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Soil properties as a component of predisposition factors
of Norway spruce forest decline in the Hanusovicka
highland mountain zone

D. VAVRICEK, P. SAMEC, P. SIMKOVA

Faculty of Forestry and Wood Technology, Mendel University of Agriculture and Forestry Brno,
Brno, Czech Republic

ABSTRACT: Mature Norway spruce (Picea abies [L.] Karst.) stands affected by decline symptoms were selected in
the northern part of the Hanu$ovickd highland (Czech Republic) at Jefab Mt. foot and summit (1,003 m a.s.l.). Spruce
stand (SS) 1 (700 m a.s.l.) was situated in conditions of the fir-beech forest altitudinal zone (FAZ). SS 2 (880-900 m
a.s |.) was situated in conditions of the spruce-beech FAZ. Research plots (RPs) of the area 400 m? were selected in the
stands according to the different level of damage and stand diversity. On the basis of the complex soil analysis it was
proved that the soil environment could be a part of stress factors, influencing the predisposition of non-natural Norway
spruce monocultures at mountain locations of the Krkonose Mts.-Jeseniky Mts. elevation. High Al** concentrations in
soil mineral horizons were determined in a direct correlation with decline of stand enclaves on the selected RPs. The
concentrations of AI** and limiting content Mg?* make root systems exist mainly in H-horizons or Ae/Ep-horizons.

This causes stand predisposition to climatic drought and drought episodes.

Keywords: forest decline; drought episode; stress; Hanusovickd highland; Norway spruce stand

Long-term human landscape management led to
changes in the forest stand composition and also
to a loss of forest auto-regulation mechanisms.
Forests responded by their decline to the long-term
ecological destabilisation. Forest decline took place
in concordance with the concept of stress theory
(MANION 1991) as a complex of stress factors whose
synergies overreached energetic limits of organism
alarm reaction reversibility at the stress occurrence
(SELYE 1956; MCLAUGHLIN 1985; SAXE 1993; BADEA
et al. 2004).

Forest decline was mostly described as a syner-
gistically functioning combination of air pollution
depositions, drought episodes, root pathogens and
parasitical insects (MoDRZYNSKI 2003). Although
the level of air pollution has decreased in Central
Europe (ERISMAN et al. 2005; PERCY, FERRETTI
2004) and deposition impacts into soil are still
mobile and continuously eliminated (LocCHMAN

et al. 2004), its residues are detected according to
its ecological impact (VAN STRAALEN 1998). Some
air pollution components are in the environment
widen (JONEs et al. 1988) and are of considerable
eco-toxicological importance for physiological and
biochemical processes in living systems. Forest
stand predisposition to the leverage of abiotic and
biotic stressors is a general consequence (CHAP-
PELKA, FREER-SMITH 1995).

Natural stands and production monocultures are
affected by a forest decline symptom to a different
extent. Whereas natural biocoenoses are able to
reach a dynamic balance with the soil environment
in the range of continual succession development,
man managed monocultures do not have this ability
(cf. BADEA et al. 2004; DITTMAR et al. 2003). Forest
stand sensitivity generally increases with the eleva-
tion and changes also in correlation with the soil
matrix. Dependence of forest ecological stability on
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Table 1. Some basic mensurational data of selected stands (according to forest management plans 1999-2008, Ruda nad

Moravou forest district)

Medium stem

Stand Species Percent Standing Stand basal area
number  composition distribution (%) d,, (cm) h (m) volume (m?3/ha) (m?/ha)
Picea abies 96 34 31 505 553
) Fagus sylvatica 2 31 25
Abies alba 1 36 30
Larix decidua 1 46 33
Picea abies 98 32 25 373 382
2 Fagus sylvatica 1 34 24 4 3
Larix decidua 1 28 17 2 2

soil properties increases with the elevation above sea
level at the same time.

The natural Central European mountain forests
were portrayed especially as ecosystems in condi-
tions of fir-beech (FAZ 5), spruce-beech (FAZ 6),
beech-spruce (FAZ 7) and spruce (FAZ 8) for-
est altitudinal zone (cf. ELLENBERG 1988, 1996;
ZATLOUKAL et al. 2000; HANIS et al. 2000). Even-
aged spruce monocultures dominate in their sites
nowadays. These stands are often and significantly
damaged by air pollution load and are consistently
susceptible. In the European standards the moun-
tain forests are currently significantly damaged
especially by tropospheric O, deposition and heavy
metals (SMIDT, HERMAN 2004) although SO, impact
is decreasing and NO_impact is slightly increasing.
These substances have an effect on forest stand
predisposition to sensitivity especially to extremely
low temperatures and soil moisture deficiency
(CHAPPELKA, FREER-SMITH 1995). The increasing
extremity of climatic conditions in mountain loca-
tions prefigures also the increasing sensitivity of
mountain soil to outside disturbances (HRUSKA et
al. 2000). Mountain soils in dependence on the soil
matrix properties are permanently marked by high
resistance, but naturally low resiliency (BEGON et
al. 1987). Especially in mountain conditions the
dependence of biota on dead organic matter is
increasing (JANCARIK 2000). Basically insufficient
content of dead wood is reflected in a decrease of

biodiversity and soil biota activity, endangering
the ecosystem nutrition flow and humus genesis
(FaBISZEWSKI, WOJTUN 2000). A physicochemical
podzolisation process with the establishment of soil
with dominant illuvial horizon Bs and eluvial hori-
zon Ep ordinarily becomes the determining process
of soil genesis in mountain conditions. In the condi-
tions of FAZ 8 podzolisation is often necessary and
can be reduced only by influence of lateral water
or by trophic proportion of soil matrix (VAVRICEK,
SIMKOVA 2000).

MATERIAL

A part of the Hanu$ovickd highland was selected
(Natural Forest Region 28 — Predhoti Hrubého
Jeseniku) where long-term drought during the veg-
etation season 2003 led to a fast change in forest
decline dynamics and its dieback. Marked defolia-
tion and forest stand discoloration became specific
of these symptoms as well as the occurrence of tree
dieback in bio-groups. Research plots (RPs) were
established in two mature damaged spruce stands
(SSs) (Table 1) on hillsides of Jerdb Mt. (1,003 m
a.s.l.). The Hanu$ovicka highland is a forming part
of the geotectonic unit Silesicum. The bedrock is
mainly built of biotite — muscovite gneiss. On both
sides originated conditions for dominant occur-
rence of Haplic Podzol (ISSS-ISRIC-FAO 1998)
[L — F-H - Ep (Ae/Ep) — Bhs — Bs — C]. Hemimor

Fig. 1. Annual course of mean temperature vari-
ances in 2003 (data source CHMU 2004)
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generally developed as the basic form of uppermost
humus (cf. GREEN et al. 1993). The potential natural
vegetation of this region is generally represented by
the Luzulo-Fagion (Luzulo-Fagetum, in the mountain
locations often Calamagrostio villosae-Fagetum) as-
sociation (cf. ELLENBERG 1996; CULEK 1996; VACEK,
LepPS 1991).

The mean annual temperature in the whole area
of the natural forest region (NFR) ranges from
+7.5 to +4.5°C (average +6.0°C). The mean annual
precipitation in this area ranges between 600 and
1,100 mm (average 850 mm). Average temperature
during the vegetation period is +12.0°C and aver-
age precipitation 560 mm (UHUL 2002). The year
2003 was significantly above the normal during the
vegetation season according to the temperatures
while precipitation was rather subnormal (PAvLik
et al. 2003). The annual course of temperatures
pointed out constant difference of considerable ter-
ritory (Fig. 1) with correlative data of the Olomouc
Region and Moravian-Silesian Region r = 0.99.
The regional, anemographic and orthographic
data specifically reflected in the development of
total rain (Fig. 2) from the Olomouc Region and
Moravian-Silesian Region with decreased data
correlation r = 0.95.

The selected RPs had similar bedrock, soil type
and approximate exposition. They differed in el-
evation above sea level, micro-relief and terrain
micro-configuration, forest type group (FTG) and
forest decline symptoms (VAVRICEK et al. 2005).
SS 1 (224C 12/1a) was situated on a slope with
north-west exposition 700 m a.s.l. The conditions
of this plot corresponded to FAZ 5 and FTG 5K. SS
2 (216C 9) was situated on a ridge part of a slope
with northern exposition 880-900 m a.s.l. This plot
corresponded to FAZ 6 and FTG 6K. Sheet land-
slide significantly affected soil genesis. While SS 1
showed symptoms of decline especially by means
of discoloration of spruce needles and tree defolia-
tion relatively equally distributed on side, SS 2 was
characterised by diverse of levels of tree damage and
tree groups decline.
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Fig. 2. Annual course of precipitation vari-
ances in 2003 (data source CHMU 2004)

METHODS

Methods of pedological survey and analyses

In the sites SS 1 and SS 2 RPs were selected accord-
ing to the evaluation of the characteristics tree defo-
liation (BADEA et al. 2004), degree of stand diversity
(Korr et al. 1972) and composition of understorey
phytocoenosis (VAVRICEK et al. 2005). Two RPs were
established on SS1. Five RPs were established on
SS 2. The area of each RP was 400 m? (20 x 20 m)
and defoliation degree was determined by qualified
appraisal (RP1 = 0; RP2 = 1; RP3 = 2; RP4 = 2/3;
RP5 = 3/4). The field investigation and soil sampling
were carried out during October 2004. At the same
time on RPs SS 2, samples of annual shoots and first-
year spruce shoots were collected from the upper
third of the crown in the case of selected sample trees
and analysis of selected chemical elements from the
assimilatory apparatus was carried out (cf. ZBIRAL
1994). The complete soil analysis was carried out
aiming at physical, physico-chemical and chemical
properties.

Evaluation of physical properties was focused on
the textural analysis of soil layers. The determined
fine earth I size fraction (CSN 75 0145) was defined
according to the taxonomic classification system of
soils (NEMECEK et al. 2001). The determination of
selected basic physico-chemical and chemical soil
properties was concentrated into the uppermost
layers of soil profiles, especially into horizon H and
organic-mineral horizon Ae (in fact into mineral
horizon). Soil acidity (pH/H,O and pH/KCI) was
determined with a conjunct glass electrode (soil/H,O
or IM KCl = 1/2.5). Cation exchange capacity (CEC)
was determined by the modified Kappen method
(KLECKOVSKIJ, PETERBURSKIJ 1964; IVANCIC et
al. 1985) and the Mehlich accumulation method
(ZBirRAL 2002) with consideration of present Al*,
determined by Sokolov method (SoxorLov 1939).
The plant available mineral nutrients (Ca*, Mg?",
K*) were determined by atomic absorption spec-
trophotometry from an extract by the Mehlich 1II
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method. Content of phosphorus was determined by
spectrophotometry in the solution of ascorbic acid,
H,SO, and Sb* (MEHLICH 1978). Analyses of plant
available nutrients in H-horizon were carried out in
Gohler extract with the ratio of soil/macerate = 1/10,
whereas phosphorus content was accomplished in
the presence of CH,COONa+CH,COOH.

The content of oxidisable organic carbon (C, )
was determined by the oxidation H,Cr,O, + H,SO,
when unconsumed chromic acid was determined
by titration of Mohr salt solution. Total nitrogen
(N,) content was determined by Kjeldahl method
(ZBIirRAL et al. 1997). Humus substances (UGOLINI,
SPALTENSTEIN 1992) from samples of H- and Ep (Ae/
Ep)-horizon were determined by spectrophotometry
based on the level of absorbance of humus sub-
stances in pyrophosphate (KoNoNOVA, BELCIKOVA
1961). Total fixed carbon was determined by the
method of determination of humus compounds
(Corg), carbon from humic acids (C-HA), carbon
from fulvic acids (C-FA) and the ratio C-HA/FA.

Methods of statistical analyses

The evaluations of data statistics were mostly done
at standard level of significance (P < 0.05), after basic
predisposition for data selection was completed. In
cases of significantly disturbed data normality and
homogeneity the significance level had to be de-
creased (ANDERSON 1987; MILLER, MILLER 1984).
P < 0.50 was taken as the limit for methods of the
general linear modelling (GLM) (MELOUN, MILITKY
2002). One-way analysis of variance (ANOVA) was
used as the basic analytic procedure of statistical data
processing. Its robustness was verified by using non-
parametric Kruskal-Wallis (K-W) test (ZAR 1994).
The linear model constructions were proposed on
the basis of interpretation of correlation coefficient

Table 2. Soil particle analysis of selected spruce Norway stands
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Fig. 3. Logarithmic trend of F-criterion values (F . =5.32at

P < 0.05) in dependence on various grain fractions

significance (r) during evaluation of chemical or eco-
physiological data (cf. ZEMANEK et al. 2004).

RESULTS

Main differences between the stands

Based on the soil analyses, differences between SS 1
and SS 2 were determined in the parameters deduc-
ible from exposure to mesoclimate changes. These
differences were ordinarily conjoined with the soil
physical properties. The particle-size analysis (Table
3) partly indicated generally similar physical soil
properties in both stands, although similar grain size
distribution in the soil was only found in the fraction
< 0.05 mm. The differences between stand soils at
the decreased significance P < 0.25 were determined
in the case of larger fractions (Fig. 3). The differ-
ences were sporadically determined only as a result
of significantly interrupted normality distribution of
reviewed data and high variance in chemical (Tables 3
and 4) and physicochemical soil (Table 5) properties.
This result on P < 0.15 was adequate to differences in
the content of phosphorus in soil and on P < 0.32 to

differences in the content of CECKappen.

Spruce Horizon Physical clay L. clay IL. silt II1. silty sand IV. sand
stand < 0.002 mm <0.01 mm 0.01-0.05 mm 0.05-0.10 mm 0.10-2.00 mm
Ep 8.50 32.15 20.10 16.30 56.45
Bhs 5.90 11.80 13.00 7.00 68.20
1 Bsl 7.35 14.75 20.40 11.15 53.70
Bs2 9.05 15.20 27.25 16.70 40.85
C 10.05 15.85 16.80 14.90 52.45
Ep 7.80 15.40 26.10 17.00 41.50
Bhs 7.50 14.80 31.40 17.00 41.50
2 Bsl 5.20 17.00 24.00 15.20 43.80
Bs2 7.50 15.30 17.80 14.00 51.00
C 9.00 11.80 20.60 11.60 56.00
530 J. FOR. SCI,, 51,2005 (12): 527-538



Fig. 4. Concentration stage of AI** in Ep- and Bhs-ho-

rizons in dependence on defoliation class of the RPs
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Soil properties of the stands
Spruce stand 1

The coarse sandy geest of biotite-muscovite gneiss
was typically determined as the parent rock at site
RPs that fundamentally participated in the deter-
mination of the texture of whole soil profiles. Due
to this fact soil profiles of RPs were permeable and
without marks of profile water stagnation. This fact
had an influence on the edatope of tree root sys-
tems and increased the root system physiological
depth. The pH/H,O values in the H-horizon were
determined in the interval 3.66—3.81, pH/KCl values
in the interval 2.74-2.93. Soil acidity reached the
values ranging from 3.75-4.60 to 2.87-4.06 (Ta-
ble 5) in the uppermost soil horizons. CEC in the
H-horizon was determined in the interval 1,043 to
1,284 mmol/kg. It was determined in correlation
with the used analytical method in the interval
182.00 to 290.40 mmol/kg in the A-horizon or
Ep-horizon. The content of physiologically active
phosphorus in the H-horizon reached 17-18 mg/kg.
Mg** content was determined at an approximate
level 90 mg/kg for H-horizon with a significant
decrease to 30—40 mg/kg in the mineral horizon.
Ca* (Table 3) also showed an analogous character
of the concentration changes in the H-horizon
(378 to 384 mg/kg) and mineral horizons (average
154.50 mg/kg for Ep). Content of K*, as the only
determined biogenic ion in the study, was distinctly
influenced by podzolisation of the soil profiles. SS 1
showed relatively lower contents of C-HA (2.86%)

according to the content of C-FA (1.27%) in the
H-horizon, which was also reflected in a relatively
decreased ratio C-HA/FA = 2.25 (Table 4). C__content
in the H-horizon (24.70-33.20%) generally appeared
as relatively less ambivalent. It also displayed in the
final C/N ratio value in the interval 24.41-27.75.

Spruce stand 2

The particle-size analysis of soil profile in SS 2
(Table 2) indicated a typical relative fraction increase
from silt fraction to sand fraction in the fine earth of
samples for this site. This stage led to fast podzolisa-
tion in combination with high total precipitation,
cation leaching and accelerated hydrolytic weather-
ing. This effect was reflected in a higher content of K*
in the C-horizon (20-25 mg/kg) and in high mobility
of Al**. High AI** concentrations were determined in
connection with stand decline in the uppermost soil
horizons of RPs (Fig. 4). The Al content in the Ep-
horizon was 96 mmol/kg on RPs with a high degree
of spruce damage, conversely Al content amounted
to only 38 mmol/kg in soil on RPs with relatively
low spruce damage. The content of phosphorus
in the H-horizon significantly corresponded with
SS 1 condition, however in the organic-mineral and
mineral horizons its content was found to be 2—3x
higher (21.60-32.00 mg/kg). The higher biological
activity of uppermost soil layers depended on this
stage and also on more intensive humification that
was detected in the H-horizon by means of relatively
higher content of C-HA (3.80%) and lower content of
C-FA (1.04%). The C-HA/FA ratio was 3.66 (Table 4).

Table 3. Analysis of mineral macrobiogenic elements for soils of the selected Norway spruce stands (mg/kg)

Spruce stand Horizon P Mg K S
H 17.50 381.00 87.50 195.00 1.44

1 Ep 10.50 154.50 38.00 49.00 -

Bhs 7.00 147.50 34.50 32.00 -
H 14.80 278.80 61.20 176.60 1.56

2 Ep 32.00 143.60 33.20 60.20 -

Bhs 21.60 110.60 28.20 51.00 -
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Table 4. List of organically bound biogenic elements on the basis of COrg (%) [C-HA and C-FA (%); C-HA/FA (1)], C__ (%) and

N, (%) [C/N (1)]

sslz;‘r‘lze Horizon C, N, C/N C., C-HA CFA  C-HA/FA
H 28.95 113 25.73 4.13 2.86 127 2.25
1 Ep 3.65 0.20 18.72 154 0.53 1.01 0.52
Bhs 271 0.18 15.06 - - - -
H 33.14 1.04 31.80 4.83 3.80 1.04 3.66
2 Ep 3.10 0.17 18.00 1.10 0.52 0.58 0.89
Bhs 4.42 0.28 15.89 - - - -

Table 5. Characteristics of basic physicochemical soil properties [pH and cation exchange capacity — CEC (mmol/kg)] of the

selected Norway spruce stands

Spruce stand Horizon pH/H,0 pH/KCl CECppen CEC, 1
H 3.74 2.84 1,163.50 -
1 Ep 3.75 2.89 182.00 290.40
Bhs 4.30 3.70 150.50 267.00
H 3.55 2.79 1,248.00 -
2 Ep 3.85 3.00 252.59 211.24
Bhs 4.14 3.50 227.02 368.09

Although a significantly lower content of C-FA
(0.58%) was determined in the organic-mineral
horizons, the C-HA/FA ratio remained relatively
higher (0.89). The level of organic reactants po-
lymerisation at humification was also detected
through the CEC. The CEC values in the H-horizon
reached on average 1,248 mmol/kg. CEC average
values in the uppermost mineral horizons were
252.59 mmol/kg (Table 5). pH/H,O values in the
H-horizon were in the interval 3.45-3.77, pH/KCI
values in the interval 2.61-3.00. The level of soil
acidity in uppermost soil horizons ranged from
3.73-4.01 to 2.81-3.23. Ca*" content in the soil
profile was apparently determined as decreased in
correlation with the predicted intensity of podzoli-
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Fig. 5. Presumption of possible regression function for the

predicted correlative amount of Mg** in spruce needles and

in H-horizon
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sation processes. Table 3 shows that Ca** content
was 278.80 mg/kg in the H-horizon, 143.60 mg/kg
in the Ep-horizon and only 110.60 mg/kg in the Bhs-
horizon. Mg?** content on site SS 2 was determined
primarily very low (61.20 mg/kg in the H-horizon
and 30.70 mg/kg in the uppermost mineral horizons)
and limiting for indication of discoloration changes
in the spruce needles.

The high AI’* contents in site SS 2 were displayed
in a significantly shallower root system. The limit-
ing Mg** values meant basic deficiency for plant
nutrition in this site. Correlations of Mg?** and AI**
contents in the Ep- and Bhs-horizons were obtained
only at the limit significance level P < 0.50. The
content of AI** in the Ep-horizon was in relation

0.66 -

[ ]
0.64 1 _ 0.2236x + 0.2633

r*=0.3163

0.62 -

0.60 -
0.58
0.56 -

Needles (g/kg)
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H-horizon (mg/kg)
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Fig. 6. Presumption of possible regression function for the
predicted correlative amount of sulphur in spruce needles

and in H-horizon
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Table 6. Analysis of the selected biogenic elements in spruce needles from the apical section of sample tree crown on the
individual research plots (RPs) in stand 216C 9 (SS 2); DC — defoliation class (according to BADEA et al. 2004)

Needle element

RP number DC Needle age N K Ca Mg S
(%) (g/kg from dry matter)
. 0 1-year 1.42 1.87 5.52 1.38 0.37 0.53
2-year 1.24 1.54 4.21 1.58 0.22 0.58
1-year 1.38 1.97 6.99 2.64 0.42 0.61
2 ! 2-year 1.07 1.66 5.27 1.69 0.22 0.66
3 5 1-year 1.11 2.30 7.05 191 0.49 0.66
2-year 1.08 1.64 4.46 1.99 0.23 0.63
4 2/3 1-year 1.33 1.94 6.00 1.55 0.29 0.59
2-year 1.07 1.44 4.72 2.03 0.16 0.61
5 3/ 1-year 1.25 1.94 7.76 1.78 0.36 0.69
2-year 1.14 1.74 5.16 2.87 0.21 0.57

to biological activity determined as negatively af-
fecting. The positive correlations were found bet-
ween Al** concentration and C/N ratio (r = 0.56 at
P < 0.30) and C-FA (r = 0.72 at P < 0.15). The C/N
ratio partially corresponded with a decreased N
content in the spruce needles and indicated that
recorded values of soil N, resulted especially from
nitrogen substances in the physiologically inacces-
sible form. Accordingly, the C/N ratio value 31.80
could be seen as a conducive effect to the limitation
of the site trophic potential (STP).

The discoloration indication causes based on
spruce needle analysis (Table 6) showed that there
were not any statistical significant differences in the
chemical composition between sample trees. The
correlations between elements in the needles and
H-horizon characteristics were generally determined
as inconclusive. The correlation between the chemi-
cal composition of spruce needles and pH was not
determined. Only for the level of Mg** (r = 0.58) and
S (r=0.56) was a statistically significant dependence
determined at P < 0.32. Linear regression was laden
by outliers error (cf. Figs. 5-6).

DISCUSSION
Discussion about the particular results

CECwas one of the most important soil properties.
CEC was directly dependent on soil acidity, mineral
composition of parent rock and buffering capacity of
soil solution. It was determinant for total site trophic
potential (STP). The importance of CEC for STP
increased especially in the conditions of permanent
anthropogenic load. The air pollution deposition was
mostly considered as the main cause of stress in the
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Central European environment (ULRICH 1995; ER1s-
MAN et al. 2005; PERCY, FERRETTI 2004). Although
the level of air pollution stress in the territory of
the Czech Republic does not currently represent a
limiting factor for the existence of forest ecosystems,
in the case of ecotoxicology it remains evident as
residual soil acidification (PURDON et al. 2004). The
current SO, loading in the region reached on average
5-25 pm/m? (VAVRICEK et al. 2005).

The soil buffering capacity was dependent espe-
cially on soil hydric regime, parent rock weathering
and humification intensity. Clay minerals especially
increased its representation due to hydrolytic weath-
ering of feldspar and ensured the long-term stability
of soil buffering capacity and also determined the
stabile component of CEC. Variable components of
sorption complex (especially colloid humus) asserted
in the relatively short-term scale on the soil buffer-
ing capacity and CEC. Exact CEC determination
depended on the use of proper methods (SUMNER,
MILLER 1996). Both methods of CEC determina-
tion used for the soil sample analysis from both SSs
were estimative, although the method according to
Mehlich could generally provide results correlative
with determination of the effective cation exchange
capacity (VRANOVA 2005). No statistically signifi-
cant differences were found between the results of
CEC, ppen and CEC,,, ... The results were not recip-
rocally correlative. These results did not prove any
significant and long-term influences of air pollution
deposition on CEC. These results supported the
theory that significant changes in the soil buffering
potentiality in the Central European conditions were
more related to biological activity changes in the re-
flection of humification and production of colloidal
humus (ULRICH 1995).
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These results corresponded especially with de-
termined sulphur content in the H-horizon that
correlated with biogenic inputs and was not sig-
nificantly supported by atmospheric deposition.
Soil acidification problems in both localities were
especially related to the surplus of low molecular FA
as products of decomposition that could be washed
out. Low molecular FA was secondarily cumulated
in Bhs- and Bs-horizon in the podzol soil profiles
(VRANOVA 2004). In case biogenically fixed Ca*
was incorporated into waste decomposition, it led
to humification stimulation and decreased release
of organic acids into the soil profile (ANDERSSON
et al. 2000). The environment with naturally low
concentration Ca®* on all RPs was not able to de-
crease the rising ratio of FA. However, acid condi-
tions supported the activity of mycorrhizas (HYSEK,
SARAPATKA 1998; KozLowsKI 1971) and as a result
the factor of ecological substitution ensured the fast
and effective accessibility of phosphorus for plant
nutrition. Haplic Podsol on RPs in SS 1 reported the
stage of chemical and physicochemical properties
adequate to sites of FAZ 5 (VAVRICEK et al. 2005).
The sites of RPs in SS 2 were characterised by lower
Ca* content, limiting Mg** content but sufficient
content of available POZ_. Soil properties of SS 2 were
a typical result of acid parent rock, high precipitation
and intensive leaching of substances from the soil
profile. This was adequate to natural factors in the
FAZ 6-8 conditions.

Norway spruce is a tree species with the naturally
shallow root system. Its root biomass was concen-
trated in the H- and Ae/Ep-horizons on the RPs.
In the H-horizon up to 75% of all fine roots could be
located (MAUER 1999). Norway spruce dependence
on the process in the H- and Ae/Ep-horizons also
meant potential danger by spell of drought. In case
these stands had long-term predisposition, they were
marked by lowered vitality, physiological activity and
disrupted interactions with soil biota and sorption
complex. These stages of stands corresponded indi-
rectly with the high values of C/N ratio determined
at SS 2. At simulated seasonal dry spells the spruce
could be endangered even by 30% losses of fine roots
(PErSsON et al. 1995). If the destruction of mycor-
rhizal interrelationship appeared, forest decline was
unavoidable (PAVLiK 1999).

General discussion

In cases where spruce stands were grown in the
conditions where they could not reach the seral
stage of dynamic balance with soil environment, they
could not create sufficient auto-regulative interac-
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tions with the other components of geobiocoenosis

(MoprzYNsKI 2003). They were not able to respond

to stressor functioning by ecological substitution and

their predisposition consecutively led especially to
their increased sensitivity to climatic episodes and
weather conditions. Stand defoliation was not only
their response to stress; it was also a source of stress
(S1EROTA 1995). Predisposed spruce stands could
be affected by the forest decline on a different level
according to the specific soil conditions. In sites
of the Hanusovicka highland more expressive and
more differentiable symptoms of forest decline and
spruce stand dieback were reported in the areas of

FAZ 6. They were less endangered by dry spells by

its macroclimatic characters potentially. This stage

resulted into synergic actuation of many impacts (cf.

MobpRrzYNSKI 2003; PURDON et al. 2004):

1. Soil environment of SS 2 in the conditions of FAZ
6 was marked by high concentrations of AI** in the
mineral horizons. The main soil biological activ-
ity in SS 2 was determined for H-horizon. In the
mineral horizons its decrease was displayed by
a significant decrease of C-FA content, Ca** and
PO;". Primarily low Mg?* content in the whole soil
profiles potentially caused limiting biota depend-
ence on it by its relationship to organic colloids
and biomass.

2. The SS 2 edatope was affected by sheet landslide
that appeared as considerable differentiation of
soil conditions and interior soil genetic condi-
tions. The slope still inclined to landslides and
windthrows. The situation where the regression
relation between Mg?* and AI** was detected only
at the limit significance level P < 0.50 means that
the influence of soil environment heterogene-
ity on predisposition of spruce stands was not
unequivocally conclusive, it was not significantly
conditioned by soil mineral substances but it
could be related with unbalances in the soil
organic compound dynamics. This assumption
was supported especially by high values of C/N
ratio and conclusive correlation of AI** content
in the Ep-horizon and C-FA content as a result of
significantly slowed humification.

3. The extremely warm and dry vegetation season
2003 was warmer up to +3.8°C above normal dur-
ing the period of April-September. During this
season the months of June (-70.0 mm), August
(—52.0 mm) and September (—19.5 mm) were sig-
nificantly below normal precipitation in the whole
Jeseniky region and Moravian-Silesian Beskids (cf.
CHMU 2004).

4. The root system of forest tree species was reduced
in correlation with soil environment properties
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especially in uppermost soil horizons. At this site
a niche for rhizosphere development was provided
that contributed to the acceleration of decomposi-
tion products with colloidal particles of sorption
complex (cf. REJSEK 2004) and it was sensitive to
deficiency of soil moisture. Predisposed, open
stand and partially defoliated spruce stand was
not able to provide sufficient ecological cover for
preservation of stable soil moisture (VAVRICEK
et al. 2005) nor stable conditions for the exist-
ence of soil microbial communities (cf. HYSEK,
SARAPATKA 1998).

5. The stand opening contributed to the spreading
of considerable abundance of weed-herb storey
of understorey vegetation. Blocking of available
NH," and NO,” was presupposed in its biomass.
Values N, expressed the presence of physiologi-
cally unavailable nitrogen forms that was only
progressive in the conditions of slower humifica-
tion and mineralisation. High values of C/N ratio
corresponded with this statement.
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Padni vlastnosti jako soucast predispozicnich faktora pri chfradnuti
smrkovych porostii v montannich polohach Hanusovické vrchoviny

D. VAVRICEK, P. SAMEC, P. SIMKOVA

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

ABSTRAKT: Byly vybrany dospélé smrkové porosty postizené symptomy chiadnuti v severni ¢asti Hanu$ovické vrchovi-
ny (Ceska republika) na dpati a hiebenu vrcholu Jetdb (1 003 m n. m.). Smrkovy porost (SP) 1 (700 m n. m.) byl situovén
v podminkdach jedlo-bukového lesniho vegetacniho stupné (LVS). SP 2 (880—-900 m n. m.) byl situovan v podminkach
smrko-bukového LVS. V porostech byly zvoleny vyzkumné plochy (VP) o dil¢i rozloze 400 m?* na zdkladé rtizného stupné
poskozeni a stanovistni rozriiznénosti. Pomoci komplexni analyzy pud se podafilo prokdzat, ze padni prostfedi mtze byt
soucdsti stresovych faktord, plisobicich v montdnnich polohach krkonogsko-jesenické elevace predispozici neptirozenych
smrkovych monokultur. Vysoké koncentrace Al** v pidnich minerélnich horizontech byly zjistény v pfimé vazbé na posko-

zeni enklav VP. Koncentrace AI** a limitni stav Mg®* nuti kofenové systémy stromi existovat prevdzné v H-horizontech,

pripadné v Ae/Ep-horizontech. To porosty predisponuje vici klimatickému suchu a suchym epizodam.

Klicova slova: chfadnuti lesa; suché epizoda; stres; Hanu$ovickd vrchovina; smrkovy porost

Chradnuti lestt se déje jako synergické ptsobeni
stresovych faktort. Zatimco prirozené biocené-
zy jsou schopny v ramci kontinualniho sukcesniho
vyvoje dosdhnout dynamické rovnovahy s ptidnim
prostredim, hospodafské monokultury tuto schop-
nost nemaji. Senzitivita lesnich porostii obecné ros-
te s nadmorskou vyskou a méni se i v zdvislosti na
pudotvornych substratech. Zaroven s nadmorskou
vyskou roste zavislost ekologické stability lesa na
pudnich vlastnostech.

Byla vybrédna ¢ast Hanusovické vrchoviny (Pri-
rodni lesni oblast 28 — Pfedhofi Hrubého Jeseniku),
kde v priibéhu vegeta¢niho obdobi roku 2003 doslo
v disledku dlouhotrvajiciho sucha k rychlé zméné
dynamiky chradnuti porostt a k jejich odumirani.
Imisni depozice tohoto regionu (5-25 pum/m?) ne-
pusobi jako limitni faktor existence lesnich ekosys-
tému a zdej$i montdnni stanovisté nebyvaji obvykle
zasahovéana klimatickym suchem (ZATLOUKAL et
al. 2000). Vyzkumné plochy (VP) byly zalozeny ve
dvou dospélych poskozenych smrkovych poros-
tech (SP) (tab. 1) na svazich kéty Jerab (1 003 m n.
m.). V rdmci SP 1 (224C 12/1a; 5K) byly na zakla-
dé stupné rozraznénosti porostu (Korr et al. 1972)
a vymezitelnych stupna defoliace stromd (BADEA
et al. 2004) vybrany dvé VP, v rdmci SP 2 (216C 9;
6K) bylo vybrano pét VP. Na kazdé VP byly odebra-
ny padni vzorky z celého profilu [L. — F — H — Ep
(Ae/Ep) — Bhs — Bs — C]. Z VP na SP 2 byly ode-
brany i vzorky jehli¢i z letorostd a ro¢nich prytd.
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Byly provedeny komplexni analyzy ptidnich vzorka
s rozliSenim vlastnosti fyzikalnich (NEMECEK et al.
2001; ZBIrRAL et al. 1997), chemickych (UGoLl-

NI, SPALTENSTEIN 1992; KONONOvA, BELCIKOVA

1961; ZBIRAL et al. 1997) a fyzikalné-chemickych

(IvANCIC et al. 1985; ZBIRAL 2002). Z jehli¢i byl vy-

hodnocen obsah hlavnich bioelementa (Ca?*, Mg?*,

K+, PO, S, N) (ZBIRAL 1994).

Vysledky dokladaji, Ze v ramci ptidnich vlastnosti
se podminky v obou vybranych smrkovych poros-
tech lisi predevsim v parametrech primo zdvislych
na klimatickych ¢initelich a na procesech zvétravani,
které klima ovliviuje. SP 1 obecné vykazal méné ex-
ponované podminky edatopu, které jsou pravdépo-
dobné jednim z divodd, Ze se symptomy chradnuti
tohoto porostu vyskytuji jen roztrousené a pouze ve
formé diskolorace a vétsinou slabé defoliace stromu.
Pudni prosttedi SP 2 bylo vyhodnoceno jako soubor
Ciniteld, které mohou pfimo podporovat predispo-
zici neprirozenych smrkovych monokultur. Speci-
fikem zde zaznamenanych symptomi chradnuti se
stala vyrazna defoliace a diskolorace lesnich porosti
a vyskyty hynuti stroma v bioskupindch. Vysledky
a diskuse umoznuji nasledujici interpretace:

1. Padni prostfedi SP 2 v podminkach LVS 6 se
vyznacuje vysokymi koncentracemi AI** v mineral-
nich horizontech. Hlavni biologicka aktivita pady
byla zjisténa pro H-horizont. V mineralnich hori-
zontech se jeji snizeni projevilo vyrazné nizkym
obsahem C-FK, Ca**a PO:T Primarné nizky obsah
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Mg** v celém ptadnim profilu potencidlné ptisobi
limitni zavislost bioty na ném prostrednictvim
jeho vazeb na organickych koloidech a biomase.

. Edatop SP 2 byl postizen plosnym svahovym se-
suvem, ktery se projevil zna¢nym rozriznénim
pudnich podminek a vnitropiidnich genetickych
podminek. Svah je stile ndchylny k sesuvim
a vyvratim. Situace, kdy regresni vztah mezi
obsahem Mg* a Al** byl detekovén pouze pfi
krajni mezi vyznamnosti P < 0,50 znamend, ze vliv
heterogenity ptidniho prostiedi na predispozici
smrkovych porostt neni jednoznac¢né prikazny,
neni vyznamné podminén mineralni slozkou puad,
avSak muze souviset s vychylkami v dynamice
organické slozky ptd. Tuto domnénku podporuji
predevsim vysoké hodnoty C/N a prikazna ko-
relace obsahu Al** v Ep-horizontu a fulvokyselin
v dtsledku vyrazné zpomalené humifikace.

. Extrémné teplé a suché vegetacni obdobi roku
2003 bylo v useku duben-zari az o +3,8 °C
nadnormadlné teplejsi. Behem tohoto obdobi byly
v celém regionu Jesenikti a Moravskoslezskych Be-
skyd srazkové vyrazné podnormalni mésice ¢erven

(=70 mm), srpen (-52 mm) a z4fi (-19,5 mm)
(CHMU 2004).

4. Korenovy systém lesnich dfevin se v zavislosti na

vlastnostech ptidniho prostfedi omezil hlavné na
svrchni ptidni horizonty. Zde sice poskytuje niky
pro rozvoj rhizosféry, coz prispiva k urychleni
interakci produkttt dekompozice s koloidnimi
¢asticemi sorpcniho komplexu, je vsak citlivy
na nedostatek padni vlhkosti. Predisponovany,
prosvétleny a céste¢né defoliovany smrkovy po-
rost nedokdzal poskytnout dostate¢ny ekologicky
kryt pro udrzeni stabilni ptdni vlhkosti ani sta-
bilni podminky pro existenci ptidnich mikrobio-
cenodz.

vy

. Prosvétleni porostu prispivd k $ifeni znacné

abundance travobylinného patra podrostni ve-
getace. V jeji biomase je predpokladédna blokace
pristupného dusiku (NH,*, NO,"). Hodnoty N,
vyjadiuji predevs$im pritomnost fyziologicky
nepfistupnych forem dusiku, které se za pod-
minek prirozené zpomalené humifikace mine-
ralizuji jen postupné. S tim zfejmé koresponduji
i vysoké hodnoty poméru C/N.
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