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Norway spruce thinning experiment Polom (Eastern Bohemia)

after 22 years of observation

M. SLODICAK, J. NOVAK
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ABSTRACT: Effects of thinning were studied in an air-polluted young stand of Norway spruce on Polom series in the Orlické hory
Mits. (North-Eastern part of the Czech Republic) founded in 1980 in 15 years old spruce stand established by planting with density
of 3,500-4,000 trees per hectare in 1965. The stand lies at an elevation of 800 m in the 6™ beech with spruce forest vegetation
zone. The expected survival of the experimental stand at the beginning of experiments was 40 years (air pollution danger zone B).
The thinning experiment is based on a classical comparative method, i.e. on comparing the stands with different thinning regimes
(regime with no thinning and regimes with heavy and very heavy first thinning with negative selection from below). Results of the
long-term experiment confirmed the positive effect of investigated thinning programme on growth, health condition and resistance
to snow-breaks of air-polluted Norway spruce stands in initial phases of disintegration.
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All forests in the Czech Republic (2.6 mil. ha) are af-
flicted by anthropogenic activities, mainly by air and soil
pollution. About 57% (1.4 mil. ha) of this area are forest
stands with visible symptoms of injury, but mostly in
initial phases of disintegration (1.23 mil. ha). They are
mainly stands of Norway spruce (Picea abies [L.] Karst.)
prevailing especially in mountain areas of Bohemia. In
addition, Norway spruce stands on hills and at mountain-
ous sites at an elevation of 500-800 m are endangered
by snow damage and, at a higher elevation, by rime and
frost deposits.

Though the air-pollution situation in the Czech Republic
has changed in the last decade due to desulphurisation of
main thermal power stations (e.g. the concentration of
sulphur dioxide decreased from 2 million t in 1988 to ca
270 thousand t in 1999), the load of other pollutants, es-
pecially nitrogen, is still considerable. Expected regenera-
tion of the majority of forest ecosystems is slow and the
problems associated with the health condition of forest
stands will probably continue. Appropriate thinning treat-
ments are therefore expected to increase resistance to air
pollution as well as resistance to other relevant stresses.

A very important measure of stabilisation of these
stands with lower degree of injury is thinning based on
three formerly defined main principles (SLODICAK 1996):
a) the principle of individual selection, b) the principle
of improved growing conditions and c) the principle of
mutual shelter.

The first principle of selection is based on the fact that
a part of individuals are as a rule damaged heavily and,
on the other hand, some only slightly damaged trees can
survive even in a strongly afflicted disintegrating forest
stand. This individual tolerance of trees can be used for
selection by thinning provided that the stands were estab-
lished at a sufficient initial density (at least 4-5 thousand
plants per hectare).

The principle of improved growing conditions is under-
stood as decreased competition in the crown space and
rhizosphere, better temperature and moisture conditions
and better access of light to more resistant trees left after
thinning.

The last principle, the principle of mutual shelter, is
in imaginary contradiction with the previous principle of
improved growing conditions because the opening up of
canopy is connected with the risk of higher penetration of
air pollutants into the canopy and consequent decrease of
mutual shelter effect. However, the increased air-pollution
load at young age when the tree species are very vigorous
does not cause any large-scale damage or growth depres-
sion. The penetration of pollution decreases due to the fast
growth of target or substitute tree species at young age.

In spite of their importance long-term thinning experi-
ments in air-polluted Norway spruce stands are relatively
rare (RANFT 1968; TESAR 1976; CHROUST, SLODICAK
1989). The present paper analyses an experiment with
thinning of air-polluted Norway spruce stands in the
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most afflicted area of North-Eastern Bohemia that has
been investigated since the eighties.

EXPERIMENT

Effects of thinning were studied in an air-polluted young
stand of Norway spruce on Polom series in the Orlické
hory Mts. founded in 1980 in 15 years old spruce stand
that was established by 4 years old containerised plants at
an irregular spacing with density of 3,500—4,000 trees per
hectare in 1965. The stand lies on 5% north-western slope
at an elevation of 800 m above sea level on Cambisol in
the 6 beech with spruce forest vegetation zone. Mean
annual temperature is 5°C, the mean sum of precipitation
is ca 1,000 mm. The long-term mean SO, concentration
in the period of investigation varied around 30 pg/m’.
The expected survival of the experimental stand at the
beginning of the experiments was 40 years (air pollution
danger zone B).

The experimental series is fenced. Trees on comparative
plots are numbered. The thinning series consists of three
comparative plots 40 X 25 m in size. The area of one com-
parative plot is 0.1 ha. Each comparative plot is divided
into ten blocks by 100 m* For the statistical evaluation
of measured data, comparative plots were divided into
3 partial plots consisting of 3 blocks. The most extreme
was block omitted from evaluation.

The thinning experiment is based on a classical compar-
ative method, i.e. on comparing the stands with different
thinning regimes including the regime with no thinning
(control plot).

Diameters of stems at b.h. of all individuals are meas-
ured with mm calliper annually and the height with poles
periodically on representative sets of trees on every plot.
The health condition of experimental stands was assessed
on the basis of foliage in 1982 and 1984 on 10% scale.
Since 1987 the health condition was assessed annually.
Foliage damage was divided into three classes: healthy
trees having 100 and 90% foliage (needle loss up to 10%),
slightly and medium damaged trees having 80 and 70%
foliage (needle loss 20 and 30%) and heavily damaged
trees having 60% and less foliage (needle loss 40% and
more).

Development and growth of experimental stands were
investigated on the number of trees (V) and BA (G), health
condition on mean foliage and on the number of healthy
trees and resistance to stem-breaks on the ratio of slen-
derness of dominant trees (4/d ratio of 200 thickest trees
per hectare). Acquired data were evaluated using software
system UNISTAT®: number of healthy trees by heteroge-
neity of regression test and other data sets (e.g. //d ratio)
by parametric #-test.

Thinning programmes

Comparative plot 1 is a control plot without intentional
thinning. Programme 2 with heavy thinning with negative
selection from below in five-year periods recommended
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Fig. 1. Number of trees (thin black lines) and thinning pro-
grammes (thick grey lines) on partial plots of Polom experiment
compared to yield tables (1996). Notes: 1 — control plot, 2 — plot
with medium low thinning, 3 — plot with heavy thinning from
below, T — thinning, S — snow damage, Ice — ice damage

by CHROUST (1976) for spruce stands endangered by snow
is tested on comparative plot 2 and programme 3 based on one
very heavy low thinning at the young age and longer
periods recommended by TESAR (1976) for air-polluted
spruce stands is applied to the stand on comparative plot
3 (Fig. 1). The first experimental thinning on compara-
tive plots 2 and 3 was carried out at the age of 15 years
(in 1980), the second low treatment on plot 2 at the age of
22 years (in 1987) and the third high treatment at the age
of 33 years (1998). The second low thinning on compara-
tive plot 3 was done at the age of 30 years (1995).

Progress of experiment

Experiment on the first series Polom started in 1980.
The initial number of trees (per hectare) ranged from
2,950 on plot 3 to 3,150 on plot 1. The stand density
on comparative plot 2 was reduced by thinning with
negative selection from below from 3,110 to 2,490 trees
(removed 20% N and 16% G). The second thinning in
1987 (negative selection from below) was postponed
by 2 years against the programme and joined the third
one planned in 1990. The number of trees decreased to
1,830 in this treatment (removed 25% N and 18% G). The
last thinning at the age of 33 years (1998) was carried
out by removing 230 trees (14% N, 13% G) by positive
selection from above. The programme on comparative
plot 3 started by opening the canopy and loosening the
crowns of trees by very heavy thinning. The number of
trees decreased by negative selection from below from
initial 2,950 to 1,630, i.e. by 45%, which amounted to
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Table 1. Basic data on Polom experimental series in the Orlické hory Mts. (Eastern Bohemia)

1980 1987 1995
Polom 15 years sC 22 years e 30 years sC
tl?;i);rfg ™ th?lffiilg t}l?;fli)irtfg ™ thialilei;g tl]:fllfl?;;g ™% th?lffiilg
1 N 3,150 0 0 3,150 420 2,730 0 2,730 820 1,910 0 0 1,910 0
2 (trees 3,110 620 20 2,490 50 2,440 610 25 1,830 200 1,630 0 0 1,630 10
3 /ha) 2,950 1,320 45 1,630 10 1,620 0 0 1,620 140 1,480 380 26 1,100 0
1 G 10.7 0.0 0 10.7 1.5 246 0.0 0 24.6 6.8 302 0.0 0 30.1 0.0
2 (m? 9.3 1.5 16 7.8 1.9 220 40 18 18.0 22 29.1 0.0 0 29.1 0.1
3 /ha) 10.3 4.0 39 6.3 0.0 18.7 0.0 0 18.7 1.9 293 48 16 244 0.0
1 6.6 0.0 6.6 6.7 10.7 0.0 10.7 10.3 142 0.0 14.2 0.0
2 (cfn) 6.2 5.5 6.3 8.2 10.7 9.2 11.2 11.9 15.1 0.0 15.1 11.3
3 6.7 6.3 7.0 0.0 121 0.0 12.1 13.1 159 127 16.8 0.0
1 49 0.0 5.0 4.8 92 00 9.2 9.0 13.1 0.0 13.1 0.0
2 (:1) 4.5 4.2 4.6 5.5 88 8.1 9.1 9.4 13.3 0.0 13.3 11.0
3 5.0 49 5.1 0.0 92 00 9.2 9.5 132 114 13.6 0.0
1 74 76 71 86 86 88 92 92
2 hd 73 77 72 67 82 88 81 79 88 88 97
3 75 78 73 76 76 73 83 90 81
1998 2001 2002
33 years 36 years 37 years sc 115-37 r
Polom SC SsC — - - 15-37 1-SC 15-37
b.efo're T % gftgr b'efo're T 'flfte.r b.efo're years years years
thinning thinning thinning thinning thinning

1 N 1,910 0 0 1,910 310 1,600 0 0 1,600 480 1,120 1,550
2 (trees 1,620 230 14 1,390 60 1,330 0 0 1,330 340 990 320 1,460
3 /ha) 1,100 0 0 1,070 40 1,060 0 0 1,060 210 850 190 1,700
1 G 342 0.0 0 342 3.9 359 0.0 0 359 9.5 28.3 217 374 157
2 (m? 324 43 13 28.2 5.1 324 0.0 0 324 6.4 28.0 141 406 265
3 /ha) 27.6 0 0 27.2 0.2 323 0.0 0 323 5.1 28.1 7.2 333 261
1 15.1 0.0 15.1 12.7 16.9 0.0 16.9 15.9 17.9 10.3
2 (ciln) 16.0 153 16.1 329 17.6 0.0 17.6 15.5 19.0 10.7
3 17.9 0.0 18.0 8.0 19.7 0.0 19.7 17.6 20.6 11.7

1 14.6 0.0 14.7 13.1 16.0 0.0 16.0 15.8 16.3 10.9
2 (:1) 147 143 14.8 20.6 16.2 0.0 16.2 15.0 16.6 11.2
3 15.1 0.0 15.1 8.8 16.8 0.0 16.8 15.8 17.0 11.3
1 97 97 103 95 96 100 91
2 h/d 92 93 92 63 92 92 97 87
3 84 84 110 85 85 90 83

1 — control plot without thinning, 2 — comparative plot with thinning programme 2, 3 — comparative plot with thinning programme 3, N — number of
trees, G — basal area, d — diameter at breast height, 7 — mean height, 4/d — ratio of slenderness, 7 — thinning, I — increment, SC — salvage cut

39% of BA. The treatment was repeated according to
the programme after the period of 15 years, i.e. at the
age of 30 years again by negative selection from below
removing 26% N and 16% G (Table 1).

During the period of investigations (1980-2002), the
experimental stands were damaged five times by snow
and once by ice deposit. The number of trees on parallel
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control plot 1 decreased in this period from initial 3,150 to
1,120 per hectare (by 64%), mainly as a result of the
abovementioned snow-break and ice-break events in
1986, 1988, 1992, 1998, 1999 and 2001. Thinned stands
on parallel comparative plot 2 and especially on plot 3
were damaged to a lesser extent mostly by ice-break in
1992 and snow-break in 2001 (Fig. 1).



RESULTS
Basal area (BA) of experimental stands

On the first series Polom, the stand BA before the first
thinning amounted to the respective values 10.7 and 10.3 m?
on comparative plots 1 and 3. The lowest initial BA was on
plot 2 (9.3 m?), but the differences were not significant.

The first experimental thinning decreased BA on com-
parative plot 2 to 7.8 m?, i.e. to 73% of the control plot.
Seven years later (the age of 22 years) when BA amounted
to 89% of the control, the second thinning with negative
selection from below was carried out decreasing BA to
73% of the control again. After an eleven-year period,
BA of comparative plot 2 reached the level of control
plot (95%) again and was cut down to 82% by positive
selection from above removing 13% G and 14% N. Three
years later (the age of 36 years) before the snow damage
event in 2001, BA on this variant amounted to 32.4 m?,
i.e. 90% of the control.

The first experimental thinning decreased BA on com-
parative plot 3 to 6.3 m?, i.e. 59% of the control plot.
Consequent pronounced increment on plot 3 and several
events of snow damage on plot 1 resulted in nearly equal
stocking before the second thinning at the age of 30 years
(97% of the control plot). The second experimental thin-
ning (for a second time by negative selection from below)
decreased the stand BA on comparative plot 3 to 81%
of the control plot (from 29.3 to 24.4 m?), but six years
later, the stocking of thinned plot was 90% of the control
again.

Because the last snow-break event in 2001 (Fig. 4) dam-
aged the control plot to a larger extent, the stand BA on
all three comparative plots after damage showed similar
values 26.4, 26.0 and 27.2 m? (Fig. 2).

After including the BA of all removed trees (i.e. in-
cluding salvage cut), the BA increment in the period of
investigations was highest on comparative plot 2 (40.6 m?),
followed by the increment on control plot 1 (37.4 m?)
and the lowest increment of BA was observed on heavily
thinned plot 3 (33.3 m?).

But on control plot 1, 21.7 m? of BA (58% of the in-
crement) had to be removed during the period of inves-
tigations as salvage cut (breaks, dry trees, etc.) whereas
salvage cut on the plot thinned by programme 2 amounted
to 14.1 m? (35% of the increment) and on the plot thinned
by programme 3 salvage cut amounted only to 7.2 m? (i.e.
22% of the increment).

When BA included only intentionally removed trees
(salvage cut excluded), the BA increment in the period of
investigations (age of 15-37 years) amounted to 15.7 m?
on control plot 1 and to 26.5 and 26.1 m?on thinned
comparative plots 2 and 3, i.e. thinning programmes 2
and 3 resulted in 69% and 66% higher production of
marketable wood compared to the control plot without
thinning even in these adverse growing conditions.

Generally, the stand BA growth on all three investigated
comparative plots did not show any visible growth de-
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Fig. 2. Basal area of experimental stands on Polom thinning
series in the Orlické Mts. compared with growth tables (1996).
Notes: 1 — control plot, 2 — plot with medium low thinning,
3 — plot with heavy thinning from below

pressions. Growth data are comparable with the mean site
indexes which correspond with the site conditions of the
experimental stands (elevation of 800 m above sea level,
Cambisols, 6™ beech with spruce forest vegetation zone,
mean annual temperature 5°C, the mean sum of precipita-
tion ca 1,000 mm).

Resistance to snow damage

As air-polluted Norway spruce stands grow frequently
in localities endangered by wet snow or wind, an accept-
able thinning regime must increase the resistance of trees
to stem-breaks, which is the most common form of dam-
age caused by snow and partly by wind.

Effects of investigated thinning programmes on the stance
of experimental Norway spruce stands were found statisti-
cally significant, especially on thinning variant 3 (Fig. 3).
At the beginning of investigations (age of 15 years),
the ratio of slenderness (4/d ratio) of initially equal
200 dominant trees on the series Polom had the same
value ca 66 on all three comparative plots. Both thinning
programmes, but mainly programme 3 with opening up
the canopy, resulted in improved diameter growth and
consequently in a slower increase of the //d ratio of
investigated trees on thinned comparative plots 2 and 3
compared to initially equal trees on control plot 1 without
thinning (final values at the age of 36 years on plot 1, 2
and 3 were 90, 85 and 80). Differences were found sta-
tistically significant on the most heavily thinned plot 3 in
all revised periods and on plot 2 five years after the first
thinning and at the age of 30 years (1995).

J. FOR. SCI,, 50, 2004 (1): 1-10



Iried
100

Palom

il
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tial plots of Polom experiment in 1980-2001.
Notes: 1 — control plot, 2 — plot with medium
low thinning, 3 — plot with heavy thinning from
below, + — statistically significant differences
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Higher static stability of thinned variants was confirm-
ed in the last snow-break event in 2001 (Fig. 4) when
480 trees (per hectare), i.e. 9.5 m? of BA, were damaged
on the control plot while on thinned variants 2 and 3, snow
destroyed 340 and 210 trees (6.4 and 5.1 m? of BA). Trees
destroyed by snow mostly belonged to lower tree classes
with //d ratio higher than the particular mean value for
the diameter class.

Health condition of experimental stands

Dynamic BA increments are in contradiction with the
deteriorating health condition of investigated Norway
spruce stands. The mean foliage of experimental stands
at the beginning of observations in 1982 decreased to ca
90% on all three comparative plots (insignificant differ-
ences). The foliage of experimental stands showed a more
pronounced decreasing tendency on control plot 1 without
thinning (minimum 75% in 1997). Since 1990, the differ-
ences between mean foliage on control plot 1 and thinned
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plots 2 and 3 varied around 5% in favour of thinned plots
and they were statistically significant (Fig. 5).

The number of relatively healthy trees with foliage
100 and 90% is a more precise indicator of health condi-
tion in young developing forest stands (Fig. 6).

At the beginning of observations, relatively healthy trees
on control plot 1 outnumbered healthy trees on thinned
plots (2,078 individuals on the control plot, 1,750 and
922 individuals on thinned plots 2 and 3). But the number
of healthy trees on control plot and on the plot with thin-
ning programme 2 continually decreased to 1,122 (1) and
933 (2) in the next ca 10 years of investigations, whereas
the number of healthy trees in heavily thinned stands of
plot 3 showed a slightly increasing tendency in the same
time (from initial 922 to 1,089).

The effect of thinning on growth conditions of experi-
mental stands vanished 13 years after the first treatment in
1993 when the stocking of thinned plots 2 and 3 amounted
to 96 and 97% of the control plot. Further development
of the number of healthy trees is therefore similar on all
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Fig. 4. Diameter structure of experimental stands (lower lines and left axis) and structure of snow-breaks (columns) on partial
plots with different thinning programmes on Polom series in 2001 at the age of 36 years. Upper lines show //d ratios for particular
diameter classes and marked points the //d ratio of the particular snow-breaks. Notes: 1 — control plot, 2 — plot with medium low

thinning, 3 — plot with heavy thinning from below
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Fig. 5. Mean foliage on partial plots of Polom

experiment in 1982-2002 (age 17-37 years).

Notes: 1 — control plot, 2 — plot with medium

low thinning, 3 — plot with heavy thinning
: from below
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comparative plots and was not influenced by the second
treatment in 1995 (Fig. 7).

DISCUSSION AND CONCLUSIONS

Conclusions about the possibility of using thinning
programmes as measures to slow down the disintegration
of spruce stands under the air pollution stress were drawn
on the one hand as a result of empirical experience with
thinning outside of air-polluted areas (e.g. MATERNA et
al. 1957) and, on the other hand, they were drawn from ex-
periments in specific conditions of heavily damaged areas
of the Krusné hory Mts. (RANFT 1968) and in conditions
of local source of emissions in the 5" beech with fir for-
est vegetation zone (TESAR 1976). The presented results
confirmed the importance of thinning in air-polluted areas
for growing conditions of the 6™ beech with spruce forest
vegetation zone, where spruce stands with a lower degree
of injury prevail. Therefore the necessity of specific thin-
ning programmes is especially urgent in these areas.

The positive influence of thinning on tree increments in
conditions of air pollution as well as on their resistance
to snow and wind breaks found in the experiments is in
accordance with the results of experiments founded in
the 5" beech with fir forest vegetation zone (TESAR 1976;
CHROUST 1991).

On the basis of new experimental data, several points
of thinning programmes have been specified, namely the
time of the first treatment and the intensity of the treat-
ments. The thinning programmes based on a reduction in
the number of trees to 2—2.5 thousand trees per ha at the
age of 24-25 years (TESAR 1976) or the initial density
2.5 thousand trees per ha and the first heavy treatment in
the period when the top height is 10 m (CHROUST 1991)
were found insufficient in air-polluted Norway spruce
stands in the 6" beech with spruce forest vegetation zone
because they did not stop the process of stand disintegra-
tion and did not stabilise the stand against snow-breaks
(SLODICAK 1992, 1994; SLODICAK, NOVAK 2000, 2001).
On the other hand, experimental thinning programme 3
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based on very heavy thinning from below resulted in full
elimination of snow-breaks in the period of 15 years after
treatment on the series Polom (small damage in 1992 was
caused by ice-break) and stopped the process of stand
disintegration as the mean foliage of thinned stands was
significantly higher and the number of healthy trees was
stabilised.

At the same time, very heavy thinning according to the
investigated programme did not cause any significant pro-
duction losses. When including salvage cut, BA increment
in the period of investigation (the age of 15-37 years) was
12% higher on the control plot without thinning compared
to plot thinned by programme 3. But after excluding sal-
vage cut (mostly unmarketable dead and broken trees),
BA increment of heavily thinned plot 3 overreached the
control by 10.4 m? (66%).

The following conclusions can be drawn on the basis
of evaluation of thinning effects on air-polluted Norway
spruce stands of Polom experimental series in the Orlické
hory Mts.:

— Positive effects of thinning on the growth of air polluted
Norway spruce stands were observed. In the period of
investigations the BA of the control stand without thin-
ning increased by 147% (15.7 m?) on Polom series (the
age of 15-37 years) whereas the BA of thinned stands
2 and 3 increased by 285 and 253% (26.5 and 26.1 m?)
at the same time.

— Very heavy thinning with negative selection from
below had the positive effect on resistance to stem-
breaks even in air pollution danger zone B. The ratio
of slenderness (4/d ratio) of dominant trees in thinned
stands significantly differed from control stands with-
out thinning.

— Deterioration of the health condition of investigated
stands was found. The mean foliage of all comparative
stands and the number of relatively healthy trees in the
stands decreased.

— The investigated thinning programmes based on heavy
low thinning resulted in significantly higher foliage of
thinned stands compared to the control stand without
thinning.
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Fig. 7. Number of healthy trees on
partial plots of Polom experiment
in 1994-2002 (age 29-37 years).
Notes: 1 — control plot, 2 — plot with
medium low thinning, 3 — plot with
heavy thinning from below. Percent
numbers show stocking on basal area
(BA of control plot = 100%)
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— Investigated thinning programme 3 based on very
heavy low thinning in the period of canopy creation
slowed the process of disintegration of thinned stand.
The number of relatively healthy trees (with foliage
100-90%) was stable in the stand thinned by pro-
gramme 3 while it decreased on the control plot with-
out thinning and on the plot with thinning programme
2 with medium treatments.

— The period of stabilisation continued in the stand
thinned by programme 3 from the beginning of ob-
servations to 1993 (i.e. 11 years) when it expired with
increased stocking.

It can be concluded from the results presented above
that thinning with negative selection from below can be
used to improve the health condition and resistance to
abiotic factors (especially snow and ice-breaks) of young
Norway spruce stands even in extreme growing conditions
of air pollution danger zone B with the expected survival
of mature Norway spruce stands 21—40 years since the be-
ginning of air pollution stress. Thinnings in spruce stands
affected by air pollution are recommended to start at the
young age, in the period of canopy closure (TESAR 1976;
SLODICAK 1988, 1992; CHROUST, SLODICAK 1989;
SLODICAK, NOVAK 2000, 2001) and this first treatment
must be very heavy.

A temporarily increased air-pollution load after opening
the canopy by thinning at the young age when the trees are
very vigorous does not cause any large damage or growth
depression. Due to the fast growth of more resistant in-
dividuals left after thinning, the penetration of pollution
decreases. Later on, when the vitality of individuals falls,
a special emphasis must be laid on the principle of mutual
shelter, e.g. on low thinning intensity.

Except the air pollution stress, Norway spruce mountain
forests are heavily endangered by snow, ice and wind.
Preventive measures against these harmful factors are
based on keeping the most endangered young Norway
spruce stands in loose canopy. This silvicultural practice
is accepted in Central Europe as a mean of stabilisation
against damage caused by abiotic factors — snow and wind
(e.g. CHROUST 1968, 1980; PERSSON 1969; ABETZ 1976;



KRAMER 1980; JOHANN 1980, 1981). After the individual
stability of trees has been established, the decreased thin-
ning intensity continually results in full canopy and mutual
support of stable individuals. Consequently, the thinning
principles for air-polluted Norway spruce stands are in
accordance with the thinning principles recommended for
spruce stands endangered by snow and wind.

On the basis of the above-mentioned principles, thin-
ning programmes were elaborated for the most endan-
gered spruce stands differentiated on the level of danger
by abiotic factors, air pollution, site conditions and some
other factors. Proposed thinning programmes respect the
positive shift of health condition on the prevailing forest
area of the Czech Republic compared to the end of the
eighties as well as new growth trends in the last 20 years
(higher increment especially in young stands). Presented
model programmes are based on the top height defined as
the height of 200 thickest trees per hectare and they are
compared with growth tables (CERNY et al. 1996). Thin-
ning programmes were drawn up using the results from
the project Silviculture in Ecotopes Disturbed by Human
Activities (SLODICAK, NOVAK 2000, 2001).
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Experiment s vychovou smrku Polom (vychodni Cechy) po 22 letech sledovani

M. SLODICAK, J. NOVAK

Vyzkumny tistav lesniho hospoddrstvi a myslivosti, Vyzkumnda stanice Opocno, Ceskd republika

ABSTRAKT: Vliv vychovy byl studovan v mladém imisemi ovlivnéném porostu smrku ztepilého na vyzkumné fadé Polom
v Orlickych horach. Experiment byl zalozen v roce 1980 v patnactileté smrkové mlaziné vzniklé vysadbou v nepravidelném
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sponu s hustotou 3 500—4 000 sazenic na hektar v roce 1965. Vyzkumna tada se nachazi v nadmotské vysce 800 m v 6. smrko-
-bukovém vegetanim stupni. Na pocatku experimentu se porost nachazel v pasmu ohroZeni imisemi B. Experiment je zalozen
na klasické srovnavaci metod¢, tj. porovnavani porostli s riznym rezimem vychovy (kontrola bez zasahu, rezim se silnymi
a rezim s velmi silnymi poduroviiovymi zasahy). Vysledky dlouhodobého experimentu potvrdily pozitivni efekt zkoumanych
vychovnych programi na rust a zdravotni stav smrkovych porosti v po¢ateénich fazich po§kozeni imisemi a jejich odolnost

vici snéhovym polomtm.

Klic¢ova slova: smrk ztepily; imise; vychova; zdravotni stav; Skody snéhem

Ocekavana regenerace vétSiny lesnich ekosystému
v Ceské republice po odsifeni hlavnich elektraren je
pomala a problémy se zdravotnim stavem budou prav-
dépodobné pokracovat. Soucasné jsou smrkové porosty
pod vlivem imisi v podhorskych a horskych polohach
v nadmotskych vyskach 500-800 m ohrozovany sné-
hem a v nadmoiskych vyskach nad 800 m namrazou.
Vychova smrkovych porostli v té€chto lokalitach je proto
orientovana na zvysSeni odolnosti vici imisim a také
vuci ostatnim Skodlivym faktorim — pfedevSim snéhu
a ndmraze.

Efekt vychovy byl studovan od roku 1980 v mladych
smrkovych porostech pod vlivem imisi na experimental-
ni sérii Polom v Orlickych horach. Porost vznikl z vysad-
by ¢tyfletych obalovanych sazenic v roce 1965 v piivodni
hustoté 3,54 tisice jedincti na hektar. Experimentalni
fada lezi na mirném (5%) svahu se SZ expozici na kambi-
zemi v nadmofské vysce 800 m (SLT 6K). Primérna roc-
ni teplota dosahuje 5 °C, thrn ro¢nich srazek 1 000 mm.
Dlouhodoba priimérna koncentrace SO, se v obdobi sle-
dovani experimentu pohybovala kolem 30 pg/m?.

Ocekavana zivotnost experimentalnich porosti byla
v dobé¢ zalozeni pokusu 40 let (pasmo ohrozeni imisemi
B). Experiment je zalozen na klasické srovnavaci meto-
de, tj. srovnavaji se porosty s riiznym rezimem vychovy
(kontrola bez zasahu, rezim se silnymi a rezim s velmi
silnymi poduroviiovymi zasahy). Série je tvofena tfemi
srovnavacimi plochami o velikosti 40 x 25 m délenymi
na 10 opakovani (blokt1) o velikosti 0,01 ha.

Vyvoj a rast rizn¢ vychovavanych porostll (srovnava-
cich ploch 1, 2 a 3) je dlouhodobé¢ sledovan pomoci kaz-
doro¢niho zjistovani poctu stromt (V) a vycetni kruhové
zakladny (G), zdravotniho stavu (praimérné olisténi a po-
Cet zdravych stromt) a odolnosti vii¢i zlomm (Stihlostni
kvocient horniho stromového patra, tj. 200 nejsilnéjSich
jedincl na hektar). Naméfena data byla vyhodnocovana
pomoci statistického softwaru UNISTAT® (vyvoj poctu
zdravych stromi regresni analyzou a ostatni data para-
metrickym #-testem).

Srovnavaci plocha 1 je ponechédna jako kontrolni, tj.
bez tmyslnych tézebnich zasahti. Porost na srovnavaci
plose 2 je vychovavan podle programu navrzené¢ho pro
porosty ohrozené abiotickymi Ciniteli (CHROUST 1976)
a na srovnavaci plose 3 je uplatiiovan vychovny rezim
zalozeny na velmi silném zasahu s negativnim vybérem
v podarovni doporu¢ovany TESAREM (1976) pro smrko-
vé porosty pod vlivem imisi.
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Prvni experimentalni zasahy na srovnavacich plochach
2 a 3 byly provedeny ve véku porostu 15 let (1980) nega-
tivnim vybérem v podiirovni. Na srovnavaci plose 2 byl
druhy zasah s negativnim vybérem v podurovni opako-
van po sedmi letech ve véku 22 let (1987) a tieti zasah
s pozitivnim vybérem v tirovni ve véku 33 let (1998). Na
srovnavaci plose 3 byl druhy zasah negativnim vybérem
v podurovni proveden az po 15 letech ve véku 30 let
(1995). Sila zasahti a jejich nacasovani jsou ziejmé z obr.
la2aztab. 1.

V prib¢hu sledovani experimentu (1980-2002) byly
porosty pétkrat poskozeny snéhem a jednou nadmrazou
(snih v letech 1986, 1988, 1998, 1999 a 2001, namraza
v roce 1992). Pocet stromid na kontrolni plose 1 klesl
v tomto obdobi z pivodnich 3 150 na 1 120 na hektar
(0 64 %) hlavné v disledku zminéného poskozeni. Porosty
s vychovou na plochéach 2 a 3 byly poskozeny v mnohem
mensi mife pfevazné namrazou v roce 1992 a snéhovym
polomem v roce 2001 (obr. 1 a 4).

Vliv sledovanych vychovnych programi na odolnost
experimentalnich porostd vi¢i poSkozeni snéhem byl
shledan statisticky vyznamnym zvlasté na varianté 3
s uvolnénym zapojem (obr. 3). Oba vychovné programy
— hlavné vSak program 3 — podpotily tloustkovy piirdst
a tim zpomalily nartst Stihlostniho kvocientu dominant-
nich stromt (200 nejsilnéj$ich stromtli na hektar) ve srov-
nani s porostem na kontrolni plose 1 (findlni hodnoty
kvocientu na srovnavacich plochach 1, 2 a 3 dosahly 90,
85 a 80). Rozdily byly statisticky signifikantni na plose 3
pti vSech revizich a na ploSe 2 po prvnim zasahu ve véku
do 30 let (1995).

Na pfirtstu vycéetni kruhové zakladny vsech tii sledo-
vanych porostii nebyla zjisténa riistova deprese. Udaje
o vycetni zakladné jsou srovnatelné s tabulkovymi daty
pro pramérné bonity.

Dynamicky pfiriist vycetni kruhové zakladny je v pro-
tikladu se zhorSujicim se zdravotnim stavem sledova-
nych porostl. Primérné olisténi experimentalnich po-
rosti bylo na pocatku sledovani pfi prvni klasifikaci
v roce 1982 90 % na vSech tfech srovnavacich plochach
(rozdily statisticky nevyznamné). V dal§im obdobi bylo
zaznamenano snizovani olisténi (pokracujici defoliace)
experimentalnich porostl, které bylo nejvice patrné na
kontrolni plose 1 (minimum 75 % v roce 1997). Od roku
1990 byly rozdily v primérném olisténi mezi kontrolou
aplochami 2 a 3 s vychovou kolem 5 % a byly statisticky
signifikantni (obr. 5 a 6).



Vliv vychovy na ristové poméry sledovanych poros-
t vymizel 13 let po prvnim vychovném zasahu v roce
1993, kdy zakmenéni na plochach 2 a 3 s vychovou
dosahlo 96 a 97 % kontrolni plochy. Dalsi vyvoj zdra-
votniho stavu (primérné olisténi, pocet zdravych stromi)
byl tedy podobny na vsech tfech srovnavacich plochach.
Druhy slabsi zasah na ploSe 3 se jiz na zdravotnim stavu
sledovaného porostu neprojevil (obr. 7).

Na zakladé vyhodnoceni dlouhodobého efektu silnych
poduroviovych zasahl ve smrkovych porostech na sérii
Polom v Orlickych horach Ize konstatovat:

— Ve sledovanych smrkovych porostech série byl
zjistén velmi dobry rust vycetni kruhové zakladny ve
srovnani s ristovymi modely (CERNY et al. 1996). Silné
poduroviiové zasahy dlouhodobé ovlivnily rist sledo-
vanych smrkovych porostd. Vyéetni kruhova zéakladna
kontrolniho porostu (bez vychovy) se za 22 let sledovani
zvysila o 147 % (15.7 m?), zatimco ve vychovavanych
porostech 2 a 3 se za stejnou dobu zvysila o 285 a 253 %
(26,5 2 26,1 m?).

— Byl dolozen dlouhodoby pozitivni efekt silnych
poduroviiovych zasahii na zvySovani odolnosti smrko-
vych porostd vigi zlomim. Stihlostni kvocient domi-
nantnich stromid (horniho stromového patra) vykazoval
ptiznivéjsi (nizsi) hodnoty v porostech s vychovou ve
srovnani s porostem bez vychovy.

— Ve sledovanych porostech bylo zaznamenano po-
stupné zhorSovani zdravotniho stavu vyjadiené pokle-

sem hodnot primérného olisténi. Velmi silné podirov-
nové zasahy mély dlouhodoby pfiznivy efekt na vyssi
olisténi vychovavanych porosti ve srovnani s porosty
bez vychovy.

Z uvedenych zavért vyplyva, ze silné poduroviiové
zasahy lze pouzit pro zlepSeni zdravotniho stavu a odol-
nosti vii¢i abiotickym Cinitelim v mladych smrkovych
porostech rostoucich ve specifickych podminkéach hor-
ského prostredi (imise, $kody sné¢hem, vétrem a namra-
zou). S vychovou smrkovych porosti pod vlivem imisi
je tfeba zapocit v mladém veku, kdy se porosty zapojuji
(TESAR 1976; SLODICAK 1988, 1992; CHROUST, SLO-
DICAK 1989; SLODICAK, NOVAK 2000, 2001) a prvni
zasah by mél byt velmi intenzivni. Tato strategie je ve
shod¢ s preventivnimi opatfenimi vi¢i Skodam snéhem,
vétrem a namrazou, tj. péstovani mladych smrkovych po-
rostdl ve volném zapoji (CHROUST 1980; PERSSON 1969;
ABETZ 1976; KRAMER 1980; JOHANN 1980, 1981). Po
vybudovani individualni stability stromt se jiz intenzita
vychovnych zasaht snizuje a porosty jsou nadale pésto-
vany v plném zapoji.

Navrhované zasady vychovy smrkovych porosti pod
vlivem imisi respektuji souc¢asné podminky v lesnich
ekosystémech vcetné noveé zaznamenavanych ristovych
trendd (zvySovani ptirtstu predev§im mladych porosti).

Vyzkumna Setfeni jsou provadéna v ramci dlouho-
dobého vyzkumného zaméru Ministerstva zeméde€lstvi
MZE-M06-99-01.
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