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Abstract

Scrd B., Falta V., Cudlin P, Chmelikova E.: Contribution to knowledge of natural growth and develop-
ment of mountain Norway spruce seedlings. Ekolégia (Bratislava), Vol. 19, No. 4, 420-434, 2000,

Influcnee of the climatic and pollution stress, soil sub , mosses and dormi herb species
on the Norway spruce (Picea abies L. K arst) seedling development and their cohort growth
was investigated in six permanent research plots in the Krkono$e Mts from 1995 to 1997,

The results showed dep of seedling d o on the synergic influence of the
multiple stress, The highest number of seedling cohorts was observed in the least damaged plots
(the Modry dill and the Slunefné Gdoli plots), where climatic conditions are not so severe, the
canopy cover is high and consequently litter coverage is high, too. On the contrary, no seedlings
were found in the heavily damaged Mumlavsk hora plot and only a few scedlings were observed
in the AlZbétinka plot (the north exposition and also relatively high polluted plot).

Ong of the important secondary stress factors is an expansive growth of some dominant plants
species. The majority of seedlings was germinating and growing in patches covered by litter, The
seedling development in other substrates (as mosses and some herb layer communitics) was much

less frequent,
Key words: climax, natural regencration, Krkonode Mts, Picea abies, scedlings

Introduction

Mountain Norway spruce forest ecosystems in the Central Eurape have been dying during
the course of last decades. The combined influence of the climatic and pollution stress
factors are considered to be a primary cause. The main source of pollution is an industry
burning-brown coal, containing a high percentage of sulphur. The released sulphur dioxide
is oxidised in the atmosphere, Resulted in acidic rain reactions, changes in soil properties
(increased pH, nutrient leaching) and a consequently damage to the trees (defoliation, fruc-
tification decrease, ...).
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The spontaneous regeneration is one of impor-
tant factors with an influence on the existence and
survival of autochthonous forests. The fructifi-
cation of mature trees and the seedling growth
and development are not optimal in the upper
mountain edge of the Krkonofe Mts. The inter-
vals between periods of full fructification are
usually 8 -14 years and even longer. The seeds
do not have enough time to become mature and
their germinating ability is consequently low. The
young seedlings are destroyed by early frosts, by
the movement of the snow cover in the spring
time and are also damaged by summer rainfalls
(Vacek, 1981).

The changes in temperature and moisture, vege-
tation cover and biting caused by animals are
among other factors having an important influence
on the sp ation. The temp e
and moisture conditions are determined by
a character of a site conditions (Minor, 1986), the
third factor is the structure of an herb layer cover.
Damage caused by deer is considered to be an im-
portant limiting factor of the spontaneous regene-
ration in the Krkonofe Mts as well (Vacek,
Lokvenc, 1991; Roon, 1993). This paper is focused
on seedling germination, growth and development
in several research plots in the Krkonoe Mts in
the context of specific factors (altitude, exposition,
slope, canopy cover, pollution stress level). This
study may bring a particular knowledge about natu-
ral restoration in climax forests.

Methods

The ficldwork was performed from aatumn 1995 to sutumn
1997, Six permanent research plots (50x50 m) of various sitc
conditions and under different multiple stress impact were
founded in 1994 in the Krkonode Mts (table 1), Two of them
(the Mumlavskd hora and the Al#bétinka plots) arc situated in
the west part of the mountains, the Pudlava plot in the middle
and another plots in the cast part of mountains. Plots are
situated with altitudes diverging from 1140 m (the Pudlava
plot) to 1317 m (the Padcricky chodnitek plot).

Table 1. Site characteristics of the observed research plots
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Fig. I The first division of the rescarch plot into 25 squarcs (100 m), the consequent division into the net of
squares (1 m*), randomy sclected 4 squarcs and the way of the registration of scedlings and herb layer.

The Norway spruce scedling populations were studied there for growth, development, and dying. One hundred
small squares (each 1 m¥) were selected in the six rescarch plots. Each rescarch plot was divided into 25 squarcs
(10 % 10 m). Four small squares (1 x | m) were accidentally situated in cach 100 m? squarcs, i.c. 100 small
squares per one research plot (Fig. 1). The cover of several soil surface types (litter, decayed to decomposed
wood, other substrates), mosses and dominant species of 2 herb layer (Avenella flexuose, Calamagrastis villosa,
Facetnium myrtillus and other herbs and grasses) was recorded in the squares as well as secdling occurrence in
different substrates, mosses and herb layer speeies. Other possible factors (canopy cover, soil pH, defoliation,
-} were researched by Cudlin ct al, (1995) and Cudlin, Chmelikova (1996),
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Table 2. Values of the basic staristical perameters calculated from the number of Norway spruce seedlings
germinated in small squares in 1993 (A} and 1996 (B)

A
Location Date Mean  Median  Min Max,  Coef. Var.  Stand. Dev.
1995/X 013 0 o 8 0.70 0.84
Aghétinka 1996/X .08 0 ] 6 038 0.62
1997/X .07 0 1] 5 0.27 0.52
1995/% 096 ] a 12 574 239
Pudlava 1996/X. 0.62 0 0 12 AT 1.94
1997/X 061 0 0 12 378 1.94
1995/X. 5.60 | ] 47 86.46 930
Modry diil 1996/X. kk:x) 1 0 41 4598 6.78
1997/X 244 a 0 23 20.33 4.51
1995/ 1.37 a 1] 21 12.60 355
Slunezné ddoli 1996/ 104 1] ] 13 6.40 2.53
199X 0.74 o 1] 10 177 1.94
1995/X. 0.47 1] [i] 6 1.38 1.18
Pafericky chodnitek 1996/X 0.26 ] i} 6 (.80 .89
1997VX 0.23 ] ] 6 0.66 0.81
B
Location Date  Mean Median  Min.  Max.  Coef Var.  Stand. Dev.
Azhétinka 1996/% 114 0.0 0o 13 444 201
1997/X 041 0.0 0.0 6 1.17 1.08
Pudlava 1996/% 294 1.0 00 23 2448 495
1997/ 0.84 0.0 00 12 431 2,08
Maodry diil 1996/X 16659 1485 50 642 18062.51 134,40
1997/% 8.57 2.0 00 152 340.49 18.45
Slunedné tdoli 1996/ 226 12.5 00 121 597.49 24.44
19977 0.62 0.0 00 12 3.53 1.88
Pafericky chodnitek 19967% 623 20 0o 57 100.42 10.02
19977 0.98 0.0 00 23 9.51 308
The basic statistical parameters (mean, median, mini and il valucs, icnt of variation,

standard deviation) and also standard variables for lifc table were calculated bascd on observed numbers of
seedlings. The variables of life table were following: Ix — percentage of seedling survival, meaning proportion of
original surviving cohort to the beginning of cach period of ohservation, dx — one-year mortality, as a proportion
of original cohort dying during cach period of observation, qx — morality rate, as a measure of the intensity of
mortality, px — probability of survival, kx - killing power, indicating the intensity or rate of mortality (Begon ct
al,, 1997). In addition, the statistical comparison of scedling occurrence in the individual rescarch plots was
performed by onc-way ANOVA.
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Results and discussion

Large of seedling coharts

The highest effect of pollution stress on tree vitality is obvious in the Mumlavska hora plot
with low canopy cover and majority of dead trees (Table 1). There is hardly any spontane-
ous regeneration present in the plot. The plot was excluded from the following investiga-
tions because no germinating seedlings were observed there neither in 1993 and nor in
1996. On the contrary, relatively the most protected and least damaged localities are the
Modry dill and the Sluneéné idoli plots (Table 1).

Two Norway spruce seedling cohorts were predominant in all five plots: the Norway
spruce seedlings germinated in 1993 and in 1996. The highest amount of the both of men-
tioned seedling groups was recorded in the Modry dil plot. Lower, but still relatively high
number of seedlings, was also observed in the Sluneéné ddoli and the Pudlava plots. Less
seedlings were found in the PaSerdcky chodniCek and the AlZbétinka plots (Fig. 2). The
large number of seedlings is likely caused by rich mosaic structure and microclimatic con-
ditions on these plots. Those conditions are probably more favourable for germination,
growth and development of seedlings. On the other hand, the lower number of seedlings is
probably in relation with damage to plots, exp d by p ge of dead trees (Table 1).

The numbers of seedlings showed a high asymmetry and significant differences between
distant single values (Table 2). That is why the non-parametric way of ANOVA test was
used. The ANOVA test showed highly significant difference in numbers of seedlings in
both seedling groups ameng all plots (P <0,001). The numbers of seedlings, recorded
every year, were very strongly reduced (Fig. 2).

Life table of seedlings

The presented life tables (Table 3) illustrate seedling survival at particular localities. All
characteristics of life table show high variability when the research plots are being com-
pared. The most of the seedlings were observed in the Modry diil plot and the least in the
Alsbétinka plot. It is interesting, that the least of the seedling survival and the high mortality
(d,, q,, k) were in the Modry dil plot (Tables 3A, 3B).

The average value of the killing power (k) during three years in seedlings germinated in

1993 was 0.270. The increasing trend of the k -values can be seen (with the exception of the

Alzbitinka plot). The three and four years old seedlings were more likely to die in the
course of following years. This trend corresponds with other mortality variables (d . q,).
The values of the killing power, based on seedlings germinated in 1996, were much higher
comparing to foregoing seedling group.

If we consider the number of seedlings entering the process of the spontaneous regenera-
tion, seedling survival, mortality rate, and killing power, than the best situation is in the
Sluneéné tidoli plot and the worse in the AlZbétinka plot. This trend corresponds with other
site characteristics presented in Table 1 (¢.g. NW exposition, pH of soil horizon, age, sparse
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Table 3. Standard variables caleulated for the living tables on the base of number of seedlings germinated
in 1993 (A} and in 1996 (B) which had been observed in permanent plots during the period from 1995 to 1997

A
Location year/x & 1. d, o P log 10 (a,) k.
1995/2 1400 1.000 0429 0429 0571 3146 0.243
AZbtinka 1996/3 800 0.571 0071 0125 0875 2.903 G058
1997/4 700 0.500 - - - 2.845 -
199572 9400 1.000 0.106 0106 0.8% 3873 0.049
Pudlava 1996/3 £400 0.8%4 0383 0429 0571 3924 0.243
1997/4 4800 0.511 — - - 3.681 -
19952 49100 1.000 0242 0242 0785 4.691 0121
Maodr§ dil 1996/3 37200 0758 0350 0462 0538 4.571 0.270
1997/4 20000 0407 - - - 4.301 =
1995/2 11500 1.000 0096 0.09 0.904 4,061 0.044
Sluneéné ddoli 1996/3 10400 0.904 0.174 0192 0.808 4.017 0.093

1997/4 8400 0.730 - - - 3.924 -
1995/2 4500 1.000 0200 0200 0800 3653 0.097
Fafericky chodnitek 1996/3 3600 0.800 0200 0250 0750 31556 0.125

159774 2700 0600 - — - 3.431 —
B
|Location yearx a, N d, Qe P log 10 () k.
Adbitinka 1996/1 11400 1.000 0400 D400 0.600 4.057 0444
1997/2 4100 0.600 - - - 3613 -
Pudlava 1996/1 29400 1000 0710 0710 0290 4.468 0.544
199772 8400 0290 - = - 3.924 =
Modry dil 1996/1 1665900 1.000 0949 0949 0051 6222 1.289
199742 85700 0.051 - - - 4,933 -
Slunedné ddoli 199671 226000 1000 0973 0973 0027 5354 1.562
199772 6200 0.027 — - = 3792 -
Paferficky chodnigek 199671 62300 1.000 0.843 0843 0.157 4.794 0.803
199772 9800 0.157 - — - 3.991 -

Explanation: x — seedling age, a, - seedling number, I, (=a/aq) - seedlings which survived during one—year
period, d, (=1, — 1) — one-year mortality, g, (=d,/1,) - mortality rate, k, (=log 10 {au/ae.1)) - killing power

canopy cover) and with the classification of the research plots into categories from stands
with low to very high multiple stress exceedance (Ardé et al., 1997). Multiple stress, ex-
pressed by percentage of dead trees, corresponds with spontaneous regeneration,

The highest mortality was observed in the Sluneéné tdoli and the Modry dil plots and
the lowest in the AlZbétinka plot. However, it ought to be said that the number of seedlings
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Fig. 3. Substrate, mosscs and dominant herb layer specics coverage ohserved in plots
and 1997 (B).

Legend: AL = Albitinka, PU = Pudlava, MD = Modry dil, U = Sluncéné idoli,
PC = Pajeracky chodnitck.
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recorded in the Sluneéné adoli plot in 1996 was nearly twenty times higher than that ob-
served in the AlZbétinka plot and number of seedling observed in the Modry diil plot was
even more than one hundred times higher (Fig. 2, Table 3).

The variables of seedling mortality obtained from the data recorded in the Modry diil
plot show certain inconsistency in existing trends. The recorded number of seedling was the
highest, but their mortality also reached the maximum values. Multiple stress level is the
lowest if compared to the other plots Cudlin, Chmelikova (1996). The question is whether
such a high seedling production of this least damaged forest stand is typical or exceptional
and whether the lower number of seedlings (e.g. recorded in the Sluneéné Gdoli plot) is
more typical. The higher number of seedlings is possibly caused by higher competition and,
as a result, higher mortality as well.

Seedling development in different cover of surface

Based on the observed coverage of soil surface sut mosses and of domi plant
species it can be said that the highest occurrence of litter and mosses was found in the
Modry diil plot (Fig. 3). A dense canopy cover at this locality (Table 1) could be the reason.
Analogous situation can be seen in the Sluneéné tdoli plot, where the coverage of litter and
dominant herb layer species is of the similar value there. On the contrary, considerable
dominance of Avenella flexuosa was observed in the AlZbétinka (40%) and in the Pa%ericky
chodnifek (55 %) plots. An important species of the herb layer in the Alzbétinka plot was
also Faccinium myrtillus with 27% coverage. The sparse canopy cover (caused, among
others, by extreme climatic conditions) and the low litter coverage were observed for both
of these plots. Domi of Calamagrostis villosa was observed in the Pudlava plot. This
grass covers more than a half of the area of an herb layer (Fig. 3).

The most of Norway spruce seedlings germinated in 1993 were found in litter and this
substrate appears to be the most favourable for seedling survival. In spite of the fact that the
litter cover was lower compared to 4 lla flexuosa, Calamagrostis villosa and Vaccinium
myrtillus coverage, the percentage of seedling occurrence in litter observed in all plots in
1995 was higher than 65% (Fig. 4A). This amount decreased during the observed period.
The only exception is the Modry dil plot where the percentage of seedling occurrence in
litter decreased negligibly (Fig. 4B, 4C). As a potentially favourable substrate could be
also considered spots covered by decomposed or by decayed wood. However, area of this
substrate was too small to draw any serious conclusion. Relatively high seedling occur-
rence was also recorded in mosses, though it was much lower compared to litter. A very law
seedling occurrence was observed in dominant grasses (4 Il fl Call
villosa) and in Faccinium myrtillus in 1997. These species are preventing the Seedlln,g ger-
mination, growth and survival due to their light, water and nutrient competition. Minimum
number of seedlings was also observed in other substrates (stumps, fallen tree trunks, stones).

The occurrence of Norway spruce seedlings germinated in 1996 in substrates, mosses
and herb layer species shows that the seedlings frequently germinated also in Avenella
lexuosa, Calamagrostis villosa and in Vaccinium myrtillus (Fig. 4D, 4E). However, the
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most of these seedlings have died and the percentage of seedling occurrence observed in
1997 was very close to values observed in 1995 in the case of seedlings germinated in
1993. This confirms a high probability of seedling occurrence in litter covered spots and
also the above mentioned competition influence of Avenella flexuosa, Calamagrostis villosa
and Vaceinium myrtillus.
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Norway spruce seedlings germinated in 1996
[%]  (Peroentage of seedling in ion and sut in 1997).
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Fig. 4. Percentage of occurrence of Norway spruce seedlings germinated in 1993 observed in substrates, mosse
and dominant herb layer specics in 1995 (A), 1996 (B) and in 1997 (C) and percentage of occurrence of Morwa
spruce scedlings gorminated in 1996 obscrved in 1996 (D) and in 1997 (E) in individual locations.

Legend: AL = Alzbétinka, PU = Pudlava, MD = Modr§ dil, SU = Slunetné ddoeli,

PC = Padericky chodnigek.

The seedling mortality in substrates, mosses and herb layﬂl? dominants was calculate
based on the data recorded in the Modry dil plot only wherethe number of seedlings wa
sufficiently high for this purpose (Fig. 5). The mortality of seedlings germinated in 199
was the lowest in mosses (35%) and in Vaceinium myrtillus (40%) during the whole perioc
The mortality in litter reached more than 60% and the same value was observed in the cas
of Avenella flexuosa. All seedlings have died in Calamagrostis villosa, in other species an
substrates.

The dying of seedlings germinated in 1996 was the lowest in spots covered by litter an
Vaccinium myrtillus, the highest in Avenella flexuosa and Calamagrostis villosa, and i
other species and substrates. These data show that the growth conditions in the stand ¢
Vaccinium myrtillus are relatively more favourable than those in the dominant grasse:
Seedlings germinating in grasses are probably more intensively destroyed during the winte
and the spring periods because the dead aboveground parts of these plants under snoy
cover overlies them whereas Vaccinium myrtillus provides a better protection for the youn
seedlings. However, seedling germination in this species is relatively low comparing to th
germination in litter (Fig. 4) and therefore a higher seedling occurrence cannot be expecte
in the stand of Vaccinium myrtillus during the following years.



A Norway spruce seedlings germinated in 1993
(seedling mortality in vegetation and substrate dominants in the Medry dil plot)
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Fig. 5. Mortality of Norway spruce seedlings germinated in 1993 and in 1996 observed during the periods
1995 - 1996 and 1995 -1997 (A), and mortality of Nerway spruce seedlings germinated in 1996 observed in
iubstrates, mosses and dominant herb layer species in the Modry dil plot during the period 1996-1997 (B).
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Conclusions

The results showed that the highest potential of the spontaneous regeneration of research
plots was probably in the Sluneéné doli plot and the lowest in the Alzbétinka plot (if the
Mumlavska hora plot is not considered). The most of the seedlings were germinating and
growing in litter cover and the least favourable growth conditions were observed in cover
with dominant grasses (Avenella fl , Calamagrostis villosa). From this it follows that
seedling development in individual research plots depends on the structure of an herb layer
and on the occurrence of above mentioned dominant species. A canopy cover of individual
sites influences their coverage of dominant herb layer species, among others. However,
a more general conclusion could be drawn after a consideration of influence of other abi-
otic factors (e.g. meteorological and soil conditions) and after more detailed and long-term
observation of biotic factors (competition of herb layer communities, the health status of
mature trees etc.).

The observed spontaneous regeneration in these research plots generally corresponds
with the development of other degradation and regeneration processes which have been
observed there for several years. It shows that the problem of a restoration of mountain
Norway spruce forests should be studied and solved in a context of the whole ecosystem.
Future investigations should determine and also specify practical steps leading to improve-
ment of the tree fructification and to creation of favourable conditions for the seedling
germination, growth and development.

Translated by the authors
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Serd B, Falta V., Cudlin P., Chmelikové E.: Prispevok k poznaniu vzrastu a vyvoja semendéikov smreka
stepilého.

Na icstich trvaljch plochach v Krkonogiach sme sledovali podas rokov 1995 a2 1997 vplyv ckwrych faktorov
(emisic, pbdu, machové hodie a domi & byliny) na vivoj adikov smreka step Z visledk
vidict, Zc uspcSnnsl' usadnma semenddikov zivisi od synnrgmkého pdsobenia vmoc’r?ch slmwv?ch Iakmrov
Najvigii poet G h ikov sme sledovali na plochich, ktoré boli naj

(Modry dill, Slnct&né &dohc) Ako vhodné Zivomé podrrumky sa javili: priaznivejSia klima, nizkc m$ll:od:mr:
korin stromov a vysoka pokryvnost’ opadu, Nmpa.k, nizky podet sm\mﬁakov sme ZLGllll na viacej pofkodenich

a stresovich lokalitich (AlZbetinka zo severngj expozicie a relati ¥ Ma lokalite
Mumlavska hora, v poslednom Stédiu rozpadu kového ek & li sme ani jediného semc-
nidika.

Ako druh isledok henasobného stresu sa javi konkurendng vplyv nicktorfeh dominantnych rast-

lin. Zistili sme, e najviac semendtikov vzkliZilo a ristlo na prostom opade ihlifia, Podet Gspeinych semenddi-
kow bol v ostatnych typoch substritov (machy, nicktoré byliny) ovel'a niZsi,
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