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Abstract

Martiník A., Adamec Z., Houška J. (2017): Production and soil restoration effect of pioneer tree species in a 
region of allochthonous Norway spruce dieback. J. For. Sci., 63: 34–44.

The paper analyses the growth, structure, production and soil chemistry of different tree species stands 20 years after 
allochthonous spruce dieback. The experiment was carried out at lower altitudes (300 m a.s.l.) at rich sites of the 
Central Europe region. Norway spruce (Picea abies Linnaeus) and beech (Fagus sylvatica Linnaeus) stands established 
by artificial regeneration were compared with silver birch (Betula pendula Roth), aspen (Populus tremula Linnaeus) 
and birch-aspen stands, which were regenerated naturally. Spruce stands showed a decrease of site index (site index 3), 
compared with the previous generation (site index 2). This leads to an expected lower production at the age of 100 
years, compared to mature beech stands, which showed a site index of 1. The highest production (tree overbark vol-
ume) was found out in the aspen stand – 294 m3·ha–1. The production (tree overbark volume) of other monoculture 
stands was comparable and reached 201–222 m3·ha–1. Most of the soil chemical characteristics under the compared 
stands (Ca and Mg content, Al content and active and potential soil reaction) were significantly better under aspen 
and decreased in the following trend: birch – beech – spruce.

Keywords: forest transformation; regeneration methods; birch; aspen; wood production; soil chemistry

Pioneer tree species which are creating the pre-
paratory stands (i.e. the initial stage of stand de-
velopment) are an important part of forest dy-
namics after disturbances (Oliver, Larson 1990; 
Brzeziecki, Kienast 1994). The role of these spe-
cies in forest management of Central and Western 
Europe was influenced by the traditional “German 
forest school” (Fanta 1997; Sands 2005). Pioneer 
species were systematically eliminated in forest 

stands because they were considered competitors 
of spruce and pine trees till the end of the 20th cen-
tury (Kenk, Guehne 2001; Spiecker et al. 2004). 
It was only after great disasters that the interest in 
these species increased (Pommering, Murphy 
2004; Schelhaas 2008; Tesař et al. 2011). Tree 
species like birch (Betula pendula Roth, Betula 
pubescens Ehrhart) or rowan (Sorbus aucuparia 
Linnaeus) are recommended for their non-produc-
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tion function in the region of Central Europe (Po-
drázský 1995; Fanta 1997; Kula 2011).

The dieback of allochthonous Norway spruce 
(Picea abies Linnaeus) stands has continued in 
many regions of lower altitudes of Central and 
Western Europe until today (Schmidt-Vogt 1989; 
Schulze 1989; Holuša 2004; Spiecker et al. 
2004). Many reasons for this dieback have been dis-
cussed, such as drought, nutrient availability, fungi, 
bark beetle and also emissions (Cape et al. 1990; 
Oszlanyi 1997; Grabařová, Martinková 2001; 
Jankovský 2003; Hlásny, Sitková 2010). One 
of the most affected regions in the Czech Repub-
lic is the Sudetes Mountains and North Moravia 
(Holuša, Liška 2002; Main-Knorn et al. 2009; 
Šrámek et al. 2015).

There is an interest in the economic and ecologic 
qualification of regeneration methods and selec-
tion of the species composition after the dieback 
of these allochthonous spruce stands (Kulla, Še-
beň 2012). Succession and pioneer species pro-
vided many possibilities to establish a new forest 
(Fischer et al. 2002; Jonášová, Prach 2004; 
Huth, Wagner 2006; Bose et al. 2014). In addi-
tion, pioneer species enhance species richness, in-
crease forest resistance and provide a suitable envi-
ronment for the preservation of sites (Fanta 1997; 
Čermák, Holuša 2011).

In the boreal region of Europe the pioneer species 
are also interesting for the forest economics (Val-
konen, Valsta 2001; Repola 2008; Hynynen et 
al. 2010), while in the region of Central and West-
ern Europe, their production and economic evalu-
ation is taken into account only scarcely (Jirgle, 
Tichý 1981; Slodičák et al. 2008; Stark et al. 
2015). However, the use of pioneer tree species as 
nurse crops, short rotation coppice for biomass 
production (Vande Walle et al. 2007; Stark et al. 
2013) and the selection of trees providing a high 
quality of timber are discussed (Buriánek 1993; 
Kula 2011).

One of the most important aspects of forest yield 
sustainability is preservation of soil fertility and 
favourable site conditions (Assmann 1970; Šály 
1978; Poleno, Vacek 2006). Species composi-
tion should influence soil acidification and nutrient 
availability (Alban 1982; Augusto et al. 1998; Po-
drázský, Remeš 2010). For example, spruce culti-
vation at the lower altitudes of beech zones increas-
es acidification (Kulhavý, Klimo 1997; Tesař et 
al. 2004), while the presence of broadleaf species 
should reduce acidification and increase nutrient 
availability in sites of allochthonous spruce stands 
(Lesná, Kulhavý 2003).

Objectives of this study were the following: (i) to 
compare the growth, structure, and production of 
stands, differing in the species composition, estab-
lished and regenerated after the spruce stand die-
back 20 years ago, (ii) to compare the soil chemical 
properties of the same forest stands, (iii) to define 
an optimal time scale of pioneer successions as the 
first step towards natural forest regeneration under 
the evaluated conditions.

Material and methods

Site description. The experimental area lo-
cated in North Moravia, the northeastern part of 
the Czech Republic (GPS 9°51'N, 18°5'E; 300 to  
350 m a.s.l.), belongs to the lower part of the 
Sudetes Mts. The 25-year (1990–2015) average 
temperature was 9.3°C and the annual precipita-
tion was 713 mm. The potential vegetation there 
is lime-rich oak-hornbeam woodland (Neuhäu- 
slová et al. 1998). Norway spruce was a dominant 
commercial species in this region throughout the 
20th century. The second- or third-generation al-
lochthonous spruce stands showed massive die-
back at the end of the last century (Holuša 2004; 
Main-Knorn et al. 2009).

The experiment was carried out in a stand estab-
lished in a 50–70-year-old 4 ha prevailing spruce 
monoculture which declined after 1994 and was 
regenerated at the same time.

Experimental design. Five forest stands, differ-
ing in tree species composition, were the subject of 
our research:
(i)	� spruce monoculture established by planting with 

1.3 × 1.4 m spacing;
(ii) 	�beech monoculture established by planting with 

1.0 × 1.0 m spacing;
(iii)	�birch dominated stands that originated from 

succession;
(iv)	�aspen dominated stands that originated from 

succession;
(v) 	�mixed stands composed of birch and aspen 

established by succession.
The area of each forest stand was approximately 

0.20 ha and was of rectangular shape. The average 
age of all stands throughout the measurement pe-
riod performed in 2014 was 20 years.

Growth, structure and production. In order to 
find the stand variability and reduce the edge ef-
fect, three circular sample plots of 0.01 ha in size 
were established in the middle of each stand. DBH 
was measured on all trees higher than 2 m (h > 
2 m). Tree basal area was calculated from DBH. 
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Stand basal area per hectare was calculated as a 
sum of basal areas of all trees. Within each stand, 
the heights of 15 trees at least were measured with 
a Haglöf Electronic Clinometer (Haglöf Sweden 
AB, Sweden) to get a representative dominant tree 
height and to model the height-diameter relation-
ship according to the model defined by Michail-
off (1943), as Eq. 1:

DBH1.3 expˆ i

b

ih a
 
 
    � (1)

where:
ĥi	 – fitted height of a tree i,
a, b	 – model parameters,
DBHi	 – diameter at breast height of a tree i.

For each stand the tree species composition was 
calculated according to the stem number, stand 
basal area and volume of large wood. The canopy 
was estimated for each stand. Tree density was cal-
culated for all trees and for living trees respectively. 
Tree density was also calculated separately for trees 
with DBH larger than 7 cm (Table 1).

Soil chemical characteristics. For each of the 
three 0.01 ha stand plots, soil samples of organic 
(O) and organomineral horizon (A) were collected. 
Samples were analysed for chemical and physico-
chemical characteristics. The humus form and lay-
er thicknesses were also recorded.

All samples were analysed for active and potential 
soil reaction (pH/H2O and pH/KCl respectively), 
exchangeable nutrients: K, Mg, Na, Fe and Al ac-
cording to Gillman (ISO 11260, solution in BaCl2); 
K and Na were determined by atomic emission 
spectrometry; Ca, Mg, Al, Fe and Mn by atomic 
absorption spectrometry. H+ was assessed by dual 
pH measurement according to Adams and Evans 
(1990). Values of cation exchange capacity (CEC) 
were estimated by the summation method of par-
ticular elements (Eq. 2):

CEC ExchAc BC  � (2)

where:
ExchAc	– exchangeable acidity (Al + Fe + Mn + H+),
BC	 – sum of base cations (Ca, Mg, Na, K).

Base saturation (BS) was calculated according to 
Eq. 3:

BCBS 100
CEC

  � (3)

Total nitrogen (Ntot) was determined by titra-
tion after distillation (wet mineralization using 
H2SO4·H2O2) (Zbíral et al. 2011). Oxidizable car-
bon (Cox) was determined by the photometrical 

approach after oxidation, using a chromosulphuric 
mixture (Zbíral et al. 2011).

Data analysis. The tree overbark volume (volume 
of whole tree) and the volume of large wood (> 7 cm 
diameter overbark) were assessed according to the 
volume equations defined by Petráš and Pajtík 
(1991). The minimal DBH which was used for the 
volume equation was 5 cm. The mean diameter was 
calculated from the mean tree volume. The mean 
height of the tree was calculated using the height-
diameter model of each stand. The prediction of 
the development of stand volume (m3·ha–1) and 
mean volume increment (m3·ha–1·yr–1) of different 
stands (species) was assessed according to Černý 
et al. (1996) and Černý and Pařez (1998).

Compared were the mean values of the volume of 
large wood and the tree overbark volume between 
stands using the Kruskal-Wallis test.

The same type of test was used for the compari-
son of the mean values of the soil parameters [i.e. 
Ca, Mg, K, Na, Fe, Al, pH (KCl), pH (H2O), CEC, 
Cox, Ntot, C/N ratio and BS]. The significance level 
of analyses of all data was α = 0.05. Statistically ho-
mogeneous groups of stands are designated by the 
same letter (as superscript) in the result tables.

Results

Growth, structure and production

The tree composition of spruce monocultures 
was strongly influenced by succession, as new trees 
regenerated in gaps after spruce dieback (Table 2). 
Most of the naturally regenerated species outgrew 
spruce in height, DBH and tree volume. The height 
structure of spruce is highly variable; the maximum 
height of spruce was 14 m, however the mean height 
was only 10 m (Fig. 1). The site index (mean height 
at the age of 100 years) (Černý et al. 1996) of this 
species is 30 m. Spruce monocultures showed the 
highest stand basal area per hectare (Table 3). The 
tree overbark volume and volume of large wood 
were similar to those of beech and birch monocul-
tures (Table 3). Spruce production was influenced 
by the admixture of other species (Table 2).

Only beech monoculture was pure without the 
natural regeneration of other species (Table 2), as a 
result of intensive past forest management (which 
was also the only one protected against browsing 
by fencing), and good growth of beech. The mean 
height of beech was approximately 12 m and the 
highest trees reached 14 m (Fig. 1). The site in-
dex of beech on comparable sites reaches 34 m, 
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although the high initial tree density exhibits the 
lowest stand basal area per hectare compared to 
other stands (Table 3). The beech stand shows the 
lowest volume of large wood (125.50 m3).

The birch monoculture exhibited the lowest total 
(h > 2 m) tree density, although the number of trees 
(DBH > 7 cm) was similar to stands established by 
natural regeneration (Table 1). A lower tree density 
and open canopy were probably the result of weak 
natural regeneration, consequent bigger mean diam-
eter, and a reduction in the stand basal area per hect-
are (Table 3). The maximum height of 16.5 m and the 
mean height of 14 m indicated a site index of 28 m. 
The volume of the birch stand exceeds that in the 
yield tables according to Černý and Pařez (1998).

The highest total tree density of individuals was 
found in the aspen dominated stand (Table 1) with 
a high share of dead trees and trees with smaller 
diameter than 7 cm (Table 1). Although the num-

ber of alder, rowan, hornbeam, oak, birch and other 
trees was high, their share of the stand basal area 
per hectare and volume was only 12 and 1%, re-
spectively (Table 2). The height of dominant aspens 
reached 22 m and the mean height 20 m (Fig. 1). 
The site index was 30 m (Černý, Pařez 1998). The 
stand basal area per hectare was comparable to that 
of spruce (Table 3). The tree overbark volume and 
volume of large wood were about 100 m3 higher 
than in spruce (Table 3).

The total tree density of mixture was different be-
tween that of birch and aspen (Table 3) but the den-
sity of the trees (DBH > 7 cm) was (like in aspen) 
very low (Table 1). The dominant heights of aspen 
and birch were comparable, and were 20 m (Fig. 1).  
The mean height of aspen was 1.5 m lower than 
in birch and the mean height of birch was 0.5 m  
higher than in the birch monoculture. The share of 
birch and aspen in terms of volume was 53.5 and 

Table 2. Tree species composition of analysed stands according to stem number (a), stand basal area (b), and volume 
of large wood (c)

Stand Criterion
Tree species composition (% ± SE)

spruce beech birch aspen other conifers  
(larch, pine)

other broadleaves (rowan, alder, 
shrubs, hornbeam, willow, oak)

Spruce
a 68.8 ± 1.8 – 12.7 ± 0.6 3.1 ± 1.6 9.5 ± 1.6 5.9 ± 2.4
b 56.2 ± 5.8 – 18.6 ± 6.2 8.9 ± 3.7 14.0 ± 3.0 2.2 ± 0.3
c 42.1 ± 7.2 – 23.6 ± 10.4 17.7 ± 6.8 15.1 ± 3.7 4.5 ± 0.7

Beech
a – 100 – – – –
b – 100 – – – –
c – 100 – – – –

Birch
a 3.7 ± 2.3 – 79.8 ± 3.1 – – 16.8 ± 0.9
b 0.7 ± 0.6 – 93.1 ± 0.5 – – 6.1 ± 0.8
c 0.3 ± 0.3 – 98.8 ± 0.5 – – 0.8 ± 0.3

Aspen
a 1.5 ± 1.3 – 6.1 ± 0.9 31.3 ± 7.7 0.3 ± 0.2 60.8 ± 8.4
b 0.2 ± 0.1 – 2.9 ± 1.0 88.2 ± 2.5 – 8.8 ± 2.0
c – – 1.0 ± 0.5 98.9 ± 0.6 – 0.1 ± 0.1

Mixture
a 3.0 ± 2.4 – 53.1 ± 8.9 9.7 ± 1.3 – 34.2 ± 8.5
b 0.7 ± 0.6 – 55.1 ± 8.5 35.8 ± 7.0 – 8.4 ± 2.1
c – – 53.5 ± 8.9 46.5 ± 8.8 – –

SE – standard error, rowan – Sorbus aucuparia Linnaeus, alder – Alnus glutinosa (Linnaeus) Gaertner, hornbeam – Carpinus 
betulus Linnaeus, willow – Salix spp., oak – Quercus petraea (von Mattuschka) Lieblein

Table 1. Tree density (trees with h > 2 m) at a stand age of 20 years (mean ± standard error)

Stand Total No. of trees  
per hectare

No. of living trees  
per hectare

Total No. of trees with  
DBH > 7 cm per hectare

No. of living trees with  
DBH > 7 cm per hectare

Spruce 8,133 ± 803 5,567 ± 331 3,433 ± 136 3,133 ± 144
Beech 5,500 ± 47 5,233 ± 72 3,667 ± 136 3,667 ± 136
Birch 4,500 ± 499 4,200 ± 125 2,200 ± 125 2,167 ± 98
Aspen 10,533 ± 1,114 7,767 ± 1,344 2,533 ± 775 1,933 ± 334
Mixture 6,400 ± 772 5,300 ± 634 2,200 ± 189 1,900 ± 249

DBH – diameter at breast height
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Table 3. Mean tree species characteristics (with standard errors) for different stands for all species (a) and dominant 
species (b)

Stand Criterion DBH (cm) 10 trees with the  
highest DBH (cm)

Stand basal  
area (m2·ha–1) Canopy Volume of large  

wood (m3·ha–1)
Tree overbark  

volume (m3·ha–1)

Spruce
a 7.29 ± 2.33 16.39 ± 0.68 36.62 ± 1.39 0.9 140.17a ± 8.28 201.67a ± 0.08

b 7.29 ± 1.77 
(spruce)

12.38 ± 0.54 
(spruce)

Beech
a 7.92 ± 1.11 12.43 ± 0.27 27.82 ± 0.91 0.9 125.50a ± 8.63 222.00a ± 0.07

b 7.92 ± 1.11 
(beech)

12.43 ± 0.27 
(beech)

Birch
a 7.90 ± 2.68 16.78 ± 1.14 28.09 ± 1.06 0.7 137.47a ± 12.38 215.33a ± 0.11

b 8.79 ± 2.70 
(birch)

16.93 ± 1.00 
(birch)

Aspen
a 4.83 ± 3.13 22.09 ± 1.36 34.68 ± 2.07 1.0 246.03b ± 14.34 294.67b ± 0.18

b 12.68 ± 3.45 
(aspen)

22.09 ± 1.36 
(aspen)

Mixture

a 6.71 ± 2.78 19.89 ± 1.44 32.32 ± 0.71 1.0 176.87a ± 8.54 253.33a ± 0.03

b 7.78 ± 2.14 
(birch)

14.58 ± 0.44 
(birch)

a 15.33 ± 4.29 
(aspen)

18.40 ± 2.83 
(aspen)

b 8.79 ± 2.90 
(birch + aspen)

19.89 ± 1.44 
(birch + aspen)

DBH – diameter at breast height, the same letters (a, b as superscripts) indicate statistically homogeneous groups
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46.5%, respectively (Table 2). The DBH of both spe-
cies was lower than in the non-mixed stands (Table 3).  
The tree overbark volume and volume of large 
wood of this stand were between those of aspen 
and other stands.

All parameters of height-diameter models were 
statistically significant. The fitted parameters of 
these models are shown in Table 4.

Soil chemical characteristics

The analyses show significantly higher values of 
both active and potential soil reaction in aspen 
and mixed stands compared to all other stands in 
humus layers (O). In the case of organomineral 
A-horizons the statistically significant differenc-
es were confirmed only in aspen stands (Table 5, 
Fig. 2). The same pattern (like the soil reaction in 

A-horizon) was indicated by base elements (Ca, 
Mg, K – Table 5) and by the sum of base cations, 
which is in accordance with the CEC dynamics 
(Table 5) and base saturation (significantly high-
er for aspen forest stands) (Table 5, Fig. 3). In  
O-horizon were significantly higher values of 
base saturation in aspen, birch and mixed forest 
stands (Table 5, Fig. 3).

One could find the highest values of Al and Fe 
in litter under spruce. The second highest content 
of aluminium was found in humus under beech, 
with all other contents significantly lower. Cox had 
similar values in humus layers in all tree species 
stands, while in spruce the content was insignifi-
cantly higher. In A-horizons, Cox predominated in 
aspen. C/N ratios were the same in aspen, beech, 
birch and mixed forest stands, but higher in spruce. 
Such differentiation was even more apparent in the 
epipedon (A-horizons).

Table 4. Parameters of height-diameter models

Stand Model parameter Estimate Standard error T-value P-value

Spruce a 19.9304 3.2677 6.0992 < 0.0000
b –8.5866 1.6897 –5.0815 0.0003

Beech a 14.1739 0.6979 20.3069 < 0.0000
b –2.2364 0.3889 –2.9811 < 0.0000

Birch a 19.9086 1.3820 14.4048 < 0.0000
b –4.6299 0.5851 –7.9119 < 0.0000

Aspen a 32.0004 1.1402 28.0641 < 0.0000
b –8.1759 0.4375 –18.6866 < 0.0000

Mixture-aspen a 23.0414 1.0119 22.7699 < 0.0000
b –5.6594 0.6291 –8.9958 < 0.0000

Mixture-birch a 22.9296 1.9411 11.8126 < 0.0000
b –5.2547 0.8392 –6.2611 < 0.0000

Fig. 3. Box plots of base saturation for different stands
horizon, A – organomineral, horizon O – organic (humus 
layers)

Fig. 2. Box plots of actual soil reaction for different stands
horizon, A – organomineral, horizon O – organic (humus 
layers)
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Discussion

Allochthonous spruce has been cultivated all 
over Europe for more than the last 150 years as a 
main commercial species (Fanta 1997; Spiecker 
et al. 2004). The new young generation shows a 
worse site index (site index 3), compared to that 
of beech, birch and aspen (site index 1) (Černý, 
Pařez 1998). For the present generation, we could 
also predict a lower stand volume of spruce com-
pared to that of beech (Fig. 4).

Spruce stands of the previous generation showed 
a better site index (site index 2) in the same region 
(according to forest management plan), which is in 
contradiction with results of Pretzsch et al. (2014). 
The authors present the faster growth of new spruce 
and beech generations in Central Europe due to an 
increase in temperature and longer growing sea-
sons. The available climatic data show an increase 
in the average temperature (1990–2014) by up to 
1°C compared to 1960–1975 and 0.9°C compared to 

1975–1990, the average value in the region of our 
experiment. This trend is similar to the one present-
ed by Pretzsch et al. (2014) for Germany. Unlike 
there, the annual precipitation did not increase in 
our region (approximately 700 mm).

A decrease in spruce vitality in our experiment is 
most probably the result of the synergies of nega-
tive factors affecting the decline of spruce (Cape 
et al. 1990; Holuša 2004; Main-Knorn et al. 
2009; Čermák, Holuša 2011). The occurrence of 
Armillaria spp. was observed which reduce spruce 
vitality and lead to increasing mortality of young 
trees (Kaliszewski et al. 2007; Šrámek et al. 
2015). Fast-growing spruce of the previous genera-
tion had also negatively influenced the soil fertil-
ity (Augusto et al. 1998), which is considered the 
main factor for the preservation of long-term stand 
productivity (Sands 2005; Poleno, Vacek 2006). 
The analysis of the soil under spruce confirms soil 
acidification and a decrease in the availability of 
Ca and Mg, the most important chemical elements 

Table 5. Mean values of soil chemical parameters in forest stands

Soil chemical  
parameter Horizon P-value

Stand
spruce beech birch aspen mixture

Ca (mg·kg–1) O 0.0252 1,544a 1,840a 2,686a 4,767b 3,956b

A  < 0.0000 210a 310a 330a 1,569b 497a

Mg (mg·kg–1) O 0.0044 262a 259a 399a 782b 601b

A < 0.0000 43a 55a 55a 299b 80a

K (mg·kg–1) O 0.3300 254a 221a 340a 288a 348a

A 0.0004 43a 56a 55a 139b 67a

Na (mg·kg–1) O 0.0557 17a 11a 14a 19a 14a

A 0.0502 8a 4a 5a 11a 7a

Fe (mg·kg–1) O 0.0118 77a 42a 5b 7b 3b

A 0.0758 110a 64a 92a 47a 59a

Al (mg·kg–1) O 0.0003 445a 390a 103b 40b 47b

A 0.0002 581a 547a 491a 274b 477a

pH (H2O) O 0.0016 3.84a 3.95a 4.38a 4.93b 4.84b

A 0.0001 3.57a 3.74a 3.77a 4.29b 3.85a

pH (KCl) O 0.0015 3.15a 3.42a 3.75a 4.36b 4.27b

A 0.0003 3.00a 3.14a 3.10a 3.58b 3.17a

CEC (mmol·kg–1) O 0.1160 197a 186a 206a 320a 273a

A 0.0025 117a 104a 108a 152b 109a

Cox (%) O 0.7386 28.8a 23.2a 26.4a 24.9a 26.8a

A 0.0014 6.4a 6.2a 6.8a 12.2b 7.3a

N (%) O 0.8747 1.25a 1.25a 1.41a 1.36a 1.32a

A < 0.0000 0.23a 0.27a 0.30a 0.79b 0.36a

C/N O 0.0012 23.0a 18.7b 18.7b 18.3b 20.3b

A 0.0303 28.3a 22.7b 22.3b 15.3b 20.3b

BS (%) O 0.0011 52.9a 62.9a 85.2b 96.3b 93.6b

A < 0.0000 13.3a 20.7a 20.9a 69.4b 30.9a

CEC – cation exchange capacity, Cox – oxidizable carbon, BS – base saturation, O – organic horizon (humus layers), 
A – organomineral horizon, the same letters (a, b as superscripts) indicate statistically homogeneous groups
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necessary for soil to be fertile (Kulhavý, Klimo 
1997; Augusto et al. 2002; Tesař et al. 2004; Šrá-
mek et al. 2015). Also, the presence of birch and 
most broadleaf species in spruce (conifer) stands 
improves the soil and raises the ecological stability 
of these stands (Larsen 1995; Podrázský 1995). 
It is possible that there will be a more dramatic in-
crease in acidification and nutrient availability un-
der pure spruce without the presence of birch and/
or aspen – both analysed pioneer species show bet-
ter soil chemical properties compared to those of 
spruce. The birch and aspen also help to maintain 
a high production in spruce stands (Table 2). Al-
though the presence of birch in spruce stands often 
negatively influences production (Frivold, Gro-
ven 1996), in our case, due to the dieback of young 
spruce and regeneration of birch and other species, 
it is exactly the opposite. Similarly, the proportion 
of admixed species (birch, pine) in order to main-
tain productivity, it is recommended as an adaptive 
management measure to mitigate negative conse-
quences of climatic extremes in pure spruce stands 
in Northern Europe (Ge et al. 2011). 

The production of birch was comparable to spruce 
and much higher than in aspen at the age of ap-
proximately 20 years (Table 3, Fig. 4). The expected 
(modelled) decrease in the production of these pio-
neer species, compared to that of spruce and beech 
(Fig. 4), may be connected with the life strategy of 
these early succession species and their position in 
forest ecosystem cycles after disturbances (Korpeľ 
1989; Oliver, Larson 1990).

A decrease in the mean annual increment of 
birch and aspen (Fig. 4) and the production poten-
tial of these species (Table 3), together with a high 
number of additional seedlings of climax species 
under pioneer species indicate that approximately 
the 20–40 year period could represent an optimal 
rotation period for these species in these specific 
conditions. At this age, some gradual improvement 
in the soil chemistry properties induced by the 
pioneer broadleaf species could also be expected 
(Table 5, Figs 2 and 3).

Richter and Saniga (2006) found that in the 
case of a virgin beech dominated forest and under 
similar conditions in Slovakia, the intermediate for-
est (i.e. understory reinitiation) stage begins after a 
period of twenty years. The analysis of younger and 
older pioneer stands could confirm this finding. 
Finally, the additional regeneration of climax spe-
cies under pioneer trees also provides possibilities 
for conversion towards continuous cover forestry 
(Pommerening, Murphy 2004; O’Hara 2014).

Successful growth of planted beech on a clear-
cut is often limited by browsing, drought or weed 
attack (Gemmel et al. 1996). Good growth of the 
beech was probably the result of intensive former 
forest management (fencing, weed control) and 
the position of this stand within the experimental 
area (close to the edges of old stands). Despite the 
better characteristics in the soil of beech stands, 
compared to spruce, such conditions suit pioneer 
species far better than the beech (Table 5, Figs 2 
and 3). A higher production of aspen (or a com-

0

2

4

6

8

10

12

14

0

200

400

600

800

1,000

1,200

0 20 40 60 80 100 120

M
ea

n 
vo

lu
m

e 
in

cr
em

en
t (

m
3 ·h

a–1
·y

r–1
)

St
an

d 
vo

lu
m

e 
(m

3 ·h
a–1

)

Stand age (yr)

beech SV birch SV aspen SV
spruce SV birch MI aspen MI

Fig. 4. Prediction of the development of stand volume (SV) and mean volume increment (MI) in different stands



42	 J. FOR. SCI., 63, 2017 (1): 34–44

parable production of birch), lower regeneration 
costs of succession variants, expected lower quality 
of beech wood grown in a clear-cut (Leonhardt, 
Wagner 2006; Wagner et al. 2010) and the risk 
of drought effect on beech vitality (Mátyás et al. 
2008; Čermák, Holuša 2011) are all advantages 
of the use of pioneer species as the first step of a 
regeneration process after disturbances.

R e f e r e n c e s

Adams F., Evans C.E. (1990): A rapid method for measuring 
lime requirement of red-yellow podzolic soils. Soil Science 
Society of American Proceeding, 26: 355–357.

Alban D.H. (1982): Effects of nutrient accumulation by aspen, 
spruce, and pine on soil properties. Soil Science Society of 
American Journal, 46: 853–861.

Assmann E. (1970): The Principles of Forest Yield Study. 
Oxford, Pergamon Press: 505.

Augusto L., Bonnaud P., Ranger J. (1998): Impact of tree 
species on forest soil acidification. Forest Ecology and 
Management, 105: 67–78.

Augusto L., Bonnaud P., Ranger J., Rothe A. (2002): Impact of 
several common tree species of European temperate forests 
on soil fertility. Annals of Forest Science, 59: 233–253.

Bose A.K., Schelhaas M.J., Mazerolle M.J., Bongers F. (2014): 
Temperate forest development during secondary succes-
sion: Effects of soil, dominant species and management. 
European Journal of Forest Research, 133: 511–523.

Brzeziecki B., Kienast F. (1994): Classifying the life-history 
strategies of trees on the basis of the Grimian model. Forest 
Ecology and Management, 69: 167–187.

Buriánek V. (1993): Výsledky proveninčního výzkumu 
s břízou bělokorou. Zprávy lesnického výzkumu, 1: 8–14.

Cape N., Freer-Smith P.H., Paterson I.S., Parkinson J.A., 
Wolfenden J. (1990): The nutritional status of Picea abies 
(L.) Karst. across Europe, and implications for ‘forest de-
cline’. Trees, 4: 211–224.

Čermák P., Holuša O. (2011): Adaptation measures at the 
decline of Norway spruce (Picea abies Karst.) stands as 
exemplified by the Silesian Beskids, Czech Republic. Acta 
Universitatis Agriculture et Silviculturae Mendelianae 
Brunensis, 59: 293–302.

Černý M., Pařez J. (1998): Růstové tabulky dřevin České re-
publiky. Modřín, jedle, jasan, bříza, olše černá, topol, habr, 
akát, douglaska. Jílové u Prahy, IFER – Ústav pro výzkum 
lesních ekosystémů, s.r.o.: 119.

Černý M., Pařez J., Malík Z. (1996): Růstové a taxační tabulky 
hlavních dřevin České republiky. Jílové u Prahy, IFER – 
Ústav pro výzkum lesních ekosystémů, s.r.o.: 245.

Fanta J. (1997): Rehabilitating degraded forests in Central 
Europe into self-sustaining forest ecosystems. Ecological 
Engineering, 8: 289–297.

Fischer A., Lindner M., Abs C., Lasch P. (2002): Vegetation 
dynamics in Central European forest ecosystems (near-
natural as well as managed) after storm events. Folia 
Geobotanica, 37: 17–32.

Frivold L.H., Groven R. (1996): Yield and management of 
mixed stands of spruce, birch and aspen. Norwegian Jour-
nal of Agricultural Sciences, 24: 21–28.

Ge Z.M., Kellomaki S., Peltola H., Zhou X., Wang K.Y., 
Väisänen H. (2011): Impacts of changing climate on the 
productivity of Norway spruce dominant stands with a 
mixture of Scots pine and birch in relation to water avail-
ability in southern and northern Finland. Tree Physiology, 
3: 323–338.

Gemmel P., Nilsson U., Welander T. (1996): Development of 
oak and beech seedlings planted under varying shelter-
wood densities and with different site preparation methods 
in southern Sweden. New Forests, 12: 141–161.

Grabařová S., Martinková M. (2001): Changes in mineral 
nutrition of Norway spruce (Picea abies [L.] Karst.) under 
the impact of drought. Ekológia (Bratislava), 1: 46–60.

Hlásny I., Sitková Z. (2010): Spruce Forest Decline in the 
Beskids. Zvolen, National Forest Centre: 181.

Holuša J. (2004): Health condition of Norway spruce Picea 
abies (L.) Karst. stands in the Beskid Mts. Dendrobiology, 
51: 11–17.

Holuša J., Liška J. (2002): Hypotéza hynutí smrkových porostů 
ve Slezsku (Česká republika). Zprávy lesnického výzkumu, 
47: 9–15.

Huth F., Wagner S. (2006): Gap structure and establishment of 
Silver birch regeneration (Betula pendula Roth.) in Norway 
spruce stands (Picea abies L. Karst.). Forest Ecology and 
Management, 229: 314–324.

Hynynen J., Niemistö P., Viherä-Aarnio A., Brunner A., Hein S., 
Velling P. (2010): Silviculture of birch (Betula pendula Roth 
and Betula pubescens Ehrh.) in northern Europe. Forestry, 
83: 103–119.

Jankovský L. (2003): Evalution of the effect of root rots on 
the stability of secondery spruce stands on nutrients-rich 
sites of the Drahany highlands. Ekológia (Bratislava), 
22: 76–85.

Jirgle J., Tichý J. (1981): Zhodnocení produkce břízy a jeřábu 
jako náhradních dřevin v Krušných horách. Práce VÚLHM, 
58: 123–137.

Jonášová M., Prach K. (2004): Central-European mountain 
spruce (Picea abies (L.) Karst.) forests: Regeneration of tree 
species after a bark beetle outbreak. Ecological Engineer-
ing, 23: 15–27.

Kaliszewski A., Lech P., Oszako P. (2007): The occurrence of, 
and economic losses caused by Armillaria in the Western 
Carpathian Mts. Acta Mycologica, 42: 219–233.

Kenk G., Guehne S. (2001): Management of transformation 
in central Europe. Forest Ecology and Management, 151: 
107–119.

Korpeľ Š. (1989): Pralesy Slovenska. Bratislava, Veda: 329.



J. FOR. SCI., 63, 2017 (1): 34–44	 43

Kula E. (2011): Bříza a její význam pro setrvalý rozvoj lesa v 
imisních oblastech. Kostelec nad Černými lesy, Lesnická 
práce, s.r.o.: 276.

Kulhavý J., Klimo E. (1997): Soil and nutrition status of forest 
stands under various site conditions of the Moravian-
Silesian Beskids. Chemosphere, 36: 1113–1118.

Kulla L., Šebeň V. (2012): Pokus s uplatnením neceloplošnej 
umelej obnovy kalamitnej holiny na demonštračnom 
objekte Husárik. Lesnícky časopis – Forestry Journal, 58: 
171–180.

Larsen J.B. (1995): Ecological stability of forests and sus-
tainable silviculture. Forest Ecology and Management, 
73: 85–96.

Leonhardt B., Wagner S. (2006): Qualitative Entwicklung 
von Buchen-Voranbauten unter Fichtenschirm. Forst und 
Holz, 61: 454–461.

Lesná J., Kulhavý J. (2003): Evaluation of humus conditions 
under different forest stands: Beech vs. spruce dominated 
forest stands. Ekológia (Bratislava), 22: 47–60.

Main-Knorn M., Hostert P., Kozak J., Kuemmerle T. (2009): 
How pollution legacies and land use histories shape post-
communist forest cover trends in the Western Carpathians. 
Forest Ecology and Management, 258: 60–70.

Mátyás C., Bozic G., Gömöry D., Ivankovic M., Rasztovits 
E. (2008): Juvenile growth response of European beech 
(Fagus sylvatica L.) to sudden change of climatic environ-
ment in SE European trials. iForest – Biogeosciences and 
Forestry, 2: 213–220.

Michailoff I. (1943): Zahlenmäßiges Verfahren für die Aus-
führung der Bestandeshöhenkurven. Forstwissenschaftli-
ches Zentralblatt und Tharandter Forstliches Jahrbuch, 
6: 273–279.

Neuhäuslová Z., Blažková D., Grulich V., Husová M., Chytrý 
M., Jeník J., Jirásek J., Kolbek J., Kropáč Z., Ložek V., Mora-
vec J., Prach K., Rybníček K., Rybníčková E., Sádlo J. (1998): 
Mapa potenciální přirozené vegetace České Republiky. 
Prague, Academia: 341.

O’Hara K.L. (2014): Multiaged Silviculture: Managing for 
Complex Forest Stand Structures. New York, Oxford 
University Press: 213.

Oliver C.D., Larson B.C. (1990): Forest Stand Dynamics. New 
York, McGraw-Hill: 467.

Oszlanyi J. (1997): Forest health and environmental pollution 
in Slovakia. Environmental Pollution, 98: 389–392.

Petráš R., Pajtík J. (1991): Sústava česko-slovenských obje-
mových tabuliek drevín. Forestry Journal, 37: 49–56.

Podrázský V. (1995): Meliorační účinky porostů náhradních 
dřevin. Práce VÚLHM, 77: 75–100.

Podrázský V., Remeš J. (2010): Vliv druhové skladby lesních 
porostů na stav humusových forem na území Kostelec 
nad Černými lesy. Zprávy lesnického výzkumu, 55: 71–77.

Poleno Z., Vacek S. (2006): Pěstování lesů I. Ekologické 
základy pěstování lesů. Kostelec nad Černými lesy, Lesnická 
práce, s.r.o.: 315.

Pommering A., Murphy S.T. (2004): A review of the history, 
definitions and methods of continuous cover forestry with 
special attention to afforestation and restocking. Forestry, 
77: 27–44.

Pretzsch H., Bider P., Schütze G., Uhl E., RÖtzer T. (2014): 
Forest stand growth dynamics in Central Europe have 
accelerated since 1870. Nature Communications, 5: 4967.

Repola J. (2008): Biomass equations for birch in Finland. Silva 
Fennica, 42: 605–624.

Richter F., Saniga M. (2006): Štruktúra prechodového lesa  
v jeho záverečnej fáze v Badínskom pralese. In: Jurásek A., 
Slodičák M., Novák J. (eds): Stabilization of Forest Func-
tions in Biotopes Disturbed by Anthropogenic Activity, 
Opočno, Sept 5–6, 2006: 239–247.

Šály R. (1978): Póda základ lesnej produkce. Bratislava, 
Príroda: 235.

Sands R. (2005): Forestry in a Global Context. Cambridge, 
CABI: 262.

Schelhaas M.J. (2008): Impacts of Natural Disturbances 
on the Development of European Forest Resources: 
Application of Model Approaches from Tree and 
Stand Levels to Large-scale Scenarios. Wageningen, 
Alterra: 168.

Schmidt-Vogt H. (1989): Die Fichte. Band II/2. Krankheiten, 
Schäden, Fichtensterben. Hamburg, Berlin, Paul Parey 
Verlag: 563.

Schulze E.D. (1989): Air-pollution and forest decline in a 
spruce (Picea abies) forest. Science, 244: 776–783.

Slodičák M., Balcar V., Novák J., Šrámek V. (2008): Lesnické 
hospodaření v Krušných horách. Hradec Králové, Lesy 
České republiky, s.p.: 480.

Spiecker H., Hansen J., Klimo E., Skovsgaard J.P., Sterba H., 
von Teuffel K. (eds) (2004): Norway Spruce Conversion – 
Options and Consequences. Leiden, Boston, S. Brill: 269.

Šrámek V., Novotný R., Fadrhonská V. (2015): Chřadnutí 
smrkových porostů a stav lesních půd v oblasti Severní 
Moravy a Slezska (PLO 29 A 39). Zprávy lesnického výz-
kumu, 2: 147–153.

Stark H., Nothdurft A., Bauhus J. (2013): Allometries for 
widely spaced Populus ssp. and Betula ssp. in nurse crop 
systems. Forests, 4: 1003–1031.

Stark H., Nothdurft A., Block J., Bauhus J. (2015): Forest 
restoration with Betula ssp. and Populus ssp. nurse crops 
increases productivity and soil fertility. Forest Ecology and 
Management, 339: 57–70.

Tesař V., Balcar V., Lochman V., Nehyba J. (2011): Přestavba 
lesa zasaženého imisemi na Trutnovsku. Brno, Mendelova 
univerzita v Brně: 176.

Tesař V., Klimo E., Kraus M., Souček J. (2004): Dlouhodobá 
přestavba jehličnatého lesa na Hetlíně – Kutnohorské 
hospodářství. Brno, Mendelova zemědělská a lesnická 
univerzita v Brně: 60.

Valkonen S., Valsta L. (2001): Productivity and economics 
of mixed two-storied spruce and birch stands in Southern 



44	 J. FOR. SCI., 63, 2017 (1): 34–44

Finland simulated with empirical models. Forest Ecology 
and Management, 140: 133–149.

Vande Walle I., Van Camp N., Van de Casteele L., Verheyen 
K., Lemeur R. (2007): Short-rotation forestry of birch, 
maple, poplar and willow in Flanders (Belgium) I – bio-
mass production after 4 years of tree growth. Biomass and 
Bioenergy, 31: 267–275.

Wagner S., Collet C., Madsen P., Nakashizuka T., Nyland 
R.D., Sagheb-Talebi K. (2010): Beech regeneration research: 
From ecological to silviculture aspects. Forest Ecology and 
Management, 259: 2172–2182.

Zbíral J., Malý S., Váňa M. et al. (2011): Jednotné pra-
covní postupy: Analýza půd III. Brno, Ústřední kontrolní 
a zkušební ústav zemědělský: 253.

Received for publication August 4, 2016 
Accepted after corrections November 23, 2016




