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Thinning experiments in Norway spruce stands after 40 years
of investigation — 1% series

M. SLODICAK, J. NOVAK

Forestry and Game Management Research Institute, Jiloviste-Strnady, Research Station
Opocno, Czech Republic

ABSTRACT: Forestry and Game Management Research Institute at Jilovi§teé-Strnady has created a new experimental base for
thinning research since 1956. A total of 46 experimental series were founded in Norway spruce (Picea abies [L.] Karst.); 24 series
are still maintained. This paper focuses on the series established in young Norway spruce stands in 1958 (Rumburk, Mostek, Vim-
perk I, Vimperk II and Nisa). The goal of thinning experiment was to compare two basic methods of thinning: positive selection
from above (2a) and negative selection from below (3b or 5b). Each experimental series has a control plot (1¢) where no thinning
was conducted. The effect of thinning by positive selection from above carried out in the 40-year period of investigations was
a 10—45% decrease in the abundance of trees in lower diameter classes compared with control plots. Negative selection from below
resulted in a more pronounced decrease in thin trees abundance (50-69% compared with control plots). The abundance of thick
trees (diameter of 30 cm and more) increased by 5—50% on all comparative plots with thinning. Static stability characterised by the
h/d ratio of mean stem and //d ratio of dominant trees (200 thickest trees per hectare) was influenced by thinning mostly positively

(final value of //d ratio found by the last revision was considerably lower).
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The proper investigation of the impact of various thin-
ning methods on forest stand structure depends on avail-
ability of a sufficient number of permanent research plots
and their regular and long-term observations, preferably
lasting at least one rotation. The theoretical problems of
thinning in forest stands of the Czech Republic before
1955 were investigated using small-scale research on
Forestry Faculties of Czech universities. Attention was
paid to a few experiments founded by the Institute in
Mariabrunne (Austria) before World War I or several ex-
periments founded after WW II. The experimental design
was small-scale and insufficient, evaluating measurements
were made only over short intervals. Therefore the re-
sults could not be applied to management situations that
substantially differed from the conditions of narrowly-
focused research plots.

For that reason, it was decided to create a new experi-
mental base with the aim of long-term experimental data
collection from various thinning regimes in forest stands
of the main forest tree species — Norway spruce (Picea
abies [L.] Karst.) and Scotch pine (Pinus sylvestris L.).
This project was delegated to the Forestry and Game
Management Research Institute at Jilovisté-Strnady. In
the framework of the project, 46 experimental series were
founded in Norway spruce stands in four time groups
between the years 1956 and 1973 (1 group in 19561958,
2" in 1960, 4" in 1963—1964 and 5" in 1971-1973). One
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group (chronologically the 3™ group) was founded in
Scotch pine stands and will be evaluated separately.

Out of the original 46 experimental series, only
24 have persisted to the present (NOVAK, SLODICAK
2001). Other series were partly or completely destroyed by
snow, wind or other harmful factors. Since 1997, data col-
lection in these long-term experimental series has been the
responsibility of the subproject Thinning of Forest Stands
in Changing Growing Conditions of the complex project
Silviculture in Ecotopes Disturbed by Human Activities
(SLODICAK, NOVAK 2002).

This paper focuses on the series established in young
Norway spruce stands in 1958 (Table 1).

METHOD

The methods for founding and evaluation of long-term
thinning experiments is based on standardised techniques
and methods used in forestry research. This methodology
was established by the Forestry and Game Management
Research Institute in 19561957 (PAREZ 1958).

The following eminent Czech and Slovak forest
specialists provided valuable comments regarding the
methodology: Jan Borota, Ph.D., Jifi Bozdéch, Ph.D.,
Prof. Jaromir Cizek, Ph.D., Jan Delinga, Vlastislav
Jancatik, Ph.D., Vaclav Jirkovsky, Jaroslav Hofman,
Ph.D., Prof. Josef Kantor, DrSc., Prof. Vaclav Korf,
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Table 1. List of experimental series in Norway spruce stands of the 1 group established in 1958

Comparative Elevation Forest Soil
Series Name Age I;ots Forest region (m) Vegetation catego
p Zones gory

1 Rumburk 37 2 20 — The Luzicka pahorkatina Hills 510 Fir-beech acid

2 Mostek 38 3 23 — The Podkrkonosi Piedmont 530 Fir-beech acid

3 Vimperk | 32 2 13 — The Sumava Mts. 1,020 Spruce-beech acid

4 Vimperk 11 51 3 13 — The Sumava Mits. 1,045 Spruce-beech acid

5 Nisa 35 3 21a — The Jizerské hory Mts. 820 Spruce-beech acid

DrSc., Dr. Fedor Korsun, Vladimir Kre¢mer, Ph.D., Jan
Materna, Ph.D., Dr. Karel Matéjti, Prof. Alois Mezera,
DrSc., Miroslav Némec, Milan Novotny, Ph.D., Jan Oros,
Josef Parkan, Prof. Antonin Pfeffer, DrSc., Dr. Jaroslav
Rehak, Jiti Sindelat, Ph.D., Bohuslav Ving, Ph.D., Prof.
Miroslav Vyskot, DrSc.

Objectives of the experiment

The objectives of the experiment were to evaluate the
effect of two types of thinning, negative selection from
below and positive selection from above, on height and
diameter growth and on quality, quantity and safety of
production of forest stands. Partial results, focused on the
quantity and quality of production of forest stands, were
published in research reports (PAREZ 1972, 1975, 1979,
1980, 1985).

Explanation of used terms

Experimental series is defined as a part of forest stand
designated for thinning experiment, i.e. for observation of
one or more silvicultural treatments. Experimental series
consists of two or more partial comparative plots with
different thinning regimes.

Partial comparative plot (comparative plot) is defined
as a part of experimental series that used for investigation
of one silvicultural treatment and consequent comparison
with other treatments and with control plot (without treat-
ment).

Control plot is one of the partial comparative plots left
without any intentional silvicultural treatment. The only
treatment is removing of dead, broken or uprooted trees,
i.e. salvage cutting. The control plot serves as evidence
of natural development of forest stands, including natural
mortality.

Group of experimental series consists of two or more
experimental series in one climatic region at a similar
elevation with the same management system, etc.

Stand characteristics (N — number of trees, G — stand
basal area) are calculated on a per-hectare basis. For de-
scription of stand development the following common
abbreviations are used: d — diameter at breast height,
h — mean height, h/d — ratio of slenderness (height/
diameter ratio), d,,, — diameter of 200 largest-diam-
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eter trees, h,,, — height of 200 largest-diameter trees,
h/d,,,, — height/diameter ratio of 200 largest-diameter trees.

Forest stand selection for investigation

As Norway spruce stands take up 55% of the forested
area in the Czech Republic and are a primary source of raw
material for wood production and for other non-wood-pro-
ducing functions of forests, attention was primarily paid
to this species. In establishing the experimental series,
even-aged, artificially- (planting, sowing) or naturally-re-
generated pure Norway spruce stands were chosen, prefer-
ably in regions of their natural occurrence. Experimental
series were established in all of the main Czech mountain
ranges: the Sumava Mts., Kruiné hory Mts., Jizerské hory
Mts., Krkonose Mts., Orlické hory Mts., Jeseniky Mts.,
Beskydy Mts. and the Ceskomoravska vysogina Mts.,
mostly at elevations above 600 m on spruce sites. One
portion of the series was established at a lower elevation
(below 600 m a.s.l.), on the sites where Norway spruce
was introduced artificially.

The recommended initial stand age was set at 30 years
with the goal of minimising the effect of different stand re-
generation techniques (planting, sowing, natural regenera-
tion) upon our experiment. Only high forest locations (of
seed origin) with medium site index were acceptable.

Although according to valid growth tables of SCHWAP-
PACH (1943) all chosen experimental stands had site index
I11, after the first revision and more precise evaluation, the
site index of nearly all series had to be increased to I.

Experimental series were located in large even-aged
pure and untreated stands, at least 3—4 hectares in size,
on the same aspect, similar soil conditions and parent rock.
Border stands or localities endangered by wind, snow and
ice damage were avoided as well as steep slopes.

Area and form of partial comparative plots

Based on previous experience, the basic area of partial
comparative plot is 0.25 hectare, preferably square with
sides of 50 m. Plots are located at least 50 m from the
stand border and 10-20 m from forest roads and bound-
ary lines. Particular comparative plots are bordered by
15 m wide buffer strips with the same treatment as on the
respective plot.
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All trees around the comparative plot (outside of the
plot) were marked with 5 cm wide yellow strip facing
the interior of the plot. On the corner tree, series number
and comparative plot was written in yellow paint. All
trees over 4 cm diameter on each comparative plot are
numbered individually and the points for diameter meas-
urement are marked.

Comparability of partial plots

Before initiating the first experimental treatments, the
difference between stand characteristics on particular
comparative plots in number of trees — N, basal area
— G, mean diameter — d, and mean height — / was tested
using Student’s ¢-test (.= 0.05). Only after the preliminary
differences in given parameters were found insignificant,
could the experiment be initiated.

Observations

The experimental series are surveyed as a rule in five-
year periods out of the vegetation season and all trees are
measured by callipers in mm over bark. The diameter of
each tree is measured twice: the first measurement against
the label, the second at a perpendicular angle. The height
of the stands is measured with telescopic poles or Blume-
Leisse altimeter on representative groups of trees (30 indi-
viduals of all tree classes) and height curves are calculated
to assess the mean and top height. After finishing the initial
survey, trees designated for the next experimental thinning
or salvage cut on control plot are marked. All cut trees
excluding forked and deformed individuals are measured
as sample trees (height in the year of cut, annual height
increment by whorls and stem diameters by 2 m sections
for calculation of tree volume).

Investigated treatments

The thinning experiment compared two thinning tech-
niques:

— positive selection from above (high thinning),
— negative selection from below (low thinning).

Some of the experimental series were complemented
by the variant of heavy thinning, i.e. the opening up of
stand canopy. Each experimental series has a control plot
without thinning.

Positive selection from above

Thinning with positive selection from above was con-
ducted in accordance with the principles of Schadelin.
In young stands before the first experimental thinning,
500-1,500 future crop trees, i.e. the centres of stand
“cells”, were selected and released by removing one or
two of the most vigorous competitors. Every future crop
tree with the best stem and crown form was surrounded
by several alternates. The crop tree (as a rule from higher
tree classes) and alternates comprise a so-called stand
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cell. Thinning focused on releasing the growing space
for future crop trees’ crowns and creating suitable grow-
ing conditions so that high quality increment would be
created on superior individuals. Dead, ill or damaged trees
were removed except where they supported the selected
future crop trees.

After the culmination of height growth, approximately
500 best crop trees were selected and their crowns kept
free by removing adjacent individuals. This process will
be finished by release cutting that opens the canopy and
consequently encourages the establishment of the next
generation of trees.

This way of tending evaluated the retention of secon-
dary crop trees that consist of intermediate, suppressed
and overtopped individuals. The main benefit of secon-
dary crop lies in the shading of forest soil and improve-
ment of self-pruning of selected best stems.

Negative selection from below

Thinning with negative selection from below focused on
removal of dead and dying trees (Kraft class 5), slower-
growing trees (Kraft class 4) and poor quality, mechani-
cally injured and diseased trees of higher classes. Healthy,
well-shaped dominant trees were removed only to release
the groups of trees with similar dimensions and quality.
Before removing a healthy dominant tree with unsatis-
factory crown or stem characteristics, the canopy condi-
tion was taken into account to minimise upper canopy
disturbance.

In the experiment, moderate and heavy thinning in-
tensities were chosen based on previous experience with
quantity and quality of production.

Release cutting

Release cutting is a very heavy thinning by negative selec-
tion from below; removing 30% of volume or stand basal
area by one or two consequent intermediate cuts. As a rule,
all trees of worse shape and quality are removed at first and
the best dominant trees are left at a more or less regular spac-
ing. The aim of release cutting is to release the growing space
for the best individuals by reducing competition.

Control plot

Control plot is used for investigation of natural mortality
in the stand and for comparison with investigated thinning
variants. All stand characteristics are measured in the same
way as on comparative plots with thinning, but intentional
silvicultural treatments are omitted. Only dead, broken
or uprooted trees are removed. Those trees that were re-
moved were measured like on other comparative plots.

Intensity of investigated thinning

The intensity of one thinning treatment was set to be
15-10% of basal area during the first half of rotation and
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to 10-6% of basal area for the second half of rotation.
Full stocking and five-year thinning period was supposed.
Where stocking is less than 1.0 (for example 0.8-0.9), the
thinning intensity decreased to 30-50% of the original
amount. Thinning always reflected the actual state of the
stand. Heavier reduction of basal area to 30% or more was
used where situations required release cuttings.

Evaluation of acquired data

All measured data are included in databases. The princi-
pal analysis consisted of evaluation of number of trees (V),
stand basal area (G) on a per-hectare basis, and quadratic
mean diameter (from basal area) (d) before and after each
treatment, and analogically for removed trees. At the same
time, diameter d,, was calculated as an arithmetic mean
of the 200 thickest trees per hectare.

The second step was calculation of height curves for all
variants of each series and periods of investigation using

Néslund’s equation (PRODAN 1965):
h=(dl(a+b.d)y+1.3

where: d — diameter,
h  —height,
a, b — coefficients.

On the basis of received equations, mean heights (4) and
top heights (h,,) were calculated by entering the mean d
or d,, diameter.

The data on diameter and height were used for computa-
tion of 4/d and h,,/d, ratios, which serve as indicators
of static stability of trees, especially their resistance to
stem-breaks.

The third step, evaluation of diameter structure of ex-
perimental stands, consisted in comparison of diameter
distributions before and after each treatment of a particu-
lar series using 1 cm diameter classes (i.e. diameter class
15 cm involves trees with diameter from 14.6 cm to
15.4 cm).

Due to the lack of replication in individual variants of
a particular series, thinning variants could not be entirely
evaluated by statistical methods.

For statistical evaluation of diameter growth of
mean stem and dominant trees (200 trees per hectare)
and changes in diameter structures, statistical system
UNISTAT® (version 5.1) was used. Procedures ANOVA
and sequentially Multiple Comparisons (Student — New-
man — Keuls and Scheffe) were applied (GROFIK, FEAK
1990; MELOUN, MILITKY 1998). Data sets (d, d,,) were
tested by parametric tests (z-test) and by multisample
nonparametric tests (Kruskal-Wallis one-way ANOVA
— methods: #-distribution, comparisons against a control
group — Dunnett, Dunn). The diameter distributions on
partial comparative plots were analysed by goodness of
fit tests (chi-square). In all analyses, confidence level of
0.95 was used.

Static stability of dominant trees (4,,/d,, ratio for
200 dominant trees per hectare) was analysed separately.
For all dominant trees on partial plots, height from func-
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tional analysis (by Néaslund’s equation) was calculated.
Received &, /d,, ratio was analysed by the same methods
as diameter growth data (see above).

As we did not have a sufficient number of sample trees
to derive a series of volume curves, volume calculations
could not be included in this report. And for this reason, it
was compensated by more precise basal area evaluation.

As the concluding evaluation of all experiments will
be done after final cutting on all series, a complete study
of growth and changes in stand volume will be a part of
the last report.

RUMBURK EXPERIMENTAL SERIES

An experimental series at Rumburk was founded in fo-
rest area 20 — the Luzicka pahorkatina Hills — in 1958 in
a 37-year-old Norway spruce stand growing in Forest
Management-Plan Area Rumburk (stand 332 A8 accord-
ing to Forest Management Plan 1996). The co-ordinates
of the series are 50°54°07"" N latitude and 32°09°13"" E
longitude. The experimental stand is located on a gentle
eastern slope (2-3%) in the 5% (Fir-Beech) Forest Altitu-
dinal Zone at an elevation of 510 m. The prevailing soil
type is brown forest soil, acid — fertile ecological series,
soil category I (S). The experimental stand is included in
Management Unit 54 — spruce management of fertile sites
at higher locations affected by air pollution. According
to data from the Czech Hydrometeorological Institute
(CHMI) for the period 1961-1990, the mean annual
precipitation was 800 mm and mean annual temperature
6°C.

The experimental series consists of two comparative
plots 50 x 50 m in size, i.e. 0.25 ha each. Comparative
plot 1c is a control plot without thinning, where only
dead, broken or uprooted trees were removed. Compara-
tive plot 2a is the stand with thinning by positive selection
from above. In 1998 (last revision), trees for felling were
marked on plot 2a with the aim of canopy opening and
subsequent observation of development of left trees and
natural regeneration.

History of the experiment

During the establishment of the Rumburk series in 1958,
the experimental stand was a 37-year-old Norway spruce
monoculture with density of 1,984-2,016 trees per hectare
planted at a regular spacing of ca. 2 m (i.e. 2,500 trees per
hectare) in 1921 on a clear-cut after nun moth injury. The
stand was not thinned before the first experimental treat-
ment and, subsequently, it was characterised by a distinct
diameter distribution (diameter at breast height ranged
from 5 to 30 cm).

The initial diameter of mean stem (d) on both partial
plots lc and 2a was 14.2 and 14.0 cm, diameter 4,
(mean diameter of 200 thickest trees per hectare) 21.2 and
20.4 cm respectively. The differences in mean and top
height (h 14.2 and 14.4 m and 4, , 17.0 and 17.2 m) were
also minimal and differences between all investigated

J. FOR. SCI., 49, 2003 (2): 45-73



M0 a8eA[ES — DS JUSWAIOUT — | ‘FUIUUIY} — ], *S991) JSINYIIY) (0T JO SSOUIPUI[S Jo onel — “pyy ‘saa1 159301y3 00 JO W10y — “y “soam 3saxo1yy 00T
30 1poweIp — “%p ‘SsoUISPUD]S JO O1RI — Py WSIOY UBW — ¢ IO}OWRIP JYSIOY JSBAIG— P “BIE [BSBQ — £) S99} JO JqUINU — A/ “9A0qe woly Suruuryy yim joid saneredwods — ez “Suruuryy ynoyiim jofd [013U0d — J :SAJON

49

* * (45 L 8L * * * LL * * * I8 * * * 8 * * * 78 00z 14
Py
* * L= €L 08 * * * 08 * * * (%% * % * 18 * * * 08 ]
* * 901 8'LT | 0¥C * * * 0°¢C * * * [« * * * ¥'0C * * * LI () 14
00T
* * '8 6T | 8'¢C * * * et * * * €T * * * 6'0C * * * 0°LT 1 J1
* * 681 £6e | 90¢ * * * 8°6C * * * ¥'LT * * * ST * * * ¥'0C (wo) 14
00T
® * vyl 9°¢E | 6'6C * ® * 0'6C * * * 0°LT * * * L'ST * * * [y p R
* * 1'6— 18 06 16 * 601 76 66 * 0cl SOl 01 * 911 01 101 * I €01 14
Py
* * Sl= 98 96 S6 * 1T1 L6 101 * cl 901 01 * LTI 901 L6 * 911 001 J1
® * ) 1'9C | 0CC | 8°0C * L'LT 0T | Sl * 6°Gl 981 691 * 49! L9l 97l * el vyl () L1
* * €6 §¢T | 91T | L0T * 0°LIL 1'oc | s'el * S91 881 €Ll * €l I'L1 vyl * |4 i 1 Rl
* * 6'Cl e | Y'Y | 6'CC * €91 v'1c | 96l * el LLT S * el 091 Syl * 6'11 0vl (uo) 14
* * S0l 96C | ¥TC | 61C * 0yl L0C | €6l * el 8Ll L9l * [Nt 191 8Vl * 70l (a4t r J1
I's 88T | 6¢t | Ty | L'I€ 1'8¢C Sl 8T 6'C¢ £'8¢C 81 €9 9%E | 9°6C I 9°¢ cee I'LT €l 6'¢ 0'1¢ (ey/,uw) L1
coE | 61— | €8C | ¥0¢ I'se¢ | 8¢¢ 8 e 69¢ | 9'C¢ 91 9 L'8E | Leg 9 [ 6'S¢ | 00¢ L €T £Ce 9 o1
CLI * * 80§ 089 089 Y4 [4%4 16 16 €€ 95y 89¢°T | 89¢€°T 91 89T  9€9°T | 9€9°1 81 8Y¢  ¥86°1 (ey/soom) BC
9LS‘T * * ory 68 68 81 00T  TO6O'T | T60°T 8¢ ey TSl | vTsl 4! 91T  OVLT | OVL'T 14! 6LT  910°C N J1
vs} s} jos} jvs} o}
A8k - g L3 2|3 i
= 5] = G = o = 5] = G
~ = g | E & 2 g8 & =2 g2 &£ =2 =2/8 & =2 =
X w — 5 = 5 = = = = = =] = =~
a N - g 2. g 2. g 2. =3 2. g 2. g
© 3 = 7 o 0 = 02 ® ) ® 02 = m.
Ll h |3 :
- ~
a 3 % SIBAA 76 s1edk /4 s1eak 7y SIedk /¢
58|53
8 oo o oo
] ] €L61 8961 £961 8561

SO1I0S [epudwLIddxXd SINquIny uo eyep oiseq ‘g 9[qeL

J. FOR. SCI,, 49, 2003 (2): 45-73



characters (N, G, d, h, h,, d,,,) were found statistically
insignificant (Table 2). On the basis of the initial evalu-
ation of the main stand characteristics, both partial plots

1c and 2a were found comparable.
Number of trees and basal area

By the first experimental thinning on plot 2a at the age
of 37 years, 18% of trees (N) representing 13% of basal
area (G) were removed by positive selection from above.
Treatments were repeated three times in five-year periods
until the age of 52 years (1973), removing 16, 33 and 25%
N (11, 18 and 15% G).

After four treatments in five-year intervals, i.e. 20 years
after the beginning of observations (1978, age 57 years),
the number of trees per hectare decreased to:

— 892 individuals on control plot 1¢ (mortality 1,124 indi-
viduals),

— 680 individuals on comparative plot 2a (1,304 individu-
als removed by thinning).

At the same time basal area (G) per hectare amounted
to:

— 1c—35.1 m?on control plot (increase by 2.8 m?),
— 2a—31.7 m?on comparative plot (decrease by 0.7 m?).

Total periodic increment of basal area (during the first
20 years of the study) on comparative plot 2a was 19.2 m?,
i.e. by 16 m? higher than on control plot 1¢ without thin-
ning (2.8 m?).

Since the last experimental thinning at the age of
52 years (1973), both comparative stands of the experi-
mental series have continued to develop without any thin-
ning. All treatments consisted in removal of dead, broken
and uprooted trees. The number of trees per hectare at
the last re-measurement in 1998 (age 77 years) decreased
to:

— 440 individuals on plot 1c (mortality at the age of
37-77 years 1,576 individuals),

— 508 individuals on plot 2a (mortality at the age of
57-77 years 172 individuals).

Mortality during the last 20-year period (age 57—
77 years) was influenced by air pollution stress. On the
more seriously impacted control plot 1c, 452 trees (51%
of NV at the age of 57 years) had to be removed while on
comparative plot 2a with positive selection from above at
the age of 37-52 years only 172 trees (25% of N at the age
of 57 years) were removed. The highest rate of mortality
on the control plot 1c (18% of N, i.e. 116 trees and 19%
of G, i.e. 6.5 m?) was observed by the 6" re-measurement
at the age of 66 years (1987). The basal area of the control
plot 1c decreased below 28 m? in a similar manner and
as the mortality in the next five-year period exceeded the
increment again, the basal area by the 7" re-measurement
at the age of 71 years decreased to 27.1 m?.

Basal area at the age of 77 years, i.¢. 40 years after the be-
ginning of the experiment (last re-measurement), increased
on the comparative plot 2a (41.2 m?), whereas the control
plot lc decreased below the initial level to 30.4 m?, due
to higher mortality at the age of 57-77 years.
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After including the basal area of all removed trees (i.e.
including salvage cut), the basal area increment during
the study period was 5.6 m* higher on high thinning plot
2a compared with control plot 1¢ (28.3 m?on control plot
Ic and 33.9 m? on plot 2a). In addition on control plot
Ic, 30.2 m? of basal area (107% of basal area increment)
had to be salvaged during the study period, due to mor-
tality, damage and uprooting, whereas salvage removals
on thinned plot 2a amounted to only 5.1 m?(i.e. 15% of
basal area increment).

When including the basal area of deliberately thinned
trees only (salvage cut excluded), the basal area increment
in the study period (age of 37—77 years) was:

— 1.9 m? on plot Ic, i.e. the reduction of initial basal
area,
— 28.8 m? on plot 2a.

Diameter structure

The effect of thinning on diameter structure was investi-
gated at the age of 37-52 years, in five-year period always
to the date of experimental treatment. Diameter struc-
ture was evaluated four times at the age of 37, 42, 47 and
52 years, i.e. in the period of active treatment. The 5" last
evaluation was made on the data collected in 1998, when
the trees were 77 years old.

At the age of 77 years (last revision), the diameter of
the trees in experimental stands ranged from 14 to 53 cm
(Fig. 4). The lowest diameter classes 14-20 cm with the
highest and most unfavourable 4/d ratio (110-140) was
the most abundant on control plot 1c (72 individuals per
hectare compared with 44 individuals per hectare on
comparative plot 2a with positive selection from above).
On the other hand, the number of trees 30 cm and more
in diameter and with favourable /4/d ratio (85-54) was
43% higher on thinned plot 2a than on control plot 1c
(264 ha vs. 184 ha on the control plot). The thinning ef-
fect is especially apparent when one looks at the number
of the largest diameter trees (40 cm and more) on high
thinned plot 2a, where these trees accounted for 200%
of control plot (72 individuals on plot 2a compared with
36 individuals on plot 1c¢).

Although the thinned plot 2a had the highest number
of large-diameter trees and the lowest number of small-
diameter trees, the frequency distribution of diameters
was not statistically significantly different (chi-square
test) from that of the control plot at the age of 77 years
(last revision).

Static stability

At the beginning of the study, the static stability of ex-
perimental stands, as measured by the 4/d ratio of mean
stem and dominant trees (d,, ), was relatively unfavour-
able in spite of rather low initial density. The A/d ratio
of mean stem at the age of 37 years (1958) ranged from
103 on plot 2a to 100 on plot 1c (Table 1, Fig. 2) and
was in the increment phase, which reached its maximum
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106 on control plot 1¢ at the age of 47 years (3" revision).
In the next period, the //d ratio of mean stem on control
plot decreased, partly as a result of the increase in mortal-
ity of trees with the highest /4/d ratio.

Experimental thinning on comparative plot 2a did not
halt the increase in the /4/d ratio which reached its maxi-
mum similarly like on control plot 1¢ at the age of 47 years
with the value 105. Subsequent to this period, the elevated
proportion of large trees with higher diameter increment
on the thinned plot caused a greater decline in the mean
h/d ratio compared with control plot.

When evaluating dominant trees (200 thickest trees
per hectare, i.e. the same number of individuals on each
comparative plot), the initial 4, /d, , ratio on comparative
plots 1c and 2a was 80 and 84, respectively.

On the control plot, the height/diameter ratio increased
to 83 at the age of 47 years, and afterwards it decreased to
73 at the age of 77 years (last revision). On the compara-
tive plot 2a with positive selection from above, the 4, /d,
ratio decreased since the beginning of experiment to the
final value 72 measured at the last revision in 1998.

Although thinning resulted in significantly higher d,,
on comparative plot 2a with high thinning at the age of 66,
71 and 77 years (Fig. 3), the &, /d, , ratio was balanced
by height increment of dominant trees and therefore, the
differences in &, /d, ratio at the age of 77 years (last
revision) between control plot without thinning and plot

2a were not found statistically significant.
Conclusions from the Rumburk experiment

— Atthe age of 37-47 years, the basal area of experimen-
tal Norway spruce stands increased on both compara-
tive plots. On control plot 1¢ after that period, mortality
exceeded the basal area increment due to tree growth
and basal area per hectare decreasing gradually to
27.1 m? at the age of 71 (1992). During the entire
40-year study, a total of 30.2 m? of basal area (107%
of increment) was removed as salvage cutting (dead
and broken trees) and stand basal area on control plot
lc at the age of 77 was therefore lower by 1.9 m?
compared with its initial value. On the other hand,
on comparative plot 2a with positive selection from
above, the stand basal area decreased due to four thin-
ning treatments to 28.1 m? at the age of 52 years. Since
that time it continually increased to 42.1 m?at the age
of 77 years (1998). The periodic basal area increment
over the 40-year period of investigation was 33.9 m?
on this plot and it was by 5.6 m? (20%) higher than
on control plot; salvage removals amounted to only
5.1 m? (15%)).

— Effect of thinning by positive selection from above
over 40 years resulted in a decreased abundance
of trees in lower diameter classes and an increased
abundance of trees in higher diameter classes com-
pared with the control stand without thinning. The
number of small-diameter trees (20 cm and lesser)
was lower by 39% on plot 2a with thinning compared
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Fig. 1. Diameter structure and 4/d ratio for diameter classes on
Rumburk experimental series at the age of 77 years — last revision
(d — diameter in cm, N — number of trees per hectare)

with control plot lc (44 and 72 trees, respectively).
On the other hand, the number of large-diameter trees
(30 cm and more) on plot 2a was higher by 43% (and
184 trees, respectively). However, differences in the
frequency distribution of diameter structure on control
plot 1c and thinned plot 2a were not found statistically
significant.

— Development of the //d ratio of mean stem since

the beginning of the study was similar on both
comparative plots. The reason is that the selection
from above on plot 2a removed the trees from larger
diameter classes and left the smaller trees that had
more unfavourable static stability. The maximum A/d
ratio was observed at the age of 47 years (1c — 106,
2a — 105). Thinning resulted in a more pronounced
decline in the A/d ratio with the final value 81 on plot
2a compared with 86 on the control plot at the age
of 77 years.

— The slenderness ratio of dominant trees 4, /d

200" 77200
(200 largest diameter trees per hectare) on con-

trol plot Ic showed an increasing tendency with
culmination at the age of 47 years (from initial
value 80 to value 83) and the following decrease
continuing until the age of 77 years (value 73).
On comparative plot 2a with positive selection
from above, the h, /d,  ratio decreased since
the beginning of experiment from initial value
84 to final value 72 found by the last revision in
1998. The difference between the final values of
h, /d ratio on both comparative plots was not

200 X 200
significant.
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MOSTEK EXPERIMENTAL SERIES

An experimental series at Mostek was founded in forest
area 23 — the Podkrkonosi Piedmont in 1958 in a 38-year-
old Norway spruce stand growing in Forest Management-
Plan Area Hostinné (stand 627 C1 according to Forest
Management Plan 1993). The co-ordinates of the series
are 50°29722"" N latitude and 33°20°35"" E longitude. The
experimental stand is located on a gentle western slope
(3-4%) in the 5" (Beech-Fir) Forest Vegetation Zone at
an elevation of 530 m. The prevailing soil type is gleyic
brown forest soil, acid ecological series, soil category K.
The experimental stand is included in Management Unit
53 — spruce management of acid sites at higher locations.
According to data from the Czech Hydrometeorological
Institute (CHMI) for the period 1961-1990, the mean
annual precipitation was 700 mm and mean annual tem-
perature 7°C.

The experimental series consists of three comparative
plots 50 x 50 m in size, i.e. 0.25 ha each. Comparative
plot 1c is a control plot without thinning, where only
dead, broken or uprooted trees were removed. Compara-
tive plots 3b and 5b are stands with thinning by negative
selection from below (3b — moderate thinning, 5b —heavy
thinning). In 1998 (last revision), trees for felling were
marked on plots 3b and 5b with the aim of canopy opening
and subsequent observation of development of left trees
and natural regeneration.

History of the experiment

During the establishment of the Mostek series in
1958, the experimental stand was a 38-year-old Norway
spruce monoculture with density of 2,072-2,404 trees
per hectare. With respect to the initial large diameter dif-
ferentiation (tree diameters before the first experimental
thinning ranged from 3 to 25 cm), it was supposed that
the experimental stand originated by natural regeneration
or by planting restocked by self-seeding and it was not
thinned before the first experimental treatment.

On the basis of the initial evaluation of the main stand
characteristics, all three partial comparative plots 1c, 3b
and 5b were stated comparable. Especially plots 1¢ and 3b
were nearly identical. The initial diameter of mean stem
(d) on these partial plots was 12.4 and 12.7 cm, diameter
d,,, (mean diameter of 200 thickest trees per hectare) 19.0
and 18.6 cm, respectively. The stand on comparative plot
5b differed from the two previous stands by a lower
number of trees especially in mean diameter classes. The
total number of trees per hectare on plot 5b was 2,072, i.e.
by 330 less than in the control stand lc. The initial mean
diameter 13.1 cm was not found statistically significant
and differences in mean height (12.8 m, 13.5mand 13.6 m
in stands 1c, 3b and 5b respectively) were accepted (Ta-
ble 3). Additional evaluation of d, , showed that dominant
trees on plot 5b differed significantly since the beginning
of observations (Fig. 6) probably as a result of previous
undocumented thinning.

52

Number of trees and basal area

By the first experimental thinning at the age of 38 years,
23% trees (N) representing 9% of basal area (G) were
removed by negative selection from below in the stand of
comparative plot 3b, and 35% N and 13% G in the stand
of comparative plot 5b.

Treatments with negative selection from below were
repeated three times in five-year periods until the age of
53 years (1973) removing 18, 27 and 27% N (7, 20 and
17% G) on comparative plot 3b and 24, 31 and 27% N (9,
20 and 15% G) on comparative plot Sb.

After four treatments in five-year intervals, i.e. 20 years
after the beginning of observations (1978, age 58 years),
the number of trees per hectare decreased to:

— 1,052 individuals on control plot 1¢ (mortality 1,352 indi-
viduals),

— 808 individuals on comparative plot 3b (1,580 indi-
viduals removed by thinning),

— 512 individuals on comparative plot 5b (1,560 indi-
viduals removed by thinning).

At the same time basal area (G) per hectare amounted
to:

— 35.8 m?on control plot I¢ (increase by 7.9 m?),
— 31.5 m?on comparative plot 3b (increase by 4.1 m?),
— 30.3 m?on comparative plot 5b (increase by 6.1 m?).

Together with the basal area of intentionally removed
trees by thinning periodic increments of basal area (the
first 20 years of the study at the age of 38-58 years)
amounted to 18.7 and 19.6 m? on comparative plots 3b and
5b, and they were by more than 10 m? higher than usable
basal area increment on control plot 1¢ without thinning
where 11.8 m? of increment was represented mostly by
unmarketable waste (dry trees and breaks).

Since the last experimental thinning at the age of
53 years (1973), all three comparative stands of the ex-
perimental series have continued to develop without any
thinning. All treatments consisted in removal of dead,
dry and broken and uprooted trees. The number of trees
per hectare until the last revision in 1998 (age 78 years)
spontaneously decreased to:

— 592 individuals on plot 1c (mortality at the age of
38-78 years 1,812 individuals),

— 656 individuals on plot 3b (mortality in the last 20-year
period 152 individuals),

— 468 individuals on plot 5b (mortality in the last 20-year
period 44 individuals).

Basal area G at the age of 78 years, i.c. 40 years after
the beginning of the experiment, achieved nearly 44 m?
per hectare on all comparative plots (Table 3). During the
period of investigation (age of 38—78 years) it increased
by:

— 14.7 m? on plot 1c,
— 13.4 m? on plot 3b,
— 16.1 m? on plot 5b.

After including the basal area of all removed trees (i.e.
including salvage cut), the periodic basal area increment
on thinned plots was 35 m?. The periodic basal area incre-
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Fig. 2. Development of the //d ratio of mean stem and dominant
trees (200 thickest trees per hectare) on Rumburk experimental
series at the age of 37—77 years

ment on control plot 1¢ was higher — 38 m?, but more than
23 m? of the increment (60%) had to be removed during the
period of study as salvage cut (breaks, dry trees, etc.), where-
as salvage removals on thinned plots 3b and 5b amounted to
only 4.2 and 2.1 m?(i.e. 12% and 6% of increment).

When including the basal area of only intentionally re-
moved trees (salvage cut excluded), the basal area incre-
ment in the period of investigation (age of 38—78 years)
was:

— 14.7 m? on plot 1c,
— 30.8 m? on plot 3b,
— 33.2 m? on plot 5b.

Diameter structure

The effect of thinning on diameter structure was investi-
gated at the age of 38—53 years in five-year periods always
to the date of experimental treatment. Diameter structure
was evaluated four times for the age of 38, 43, 48 and
53 years, i.e. in the period of active treatment. The 5"
and last evaluation was made on the data collected by the
revision at the age of 78 years (1998).

The stand on comparative plot 5b differed from the two
previous stands by lower incidence of trees in diameter
classes 9—15 cm (lower by 40%) and higher incidence of
trees in diameter classes 18-24 cm (more than by 74%).
It is obvious from the aspect of particular treatments that
thinned trees on plots 3b and 5b belonged to higher di-
ameter classes compared with natural mortality on control
plot lc. Displacement of thinning into higher diameter
classes compared with natural mortality is apparent es-
pecially in the 2", 3™ and 4" thinning at the age of 43, 48
and 53 years.
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Fig. 3. Development of d,, (with standard deviation) of domi-
nant trees (200 largest diameter trees per hectare) on Rumburk
experimental series in the period 1958—1998 (age 37-77 years).
Statistical analysis (#-test) — significant differences on confidence
level 0.95 (+) and 0.99 (++)

At the age of 78 years (last revision), the diameter of
trees in experimental stands ranged from 15 to 54 cm
(Fig. 4). The lowest diameter classes 15-29 cm with
the highest and most unfavourable /4/d ratio (92—126)
were the most abundant on comparative plots l1c and 3b
(276 and 372 individuals per hectare, respectively, com-

N
150 ‘
Mostek 1998 78 years
o | Ic
~e--3b
5b
100 — h/d 1c
to29cm 0 O\ = - - - - - h/d 3b
1c — 276 trees h/d 5b
3b — 372 trees
5b-136 trees N
507 : °[\” " 30 cm +
| Ic—316 trees
3b — 284 trees
5b — 332 trees
0 T T v—h T T T T T T T \ T I
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d

Fig. 4. Diameter structure and 4/d ratio for diameter classes on
Mostek experimental series at the age of 78 years — last revision
(d — diameter in cm, N — number of trees per hectare)
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pared with 136 individuals on comparative plot 5Sb with
heavy thinning by negative selection from below).

The abundance of trees with diameter 30 cm and more
with favourable A/d ratio (96-57) was nearly the same
on all comparative plots 1c, 3b and 5b (316, 284, 332,
respectively).

There were differences between the compared thinning
regimes only in the abundance of trees with diameter
40 cm and more, only in the case of heavy low thinning
(plot 5b). On control plot 1c and on plot 3b with moder-
ate low thinning, the number of these thickest trees was
36 and 16 whereas on plot 5b with heavy low thinning
it was 112 (more than three times higher compared with
control plot). The effect of thinning on the frequency dis-
tribution of diameter structure on plot 3b with moderate
low thinning at the age of 78 years was not found statisti-
cally significant nor on comparative plot 5b with heavy
low thinning.

Static stability

At the beginning of observations, the static stability of
experimental stands evaluated by the 4/d ratio of mean
stem and dominant trees (d,,,) was relatively unfavourable
in spite of relatively low initial density (Fig. 2). The h/d
ratio of mean stem at the age of 38 years (1958) ranged
from 103 on plot 1c to 106 on plot 3b (Table 3, Fig. 5) and
was in the phase of increment culminating on control plot
1¢ by the value 109 at the age of 43 years (2" revision)
and on plot 3b by the value 108 at the age of 48 years
(3" revision).

Subsequent development of /4/d ratio on control plot
lc and plot 3b with moderate low thinning was nearly
identical with decreasing tendency, and at the age of

130
—O—1ch/d
1 ——3bh/d
1201 —=x=5b h/d

h/d h,/d,

Fig. 5. Development of //d ratio of mean stem and dominant trees
(200 thickest trees per hectare) on Mostek experimental series at
the age of 38-78 years
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78 years (the last revision) it achieved the values 94 and
98, respectively. The more pronounced decrease in the
ratio on control plot 1¢ was caused by increased mortality
at the age of 6878 years, when more than 32% of trees
(mostly dry and broken) with very disadvantageous static
attributes had to be removed.

The volume of //d ratio of mean stem on comparative
plot 5b was different and showed a decreasing tendency
from the beginning of observations, mainly as a result of
heavy low thinning at the age of 38, 43, 48 and 53 years
removing nearly all thin unstable individuals. The applied
heavy low thinning resulted in acceleration of diameter
increase of left trees and consequently in very favourable
low h/d ratio (the value 85 at the age of 78 years). Initially
the same mean diameter on plot 5b was higher by 3 cm
at the age of 43 years, by 4.5 cm at the age of 48 years,
by 5.3 cm at the age of 53 years and by 6.6 cm at the age
of 58 years compared with mean diameter on control
plot lc.

Evaluation of dominant trees (200 thickest trees per
hectare, i.e. the same number of individuals on each
comparative plot) showed that the initial 4, /d, , ratio
on comparative plots 1c and 5b achieved the same value
84 and on plot 3b the value 92. Subsequent development
of slenderness ratio on control plot 1¢ showed an increas-
ing tendency with culmination at the age of 43 years by the
values 92, 96 and 85 on plots l¢, 3b and 5b, respectively.
The following decrease continued until the age of 78 years
(last revision), when the //d ratio on plot 3b with moderate
low thinning reached the value 88, which was significantly
higher than the value 85 on control plot 1. A positive effect
of thinning on the static stability of dominant trees was
recognised only in the case of heavy low thinning inves-
tigated on plot 5b where the final 4/d ratio of dominant
trees was lowest (77) and significantly different from the
other two comparative variants (1c and 3b). Development
of h,/d, ratio depended on d, ,, which was significantly
higher at the age of 38—78 years on comparative plot Sb
and significantly lower on plot 3b compared with control
plot 1c without thinning (Fig. 6). So the positive effect of
thinning on the static stability of dominant trees consisted
in lower height increment and higher diameter increment
after very heavy thinning from below on comparative plot
5b compared with control plot 1¢ without thinning.

Conclusions from the Mostek experiment

— In the period of investigation (age of 38—78 years), the
basal area increased by 38 m?on control plot 1¢ without
thinning. From this amount more than 23 m? (60%)
were dry and broken trees (salvage cut). On compara-
tive plots 3b (moderate low thinning) and 5b (heavy
low thinning), the stand basal area increased by 35 m?
and salvage cut on these plots amounted to 4.2 and
2.1 m?only (i.e. 12% and 6% of increment).

— Effect of thinning on diameter structure by negative
selection from below lasting 40 years was evident
only on comparative plot Sb with heavy low thinning,
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Fig. 6. Development of d, (with standard deviations) of dominant trees (200 thickest trees per hectare) on Mostek experimental
series (1c/3b — left, 1¢/5b — right) in the period 1958—1998 (age 3878 years). Statistical analysis (z-test) — significant differences

on confidence level 0.95 (+) and 0.99 (++)

where the abundance of thickest trees with diameter VIMPERK I EXPERIMENTAL SERIES
40 cm and more was more than 300% of control plot
(112 individuals compared with 36 and 16 individuals An experimental series at Vimperk (I) was founded in

on plot 1¢ and 3b). At the same time, the abundance of ~ forest area 13 — the Sumava Mts. in 1958 in 32-year-old
small-sized individuals (diameter classes 15-29 cm) Norway spruce stand growing in Forest Management-
was twice lower on plot 5b compared with control ~ Plan Area Vimperk (stand 413 C5 according to Forest
plot 1c and three times lower compared with plot 3b  Management Plan 1997). The co-ordinates of the series
(136 on plot 5b, 276 and 372 on plots 1c and 3b). But are49°03°11"" N latitude and 31°21°53"" E longitude. The
the differences between variants in the frequency distri-  experimental stand is located on a moderate western slope
bution of diameter structure were not found statistically ~ (7%) in the 6" (Spruce-Beech) Forest Vegetation Zone

significant.

— Static stability characterised by the /4/d ratio of mean
stem was influenced by thinning only on compara- N
tive plot 5b with heavy low thinning. The volume of 200
h/d ratio of mean stem decreased after culmination as 180 - — ;f) . Vimperk I
aresult of removing mostly thin unstable individuals on —h/d 1c 1999
all comparative plots. The applied heavy low thinning 160 ——h/d3b 73 years
on plot 5b resulted in acceleration of diameter increase 140
of left trees and consequently in a very favourable low 120
h/d ratio (value 85 at the age of 78 years). 0 20 cm

— Static stability of dominant trees (200 thickest trees 1004, 400 trees

per hectare, i.e. the same number of individuals on 80 -13b — 124 trees
each comparative plot) was significantly influenced 30 cm +

by thinning only in the case of heavy low thinning on 60 lc — 280 trees
comparative plot 5b. The increase in &, /d,  ratio on 40 {31 — 300 trees

this plot reduced after the first thinning and after cul-
mination at the age of 43 years with the value 85 conti- ‘ ‘ ‘
nually decreased to the significantly different value 0 — T — T T

77 at the age of 78 years (last revision). The 4, /d, > 1001520 d 25 30035 40 45
ratio on comparative plots 1c¢ and 3b culminated by the

values 92 and 96 at the age of 43 years and decreased Fig. 7. Diameter structure and /4/d ratio for diameter classes on
to the values 85 and 88 until the last revision (insig-  Vimperk I experimental series at the age of 73 years — last revi-
nificant difference). sion (d — diameter in cm, N — number of trees per hectare)
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Fig. 8. Development of the //d ratio of mean stem and dominant
trees (200 thickest trees per hectare) on Vimperk I experimental
series at the age of 32—73 years (1c — control plot, 3b — thinning
from below)

at an elevation of 1,020 m. The prevailing soil type is
brown forest soil, acid ecological series, soil category K.
The experimental stand is included in Management Unit
53 — spruce management of acid sites at higher locations.
According to the data of the Czech Hydrometeorological
Institute (CHMI) for the period 1961-1990, the mean an-
nual sum of precipitation was 1,000 mm and mean annual
temperature 4°C.

The experimental series consists of two comparative
plots 50 x 50 m in size, i.e. 0.25 ha each. Comparative plot
1c is a control plot without designed thinning, where only
dead, broken or uprooted trees were removed. Compara-
tive plot 3b is the stand with thinning by negative selection
from below. In 1999 (last revision), trees for felling were
marked on plot 3b with the aim of canopy opening and
subsequent observation of development of left trees and
natural regeneration.

History of the experiment

In the period of foundation of Vimperk I series in
1958, the experimental stand was 32-year-old Norway
spruce monoculture with the density of 4,332—4,632
trees per hectare that originated artificially by planting
at a regular spacing of ca. 1.25-1.5 m (i.e. 5,000—6,000
trees per hectare) in the period of 1920-1930 clear-cut.
The experimental stand was not thinned before the
first experimental treatment and, subsequently, it was
distinctly differentiated (diameter breast height ranged
from 3 to 23 cm).

The initial diameter of mean stem (d) on both partial
plots 1c and 3b was 10.6 and 11.0 cm and the differences
in mean and top height (4 10.4 and 10.5 mand /4, 13.8 and
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Fig. 9. Development of d,, (with standard deviations) of
dominant trees (200 thickest trees per hectare) on Vimperk I
experimental series in the period 1958—1999 (age 3273 years).
Statistical analysis (#-test) — significant differences on confidence
level 0.95 (+) and 0.99 (++)

14.4 m) were also minimal. On the basis of the initial eval-
uation of the main stand characteristics (N, G, d, h, h,;,
d,,,), both partial plots Ic and 3b were stated comparable
(Table 4). Additional evaluation of d, , (mean diameter of
200 thickest trees per hectare) showed that dominant trees
on plot 3b have differed significantly since the beginning
of observations (Fig. 9).

Number of trees and basal area

By the first experimental thinning on comparative plot
3b at the age of 32 years, 25% trees () representing 11%
of basal area (G) were removed by negative selection from
below. Treatments were repeated three times in five-year
periods until the age of 46 years (1972) removing 14, 26
and 32% N (5, 13 and 20% G).

After four treatments in five-year periods, i.e. 20 years
after the beginning of observations (1978, age 52 years),
the number of trees per hectare decreased to:

— 2,620 individuals on control plot ¢ (mortality 2,012 indi-
viduals),

— 1,396 individuals on comparative plot 3b (2,936 indi-
viduals removed by thinning).

At the same time basal area (G) per hectare amounted
to:

— 57.5 m?on control plot 1c (increase by 16.8 m?),
— 42.4 m?on comparative plot 3b (increase by 1.7 m?).

Together with basal area of intentionally removed trees
by thinning the periodic increment of basal area (at the
age of 3252 years) was 24.1 m? on comparative plot 3b
and it was by 7 m? higher than on control plot 1¢ without
thinning.
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Since the last experimental thinning at the age of
46 years (1972), both comparative stands of Vimperk I
experimental series have developed without designed
thinning. All treatments consisted in removal of dead dry
and incidentally broken and uprooted trees. The number
of trees per hectare until the last revision in 1999 (age
73 years) spontancously decreased to:

— 1,248 individuals on plot lc (mortality at the age of

32-73 years 3,384 trees),

— 928 individuals on plot 3b (mortality at the age of

52-73 years 468 trees).

Basal area at the age of 73 years, i.e. 41 years after
the beginning of the experiment (last revision), achieved
a higher level on control plot 1c (63.4 m?) and was by
9 m? higher than on comparative plot 3b with low thin-
ning (54.7 m?).

After including the basal area of all removed trees
(i.e. including salvage cut), the basal area increment
in the period of investigation was by 9.6 m* higher on
control plot 1c compared with comparative plot 3b
with negative selection from below (56.6 m? on control
plot lc and 47.0 m? on plot 3b). But on control plot Ic,
34.0 m? of basal area (60% of basal area increment) had
to be removed during the period of investigation as sal-
vage cut (breaks, dry trees, etc.), whereas salvage cut on
thinned plot 3b amounted to 11 m?only (i.e. 23% of basal
area increment).

After including the basal area of only intentionally re-
moved trees (salvage cut excluded), the basal area incre-
ment in the period of investigation (age of 32—73 years)
was:

— 22.6 m? on control plot Ic,
— 36.0 m? on comparative plot 3b.

Diameter structure

The effect of thinning on diameter structure was in-
vestigated at the age of 32—46 years, in five-year periods
always to the date of experimental treatment. Diameter
structure was evaluated four times for the age of 32, 37,
42 and 46 years, i.e. in the period of active treatment. The
5™ final evaluation was made on the data received by the
last revision at the age of 73 years (1999).

Distribution of trees in diameter classes before thin-
ning is represented by lines, thinned trees are shown by
open columns and mortality on control plot ¢ by solid
columns. Diameter structure on both comparative plots
before the beginning of the experiment at the age of
32 years (1958) was nearly identical, especially in the
upper and lower part of structure. Some differences (sig-
nificance confirmed by chi-square test) consisted in higher
incidence of trees in diameter classes 10—13 cm (by 17%)
on control plot lc.

It is obvious from the aspect of particular treatments that
all four thinnings on comparative plot 3b were made by
negative selection from below. Displacement of thinning
into higher diameter classes compared with natural mortal-
ity is apparent in all four treatments.
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At the age of 73 years (last revision), the diameter
of trees in experimental stands ranged from 12 to
41 cm (Fig. 7). The lowest diameter classes 12-20 cm
with the highest and most unfavourable 4/d ratio
(110-130) were the most abundant on control plot Ic
(400 individuals per hectare compared with 124 indi-
viduals per hectare on comparative plot 3b with negative
selection from below). On the other hand, the abundance
of trees with diameter 30 cm and more and with favour-
able //d ratio (90-75) on thinned plot 3b represented
107% of control plot 1¢ (300 individuals compared with
280 individuals per hectare on control plot 1c¢). Differ-
ences in the frequency distribution of diameter structure
were found significant.

Static stability

At the beginning of observations, the static stability of
experimental stands evaluated by the 4/d ratio of mean
stem and dominant trees (d,,,) was relatively unfavourable
in spite of relatively low initial density. The /4/d ratio of
mean stem at the age of 32 years (1958) was similar on
both comparative plots 1c¢ and 3b and ranged from 98 to
96 (Table 4, Fig. 8) and culminated on control plot 1c by
the value 106 at the age of 52 years (4™ revision). In the
next period, the //d ratio of mean stem on control plot
decreased, partly as a result of mortality of trees with the
highest //d ratio.

Experimental thinning on comparative plot 3b did
not stop the increasing tendency of the 4/d ratio which
culminated at the age of 47 years by the value 103.
A decrease in A/d ratio after culmination was similar
on both comparative plots, and at the age of 73 years,
the ratio reached the values 95 (1c) and 94 (3b). The
relatively rapid decrease in slenderness ratio of mean
stem on control plot 1¢ was mostly caused by increased
natural mortality at the age of 52-73 years, when
1,372 trees (52%) had to be removed in salvage cuts
(dry and broken individuals with unfavourable static at-
tributes). The salvage cuts on comparative plot 3b with
low thinning represented only 464 individuals (33%) at
the same time.

Evaluation of dominant trees (200 thickest trees per
hectare, i.e. the same number of individuals on each
comparative plot) indicated that the initial 4, /d,  ra-
tio on comparative plots 1c¢ and 3b achieved the values
81 and 79. Subsequent development of slenderness
ratio on both comparative plots showed an increasing
tendency with culmination at the age of 52 years by the
value 87 and the following decrease until the age of
73 years (last revision), when it reached the same value
82 on both variants.

Because of similar development of d,, (significantly
higher on comparative plot 3b with low thinning in all
periods of observations, Fig. 9), the differences in 4, /d,
ratio at the age of 73 years (last revision) between control
plot without thinning and plot 3b were not found statisti-
cally different.
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Conclusions from Vimperk I experiment

— In the period of investigation (age of 32—73 years), the
basal area of experimental Norway spruce stands of
Vimperk [ series was above the Growth Tables values
for the best site index +1 (36). During 41 years of ob-
servations, the stand basal area increased by 56.6 m* on
control plot 1c, but 34.0 m? of this amount (60%) had
to be removed as salvage cut (breaks, dry trees, etc.).
At the same time, basal area increment on comparative
plot 3b with low thinning amounted to 47.0 m? and sal-
vage cut was 11 m?only (23% of basal area increment).
After including the basal area of all removed trees (i.e.
including salvage cut), the increment in the period of
investigation was higher by 9.6 m? on control plot Ic,
but when including only the basal area of intentionally
removed trees (salvage cut excluded), the periodic
increment was higher by 13.4 m? on comparative plot
3b.

— Effect of thinning by negative selection from below
lasting 41 years resulted in decreased abundance of
trees in lower diameter classes and increased abun-
dance of trees in higher diameter classes on plot 3b
compared with control stand 1¢ without thinning. The
number of thin trees (diameter 20 cm and less) was
lower by 69% on plot 3b with thinning compared with
control plot 1c (124 trees on plot 3b and 400 trees on
plot 1c). On the other hand, the number of thick trees
in higher diameter classes (diameter 30 cm and more)
was higher by 7% on plot 3b (300 trees on plot 3b and
280 trees on plot 1c). Especially the difference in the
number of thin trees resulted in significant differences
in the frequency distribution of diameter structure
on control plot Ic and thinned plot 3b at the age of
73 years.

— Static stability of experimental stands of Vimperk I ex-
perimental series assessed by development of the 4/d
ratio of mean stem and dominant trees (200 thickest
trees per hectare, i.e. the same number of individuals on
each comparative plot) was not influenced by thinning.
Lower values of the //d ratio of mean stem on compara-
tive plot 3b with thinning from below compared with
control plot were caused mainly by calculation shifts
after removal of thin and unstable individuals. At the
age of 73 years (last revision), the /4/d ratio of mean
stem reached nearly the same values 95 and 94 and the
h/d ratio of dominant trees the same value 82 on both
unthinned and thinned plots.

VIMPERK II EXPERIMENTAL SERIES

An experimental series at Vimperk (II) was founded in
forest area 13 — the Sumava Mits. in 1958 in 51-year-old
Norway spruce stand growing in Forest Management-
Plan Area Vimperk (stand 413 B1 according to Forest
Management Plan 1997). The co-ordinates of the series
are 49°03°11"" N latitude and 31°22°03"" E longitude.
The experimental stand is located on a moderate western

60

slope (11%) in the 6™ (Spruce-Beech) Forest Vegetation
Zone at an elevation of 1,045 m. Prevailing soil type is
brown forest soil, acid ecological series, soil category K.
The experimental stand is included in Management Unit
53 — spruce management of acid sites at higher locations.
According to the data of the Czech Hydrometeorological
Institute (CHMI) for the period of 1961-1990, the mean
annual sum of precipitation was 1,000 mm and mean an-
nual temperature 4°C.

The experimental series consists of three comparative
plots 50 x 50 m in size, i.e. 0.25 ha each. Comparative plot
1c is a control plot without designed thinning, where only
dead, broken or uprooted trees were removed. Compara-
tive plot 2a is the stand with thinning by positive selec-
tion from above and plot 3b is the stands with thinning
by negative selection from below. In 1999 (last revision),
trees for felling were marked on plots 2a and 3b with the
aim of canopy opening and consequent observation of
development of left trees and natural regeneration.

History of the experiment

In the period of foundation of Vimperk II series in 1958,
the experimental stand was 51-year-old Norway spruce
monoculture with the density of 4,828—4,988 trees per
hectare that originated artificially by planting on clear-cut
at a regular spacing of ca. 1.25-1.5 m (i.e. 5,000—6,000
trees per hectare) in the period of 1902—1907. The experi-
mental stand was not thinned before the first experimental
treatment and, subsequently, it was distinctly differenti-
ated (diameter breast height ranged from 3 to 21 cm).

On the basis of the initial evaluation of the main stand
characteristics, all three partial comparative plots 1c 2a
and 3b were stated comparable. Especially plots 1¢ and 3b
were nearly identical. The initial diameter of mean stem
(d) on these partial plots was 11.2 c¢m, top diameter (mean
diameter of 200 thickest trees per hectare —d, ) 18.2 and
18.1 cm, respectively. The differences between the mean
and top height were also minimal (4 11.7 m and 11.5 m,
h,,, 14.8 m and 14.5 m).

The stand on comparative plot 2a differed from the two
previous stands first of all by the initial higher number of
trees (4,988 per hectare, i.e. by 160 trees more than on
control plot 1¢). The initial mean diameter 10.9 cm was
only by 3 mm and mean height 11.4 m by 30 cm lower and
were not found statistically significant nor the differences
in other investigated characteristics (Table 5).

Number of trees and basal area

By the first experimental thinning at the age of 51 years,
15% trees (N) representing 11% of basal area (G) were
removed by positive selection from above in the stand on
comparative plot 2a and 23% N and 10% G by negative se-
lection from below in the stand on comparative plot 3b.

Treatments were repeated three times in five-year pe-
riods until the age of 66 years (1973) removing 15, 19
and 36% N (8, 12 and 26% G) on comparative plot 2a
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by positive selection from above and 19, 28 and 30% N
(8, 16 and 20% G) on comparative plot 3b by negative
selection from below.

After four treatments in five-year periods, i.e. 20 years
after the beginning of observations (1978, age 71 years),
the number of trees per hectare decreased to:

— 2,948 individuals on control plot 1¢ (mortality 1,880 in-
dividuals),

— 1,856 individuals on comparative plot 2a (3,132 trees
removed by high thinning),

— 1,556 individuals on comparative plot 3b (3,396 trees
removed by low thinning).

At the same time basal area (G) per hectare amounted
to:

— 57.5 m?on control plot I¢ (increase by 10.1 m?),
— 40.2 m?on comparative plot 2a (decrease by 6.3 m?),
— 30.3 m?on comparative plot 3b (decrease by 6.7 m?).

Together with basal area of intentionally removed trees
by thinning the periodic increment of basal area in the
first 20 years of investigation (at the age of 51-71 years)
was 20.9 and 20.3 m? on comparative plots 2a and 3b,
respectively, and it was by more than 10 m? higher than
the usable basal area increment on control plot 1¢ without
thinning (10.1 m?).

Since the last experimental thinning at the age of
66 years (1973), all three comparative stands of the experi-
mental series have developed without intended thinning.
All treatments consisted in removal of dead dry and inci-
dentally broken and uprooted trees. The number of trees
per hectare until the last revision in 1999 (age 92 years)
spontaneously decreased to:

— 1,584 individuals on plot lc (mortality at the age of
51-92 years 3,244 trees),

— 1,096 individuals on plot 2a (mortality at the age of
71-92 years 760 trees),

— 1,108 individuals on plot 3b (mortality at the age of
71-92 years 448 trees).

Basal area G at the age of 92 years, i.e. 41 years after the
beginning of the experiment, achieved the highest value
on control plot 1¢ (59.2 m?) and was by 9 m? higher than
on comparative plot 2a with high thinning (50.2 m?) and
by 6.7 m? on plot 3b with low thinning (52.2 m?).

After including the basal area of all removed trees (i.e.
including salvage cut), the periodic basal area increment
on thinned plots 2a and 3b was by ca. 3 m? higher than
on control plot 1¢ (38 m?on plot 1¢, and 40 and 41 m? on
plots 2a and 3b). But on control plot 1¢, 26.0 m? of basal
area (69% of basal area increment) had to be removed
during the period of investigation as salvage cut (breaks,
dry trees, etc.) whereas salvage cut on both thinned plots
2a and 3b amounted to 10 m?only (i.e. 24% of basal
area increment). When including the basal area of only
intentionally removed trees (salvage cut excluded), the
basal area increment in the period of investigation (age of
51-92 years) amounted to:

— 11.8 m? on plot lc,
— 30.8 m? on plot 2a,
— 30.9 m? on plot 3b.
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Diameter structure

The effect of thinning on diameter structure was in-
vestigated at the age of 51-66 years in five-year periods
always to the date of experimental treatment. Diameter
structure was evaluated four times for the age of 51, 56,
61 and 66 years, i.e. in the period of active treatment. The
5™ final evaluation was made on the data received by the
last revision at the age of 92 years (1999).

Distribution of trees in diameter classes before thin-
ning is represented by lines; thinned trees are shown by
open columns and mortality on control plot 1c by solid
columns. Diameter structure on all three comparative plots
was nearly identical before the beginning of the experi-
ment at the age of 51 years (1958). Significantly different
(chi-square test) frequency distribution of diameter struc-
ture was found only between thinned plots 2a and 3b.

From the aspect of particular treatments it is obvious
from the diameter structure of stands that all four thinnings
on comparative plot 2a were carried out by positive selec-
tion from above and on plot 3b by negative selection from
below. Numerous breaks and declining individuals had to
be removed by experimental thinning as well, and so the
distribution of thinned trees on comparative plot 2a with
high thinning has one peak in the left part and the other
in the middle part of distribution. Displacement of thin-
ning into higher diameter classes compared with natural
mortality is apparent in all four treatments, but especially
in the 2™ and 4% thinning at the age of 56 and 66 years.

At the age of 92 years (last revision), the diameter of
trees in experimental stands ranged from 10 to 40 cm
(Fig. 10). The lowest diameter classes 10-20 cm with
the highest and most unfavourable %/d ratio (110-143)
were the most abundant on comparative plots 1c and 2a
(752 trees). On comparative plot 2a with positive selec-
tion from above, the number of these thin trees decreased
to 416 (55% of control) and on comparative plot 3b with
negative selection from below it decreased to 248 (33% of
control). On the other hand, the abundance of trees with
diameter 30 cm and more with relatively favourable 4/d
ratio (86—70) on thinned plot increased and represented
150% of control on comparative plot 2a with high thin-
ning and 117% of control on comparative plot 3b with
low thinning (120, 180 and 140 on plots 1c, 2a and 3b,
respectively). Differences in the frequency distribution of
diameter structure in all investigated variants at the age of
78 years (last revision) were found statistically significant
(chi-square test).

Static stability

At the beginning of observations, the static stability of
experimental stands evaluated by the A/d ratio of mean
stem and dominant trees (d,,) was relatively unfavourable
because of very high initial stand density (Table 5).

The h/d ratio of mean stem at the age of 51 years (1958)
ranged from 103 on plot 3b to 104 on plots 1c and 2a (Ta-
ble 5, Fig. 11) and on control plot 1c, it was in the phase
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Fig. 10. Diameter structure and //d ratio for diameter classes
on Vimperk II experimental series at the age of 92 years — last
revision (d — diameter in cm, N — number of trees per hectare)

of increment culmination by the value 110 at the age of
71 years (4" revision). Subsequent development of h/d
ratio on control plot 1c is characterised by a decreasing
tendency caused mainly by natural mortality of trees with
very disadvantageous static attributes (high A/d ratio).

The increment of /4/d ratio on comparative plot 2a was
reduced by relatively heavy thinning with positive selec-
tion from above and culminated at the same age (71 years)
as on control plot, but by lower value 105. A decrease in
the ratio after culmination was more pronounced due to
improved diameter growth of released target trees.

Development of the 4/d ratio of mean stem on com-
parative plot 3b with low thinning was different from the
other two variants. Relatively heavy low thinnings at the
age of 51, 61 and 66 years with removal of thin unstable
individuals resulted in a stepwise decrease in the ratio
by calculation shifts and its slower increase to the value
96 at the age of 76 years. In the next period (age 76—
92 years), the //d ratio of mean stem on this plot stagnated
and reached the final value 98, similarly like the /4/d ratio
of mean stem on comparative plot 2a, while on control
plot 1c without thinning the final value of 4/d ratio of
mean stem was 104.

Evaluating the static stability of dominant trees
(200 thickest trees per hectare, i.e. the same number of
individuals on each comparative plot), the initial 4, /d, ,
ratio was nearly equal on all comparative plots and ranged
from 79 on comparative plot 2a to 81 on control plot 1c.
The culmination of &, /d,  ratio was registered at the age
of 71 years similarly like in the //d ratio of mean stems,
when it reached the values from 85 (3b) to 87 (2a).

In the next period, the 4,,/d, , ratio on control plot 1c
stagnated at the value 86 and on comparative plots 2a and
3b with thinning it showed a decreasing tendency finishing
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Fig. 11. Development of the //d ratio of mean stem and dominant
trees (200 thickest trees per hectare) on Vimperk II experimental
series at the age of 51-92 years

at significantly different values 82 on plot 2a and 84 on
plot 3b at the age of 92 years (last revision). Development
of h,/d,, ratio was influenced by 51gn1ﬁc.ant1y hlght.‘,r d,,
at the age of 81-92 years (last three revisions) on thinned
plots 2a and 3b compared with control plot 1c without

thinning (Fig. 12).
Conclusions from Vimperk II experiment

— In the period of investigation (age of 51-92 years), the
basal area of experimental Norway spruce stands of
Vimperk I series was above the Growth Tables values
for the best site index +1 (36). During 41 years of ob-
servations, the stand basal area increased by 38.0 m?on
control plot 1c, but 26.2 m? of this amount (69%) had
to be removed as salvage cut (breaks, dry trees, etc.).
At the same time, on comparative plot 2a with high
thinning and 3b with low thinning basal area increased
by 40.8 m? and 41.0 m? and salvage cut amounted to
10.0 and 10.1 m? only (24% of basal area increment).
A positive effect of thinning on basal area increment
was observed on Vimperk II series. Periodic basal
area increment was by ca. 3 m? higher on both thinned
variants (2a and 3b) than on control plot lc and, after
excluding salvage cut, the differences between thinned
and unthinned variants increased to ca. 19 m? in favour
of thinned stands.

— Effect of thinning by negative selection from below and
positive selection from above lasting 41 years resulted
in decreased abundance of trees in lower diameter
classes and increased abundance of trees in higher
diameter classes on both thinned variants (2a and 3b)
compared with control stand 1c without thinning. The
number of thin trees (diameter 20 cm and less) was by
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on confidence level 0.95 (+) and 0.99 (++)

45% lower on plot 2a with high thinning and by 67%
lower on plot 3b with low thinning compared with
control plot lc (752, 416 and 248 thin trees on plots
lc, 2a and 3b). On the other hand, the number of thick
trees in higher diameter classes (diameter 30 cm and
more) increased by 50% on plot 2a and by 17% on
plot 3b compared with control plot 1c (120, 180 and
140 thick trees on plots 1c, 2a and 3b). Differences in
the frequency distribution of diameter structure on all
investigated variants at the age of 78 years (last revi-
sion) were found statistically significant.

— Static stability of experimental stands of Vimperk II
experimental series assessed by development of the //d
ratio of mean stem and dominant trees (200 thickest
trees per hectare, i.e. the same number of individuals on
each comparative plot) was influenced by both variants
of thinning. Lower values of the /4/d ratio of mean stem
on comparative plot 3b with low thinning compared
with control plot was caused partly by calculation
shifts after removal of thin and unstable individuals and
partly by better diameter increment. The volume of the
h/d ratio of mean stem on comparative plot 2a with high
thinning was initially (age 51-66 years) similar like
on control plot Ic, then the higher diameter increase
resulted in improved stability. At the age of 91 years
(last revision) the //d ratio of mean stem reached the
value 98 on both thinned plots (control plot 104).

— Static stability of experimental stands of Vimperk II
experimental series assessed by development of the
h,,/d,,, ratio of dominant trees (200 thickest trees
per hectare, i.e. the same number of individuals on
each comparative plot) showed a similar course on all
three comparative plots until the age of 71 years. After
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then, the A, /d,  ratio on control plot Ic stagnated at
the value ca. 86 and on plot 3b with low thinning it
decreased to significantly different value 84. The best
final &, /d, ratio (82), significantly different from
other variants, was found on comparative plot 2a with

positive selection from above.
NISA EXPERIMENTAL SERIES

An experimental series at Nisa was founded in forest
area 21la — the Jizerské hory Mts. in 1958 in 35-year-old
Norway spruce stand growing in Forest Management-Plan
Area Nisa (stand 547 B8 according to Forest Management
Plan 1993). The co-ordinates of the series are 50°48°02""
N latitude and 32°55°55"" E longitude. The experimental
stand is located on a 20% northern slope in the 6™ (Spruce-
Beech) Forest Vegetation Zone at an elevation of 820 m.
Prevailing soil type is brown forest soil, acid ecological
series, soil category K. The experimental stand is included
in Management Unit 52 — spruce management of acid sites
at higher locations under air-pollution stress. According
to the data of the Czech Hydrometeorological Institute
(CHMI) for the period of 1961-1990, the mean annual
sum of precipitation was 1,200 mm and mean annual
temperature 4°C.

The experimental series consists of three comparative
plots 50 x 50 m in size, i.e. 0.25 ha each. Comparative plot
lc is a control plot without designed thinning, where only
dead, broken or uprooted trees were removed. Compara-
tive plot 2a is the stand with thinning by positive selection
from above and plot 3b is the stand with thinning by nega-
tive selection from below. In 1998 (last revision), trees for
felling were marked on plots 2a and 3b with the aim of
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canopy opening and consequent observation of develop-
ment of left trees and natural regeneration.

History of the experiment

In the period of foundation of the Nisa series in 1958,
the experimental stand was 35-year-old Norway spruce
monoculture with the density of 2,604-2,860 trees per
hectare. With respect to the initial large diameter dif-
ferentiation (tree diameters before the first experimental
thinning ranged from 3 to 25 cm), it was supposed that
the experimental stand originated by natural regeneration
or by planting restocked by self-seeding and it was not
thinned before the first experimental treatment.

For the Nisa experimental series, primary data for the
period 1958-1973 were lost, so this period was recon-
structed on the basis of available preliminary evaluation.
For this reason, dominant trees are characterised by
100 thickest individuals per hectare used in preliminary
tables instead of generally used 200 thickest individuals.

On the basis of the initial evaluation of the main stand
characteristics, all three partial comparative plots lc, 2a
and 3b were stated comparable. The initial diameter of
mean stem (d) on all three partial plots was 12.5 cm (lc,
3b) and 12.3 cm (2a) and diameter d,, (mean diameter
of 100 thickest trees per hectare) 21.2 cm (lc, 2a) and
20.7 cm (3b). The differences between the mean and
top height were also minimal (2 10.8-11.4 m, i 14.3—
14.7 m) and were not found statistically significant nor the
differences in other investigated characteristics (Table 6).

Number of trees and basal area

By the first experimental thinning at the age of 35 years,
13% trees (N) representing 10% of basal area (G) were
removed by positive selection from above in the stand on
comparative plot 2a and 33% N and 16% G by negative se-
lection from below in the stand on comparative plot 3b.

Treatments were repeated three times in five-year pe-
riods until the age of 50 years (1973) removing 27, 41
and 24% N (11, 21 and 14% G) on comparative plot 2a
by positive selection from above and 23, 49 and 11% N
(9, 36 and 7% G) on comparative plot 3b by negative
selection from below.

After four treatments in five-year periods, i.e. 20 years
after the beginning of observations (1978, age 55 years),
the number of trees per hectare decreased to:

— 996 individuals on control plot 1¢ (mortality 1,608 in-
dividuals),

— 768 individuals on comparative plot 2a (1,888 trees
removed by high thinning),

— 668 individuals on comparative plot 3b (2,175 trees
removed by low thinning).

At the same time basal area (G) per hectare amounted
to:

38.2 m? on control plot 1c (increase by 6.1 m?),
31.5 m? on comparative plot 2a (decrease by 0.1 m?),
— 30.3 m? on comparative plot 3b (decrease by 5.5 m?).
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Together with basal area of intentionally removed trees
by thinning the periodic increment of basal area in the first
20 years of investigation (at the age of 35-55 years) was
18.8 and 18.2 m? on comparative plots 2a and 3b, and it
was higher by more than 12 m? than the usable basal area
increment on control plot 1¢ without thinning (6.1 m?).

Since the last experimental thinning at the age of
50 years (1973), all three comparative stands of the experi-
mental series have developed without intended thinning.
All treatments consisted in removal of dead dry and inci-
dentally broken and uprooted trees. The number of trees
per hectare until the last revision in 1998 (age 75 years)
spontaneously decreased to:

— to 552 individuals on plot lc (mortality at the age of
35-75 years 2,052 trees),

— to 536 individuals on plot 2a (mortality at the age of
55-75 years 232 trees),

— to 480 individuals on plot 3b (mortality at the age of
55-75 years 188 trees).

Basal area G at the age of 75 years, i.e. 40 years after
the beginning of the experiment), was comparable on all
three comparative plots (32.1, 31.7 and 30.5 m?).

After including the basal area of all removed trees (i.e.
including salvage cut), the periodic basal area increment
on comparative plots 1c, 2a and 3b amounted to 28.3,26.9
and 27.6 m?, respectively.

But on control plot 1c, all produced basal area had to
be removed during the period of investigation as salvage
cut (breaks, dry trees, etc.) whereas salvage cuts on both
thinned plots 2a and 3b were only 7.7 and 7.1 m?(i.e.
29 and 26% of basal area increment).

When including the basal area of only intentionally re-
moved trees (salvage cut excluded), the basal area incre-
ment in the period of investigation (age of 35-75 years)
amounted to:

— 0m?on plot lc,
— 19.1 m? on plot 2a,
— 20.5 m? on plot 3b.

Diameter structure

The effect of thinning on diameter structure was in-
vestigated at the age of 35-50 years in five-year periods
always to the date of experimental treatment. Diameter
structure was evaluated four times for the age of 35, 40,
45 and 50 years, i.e. in the period of active treatment. The
5™ final evaluation was made on the data received by the
last revision at the age of 75 years (1998).

Distribution of trees in diameter classes before thin-
ning is represented by lines; thinned trees are shown by
open columns and mortality on control plot 1c¢ by solid
columns. Diameter structure on all three comparative plots
was similar before the beginning of the experiment at the
age of 35 years (1958).

Higher incidence of trees (by ca. 15%) in diameter
classes 8-10 cm on plots 2a and 3b (diameter distribution
significantly different from control plot 1¢) was adjusted
by the first experimental thinning at the age of 35 years.
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Fig. 13. Diameter structure and /4/d ratio for diameter classes on
Nisa experimental series at the age of 75 years — last revision
(d — diameter in cm, N — number of trees per hectare)

From the aspect of particular treatments it is obvious
from the diameter structure of stands that the typical
character of positive selection on comparative plot 2a
could be kept only in the first treatment in 1958. In the
2nd 31 and 41 experimental treatment, numerous breaks
and declining individuals had to be removed as well,
and so the distribution of thinned trees had a left-sided
form typical of low thinning on comparative plot 3b.
Displacement of thinning into higher diameter classes
compared with natural mortality is apparent on plot
2a only in the 1* thinning and on plot 3b in all four
treatments.

At the age of 75 years (last revision), the diameter of
trees in experimental stands ranged from 14 to 47 cm
(Fig. 13). The lowest diameter classes 10-20 cm with
the highest and relatively unfavourable /4/d ratio (85-91)
were the most abundant on comparative plots 1c and 2a
(80 and 72). On comparative plot 3b with negative se-
lection from below it decreased to 40 (50% of control).
On the other hand, the abundance of trees with diameter
30 cm and more with favourable A/d ratio (65-50) on
thinned plots slightly increased and represented 108%
of control on comparative plot 2a with high thinning and
110% of control on comparative plot 3b with low thinning
(160, 172 and 176 on plot 1c, 2a and 3b, respectively).
A low effect of thinning after 40 years (at the age of
75 years) was confirmed by the analysis of distribution of
diameter structures (chi-square test) when no statistically
significant differences between control plot 1¢ and thinned
plots 2a and 3b were found.

Static stability

The //d ratio of mean stem at the age of 35 years (1958)
ranged from 88 on plots 1c and 2a to 91 on plot 3b (Table 6,
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Fig. 14. Development of the //d ratio of mean stem and dominant
trees (100 thickest trees per hectare) on Nisa experimental series
at the age of 3575 years

Fig. 14) and it was in the phase of increment culminating
by the value 88-91 at the age of 40—45 years (2™ and 3%
revision). Subsequent development of /4/d ratio on control
plot 1c and plot 2a with high thinning had nearly identical
development with decreasing tendency caused mainly by
natural mortality of trees with negative static attributes
(high A/d ratio). At the age of 75 years (last revision), the
h/d ratio of mean stem reached the values 74 and 76 on
these plots.

Development of the 4/d ratio of mean stem on com-
parative plot 3b with low thinning differed from the
other two variants. The relatively heavy low thinnings
at the age of 35, 40 and 45 years with removal of thin
unstable individuals resulted in a stepwise decrease in
the ratio by calculation shifts, its slower increase to
the value 86 at the age of 45 years and relatively quick
decrease after culmination to the final value 71 (age of
75 years).

Evaluating the static stability of dominant trees (in
this series 100 thickest trees per hectare, i.e. the same
number of individuals on each comparative plot), the
initialh /d | ratio was nearly equal on all comparative
plots and ranged from 67 on comparative plot 2a to
71 on control plot 3b. The culmination of 4, /d, , ratio
was registered on plots 1c and 2a similarly like that of
the //d ratio of mean stems at the age of 45 years by
the value 73 and the following decrease in the ratio
finished by the values 63 and 65 (insignificant differ-
ences). A decreasing tendency since the beginning of
observations was found on comparative plot 3b (from
initial 71 to significantly different final value 61 at the
age of 75 years).

Although thinnings resulted in a significantly better
h, /d, ratio on the comparative thinned plot 3b at the age

100° 7100
75 years, differences in d,, between control plot 1¢ with-
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Fig. 15. Development of d,, (with standard deviations) of dominant trees (200 thickest trees per hectare) on Nisa experimental
series (1c/2a — left, 1¢/3b — right) in the period 1958—-1999 (age 3575 years). Statistical analysis (#-test) — significant differences

on confidence level 0.95 (+) and 0.99 (++)

out thinning and thinned plots 3b and 2a were statistically
insignificant (Fig. 15).

Conclusions from Nisa experiment

— During 40 years of observations of experimental Nor-
way spruce stands of Nisa series (age of 35-75 years),
the stand basal area increased by 28.3 m?on control
plot lc, but this whole increment had to be continu-
ously removed as salvage cut (breaks, dry trees, etc.).
At the same time, on comparative plot 2a with high
thinning and 3b with low thinning basal area increased
by 26.9 m? and 27.6 m? and salvage cut amounted to
only 7.7 and 7.1 m? (i.e. 29 and 26% of basal area in-
crement). Total periodic basal area increment was by
1.4 and 0.7 m? lower on both thinned variants (2a and
3b) than on control plot lc, but after excluding salvage
cut, the differences between thinned and unthinned
variants increased to 19.2 and 20.5 m? in favour of
thinned stands 2a and 3b.

— Effect of thinning by negative selection from below and
positive selection from above lasting 40 years resulted
in decreased abundance of trees in lower diameter
classes (especially on plot 3b with low thinning) and
slightly increased abundance of trees in higher diameter
classes on both thinned variants (2a and 3b) compared
with control stand 1¢ without thinning. The number of
thin trees (diameter 20 cm and less) was by 10% lower
on plot 2a with high thinning and by 50% lower on
plot 3b with low thinning compared with control plot
Ic (80, 72 and 40 thin trees on plots lc, 2a and 3b).
On the other hand, the number of thick trees in higher
diameter classes (diameter 30 cm and more) slightly
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increased by 8% on plot 2a and by 10% on plot 3b
compared with control plot 1¢ (160, 172 and 176 thick
trees on plots 1c, 2a and 3b). A low effect of thinning
on diameter structure after 40 years (at the age of
75 years) was confirmed, by insignificant differences
in the frequency distribution of diameter structure on
investigated variants.

Static stability of experimental stands of Nisa ex-
perimental series assessed by development of the 4/d
ratio of mean stem was influenced by thinning only
on comparative plot 3b with low thinning. The lower
h/d ratio of mean stem on this variant finishing with
the value 70 at the age of 75 years was caused partly
by calculation shifts after removal of thin and unstable
individuals and partly by better diameter increment of
left trees. The volume of the 4/d ratio of mean stem
on control plot Ic and comparative plot 2a with high
thinning developed similarly, culminating at the age of
45 years by the value 90 and decreasing to the final
value 75.

Static stability of experimental stands of Nisa experi-
mental series assessed by development of the //d ratio
of dominant trees (100 thickest trees per hectare, i.e.
the same number of individuals on each comparative
plot) developed similarly on control plot 1 ¢ and on plot
2a with high thinning, with culmination at the age of
45 years by the value 73 and following decrease to
the final values 63 and 65 (insignificant differences).
Development of the //d ratio of dominant trees on
comparative plot 3b with low thinning was character-
ised by a decreasing tendency since the beginning of
observations from initial 71 to significantly different
final value 61 at the age of 75 years.
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DISCUSSION AND CONCLUSIONS

The method used in the thinning experiment did not
suppose any replication inside the individual series, and
the use of particular variants inside the group of the series
as replications was not possible because of high initial
differences between series. Especially high differences
were found in the initial density of experimental stands
that ranged from 2,016 individuals (control plot 1c on
Rumburk series) to 4,828 individuals per hectare (control
plot 1¢ on Vimperk II series). Similar differences occurred
in basal area (from 29.1 m? on Mostek series to 47.4 m?
on Vimperk II series). The investigated series can be di-
vided into two groups: series with relatively low initial
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Fig. 16. Initial diameter distribution (in 1958) in particular series
of the 1% group of series, 1c — control plots without thinning,
2a— comparative plots with thinning from above, 3b (5b) — com-
parative plots with thinning from below
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number of trees (Rumburk, Mostek and Nisa series with
initial number of trees from 2,016 to 2,604) and series
with relatively high initial number of trees (Vimperk I
and Vimperk II series with initial number of trees from
4,632 to 4,828). The difference between series is apparent
from the initial diameter distribution in particular series
(Fig. 16). Therefore the final evaluation of the 1* group
of series established in 1958 was aimed at common phe-
nomena observed on particular series.

Production

The effect of thinnings on the production of experimen-
tal stands evaluated from the periodic basal area increment
was different (Table 7).

Positive selection from above (2a) carried out on the
series Rumburk, Nisa and Vimperk II resulted in two cases
in higher and in one case in lower total periodic basal area
increment (including salvage cut) compared with control
plot without thinning. Higher BA increment was found
on series Rumburk (+5.6 m?, i.e. +20%) and Vimperk II
(+2.8 m?, i.e. +7%) and lower increment on Nisa series
(-1.4 m?% i.e. —=5%).

Negative selection from below (plots 3b or 5b) carried
out on the series Mostek, Nisa, Vimperk I and Vimperk 11
resulted in one case in higher and in three cases in lower
total periodic basal area increment (including salvage cut)
compared with control plot without thinning. Higher BA
increment was found on Vimperk II series (+3 m? i.e.
+8%) and lower increment on series Mostek (—3m?, i.e.
—8% on both plots 3b and 5b), Nisa (0.7 m?, i.e. —2.5%)
and Vimperk I (+9.6 m?, i.e. —17%).

The most pronounced effect of thinning consisted in
a decreased volume of basal area that had to be removed
as salvage cut (dead, broken and uprooted trees). While on
all thinned plots (both from above and from below), the
salvage cut in the period of investigation ranged from 6%
(plot 5b of Mostek series) to 29% (plot 2a of Nisa series),
the salvage cut on control plots 1¢ without thinning repre-
sented 60—107% of periodic basal area increment.

When excluding mostly unmarketable salvage cut,
the basal area increment of thinned plots was by 59%
higher on Vimperk I series and more than twice higher
on Mostek and Vimperk II series compared with control
plots. Special cases are Rumburk and Nisa series stressed
by air pollution, where only thinned plots (2a and 3b)
brought any marketable production as all basal area incre-
ment on control plots of these series had to be removed
by salvage cut.

Diameter structure

Applying positive selection from above, it is expected
that diameter distribution will be wider with higher abun-
dance of surviving thin trees. These expectations were not
confirmed as the effect of thinning by positive selection
from above (comparative plots 2a of Rumburk, Nisa and
Vimperk II series) lasting in the 40-year period of inves-
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Table 7. Total periodic basal area increment (including salvage cut) and periodic basal area increment without salvage cut (dead,
broken and uprooted trees) in particular series of the 1 group of series in 1958-1998 (99)

Including salvage cut (m?)

Excluding salvage cut (m?)

Series Salvage 2a Salvage 3b Salvage sh Salvage le 2a 3b sh
cut cut cut cut
Rumburk 28.3 30.2 33.9 5.1 *~1.9 28.8
Mostek 37.9 23.1 35.0 42 353 2.1 14.8 308 332
Vimperk I 56.6 34.0 47.0 11.0 22.6 36.0
Vimperk I~ 38.0 26.2 40.8 10.0 41.0 10.1 11.8 30.8 30.9
Nisa 28.3 28.3 26.9 7.7 27.6 7.1 *0.0 19.2 20.5

Notes: 1c — control plots without thinning, 2a — comparative plots with thinning from above, 3b (5b) — comparative plots with thinning from below,

* — basal area decreased or did not change

Table 8. Number of thin (d, ;< 20 cm) and thick (d, ,> 30 cm) trees (NV/ha) in particular series of the 1* group of series in 1998(99)

— last revision

Thin trees (< 20 cm) (N/ha)

Thick trees (> 30 cm) (N/ha)

Differences in frequencies
of diameter distribution

Series

Ic 2a 3b 5b Ic 2a 3b 5b 1c/2a 1c¢/3b 1c/5b
Rumburk 72 44 184 264 ns
Mostek 276 372 136 36% 16* 112% + ns
Vimperk 1 400 124 280 300 +
Vimperk 11 752 416 248 120 180 140 + +
Nisa 80 72 40 160 172 176 ns ns

Notes: 1¢ — control plots without thinning, 2a — comparative plots with thinning from above, 3b (5b) — comparative plots with thinning from below,
* — thin trees with (d, ;<29 cm) and thick trees with (d, ;> 40 cm) were observed in this series, + — statistically significant, ns — not significant

tigation resulted in 10-45% decreased abundance of trees
in lower diameter classes compared with control plots of
the particular series (Table 8). On the other hand, nega-
tive selection from below (variants 3b and 5b of Mostek,
Nisa, Vimperk I and II) resulted in a more pronounced
decrease of thin trees abundance (by 50-69% compared
with control plots).

The abundance of thick trees (mostly with diameter of
30 cm and more) increased by 5-50% on all compara-
tive plots with thinning. A special case was very heavy

thinning from below applied to comparative plot Sb of
Mostek series, where the number of trees with diameter
40 cm and more increased by more than 200% compared
with control, but this comparative plot showed significant
differences in diameter distribution already at the begin-
ning of observations.

The only exception among the thinned stands is com-
parative plot 3b of Mostek series which showed by 35%
higher number of thin and 29% lower number of thick
trees than on control plot (significantly different frequen-

Table 9. Values of the 4/d ratio of mean stem and dominant trees (200 thickest trees per hectare) in particular series of the 1* group

of series in 1998(99) — last revision

Mean stem h/d

Differences in &, /d

Dominant trees 4, /d 200/ %200

200" 7200

Series

lc 2a 3b Sb le 2a 3b 5b Ic/2a 1c/3b Lc/5b
Rumburk 86 81 73 72 ns
Mostek 94 98 85 85 88 77 + +
Vimperk [ 95 94 82 82 ns
Vimperk 1T 104 98 98 86 82 84 +
Nisa 74 76 71 63 65 61 ns

Notes: 1¢ — control plots without thinning, 2a — comparative plots with thinning from above, 3b (5b) — comparative plots with thinning from below,

+ — statistically significant, ns — not significant
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cies of diameter distribution). The reason is probably
different site conditions of particular comparative plots
of this experimental series.

Static stability

Static stability characterised by the //d ratio of mean
stem was influenced by thinning mostly positively, i.e.
the final value of //d ratio found by the last revision was
markedly lower (by 1-10%) on thinned plots compared
with control plot without thinning (Table 9). The only
exception was plot 2a with high thinning (Nisa series) and
problematic plot 3b with low thinning (Mostek series),
where the final 4/d ratio increased by 3—4% compared
with control.

A similar picture was found by evaluation of the h/d
ratio of dominant trees (200 thickest trees per hectare, i.e.
the same number of individuals on each comparative plot).
A mostly positive effect (with the exception of variant 2a
of Nisa and 3b of Mostek series) was statistically con-
firmed on variants 2a of Vimperk I series and on variants
3b of Vimperk II and Nisa series. The best results were
achieved on variant 5b (Mostek series) with very heavy
thinning from below, where the //d ratio of dominant trees
decreased by 10% compared with control plot (85 on con-
trol plot 1c and 77 on comparative plot 5b).
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Experimenty s vychovou porosti smrku ztepilého po 40 letech sledovani — 1. série

M. SLODICAK, J. NOVAK

Vyzkumny tistav lesniho hospoddistvi a myslivosti, Jilovisté-Strnady, Vyzkumna stanice Opocno, Ceska republika

ABSTRAKT: Nova experimentalni zdkladna pro vyzkum vychovy lesnich porostii vznikala ve Vyzkumném ustavu lesniho
hospodafstvi a myslivosti Jilovisté-Strnady od roku 1956. Z pivodnich 46 experimentalnich sérii zalozenych v porostech smrku
ztepilého (Picea abies [L.] Karst.) se jich doposud dochovalo pouze 24. Prace se zabyva prvni skupinou sérii, zaloZenou v mladych
smrkovych porostech v roce 1958 (Rumburk, Mostek, Vimperk I, Vimperk II a Nisa). Cilem experimentu bylo srovnani dvou
zékladnich metod vychovy lesnich porostii: uroviiové zdsahy s pozitivnim vybérem (2a) a poduroviiové zasahy s negativnim
vybérem (3b nebo 5b). Kazda experimentalni série obsahuje kontrolni variantu (1c) bez umyslnych vychovnych zasaht. Po
40 letech sledovani bylo zjisténo na plochach s pozitivnim vybérem v urovni o 10 az 45 % méné stromd v niz$ich tloustkovych
tiidach ve srovnani s kontrolnimi plochami. U ploch s negativnim vybérem v podurovni byl zaznamenan vyrazngjsi ubytek
tenkych stromi (0 50-69 % ve srovnani s kontrolnimi plochami). Zastoupeni silngjSich stromi (d, ; 30 cm a vice) bylo na vSech
vychovavanych plochach o 5-50 % vyssi ve srovnani s plochami bez vychovy. Staticka stabilita charakterizovana Stihlostnim
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kvocientem (4/d) stfedniho kmene a horniho stromového patra (200 nejsilnéj$ich stromi na hektar) byla vychovou ovlivnéna
pozitivné (vysledna hodnota A/d byla pti posledni revizi principialné nizsi).

Klic¢ova slova: pozitivni vybér v Grovni; negativni vybér v podirovni; vychova lesa; smrk ztepily

Rozsah experimentalni zakladny pro vyzkum vychovy
lesnich porosti byl pfed rokem 1955 maly a nedostate¢ny,
vétsinou s kratkym obdobim sledovani. Ziskavané vysled-
ky tak nebyly dostatecné reprezentativni a pouzitelné pro
praktické tcely. Proto bylo v povale¢nych letech rozhodnuto
vytvotit experimentalni zékladnu pro ziskani exaktnich pod-
kladt pro feSeni problematiky porostni vychovy hlavnich
hospodarskych dievin — smrku ztepilého (Picea abies [L.]
Karst.) a borovice lesni (Pinus sylvestris L.). Timto uko-
lem byl povéfen Vyzkumny ustav lesniho hospodarstvi
a myslivosti Jilovisté-Strnady. V ramci projektu bylo zalo-
zeno ve smrkovych porostech v letech 19561973 celkem
46 experimentalnich sérii ve ¢tyfech Casovych skupinach
(1. skupina sérii v letech 19561958, 2. skupina sérii v roce
1960, 4. skupina sérii v letech 1963—-1964 a 5. skupina sérii
v letech 1971-1973). Jedna skupina sérii (v potadi 3.) byla
zalozena v porostech borovice lesni.

Z plvodnich 46 experimentalnich sérii se jich doposud
dochovalo pouze 24. Ostatni série byly ¢aste¢né nebo zcela
zni¢eny pusobenim snéhu a vétru nebo dalsich skodlivych
Cinitell. Prace je orientovana na prvni skupinu sérii (Rum-
burk, Mostek, Vimperk I, Vimperk II a Nisa), zalozenou
v mladych smrkovych porostech v roce 1958.

Pro sledovani a vyhodnocovani dlouhodobych expe-
rimentl s vychovou bylo pouzito metod zalozenych na
béznych postupech pouzivanych v lesnickém vyzkumu.
Experimentalni série byly zalozeny v souvislych tiihek-
tarovych az Ctythektarovych stejnovékych a nevychova-
vanych lesnich porostech se shodnou expozici a ptidnimi
a geologickymi pomery, s vylouc¢enim porostli okrajovych,
ohrozenych vétrem, snéhem a namrazou a rovnéZz porostti na
prudkych svazich. Experimenty byly navrzeny tak, aby bylo
mozné porovnat dva zakladni zpuisoby vychovy: Giroviiové
zasahy s pozitivnim vybérem (2a) a podiroviiové zasahy
s negativnim vybérem (3b). Nekteré experimentalni série
byly doplnény variantou s extrémnim zasahem do porostu
— s prosvétlenim (5b). Kontrolnim prvkem celého experi-
mentu jsou srovnavaci plochy bez zasahu (1c), tj. dil¢i plo-
chy, na kterych se sledoval vyvoj porostu bez umyslnych
zasahtl.

Intenzita vychovnych zasahd byla stanovena pro prvni
polovinu doby obmytni na 15-10 % a pro druhou polo-
vinu obmyti na asi 10—6 % z pocate¢ni vyéetni kruhové za-
kladny za predpokladu plného zakmenéni experimentalnich
porostl a pétileté péstebni periody. Pii zakmenéni nizs§im
nez 1,0 (napt. 0,8-0,9) se doporucovalo snizit intenzitu
na 30-50 % puvodni vyse. Pti dalsich opakovanych zasa-
zich se vzdy ptihlizelo ke stavu porostu. Nejvétsi redukce
vycetni kruhové zakladny (30 % a vice) byla provadéna na
variantach s prosvétlenim.

Vsechna namétena data byla vloZzena do databazi. Za-
kladni zpracovani se skladalo z vyhodnoceni poctu stromi
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(N), vy€etni kruhové zékladny porostu (G) v pfepoctu na
hektar a stfedni tloustky (d), a to pti kazdém vychovném
zasahu pro porost sdruzeny, hlavni a podruzny. Tloustka
d,,, byla vypoctena jako aritmeticky priimér 200 nejsilnéj-
Sich stromt na hektar. Pro vSechny varianty na sériich byla
sestavena vyskova kiivka (podle rovnice Néslunda), a to pro
kazdou periodu sledovani. Pomoci udaji o tloust'ce a vysce
byly vypocteny stihlostni kvocienty /4/d (pro stfedni kmen)
a h,/d,,, (pro dominantni stromy), slouzici jako indikétory
statické stability stromt, predevs§im odolnosti vii¢i kmeno-
vym zlomum. V dal$i fazi byla vyhodnocena tloustkova
struktura experimentalnich porosttL.

Pouzita metodika experimentti s vychovou nepiedpo-
kladala porovnavani individualnich sérii. Zejména roz-
dilna pocatecni hustota porostil jednotlivych sérii zabra-
nuje pouziti metod porovnavani dil¢ich variant vychovy
(obr. 16). Pocatecni hustota experimentalnich porostt se
pohybovala od 2 016 jedinct (kontrolni plocha 1¢ na sérii
Rumburk) do 4 828 jedincti na jeden hektar (kontrolni plo-
cha lc na sérii Vimperk II). Podobné rozdily vykazovala
ivycetni kruhova zakladna (od 29,1 m*ha na sérii Mostek do
47,4 m’/ha na sérii Vimperk II). Sledované série lze rozdé-
lit do dvou skupin: série s relativné nizkym poctem stromut
(Rumburk, Mostek a Nisa — série s pocatecni hustotou
2016 az2 604 jedincti na hektar) a série s relativné vysokym
poctem stromt (Vimperk I a Vimperk 11 — série s pocate¢ni
hustotou 4 632 az 4 828 jedinci na hektar). Koneéné vyhod-
noceni prvni skupiny sérii zaloZzené v roce 1958 je proto za-
méfeno na spolecné jevy zjisténé na jednotlivych sériich.

Produkce experimentalnich porostli, hodnocena pod-
le periodického ptirtistu vyéetni kruhové zakladny, byla
ovlivnéna jednotlivymi variantami vychovy rozdiln¢.
Uplatiiovani pozitivniho vybéru v urovni (varianta 2a) na
sériich Rumburk, Nisa a Vimperk 11 vedlo ve dvou ptipa-
dech k vy$simu a v jednom piipadé k nizsimu celkové-
mu piirastu vycetni kruhové zakladny (véetné nahodilé
tézby) ve srovnani s kontrolni variantou bez vychovy
(tab. 7). Vyssi ptirtst vycetni kruhové zakladny byl zjis-
tén na sériich Rumburk (+20 %) a Vimperk II (+7 %)
anizsi na sérii Nisa (-5 %). Negativni vybér v podarovni
(varianta 3b nebo 5b) provadény na sériich Mostek, Nisa,
Vimperk I a Vimperk II vedl v jednom ptipadé k vyssimu
a ve tfech ptipadech k niz§imu celkovému ptirGstu vycet-
ni kruhové zékladny (véetné nahodilé tézby) ve srovnani
s kontrolni variantou bez vychovy. Vyssi ptirtst vycetni
kruhové zakladny byl zjistén na sérii Vimperk I1 (+8 %)
a nizsi na sériich Mostek (-8 % na obou plochach 3b
a 5b), Nisa (2,5 %) a Vimperk I (=17 %).

Nejvyrazngjsi efekt vychovy tak spocival ve snizeni po-
dilu vycetni kruhové zakladny odstranéné pii nahodilych
tézbach (souse, zlomy, vyvraty). Zatimco na v§ech plochach
s vychovou (ob¢ varianty — Groviiova a poduroviiova) se
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pohyboval podil nahodilé tézby za celou dobu sledovani
v rozmezi 6 % (varianta 5b na sérii Mostek) az 29 % (vari-
anta 2a na sérii Nisa), na kontrolnich plochach predstavovala
nahodila tézba 60—107 % periodického prirtistu vycetni kru-
hov¢é zakladny. Po odecteni nahodilé tézby (vétSinou hute
prodejné sortimenty) byl pfirtist vycetni kruhové zakladny
na vychovavanych plochach série Vimperk I o 59 % vétsi
a na sériich Mostek a Vimperk II vice nez dvakrat vétsi ve
srovnani s plochami kontrolnimi. Zvlastnim pfipadem jsou
porosty série Rumburk a Nisa, které jsou pod dlouhodobym
vlivem imisi. Na téchto sériich poskytovaly pouze vycho-
vavané plochy (2a a 3b) prodejnou produkci, zatimco cely
prirtist vycetni kruhové zékladny na kontrolnich plochach
téchto sérii byl odstranén pii nahodilych tézbach.
Vseobecné se predpoklada, ze uplathovanim pozitivniho
vybéru v Grovni dojde k rozsifeni tloustkové struktury
porostu s vétsim zastoupenim zivotaschopnych tenkych
stromtl. Tento predpoklad nebyl na plochach s pozitivnim
vybérem v urovni (srovnavaci plochy 2a na sériich Rum-
burk, Nisa a Vimperk II) potvrzen. Po 40 letech sledova-
ni bylo zjisténo na plochach s touto variantou vychovy
0 1045 % mén¢ strom v nizsich tloustkovych ttidach ve
srovnani s kontrolnimi plochami (tab. 8). Na druhou stranu

u ploch s negativnim vybérem v podirovni (varianty 3b
a 5b na sériich Mostek, Nisa, Vimperk I a Vimperk II) byl
zaznamenan vyrazngjsi tibytek tenkych stromti (o 50-69 %
ve srovnani s kontrolnimi plochami). Zastoupeni silnéjsich
stromt (s vycetni tloustkou 30 cm a vice) bylo na vSech
vychovavanych plochach o 5-50 % vys$si ve srovnani
s plochami bez vychovy. Vyjimku tvofi vychovavané po-
rosty srovnavaci plochy 3b na sérii Mostek, kde byl zjistén
0 35 % vyssi pocet tenkych stromi a 0 29 % nizsi pocet
siln¢jsich stroml nez na plose kontrolni. To bylo ziejmé
zpusobeno poné¢kud méné homogennimi stanovistnimi
podminkami na této experimentalni sérii.

Staticka stabilita charakterizovana $tihlostnim kvocien-
tem stfedniho kmene a horniho stromového patra (200 nej-
siln¢jsich stromt na hektar) byla ovlivnéna pozitivné, tj.
konec¢na hodnota stihlostniho kvocientu (stredniho kmene
i horniho stromového patra) byla principialné nizsi (o 1 az
10 %) na vychovavanych plochach ve srovnani s plochami
bez vychovy (tab. 9). Vyjimku tvotily pouze plocha 2a (série
Nisa) s pozitivnim vyb&rem v trovni a dfive zminéna plocha
3b (séric Mostek) s negativnim vybérem v podirovni, na
kterych byla konecna hodnota stihlostniho kvocientu o 3 az
4 % vyssi ve srovnani s plochami kontrolnimi.
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