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Growth of mountain pine (Pinus mugo Turra) in relation
to the use of other tree species
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ABSTRACT: In summit parts of the Orlické hory Mts., massive dieback of forests occurred during an air pollution/
ecological disaster in the 70s to the 80s of the 20 century. Destroyed stands were cut down and deforested areas were
planted by more resistant species including mountain pine (Pinus mugo Turra). The aim of the paper was to assess ef-
fects of mountain pine on the prosperity of other tree species. Four localities with mountain pine stands were selected
at altitudes from 1,000 to 1,115 m. In 2003—2005, growth analyses of shrubs were carried out there and basic parameters
of stands were determined such as: height; cover of mountain pine, other tree species and herbs; radiation transmittance
and temperature gradients. Results show the importance of the height of mountain pine stands in mitigating climatic
changes in the ground layer of air, identification of the light compensation point for the mountain pine prosperity, the
dependence of a growth type on outer and inner conditions of mountain pine including partly its age. Under given
conditions, the present stands of mountain pine on top parts of the Orlické hory Mts. show their justification because
they create a good protection for young seedlings, self-seeding and newly planted tree species. If forest spreads there,
the markedly heliophilous mountain pine will recede similarly as in case of more than hundred-year-old mountain pine
in the Sowie gory Mts. in Poland.
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The studied area is situated in Orlické hory Mts.
in the Czech Republic (50°6°-50°22°N, 16°12"—
16°37E). It is built mainly of crystalline rocks — mica
schists and paragneisses, the highest locations are
covered with haplic podzols, the lower with entic
podzols. Average annual temperature is about 4°C
and the sum of precipitation is about 1,300 mm. The
flora is composed of Central European mesotrophic
or mountain species (VACEK et al. 2003).

The landscape of summit parts of the Orlické hory
Mts. developed without any marked influences of
man until the 13% century AD. Very intense im-
pacts were documented as late as the 16" and 17"
centuries when the majority of forests was felled for
needs of Kutnd Hora mines or for glassworks in the
Orlické hory Mts. Particularly beech stands served

as an important source of potash for the glassworks.
However, cut down areas were not mostly regener-
ated and so even at the beginning of the 19" century,
there were 640 ha of deforested areas on the moun-
tain ranges (http://www.orlickehory.net/lesy.htm).
One of the reasons of the reduction of forest areas
was also livestock grazing developing in the follow-
ing century. Cattle grazing right in the forest affected
also the species composition of stands and thus the
increasing proportion of spruce occurred. Norway
spruce became the main species which was regener-
ated by seed on clear-felled areas, silver fir gradually
disappeared from stands and also beech largely van-
ished (KriesL 1971). The construction of a fortress
line in 1936-1938 also affected the local territory and
forest management. After World War II, spruce was
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planted again, unfortunately, its provenance was un-
suitable (VACEK et al. 1998). Autochthonous stands
have been preserved only in some reserves (e.g.
National Nature Reserve Bukacka, National Nature
Reserve Trckov, Nature Reserve Sedlonovsky vrch,
Nature Reserve Pod Vrchmezim, Nature Reserve
Komari vrch etc.).

A striking negative impact on all stands (autoch-
thonous and man-made) has been demonstrated by
an air pollution/ecological disaster accompanied by
unfavourable climatic conditions and other factors
(SPINLEROVA et al. 2004). The polluted environment
began to be evident after putting the Chvaletice
thermal power plant into operation (the 80s of the
20" century) (VACEK et al. 2000). Mountain range
stands (Norway spruce or Norway spruce/fir/beech
stands) gradually disintegrated lastly being felled on
large areas. In new plantings, original species were
often replaced by other more resistant species such
as blue spruce (Picea pungens Engelm.), Serbian
spruce Picea omorika (Pancic) Purkyné, European
larch (Larix decidua Mill.), lodgepole pine (Pinus
contorta Loud.) and by mountain pine (Pinus mugo
Turra), too (LOKVENC, SOUCEK 2000). At present, we
can encounter nearly closed stands of planted moun-
tain pine (Pinus mugo Turra) on extensive areas (on
ca. 126 ha) (VACEK et al. 2000).

The aim of the paper was to assess effects of moun-
tain pine on possibilities of the reuse of other possi-
bly autochthonous tree species. We wanted to detect,
if this shrub has negative influence on other species
or if it can support their growth and development.

MATERIAL AND METHODS

The study was focused on mountain pine from
localities selected on top parts of the Orlické hory
Mts. at altitudes from 1,000 to 1,115 m (50°14" to
50°20°N, 16°23" to 16°27 'E). It referred to localities
under the top of Velkd Destna — plots Pod Kioskem
and Nad Kioskem, under Serlich — Masarykova chata
locality and plots in the vicinity of peat bogs near
Nature Reserve Jeleni ldzen and Nature Monument
U Kunstatské kaple. The selected localities were rep-
resented by stands from older plantings, i.e. age about
70-80 years and from plantings after an air-pollution
disaster, i.e. age 18—23 years. At the localities Nad
Kioskem, Pod Kioskem, Kunstatska kaple a Jeleni
lazen, there were selected sample plots (10 x 10 m)
which represented the typical cover of the stands. At
the locality Masarykova chata were found only few
shrubs, which covered area less then referential one.
For reference purposes, selected shrubs of mountain
pine were measured (age 130 years) at a locality Lesni
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unikét in the Sowie gory Mts., Poland (altitude 980 m,
50°40°N, 16°28 E) and also mountain pine plantings
in the urban environment were studied. With respect
to the objective of the paper attention was paid to the
relationship between the growth type of mountain
pine, stand density and possibilities of the prosper-
ity of other tree species. The study was carried out

in 2003 to 2005.

Mountain pine and its stands were studied in 3 dif-
ferent ways:

1. The research was focused on the whole men-
tioned plots. For each of the plots, following
parameters were recorded: the cover of moun-
tain pine, the cover of all trees in the stand, and
the cover of herbs (everything in % of the total
area) (MORAVEC et al. 1994). Moreover, radia-
tion transmittance was measured 10 times under
canopy and on fully insolated areas at the same
time (by means of radiometry using an ALAI
02 instrument, expressed as relative insolation)
(LARCHER 2003). Through a manual infrared
thermometer Omega (accurate to + 1% measured
value) temperatures were recorded of the surface
of mountain pine shrubs at various levels of stands
and of soil surface temperatures as compared with
air temperatures (measured at a height of 2m by a
mercury thermometer covered by an aluminium
foil). These temperatures were measured in May
(on a clear day and calm) during 1.5 hours shortly
after midday on plots Nad Kioskem and Pod
Kioskem. In all cases, measurements were repeat-
ed 10 times (at 10 places during short time).

2. On each of these plots, 33 shrubs were randomly
selected. It was measured their height (i.e. the
length of a vertical line from a terminal shoot to
the soil surface), increments of the main axis of
branches in particular years and length of a typical
branch (the sum of lengths of these increments).
On the basis of results for each of the plots follow-
ing values were calculated: mean, minimum and
maximum height and length of branches, vari-
ability of values and standard errors. Relationships
between the branch length and height expressed
the lodging rate of the shrub growth.

3. Then the growth of mountain pine was analysed
in detail on particular average branches selected
from sample shrubs from each of the plots (one
branch from every one plot). These branches were
documented photographically and by schematic
drawings and then cut into shoots (annual growth
moduli). The shoots were further classified to sec-
tions according to the spatial position on a branch
(S, SN, N) and at the same time, according to the
year when their elongation growth was realised (by
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Fig. 1. Schematic depicting of shoots
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(Fig. 1). After drying to constant weight (at 105°C),

following parameters were measured in shoots:

shoot length (cm) accurate to 1 mm; dry matter

(DM) of needles (g) — determined by means of the

Kern 822 electronic balance accurate to 0.001 g

and the area of an average pair of needles (cm?)

— measured by means of the ImageTools program

accurate to 0.01 cm? The needle area is the area

of the projection of a horizontally laid needle

(EvaNs 1972).

On the basis of initial values measured on par-
ticular growth moduli summary values were found
of parameters for particular segments (Fig. 1) of the
main axis of the branches: total branch length (m),
total shoot number (pc/segment), needle dry weight
(g/segment) and needle dry weight per area (g/m?/
segment) — i.e. reciprocal vocal to SLA (Evans 1972).
The processing of results was carried out according
to methods tested by various authors (EvANS 1972;
HAGER, STERBA 1985; BARTAK et al. 1993; LARCHER
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Fig. 2. Comparison of height and length of the 33 sample
branches of mountain pine (mean values and standard errors)
from 4 sample plots Nad Kioskem (NK), Pod Kioskem (PK),
Kunstatskd kaple (KK) and Jeleni lazen (JL)
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2003; MARTINKOVA 1990, 1992; MARTINKOVA et al.
1996; GRABAROVA, MARTINKOVA 2000).

RESULTS AND DISCUSSION

Field measured biometric characteristics
of the sampled branches of mountain pine

The highest stand with longest branches was on a
plot Pod Kioskem where the mean height of branches
exceeded that in other plots nearly by 65% and the
length of branches by 54%. This site differed mark-
edly from the others. There occurred statistically
significant differences between some other plots, but
such differences were very small (Fig. 2).

Relationship between the total branch length
and their height was almost linear in most smaller
branches (Fig. 3 — ranges of individual sites were
marked by circles), but it started to change with in-
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Fig. 3. Relationship between the total height and length of
sampled branches on research plots of different age Nad Kios-
kem (NK), Pod Kioskem (PK) and of sample shrub branch from
locality Lesni unikdt (UN). Plots Kunstédtska kaple (KK) and
Jeleni ldzen (JL) are not shown here to prevent overlapping of
points at the figure, but they are almost identical with NK. The
curves indicate probable development with age
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creasing length, which was not further followed by
height (i.e. growth of shaded branches in height rela-
tively decreased, because stems were usually more
leaning, longer and longer part of stems occurred
close to the ground). The oldest sampled shrub from
the site of Lesni unikat (i.e. 130 years old, base girth
of branch about 91 c¢m), had the leaning part of
branch (almost laying on the ground) 6 m long and
then turned strictly upright up to 6 m.

On the plot Pod Kioskem, we can speak on the
mountain pine of a different growth type (upright)
unlike other plots the stands of which were similar
in their height and the growth of mountain pine
was rather procumbent, ascending only in distal
parts (Fig. 2). Different “growth habits” of Pinus
mugo, were described in Orlické hory Mts., which
were related to different provenances of the planting
stock (LOKVENC, SOUCEK 2000). On the other hand,
STURSA (1966) and LUKACIK (2001) suppose that
there is a question to which extent the growth types
(or forms) are affected by external or internal factors.
It means, that a growth type need not be steady and
can change in relation to these internal and mainly
external conditions. The differences, which we
observed between the site Pod Kioskem and other
young sites, must not be strictly limited by age differ-
ences only, but mostly by external conditions which
are supporting the tree growth form.

Non-linear relationship between total branch
length and height indicated that branches were more
leaning with increasing age. There were rather small
differences in age between the intensively studied
plots, that is why we included one shrub of sub-
stantially (5x) higher age, although the curve is only
approximated there. However curves characteris-
ing the relationship are evidently similar and show
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Fig. 4. The relationship between the needle dry weight per
branch segment and total branch length of 5 sample shrub
branches from sample plots Nad Kioskem (NK), Pod Kioskem
(PK), Kunstétskd kaple (KK), Jeleni lzen (JL) and Masarykova
chata (MCh)
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certain tendency of development at illuminated or
shaded conditions (Fig. 3).

Shoot and needle distribution along
mountain pine branches

More detail biometric analysis of branches gave
additional characteristics. Needles, i.e. foliated parts
of stems occurred further from the ground and not
on branches parts leaning closely to the ground
surface. This was not so pronounced in younger (up
to about 23 years old) and smaller (up to about 2 m
long) branches, but appeared clearly in longer and
older ones — this was markedly visible e.g. in 80 years
old branches at the experimental site Masarykova
chata (MCh) (Fig. 4).

Age and branch length determines changes in
branch form in mountain pine. Branches of older in-
dividuals of Pinus mugo are increasingly more lean-
ing if they were shaded. Needles cannot grow in the
oldest parts of branches close to the ground, where
is too dark and also other unfavourable growing
conditions (Fig. 4). The determined trend of growth
generally corresponded to an “S” curve (LuxovA
1965; KRAMER, KozLowskI 1960) — its beginning
represents a “lag” phase, then a logarithmic phase
follows and after it, the generation of further biomass
varies in growth waves.

Crown density (expressed as number of shoots per
segment along branches) is one of the parameters
characterising growth habit. The results indicate that all
individuals showed a similar growth strategy: they cul-
minated their biomass in certain “waves” (or peaks), i.e.
roughly groups of segments (= years of growth) along
their branches. However the amplitude was higher in
larger branches (sampled shrubs Pod Kioskem and
Masarykova chata) and lower in others (Fig. 5).
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Fig. 5. Crown density expressed as number of shoots per

segment along branches sampled in different experimental
plots
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Fig. 6. Needle dry weight per area along sampled branches
from 5 experimental plots

Somewhat similar trend as in crown density
occurred also in needle dry weight per area. The
“waves” were of different length and usually two of
them appeared. This was true in almost all sampled
branches of analysed shrubs. Little differences (not
so pronounced peaks) seems to occur only in young-
er sampled shrubs Nad Kioskem (Fig. 6).

It is known, that relationship between leaf dry
mass and leaf area in general reflects conditions of
illumination in broadleaf as well as coniferous spe-
cies (SESTAK et al. 1985; MARTINKOVA et al. 2001;
MARTINKOVA, GEBAUER 2004). More illuminated
crown parts with higher needle density (i.e. also
higher needle dry weight per area) along stems
impose more shade on crown parts beneath them,
which is reflected by lower needle dry weight per
area. Such situation is clearly visible on our results
(Figs. 5 and 6). Naturally it is again more pronounced
in longer stems and sometimes not so clear in shorter
stems (Fig. 6).

Critical bioclimatic stand properties — radiation
transmittance and temperature

The highest transmittance of radiation was found
in the plot of Kunstatska kaple, reaching about 60%
more than in other sites. There was also the highest
herb cover there (80%), but no other woody species.
The relative transmittance under stand was similar
in all other plots (lower than on Kunstatskd kaple).
On the plot Nad Kioskem it ranged about 8%, on the
plot Pod Kioskem about 10% and Jeleni ldzen about
11%. The cover of the herb layer ranged from 45 to
60%. Other tree species, either from planting or
self-seeding, were also not found like on Kunstatska
kaple except the plot Pod Kioskem, where the cover
of other tree species (some individuals from self-
seeding) was about 7% (Fig. 7).
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The radiation transmittance through various
types of stands is related to the spatial distribu-
tion of branches (shoots). The minimum radiation
transmittance of mountain pine stands decreased
sporadically to 3 to 2% of radiation at the open area
(or above stands), it is a critical value nearly for all
vascular species of plants (LARCHER 2003). Mean
values from 8 to 11% represented already a dys-
photic space where needles of mountain pine died
back. The minimum requirement of this studied
heliophilous species amounted to about 12% relative
insolation, what is a value of the light compensation
point. According to VANKOVA and MARTINKOVA
(2003), there are conditions from 6 to 12% radiation
transmittance suitable for germination, emergence
and prosperity of the majority of tree species in
early stages of their ontogenesis. These light condi-
tions were found on the plots Pod Kioskem and on
the peaty plots Kunstatska kaple and Jeleni ldzen. It
is important to consider, that under conditions of
comparable canopy, only on the plot Pod Kioskem
(with shrubs of upright growth form) there were
found other broadleaf tree species as from planting
or self-seeding (Fig. 7).

The described properties of mountain pine stands
do not refer only to studied localities in the Orlické
hory Mts. Self-seeding and taking roots of various
species of trees (Sambucus nigra L., Fraxinus excel-
sior L., Acer campestre L., etc.) were also observed
in ornamental mountain pine plantings in towns,
parks, etc.

In the stand Nad Kioskem, constituted by lower
(procumbent) shrubs of mountain pine, there were
temperatures of insolated needles about 18°C,
shaded low-placed needles 17.4°C and shaded soil
surface 17.9°C. The temperature of old grass (Ca-

—
: 3
o S
e 20 80 «
=) —
<
5 3
[
£ 16 F; 2
5 g e
S
o [
R 19 an S
S
= 33 1% o2 4 40 =
’ kY
g 7} ! B =)
3 2 <
S 81 & i i )
s = k5
b=] R 1 55 =
o 3538 > 5 k5 20 §
s 4 B TR B
= 1 e s oo o
B s i o
o 5 I B 5
& 355 o K B
s oo R B 5
= B =k N\ K3 i
< B BN X
a 0 r 5 T : 0 [=}
Go Nad Kioskem  Kunstatska kaple o

Pod Kioskem Jeleni lazen

Fig. 7. Radiation transmittance and udergrowth plant cover of
woody and herbaceous species in the mountain pine stands of
four experimental plots in Orlické hory Mts.
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Fig. 8. Changes in temperatures of mountain pine, soil
surface and grass surface (Calamagrostis villosa) in “solar
windows” on two chosen different plots Nad Kioskem (NK)
and Pod Kioskem (PK) in Orlické hory Mts.

lamagrostis villosa [Chaix] Gmel.) was about 28°C
with a maximum 31.5°C. On the plot Pod Kioskem
(with the upright growth) the temperature of inso-
lated needles was about 12.2°C; in shaded low-laid
needles about 10.6°C and shaded soil surface also
10.6°C. In the opened area the average temperature
of the insolated old grass surface reached a value of
35.6°C with a maximum up to 42°C. The air tempera-
ture ranged from 18.5 to 20°C in course of time of all
temperature measurements (Fig. 8).

Experimental plots Nad Kioskem and Pod Kioskem
were the most contrasting in height and structure (if
considering sites of similar age), which determined
most environmental factors for undergrowth plants.
Therefore more detail measurements of temperature
was performed there. In the low stand Nad Kioskem,
temperatures of the surface of mountain pine and
soil surface were similar to the air temperature. On
the other hand, in a high stand with upright growth
Pod Kioskem (with comparable cover like Nad Kios-
kem — about 70%) the surface temperatures were
lower by more than 5°C and therefore the gradient
of temperatures was very marked too (Fig. 8). This
showed an evidence of the important effect of a plant
cover on the temperature regime (CERMAK et al.
1955; TESAR et al. 2004; Sir pers. commun.).

In a suitable complex of abiotic conditions for tree
form growth, mountain pine achieves such growth
form, which moderates changes in temperature and
provides a prosperity of self-seeding tree species
anywhere. Mountain pine is unsuccessful in light
competition and dies back (MusiL et al. 2002; JAN-
KOVSKA 1997). The locality of Lesni unikat (Sowie
gory Mts., Poland) is the example of described de-
velopment. There were mountain pines planted out
ca. 130 years ago. Presently, mountain pine stand is
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failing in health because of shading by ingrowth of
Norway spruce and rowan trees. The similar situa-
tion becomes in urban parks and other areas. For
maintaining of planted mountain pine as decorative
greenery it is necessary to systematically remove all
self-seeding woody plants.

CONCLUSIONS

It is possible to say that present stands of mountain
pine in the devastated summit parts of the Orlické
hory Mts. have their substantiation. Under abiotic
conditions, which allow a suitable growth and can-
opy structure (vertical growth about 1.5-2 m, cover
up to 70%), the mountain pine stands can fulfil the
function of the temperature treatment of the harsh
mountain climate in ground layers of air being good
protection for germinating plants, self-seeding and
newly planted tree species. Thanks to the protective
function of mountain pine, these species thrive better
than those on the open area. As a heliophilous shrub
(light compensation point was found at 12% trans-
mited global radiation), mountain pine can be gradu-
ally shaded by others species and spontaneously sup-
pressed as documented by disappearing planting of
mountain pine on the near Sowie gory Mts. in Poland
(locality Lesni unikat).
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Rist kosodreviny (Pinus mugo Turra) ve vztahu k uplatnéni

jinych druhta drevin

Z.SPINLEROVA, M. MARTINKOVA

Lesnickd a drevarska fakulta, Mendelova zemédélskd a lesnickd univerzita v Brné, Brno, Ceskd republika

ABSTRAKT: Na vrcholovych ¢éstech Orlickych hor doslo k masivnimu odumirani lesa béhem imisné-ekologické

katastrofy v 70. az 80. letech 20. stoleti. Za pouziti tézké techniky byly znicené porosty vykaceny a odlesnéné plochy
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zalesnény odolnéjsimi drevinami vc¢etné klece (Pinus mugo Turra). Cilem prace bylo posoudit vliv kosodfeviny na
prosperitu dal$ich druha dfevin. Byly vybrany ¢tyfi lokality v nadmotskych vyskach 1 000 az 1 115 m s kle¢ovymi
porosty. Zde byla v letech 2003 az 2005 provedena rlstovd analyza kefa a zjistény zakladni parametry porostd, jako
jsou vyska; pokryvnost klece, jinych dfevin a bylin; propustnost zafeni a teplotni gradienty. Z vysledka vyplyva
vyznam ristového typu a vysky klecovych porostii pii zmirnovani klimatickych vykyva v pfizemni vrstvé vzduchu,
identifikace kritické hodnoty ozarenosti pro prosperitu klece, zavislost riistového typu na vnéjsich a vnitfnich pod-
minkdch klece vcetné jejiho véku. Za danych okolnosti maji soucasné porosty klece na vrcholovych ¢astech Orlickych
hor své opodstatnéni, nebot vytvareji dobrou ochranu pro kli¢ni rostliny, nélety i nové vysazené druhy drevin. Pokud
se zde rozsiri les, bude vyrazné svétlobytnd kosodrevina ustupovat podobné, jako je tomu v soucasnosti se stoletou
vysadbou klece na Sovich horach v Polsku.

Klic¢ova slova: borovice kle¢ (Pinus mugo Turra); rastovd analyza; vzpfimeny a vystoupavy ristovy typ; relativni

ozarenost; teplotni gradient; svétlobytnost; prosperita naletovych dfevin

Na vrcholovych ¢astech Orlickych hor doslo
k masivnimu odumirdni lesa béhem imisné-ekolo-
gické katastrofy v 70.az 80.letech 20. stoleti. Znicené
porosty byly vykdceny a odlesnéné plochy zalesné-
ny odolnéjsimi dfevinami v¢etné klece (Pinus mugo
Turra). Cilem prace bylo posoudit vliv kosodfeviny
na prosperitu dal$ich druhd dfevin. Byly vybrany
ctyfi lokality s kleCcovymi porosty o nadmorskych
vyskach 1 000 az 1 115 m s odli$nymi stanovistni-
mi podminkami (dvé z nich raselini$tniho typu).
Zde byla v letech 2003 az 2005 provedena rtstova
analyza kert a zjistény zdkladni parametry porostu.
Mimo tzemi Orlickych hor byla orienta¢né zkou-
mana 130leta vysadba kosodreviny na lokalité Les-
ni unikat v Sovich horach v Polsku a pozorovany
vysadby klece v méstské zdstavbeé.

Porovnanim ristu porostt na plochiach Nad Kios-
kem, Pod Kioskem, Kunstatska kaple a Jeleni lazen
byl celkové nejvyssi porost na plose Pod Kioskem,
kde vztah mezi vyskou a délkou vétvi charakterizo-
val typ ristu spise vzpfimeny proti riistu vystoupa-
vému v porostech Nad Kioskem a Jeleni lazen. Kle¢
u Kunstatské kaple vykazala tendenci intermediar-
ni. U nejstarsiho vzorniku z lokality Lesni unikat
v Sovich horach v Polsku rostla 12 m dlouha vétev
zprvu poléhavé (zifejmé v zdstinu), poté, co vétev
dosdhla ozareného prostoru, rostla vzpfimené. Pak
vztah mezi vyskou a délkou vétve byl charakteristic-
ky pro vystoupavy kle¢ovy rastovy typ. Rastovy typ
tedy nemusi byt ustdlen a mize projevovat zmény
ve vztahu k vnitfnim i vnéjsim podminkam.

Akumulace biomasy vétvi jedinct na jednotli-
vych lokalitich byla podminéna jejich individu-
alnim vyvinem, vékem a podminkami prostredi.
Rast vétvi odpovidal typické ,S* krivce; v logarit-
mické fdzi se projevilo zretelné kolisdni
v ,ristovych vinach®

224

Struktura a vyska klece ovliviiovala vybrané fak-
tory bioklimatu uvnitf porostu. V nizkém porostu
Nad Kioskem byly teploty povrchu klece a povrchu
pudy podobné teploté vzduchu. Naopak ve vy$sim
porostu se vzprimenéj$im vzristem, avsak se srov-
natelnou pokryvnosti (kolem 70 %) byl teplotni gra-
dient velmi vyrazny — od pramérné teploty vzduchu
nad porostem po teplotu o témér 50 % niz$i na dné
porostu. Oproti tomu na volné, nezastinéné plose
vramciozareného ,,okna“byly zméreny teploty o vice
nez 100 % vys$$i nez prumérné teploty vzduchu. To
potvrzuje vyznamny vliv tohoto typu rostlinného
krytu na teplotni rezim.

Také propustnost zareni rdznymi typy porosti
zavisela na prostorovém usporadani vétvi. Mini-
malni propustnost porosti klece ¢inila 3 az 2 % za-
feni dopadajictho na volnou plochu, coz je kriticka
hodnota témér pro vSechny cévnaté druhy rostlin.
Primérné hodnoty od 8 do 11 % predstavovaly pro
kle¢ jiz dysfoticky prostor. Minimalni pozadavek
této svétlobytné dreviny se ukazal kolem 12% rela-
tivni ozérenosti. Podminky od 6 az 12% propustnos-
ti zareni jsou pritom vhodné pro kli¢eni, vzchdzeni
a prosperitu vétsiny lesnich stromi v ¢asnych fazich
jejich ontogenie.

Za priznivych abiotickych podminek, které umoz-
nuji vhodny vzrist a zapoj (vertikalni typ o vysce
kolem 1,5-2 m a pokryvnosti do 70 %) mohou
klecové porosty plnit funkci temperovani klimatu
v prizemnich vrstvach vzduchu, byt dobrou ochra-
nou pro kli¢ni rostliny, nélety i nové vysazené druhy
drevin. Témto dfevindm se zde dari lépe nez na ote-
vrenych plochach, coz je vyhodné v horskych pod-
minkdach. Jak bylo zjisténo, jde o obecnou vlastnost
klece. Také v méstskych vysadbach tohoto odolné-
ho a zéroven okrasného druhu se uchycuji néletové
dreviny; ty se vSak musi pribézné odstranovat.
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Z vysledku vyplyvd, Ze soucasné porosty klece na
devastovanych vrcholovych partiich Orlickych hor
maji své opodstatnéni. Jejich budoucnost bude zavi-
set na $ifeni a prosperité druhd ptivodniho horského
zapojeného lesa. Kle¢ jako dfevina vysoce naro¢na

na ozarenost by mohla byt postupnym zastinova-
nim samovolné potlacena. Ukazku predpokladané-
ho procesu lze vidét ve 130leté zanikajici vysadbé
klece v blizkych Sovich horach v Polsku (lokalita
Lesni unikat), do niz vristd smrk a jerab.
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