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European beech (Fagus sylvatica  L.) is  a  domi-
nant tree species in the potential vegetation of Cen-
tral Europe (Ellenberg  2009; Wagner et  al.  2010). 
Currently, the percentage share of this species in its 
natural habitat is lower, compared with its natural 
composition. For example, in the Czech Republic, 
the potential composition of this species is around 
40% and, at  present, it  is  only  9.6% (MoA  2023). 
This is  because of  long-term utilisation of  beech 
wood during the Middle Ages and the silviculture 

of short-term, economically interesting coniferous 
species, mainly Norway spruce [Picea abies  (L.) 
Karst.] from the end of  the Middle Ages to  the 
present (Fanta  1997; Klimo et  al.  2000; Hansen, 
Spiecker 2005).

Silviculture of  Norway spruce, in  areas where 
beech occurs naturally as  a  dominant species, 
is  linked with low forest stability and often with 
disturbance events, too. Disturbances in  Norway 
spruce stands often lead to  large clearings where 
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reforestation is  necessary (Hlásny, Sitková  2010; 
Souček et al. 2016; Tiebel et al. 2016; MoA 2023). 
Presently, due to the climatic change and reflecting 
the closer-to-nature forestry movement, the pro-
cess of reforestation is connected with forest con-
version of the composition of species and wider use 
of natural processes (Pommerening, Murphy 2004; 
Kulla, Sitková  2012; Martiník et  al.  2014;). More 
drought-tolerant species are recommended for 
the reforestation of  the clearings after Norway 
spruce, such as  oak (Quercus spp.), lime (Tilia 
spp.) and also beech (Hlásny et  al.  2011; Stark 
et  al.  2015; FORRISK  2022; European Commis-
sion 2023). On the other hand, beech, as a typical 
shade-tolerant species, grows better under shelter 
(Wagner et al. 2010; Bednář et al. 2012; Podrázský 
et  al.  2019). In  clearings, beech grows slowly, 
is  damaged by  frost and rodents, and the quality 
of these stands is low (Ningre, Colin 2007; Bednář 
et  al.  2012; Martiník et  al.  2014). In  order to  cul-
tivate beech or  other sensitive species on  clear-
ings, nurse-crop regeneration methods are used, 
where the fast-growing pioneer tree species are 
cultivated in the same plots, before or at the same 
time as  the target (sensitive, shade tolerant) spe-
cies (Zakopal  1955; Pommerening, Murphy  2004; 
Stark et al. 2015).

In the case of  underplanting of  beech within 
a  pioneer (preparatory) birch stand, Polách and 
Špulák (2022) recommended a  decrease in  the 
canopy closure from ten (i.e.  full) down to  seven. 
This degree of canopy closure balances a sufficient 
cover (to protect young beech seedlings from frost 
damage) and growth depression (that occurred 
in  dense birch stands). We  did not find scientific 
results that deal with the effects of  simultaneous 
planting of beech with pioneer species in clearings. 
On  the other hand, these results are for another 
shade-tolerant species – silver fir (Abies alba Mill.) 
(Martiník et al. 2018). These authors found positive 
effects of pioneer species (birch and aspen) on the 
height growth of silver fir that were planted in rows, 
together with these species, but only on a site with 
a normal water regime. On water-logged sites, the 
authors recommend a  few-year delay in fir regen-
eration, i.e.  underplanting (Martiník et  al.  2018). 
Pioneer species tolerate extreme environment con-
ditions of large clearings; they grow very fast when 
young, and their utilisation in clearings leads to re-
duced regeneration cost (Brzeziecki, Kienast 1994; 
Šafránek et al. 2018; Dubois et al. 2020).

In this paper, we  focus on  the effect of  pio-
neer species on  the success of  the regeneration 
of beech that was planted in row spacing. We hy-
pothesise that row planting of  beeches and pio-
neer species increases the survival rate and yearly 
height growth of beech trees, and further reduces 
regeneration costs. The  main goal of  this work 
is  to  evaluate the ecological and economic ef-
fects of  simultaneous regeneration of  European 
beech and pioneers [silver birch (Betula pendula 
Roth) and European aspen (Populus tremula L.)] 
at different sites. The ecological effect means low-
er mortality and better early growth of  planted 
beech; the economic effect means a  reduction 
in regeneration costs.

MATERIAL AND METHODS

Experimental stands. For  this experiment, 
we  selected four sites in  the eastern part of  the 
Czech Republic (Table  1), differing in  altitudes 
(middle and higher) and in soil richness (rich and 
acidic). On all sites, the experiment was established 
in large clearings (i.e. more than 1 ha in size) in au-
tumn 2021. All clearings emerged after the dieback 
of Norway spruce stands in 2020–2021. The treat-
ments were the same for all sites (Table 2):
– beech monoculture with a density of 9 000 pcs·ha−1 

(spacing 1.1 m × 1 m);
– beech monoculture with a density of 5 000 pcs·ha−1 

(spacing 2 m × 1 m);
– beech and birch –  beech with a  density 

of 5 000 pcs·ha−1 (spacing 2 m × 1 m), birch with 
2 500 pcs·ha−1 (spacing 2 m × 2 m);

– beech and aspen –  beech with a  density 
of 5 000 pcs·ha−1 (spacing 2 m × 1 m), aspen with 
2 500 pcs·ha−1 (spacing 2 m × 2 m).
The size of treatments varies from 0.1 ha to 0.2 ha.
Data collection. The  heights of  all originally 

planted trees were measured at  the end of  the 
2022  and 2023  vegetation seasons. The  mortality 
was calculated at  the end of  the 2023  vegetation 
season as the percentage of the trees that survived 
from the total originally planted. The  input data 
for the calculation of  silvicultural operations was 
downloaded from the comprehensive forestry and 
economic information system of the entity. The ba-
sis for modelling the costs of  each permanent 
sample plot (TVP) was real economic data. Com-
plete cost entries were available for the individual 
outputs and sub-outputs that were realised in  the 
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reference period. They were divided into the costs 
of reforestation and subsequent protection.

Data analysis. All  datasets were tested by  the 
Shapiro-Wilk test of  normality, but most of  them 
did not have a normal distribution. Due to this, the 

nonparametric one-way ANOVA (analysis of vari-
ance –  Kruskal-Wallis test), with a  combination 
of  the nonparametric post-hoc test of  multiple 
comparisons, was used for a  comparison of  the 
mean values of selected variables between three (or 

Table 2. Experimental design

Experimental  
plot

Target  
management set

Tree species  
and design

Planting densities 
(thousand pcs·ha−1) Designation Planting stock 

height (cm)
Mortality  

(%)

Rejvíz 53 – acidic soil  
at higher altitudes

beech 9 53B9 26–50 20
beech 5 53B5 26–50 –

beech/birch 5/2.5 53BB5 26–50/36–50 34/11
beech/aspen 5/2.5 53BT5 26–50/36–50 40/20

Supíkovice 43 – acidic soil  
at middle altitudes

beech 9 43B9 26–50 34
beech 5 43B5 26–50 4

beech/birch 5/2.5 43BB5 26–50/81–120 8/3
beech/aspen 5/2.5 43BT5 26–50/81–120 8/22

Rajnochovice 45 – rich soil  
at middle altitudes

beech 9 45B9 51–70 42
beech 5 45B5 51–70 40

beech/birch 5/2.5 45BB5 51–70 38/0
beech/aspen 5/2.5 45BT5 51–70 41/3

Chvalčov 55 – rich soil  
at higher altitudes

beech 9 55B9 15–25 25
beech 5 55B5 15–25 –

beech/birch 5/2.5 55BB5 15–25/51–70 42/4
beech/aspen 5/2.5 55BT5 15–25/26–50 51/19

53, 43, 45, 55 – target management sets; B9 – monospecific beech stand with a density of 9 000 per ha; B5 – monospecific 
beech stand with a density of 5 000 per ha; BB5 – mixed stand of beech and birch with a density of 5 000 beech saplings 
per ha; BT5 – mixed stand of beech and aspen with a density of 5 000 beech saplings per ha

Table 1. Site conditions of experimental plots

Experimental plot/
GPS

Natural  
forest region*

Target  
management set*

Forest type group  
(Viewegh et al. 2003)

Slope
inclination (%) exposure

Rejvíz 
50°11'32"N, 
17°19'58"E

27 – Hrubý Jeseník 53 – acidic soil  
at higher altitudes

5K – Abieto-Fagetum 
acidophillum 20 NNE

Supíkovice 
50°17'38"N, 
17°13'40"E

28 – Hrubý Jeseník 
foothills

43 – acidic soil  
at middle altitudes

4K – Fagetum  
acidophillum 20 N

Rajnochovice 
49°23'49"N, 
17°48'48"E

41 – Hostýnskovsetínské 
Hills and Javorníky Mts.

45 – rich soil  
at middle altitudes

4B – Fagetum  
mesotrophicum 40 NE

Chvalčov 
49°22'45"N, 
17°45'26"E

41 – Hostýnskovsetínské 
Hills and Javorníky Mts.

55 – rich soil  
at higher altitudes

5B – Abieto-Fagetum  
mesotrophicum 30 NW

*According to Czech Decree No. 298/2018 on the preparation of regional forest development plans and on the definition 
of forest management units
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four) treatments (i.e. the number of beech saplings 
in a monospecific and mixed forest stand). The sap-
ling heights in  2022  (H22) and 2023  (H23) and the 
height increment of the saplings between the years 
2022 and 2023 (Ih) were selected as dependent vari-
ables. Since the datasets did not have a normal dis-
tribution, we  used the median as  a  characteristic 
of  the mean value (instead of  the average). These 
analyses were repeated for all four target man-
agement sets. All  statistical analyses were evalu-
ated at  the significance level alpha  =  0.05  using 
STATISTICA software (Version 13.4.0.14, 2018).

Regeneration costs per 1 ha between treatments 
(for all four sites together) were compared using box-
plots. The  structure of  regeneration costs, among 
treatments and sites, was also compared graphically.

We compared the differences in  the heights 
of pioneer species (birch, aspen) and beech (using 
a  graph of  median, minimum and maximum val-
ues) two years after simultaneous (row spacing) ar-
tificial regeneration for all four tested sites.

RESULTS

Regarding all sites, beech mortality in  mono-
specific plots ranged from 20% (Rejvíz) to  42% 
(Rajnochovice); in  mixtures with pioneers from 
8% (Supíkovice) to  51% (Chvalčov). The  positive 
effect of  pioneers on  beech mortality was detect-
ed in  acidic soil of  middle altitudes (Supíkovice), 
where the beech mortality in  the monospecific 
plot reached 37% and in the mixture only 8%. Only 
in this plot, the planting stock of pioneers was high-
er than 80 cm (Table 2). The height of beech plant-
ing stock was lower than in the pioneers, but there 
was a  similar difference in  the height of  planting 
stock also in the Chvalčov plot that represents rich 
soil of middle altitudes. In rich soil, strong compe-
tition of weeds can be considered a limiting factor 
of successful beech regeneration and can overgrow 
the effect of the nurse crop (see Tables 2 and 3).

Kruskal-Wallis ANOVA  showed that the mean 
values of  all tested variables (H22, H23, Ih) are the 
same in  all treatments of  the target management 
sets 53 and 55 (Tables 3 and 4).

The mean values of H22, H23, and Ih were signifi-
cantly different among the tested treatments at the 
target management set  43  (Table  3). The  mean 
height of the saplings in 2022 in treatment B9 was 
the smallest, and the mean sapling height in treat-
ment  B5  was significantly higher. The  mean sap-

ling heights in  treatment  BB5  and  BT5  were the 
same but were statistically significantly higher 
than those in treatments B9 and B5 (Table 4). Al-
though the mean sapling height in  2023  was the 
highest in  treatment  BB5  and significantly high-
er than  in  treatments  B9  and  B5, and the same 
as  in  treatment  BT5  (Table  4), the sapling height 
increment in treatment B9 was significantly higher 
than that in all other treatments (Table 4).

In the target management set 45, the mean val-
ues were statistically different between treatments 
only in sapling height in 2022 and 2023 (Table 3). 
The mean values of sapling height increment were 
the same. In  2022, there was only one statistical 
difference in  the heights between the treatments. 
The mean sapling height in treatment B9 was high-
er than that in  treatment  BB5. The  same results 
were found for sapling heights in 2023 (Table 4).

Regarding site and treatment, the total regenera-
tion cost during the first two years ranged from 
4 900 EUR to  8 900 EUR per  ha. The  lowest cost 
was found for B5  treatment –  around 5 500 EUR 
per ha; the mixture of pioneers and beech reached 
around 7 000 EUR per  ha and the cost for mono-
specific beech plots (B9) ranged from 8 000 EUR 
to 8 500 EUR per ha (Figure 1). About 50% of  the 
total cost accounted for planting stock and 
the planting process, the rest of the cost comprises 
early care for regeneration (Figure 2). This is vari-

Table 3. Results of  Kruskal-Wallis ANOVA for heights 
and increment of saplings between different treatments

TMS Variable H P-value

53
H22 0.8336 0.6592
H23 0.4585 0.7951
Ih 2.0247 0.3634

43
H22 75.9598 < 0.0001
H23 16.5333 0.0009
Ih 14.9844 0.0018

45
H22 13.0299 0.0046
H23 10.3114 0.0161
Ih 2.5719 0.4624

55
H22 0.9076 0.6352
H23 3.3313 0.1891
Ih 2.7399 0.2541

ANOVA – analysis of variance; TMS – target management 
set; H – H value of Kruskal-Wallis ANOVA; H22 – sapling 
height in 2022; H23 – sapling height in 2023; Ih – height in-
crement of saplings in the period 2022–2023

https://jfs.agriculturejournals.cz/
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able, depending on the site and management treat-
ments, and the success of  regeneration depends 
on  the quality of  the planting stock, weather and 
quality of work.

From the comparison of plantings height of pio-
neer species and beech two years after regenera-
tion, we  found that the heights of  pioneers were 
higher than those of young beeches (Figure 3).

Table 4. Mean values (median value in cm) of sapling height and increment in different treatments

TMS Variable (cm) B9 B5 BB5 BT5

53
H22 22.5a – 25.0a 24.0a

H23 29.0a – 30.0a 31.0a

Ih 8.5a – 5.0a 6.0a

43
H22 23.0a 30.0b 39.5c 38.0c

H23 43.0a 45.0a 53.5bc 50.0ac

Ih 22.0a 15.0b 14.0b 15.0b

45
H22 58.0a 49.5ab 40.0b 50.0ab

H23 60.0a 57.0ab 49.0b 57.0ab

Ih 6.0a 7.5a 7.0a 8.0a

55
H22 20.0a – 20.0a 21.0a

H23 28.0a – 23.0a 24.0a

Ih 6.0a – 9.0a 3.0a

a–c Groups of  treatments with statistically insignificant (P-value > 0.05) differences between mean values; TMS – target 
management set; H22 – sapling height in 2022; H23 – sapling height in 2023; Ih – height increment of saplings in the period 
2022–2023; B9 – monospecific beech stand with a density of 9 000 per ha; B5 – monospecific beech stand with a den-
sity of 5 000 per ha; BB5 – mixed stand of beech and birch with a density of 5 000 beech saplings per ha; BT5 – mixed 
stand of beech and aspen with a density of 5 000 beech saplings per ha

Figure 1. Variability (defined by boxplots) in regeneration costs (EUR per ha) of analysed treatments

B9 – monospecific beech stand with a density of 9 000 per ha; B5 – monospecific beech stand with a density of 5 000 per ha; 
BB5 – mixed stand of beech and birch with a density of 5 000 beech saplings per ha; BT5 – mixed stand of beech and aspen 
with a density of 5 000 beech saplings per ha
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Figure 2. Structure of regeneration costs for analysed plots and treatments

53, 43, 45, 55 – target management sets; B9 – monospecific beech stand with a density of 9 000 per ha; B5 – monospecific 
beech stand with a density of 5 000 per ha; BB5 – mixed stand of beech and birch with a density of 5 000 beech saplings 
per ha; BT5 – mixed stand of beech and aspen with a density of 5 000 beech saplings per ha

Figure 3. The differences in the heights of pioneers (birch, aspen) and beech young trees two years after simultaneous 
(row spacing) artificial regeneration at different sites

53, 43, 45, 55 – target management sets; B9 – monospecific beech stand with a density of 9 000 per ha; B5 – monospecific 
beech stand with a density of 5 000 per ha; BB5 – mixed stand of beech and birch with a density of 5 000 beech saplings 
per ha; BT5 – mixed stand of beech and aspen with a density of 5 000 beech saplings per ha
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DISCUSSION

The importance of  silvicultural research in-
creases with the duration of  the experiment. 
Short-term silvicultural experiments are impor-
tant only in specific cases (e.g. germination process 
evaluation, nursery practice). Contrariwise, the 
advantage of short-term experimentation is its im-
mediate transfer to  practice. In  the case of  refor-
estation of large clearings, fast data (related to the 
success of  the regeneration method) are needed. 
In  2022, 67 700 ha of  clearings were detected 
in  the Czech Republic, mainly because of  salvage 
cutting (MoA 2023).

To improve the success of reforestation of beech, 
as  a  shade tolerant and late succession species, 
the nurse crop method is  advisable (Pommeren-
ing, Murphy  2004; Podrázský et  al.  2019; Polách, 
Špulák  2022). Successful underplanting of  beech 
in spruce or pioneer stands is documented in many 
papers, whereas no results of simultaneous regen-
eration of  this species with pioneers are available 
in  scientific literature. In  this kind of experiment, 
the high density of  seedlings used to  establish 
monospecific beech stands is replaced by a mixture 
with pioneers – they grow fast when young and the 
planting density should be  low (Cameron  1996; 
Hynynen et al. 2010). This is the case of our experi-
ment; the expected faster growth of birch and as-
pen will create shelter for slower-growing beech. 
Although the initial height of  the planting stock 
was often similar for beech and pioneers, during 
two years, most pioneers overgrew young beech-
es (Table  2, Figure  3). A  positive example of  this 
method was documented for silver fir and pioneers 
(birch, aspen) growing in  rich soil of  middle alti-
tudes (Martiník et al. 2018). In addition, light-de-
manding species, such as pedunculate oak (Quercus 
robur L.) can be cultivated with this regeneration 
method, as was published by Stark et al. (2015).

From the biological (ecological) point of  view, 
the short-term results of  our experiment do  not 
fully support the working hypothesis that a  mix-
ture of  pioneers leads to  an  increased survival 
rate and yearly growth of  the planted beech. This 
presumption was confirmed only regarding the 
acidic soil of middle altitudes, where birch and as-
pen seedlings were 81–120 cm tall and beech only 
26–50 cm. Thus, more experiments are necessary 
in different sites and with variable height of seed-
lings to support these results, but it seems that the 

early success of simultaneous regeneration is con-
nected with the use of (significantly) higher plant-
ing stock of pioneers, compared to beech.

On the other hand, the results of this experiment 
confirm that the use of  the simultaneous nurse 
regeneration method reduces regeneration costs, 
in comparison with monospecific beech plots. This 
reduction is connected mainly with the lower total 
number of trees per ha in the reforestation process. 
As was presented, pioneers do well on clearings; the 
use of pioneers after disturbances is an ecologically 
justified method of  forest regeneration (in  clear-
ings) that provides economic profit (i.e. reduces re-
generation costs) and this leads to the support of the 
forest economy (Zakopal 1955; Pommerening, Mur-
phy 2004; Souček et al. 2016). In future, we expect 
better stem quality of beech planted with the pio-
neers (Podrázský et al. 2019; Polách, Špulák 2022); 
whereas beech in  monospecific plots will suffer 
from frost and the stem quality will drop (Bednář 
et al. 2012; Tiebel et al. 2016; Polách, Špulák 2022). 
As was mentioned above, beech growing in clear-
ings is  sensitive to  frost damage, and rodents 
can seriously destroy young beech trees (Ningre, 
Colin  2007; Gallo et  al.  2017; Stloukalová  2021). 
Further, due to  beech anatomy and growth mor-
phology, the quality of monospecific beech in den-
sities of 9 000 pcs·ha−1 will exceed that of beeches 
planted in  densities of  5 000 pcs·ha−1  (Wagner 
et al. 2010; Bednář et al. 2012).

In this experiment, all treatments were fenced. 
Financial costs of this game protection (browsing) 
ranged from 17% to 34% of total regeneration costs 
(Figure 2). Following our experience and scientific 
knowledge (Tesař et  al.  2011; Dubois et  al.  2020; 
Fuchs et  al.  2021), the browsing attractiveness 
is  similar for beech and birch, depending on  site 
and regeneration density. On the other hand, aspen 
seems to be more attractive and often strongly dam-
aged by browsing (Myking et al. 2011). We consid-
ered the passive effect of simultaneous regeneration 
on  game browsing. On  the other hand, browsing 
is still a limiting factor of successful regeneration.

CONCLUSION

During two years of observation, a positive bio-
logical effect of  simultaneous regeneration was 
found only in  the treatment where the initial 
height of pioneer seedlings substantially exceeded 
that of beech and was growing in acidic soil at mid-
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dle altitudes. The  use of  tall planting stock of  pi-
oneers does not increase the regeneration costs 
of this method. On the other hand, the costs of the 
simultaneous regeneration method are about 15% 
lower, compared to  those where a  monoculture 
of beech is established.

Acknowledgement: We would like to thank Jan 
Žákovský for his help with sapling measurement 
on the sample plots. Also, we would like to thank 
Jan Hobl for the revision of  the English language. 
Last but not least, we would like to thank the anon-
ymous reviewers for their valuable comments that 
helped us improve the article's quality.

REFERENCES

Bednář P., Vaněk P., Krejza J. (2012): Vliv velikosti holoseč-
ného obnovního prvku na vývoj bukových kultur. Zprávy 
lesnického výzkumu, 57: 337–343. (in Czech)

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.

Cameron  A.D. (1996): Managing birch woodlands for the 
production of quality timber. Forestry, 69: 357– 371.

Dubois H., Verkasalo E., Claessens H. (2020): Potential 
of  birch (Betula pendula Roth and B.  pubescens Ehrh.) 
for forestry and forest-based industry sector within the 
changing climatic and socio-economic context of Western 
Europe. Forests, 11: 336.

Ellenberg H. (2009): Vegetation Ecology of Central Europe. 
4th Ed. Cambridge, Cambridge University Press: 756.

European Commission, Directorate-General for Environment 
(2023): Guidelines on Closer-to-Nature Forest Management. 
Brussels, Publications Office of the European Union: 100. 
Available at: https://data.europa.eu/doi/10.2779/731018

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

FORRISK (2022): Manuál pro řízení budoucích rizik a kri-
zí v  lesnictví. Projekt FORRISK  –  Přeshraniční řízení 
rizik v  lesnictví. Available at: https://uzpl-fraxinus.men-
delu.cz/index.php/projekt-forrisk/manual-pro-rizeni-ri-
zik-a-krizi-v-lesnictvi (in Czech).

Fuchs Z., Vacek Z., Vacek S., Gallo J. (2021): Effect of game 
browsing on natural regeneration of European beech (Fa-
gus sylvatica L.) forests in the Krušné hory Mts. (Czech 
Republic and Germany). Central European Forestry Jour-
nal, 67: 166–180.

Gallo J., Baláš M., Linda R., Kuneš I. (2017): Growth per-
formance and resistance to  ground late frosts of  Fagus 

sylvatica L. plantation treated with a brassinosteroid com-
pound. Journal of Forest Science, 63: 117–125.

Hansen J., Spiecker H. (2005): Conversion of Norway spruce 
(Picea abies [L.] Karst.) forests in Europe. In: Stanturf J.A. 
(ed.): Restoration of Boreal and Temperate Forests. Boca 
Raton, CRC Press: 339–347.

Hlásny T., Sitková Z. (2010): Spruce Forests Decline in the 
Beskids. Zvolen, National Forest Centre – Forest Research 
Institute Zvolen, Czech University of Life Sciences Prague, 
Forestry and Game Management Research Institute 
Jíloviště – Strnady: 182.

Hlásny T., Holuša J., Štěpánek P., Turčáni M., Polčák N. (2011): 
Expected impacts of climate change on forests: Czech Re-
public as a case study. Journal of Forest Science, 57: 422–431.

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.

Klimo E., Hager H., Kulhavý J. (2000): Spruce monocultures 
in Central Europe – Problems and prospects. EFI Proceed-
ings, 33: 11–26.

Kulla L., Sitková Z. (2012): Rekonštrukcie nepôvodných 
smrekových lesov: Poznatky, skúsenosti, odporúčania. 
Zvolen, Národné lesnícke centrum – Lesnícky výskumný 
ústav Zvolen: 208. (in Slovak)

Martiník A., Dobrovolný L., Hurt V. (2014): Comparison 
of different forest regeneration methods after windthrow. 
Journal of Forest Science, 60: 190–197.

Martiník A., Sendecký M., Urban J. (2018): Survival and 
early growth of silver fir and pioneer species on two sites 
in nurse crop regeneration systems in the Czech Republic. 
Dendrobiology, 80: 81–90.

MoA (2023): Zpráva o stavu lesa a lesního hospodářství České 
republiky v  roce 2022. Prague, Ministry of  Agriculture 
of the Czech Republic: 136. (in Czech)

Myking T., Bøhler F., Austrheim G., Solberg  E.J. (2011): 
Life history strategies of aspen (Populus tremula L.) and 
browsing effects: A literature review. Forestry, 84: 61–71.

Ningre F., Colin F. (2007): Frost damage on the terminal shoot 
as a risk factor of fork incidence on common beech (Fagus 
sylvatica L.). Annals of Forest Science, 64: 79–86.

Podrázský V., Baláš M., Linda R., Křivohlavý O. (2019): State 
of beech pole stands established at the clear-cut and in the 
underplanting. Journal of Forest Science, 65: 256–262.

Polách R., Špulák O. (2022): Vliv věku a úpravy zakmenění list-
natých přípravných porostů na prosperitu podsadeb buku 
lesního. Zprávy lesnického výzkumu, 66: 1–10. (in Czech)

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

https://jfs.agriculturejournals.cz/


500

Original Paper	 Journal of Forest Science, 70, 2024 (9): 492–500

https://doi.org/10.17221/39/2024-JFS

Šafránek Z., Martiník A., Vala V. (2018): Modelové ekono-
mické srovnání variant obnovy lesa po kalamitě allochtonní 
smrčiny při využití přípravného březového porostu. Zprávy 
lesnického výzkumu, 62: 92–101. (in Czech)

Souček  J., Špulák  O., Leugner  J., Pulkrab  K., Sloup  R., Ju-
rásek  A., Martiník  A.  (2016): Dvoufázová obnova lesa 
na  kalamitních holinách s  využitím přípravných dřevin 
–  Certifikovaná metodika. Lesnický průvodce. Strnady, 
VÚLHM: 35. (in Czech)

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.

Stloukalová A. (2021): Srovnání obnovy lesa po větrné kalami-
tě v lese pasečném a nepasečném v podmínkách Školního 
lesního podniku 'Masarykův les' Křtiny. [MSc.  Thesis.] 
Brno, Mendel University in Brno. (in Czech)

Tesař V., Balcar V., Lochman V., Nehyba J. (2011): Přestavba 
lesa zasaženého imisemi na  Trutnovsku. Brno, Mendel 
University in Brno: 176. (in Czech)

Tiebel K., Huth F., Wagner S. (2016): Qualität von Buchenvor-
anbauten (Fagus sylvatica L.) unterschiedlicher Flächengrö-
ße unter Fichtenschirm (Picea abies (L.) Karst.). Allgemeine 
Forst- und Jagdzeitung, 187: 103–120. (in German)

Viewegh J., Kusbach A., Mikeska M. (2003): Czech forest eco-
system classification. Journal of Forest Science, 49: 74–82.

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

Zakopal V. (1955): Zlepšené způsoby zalesňování rozsáhlých 
kalamitních holin na Křivoklátsku. Práce výzkumných ústa-
vu lesnických, 8: 7–42. (in Czech)

Received: June 5, 2024
Accepted: August 12, 2024

Published online: September 19, 2024

https://jfs.agriculturejournals.cz/

