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Development of young substitute larch
(Larix decidua Mill.) stands after first thinning

J. NOVAK, M. SLODICAK

Forestry and Game Management Research Institute, Research Station Opocno, Opocno,
Czech Republic

ABSTRACT: European larch (Larix decidua Mill.) is one of the most important tree species in substitute stands of the
Kru$né hory Mts. (northern part of the Czech Republic). At present, young larch stands have dynamic height growth
and their canopy is closing. Therefore, the proper forest treatment with respect to all functions of these stands is an
urgent issue. The aim of the study is to recognise when it is possible to start with thinning and what types of thinning
regimes are more suitable in larch stands with respect to their functions as substitute tree species stands. Research
was conducted on experimental series Kalek established in a larch monoculture in 1999 (stand age of 12 years) at an
elevation of 780 m above sea level in the category Piceeto-Fagetum oligo-mesotrophicum — Calamagrostis villosa. The
presented analysis has two main parts: (a) effect of closing canopy on growth of larch — comparison of the groups of
trees from border and inside rows and (b) effect of opening canopy on growth and development of young larch stands
— comparison of two partial plots (500 m? each): the one without thinning and the other with thinning (negative selec-
tion mainly from above at the age of 13 years). Comparative analyses of trees from border and inside rows showed high
growth dynamics of these young larch stands, and therefore the first thinning is necessary in this stage (by 15 years
of age). In spite of air pollution, the growth of experimental stands is supernormal and exceeds the data from growth
tables, but 60% of individuals showed some malformations, mostly one-sided or two-sided stem curvature. Five years
after the first thinning we found a significantly lower //d ratio of mean stem on the thinned plot in comparison with
the plot without thinning. On the other hand, the applied thinning had no effect (five years after realisation) on the 4/d
ratio of dominant trees (200 thickest trees per hectare).

Keywords: substitute forest stands; European larch; thinning; Krusné hory Mts.; Czech Republic

The environment in the Kru$né hory Mts. is da-
maged mainly due to careless economic develop-
ment in the last decades, especially due to large-scale
brown coal mining and burning in power plants.
Forest ecosystems of this area suffered damage of
different intensity or they were totally destroyed.
During the 70’s and the 80’s, forest regeneration was
aimed at the creation of substitute tree species (STS)
stands, especially on the sites where the declining
spruce monocultures could not be replaced by eco-
logically suitable tree species.

Currently, STS take up 33,000 ha of forestland,
which is 52% of forestland of the eastern Krusné
hory Mts. ridge. Birch (Betula sp.) and blue spruce

(Picea pungens Engelm.) or mixtures of these two
species cover the largest percentage (ca. 61%) of this
area. European larch (Larix decidua Mill.) with ca.
14% of the area is another important species among
STS. Other tree species such as European mountain
ash (Sorbus aucuparia L.), European aspen (Populus
tremula 1.) and conifers (e.g. the pines Pinus rotun-
data Link. and Pinus contorta Loudon) occur to a
lesser extent (KUBELKA et al. 1992).

In the Czech Republic, European larch is an auto-
chthonous species with relative air pollution toler-
ance (SINDELAR 1965, 1978, 1988; BALCAR 1998).
Larch in the beech with spruce forest vegetation
zone (6" FVZ) is handled as target tree species and
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in the spruce with beech 7" FVZ as a transition
from the target to the substitute tree species. As
a rule, larch stands are not projected to stand re-
construction and stand conversion and, therefore,
proper attention must be paid to their tending.
Larch as light-demanding species needs timely and
intensive thinning in the overstorey. Because of the
insufficient cover of soil, it is important to create the
rich understorey from birch or mountain ash (in 7t
spruce with beech FVZ) or from beech (in 6" beech
with spruce FVZ). With respect to various methods
of regeneration, different development, density and
various admixtures, the larch stands must be tended
individually.

At present, young larch stands have dynamic
height growth and the canopy is closing. The plant-
ing of larch stands as monocultures is atypical and
traditionally not recommended. In spite of this, larch
monocultures were created on immission clearings,
and therefore the proper forest management with
respect to all functions of STS stands is an urgent
issue.

The aim of the experiments is to examine the ef-
fect of open canopy on growth and development of
larch stands with respect to their functions as STS
stands. Kalek experiment is one of the two thinning
experimental series in European larch stands (5 com-
parative plots) which were established in the Kru$né
hory Mts. (NoVAK, SLODICAK 2003).

MATERIAL AND METHODS

Kalek experimental series was established in 1999
to investigate the tending of young larch stands in
Litvinov forest district. The stand is located in the
6" beech with spruce FVZ at an elevation of 780 m
above sea level in the fresh, medium nutritive cate-
gory 6S4 (Piceeto-Fagetum oligo-mesotrophicum
— Calamagrostis villosa). The soil type was classi-
fied as Entic Podzol. Mean annual temperature is
6°C; the mean sum of precipitation is ca. 800 mm
(for the period of 1961-1990). The co-ordinates of
the series are 50°35°11 "N latitude and 13°21°11"'E
longitude.

The experimental larch stand was established by line
planting (with initial spacing 1 x 1.5 m — 6,667 trees
per ha) after a mechanical raking of slash to rows.
In 1996, when the larch stand was 9 years old, the
rows were spread out and planted by Norway spruce.
Therefore, alternating belts (width 15-20 m) of larch
and spruce stands were created on the total area of
9.7 ha.

The present study is focused on two main prob-
lems:
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a) Effect of competition on growth and develop-
ment of larch cultures

The aim of this part of investigations was to rec-
ognise the time (period) when the growth of larches
was significantly affected by the closing canopy.
Therefore, the study is based on the comparison
of biometrical parameters (dbh, height, //d ratio)
of two sets of trees (25 individuals each) from a
border row and from an inside row. Three groups
of trees were determined: d,. — all trees in the row,
d,, — without 5 thinnest individuals, 4, , - ten thick-
est individuals. We used the first row of the belt
(border row) and an adjacent row from comparative
plot 1 (inside row). All trees in rows were numbered
and points for diameter measurement were labelled.
Diameter at breast height and height of all trees have
been measured annually since 1999.

b) Effect of canopy opening on growth and devel-
opment of young larch stands

In this second part of investigations, we evaluated
the effect of experimental thinning on biometrical
parameters (dbh, height, /1/d ratio) of larch stands.

In 1999, before a comparative analysis of plots
was carried out, the health condition (foliage, game
damage) and quality (stem curvature) of larch stand
was evaluated. We used these classifications: (a) of
health condition: 1 — healthy, 2 — moderately dam-
aged, 3 — heavily damaged, (b) of game damage:
0 — no damage, 1 — damaged, (c) of stem quality:
1 — straight stem, 2 — one-sided curvature, 3 — two-
sided curvature.

The experiment consists of two partial compara-
tive plots (500 m? each): 1 — variant without thinning
and 2 — variant with thinning. Due to the results of
classification (stem quality and health condition),
the thinning regime on plot 2 was planned as nega-
tive selection mainly from above. The first thinning
started in 2000 (age of 13 years).

All trees on plots were numbered and points for di-
ameter (d) measurement were labelled. Diameter at
breast height of all trees and height of representative
groups of trees from all tree classes have been meas-
ured annually since 2000 until now. Each compara-
tive plot is divided into 5 partial blocks — replications
(100 m? each) for the statistical evaluation.

All statistical analyses were performed in a statis-
tical system UNISTAT® (version 5.1) using the sig-
nificance confidence level of p < 0.05. All data on the
mean stem — defined as the tree with mean diameter
at breast height (diameter d, height / and quotient
of slenderness /1/d) and the data on dominant trees
—defined as 200 thickest trees per hectare (diameter
d,,,» height 1, and quotient of slenderness &, /d, )
were analysed by one-way ANOVA. The significance

J. FOR. SCI, 52, 2006 (4): 147-157



8
o I =
= E | (NS
=
<
i —
N
~ = E | |
%) S|l =
5 S
» a
g ©IxE it
b= — | [ | =
= N <
b
* = ©
= ~ Eloa 1S
g = —
<
2 ~= -
z N L
g —_
2 ~| & S
o7 N = | IS
)] S| =
~ S
o} xQ
G "~ E ©
v RN El D=
o S
RS
Py
a = —
s ~ Bl =
= S —
o
—
| ) n e
3| N | 5 > R
—~ < |8 »g|*®
o
on
= = I~ ~
- ~ E |7 & n» S x
O y—(\/l\~©~[\
S 8'Q — [a\}
I
clx @/_\ Xo) N
SN JIIREI®R v & ©| 2
% L1e c —c|°
=
= —_
z < El® 3 2 %W
2 S|*® ¢ & §|
St
<
= T |w 2 2o
N
8 S | F e F @
S
o
—
z ~ E |2 R o 3|
o ol - |8 I ©o
S| = — —
%} (=]
e N
‘a VA ~ I~
= IR EIDN F n ol R
A R=) =
= ) S = o
=~
g2
2 Elnw & 2 g
= NGUN % D%
2= SRR
Q0 wn
_:Q)
§ 3 SRR
IR = N N
SO |~
S (3 -
ST |2 E |8 e @
HEREILEEEIE
g o | N
8. ="
—
~
s ‘@El\.—il\$w
= = S|Y o 5|
) A
SR
=
PN o = o
5 <= < I I
= o0 o A O Al o
o O
—_— QO EU)EU}E
5 8
o
I
gé 3 3 )
= 2 20 OOE
%_8 = =R o T i = |
g::‘
s 2 ®
< g N
UN
oS I
= = =
3Lr) ~
2 N
==
L’J:N %)
T | £ 3
oz | = &
— 0o | o (5} -
-Ds«cn'g = 4

J. FOR. SCI,, 52, 2006 (4): 147-157

18.5

1.58
8.6
1.77
10.2

0.46
1.2%

0.52
0.9
0.4

1.6*
0.34

4.09
13.3

18.3

1.39

8.1
1.71

0.46
1.3*
0.60
0.9

042 109 156 331 051 115 179 3.70
1.6* 10.8 7.5 12.2
0.53
1.2
0.32

1.9%
0.36

1.03 143 2.88
6.2 9.4
3.58
11.1

S.D. 2.54

row

Without

70*
14.3

72*
14.1

75*
15.1

1.4*
0.53

77

6.7
1.26

86
17.5

(n =20)

thin trees
dy,

mean
S.D.

border
row

5.07
14.2

4.6

1.45
8.8
0.46
8.7

4.05
12.4

15.9

1.27
7.2
0.47
7.3
0.61

3.13
10.0

73
8.1

74
8.4

61%‘:

9.7
0.55

13.3

72
7.6
62*

1.3
0.39

72
6.9

7.9
0.47

73
6.7

mean
S.D.

inside
row

0.66
10.0

2.43
17.5*

0.40
1.8*
0.35

2.19
15.9*

1.89
14.2

1.66
12.4

1.53
10.4

58*
6.2

9.5
0.69

1.8*
0.23

64
7.6

7.7
0.58

72
8.7

mean
S.D.

border
row

Only thick
trees d,

3.00 0.70

6.2

69 273

0.60

248

2.33

2.12

d — diameter at breast height, id — diameter increment, /1 — height, #/d — quotient of slenderness, S.D. — standard deviation, *statistically significant differences between inside row and

border row (p < 0.05)

of the main effects or interactions was de-
tected by ANOVA, multiple comparisons
were carried out by Tukey’s test. The diam-
eter distribution of the experimental stands
was analysed by Kolmogorov-Smirnov two
sample tests.

RESULTS
Competition and growth

The effect of competition on growth and
development of larch culture was investi-
gated by comparison of biometric param-
eters (dbh, height, /1/d ratio) of the groups
of trees from border and inside rows. At the
beginning of the experiment in 1999 (age
of 12 years), the mean diameter of selected
groups was statistically identical for both
compared rows (dzs 6.7 cm, d20 7.8 cm and
d,,10.0-10.4 cm, Table 1).

The following period of investigations
was divided into two parts (1999-2001
and 2002-2003) because of mortality
in the inside row. Therefore, the group
of trees d,. (all trees in the row) has not
been evaluated since 2001. In that year,
mean diameter was higher (but statisti-
cally insignificantly) in the border row
for all selected groups (d,, by 12%, d,, by
14% and d,, by 15%). Obvious differences
were found in the last year of investiga-
tions (2003), when the mean diameter of
group d,, was 10.6 cm in the inside row
and 13.3 cm in the border row (statistically
insignificant differences). On the other
hand, the mean diameter of group d, , was
significantly different in compared rows
in that year (14.2 cm in the inside row and
17.5 cm in the border row) and thus simi-
lar results from the previous year (2002)
were supported (Table 1).

Annual diameter increment of investi-
gated trees in the period 2000—-2003 (age of
13-16 years) varied in group d,. between
1.2 and 1.3 cm in border row and between
0.7 and 0.8 cm in inside row, in group d,,
between 1.2 and 1.6 cm in border row and
between 0.5 and 0.9 cm in inside row and in
group d,, between 1.6 and 1.9 cm in border
row and between 0.9 and 1.3 cm in inside
row. In all cases, the diameter increment of
trees was significantly higher in border row
than in inside row (Table 1).
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Development of tree height in the investigated
groups was nearly the same (differences statistically
insignificant) for both compared rows. In all cases,
the mean height of groups of trees was higher (but
not statistically significantly) in inside row than in
border row, although mean height at the beginning
of observations (1999, age of 12 years) was nearly
identical for all investigated groups. In the last year
of investigations (2003), the mean height in groups
d,,and d ; was 8.6 m and 10.0 m in border row and
8.7 m and 10.2 m in inside row.

Better diameter increment of the trees from border
row resulted in increased static stability (lower //d
ratio). At the beginning of experiment (1999), dif-
ferences in //d ratio values between the compared
rows were statistically insignificant (for group d,,
h/d = 95-98, d,, h/d = 86, d,, h/d = 72-73). The
results show a similar trend for the groups (d,; d,,
and d,,) during the period of observations: the 4/d
ratio of trees from the inside row increased (or was
stable for group d,,), whereas the //d ratio of trees
from the border row continually decreased. Differ-
ences were statistically significant for group 4,. and
d,, from 2001 (age of 14 years) and for group 4, , from
2000 (age of 13 years). In the last revision (2003), the
values of 4/d ratio in group d,  and d,; were 70 and
58 in border row and 90 and 73 in inside row.

Initial stem quality and health condition

In 1999, when the experiment started, the number
of trees on both comparative plots was ca. 3,400 and

800 -
1999

700 - age 12 years

600 4
500 4
400 -

300 4

N (trees/ha)

200 4

100 4

0 T T

1 2 3 4 5 6

basal area amounted to about 12 m? per hectare. At

the same time, the health condition (foliage, game

damage) and quality (stem curvature) of stands were
evaluated. From the results, it can be concluded

(Fig. 1):

— 22% of individuals showed moderate damage
to assimilatory organs (health condition 2) and
10% of individuals, especially trees from lower
diameter classes, were damaged heavily (health
condition 3). Therefore, the trees with damage to
assimilatory organs accounted for only 13% (10%
moderate damage and 3% heavy damage) of total
stand basal area.

— Game damage (bark browsing) was detected on
28% of individuals. Similarly like in the evaluation
of health condition, especially trees from lower
diameter classes (7 cm and less) were damaged.
Individuals damaged by game accounted for 16%
of total stand basal area.

— Only 39% of individuals showed straight stems
(stem quality 1). One-sided curvature (stem qual-
ity 2) was detected in 14% of individuals. Individu-
als with two-sided stem curvature (stem quality 3)
accounted for a larger portion of the number of
trees (47%).

5-year development of stands after first thinning

Number of trees

Before the first experimental thinning (2000, age
of 13 years), the number of trees on both compara-

B game damage
[ stem quality 1
I stem quality 2
stem quality 3
=/y=health condition 1

@=Omm | ealth condition 2

— =={J=health condition 3

8 9 10 11 12 13

Diameter classes (cm)

Fig. 1. Diameter distribution in larch stands in 1999 (age of 12 years) on Kalek experimental series. Evaluation of condition is
marked in diameter classes. Evaluation of health condition — assimilatory apparatus condition: 1 — healthy, 2 — light injury,
3 — heavy injury. Game damage — bark browsing: 0 — without damage, 1 — damages. Stem quality — curvature: 1 — straight stem,
2 — stem with one-way curvature, 3 — stem with multi-way curvature (see the classification in Methods section)
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3.8

5.4

3.0

4.7

0.03

1.43

40

820

Salvage cutting (SC)

13-18 years

17.19* 11.0 11.8 10.4 10.4 95 88* 17.7 17.6 12.2 12.2 69 70
0.22 3.7 4.6

2.968
9.44

24.69

1.91 0.24 0.42 35
3.7

5.3

1.27
5.4

2.9

0.37
3.8

0.94
4.5

0.57
3.7

2.883
11.83

1,580
249.0

2,580
164.0

mean

S.D.

Age 18 years (2005)

+1

+2

3.9

+4

3.8

Increment 13-18 years

941

Increment 13-18 years

without SC

10.40

N — number of trees, G — basal area, d — diameter at breast height, # — mean height, #/d — quotient of slenderness, d200 — mean diameter of 200 thickest trees per 1 ha, h200 — height
of 200 thickest trees per 1 ha, &, /d,, — quotient of slenderness of 200 thickest trees per 1 ha, *statistically significant differences between variants (p < 0.05). Comparative variants:

1 — control plot without thinning, 2 — plot with thinning (negative selection mainly from above)

tive plots was ca. 3,400 (Table 2). Based on
the results of classification (stem quality
and health condition), negative selection
mainly from above was chosen for the first
thinning on plot 2. After the comparative
analysis, 53% of the trees (46% of basal
area) were removed.

During the next 5-year period without
thinning, comparative stand 2 was not
damaged and the number of trees per hec-
tare decreased to 1,580 in 2005 as a result
of mortality (age of 18 years). In the same
period the number of trees on parallel con-
trol plot 1 decreased from initial 3,400 to
2,580 per ha (by 24%), mainly as a result of
snow-break events in 2002 and 2004.

Basal area

The stand basal area before the first thin-
ning on comparative plots 1 and 2 amount-
ed to 14.29 and 14.32 m?, respectively.
Differences were not significant. The first
experimental thinning decreased the basal
area on comparative plot 2 to 7.78 m?, i.e. to
54% of the control plot. Pronounced incre-
ment on plot 2 and several events of snow
damage on plot 1 (removing 1.43 m?/ha)
resulted in higher stocking on plot 2 (70%
of the control plot) at the age of 18 years.
Five years after the first thinning, the stand
basal area on comparative plots 1 and 2 was
24.69 and 17.19 m?, respectively (Table 2).

After including the basal area of all re-
moved trees (i.e. including salvage cut),
the basal area increment in the period of
investigations was by 2.4 m? higher on con-
trol plot 1 compared with thinned plot 2
(11.83 m?on control plot 1 and 9.44 m? on
plot 2). But on control plot, 1.43 m?of basal
area (12% of increment) had to be removed
during the period of investigations as sal-
vage cut (breaks, dry trees, etc.), whereas
salvage cut on thinned plot 2 amounted to
only 0.03 m? (i.e. 3% of increment). When
including the basal area of only intention-
ally removed trees (salvage cut excluded),
the basal area increment in the period of
investigations (age of 13-18 years) was
10.40 m? on control plot 1 and 9.41 m? on
thinned comparative plot 2.

Static stability — quotient of slenderness

During the period of observations, diam-
eter and height development was similar
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Fig. 2. Diameter distribution

900 < - 160
2000 [—Thinning on comparative plots of Kalek
800 - age 13 years N control (1) | 140 experiment in 2000 (above)
00d O\ 0 e N thinned (2) and 2005 (below) (age 13 and
—=a—/h/d control (1) | 120 18 years). Thinning on plot
600 - - - e —-h/dthinned (2) | 100 2 (columns) and quotient of
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Diameter classes (cm)

on both comparative plots (differences were not
significant) primarily due to the type of thinning
(negative selection), when undesirable trees were
removed from all diameter classes (Fig. 2). Total
height increment was identical on both plots (3.8 m)
in this period (age of 13—18 years). However, total
diameter increment of mean stem on thinned plot 2
(4.5 cm) was higher by 0.8 cm in comparison with
control plot. Although the differences in diameter
increment were not significant, an evidential effect of
thinning on the /1/d ratio of mean stem was found. At
the beginning of investigations (age of 13 years), the
quotient of slenderness (/4/d ratio) of mean stem on
comparative plots 1 and 2 had similar values 91 and
92 (differences were not significant). The applied
thinning regime resulted in a decrease in the //d ratio
of mean stem on comparative plot 2 compared to the
initially equal mean stem on control plot 1 without
thinning (the final values at the age of 18 years on
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plot 1 and 2 were 95 and 88, respectively). Differences
were found statistically significant (Table 2).

For the static stability of the whole stand, char-
acteristics of dominant trees were more crucial. At
the beginning of investigations (age of 13 years), the
quotient of slenderness (/1/d ratio) of initially equal
200 dominant trees on comparative plots 1 and 2
reached similar values 67 and 69 (Table 2). The effect
of thinning on the //d ratio of dominant trees was
insignificant during the period of investigations. The
final values at the age of 18 years on plot 1 and 3 were
69 and 70, respectively.

Stand structure — diameter distribution

Before the first experimental thinning at the stand
age of 13 years (2000), the diameter distribution on
both comparative plots was similar ranging from
the classes 1-2 ¢cm to 13—14 cm (Fig. 2). Differences
were found statistically insignificant. P-value from

J. FOR. SCI, 52, 2006 (4): 147-157



the analysis by Kolmogorov-Smirnov two sample
tests was 0.9995. The //d ratio of particular classes
on all three comparative plots ranged from relatively
high values above 130 in trees with diameter below
2 cm to favourably low values below 70 in trees with
diameter above 10 cm.

After the 5-year period of observations at the stand
age of 18 years (2005), the diameter distribution
in thinned stand 2 significantly differed from the
distribution on control plot 1 (Fig. 2). P-value from
the analysis by Kolmogorov-Smirnov two sample
tests was 0.0471. One half of the remaining trees
on control plot (1,300 out of total 2,580 per ha) was
concentrated in diameter classes 9 cm and less with
very unfavourable /1/d ratios over 100. In thinned
variant 2 only one third of the remaining individu-
als (34%) belonged to these diameter classes. On
the other hand, we found 120 most stable trees per
hectare with //d ratio 70 and lower in both variants.
These trees represented 8% in the thinned stand and
only 5% out of the total number of individuals on
the control plot.

DISCUSSION

As we mentioned in the introduction, larch is suit-
able for the establishment of substitute tree species
stands in air pollution areas due to its relative air
pollution tolerance (SINDELAR 1994). Furthermore,
larch (as substitute tree species) has additional ad-
vantages: compared with spruce, higher throughfall
and solar radiation were found under larch stands
in the vegetation period (LANG 1971). On the other
hand, larch in the Czech-Moravian Uplands (ca.
600 m a.s.l.), affected the soil chemistry and organic
matter cycles negatively (PODRAZSKY, ULBRICHOVA
2004).

The planting of larch stands as monocultures is
not traditionally recommended and practical for-
esters do not have adequate information about the
management of such stands. Furthermore, neglected
thinning and excessive density lead to unfavourable
development of height growth of larch before the age
of 10 years is reached (SINDELAR 1974).

Larch monocultures established in the air-polluted
areas have a primary function of substitute tree spe-
cies stands. Therefore, stabilisation and preparations
for the conversion of these stands belong to the main
aims of forest management in this region.

Diameter distribution in the larch stand in our
experiment was relatively wide (ca. from 2 to 21 cm).
It corresponds with the results from lower altitudes
(KANTOR, PARIK 1998) where larch trees survived in
the understorey for a relatively long time in spite of

J.FOR. SCI,, 52, 2006 (4): 147-157

the fact that larch is considered as light-demanding
species.

In our study the growth dynamics of trees from
border and inside rows was compared and the trees
from the border row showed significantly higher
growth increments than the trees from the inside
row. It means that the growth dynamics of these
young larch stands is high and the first thinning
should be carried out in this stage. Similar results
were found for hybrid larch stands in Sweden (Ex6
et al. 2004). Furthermore, the age of ten years as a
time for the first thinning of larch stands to increase
their stability was recommended by VICENA (1998).
In this context, forest tending is important for stabil-
ity in the following periods as well because omitting
silvicultural measures may cause growth reduction
(KLimA 1990).

Appropriate static stability of larch stands is one of
the main preconditions for their survival in extreme
conditions of the Kru$né hory Mts. where breaks
and leans of stems or crowns are frequent (FABIANEK
et al. 1997). The analyses showed better diameter
growth and better static characteristics (quotient of
slenderness) of larch from the border row compared
to trees from the inside row. Therefore, thinning at
this age should result in the improved static stability
of larch stand. It was confirmed by the results from
Kalek experiment, where we found a significantly
lower h/d ratio of mean stem on the thinned plot five
years after the first thinning compared to the plot
without thinning. On the other hand, the applied
thinning did not have any effect on the //d ratio of
dominant trees (200 thickest trees per ha) five years
after treatment.

Although substitute larch stands in the Krusné
hory Mts. have primarily non-wood-producing
functions, wood production cannot be omitted.
European larch, as domestic tree species, belongs to
the best productive species in the commercial forest
(PETRAS, MECKO 1994).

In spite of air pollution and location (780 m a.s.l.)
of the experimental stands, diameter and height
growth is very good and exceeds the data from
growth tables. In 2005, the 18-years-old control
stand reached the value of basal area 24.7 m?/ha.
Relevant basal area from the mensurational tables
(UHUL, VULHM 1990) is 18.0 m?/ha (experimental
stand was classified by mean height as site index 32
— mean height of main stand at the age of 100 years).
Furthermore, the basal area of control stand from
Kalek experiment is almost the same as the table
basal area (24.8 m?/ha) of the best 20-years-old
larch stands in Switzerland (MARSCHALL 1992). On
the other hand, 60% of individuals showed some
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malformations, mostly one-sided or two-sided stem
curvature. In addition, one result is important for
the eventual wood production of these larch stands
in future — we detected stem malformations in all
diameter classes.

CONCLUSIONS

It can be concluded from the preliminary results
of an experiment on the thinning of young larch
cultures in an air polluted area of the Krusné hory
Mts.:

— The canopy of larch stands that originated by the
planting of ca. 6,500 plants per ha is closing in
growing conditions of the 6™ beech with spruce
forest vegetation zone at an elevation of 780 m
approximately at the top height of 5-6 m (age of
10-12 years). In the period of canopy closure, the
larch stands are deeply differentiated (dbh from 1 to
14 cm).

— Comparative analyses of the growth of trees
from border and inside rows showed increased
competition inside the stand already at the age of
15 years.

— In spite of air pollution, the growth of experimen-
tal stands is supernormal and exceeds the data
from growth tables. At the same time, 60% of
individuals showed some malformations, mostly
one-sided or two-sided stem curvature.

— Responses of experimental larch stands to heavy
thinning by negative selection were detected in
the following vegetation periods. Five years after
the first thinning we found a significantly lower
h/d ratio of mean stem on the thinned plot com-
pared to the plot without thinning. On the other
hand, the applied thinning did not have any effect
(five years after realisation) on the /4/d ratio of
dominant trees (200 thickest trees per ha).

— Five years after the first thinning, the diameter
distribution of thinned stand was significantly
different from the distribution on control plot 1.
One half of the remaining trees in control plot
was concentrated in diameter classes 9 ¢cm and
less with very unfavourable /1/d ratios over 100. In
thinned variant 2 only one third of the remaining
individuals belonged to these diameter classes. On
the other hand, we found 120 most stable trees
per hectare with /4/d ratio 70 and lower in both
variants.

Recommendation to the practice

Growth dynamics of young substitute larch stands
is high and the first thinning should be carried out
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at this stage (before the age of 15 years is reached,
top height 5-6 m). Due to the common bad status of
these stands (stem quality and health condition), we
recommend negative selection mainly from above
for the first thinning. On localities suitable for stand
conversion, thinning can be connected with under-
planting with shade-tolerant target tree species.
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Vyvoj mladych nahradnich porostit modrinu po prvnich vychovnych zasazich

J. NovAK, M. SLODICAK

Vyzkumny tistav lesniho hospoddrstvi a myslivosti, Vyzkumnd stanice Opocno, Opocno,

Ceskd republika

ABSTRAKT: Modrin evropsky (Larix decidua Mill.) patii mezi nejdilezitéjsi dreviny nahradnich porostt v Krus-
nych horadch. V soucasné dobé tyto porosty vykazuji dynamicky vyskovy rust a postupné se zapojuji. V porostech
je tak tfeba zacit provadét odpovidajici péstebni opatieni, respektujici vSechny funkce téchto porosti. Cilem prace
bylo zjistit, kdy a jak je mozné provést prvni vychovné zdsahy s ohledem na hlavni funkci téchto porostq, tj. jako
porosti ndhradnich drevin. Vyzkum probihal na experimentdlni sérii Kalek, zalozené ve 12leté modfinové mono-
kultufe v roce 1999 v nadmotské vy$ce 780 m na SLT 654 (Piceeto-Fagetum oligo-mesotrophicum — Calamagrostis
villosa). Analyza je zaméfena na dva tematické okruhy: (a) vliv konkurence na rtst a vyvoj modrinovych porostit
— pro zjisténi efektu postupného zapojovani porostil byly srovnavany parametry stromd z okrajové a vnitfni rady
a (b) vliv amyslného uvolnéni zédpoje na rist a vyvoj modfinovych porosti — jsou porovnavany dvé varianty, kazda
o velikosti 500 m? 1 — kontrolni plocha bez zédsahu a 2 — plocha se zdsahem (negativni vybér pfevazné v trovni ve
véku 13 let). Srovndvaci analyzou souboru strom z vnitini a okrajové fady byla zjisténa vysokd ristovd dynamika
sledovanych modfinovych porosti. V odpovidajicim véku (do 15 let) je tak realizace prvnich vychovnych zdsahi
nezbytna. Prestoze jsou sledované porosty lokalizovény v horské imisni oblasti, vykazuji nadstandardni riist ve srov-
nani s tabulkovymi udaji. Celkem 60 % jedinct vSak vykazuje tvarové vady, predev$im jednostrannou a dvoustrannou
krivost kmene. V porostu s vychovou byl pét let po zdsahu zaznamendan prikazné nizsi §tihlostni kvocient stiedniho
kmene ve srovndni s porostem bez vychovy. Efekt zdsahu se vsak neprojevil na hodnotdch stihlostniho kvocientu
dominantnich strom (200 nejsilnéjsich jedinct na 1 ha).

Kli¢ova slova: porosty nahradnich dievin; mod¥in evropsky; vychova lesnich porosti; Krugné hory; Ceska republika

Jednou z drevin, které byly vyuzivany k zales-
novani rozsahlych imisnich holin v Kru$nych ho-
rach, je modfin evropsky (Larix decidua Mill.).
V soucasné dobé tyto porosty tvori asi 14% po-
dil vyméry porostd ndhradnich dfevin (PND)
v Krusnych horach. Cilem prace bylo zjistit, kdy je
vhodné zacit s vychovou modfinu a jaké vychovné
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zésahy jsou nejvhodnéjsi ve vztahu k jejich funk-
ci jako PND. Experiment Kalek patii ke dvéma
experimentdlnim sériim (celkem pét srovndva-
cich ploch), zalozenym v modfinovych porostech
v Krusnych horach.

Experiment Kalek byl zalozen v roce 1999 v tehdy
12letém nahradnim porostu modfinu na LS Litvi-
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nov (zemépisné souradnice 50°35°11"" sev. sirky,
13°21°11"" vych. délky). Porost je lokalizovdn v nad-
motské vysce 780 m na LT 6S4 (Piceeto-Fagetum
oligo-mesotrophicum - Calamagrostis villosa) na
kryptopodzolu. V obdobi 1961 az 1990 se prameér-
nd roc¢ni teplota vzduchu pohybovala kolem 6°C

a ro¢ni suma srdzek predstavovala 800 mm.

Sledovany modfinovy porost byl zaloZen fadovou
vysadbou (v ptivodnim sponu 1 x 1,5 m — 6 667 je-
dinct na 1 ha) po mechanizovaném shrnuti klestu
do vald. V roce 1996, kdy byl modfinovy porost de-
vitilety, byly rozpadajici se valy rozhrnuty a zales-
nény smrkem ztepilym. Takto vznikly stfidajici se
pasy dvou drevin (o $ifi 15-20 m) na celkové plose
9,7 ha.

Prezentovand analyza je ¢lenéna na dvé casti (té-
mata):

(a) Vliv konkurence na rast a vyvoj modfinovych
porostu. Pro sledovani efektu postupného zapo-
jovani porostu bylo provedeno srovnani soubort
(25 ks) stromu rostoucich v souvislé fadé na
okraji porostu se souvislou fadou strom, ros-
toucich uvnitt porostu na srovnavaci plose 1. Od
roku 1999 byl kazdoroc¢né oddélené hodnocen
tloustkovy a vyskovy prirtst stroma v celych
souborech (25 v kazdém souboru — d,,), po
vylouceni slabych stromii (20 v kazdém souboru
—d,,) a pouze u dominantnich stromd (10 v kaz-
dém souboru —d).

(b) Vliv timyslného rozvolnéni zapoje (vychovného
zdsahu) na rast a vyvoj modrinovych porosti.
V této fazi byl sledovan efekt vychovného zdsahu
na biometrické parametry (d, 4, i/d) ndhradnich
porostd modfinu. Pred testovanim srovnatelnos-
ti vytycenych ploch bylo v roce 1999 provedeno
hodnoceni zdravotniho stavu (olisténi, poskozeni
zveri) a kvality (kfivost kmene) modfinovych
porostd. Na experimentu jsou porovnavany dvé
varianty, kazd4 o velikosti 500 m? 1 — kontrolni
plocha bez zdsahu a 2 — plocha se zdsahem. Na
zakladé hodnoceni zdravotniho stavu a kvality
kment byl na varianté 2 zvolen negativni vybér
prevdzné v urovni. Vlastni zdsah byl proveden
v roce 2000 ve véku porostu 13 let.

Vsechny stromy na srovnavacich plochach jsou
ocislovany a maji fixované méristé vycetni tloustky.
Od roku 2000 se méri kazdoroc¢né vycetni tloustka
vSech stromil a vyska reprezentativniho souboru
strom (30 jedinct z kazdé varianty pro konstrukci
vyskové krivky). Obé srovnavaci plochy jsou déleny
na pét dil¢ich blokt — opakovani (kazdy o velikosti
100 m?) pro statistické vyhodnoceni.

Statistické zpracovani probéhlo v softwaru UNI-
STAT® (verze 5.1) s pouzitim hladiny vyznamnosti
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p < 0,05. Vsechny parametry stfednitho kmene
(tloustka d, vyska & a stihlostni kvocient /1/d) a para-
metry dominantnich stromt, definovanych jako
200 nejsilnéjsich jedincti na 1 ha (tloustka d,, vys-
ka h,,, a $tihlostni kvocient /,,,/d, ), byly analyzo-
vany metodou ANOVA (s ndslednym mnohondsob-
nym porovndnim pomoci Tukey testu). Tloustkové
struktury experimentdlnich porostd byly porovna-
vany pomoci Kolmogorov-Smirnov dvouvybérové-
ho testu.

Na zékladé dosavadnich vysledki experimentu

s vychovou ndhradnich porostlt modfinu v imisni

oblasti Krusnych hor 1ze formulovat nésledujici za-

véry:

— Ndhradni porosty modfinu s pavodni husto-
tou 6 500 stromi/ha se v podminkach 6. LVS
v nadmorské vysce 780 m zapojuji pti horni po-
rostni vysce 5 az 6 m (vék 10 az 12 let). V této fazi
jsou modrinové porosty jiz silné diferencovany
(vycetni tloustka od 1 do 14 c¢m, obr. 2).

— Srovnavaci analyza prokazala zvySujici se kon-
kurenci mezi jedinci uvnitf modfinového po-
rostu. Jesté pred dosazenim 15 let véku byl zjistén
signifikantné vyssi tloustkovy prirdst stroma
v okrajové radé ve srovnani se stromy uvnitf po-
rostu (tab. 1).

— Presto, Ze jsou porosty lokalizovdny v imisni
oblasti, vykazuji nadprimeérny rist presahujici
tabulkové udaje (tab. 2). U vétsiny (60 %) jedinctt
vsak byly zjistény deformace kmene (jednostranna
a dvoustrannd kfivost, obr. 1).

— Bylazjisténa rastova reakce modiinovych porosti
na provedeny vychovny zdsah (negativni vybér
prevazné v urovni). Pét let po provedeni zasahu
vykazoval stihlostni kvocient stfedniho kmene
na zdsahové plose statisticky prikazné nizsi hod-
noty ve srovnani s kontrolni plochou bez zdsahu.
Na vyvoji §tihlostniho kvocientu dominantnich
strom (200 nejsilnéjsich jedinct na 1 ha) se vsak
efekt vychovy neprojevil (tab. 2).

— Pét let po provedeni vychovného zdsahu se
tloustkova struktura vychovdvaného porostu
statisticky prikazné lisila od tloustkové struktury
porostu kontrolniho (obr. 2). Polovina existujicich
jedincti na kontrolni plose bez vychovy je koncen-
trovéna v tloustkovych stupnich do 9 cm s velmi
nepriznivym $tihlostnim kvocientem na hodnotu
100. Ve vychovavaném porostu plochy 2 tvori
tyto tloustkové stupné pouze tretina stromi. Na
druhou stranu bylo zjisténo na obou variantach ex-
perimentu 120 nejstabilnéjsich jedincti na hektar
s priznivym s$tihlostnim kvocientem 70 a méné.
Kvuli zjisténé vysoké dynamice ristu ndhradnich

porosti modrinu doporucujeme v praxi provést
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prvni vychovné zdsahy nejpozdéji do véku 15 let jeme za vhodny negativni vybér prevdzné v drovni.
(optimélné pfi horni porostni vysce 5-6 m). Z d- Na lokalitdch urc¢enych k preméné se nabizi spojit
vodit obecné $patného stavu ndhradnich porostlt  tyto zdsahy jiz s podsadbou cilovych drevin.
modriinu (kvalita kmene, zdravotni stav) povazu-
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