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Abstract: Silver fir used to be one of the most important tree species in the Czech forests until the 19®
century. Large scale clearcuts, which nowadays occur after the salvage logging of Norway spruce due to
wind of bark-beetle attacks are unfavourable for the artificial regeneration of a fir. Growth of silver fir and
three pioneer species was studied during first three years in a nurse crop system established after forest dis-
turbance events. Five-years-old containerized silver fir seedlings were planted in autumn 2014 with silver
birch, alder or aspen with and without nurse crops (control plot) on two localities (Tornddo and Rakovec).
The Tornddo site represents natural conditions of Central European forest (Fageta typica) type on a haplic
cambisols and favourable soil water regime, while Rakovec site a Querco-Abietetum forest type on a haplic
stagnosols, which was periodically waterlogged. Silver fir grew best in admixture with silver birch which
significantly promoted the height increment of the firs on both localities and improved the fir survival rate
at one of the sites. The lower mortality and faster growth of both silver fir and pioneers were observed on
Tornado site where 92% and 100% of the silver fir trees survived under the birch and aspen cover, respec-
tively, while 93% of planted firs survived in the open area. Only 93% and 67% of silver firs survived on the
Rakovec site with same two pioneer species, respectively and 73% in the open area. After three years the
highest height increment of silver fir was observed under silver birch, where trees were by 20 cm and 11 cm
taller at Tornddo and Rakovec sites, than on the control plots, respectively. Aspen and alder had no significant
effect on the height increment of a silver fir at any of the study sites. The shelter of nurse crops had no
effect on the air temperature. The artificial regeneration of a climax silver fir and a pioneer silver birch was
beneficial on Tornddo sites. On the other hand, there should be a delay between the regeneration of silver
birch and underplanting of fir on the waterlogged sites.
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Introduction

Global climatic changes, new scientific knowledge
and human needs lead to changes in forest manage-
ment and tree species composition (Schelhaas, 2008;
Cermak & Holuga, 2011; Hldsny et al., 2014; Brang
et al.,, 2014). In the conditions of Central Europe,
forest management is concerned with the transfor-
mation of Norway spruce (Picea abies (L.) H. Karst.)
monocultures into more diverse forests structure
with close-to nature tree species composition (Fan-
ta, 1997; Spiecker et al., 2004). The transformation
of existing forests is realized using a range of silvi-
cultural treatments: thinning, shelterwood methods,
underplanting or supported advanced regeneration,
to name a few (Cameron et al., 2001; Pommeren-
ing, 2006; Schiitz, 2011; O’Hara, 2014). The trans-
formation process based on pioneer species and a
succession processes is recommended on bare land
(afforestation) or in areas affected by large distur-
bances. At the same time, the wider use of pioneer
species as a first step of the forest regeneration pro-
cess is considered as a close-to nature regeneration
method (Pommerening & Murphy, 2004; Martinik et
al., 2014).

The pioneer species are better adapted to inhab-
it large disturbance areas and bare lands without
shelter; they grow fast and their life is rather short
(Brzeziecki & Kienast, 1994; Ellenberg, 2009). As
a consequence of their short life, the combination
with climax tree species may provide better possi-
bilities to establish more diverse and consequently
more stable forests during forest regeneration. The
regeneration method combining the pioneer and cli-
max species is called ‘nurse crop’ (Seitschek, 1991;
Pommerening & Murphy, 2004), where climax spe-
cies are introduced later or at the same time with
pioneer species. The method is used for a wide range
of species. As the pioneer species, the most common-
ly used are birch (Betula pendula Roth.), alder (Alnus
glutinosa (L.) Gaertn.) or aspen (Populus tremula L.).
Sesile oak (Quercus petraea (Matt) Liebl.), European
beech (Fagus sylvatica L.), and silver fir (Abies alba
Mill.) are the considered climax species in the region
of Central Europe (Seitschek, 1991; Unselt & Bau-
hus, 2012).

Silver fir (Abies alba Mill.) was an important species
in Central European forests, but its proportion de-
creased during the 20" century (Korpel & Ving, 1965;
Malek, 1983; Spiecker et al., 2004; Dobrowolska et
al., 2017). During the 18" and 19* centuries, regen-
eration of silver fir has been promoted due to massive
used of beech wood for the charcoal burning, forest
litter collection, and cattle grazing. Later, the propor-
tion of fir decreased, often due to unsuitable forest
management, overbrowsing and air pollution (Elling
et al., 2009; Vrska et al., 2009; Dobrowolska et al.,

2017). Although the natural composition (share of
total forest area) of silver fir in the Czech Republic
used to be more than 20% (Kantor, 2001; Sindeldt &
Frydl, 2005), today it is only 1% (Zprdva, 2016).

As a native, shade tolerant, deeply rooting and
highly productive species, fir is considered a prospec-
tive and economically valuable species in the Cen-
tral Europe (Dobrowolska et al., 2017; Kacdlek et
al., 2017; Beljan et al., 2018). It is relatively drought
tolerant which is an important characteristics in per-
spective of the climatic change (Hldsny et al., 2011;
Gazol & Camarero, 2016). Appropriate management
of mixture of silver fir with beech is, however, a ques-
tion which is discussed in the current silviculture
(Cater & Levani¢, 2013; Cater et al., 2014).

In most areas, mature seed trees are missing,
therefore the artificial regeneration is the only feasi-
ble method to preserve and increase its share in the
tree species composition (Vanék & Mauer, 2014).
Due to the sensitivity of the silver fir to climatic con-
ditions, the suggested artificial regeneration meth-
od is underplanting or planting in small gaps (Ko-
rpel & Vins, 1965). In large clearing areas without
shelter, the regeneration of silver fir is conducted via
preparatory stands (Hurt & Mauer, 2016). Fencing
is necessary to eliminate high pressure of game (i.e.
grazing), which is often limiting factor for its suc-
cessful regeneration (Korpel & Vins, 1965; Martinik
& Dusek, 2015; Motta, 1996; Senn & Suter, 2003).
The planting of fir under existing preparatory stands
is preferred, however the simultaneous regeneration
of silver fir and pioneer species is also possible (Pom-
merening & Murphy, 2004).

The working hypothesis of this study was that
early shelter of pioneer species as a nurse crop may
provide suitable conditions for survival and growth
of planted silver fir in the early stage of forest re-
generation. The specific aim of this study was: a) to
compare the survival rate and early height growth
of planted fir with other pioneer tree species on dif-
ferent sites; b) to analyse differences in survival and
growth of planted silver fir, together with different
species — birch, aspen, (alder) and sites without pio-
neer species (mono-specific control plots) and c) to
compare the microclimate (specifically air tempera-
ture) between a clearing and the understorey of the
nurse crops.

Material and methods

Two experimental sites Tornddo and Rakovec were
selected for the study (Table 1). Experimental plots
at both sites were established after windthrow calam-
ities, which came in the 2013 vegetation season. The
mature stands in both cases were old conifer, pre-
dominantly Norway spruce stands. Clearings of the
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Table 1. Characteristics of Tornddo and Rakovec experiment
sites (Klimatickd zména, 2018)

Rakovec

49°19'31.210"N
16°47'21.755"E

Tornddo

50°5'11.072"N
17°39'46.196"E

Coordinates GPS

Altitude [m] a.s.1 450 450
Mean temperature [°C] 7.1-9.0 7.1-9.0
Precipitation [mm)] 601-700 551-650

Soil type haplic cambisol  haplic stagnosol

size of 15 ha in case of Tornddo and 1.5 ha in case of
Rakovec occurred after wind calamities at both sites,
as all trees were removed and only stumps were left
in the areas affected by disturbances.

Although the climatic conditions were similar,
there were differences between the sites in forest
type and in the soil conditions (Table 1). The po-
tential vegetation at Tornddo was Fageta typica and
at Rakovec site Querco-Abietetum (Zlatnik, 1976; El-
lenberg, 2009). According to the definition of IUSS
(2014), the soil type at Tornddo was a haplic camb-
isol with favourable moisture regime, while at the
Rakovec site the haplic stagnosol with periodic in-
fluence of water. According to forest type classifica-
tion more favourable conditions regarding nutrient
availabilities and soil aeration are expected within
Tornddo site (Viewegh et al., 2003; Ellenberg, 2009).
The differences in soil condition between sites lead
to a change in grass-herbal vegetation. In Rakovec,
Calamagrostis epigejos (L.) Roth. was the completely
dominating grass species. A lower herb cover was
observed in Tornddo, where the dominant species
was Rubus spp.

Four sub-plots were established within Rakovec
and three within Tornddo sites in autumn 2014. The
sub-plots included nurse crops of the pioneer spe-
cies with silver fir planted at the same time and mo-
no-specific (control) sub-plots, with silver fir artifi-
cially regenerated without the shelter of the pioneer
species. Three species of nurse crop were used on
various sub-plots: silver birch (Birch), aspen poplar
(Aspen) and black alder (Alder); the last one was
planted only in Rakovec. To indicate the sub-plots,
the index I was used for Tornddo (Birch I, Aspen
I, Control I) and the index II for Rakovec (Birch II,
Aspen II, Alder II, Control II). The sub-plots were
square shaped with an edge length of 20 m. The
buffer distances between two sub-plots were two or
three meters. All sub-plots were fenced immediately
after planting.

The seedlings were planted (hole planting meth-
od) before the beginning of the growing season in
spring 2015. The seedlings of all planted pioneer
species on the respective sub-plots were similar in
height, ranging between 70-120 c¢m in various spe-
cies. The seedlings of silver fir were the same in terms
of origin (Hercynian region) and characteristics for
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Fig. 1. Nurse crops design used in sub-plots. Row to row
and plots to plants distance between two pioneers and
two silver fir were the same - 2 m

x — Pioneer species (Birch, Aspen, Alder).

o — Silver fir.

all sub-plots. Containerized silver fir seedlings were
5 years old with their height ranging from 15-25 cm.

The row-to-row and also plant-to-plant distances
between the individual pioneer (X) and silver fir (o)
trees were 2 m in every case (Fig. 1). The spacing of
silver fir in the mono-specific sub-plots was 2x1 m.
Stand density remained constant during the observed
period because the trees that had died were replaced
and were not included in the analyses. To protect the
seedlings against ground vegetation, manual individ-
ual mulching was practiced on all plots.

The inventory and measurement of seedlings were
performed at the end of each growing seasons (2015,
2016 and 2017). The number of measured seedlings
within sub-plots ranged between 47-84 in silver firs
and between 56-112 in pioneer species. The bound-
ary trees were neglected and were not measured. For
each sub-plot, the seedling survival rate (SR) was
calculated according to the formula: SR = (number
of living seedlings/number of planted seedlings in
2014) x 100.

At the same time, the height and annual height
increment of silver fir, and height of pioneer species
was measured.

Air temperature was measured at both plots — on
the Control I and II sub-plots, under the birch un-
derstory on Tornddo (Birch I) and under the aspen on
Rakovec (Aspen II) at a height of 50 cm above the soil.
The Minikin TH which is a combined temperature
and humidity sensor with built-in datalogger (EMS
Brno, Czech Republic) was used (with its radiation
shelter). Data were measured from 1 February 2016
until 31 December 2017, every 10 minutes and
60-minute means were stored in the memory of a
datalogger.
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Data analyses

120
1

Two-way analysis of variance (ANOVA) was used i
to detect significant differences in height growth of 3 o
the seedlings between site (plots) and treatments 3 '
(sub-plots, various nurse crops). Differences be-
tween all the means were evaluated by Tukey’s test.
Significant differences between the same pioneer
species on the two plots (I, II) were analysed using
t-tests according to the data distribution. All data
analyses were conducted in R (version 3.4.2, R Core
Team 2017, Vienna, Austria).
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Fig. 2. Height of silver fir on Tornddo (Treatments — I) and
Rakovec (Treatments — II) sites 3 years after planting

Results

Silver fir height growth was achieved under the cover of the

silver birch, on both sites. After the three years the
silver fir was taller under the birch than on control
sub-plots by 20 cm and 11 cm at Tornddo and Rako-
vec sites, respectively. Silver fir admixed with other
pioneer tree species did not significantly differ nei-

High SR of silver fir was found in all sub-plots of
Tornddo and a low SR in most of the sub-plots of Rak-
ovec. Only in the case of the sub-plot Birch II, the SR
of silver fir was similar to that in sub-plot Birch I

(92% and 93%; see Table 2).
Both site and the nurse crop affected the height
growth increment of silver fir (Table 3; Fig. 2). Best

Table 2. Survival rate of selected tree species within sub-
plots at Tornddo and Rakovec sites after three growing
seasons

Survival rate (%)

ther from the control plot nor from the silver birch
plot (with the exception of Aspen I) after three year
of the experiment, even though they were taller
than on the control. Differences in height growth
occurred already from the first year after planting.
After the first year, the height of silver fir growing
in Birch I and Aspen I was significantly higher than
that on Control I. On Rakovec sites, after the first

Sub-plots Tornddo Rakovec growing season, the height of silver fir was com-

2015 2016 2017 2015 2016 2017 parable to the silver fir planted in Control I only

Silver fir in sub-plots Alder and Birch. In Tornddo, also after

Control 100 97.1 971 955 841 727 the second growing season, there were differences

Birch 100 986 91.8 100 929  92.9 detected in the height of the silver fir growing under

Aspen 100 100 100 845 738 679 the shelter of the nurse crops and in the Control
Alder X X X 100 95.7 87.2 sub-plot‘

Pioneer species The silver fir trees grew better at Tornddo than at

Birch 100 87.8 85 96.6 39.7  36.2 Rakovec site. The trees on Rakovec site were shorter

Aspen 93.9 919 89 92.6 851  66.1 than in Tornddo by 30 cm on the control plot and

Alder X X X 97.2 972 95.8

by 39 cm under the birch after the three years. The

Table 3. Mean height of pioneer species and silver fir seedlings outplanted on the sub-plots of Tornddo and Rakovec plots at

the end of each of the three growing seasons

Height (cm)

Sub-plots Tornddo Rakovec
2015 2016 2017 2015 2016 2017
Seedlings of pioneer species
Birch 140.7 +£30.0a 251.9 =44.1a 348.1 £55.1a 125.6 =20.1b 128.2 £35.7b 158.2 +48.6b
Aspen 117.4 =25.2a 186.4 +63.8a 223.1 *76.4a 93.5 +27.2b 109.2 +£27.5b 117.0 £33.2b
Alder X X X 108.3 =18.8 171.4 £34.7 234.7 £49.2
Seedlings of silver fir

Control 21.6a 36.5a 49.9a —4.2d —20.8¢ —29.7¢
Birch +5.5b +9.9b +19.6b +0.5a —10.5d —19.0d
Aspen +4.9¢ +5.2b +7.9a —3.1e —18.1c —27.2cd
Alder X X X +0.7a —12.1de —21.2cd

Values marked with different letters are significantly different.
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differences in height growth of silver fir seedlings
were supported by the magnitude and trend of the
annual increments of these species. The progressive
increase in the annual increment of fir in Tornddo
was in the contrary to the stable and low incre-
ment of the planted fir seedlings detected in Rakovec

(Fig. 3).
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The survival rate (SR) of nurse crop varied be-
tween the sites and the species of a nurse crop. The
lowest survival rate of pioneer species at the end of
the third year after planting (Table 2) was in Rakovec
site, where it was 66% for aspen and only 36% for
birch. The SR of the nurse trees at Tornddo site was
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Fig. 3. Height increment of silver fir on Tornddo (I) and Rakovec (II) sites without any nurse crops (Control) and in mixture

with various nurse crops during observed period
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Fig. 4. Minimal (lower lines), maximal (upper lines) and average (middle lines) monthly mean temperatures at Rakovec
site (upper panel) and Tornddo site (lower panel). Red: open plots, green: understorey of aspen and birch, respectively
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over 85% for both species. The highest SR (96%)
was found for alder, which was planted only in Rako-
vec. Also, this results revealed that conditions of the
Rakovec site was not optimal for artificial regenera-
tion (planting) of birch and aspen.

The differences in the heights of the pioneer
species between Tornddo and Rakovec were obvious
and significant during all three years (Table 3). At
the end of the third vegetation season, the average
birch in Tornddo was by 190 cm taller than in Rak-
ovec (p<0.0001). In the case of aspen, these differ-
ences were smaller: in average 106 cm (p<0.0001).
Although the heights of birch and aspen seedlings
at the time of planting were similar, birch overgrew
aspen by 125 cm in Tornddo and by 41 cm in Rakovec
during the observed periods (Table 3).

Microclimate

The mean air temperatures in the two years 2016-
2017 at the Tornddo sub-plots were 9.1 and 9.0°C at
the open (Control I) plot and under the birch (Birch
I), respectively (Fig. 4). The mean air temperatures
at the Rakovec sub-plots for the same period were 7.5
and 7.2°C at the open sub-plot (Control II) and un-
der the aspen (Aspen II), respectively. The minimum
air temperatures at the Tornddo site were —19.4 and
—18.5°C at Control I and under birch (Birch I), re-
spectively. The minimum air temperatures at Rako-
vec for the same period were —22.6 and —23.8°C at
Control II and under aspen (Aspen II), respectively.
The maximum air temperatures at the Tornddo sub-
plots were 34.9 and 35.4°C at Control I and under
birch (Birch I), respectively. The maximum air tem-
peratures at Rakovec for the same period were 36.3
and 36.7°C at Control II and under aspen (Aspen II),
respectively. Neither of the shelters was able to mit-
igate the effect of late frost. The minimum temper-
ature in May occurred on 10" May 2017. The mini-
mum air temperatures at the Tornddo sub-plot were
—2.3 and —2.7°C at Control I and under birch (Birch
I), respectively. The minimum air temperatures at
the Rakovec sub-plot for the same period were -7.2
and —8.8°C at Control II and under aspen (Aspen II),
respectively.

Discussion

Survival rate of the planted silver fir under the
nurse crops of various tree species at two different
localities was affected both by the conditions at a
specific locality and by the nurse crop. The effect
of locality on the survival of a silver fir might be a
result of different soil and microclimate conditions.
Even though the silver fir was an important compo-
nent of native forest in the region of both Tornddo

and Rakovec research sites, the potential vegetation
on Tornddo (Fageta typica) and Rakovec (Querco-Abie-
tetum) assume different proportions of this species
in native forest (Zlatnik, 1976; Ellenberg, 2009).
In a natural species composition, there used to be
a higher share of silver fir at Rakovec than at Tornd-
do sites. Our results suggest that planted silver fir
showed lower mortality and faster growth at Tornddo,
which represented the site with favourable water soil
regime compared to Rakovec plots, which was period-
ically naturally influenced by water in the soil. Both
experimental sites were established in clearings after
the wind calamity events. Conditions on a clearing
completely differ from the ones below forest stands
(Poleno & Vacek, 2007). Differences in soil moisture
under a forest canopy and in the open are larger and
also more dangerous for regeneration in conditions
similar to Rakovec after the removal of an old tran-
spiring forest (Pliva & Priisa, 1969; Dube & Plamon-
don, 1995). This should lead to a higher mortality of
planted silver fir in Rakovec compared to Tornddo site.
Even though the mortality of the silver fir was higher
in Rakovec than in Tornddo, the mortality of other spe-
cies was higher there, too.

Lower competition pressure of the determining
species for middle altitudes of Central Europe —
beech - therefore allowed for higher proportion of
silver fir at Querceto-Abietum sites (i.e. Rakovec) (El-
lenberg, 2009). Also, lower nutrients and aeration of
soil can be expected on Rakovec plot (Viewegh et al.,
2003; Ellenberg, 2009).

Generally, conditions in the open without shelter
of mature trees are not favourable for regeneration
of shade tolerates (climax) species such as silver fir
(Korpel & Vins, 1965; Ellenberg, 2009; Cater et al.,
2014). Vanék and Mauer (2014) noticed that plant-
ing of silver fir on large clearing areas is possible, but
the vitality and growth of seedlings is lower com-
pared to those cultivated under shelter.

Presently, the dominant species in the region of
both sites is Norway spruce and the dominant silvi-
culture system is clear-cutting. With ongoing global
climatic change, instability of spruce stands results
in high proportion of salvage logging and large-scale
calamity events. During the years of our experiment,
the precipitation in the Czech Republic was 79% and
95% of the long term average (1961-1990) in 2015
and 2016, respectively. The air temperatures were
higher by 1.9°C and 1.2°C than the long term average
in the years 2015 and 2016, respectively (CSU, 2018).
Changing climate contribute to increased proportion
of salvage logging which in recent years usually ex-
ceeded 50% of the total harvest (Zprava, 2016). To
improve tree vitality and forest stability, the forest
structure and silviculture systems should change
towards more resilient close-to nature management
(O’Hara & Ramage, 2013; Brang et al., 2014), such
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as multi-age or single selection systems. Predictions
of the presence and survival of silver fir in the fu-
ture changing climate at forest types on both sites
are controversial (Macias et al., 2006; Lindner et al.,
2010; Hlasny et al., 2011; Hanewinkel, 2013). Nev-
ertheless, lower drought sensitivity, higher stability
and good wood quality of silver fir can be expected
in mixed close-to nature forest structure (Korpel &
Vins, 1965; Kosuli¢, 2010; Schiitz, 2011; Gazol & Ca-
marero, 2016). To establish such mixed forest with
silver fir in conditions of clearing a nurse crops meth-
od is considered as optional solutions (Pommerening
& Murphy, 2004).

Soil conditions on Rakovec were found unfavoura-
ble also for artificial regeneration of pioneer species
of birch and aspen. To increase the success of artifi-
cial regeneration on this kind of site conditions, soil
preparation before planting is often recommended
(Karlsson, 2002). Deep soil preparation leads to re-
tardation of weed development but brings along an
increase in regeneration costs. Contrary to Rakovec,
the site conditions at Tornddo represented conditions
that are the best for growing birch and aspen as well
(Svoboda, 1957; Worrell, 1995). The faster growth
birch at this site could be the result of older seedlings
of this species used for regeneration, although micro-
site conditions can be an important factor for growth
of young aspen seedlings as shown by the high varia-
bility in the height of this species on Tornddo.

Although the height of planted birch on Tornd-
do was between 2 and 4 m during the time of the
third year of this experiment, no positive impact of
this shelter on air temperature was detected. Winter
and summer extremes along with the temperature
dynamics below the birch shelter 0.5 m above the
ground were similar to the sub-plot without shelter.
The same situation was found in the case of Rakovec,
where the height of aspen as shelter trees was only
1.5-3 m at the same time during this experiment.
Although the effect of birch shelter on the tempera-
ture of air was not evident, the silver fir grew faster
under birch compared to those growing on the sub-
plot without the birch shelter of Tornddo. The air was
generally well mixed between the rather small forest
plots and the main difference in microclimate was
probably not in the air but in surface temperatures.
Generally, the distance from the forest edge should
be over 50 meters to overcome the effect of advection
on air temperature (Chen et al., 1999)an outsider. In
some cases, the microclimate at the forest edge or
in fragmented vegetation may be even more extreme
than at the clearing due to lower wind speeds (Chen
et al., 1993). Forest canopy is able to lower the max-
imum air temperatures by only a few degrees. For
example, a comparative study of several forest types
indicated that maximum air temperatures under the
forest canopy were usually no more than 2°C lower

than at the open plot (Von Arx et al., 2012). The
effect of the forest canopy overstory on the surface
or soil temperature is greater. The difference in sur-
face soil temperature between the clearing and for-
est floor frequently reaches over 10°C (Chen et al.,
1999)an outsider. Similar to that of the soil, the sur-
face temperature of the leaves exposed to the direct
sun is frequently more than 10°C higher than that
of the leaves in the shade (Jones, 2002). High leaf
temperature may negatively impact the photosynthe-
sis (Day, 2000; Urban et al., 2017). Together with
increased air humidity, the low leaf temperature low-
ers the vapor pressure difference between leaf and
air, and therefore also the evapotranspiration from
the sapling in the understorey. Diffuse radiation in
the understory enhances light-use efficiency for pho-
tosynthesis when compared to direct sun radiation
at the clearing (Urban et al., 2007). Maintaining the
correct light intensity is the most important issue in
the underplanting of a silver fir and other tree species
and the light intensity is the most important factor
limiting their growth (Robakowski et al., 2004; Do-
browolska, 2006). Also, the nurse effect of birch on
silver fir seedlings as a result of the ectomycorrhizal
wood-wide-web can be expected (Van Der Heijden &
Marcel, 2004; Simard & Durall, 2004).

Most of the silver fir seedlings growing under the
birch shelter on Tornddo sites can be left without pro-
tection against the weed from now on and also pro-
tection against browsing is limited. Fast growth of
silver fir seedlings in clearing areas is economically
profitable due to lower regeneration costs. Also, pi-
oneer species from nurse crop regeneration methods
can provide some economic profit (Stark et al., 2015;
Unselt & Bauhus, 2012). At the same time, the nurse
crop methods mimic the natural processes (Oliver
& Larson, 1990) and can be acceptable in terms of
forest ecology (Pommerening & Murphy, 2004). The
average faster growth of silver fir under birch shelter
on Tornddo was accompanied by the high variability
in the height of the fir seedlings. This is a good pre-
sumption for the creation of a rich vertical structure
of the future forest, which is so important for silver
fir (Korpel & Vins, 1965; Schiitz, 2011).

The difference in the results of the experiments
conducted on Tornddo and Rakovec lead to different
regeneration methods depending on the site condi-
tions. At sites with a normal soil moisture regime
(as in the case of Tornddo), the regeneration of pio-
neers and silver fir (climax species) is suitable for
sustainable forest management. In the case of peri-
odic influence of the amount of water in the soil (i.e.
Rakovec), the regeneration of silver fir should be de-
layed until the pioneers improve conditions for silver
fir regeneration. According to our results this should
not happen before the pioneer species are more than
4 m tall.
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