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Production potential and ecological stability of mixed forest stands
in uplands — V. A mixed spruce/beech stand on a nutrient-rich site
of the Kitiny Training Forest Enterprise
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ABSTRACT: The study is already the 5% account on the production potential and stability of mixed forest stands in uplands.
A spruce/beech stand established in the mid-30s of the 20" century is assessed. The stand is situated at an altitude of 470 m and
since 1960, it is left to its spontaneous development. At that time, the stand was characterized as a silviculturally neglected dense
spruce young growth to a small pole-stage stand with an admixture of beech (spruce 71%, beech 13%). In the course of 41 years,
spruce proportion in the stand without intentional thinning measures decreased from 71 to 56% and, vice versa, beech proportion
increased from 13 to 31%. Present dominant and co-dominant position of spruce in the stand, its health condition and develop-
ment in recent years indicate that the ecosystem under evaluation is stabilized fulfilling all functions on the given site at an age of
65 years. The stand is permanently fully stocked and its initial standing volume of 109 m*/haat an age of 24 years in 1960 increased

to 560 m’/ha at an age of 65 years in 2001.
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OUTLINE OF PROBLEMS

The 5™ study of an extensive project Production Po-
tential and Ecological Stability of Mixed Forest Stands
in Uplands evaluates a mixed spruce/beech stand on
a nutrient-rich site of the 3™ and 4" forest vegetation
zones. It refers to a relatively “simple” but from the
production and ecological point of view extraordinarily
important basic mixture of main tree species of not only
montane and sub-montane but also upland regions.

Findings on the production potential of spruce/beech
stands of the last century were analysed by KANTOR
(1981) at the beginning of the 80s. This compilatory pa-
per summarizes results of more than 50 Czech and foreign
studies evaluating interrelations of spruce and beech in
mixed stands not only from the aspect of maximum pro-
duction but also from the viewpoint of safety and stability
of production.

From the point of view of the total amount of produc-
tion under upland conditions the highest production was
reached by unmixed spruce stands or by spruce stands
with an admixture of 10-20% of beech. In addition to
species composition, the total amount of production of

spruce/beech stands is affected by the form of mixture,
method of the stand establishment, their tending etc.

Results of the majority of studies have shown that
spruce stands usually increase acidity of forest soils. On
the contrary, deterioration of other soil characteristics
due to unmixed spruce has not tbeen, however, explicitly
proved. Possible changes in pedological processes brought
about by spruce need not to be automatically accompanied
by a decrease in forest soil fertility (KANTOR 1981).

Studies on the importance and position of mixed forest
stands show a long-time tradition in all countries with ad-
vanced forestry (in our country e.g. CHADT 1922; KONSEL
1924; SKODA 1925). From the viewpoint of quality and
quantity, these issues obtained a new character in recent
25 years particularly in connection with uncertainties of
the development of climate in next decades.

For example, databases of the Department of Forest
Establishment and Silviculture, Faculty of Forestry and
Wood Technology, Mendel University of Agriculture and
Forestry, Brno include more than 500 citations of scientific
and special studies coming from 1980 to 2003 assessing
and evaluating mixed spruce/beech stands from various
aspects. Optimum stand establishment has been dealt
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Table 1. Basic mensurational data of the control plot of stand 23E6 in 1960-2001

Number of trees Mean tree Stand basal ~ Growing Species
Species per hectare area (b.a.) stock Staqd composition
™) h(m) dbh(em) v(m)  (m¥ha)  (m¥ha)y 91 (%)
1960 — age 24
Norway spruce 2,675 8.5 8.6 0.032 18.2734 86.2 0.76 71.2
Beech 1,090 6.8 4.6 0.007 2.4003 8.1 0.14 13.3
Pine 75 9.6 14.3 0.086 1.3476 6.5 0.05 4.9
Larch 150 9.0 9.1 0.033 1.1409 49 0.05 4.9
Oak 290 6.4 4.9 0.007 0.7230 22 0.04 3.7
Birch 10 11.4 144 0.095 0.1795 1.0 0.01 0.8
Hornbeam 340 5.5 22 0.002 0.1658 0.6 0.01 1.2
Total 4,630 24.2305 109.4 1.06 100.0
1967 — age 31
Norway spruce 2,100 11.9 11.0 0.071 22.5364 149.7 0.80 70.0
Beech 870 9.7 6.2 0.019 3.3896 16.7 0.17 14.9
Pine 70 13.4 16.5 0.152 1.6485 10.7 0.05 4.6
Larch 125 12.9 11.5 0.077 1.4315 9.6 0.06 4.8
Oak 185 9.9 7.4 0.022 0.9430 42 0.05 4.1
Birch 10 15.3 18.2 0.185 0.2750 1.9 0.01 0.9
Hornbeam 130 8.2 33 0.005 0.1254 0.7 0.01 0.7
Total 3,490 30.3495 193.3 1.15 100.0
1971 —age 35
Norway spruce 1,510 15.8 13.6 0.140 24.1013 211.9 0.74 67.9
Beech 660 12.5 8.0 0.039 4.1199 25.5 0.19 17.2
Pine 60 16.4 18.7 0.218 1.7190 13.1 0.05 4.5
Larch 100 16.3 13.6 0.131 1.5529 13.1 0.05 4.9
Oak 110 14.1 10.4 0.061 1.0127 6.7 0.05 42
Birch 10 20.0 21.5 0.320 0.3790 32 0.01 1.2
Hornbeam 10 11.7 4.9 0.010 0.0186 0.1 0.00 0.1
Total 2,460 32.9033 273.6 1.09 100.0
1976 — age 40
Norway spruce 1,320 17.6 15.0 0.188 25.4191 248.5 0.73 65.6
Beech 590 14.1 9.1 0.059 4.8150 34.8 0.21 18.6
Pine 60 17.8 19.5 0.261 1.8954 15.7 0.05 4.8
Larch 100 17.7 14.3 0.162 1.7436 16.2 0.06 52
Oak 105 16.1 11.6 0.089 1.2008 9.4 0.05 4.5
Birch 10 22.5 22.8 0.395 0.4215 4.0 0.01 1.2
Total 2,185 35.4954 328.4 1.11 100.0
1996 — age 60
Norway spruce 630 24.1 22.6 0.547 26.9305 344.5 0.63 57.7
Beech 315 19.6 16.4 0.299 8.3424 94.3 0.31 27.8
Pine 25 243 259 0.590 1.3591 14.8 0.03 29
Larch 60 244 21.4 0.498 2.2963 29.9 0.06 5.6
Oak 35 233 21.3 0.414 1.2477 14.5 0.04 4.0
Birch 10 27.0 30.1 0.780 0.7126 7.8 0.02 1.8
Total 1,075 40.8886 505.7 1.10 100.0
2001 —age 65
Norway spruce 525 259 25.1 0.705 27.6673 370.0 0.61 55.5
Beech 275 21.5 19.2 0.435 10.0778 119.6 0.35 313
Pine 15 26.6 27.4 0.720 0.9120 10.8 0.02 1.9
Larch 50 27.2 239 0.687 2.3591 343 0.06 5.3
Oak 35 245 22.3 0.483 1.3786 16.9 0.05 4.1
Birch 10 28.0 31.1 0.865 0.7616 8.7 0.02 1.9
Total 910 43.1565 560.3 1.11 100.0
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Table 2a. The development of Norway spruce frequency in height classes (m) and mortality in the control plot of stand 23E6

(0.20 ha) in 19602001

Height 1960 to 1967 to 1971 to 1976 to 1996 to
c(l;s)s 1960 o 1967 oo o7 T8 1976 g0 ® 1996 2001
2 14 12 2 2
3 19 15 3 2 1 1
4 20 14 6 5 1 1 1
5 27 22 2 2
6 47 28 6 3
7 49 14 19 17 3 2
8 63 8 25 24 1 1
9 89 2 23 18 1 1 1
10 92 40 23 1 1
11 70 37 8 6 6
12 25 56 9 20 12 4 4
13 9 61 4 22 10 10
14 10 61 1 41 21 20
15 1 52 29 18 17 1
16 17 32 2 31 26 1 1
17 7 43 33 23 3 2 1
18 3 37 36 18 5 2
19 33 33 6 3 2 3
20 11 32 1 9 2 4
21 7 20 3 3 1 1
22 | 8 8 2 4
23 2 4 16 4 7
24 1 2 1 19 3 4
25 1 13 1 21
26 18 1 18
27 9 1
28 1 1 16
29 5 8
30 1 5
31 1
32 1
33 1
Total 535 115 420 118 302 38 264 139 126 21 105
Perha 2,675 575 2,100 590 1,510 190 1,320 695 630 105 525
}11\:::;}3 8.5 5.1 11.9 8.7 15.8 11.9 17.6 15.6 24.1 21.1 25.9

with in the mixture (HABERLE 1997; WEINFURTER 1988;
TRAUBOTH, KRAUSS 1996; SINDELAR 1997; KOSULIC
1992) as well as principles of tending in thickets and
pole-stage stands (AHBE et al. 1996; SANIGA 1990, 1994;
KRISCH, MULLER 1998; STEFANCIK 1., STEFANCIK L.
1998; OTTO 1986). A number of comparative papers
is also available comparing the production potential of
spruce/beech stands under various proportion of both
species (ZIMMERMANN 1988; SEIBT 1982; NUSSLEIN
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1993; RIEDER 1997; ROTHE, KREUTZER 1998; METTIN
1986; KENK 2002; HEINZE et al. 2001; KORPEL 1981).
Attention was also paid to the stability and safety of
production of the mixture (PODRAZSKY 1996; DIMITRI
1987; BRAUN 1991) and to simulation models of their de-
velopment (HILLEBRANDT 1997; PRETZSCH 1992, 2000;
PRETZSCH, KAHN 1996; HASENAUER et al. 1995).
Finally, it is possible to mention that the position, devel-
opment, production and stability of spruce and beech in a
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mixture with other conifers were analysed and published
in a journal Lesnictvi-Forestry in the first communication
on the project Production Potential and Ecological Stabil-
ity of Mixed Forest Stands in Uplands (KANTOR, PARIK
1998). Within the project, Norway spruce was also evalu-
ated in a mixed stand with Scots pine (4" communication
— JELINEK, KANTOR 2001).

CHARACTERISTICS
OF AN EXPERIMENTAL STAND

Stand 23E6 was established after felling autochthonous
beech/fir stands in the mid-30s of the 20" century. Artifi-
cial regeneration, largely planting of spruce was naturally
completed by partial single tree, clump to group regenera-
tion of other species particularly of beech in the period of
the origin of a new stand.

For a period of the first twenty years, the stand was
left to its more or less spontaneous development and par-
ticularly dead trees were removed only. In 1960, the fact
made possible to establish experimental thinning plots in
a mixed spruce/beech stand under standard arrangement
according to methodical procedures of the Department of
Silviculture, Faculty of Forestry and Wood Technology,
University of Agriculture and Forestry in Brno.

The stand is situated on a gentle E to SE slope at an
altitude of 470 m. Its total area is 7.98 ha. On a bedrock
of the Brno effusive rock (biotic granodiorite), soils have
been developed of a Cambisol type, mesotrophic subtype.
From the viewpoint of typology, the stand is ranked among
forest type 3B2.

In the period 1960 to 1976, in research plots of an area of
0.20 ha (series of five partial plots 20 x 20 m) low thinning
and crown thinning measures were compared with control
plots left to their spontaneous development where dead
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trees were removed only. The paper presented summarizes
and evaluates the natural development of Stand 23E6 in
a control plot (no intentional measures) only where the
study continues even after 1976 so that at present, results
are available of a 41-year time series from 1960 to 2001.

In the time of establishing experimental plots in 1960,
the stand was 24 years old being silviculturally neglected
and markedly differentiated from the viewpoint of diam-
eter and height.

As for species composition, spruce with admixed beech
and other interspersed species (pine, larch, oak, hornbeam
and birch) dominated.

METHODS OF FIELD MEASUREMENTS
AND RESULT PROCESSING

In the presented paper, similarly as in previous studies
I-1V, a control plot was evaluated only. The plot of a total
area of 0.20 ha (5 plots 20 x 20 m each) was left to its
spontaneous development (no intentional felling meas-
ures) for the whole period of examination (41 years).

Methods of the assessment of growth and development
of particular experimental stands is unified within the
whole research project being published in Lesnictvi-For-
estry or Journal of Forest Science (KANTOR 1997; KAN-
TOR, PARIK 1998; KNOTT, KANTOR 2000; KANTOR et
al. 2001; JELINEK, KANTOR 2001).

In regular five-year periods, the following parameters
were measured in each of the trees: height, diameter at
breast height (d.b.h.), crown height, crown length and
crown cover. In the 41-year time series (from 1960 to
2001), in each of the species of a mixture under evaluation
the following parameters are separately assessed:

— total frequency and mortality of trees,
— frequency in height and diameter classes,

— A — Norway spruce

.-m-... Beech

1960 1967 1971 1976

1981 1986 1991 1996 2001

Year

Fig. 1. Development of the number of beech and spruce trees in stand 23E6 (trees/ha)
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Fig. 2a. Development of spruce trees of the largest volume in the control plot of stand 23E6 in 1960 to 2001
— mean stand height, Particular species in the stand have been recorded and
—mean stand d.b.h., summarized already from a height class of 2 m and d.b.h.
— stand basal area, 1 cm.
— growing stock, In making up and assessing evaluation criteria the fol-
— stand density and species composition. lowing procedures were selected:
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Table 2b. The development of beech frequency in height classes (m) and mortality in the control plot of stand 23E6 (0.20 ha) in

1960-2001
Height 1960 to 1967 to 1971 to 1976 to 1996 to
c(l;s)s 1960 o 1967 oo o7 T8 1976 g0 ® 1o9e 0 2001
3 10 8 1 1 1 1
4 28 16 7 2 2
5 23 9 7
6 26 9 8 2 1 1
7 43 1 13 10 3 1 3 3
8 44 1 14 5 1 2 2
9 32 21 6 1 5 3 2 2
10 10 33 2 10 3 6 5
11 1 29 1 1 9 6 3 1
12 1 23 23 1 14 9 4 2 1
13 14 1 15 2 12 10 3 1 2
14 2 19 12 6 2 2
15 2 16 1 13 1 2
16 13 15 3 2 2
17 5 13 5 1 2
18 1 6 1 5 4
19 6 1 4
20 | 2 1 4
21 3
2 1 1 1
23 8 5
24 5 5
25 3 5
26 3 3
27 1 3
28 2 6
29 2 1
30 1
Total 218 44 174 4 132 14 118 55 63 8 55
Perha 1,090 220 870 210 660 70 590 275 315 40 275
111\2[?;13 6.8 4.6 9.7 7.0 12.5 9.4 14.1 12.0 19.6 13.9 21.5

Mortality (expressed as a percentage of dead trees) in
S-year intervals of examination is always related to the
frequency of previous measurements.

Growing stock and periodical volume increment derived
from it are related to the main stand only; the volume of
dead trees is not taken into account.

Stand density was calculated according to standard
mensurational practices from the ratio of actual stand
basal areas of particular species and table data. Based
on reduced areas determined in this way species com-
position was also derived. To determine tabular basal
areas mensurational tables were used (UHUL 1990).

J. FOR. SCI, 49, 2003 (11): 502-514

On the basis of the evaluation importance and propor-
tion were assessed of spruce and beech on the produc-
tion potential and stability of a tree component of the
mixed stand under evaluation. Simultaneously, data
were also obtained to fulfil the strategic targets of the
project, viz. specification and presentation of a proposal
(proposal variants) of the target species composition
in the most important management groups (manage-
ment sets of stands made up for forest management
purposes and based on principles of forest typology)
of upland/hilly regions, viz. for management groups
HS 245 (or 255).
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Fig. 2b. Development of beech trees of the largest volume in the control plot of stand 23E6 in 1960 to 2001

RESULTS OF STUDIES. ANALYSIS OF THE
NATURAL DEVELOPMENT OF STAND 23E6

Basic characteristics of the control plot of Stand 23E6 in
the year of establishment (1960) is given in Table 1. At that
time (stand age 24 years), it was a silviculturally neglected
dense spruce thicket to a small pole-stage stand with ad-
mixed beech and other interspersed tree species. The stand
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was characterized as fully-stocked (1.1) with stand basal
area of 24.2 m*ha and growing stock 109 m*ha.

Stand density and mortality
Considerably high density in the stand age of 24 years,

at the time of establishing the experiment (4,630 trees/
ha) documents minimum silvicultural care in the stage of
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Table 3a. The development of Norway spruce frequency in diameter classes (cm) and mortality in the control plot of stand 23E6

(0.20 ha) in 19602001

ooy 1960 Togy” e TR aom HEE wore HIOET 196 DR 2001
2 37 30 4 3 1 1

4 60 44 18 16 2 1 1 1

6 92 33 53 45 5 4 1 1

8 110 7 75 40 37 17 19 19

10 99 1 86 13 52 13 32 30 1

12 76 54 1 43 1 45 38 5 1
14 42 62 54 1 43 28 2 2
16 8 42 46 43 15 14

18 7 12 35 34 4 15 10
20 3 7 10 20 14 1 10
2 1 6 9 2 18 15
24 1 10 1 21 2 16
26 5 1 12
28 2 8
30 2 5 7
32 10 6
34 1 6
36 0 3
38 2 1
40 0 1
42 0 |
44 1

50 0 1
Total 535 115 420 118 302 38 264 139 126 21 105
Perha 2,675 575 2,100 590 1,510 190 1,320 695 630 105 525
ll:glega}?t 8.6 43 11.0 6.8 13.6 8.5 15.0 12.2 226 165 251

thickets and small pole-stage stands when obviously dead
trees only were removed.

Due to natural development and in consequence of com-
petition relations the stand density gradually decreased
(see Fig. 1) and at the last inventory at an age of 65 years
in 2001, 910 trees/ha were recorded in the control plot.
Thus, the total mortality amounted to 80% during 41 years
while decrease in stand density was balanced in the course
of the whole time series. It is of interest that the natural
mortality of allochthonous spruce (about 80%) was only
slightly higher than the mortality of autochthonous beech
(about 75%) (Fig. 1).

Number of species in height and diameter classes

The development of frequency of spruce and beech in
height classes in the course of 1960 to 2001 is given in
Tables 2a and 2b, that in diameter classes in Tables 3a and
3b. The surveys also show the distribution of dead trees
in relation to their height or d.b.h.

J. FOR. SCI, 49, 2003 (11): 502-514

At the first measurement, the range of heights in spruce
varied between 2 and 15 m, at the last measurement in
2001 between 17 and 33 m. Diameters of spruce ranged
from 2 to 22 cm in 1960, from 12 to 50 cm in 2001. Based
on the data but particularly from Tables 2a and 3a it is evi-
dent that in the course of the time series particularly sub-
dominant trees of the smallest diameters died. Spruce trees
occurring as co-dominant trees died quite exceptionally
but mortality of dominant trees was not noticed at all.

Similarly as spruce also beech was markedly diffe-
rentiated in its height in the time of starting the experi-
ment (3—12 m). At the same time, the majority of beech
trees ranked among smallwood (below 7 cm d.b.h. in
Europe). Most of subdominant/intermediate/suppressed
extremely slender trees gradually died, nevertheless, in
the course of last inventory, even 20% beech trees occur-
ring as 6 to 16 m tall subdominant trees survived.

Due to the facts, mean height of beech (21.5 m) was
4 m lower in 2001 as compared with mean height of
spruce (25.9 m).
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Table 3b. The development of beech frequency in diameter classes (cm) and mortality in the control plot of stand 23E6 (0.20 ha)

in 1960-2001

2 73 40 28 22 6 2 2

4 57 4 51 17 30 23 19 3

6 48 33 2 32 26 18 6

8 28 31 1 14 14 1 5

10 10 15 21 14 3 3 1

12 13 15 13 10 1 10
14 2 1 9 15 1 5

16 4 1 6
18 1 1 2

20 1 1 4 2
2 6 4
24 1 1 5 7
26 4 2
28 1 4 5
30 3
32 2
38 1

42 1 1
44 1
Total 218 44 174 42 132 14 118 55 63 8 55
Perha 1,090 220 870 210 660 70 590 275 315 40 275
lll\gfg"‘; 4.6 2.2 6.2 3.1 8.0 4.0 9.1 6.1 16.4 7.8 19.2

Thus, in the mixed stand, spruce dominated quite
definitely as co-dominant and dominant tree species
(77% spruce trees were at least 25 m tall); beech oc-
curred rather as an intermediate tree (35% beech trees
> 25 m tall).

Stand basal area

The development of stand basal area (b.a.) of naturally
developing stands objectively documents their production
potential. Thus, in mixed stands, it is possible to evaluate
separately each of the species and, at the same time, it is
possible to assess silvicultural effectiveness and suitability
of particular types of mixtures. Data on the development of
b.a. in the course of the whole period are given in Table 4.

In the spruce/beech stand, an increase in b.a. was
recorded from 24.2 m*ha at an age of 24 years by near-
ly 80% to 43.2 m?/ha at an age of 65 years spruce basal
area increasing from 18.3 to 27.7 m%ha (increase by
9.4 m%ha, i.e. by 51%) and that of beech from 2.4 to
10.1 m*ha (increase by 7.7 m%ha, i.e. by 320%).

Diametrically different input position of both species
does not make possible to compare relative data, neverthe-
less, it is evident that beech can be evaluated in the mixture
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as an exceptionally “plastic” species with a markedly high
production potential.

As for interspersed species, also larch preserved its
position with a regular increase in b.a.

Growing stock of the main stand

The original growing stock of the experimental stand
amounting to 109 m%ha increased within 41 years
5.1 times to a value of 560 m* (see Table 5). As mentioned
in methodology, these data refer particularly to the main
stand and the stock of dead and then felled trees has not
been included there.

A periodical volume increment of the main stand cul-
minated at an age of 31 to 35 years, however, even in the
course of last inventories in 1996 and 2001, it reached
a high value of 12.8 m’/ha/year.

Production in the stand is based on the production
of spruce which increased from 86 m*ha in 1960 to
370 m*/ha 41 years later. These values are significantly
completed by the dynamic increase in the beech growing
stock (8 m*/ha in 1960 but even 120 m*/ha in 2001). As for
interspersed species, particularly larch occurs in the basic
spruce/beech mixture (see Tables 4 and 5).

J. FOR. SCI, 49, 2003 (11): 502-514



Table 4. The development of stand 23E6 basal area (m*ha) and its increase in per cent in 1960-2001

Increase with respect

1960 1967 1971 1976 1996 2001 1960
Species to
age 24 year age3lyear age35year age40year age60year age 65 year

absolute (%)
Norway 18.2734 22,5364 24.1013 25.4191 26.9305 27.6673 93939 514
spruce
Beech 2.4003 3.3896 4.1199 4.8150 8.3424 10.0778 7.6775 319.9
Pine 1.3476 1.6485 1.7190 1.8954 1.3591 0.9120 —0.4355 -32.3
Larch 1.1409 1.4315 1.5529 1.7436 2.2963 2.3591 1.2181 106.8
Oak 0.7230 0.9430 1.0127 1.2008 1.2477 1.3786 0.6557 90.7
Birch 0.1658 0.1254 0.0186 -0.1658  -100.0
Hornbeam 0.1795 0.2750 0.3790 0.4215 0.7126 0.7616 0.5821 3243
Total 24.2305 30.3495 32.9033 35.4954 40.8886 43.1565 18.9260 78.1

Production potential of both main species of the mixed CONCLUSION

stand is illustrated in Figs. 2a and 2b depicting the devel-
opment of three spruce and beech trees of the largest vo-
lume in the course of the whole time series of 41 years.

Stand density and species composition

Data on the development of stocking and species
composition in the course of the time series are given in
Tables 1 and 5.

Based on the data it is evident that stand density is main-
tained at a value of +1.1 within the whole period under
study. It means that permanently full stocking documents
the optimum development of the spruce/beech ecosystem
with natural mortality of suppressed and competition-un-
able components of the stand.

As mentioned above, the main production species of the
stand is spruce. Its original proportion (71%) decreased
to 56% in the course of 41 years, however, at present, its
position appears to be stabilized. On the contrary, the pro-
portion of beech gradually increased from original 13% it
reached 31% in 2001.

Analysis of growth and development of the assessed
mixed spruce/beech stand 23E6 in 1960 to 2001 (stand
age 24 to 65 years), Forest District Vranov, Training Forest
Enterprise Kitiny, confirmed its high production potential
and the adequate rate of stability.

This important statement is based on the constant in-
crease in basic production parameters (stand basal area,
growing stock), permanently full stocking and the natural
rate of mortality of suppressed and competition-unable
stand components.

In the course of 41 years, the proportion of spruce in
the stand without intentional thinning measures decreased
from 71 to 56% and vice versa, beech proportion increased
from 13 to 31%. At the same time, present position of
spruce as dominant and co-dominant trees in the stand, its
health condition and development in recent years indicate
that the forest ecosystem under evaluation is stabilized and
fulfils all its functions at an age of 65 years.

Thus, on the basis of results obtained, spruce with
beech or beech with spruce can be considered to be a

Table 5. The development of growing stock 23E6 (m*/ha) and stand density in 1960-2001

) 1960 1967 1971 1976 1996 2001
Species age 24 year age 31 year age 35 year age 40 year age 60 year age 65 year
Norway spruce 86.18 149.71 211.91 248.48 344.48 369.98
Beech 8.11 16.70 25.49 34.80 94.26 119.64
Pine 6.48 10.65 13.05 15.65 14.75 10.80
Larch 4.90 9.60 13.10 16.15 29.90 34.35
Oak 2.16 4.16 6.72 9.35 14.50 16.90
Birch 0.95 1.85 3.20 3.95 7.80 8.65
Hornbeam 0.64 0.68 0.10
Total 109.42 193.34 273.57 328.39 505.69 560.32
Stand density 1.06 1.15 1.09 1.11 1.10 1.11
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basis of one of the variants of target species composi-
tion even in “management groups of stands” 25 and
45 in hilly and upland regions. From the viewpoint of
the climate development uncertainty and the principle
of preliminary caution it is more useful to establish the
stands as single-tree or clump (group) mixtures. The
target species composition of spruce should not usually
exceed 50%.
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Produk¢ni potencial a ekologicka stabilita smiSenych lesnich porostii v pahorkatinach
— V. SmiSeny smrkobukovy porost na bohatém stanovisti SLP Kitiny

P. KANTOR, V. HURT

Mendelova zemédélskd a lesnickd univerzita, Lesnickd a dievaiskd fakulta, Brno, Ceskd republika

ABSTRAKT: Studie je v pofadi patym sdélenim o produkénim potencialu a stabilité smiSenych lesnich porostii v pahorka-
tinach. Je v ni posuzovan smrkobukovy porost zalozeny v poloviné tficatych let 20. stoleti. Porost lezi v nadmotské vysce
470 m a je od roku 1960 ponechan samovolnému vyvoji. V té dobé byl porost charakterizovan jako péstebné zanedbana pte-
houstla smrkova mlazina az tyckovina s pfimiSenym bukem (zastoupeni smrku 71 %, buku 13 %). V prib&hu 41 let se v tomto
porostu bez tmyslnych probirkovych zasahd snizilo zastoupeni smrku ze 71 % na 56 %, naopak zastoupeni buku vzrostlo
z 13 % na 31 %. Souc€asné trovilové a naduroviiové postaveni smrku v daném porostu, jeho zdravotni stav i vyvoj v poslednich
letech naznacuji, ze posuzovany lesni ekosystém je na daném stanovisti ve véku 65 let stabilizovany a plni v§echny své funkce.
Porost je trvale plné zakmenény a jeho pocate¢ni zasoba 109 m*/ha ve véku 24 let v roce 1960 vzrostla na 560 m*/ha ve véku

65 let v roce 2001.

Kli¢ova slova: smiSené porosty; smrk; buk; pfirozeny vyvoj; produkce; ptirust; stabilita

V poiadi pata studie rozsahlého projektu Produkcni
potencial a ekologicka stabilita smisenych lesnich poros-
it v pahorkatinach hodnoti smiSeny porost smrku a buku
na bohatém stanovisti 3. lesniho vegetacniho stupné. Jed-
na se o pomérné ,jednoduchou”, avsak z produkéniho
i ekologického hlediska mimofadné vyznamnou zakladni
smés hlavnich dfevin nejen horskych a podhorskych po-
loh, ale i pahorkatinnych oblasti.

Postaveni, vyvoj, produkce a stabilita smrku i buku ve
smési s dal$imi jehlicnany byly analyzovany a publiko-
vany v Lesnictvi-Forestry v I. sdéleni o feSeni uvedeného
projektu (KANTOR, PARIK 1998). Smrk byl dale v ramci
tohoto projektu hodnocen i ve smiSeném porostu s boro-
vici (IV. sdéleni — JELINEK, KANTOR 2001).

V této studii hodnoceny porost 23E6 byl zalozen po
smyceni ptivodnich, vesmés buko-jedlovych porostti v po-
loviné tficatych let 20. stoleti. Uméla obnova — vysadba
prevazné smrkovych sazenic — byla v obdobi vzniku no-
vého porostu piirozené doplnéna pomistnim jednotlivym,
hlouckovitym az skupinkovitym zmlazenim dalsich dfe-
vin, zejména buku.

Prvnich 20 let byl porost ponechan viceméné piiroze-
nému vyvoji, odstraiiovaly se z néj zejména odumielé
stromy. [ tato skutecnost zde umoznila v roce 1960 zalo-
zit vyzkumné probirkové plochy v klasickém uspotadani
podle tehdy platnych metodickych postupti katedry pés-
tovéani lesti Lesnické fakulty VSZ v Brné.

Porost je situovan na mirném vychodnim az jihovy-
chodnim svahu v nadmotské vysce 470 m. Jeho celkova
vymeéra ¢ini 7,98 ha. Na podlozi brnénské vyvteliny — bio-
tického granodioritu — se vytvorily pidy typu kambizemé
typické — subtyp mezotrofni. Typologicky ptislusi porost
do lesniho typu 3B2.

Na vyzkumnych plochach o rozloze 0,20 ha (vzdy
série péti dil¢ich ploch 20 x 20 m) byly v obdobi let
1960-1976 srovnavany poduroviiové a uroviiové zasahy
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s kontrolou ponechanou pfirozenému vyvoji, kde se od-
stranuji pouze odumielé stromy. Studie shrnuje a hodnoti
pouze tento pfirozeny vyvoj porostu 23E6 na kontrolnim
dilci bez imyslInych zéasaht, kde Setfeni prubézné pokra-
¢uje 1 po roce 1976, takze v soucasné dobé¢ jsou k dispo-
zici vysledky 41leté casové fady z let 1960-2001.

Metodika posouzeni ristu a vyvoje jednotlivych ex-
perimentalnich porostll je v ramci celého vyzkumného
projektu jednotna a byla jiz publikovana v Lesnictvi-
-Forestry, resp. v Journal of Forest Science (KANTOR
1997; KANTOR, PARIK 1998; KNOTT, KANTOR 2000;
KANTOR et al. 2001; JELINEK, KANTOR 2001).

V dobé¢ zalozeni vyzkumnych ploch v roce 1960 byl
porost 24lety, byl péstebné zanedbany, tloustkove i vys-
kové vyrazné¢ diferencovany.

V druhovém slozeni dominoval smrk s pfimiSenym
bukem a dal§imi vtrousenymi dievinami (borovice, mod-
fin, dub, habr, bfiza).

Produkéni dfevinou posuzovaného porostu ziistava
smrk. Jeho ptivodni zastoupeni (71 %) sice v pribéhu
41 let pokleslo na 56 %, nicméné v soucasné dob¢ je
jeho postaveni stabilizované. Zastoupeni buku naopak
postupné nartstalo; z ptvodnich 13 % dosahlo v roce
2001 hodnoty 31 %.

Soucasné uroviové a naduroviiové postaveni smrku
v daném porostu, jeho zdravotni stav i vyvoj v posled-
nich letech naznacuji, Zze posuzovany lesni ekosystém je
na daném stanovisti ve veku 65 let stabilizovany a plni
vSechny své funkce.

Toto vyznamné konstatovani se opira o konstantni na-
rust zakladnich produkénich parametrti (kruhova vycetni
zakladna, zasoba), o trvale plné zakmenéni i pfiroze-
nou miru mortality potlacené a konkurence neschopné
porostni slozky. Konkrétni udaje o vyvoji, produkci
a mortalité jednotlivych dfevin, resp. celého prirozené se
vyvijejiciho porostu Ize vy¢ist z tab. 1-5.
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Smrk s bukem, popt. buk se smrkem tak lze i na zdkladé  klimatu i principu pfedbézné opatrnosti je ucelnéjsi zakla-
predlozenych vysledkl povazovat za zaklad jedné z vari-  dat porosty jednotlivé, popt. hlouckovité (skupinkovité)
ant cilové druhové skladby i v hospodaiskych souborech  smisené, pricemz by zde cilové zastoupeni smrku nemélo
25 a 45 chlumnich oblasti. Z pohledu nejistoty vyvoje  zpravidla ptekrocit 50 %.
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