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Induction thinnings of mountain spruce forests

J. MECKO, R. PETRAS, V. NOCIAR

Forest Research Institute, Zvolen, Slovak Republic

ABSTRACT: The paper presents models of decennial thinning percents of spruce in mountain locations. They were derived by
regression fitting from empirical material with 108 measurements on 93 research plots. Models were derived for untended and par-
tially tended stands. They were compared with the models of thinning percents of spruce at mountain locations from yield tables,
induction thinning percents of spruce at lower locations and planned decennial thinnings according to forest management plan. Type
of thinnings was analysed by means of thinning indexes and thinning intervals were proposed.

Keywords: spruce; induction thinnings; thinning percent; type of thinning; thinning interval; thinning index

Issues of thinning have been studied from many aspects
for a long time. First of all the type, intensity and interval
of thinnings have been studied. Thinnings are studied in
stands of all commercially important tree species with the
aim of increasing their production, yield as well as stabil-
ity and health condition. In Slovakia HALAJ (1975) and
HALALJ et al. (1986) dealt with thinnings as a complex,
but mainly from the production aspect. The results of the
research were indicators of the type, intensity and interval
of thinnings for 5 main tree species, namely spruce, fir,
pine, oak and beech. In the case of spruce only the stands
at lower locations were involved. It means that for spruce
stands of mountain locations, i.e. mountain spruce stands
of the 7" altitudinal spruce zone, no thinning research has
been carried out. Its lower boundary in Slovakia corre-
sponds to the altitude of approximately 1,300 m.

Thinning intensity is the most important indicator from
the operational and management aspects. It can be given in
absolute or relative units. Type of thinning can be given by
means of quantitative indicators, volume (/ ), diameter (/)
and height (/,) thinning index (HALAJ 1975). JOHNSTON
etal. (1967) determined volume index /, for different types
and levels of thinnings.

Thinning interval is the most important time indicator
of thinning. It incorporates the beginning of thinning and
its duration within rotation. According to SANIGA (1985)
the first thinning should be carried out immediately at the
beginning of pole stage forest, at the latest with average
diameter of stand 10 cm or at the stand age of 25 years.
ABETZ (1975) constructed directive curves for performing
thinnings in spruce stands. REH (1993) recommended to
start with thinning in mountain forests early as they are the
most effective within 4050 years from the aspect of forest
function fulfilment in protective forests. In Scandinavia,
only 2-3 thinnings for the whole rotation are reckoned
with (KORPEL et al. 1991). In French yield tables for the

J. FOR. SCI,, 50, 2004 (10): 447455

pine Pinus pinaster (DECOURT, LEMOINE 1969) differ-
entiated thinning interval of 4, 6 and 8 years is used. At
present, especially in the stands of spruce growth type,
heavy thinnings with low frequency (45 per rotation) and
with intervals longer than 10 years are applied (KORPEL et
al. 1991). In accordance with Work Procedures for Forest
Management in Slovakia (1995) in forest practice, thin-
ning is a treatment in the stand in which average diameter
is minimally 10 cm.

The aim of the paper is to derive decennial thinning
percents, type and interval of thinnings in spruce stands
in mountain locations of Slovakia from empirical data on
marked thinnings on thinning research plots.

MATERIALS AND METHODS

Background data were obtained by own measurements
on 83 single thinning research plots that were established
by the authors in 1999-2002, and on 10 pilot research
plots established by Lesoprojekt Zvolen (Institute for
Forest Management) with the aim of construction of yield
tables already in 1970-1980 and preserved up to now. Sin-
gle thinning research plots were established proportionally
in relation to the spruce distribution in mountain regions
of Slovakia. A majority of the plots, 47, were established
in the Low Tatras Mts. and 25 plots in the High Tatras
Mts. The remaining plots are in the Slovenské Rudohorie
Mts. and the Pol'ana Mts. On 10 pilot research plots
15 repeated measurements from the past years were car-
ried out and they were re-measured again. 108 measure-
ments were done on all 93 research plots. Research plots
were established in closed spruce stands at mountain loca-
tions of the 7% altitudinal spruce vegetation zone. The area
of plots ranged from 0.08 to 0.36 ha and it was marked
in a way to include minimally 200-250 trees. On average
there were 248 trees per plot.
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Fig. 1. Distribution of measurements on research plots according to age and site class of stands

The aim of thinning was to increase stand resistance
to injurious agents, improve health condition and stand
environment as well as to modify stand density. Marked
thinning corresponded to the momentary state of the stand,
age, site class, standing volume and its distribution in the
stand, quality of trees and their health condition, stand
tending used until then, stand resistance, degree of threat
and site conditions. Basic silvicultural characteristics of
marked thinnings were as follows:

1. Type of thinning: low thinning with removal of tree
classes 5, 4, part of 3 and 2b.

2. Selection: negative, removing undesirable parts of
stand.

3. Thinning intensity: moderate adapted to the main aim
of thinning.

4. Interval: 10 years.

Age and yield class composition of research plots is
illustrated in Fig. 1. Based on it the age of stands is 30 to
105 years and absolute height site class according to mean
height at the age 100 years is within the range 18-36.
Density of stands is calculated according to stocking from
yield tables HALAJ et al. (1987) with the highest stock
level 3.0 within the range 0.52—1.40. There are eight forest
types represented on these plots.

Based on the measured characteristics of trees on
research plots average and per-hectare values were cal-
culated for total stand, main stand and secondary stand.
They were used for the derivation of some other values as
thinning percent and thinning indexes. Thinning percent
as the value of relative thinning intensity is given by the
ratio of timber volume from thinning (standing volume of
secondary stand) to standing volume of main stand after
thinning in percent according to the formula:

3t

V., % = 100 @9)]
2%
where: V% - thinning percent at the age ¢,
V., - standing volume of secondary stand at the age ¢,
V, - standing volume of main stand at the age ¢.
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Volume (/ ), diameter (/,) and height (/,) thinning index
was calculated according to the formulas:

I=—> @
1
d3
= ©)
1
h3

— volume, diameter and height of the mean
stem of thinning,
— the same values of stand before thinning.

where: v, d,, h,

Vl’ dl’ hl
Based on the calculated values, regression models of
empirical thinning percent of spruce in mountain loca-
tions were derived according to formulas (1)—(4). Derived
model values were compared with the models of spruce
stands at lower locations as given by HALAJ et al. (1986).
At the same time regression models of thinning indexes
were derived and thinning intervals were proposed for the
stands of mountain spruce stands.

RESULTS

Thinnings that were marked on research plots followed
from the state and needs of concrete stand tending of moun-
tain spruce stands. They were induction thinnings that fol-
lowed from a certain state of stands. Their intensity changes
according to repeated treatments. Within these treatments
they become closer to development thinning percents gra-
dually. After the establishment of plots and marking of thin-
nings it was found that the stand structure was very imba-
lanced. It was particularly of very different quality, health
condition but mainly damage to trees first of all by abiotic
injurious agents. There occurred stands that had been only
under natural effects during the whole life, very dense stands
with accumulated large number of trees of secondary stand as
well as not so dense stands and partially tended stands.
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Empirical material of thinnings was verified consist-
ently before the own assessment. Suitability of determined
treatments was evaluated according to biometric criteria
(volume thinning index, thinning percent) and existing
descriptive data on research plots. Decennial thinning
percents were calculated according to formula (1) in vol-
ume units, stem volume outside bark and volume of wood
exceeding 7 cm diameter inside bark. With regard to the
very high density and stock level of stands in mountain
spruce forests more accurate stocking was calculated ac-
cording to the data from yield tables of HALAJ et al. (1987)
with stock level 3.0. After general evaluation of the whole
empirical material, especially its variability, it was divided
into two sets, namely one set for:

1. Untended stands which represent the first treatments
on research plots being established in stands not tended
until then or in stands with absolutely neglected tend-
ing.

2. Partially tended stands represented by stands with
evidently performed tending treatments in a previous
period. In any case this is not a purposeful (systematic)
and long-term tending of these stands.

Model decennial thinning percents were derived for
both sets according to a mathematical model (HALAJ et

al. 1986) where thinning intensity depends on the age ¢
and stocking p of the stand:

1
1 1
+
b+b,.p b,+b,.p

V%=

)

Models were derived by non-linear least-squares meth-
ods. Table 1 presents mathematical and statistical charac-
teristics and parameters of both models. Correlation index
is a rate of closeness. It has the value 0.678 for partially
tended stands and 0.770 for untended stands. Variability of
measured thinning percents around the values fitted by a
mathematical model is given by absolute and relative mean
error of regression equation. This gives standard deviation
(or coefficient of variation) of empirical thinning percents
round to equalled. Absolute error has the value +3.44%
and relative almost 33.3% with partially tended stands and
+3.5%, 21.7% for untended stands. The values of mean er-
ror are relatively high but appropriate to the considerable
variability of thinning percents in empirical material.

Derived models of decennial thinning percents for
untended and partially tended stands with stocking 1.0—
0.9-0.8-0.7 are illustrated in Fig. 2. There are systematic

Table 1. Mathematical and statistical characteristics and parameters of function (5) of decennial thinning percents of main stand in

volume unit wood with dbh under bark

Parameter

Mean error or regression equation b

Number of Correlation

Stands

b

measurements index

absolute (%)

1
>
b,
b

4

relative (%)

Untended 49 0.770

2.392524 E + 01
1.566086 E + 01
—-1.113870 E + 03
2.968814 E + 03

3.50 21.7

Partially tended 43 0.678

7.947123 E+ 01
—4.632662 E + 01
—1.344775 E + 03

2.419578 E+ 03

3.44 333

Thinning percent

Stocking 1.0
—=—=09

—-—-07
——Yield tables 2 thinnings
— -= — Yield tables 1 thinning
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Fig. 2. Spruce mountain sites. Decennial thinning percents of main stand of untended (thin line) and partially tended stands (thick

line) derived from research plots in dependence on age and stocking
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differences between the models of both groups. Untended
stands have higher values by about 4-7% than partially
tended stands. This difference decreases with higher age.
Relatively small differentiation of derived models is
conditioned by the fact that the groups of partially tended
stands are represented by research plots displaying fre-
quently only some indications of thinning. It means their
systematic tending is not going on.

We can state on the basis of derived models that induc-
tive thinning percents are influenced more significantly
only by two factors, namely age and stocking. Dependence
on age slightly decreases in hyperbola. Stocking effect is
slightly more significant. With lower stocking thinning
percent also decreases more intensively. In addition to the
factors that are direct variables in the mathematical model,
it is necessary to consider especially stand tending until
now. As to the experimental material this tending of stands
was registered only on the basis of evident presence of
old and older stumps after tree felling. The intensity and
type of thinning were decisive but stand structure, quality
and health condition of stems and whole trees, their dam-
age by injurious agents and others were also important.
There were lots of dead trees in the stands of mountain
spruce forests and they were difficult to include or not in
decennial thinning. A subjective view and approach of the
person marking thinning cannot be neglected either. The
experience of a concrete person who is able not only to
appraise the actual state of the stand but also to estimate
the intensity of thinning appropriately for an in-advance
chosen 10-year thinning interval is important.

Type of thinnings

We evaluated the type of marked thinnings in spruce
stands of mountain locations by means of qualitative and
quantitative indicators. Though qualitative indicators for
the evaluation of thinnings are very broad and uncertain,
they are very popular in forestry practice. Based on these
indicators we distinguished 3 degrees of low thinnings
on research plots:

1. The proper low thinning including sporadic interven-
tion into the crown layer.

2. Low thinning with moderate intervention into the
crown layer.

3. Low thinning with frequent intervention into the crown
layer.

In our empirical material the 2™ degree, it means low
thinning with moderate intervention into the crown layer,
occurs the most frequently (54.4%). The two remaining
degrees have the same proportion (22.8%). Low thinning
is reasonable for spruce as it is the tree species with natu-
rally balanced quality of stems. Cases of more frequent
treatments in the crown layer occurred mainly in stands
heavily damaged by snow or rime (sanitary selection)
and during adjustment of spacing in very dense groups
of trees.

Quantitative indicators of the type of thinning, for ex-
ample thinning indexes [, I, I, have the advantage that

450

Table 2. Mathematical and statistical characteristics of thinning indexes I, I, I, of untended and partially tended stands according to degrees of low thinnings 1, 2, 3
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15
4.8

14
0.04

0.03
0

13
0.69-0.80

12
0.75

11
6.2
3.9

1

10
0.04

0.57-0.69
0.69-0.79

0.65

13.2

0.05
0.04
0.04

0.25-0.39
0.40-0.55

0.35
0.46
0.59
0.49
0.34
0.46

1.1
6.6

6.1
3.0

33
23
6.1
6.5
2.5
22
6.5

0.05
0.05
0.02
0.01
0.0

0.05
0.02
0.02
0.05

0.85-0.93
0.69-0.93

0.61-0.81
0.87-0.90

0.76-0.88
0.80-0.87
0.61-0.90
0.61-0.81
0.76-0.88
0.85-0.93
0.61-0.93

0.82
0.89
0.84
0.76
0.83
0.88
0.81
0.75
0.83
0.89
0.82

7.5
6.0
33

8
7.5
6.0
3.6

3.1
8.0

0.03
0.02
0.06
0.04
0.02
0.03
0.05
0.04
0.03
0.0

0.0

0.77-0.87
0.57-0.87
0.54-0.69

0.69-0.77
0.75-0.82

0.54-0.82
0.54-0.69

0.69-0.79
0.75-0.87

0.54-0.87

0.72
0.79
0.74
0.64
0.72
0.79
0.70
0.65
0.72
0.79
0.72

9.3
6.9
18.5
15.9
8.1
6.8
19.1
14.9
8.8
6.9
20.0

05
0.03
0.04
0.08

05
0.04
0.04

09

0.09
0.
0.
0.

0.55-0.72
0.25-0.72
0.19-0.40
0.41-0.54
0.53-0.62
0.19-0.62
0.19-0.40

0.40-0.55
0.53-0.72
0.19-0.72

59
0.43

0.35
46
59

0.46

25
18
49
15
25
43
21
50
21
92

2

3
Total

1

2

3
Total

1

2

3
Total

Untended
Partially tended

Total
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Table 3. Mathematical and statistical characteristics of the dependence of volume thinning index / of untended and partially tended

stands on age

Number of Correlation Mean error Regression coefficients
Stands measurements index absolute £ 5 relative =5 (%) a, a,
Untended 49 0.138 0.092 18.76 0.4437938 2.985935
Partially tended 43 0.464 0.075 17.33 0.2812874 8.853119
Table 4. Average data on thinnings in mountain spruce stands

Number of ) ndin .
Thinning stands Av;;ge Stocking csl:ses Area (ha) S\/tgl;meg gzrrzlnntg Sclsggcifir;sts

n (%) (m*/ha)
Unplanned 536 64 65.5 0.73 23.0 3,386 214 - 0.71
Planned 300 36 48.9 0.81 25.5 1,729 166 11.2 0.75
Total 836 100 59.9 0.76 23.8 5,115 198 - 0.72

they specify qualitative (verbal) definitions of different
types of thinning simply numerically and logically. On
research plots thinning indexes were calculated accord-
ing to formula (2), (3) and (4). Types of thinning given
qualitatively 1, 2, 3 were quantified by means of thin-
ning indexes I, [, I,. Their mathematical and statistical
characteristics for untended and partially tended stands
are given in Table 2. Based on arithmetical means of
all types of indexes we can state that thinnings of the
3 degree have the highest values. Similarly, the regu-
larity between height, diameter and volume index with
the relation 7, > I,> I was confirmed. The analysis of
thinning indexes also confirmed the results by HALAJ
(1975), who considered volume index / the most suit-
able because its values are the most differentiated for
different types of thinning. Diameter index /, can be
used with advantage especially for marking the chosen
type of thinning in the stand as well as for sorting timber
from thinnings.

Besides the basic statistical characteristics of thinning
indexes their dependences on the age of stand were also

derived. To fit volume index / hyperbola of the following
form was used:

a2
y=a,+— (6)
x
Mathematical and statistical characteristics of fitting
are shown in Table 3. The values of absolute mean error
0.092 (relative mean error 18.76%) and correlation index
0.138 of untended stands show high variability of / index
and its small dependence on age. According to regression
discount they are influenced by the age of stand only in
about 2% of dependence. Correlation index of partially
tended stands is higher with regression discount 22%.
Dependence of /, on age is smaller for untended than for
partially tended stands. The unfitted and fitted course of
volume thinning index / of untended and partially tended
stands in dependence on age is illustrated in Fig. 3.
Derived volume thinning indexes / can be used for
determining the mean stem of thinning from the mean
stem of total stand of spruce stands in mountain loca-
tions.

Untended stands — — — Partially tended stands

S«

~

vy
-ttt

0.30 1 1 1 1
20 30 40 50 60

70 80 90 100 110 120
Age

Fig. 3. Fitted and unfitted course if volume thinning index / in untended and partially tended stands in dependence on age
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Thinning interval

Thinning interval defines the periodicity of thin-
ning treatments. It is expressed most frequently by the
number of years between two treatments following each
other, when thinning is performed. For the collection of
experimental material for research on thinning intensity
a 10-year thinning interval was determined according to
the methodology. This interval is based especially on
literature knowledge published until now, and the same
planning period in forest management plans is also an
important argument for the 10-year thinning interval.

In planning, the beginning and end of thinning, it means
its duration in rotation (life of stand) is inseparable time
characteristics. Determination of these time characteristics
was based on the age when constant mean diameters of
the stand are reached, e.g. 6, 19 and 25 cm in dependence
on the yield class. These diameters characterize growth
phases of stands:

— 6 cm lower limit of the growth phase of pole stage,
which is considered in silviculture as the beginning of
thinnings;

— 19 cm upper limit of the growth phase of pole stage;

— 25 cm upper limit which is considered in silviculture
as the end of thinnings.

Mountain spruce stands of site class 32—16 reach the
given diameters at the age of 20-35 years. In accordance
with Work Procedures of Forest Management the age for
first thinnings is 3055 years, when stands should reach the
mean diameter of 12 cm. These spruce stands should reach
mean the diameter of 25 cm at the age 60—110 years.

After generalization of all aspects of planning and
performing thinnings in mountain spruce stands we
recommend the following thinning intervals according
to site classes:

— site classes 28—32: 40-year thinning period. To perform
5 thinning treatments at the stand age of 20—60 years.
I** and 2™ thinning with 10-year thinning interval,
375" thinning with 15-year interval,

— site classes 22-26: 55-year thinning period. To perform
4 thinning treatments at the stand age of 2580 years;

40
35
30
25
20

Stocking 1.0 — — — 0.9

I** and 2™ thinning with 15-year thinning interval,
374" thinning with 20-year interval,

— site classes 16-20: 70-year thinning period. To carry
out 3 thinning treatments at the stand age of 35 to
105 years. 1% and 2" thinning with 20-year thinning
interval; 3™ thinning with 30-year interval.

Thinning is not considered in the stands of the lowest
site class, it means 10-14. Proposed thinning intervals
should be understood as general recommendations. In
practice the thinning interval should be determined in a
concrete stand only on the basis of actual state and needs
of the stand.

DISCUSSION

Models of induction thinnings in mountain spruce
stands represent decennial thinning percents derived from
marked thinning treatments on research plots. These mod-
els were compared with the models of thinning percents of
spruce stands in lower locations (HALAJ et al. 1986). The
comparison is illustrated in Fig. 4, on the basis of which
we can assume that thinning percents of mountain spruce
stands reach only 60% in comparison with spruce stands
in lower locations.

We made a similar comparison also with currently
planned decennial thinnings in forest management plans.
We sorted out spruce stands of the 7% altitudinal spruce
zone with the age 30-100 years, stocking 0.7-1.0 and
spruce proportion 90—100% from valid plans. The stands
where thinning was planned and those where it was not
planned were sorted out separately. As Table 4 shows,
in most of these stands (64%) thinning is not planned in
forest practice.

Fig. 5 presents a comparison of model thinning percents
of partially tended stands with planned percents in forest
management plans. As we can see, the model percents are
higher by about 30—40% than they are planned in forest
management plans.

Though all comparisons demonstrate that thinning
model percents have higher values than those applied until
now, they cannot be recommended as average values, only

------ 0.8 —-=-0.7

15
10

Thinning percent

Age

Fig. 4. Comparison of decennial thinning percents of untended stands in lower locations (HALAJ 1986 — thin line) and mountain
locations (thick line). Thinning percents from main stands in volume unit wood with dbh under bark
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Thinning percent

Fig. 5. Development of planned (thin line with dots) and model decennial thinning percents for partially tended stands (thick line)

in dependence on age and stocking

as minimal values. The currently applied thinning inten-
sity of 5-7% in older stands and about 10% in younger
stands is insufficient as it only copies natural dieback and
loss of trees in stands.

The fitted course of volume thinning index / does not
correspond to generally valid literature knowledge. In
accordance with the knowledge /, should grow with age
during life-time tending of stands, with mean diameter,
height and decreasing number of trees (DELVAUX 1968).
In accordance with HALAJ (1975) the reason for this
discrepancy is that thinnings in experimental material
were only the first treatments in stands, not the tendency
of their lifetime development and tending. Some other
authors studying the type of thinnings on short-term ex-
perimental plots (CARBONNIER 1971) also drew the same
conclusions.

Under current conditions of the management of moun-
tain spruce stands with insufficient accessibility of these
stands the issue of their rationalization is very actual. It is
based on a possibility of accumulating several time-close
thinnings into a smaller number of thinnings with longer
interval.

Though the role of mountain forests in the 7% altitudinal
spruce zone is mostly the fulfilment of non-production
functions, their production function and tending must
not be neglected, either. Despite of the relatively good
natural conditions their static stability is disturbed due to
long-term absence of their tending. The stands cumulate a
large amount of biomass from dead trees and they enter the
stage of decline very early. The considerably unfavourable
state of mountain spruce stands is also caused by their bad
accessibility. Lasting non-uniform opinions regarding the
need of their more systematic tending also contribute to
this unfavourable state as well as inconsistent implemen-
tation of planned tending treatments. Their management
would be optimal if the requirement for increasing non-
production functions is met. In justified cases, mainly in
homogeneous and even-aged spruce stands with better
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site classes that were established after large disasters on
large areas, the use of production function could also be
considered optimal. From this aspect the tending of forest
stands by thinnings can be an optimal or at least sufficient
way of their management.
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Induktivne prebierky horskych smrecin

J. MECKO, R. PETRAS, V. NOCIAR

Lesnicky vyskumny ustav vo Zvolene, Zvolen, Slovenskd republika

ABSTRAKT: Obsahom ¢lanku st modely decendlnych prebierkovych percent smreka horskych poldh. Odvodili sa regresnym
vyrovnavanim z empirického materialu so 108 meraniami na 93 vyskumnych plochach. Modely sa odvodili pre nevychovavané
a Ciasto¢ne vychovavané porasty. Porovnali sa s modelmi prebierkovych percent smreka horskych poloh z rastovych tabuliek,
induktivnych prebierkovych percent smreka nizsich poloh a planovanymi decenalnymi prebierkami podl'a lesného hospodarskeho
planu. Pomocou prebierkovych indexov sa analyzoval aj druh prebierok a navrhli sa prebierkové intervaly.

Kricové slova: smrek; induktivne prebierky; prebierkové percenta; druh prebierky; interval prebierky; prebierkovy index

Ciel'om prace je odvodenie decenalnych prebierkovych
percent, druhu a intervalu prebierok smrekovych porastov
horskych poloh Slovenska z empirickych udajov vyzna-
¢enych prebierok na prebierkovych vyskumnych plo-
chach.

Podkladové udaje sa ziskali meranim na 83 jednorazo-
vych prebierkovych vyskumnych plochach a 10 polopre-
vadzkovych vyskumnych plochach. Najviac — 47 ploch
— sa zalozilo v Nizkych Tatrach, 25 ploch vo Vysokych
Tatrach a zvySnych 11 je v Slovenskom Rudohori a na Po-
lane. Na 10 poloprevadzkovych vyskumnych plochach sa
esSte prevzalo 15 opakovanych merani z minulych rokov.
Celkovy empiricky material tak tvori 108 merani. Vekové
a bonitné zastipenie vyskumnych ploch je zndzornené na
obr. 1.

Utelom vyznadenej prebierky bolo nielen zvysit odol-
nost’ porastu proti $kodlivym ¢initel'om, zlepsit’ zdravotny
stav a porastové prostredie, ale aj upravit’ hustotu porastu.
Zakladné pestovatel'ské charakteristiky vyznacovanych
prebierok boli: druh prebierky — podiroviiova, vyber
— negativny, sila zdsahu — mierna a interval prebierky
— 10-ro¢ny.

Z nameranych veli¢in na vyskumnych plochach sa
vypocitali priemerné a hektarové veliiny zdruzeného,
hlavného a podruzného porastu. Z tychto udajov sa od-
vodili prebierkové percenta a prebierkové indexy. Prebier-
kové percento sa pocitalo podla vzorca (1). Objemovy
(1), hrabkovy (/) a vySkovy (/) prebierkovy index sa
vypocitali podla vzorcov (2)—(4). Po zhodnoteni celého
empirického materidlu — najma jeho variability — sa tento
rozdelil do dvoch stiborov:

1. Nevychovavané porasty, ktoré reprezentuju prvé
zasahy na vyskumnych plochach zalozenych v do-
teraz vobec nevychovavanych alebo vychovne tplne
zanedbanych porastoch.

2. Ciasto¢ne vychovavané porasty, ktoré reprezentuju po-
rasty s evidentne uskutocnenymi vychovnymi zasahmi
v predchadzajicom obdobi.

Modelové decenalne prebierkové percentd sa odvodili
v zavislosti od veku a zakmenenia porastu pre obidva
stbory podl'a matematického modelu (5). V tab. 1 sit ma-
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tematicko-Statistické charakteristiky a parametre oboch
modelov. Odvodené modely decenalnych prebierkovych
percent pre nevychovavané a Ciasto¢ne vychovavané
porasty zakmenenia 1,0-0,9—0,8-0,7 st znazornené na
obr. 2. Okrem faktorov, ktoré st priame premenné v ma-
tematickom modeli, je potrebné vyznamne zvazovat’ naj-
mé doterajSiu vychovu porastov. V porastoch horskych
smrecin bolo Casto aj vel'ké mnozstvo sucharov, ktoré
bolo problematické zarad’ovat’ alebo nezarad’ovat’ do
decenalneho prebierkového zasahu.

Druh vyznaCovanych prebierok v smrekovych poras-
toch horskych poloh sa hodnotil pomocou kvalitativnych
a kvantitativnych ukazovatel'ov. Na vyskumnych plochach
sa rozliSovali tri stupne poduroviiovych prebierok:

1. poduroviiova prebierka ¢ista (vratane ojedinelého
zasahu do urovne);

2. poduroviiova prebierka s miernym (pomiestnym) zasa-
hom do trovne;

3. poduroviiova prebierka s ¢astym zasahom do irovne.

V zhodnocovanom empirickom materidli sa vyskytuje
najcastejsie (54,4 %) 2. stupen, t.j. podiroviiova prebierka
s miernym zasahom do urovne. Ostatné dva stupne maja
rovnakeé, t.j. 22,8% zastiipenie. Poduiroviiovy charakter
zasahov je pri smreku opodstatneny. Pripady CastejSich
zasahov do urovne sa vyskytli hlavne v silne poskodenych
porastoch snehom alebo namrazou (zdravotny vyber) a pri
uprave rozstupu v prehustlych skupinach stromov.

Kvalitativne vyjadrené druhy prebierok 1, 2, 3 sa po-
mocou prebierkovych indexov /, 1, I, pretransformovali
na kvantitativne. Ich matematicko-Statistické charakteris-
tiky pre nevychovavané a ¢iastocne vychovavané porasty
uvadza tab. 2. Analyza prebierkovych indexov potvrdila
vSeobecne platni zédkonitost' vztahu 1, > I, > [ . Pre
diferencovanie druhu prebierok je aj tu najvhodnejsi
objemovy index /. Hrubkovy index /, moZno s vyhodou
pouzit’ najmé na vyznacenie zvoleného druhu prebierky
v poraste ako aj pri sortimentacii zasoby prebierok. Na
vyrovnanie objemového indexu / v zavislosti od veku sa
pouzila hyperbola. Matematicko-statistické charakteris-
tiky vyrovnania si uvedené v tab. 3. Vyrovnany priebeh
indexu / nezodpoveda vSeobecne platnym literarnym
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poznatkom (obr. 3). PriCina tejto nezhody je v tom, zZe

prebierky v pokusnom materiali reprezentuju len prvé

zasahy v porastoch a nie tendenciu ich celozivotného
vyvoja a vychovy.

Prebierkovy interval definuje periodicitu opakovania
prebierkovych zasahov. Pre zber pokusného materialu na
vyskum sily prebierok sa stanovil 10-ro¢ny prebierkovy
interval. Po zov§eobecneni vSetkych aspektov planovania
arealizacie prebierok horskych smre¢in navrhujeme pod-
l'a bonit tieto prebierkové intervaly:

— bonity 28-32: 40-ro¢né prebierkové obdobie. Vo veku
porastov 20—60 rokov vykonat pdt prebierkovych
zasahov. Prvi a druht prebierku s 10-ro¢nym pre-
bierkovym intervalom, 3.-5. prebierku s 15-ro¢nym
intervalom;

— bonity 22-26: 55-ro¢né prebierkové obdobie. Vo veku
porastov 25-80 rokov vykonat’ §tyri prebierkové zasa-
hy. Prvii a druhti prebierku s 15-roénym prebierkovym
intervalom, 3.—4. prebierku s 20-roénym intervalom;

— bonity 16-20: 70-ro¢né prebierkové obdobie. Vo veku
porastov 35—105 rokov vykonat’ tri prebierkové zasahy.
Prvi a druht prebierku s 20-roénym prebierkovym in-
tervalom, 3. prebierku s 30-roénym intervalom. V po-
rastoch najhorsich bonit, t.j. 10-14, sa s prebierkovymi
zasahmi neuvazuje.

Uvedené modely induktivnych prebierok sa na obr. 4
porovnali s modelmi prebierkovych percent smrekovych
porastov nizsich poloh (HALAJ et al. 1986). Porovnanie
je znazornené na obr. 4. Prebierkové percenta horskych
smrecin dosahuju z percent smrecin niz§ich poloh pribliz-
ne len 60% podiely.

Vykonalo sa aj porovnanie so suc¢asne planovanymi
decenalnymi prebierkami v lesnom hospodarskom plane.
Z platnych lesnych hospodarskych planov sme vytriedili
smrekové porasty 7. smrekového vegetaéného stupna

s vekovym rozpitim 30—100 rokov, zakmenenim 0,7-1,0
a zastipenim smreka 90—100 %. Osobitne sa sledovali
porasty, v ktorych sa planovali a neplanovali prebierky.
Podrla tab. 4 vo vdcsine z tychto porastov (64 %) sa v praxi
lesného hospodarstva prebierky neplanuju. Na obr. 5 sa
porovnavaji modelové prebierkové percenta Ciastocne
vychovavanych porastov s planovanymi percentami
v lesnych hospodarskych planoch. Modelové percenta
su priblizne o 3040 % vyssie, ako sa planuju. Vsetky
porovnania ukazali, ze modelové prebierkové percenta
maju vysSie hodnoty ako v praxi aplikované priemerné
prebierkové zasahy. V praxi aplikovana sila prebierok
vo vyske 5-7 % v starSich a priblizne 10 % v mladsich
porastoch je nedostato¢na.

Aj ked’ vyznam horskych lesov 7. smrekového lesného
vegetaéného stupiia je hlavne v plneni mimoproduk¢-
nych funkecii, nie je mozné podcenovat aj ich produkény
vyznam. Napriek ich relativne dobrym prirodnym pod-
mienkam je dlhodobym zanedbavanim vychovy ich sta-
ticka stabilita narusena. Porasty kumuluji vel'ké mnozstvo
odumretych stromov a predcasne sa dostavaju do Stadia
rozpadu. Znaé¢ne nepriaznivy stav horskych smreéin je do
urcitej miery spdsobeny aj ich nepristupnostou. Podiel na
tomto stave ma aj pretrvavajlca nejednotnost’ ndzorov na
potrebu ich systematickejsej vychovy ako aj neddsledna
realizacia naplanovanych vychovnych zasahov. Za opti-
malne by bolo mozné povazovat také obhospodarovanie,
aby sa naplnila poziadavka zvySovania neprodukénych
funkcii, ale v odévodnenych pripadoch — predovsetkym
v rovnorodych a rovnovekych smrekovych porastoch lep-
Sich bonit — aj vyuzitie produkénej schopnosti. Z tohto
pohladu méze byt vychova lesnych porastov prebierkami
optimalny, alebo aspont dostatoény spdsob ich obhospo-
darovania.
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