** 133
fir 71 29.0%% 250 22.3%% [51 4.9% 227 9.1** 339 40.6%* 246 0.79** 12.6
beech 78 29.1*%% 19.2 24.9%* 11.7 6.0** 26.6 13.9%* 20.5 56.0%* 154 0.87** 13.6

pine - 30.6%* 8.1 237 7.1 46** 109 83* 156 349 140 0.78* 8.6
s. maple - 227 158  20.1 6.9 5.1 156  10.1 159 505 173 091 155
O spruce 76 38.6% 225 28.5%% 92 5.3% 13.9 133 193 463N 124 0.76* 11.7
fir 71 29.7%%  21.1 24.0%* 11.7 47%* 221 92*¢ 263 37.9*% 157 0.82*%* 12.1
beech 78 28.5%* 17.0 25.8** 102 59N 152 15.0%* 145 579** 74  092* 96

pine* - 34.0 - 25.0 - 5.5 - 8.5 - 34.0 — 0.74 -

s. maple” - 25.4 7.0 22.8 5.7 5.4 6.5 11.3 42 49.8 5.7 0.90 2.5

Explanatory notes: H — plots with free crown thinning, O — plot without treatment (control), ¥ — arithmetical mean, s % — coefficient of variance,
N - statistically insignificant difference (P > 0.05), * — statistically significant difference (P < 0.05), ** — statistically significant difference

(P<0.01)
* — insufficient number of individuals for statistical evaluation

cies, the model value has not been achieved until now, as
we expected. However, we can assume on the basis of the
present growth trend that it can be achieved earlier than at
stand age of 100 years. The same development was also
found on other PRP located in mixed spruce, fir and beech
stands (Korytnica, Hrable) where, on some partial plots
and/or tree species, the assumed diameter of crop trees was
already achieved at the age of 80-90 years (STEFANCIK
I., STEFANCIK L. 2001, 2002).

The tending of crop trees is important not only from sil-
vicultural and/or qualitative production aspects but also in
terms of static and ecological stability. It was confirmed by
research that the most favourable results were achieved in
stands with long-term tending by the method of crop trees
(KONOPKA 1992; STEFANCIK 1. et al. 1999; STEFANCIK
I., STEFANCIK L. 2001). Growth parameters of the crop
trees of three tended plots in total (designated as H) and/
or control plot (designated as O) and their development
are presented in Table 3. It is obvious that changes in the
course of 30-year research were always significant on
tended plots contrary to the control plot. Comparison of
the growth parameters of crop trees for spruce according
to the models developed by KONOPKA (1992) showed lit-
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tle favourable results for tended plots in comparison with
control plot. We explain it by the fact that silvicultural
treatments started very late since it is well-known that it
is decided about the static stability of stand at younger
growth stages.

It can be concluded that contrary to delayed tending
(at the age of 45-50 years) the results were always more
favourable in comparison with plot without treatment.
Of course, neither quantitative nor qualitative losses
due to neglected tending could be compensated. This
fact was confirmed by our findings from other PRP with
mixed spruce, fir and beech stands (Korytnica, Hrable)
(STEFANCIK ., STEFANCIK L. 2001, 2002).

Development of quantitative production

Fig. 4 shows the number of trees per hectare (N) at the
first biometrical measurement in 1972 as well as at the last
one carried out in 2002. When the research started, the
order of tree species on all plots was as follows: fir, beech,
spruce and sycamore maple. An exception was plot [V
only, where beech had the highest number of trees. After
the 30-year period of research only one alteration related
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Fig. 4. Number of trees per hectare on partial plots at the first measurement (in 1972) and at the 7™ measurement (in 2002)

to the above-mentioned order was recorded in the case
of beech and fir. Of course, the highest number of trees
occurred on control plots (1,345 individuals per hectare)
while it ranged on tended plots from 808 individuals per
hectare (plot I) to 1,025 individuals per hectare (plot III).
The same trend was found for basal area (G) (Tables 4
and 5) and the volume of timber to the top of 7 cm o.b.
(V.,). The highest values were found for control plot
38.13 m? per hectare and/or 423.21 m® per hectare, re-
spectively, and the lowest values for plot I (27.32 m? per
hectare and 287.23 m?3 per hectare). The mentioned values
are lower than those in similar mixed spruce, fir and beech
stands Korytnica and Hrable PRP due to different age.
It is higher on these plots on average by 8 years and/or
34 years, respectively.

Consequential values of quantitative production after
the 30-year period depend especially silvicultural treat-
ments (thinning intensity) as well as on self-thinning
and/or other decreases (stem break, windthrow). On
tended plots H, totally for all tree species, 7.3—-14.1% of N,
9.6-16.3% of G and 10.1-16.2% of V., was removed by the
first thinning. After 30-year tending 1.0-2.3% according to
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N, 1.1-2.2% according to G and 1.0-1.9% according to V.,
was removed by the 7" thinning.

Similar results were also found on other plots in mixed
stands (Korytnica, Hrable) where the intensity of the first
treatment (thinning of living trees) according oV, ranged
from 11.0% to 15.0% on Korytnica PRP (STEFANCIK
I., STEFANCIK L. 2002) and 24.9% on Hrable PRP
(STEFANCIK 1., STEFANCIK L. 2001). Our results also
correspond with the recommendations by MOLOTKOV
(1966), who published the thinning intensity of 15-30%
of the growing stock and for later thinnings 10-20% for
spruce, fir and beech stands of the Carpathian region in
Ukraine.

Apart from the removal of trees by thinnings a decrease
due to natural mortality (self-thinning) is also important
from the aspect of stand development. Table 6 presents its
development during the 30-year period of investigation
with decrease expressed by percentage of total production
(TP). The highest decrease in N by self-thinning amount-
ing to 62.9% of total production was found on the control
plot while it was 39.3% to 45.3% on tended plots. Accord-
ing to the tree species by an absolute expression of the
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Table 4. Basal area and its decrease on the plots in 1972

Decrease (secondary stand)

Age Tree Total thin.ni.ng other* . . Main
Plot (years) species stand of living  dead trees decrease treatment intensity stand
trees
(m*ha) (%) (%) (%) (m*ha) (%) total (m*ha)

I-H 46 spruce 3.89 16.4 - - 0.64 16.4 3.25
41 fir 15.29 15.5 - 0.1 2.38 15.6 12.91

48 beech 8.07 16.9 - 0.1 1.37 17.0 6.70

pine 0.61 16.4 - - 0.10 16.4 0.51

s. maple 1.54 22.7 - - 0.35 22.7 1.19

others 0.14 7.1 - - 0.01 7.1 0.13

total 29.54 16.3 - 0.1 4.85 16.4 24.69

n-o0 46 spruce 4.64 - - - - - 4.64
41 fir 15.10 - - - - - 15.10

48 beech 6.97 - - - - - 6.97

pine 0.34 - - - - - 0.34

s. maple 2.16 - - - - - 2.16

others 0.43 - - - - - 0.43

total 29.64 - - - - - 29.64

I-H 46 spruce 3.94 4.1 - - 0.16 4.1 3.78
41 fir 14.57 5.4 - - 0.78 5.4 13.79

48 beech 7.82 20.8 - - 1.63 20.8 6.19

pine 1.44 - - - - - 1.44

s. maple 1.65 12.7 - - 0.21 12.7 1.44

others 0.21 28.6 - - 0.06 28.6 0.15

total 29.63 9.6 - - 2.84 9.6 26.79

IV-H 46 spruce 2.28 6.6 - - 0.15 6.6 2.13
41 fir 12.26 4.3 - - 0.53 4.3 11.73

48 beech 16.98 21.1 - 0.2 3.61 21.3 13.37

pine 0.26 - - - - - 0.26

s. maple 1.19 10.1 - - 0.12 10.1 1.07

others 0.44 22.7 - - 0.10 22.7 0.34

total 33.41 13.4 - 0.1 451 13.5 28.90

* — stem break or windthrow

number of trees, the following order was found: fir, beech,
spruce, sycamore maple, other broadleaved tree species.
According to the percentage of total production (expressed
by G and V) the highest decrease was recorded for fir
and other broadleaved tree species. The same trend re-
lated to the highest natural mortality for fir was already
found on this PRP after a 15-year period of investigation
(STEFANCIK L. 1990). In total mortality on individual
plots (according to V) the share of fir was 85-98%.
Nowadays, after 30 years, it was 84.4-97.5%. Similar
results were also found on Korytnica PRP (STEFANCIK
L., STEFANCIK L. 2002) and they are also in accordance
with results published by other authors (KANTOR, PARIK
1998; KLiMA, HUBENY 2002).
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Evaluation of total decrease (Table 7) over 30 years
according to N showed the highest reduction on plot IV,
which is in accordance with thinning intensity that was
highest just on this partial plot after the four treatments
(STEFANCIK L. 1990). The order according to tree species
was the same as for a decrease due to self-thinning. Total
decrease according to V., was 32-38% on tended plots
and 17% on control plot. These values are only a little
lower than on Korytnica PRP with mixed stand that is by
10 years older (STEFANCIK I., STEFANCIK L. 2002).

Total production (Table 8) during 30 years of investiga-
tion on tended plots ranged from 3,072 to 3,612 individuals
per hectare, 49.77 m*ha to 55.93 m*ha (according to G)
and 460.3 m’/ha to 541.00 m*/ha (according to V). The
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Table 5. Basal area and its decrease on the plots in 2002

Decrease (secondary stand)

Age Tree Total thin.ni.ng other* . . Main
Plot (years) species stand of living  dead trees decrease treatment intensity stand
trees
(m*ha) (%) (%) (%) (m*ha) (%) total (m*ha)

I-H 76 spruce 5.11 2.7 0.4 - 0.16 3.1 4.95
71 fir 7.97 - 3.0 - 0.24 3.0 7.73

78 beech 11.66 1.1 - - 0.13 1.1 11.53

pine 0.80 - - - - - 0.80

s. maple 2.35 3.4 0.4 - 0.09 3.8 2.26

others 0.05 - - - - - 0.05

total 27.94 1.2 1.0 - 0.62 2.2 27.32

n-o0 76 spruce 7.70 - 34 - 0.26 34 7.44
71 fir 8.68 - 0.9 - 0.08 0.9 8.60

78 beech 16.94 - 0.6 - 0.10 0.6 16.84

pine 0.46 - - - - - 0.46

s. maple 4.80 - 4.2 1.9 0.29 6.1 4.51

others 0.34 - 17.6 - 0.06 17.6 0.28

total 38.92 - 1.8 0.2 0.79 2.0 38.13

I-H 76 spruce 6.10 2.1 0.5 - 0.16 2.6 5.94
71 fir 9.65 1.6 1.2 - 0.27 2.8 9.38

78 beech 11.62 1.6 0.2 - 0.21 1.8 11.41

pine 1.87 12.3 - - 0.23 123 1.64

s. maple 2.56 - 0.4 - 0.01 0.4 2.55

others 0.06 - - - - - 0.06

total 31.86 2.2 0.6 - 0.88 2.8 30.98

IV-H 76 spruce 2.54 - 1.2 - 0.03 1.2 2.51
71 fir 9.34 - 1.2 - 0.11 1.2 9.23

78 beech 17.94 0.6 0.1 - 0.13 0.7 17.81

pine 0.25 100 - - 0.25 100 -

s. maple 1.47 - 0.7 - 0.01 0.7 1.46

others 0.11 - 18.2 - 0.02 18.2 0.09

total 31.65 1.1 0.6 - 0.55 1.7 31.10

For explanations see Table 4

values on control plot were as follows: 3,730 individuals
per hectare, 52.37 m?/ha and 512.20 m*/ha, respectively.
As for the trend of total production of particular tree spe-
cies over 30 years we have found the highest values for
beech and sycamore maple and the lowest for fir.

According to total current annual volume increment
we recorded the following decreasing order on all plots:
beech, fir and spruce, which is the same order found on
Hrable PRP and similar to those on Korytnica PRP, where
it was beech, spruce, fir and sycamore maple.

Silvicultural analysis of thinnings

Table 9 presents a silvicultural analysis of free crown
thinning at the first treatment in 1972. By the first thinning
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the most intensive treatment was carried out at crown level
of the stand (53.8-96.3% according to G), followed by
treatment at a suppressed tree level (2.8-18.2%), except
for plot I'V, negative stem selection (6.5-25.1%) and finally
sanitary selection (0.9-5.4%). These values evidently con-
firmed that until the establishment of research plot the
stand was neglected from silvicultural aspects. A similar
character of the first thinning was also found on Hrable
PRP and Korytnica PRP (STEFANCIK I., STEFANCIK
L. 2001, 2002) where no silvicultural intervention was
carried out until the start of research. Differences were
only in the thinning intensity of the first treatment. The
first thinning on Hrable PRP was carried out at the age of
80 years while on Korytnica PRP at the age of 50 years. The
respective thinning intensity of the first treatment on Hrable
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Table 6. A decrease of trees by self-thinning throughout 30 years

Decrease by self-thinning

volume of timber to the top

Plot Tree species number of trees basal area of 7 em ob.
(per ha) (% of TP) (m*ha) (% of TP) (m*/ha) (% of TP)
I-H spruce 92 324 0.24 3.4 0.62 0.8
fir 828 59.5 7.89 0.4 59.20 34.6
beech 140 14.4 0.19 1.1 0.03 0.1
pine 4 12.5 0.09 8.0 0.66 6.4
s. maple 84 27.6 0.16 4.5 0.18 0.6
others 60 68.2 0.09 52.9 - -
total 1,208 393 8.66 17.4 60.69 13.2
-0 spruce 250 64.9 1.21 14.0 6.71 7.0
fir 1,320 82.2 10.68 54.4 72.99 42.9
beech 435 36.0 0.75 42 091 0.5
pine 5 333 0.03 4.8 0.11 1.8
s. maple 175 53.0 0.51 10.0 1.90 3.8
others 160 86.5 0.38 58.5 0.83 26.7
total 2,345 62.9 13.56 25.9 83.45 16.3
II-H spruce 120 38.7 0.41 5.2 4.21 4.8
fir 1,085 70.2 7.85 39.7 48.23 29.7
beech 190 17.4 0.43 2.5 0.57 0.3
pine 20 25.0 0.27 9.4 1.71 6.4
s. maple 120 343 0.28 7.1 0.47 1.5
others 25 38.5 0.10 29.4 0.56 30.9
total 1,560 453 9.34 18.0 55.75 11.7
IV-H spruce 157 54.1 0.74 19.2 3.45 9.9
fir 701 68.9 6.37 37.0 44.56 27.0
beech 387 20.6 0.82 2.6 1.77 0.6
pine 6 46.2 0.05 10.2 0.20 42
s. maple 81 38.0 0.29 12.5 1.37 7.2
others 102 50.5 0.31 51.7 1.42 67.6
total 1,434 39.7 8.58 15.3 52.77 9.8

TP — total production

PRP was 28.6% and on Korytnica PRP 12.7-15.8% accord-
ing to G and 11.0% to 15.0% according to V.. On Motycky
PRP it was 9.6-16.4% according to G and 10.1-16.2% ac-
cording to V,,, which is in accordance with the statement
of MOLOTKOV (1966). He recommended the thinning
intensity of the first treatment performed in mixed spruce,
fir and beech stands to be 15-30% of the growing stock and
subsequent interventions with intensity of 10-20%.

Based on the comparison we state that the intensity of
the 7" thinning ranged from 1.1% to 2.2% according to G
and from 1.0 to 1.9% according to V.,. These values are
also similar to those on Hrable PRP and Korytnica PRP
(STEFANCIK L., STEFANCIK L. 2001, 2002).

On the basis of an assessment of thinning intensity
(according to G) during the 30-year period of inves-
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tigations (Fig. 5) we found a similar dependence like
on Korytnica PRP: every second treatment was more
intensive than the previous ones (with some exceptions).
It is clear from the results that one more intensive treat-
ment (15-25%) could be enough for a period from 7 to
10 years, as for the thinning intensity and interval. These
results are also in accordance with recommendations by
KORPEL (1995), who suggested that across the thinning
methods the variants of crown thinning with positive
selection (method of waiters or crop trees) should be
consistently carried out. As for the thinning intensity the
cited author states that thinning intensity lower than 10%
of the growing stock with thinning interval of 5 years
results in equalization of stand structure and/or one-layer
constitution of stand within strong horizontal canopy,
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Table 7. Total decrease of trees throughout 30 years

Number of trees

Basal area Volume of timber to the top

Plot Tree species of 7cmo.b.
(per ha) (% of TP) (m?/ha) (% of TP) (m*/ha) (% of TP)
I-H spuce 180 63.4 2.16 30.4 19.09 25.3
fir 1,192 85.6 12.25 61.3 91.32 533
beech 568 58.4 6.34 355 53.73 30.7
pine 20 62.5 0.32 28.6 2.14 20.9
s. maple 220 72.4 1.26 35.7 6.80 24.5
others 84 95.5 0.12 70.6 - -
total 2,264 73.7 22.45 45.1 173.08 37.6
-0 spuce 250 64.9 1.21 14.0 6.71 7.0
fir 1,345 83.8 11.04 56.2 75.76 44.6
beech 440 36.4 0.84 4.8 1.76 0.9
pine 10 66.7 0.17 27.4 1.21 19.7
s. maple 180 54.5 0.60 11.7 2.72 5.4
others 160 86.5 0.38 58.5 0.83 26.7
total 2,385 63.9 14.24 27.2 88.99 17.4
nr-H spuce 200 64.5 1.88 24.0 17.72 20.3
fir 1,270 82.2 10.39 52.6 67.02 41.3
beech 605 55.5 5.89 34.0 48.20 29.2
pine 55 68.8 1.24 43.1 9.98 37.2
s. maple 235 67.1 1.38 352 8.45 26.9
others 50 76.9 0.28 82.4 1.58 87.3
total 2,415 70.2 21.06 40.5 152.95 322
IV-H spuce 210 72.4 1.35 35.0 7.60 21.8
fir 827 81.3 8.00 46.4 57.65 349
beech 1,264 67.3 13.62 433 115.99 36.8
pine 13 100 0.49 100 4.71 100
s. maple 143 67.1 0.86 37.1 5.52 28.9
others 186 92.1 0.51 85.0 1.63 77.6
total 2,643 73.2 24.83 44.4 193.10 35.7

For explanation see Table 6

as well as in a decline up to dying out of admixed tree
species, especially fir.

CONCLUSION

The evaluation of 30-year changes in the tree species

composition, stand structure, qualitative and quanti-
tative production of more than 70-year mixed spruce,
fir and beech stand, located in the 5" forest altitu-
dinal zone on a fertile site brought the following re-
sults:

In the initial stage in 1972, the proportion of conifer-
ous trees ranged from 44% to 68%. According to the
tree species (except for plot IV) the highest propor-
tion was found for fir (37-52%), followed by beech
(24-51%), spruce (7-16%) and finally sycamore
maple (4-7%). After 30 years, a marked decrease in
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the proportion of coniferous trees was found on all
plots, the highest on control plot (by 24%) while it
was by 6—18% on tended plots. This decrease was
caused especially by fir whose proportion decreased
by 14-22%. On the contrary, an increased proportion
for spruce on tended plots by 1-6%, beech by 6—-15%
and sycamore maple by 1% and 3% was found. On
control plots there was an increase in the proportion
of spruce by 4%, beech by 21% and also sycamore
maple by 4%.

In the initial stage, the proportion of spruce, fir, beech,
sycamore maple and other broadleaved tree species at
crown level of the stand on all plots was lower than
at suppressed level of the stand while for pine it was
vice versa. After the 30-year period (except for beech)
the proportion of spruce, fir, sycamore maple and pine
at crown level of the stand on all plots increased in
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Table 8. Total production of the stand throughout 30 years

Number of trees

Basal area

Volume of timber to the top

Plot Tree species - dox of toal of 7 cm 01:1 Frotal
(per ha) (m?/ha) g (m?/ha) R
I-H spruce 284 7.11 1.828 75.36 2.415
fir 1,392 19.98 1.307 171.33 1.593
beech 972 17.86 2.213 175.27 3.231
pine 32 1.12 1.836 10.24 2.381
s. maple 304 3.53 2.292 27.81 4.182
others 88 0.17 1.214 0.30 4.286
total 3,072 49.77 1.685 460.31 2.256
-0 spruce 385 8.65 1.864 95.41 2.333
fir 1,605 19.65 1.301 169.98 1.654
beech 1,210 17.68 2.537 187.36 4.658
pine 15 0.62 1.824 6.13 2.472
s. maple 330 5.12 2.370 50.20 4.142
others 185 0.65 1.512 3.12 3.805
total 3,730 52.37 1.767 512.20 2.570
I-H spruce 310 7.82 1.985 87.34 2.894
fir 1,545 19.77 1.357 162.45 1.781
beech 1,090 17.30 2212 165.20 3.594
pine 80 2.88 2.000 26.84 2.689
s. maple 350 3.92 2.376 31.45 4.929
others 65 0.34 1.619 1.81 3.068
total 3,440 52.03 1.756 475.09 2.578
IV-H spruce 290 3.86 1.693 34.85 2.296
fir 1,017 17.23 1.405 165.28 1.714
beech 1,877 31.43 1.851 314.96 2.699
pine 13 0.49 1.885 4.71 2.617
s. maple 213 2.32 1.950 19.10 2.885
others 202 0.60 1.364 2.10 2.958
total 3,612 55.93 1.674 541.00 2.279

comparison with initial stage of our research. Other
broadleaved tree species (European mountain ash,
whitebeam, Scotch elm) composed only the suppressed
level of the stand. On control plot (IT — O) spruce, pine
and sycamore maple had higher proportions at crown
level of the stand contrary to beech, fir and other broad-
leaved tree species which occurred more frequently at
the suppressed level of the stand.

At the time of Motycky PRP establishment, the number
of promising trees (future crop trees) ranged from
213 individuals per hectare to 308 individuals per hec-
tare, with the proportion out of the main stand growing
stock from 30% to 38%. After a 30-year period, the
number of crop trees decreased, so their number ranged
from 203 individuals per hectare to 230 individuals per
hectare on tended plots while there were 145 individuals
per hectare on control plots. The proportion of crop trees
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out of the growing stock was from 54% to 58% on tended
plots, and only 32% on control plots. On all plots (except
for plot IV) the highest proportion out of the total number
of crop trees was found for fir (35—45%), followed by
beech (28—48%) and spruce (10-20%).

After 30 years the highest number of trees occurred
on control plots (1,345 individuals per hectare) while
on tended plots it ranged from 808 individuals per
hectare (plot I) to 1,025 individuals per hectare
(plot III). The same trend was also found for basal area
(G) and the volume of timber to the top of 7 cm o.b.
(V). The highest values were found for control plot
38.13 m? per ha and 423.21 m® per ha, respectively,
and the lowest values for plot I (27.32 m? per ha and
287.23 m® per ha).

On tended plots H, for all tree species, 7.3—-14.1%
of N (number of trees), 9.6-16.3% of G (basal area)
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Table 9. Silvicultural analysis of free crown thinning (felling of living trees) on treated plots H by the first thinning in 1972

Selection Thinning
treatment
Plot x:zrsr?ertee(i ;F;zsies positive negative dzz:l;:;:e intensity
at crown  at suppressed stem sanitary maturity %) %)
level (%)  level (%) (%) (%) (%)
I-H G spruce 100.0 - - - - - 16.4
fir 65.5 19.7 32 11.1 - 0.5 15.5
beech 85.4 11.1 2.3 - - 1.2 17.0
pine 100.0 - - - - - 17.0
s. maple 34.1 10.2 55.7 - - - 22.6
others - - 100.0 - - - 8.3
total 74.0 13.5 6.5 5.4 - 0.6 16.4
V., spruce 100.0 - - - - - 17.7
fir 69.9 19.0 2.9 8.2 - - 14.7
beech 91.7 8.3 - - - - 17.5
pine 100.0 - - - - - 17.7
s. maple 45.6 4.9 49.5 - - - 22.1
others - - 100.0 - - - -
total 80.8 11.7 3.6 3.9 - - 16.2
I-H G spruce 100.0 - - - - - 39
fir 924 7.6 - - - - 5.4
beech 98.5 - - 1.5 - - 20.8
pine - - - - - - -
s. maple 95.2 4.8 - - - - 12.8
others 100.0 - - - - - 28.6
total 96.3 2.8 - 0.9 - - 9.6
V., spruce 100.0 - - - - - 34
fir 95.3 4.7 - - - - 5.7
beech 99.1 - - 0.9 - - 24.0
pine - - - - - - -
s. maple 100.0 - - - - - 17.7
others 100.0 - - - - - 45.8
total 98.2 1.3 - 0.5 - - 10.1
IV-H G spruce 100.0 - - - - - 6.4
fir 51.3 29.1 1.3 18.3 - - 43
beech 533 15.8 30.0 - - 0.9 21.3
pine - - - - - - -
s. maple 48.6 42.8 8.6 - - - 9.8
others 25.0 46.9 28.1 - - - 24.0
total 53.8 18.2 25.1 22 - 0.7 13.5
V., spruce 100.0 - - - - - 8.5
fir 62.0 20.0 - 18.0 - - 44
beech 58.6 11.7 29.7 - - - 223
pine - - - - - - -
s. maple 69.1 30.9 - - - - 8.2
others 442 55.8 - - - - 24.6
total 60.9 12.8 239 2.4 - - 13.6

Explanatory notes: G — basal area, V,, — volume of timber to the top of 7 cm 0.b. per 1 ha, * — stem break or windthrow
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and 10.1-16.2% of the volume of timber to the top of
7 cm o.b. (V,,) were removed totally by the first thin-
ning. After the 30-year period of tending, 1.0-2.3%
of N, 1.1-2.2% of G and 1.0-1.9% of V, were removed
by the 7" thinning.

— The highest decrease in N by self-thinning was found
on control plot —62.9% of the total production while it
was 39.3-45.3% on tended plots. According to the tree
species expressed by an absolute number of trees, the
following order was found: fir, beech, spruce, sycamore
maple, other broadleaved tree species but according
to percentage of total production, the highest decrease
according to V,, was recorded for fir (84.4-97.5%) and
other broadleaved tree species.

— Assessment of total decrease for 30 years showed the
highest reduction according to N on plot IV, which
is in accordance with thinning intensity that was the
highest after four treatments just on this partial plot.
The order according to tree species was the same as
for a decrease due to self-thinning. Total decrease
according to G from total production on tended plots
was 40—45%, and 27% on control plot. Total decrease
according to V., on tended plots was 32-38% and 17%
on control plot.

— Total production during 30 years of investigation on
tended plots ranged from 3,072 to 3,612 individuals
per hectare, 49.77 m*ha to 55.93 m?/ha (according
to G) and 460.3 m*/ha to 541.00 m*/ha (according
to V,,). The values on control plot were as follows:
3,730 individuals per hectare, 52.37 m*ha and
512.20 m*/ha, respectively. As for the trend of total
production of particular tree species over 30 years we
have found the highest values for beech and sycamore
maple and the lowest for fir.
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— According to total current annual volume increment we
recorded the following decreasing order on all plots:
beech, fir and spruce.

— The silvicultural analysis showed that the most
intensive treatment was carried out by the first
thinning at crown level of the stand (53.8-96.3%
according to G), followed by a treatment at the
suppressed tree level (2.8-18.2%), except for plot
IV, then negative stem selection (6.5-25.1%) and
finally sanitary selection (0.9-5.4%). These values
unambiguously confirm that the stand was neglected
from silvicultural aspects until the time of research
plot establishment.
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Vplyv dlhodobej vychovy na kvalitativnu a kvantitativhu produkciu zmieSaného
smrekovo-jedlovo-bukového porastu na vyskumnej ploche Moty¢ky

I. STEFANCIK, L. STEFANCIK

Lesnicky vyskumny ustav, Zvolen, Slovenska republika

ABSTRAKT: Praca je prispevkom k vyskumu problematiky prebierok v zmieSanych (sm-jd-bk) porastoch 5. lesného vege-
ta¢ného stupiia v oblasti stredného Slovenska. Na troch plochach sa aplikovala iroviiova volna prebierka a jedna plocha sa
ponechala bez timyselného zasahu ako kontrolna. Vyhodnotili sa dynamické zmeny drevinového zlozenia, porastovej Struktiry
a kvantitativnej produkcie za obdobie 30 rokov. Osobitna pozornost’ sa venovala vyvoju cielovych stromov, ktoré st hlavnymi
nositel'mi kvalitativnej i kvantitativnej produkcie porastu. Zistené zmeny sa porovnali aj z hl'adiska rozdielov medzi dlhodobo
vychovavanymi plochami a kontrolnou plochou (bez zasahu).

Kracové slova: prebierky; cielové stromy; staticka stabilita; zmieSané porasty; smrek — jedl'a — buk

Ciel'om prace bolo zistit’ a zhodnotit’ zmeny v drevino-
vom zlozeni, porastovej Struktire, stabilite, kvalitativnej
a kvantitativnej produkcii zmiesaného smrekovo-jedl’o-
vo-bukového porastu na vyskumnej ploche Motycky za
30-rocné obdobie systematickej vychovy.

Objektom vyskumu bol zmiesany smrekovo-jedl'ovo-
-bukovy porast v rastovej faze zrd'oviny az tenkej kmeno-
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viny na trvalej vyskumnej ploche (TVP) Motycky, ktora
sanachadza v obvode Lesnej spravy Staré Hory, odstepny
lesny zavod Slovenska LCupca. TVP bola zalozena v roku
1971 na vyskum problematiky pestovno-produkénych
vztahov v zmie$anych smrekovo-jedl'ovo-bukovych po-
rastoch. Sériu TVP Motycky tvoria §tyri Ciastkové plochy
—tri s vymerou 0,20, 0,25 a 0,30 ha (maju oznacenie H),
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kde sa aplikuje iroviiova volna prebierka (STEFANCIK

L. 1984), a jedna plocha s vymerou 0,20 ha je kontrolna

s oznacenim O. Podrobnu charakteristiku vyskumnych

ploch uvadzame v tab. 1.

Na plochach su stromy oéislované s oznacenim meriska
hrubky vo vyske 1,3 m. Na kazdej ploche sa pravidelne
vykonavaju kompletné biometrické merania ocislovanych
stromov v patrocnych intervaloch v stlade so Standard-
nymi metodikami, ktoré su vypracované pre dlhodoby
vyskum pestovno-produkénych otdzok prebierok (STE-
FANCIK L. 1977). V rAmci nich sa okrem kvantitativnych
znakov (hribka d ., vySka stromu, rozmery koruny pri
horizontalnej projekcii) hodnotili stromy aj podl’a pestov-
nej a hospodarskej klasifikacie s orientaciou na pestovanie
stromov vyberovej kvality (nadejné a ciel'ové stromy). Od
zalozenia plochy sa tu vykonalo sedem biometrickych me-
rani a siCasne s meraniami sa vzdy vykonal aj prebierkovy
zasah. Z hl'adiska fytotechniky sa na zasahovanych plo-
chach (H) aplikovala metoda nadejnych stromov a neskor
metéda cielovych stromov (STEFANCIK L. 1984), ktora
sa zameriava na individualnu vychovu tzv. stromov vy-
berovej kvality.

V prispevku sme vyhodnotili prvé meranie (v roku
1972) vykonané pri zalozeni plochy (vo veku porastu
41-48 rokov) a posledné meranie v roku 2002 (vo veku
porastu 71-78 rokov), aby sme porovnali dynamické
zmeny sledovanych znakov na ¢iastkovych plochach za
obdobie 30 rokov. Vysledky z prvych $tyroch merani boli
publikované uz davnejsie (STEFANCIK L. 1990).

Vyhodnotenie 30-ro¢nych zmien v drevinovom zloZeni,
porastovej Strukture, kvalitativnej a kvantitativnej produk-
cii vySe 70-ro¢ného zmiesaného smrekovo-jedl'ovo-buko-
vého porastu v 5. lesnom vegetatnom stupni na zivnom
stanovisti prinieslo nasledujuce vysledky:

— Pri vychodiskovom stave v roku 1972 sa podiel
ihlicnanov pohyboval od 44 % do 68 %. Podla
drevin mala okrem plochy IV najvyssSie zastipenie
jedla (37-52 %), potom buk (24-51 %), smrek (7 az
16 %), a napokon javor horsky (4-7 %). Po 30-ro¢nom
obdobi sa podiel ihli¢nanov na vsetkych plochach
vyrazne znizil, pricom najviac na kontrolnej ploche
(0 24 %), kym na vychovavanych plochach bol pokles
0 6—18 %. Toto zniZenie bolo zapri¢inené najma jedl'ou,
ktorej zastupenie kleslo o 14-22 %. Naopak zastupenie
smreka sa na zasahovanych plochach zvysilo o 1-6 %,
buka 0 615 % a javora horského o 1-3 %. Na kontrol-
nej ploche sa zvysilo zastipenie smreka o 4 %, buka
0 21 % a tiez zastipenie javora horského o 4 %.

— Pri vychodiskovom stave bolo na vsetkych plochach
zastipenie smreka, jedle, buka, javora horského
a ostatnych listnatych drevin v trovni porastu mensie
ako v podurovni, kym pri borovici to bolo opacne. Po
30-ro¢nom obdobi sa okrem buka na vsetkych plochach
zastupenie smreka, jedle, javora horského a borovice
v trovni zvysilo v porovnani so zaciatkom vyskumu.
Ostatné listnace (jarabina, mukyna, brest horsky) tvo-
rili iba poduroven. Na kontrolnej ploche (II — O) sa
smrek, borovica a javor horsky presadili v tirovni po-
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rastu, kym buk, jedl'a a ostatné listnace sa vyskytovali
viac v podarovni porastu.

Pri zalozeni TVP sa pocet nadejnych stromov (budicich
cielovych stromov) pohyboval od 213 stromov na ha do
308 stromov na ha, pricom na zasobe hlavného porastu
sapodielali v rozpéti 30-38 %. Po 30-rocnom obdobi sa
pocet cielovych stromov znizil, takze na zasahovanych
plochach sa ich pocet pohyboval od 203 jedincov na
ha do 230 jedincov na ha, kym na kontrolnej ploche to
bolo 145 stromov na ha. Na zasahovanych plochach sa
ciel'ové stromy podiel’ali na zasobe hlavného porastu
v rozpdti 54-58 %, kym na kontrolnej ploche to bolo
iba 32 %. Na vsetkych plochach (okrem plochy IV)
najvyssi podiel z celkového poctu cielovych stromov
tvorila jedl'a (35-45 %), potom buk (28—48 %) a smrek
(10-20 %).

Po 30 rokoch sme najvyssi pocet stromov zistili na
kontrolnej ploche (1 345 ks/ha), kym na zasahovanych
plochach sa pohyboval od 808 ks/ha (plocha I) do
1 025 ks/ha (plocha III). Rovnaky trend bol aj pri
kruhovej zakladni porastu (G) a objeme hrubiny
(V.,), ked’ najvyssie hodnoty boli na kontrolnej ploche
38,13 m*ha, resp. 423,21 m*/ha a najmensie hodnoty
na ploche I (27,32 m?/ha a 287,23 m*/ha).

Na zasahovanych plochach H sa prvou prebierkou
suhrnne za vSetky dreviny odstranilo z celkového
poctu stromov N 7,3-14,1 %, z celkovej kruhovej
zakladne G 9,6-16.3 % a z celkového objemu hrubiny
V., 10,1-16,2 %. Po 30-ro¢nej vychove sa pri siedmej
prebierke odstranilo podla N 1,0-2,3 %, podla G
1,1-2,2 % a podl'a V,, to bolo 1,0-1,9 %.

Najvacsi ubytok poétu stromov samopreried’ovanim
sme zistili na kontrolnej ploche, a to 62,9 % z celko-
vej produkcie (CP), kym na zasahovanych plochach to
bolo 39,3—45,3 % z CP. Podl'a drevin pri absolttnom
vyjadreni z poctu stromov bolo poradie jedla, buk,
smrek, javor, ostatné listnace, ale pri vyjadreni percenta
z CP podl'a G a V, bol najvicsi tibytok zaznamenany
u jedle (84,4-97,5 % podl'a V_,) a ostatnych listnaCov.
Pri vyhodnoteni celkového ubytku za 30 rokov sa
najvacsi ubytok podl'a poctu stromov zaznamenal na
ploche IV, €o suvisi s intenzitou prebierok, ktora tu bola
po prvych Styroch zasahoch najviaésia. Poradie drevin
bolo rovnaké ako pri Gbytku samopreried’ovanim.
Celkovy ubytok na zasahovanych plochach podla G
tvoril 4045 % z celkovej produkcie (CP), kym na
kontrolnej ploche 27 %. Pri vyjadreni podla V., to
¢inilo na zasahovanych plochach 32-38 %, resp. na
kontrolnej ploche 17 %.

Celkova produkcia (CP) sa za 30 rokov sledovania na
zasahovanych plochach pohybovala pre N od 3 072 do
3 612 stromov na ha, pre G 49,77-55,93 m*ha, pre
V., 460,3-541,00 m’/ha. Na kontrolnej ploche to boli
hodnoty pre N 3 730 stromov na ha, pre G 52.37 m*/ha
a pre V,, to bolo 512,20 m*/ha. Co sa tyka trendu
CP jednotlivych drevin za 30 rokov, zistili sme, Ze
najvyssie hodnoty dosahovali buk a javor horsky
a najnizsie jedla.
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— Podrla celkového objemového bezného roéného
prirastku bolo na vsSetkych plochach poradie drevin
buk, jedla a smrek.

— Pestovna analyza prebierok ukazala, ze pri 1. zasahu
sa najviac zasahovalo v Grovni porastu (53,8-96,3 %
podlakruhovej zakladne), d’alej nasleduje podiroviiovy
zasah (2,8-18,2 %) okrem plochy IV, potom negativny

tvarovy vyber (6,5-25,1 %) a nakoniec zdravotny
vyber 0,9-5,4 %. Tieto tidaje jednoznacéne potvrdzuju,
ze do zalozenia vyskumnej plochy bol porast pestovne
zanedbany, pricom na plochach so systematickou
vychovou pocas 30 rokov sa dosiahli vo vSetkych
ukazovateloch ovel'a priaznivejsie vysledky ako na
ploche bez zasahov.
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