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ABSTRACT: The main objective of this study was to investigate the causes of nutrient deficiency symptoms in Nor-
way spruce (Picea abies [L.] Karst.) underplantings in the Hruby Jesenik Mts. In the area concerned 19 research plots
were established, representing the ridge sites of the 8" FAZ of acid edaphic categories. On these plots samples were
taken from topmost soil horizons and needle samples were collected in two series — from healthy and from damaged
trees. The results of this study demonstrate that the nutrient deficiency symptoms and reduced vitality of evaluated
underplantings were caused by the insufficient uptake of main nutrients (Mg, P, K, N ). High contents of toxic ele-
ments Al, S in damaged needles are another factor that negatively influences the health status of these underplantings.
A statistical survey showed that damage to underplantings increased with decreasing proportions of main nutrients
(N, Mg, Ca, K) in organomineral horizons. At the same time the content of basic nutrients (N,, Mg, Ca, K) was found
to increase in this horizon with an increasing proportion of oxidizable organic carbon (C_ ). The proportion of humus

ox

substances and the content of basic nutrients (N,, Mg, Ca, K) in organomineral horizons become a limiting factor for

the normal growth and development of Norway spruce plantings in the ridge part of the Hruby Jesenik Mts.
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The soil component creates an essential environ-
ment for ensuring the basic physiological processes
of plants and is an irreplaceable part of the forest
ecosystem. Longer-term temperature and precipi-
tation fluctuations and short-term air pollution are
currently the main factors causing damage to forest
stands (UHLiROVA, KaPiTOLA 2004). The mecha-
nism of forest damage is usually triggered by the
root system damage and stand nutrition disorders
(PODRAZSKY et al. 2003).

Forest tree species nutrition is monitored accord-
ing to the elemental composition of assimilatory or-
gans as one of the effects of environment by plant
interaction (BEGON et al. 1987). Great attention is
usually paid to elements taken obligatorily by the
plant from soil, the dynamics of which is related,

among others, to litterfall decomposition on the soil
surface (VERA 1992; LoMskY 1998; HYVONNEN et
al. 2004; NoVvAK, SLODICAK 2004). These elements
are bound in soil in exchange bonds to the sorption
complex. Mg deficiency in assimilatory organs is a
frequently reported cause of nutrient imbalance in
mountain spruce monocultures (ZIMMERMAN et al.
1998; LomMsKY et al. 2006; VACEK et al. 2006). The
cause of imbalances in nutrient uptake may also be
excessive deposition of N that leads to the relative
deficit of other nutrients and to soil acidification af-
ter gradual leaching of nitrogen (PODRAZSKY et al.
2003). The nutrition of forest tree species can also
be negatively influenced by an excessive amount of
aluminium in the soil component (PODRAZSKY et al.
2003; VAVRICEK et al. 2006; PAVLU et al. 2007) that

Supported by the Ministry of Education, Youth and Sports of the Czech Republic, Project No. MSM 6215648902

J.FOR. SCIL, 57,2011 (4): 141-152

141



may be reflected in high Al content in damaged nee-
dles (DITMAROVA et al. 2007).

The condition of mountain forests in the Hruby
Jesenik Mts. is differentiated in relation to specific on-
site conditions (SAMEC et al. 2007). In the ridge parts
of the Hruby Jesenik Mts. visual symptoms of insuf-
ficient nutrition were observed in Norway spruce
(Picea abies [L.] Karst.) underplantings that were ac-
companied by the overall diminished vitality of af-
fected trees. Stand nutrition disorders are manifested
there by homogeneous yellowing of needles (chloro-
sis) and overall diminished vitality of affected trees. In
total 19 localities were selected in Lou¢na nad Desnou
Forest District (FD), Javornik FD, Janovice FD, Jesenik
FD and Hanusovice FD that represent the ridge sites
of the 8% forest altitudinal zone (FAZ) of acid edaphic
categories. The main objective of this study was to in-
vestigate the causes of nutrient deficiency symptoms
in affected underplantings and to verify whether the

Table 1. Brief characteristics of research plots

soil environment is a part of predisposition factors in-
fluencing their poor health status.

MATERIAL AND METHODS

Description of the area concerned
and research plots

The massif of the Hruby Jesenik Mts. is a tec-
tonically uplifted upland, composed of more or
less separated mountain clusters with deep saddles
and basin-like depressions between them, while
the Jesenicka kotlina basin is the most pronounced.
Mountain ridges, often rising above 1,200 m a.s.l,
are typically massive and round, with deep, young
erosion valleys cutting into them, often with smaller
waterfalls. The territory is built of very complicated
complexes of the crystalline basement, formed of

Stand Exposure Altitude Degree of damage Soil type Bedrock
Forest district Lou¢né nad Desnou

101 A 13/0s SW 1,340 4 folic podzol mica schist gneiss
406 B 0a SE 1,200 3.5 histic podzol mica schist gneiss
419 B10/0p NW 1,310 3 haplic podzol mica schist gneiss
504 A 16 a/0t NwW 1,230 5 haplic podzol mica schist
718 C 1c A\ 1,180 2 folic podzol gneiss
Forest district Janovice

402D 10 SE 1,120 5 hyperskeletic haplic podzol phyllite

503 A 12 SE 1,260 3 haplic podzol mica schist gneiss
504 B 17 0 1,200 2 haplic podzol (skeletic) phyllite
Forest district Hanusovice

210 B17/ Op NW 1,250 2 haplic podzol mica schist gneiss
210 C 9 a/0p A\ 1,160 2 epigleic histic podzol gneiss

220 D9/ 1b NW 1,180 2 folic podzol greywacke
359B15a NwW 1,260 3 folic podzol gneiss

508 A 17/0p E 1,200 3 haplic podzol gneiss

801 A 17/0p W 1,200 3 folic podzol gneiss

804 A 17 a/Op W 1,220 5 folic podzol gneiss
Forest district Jesenik

233 A 14 SV 1,220 3 haplic podzol mica schist gneiss
319A15p NW 1,200 4 folic entic podzol mica schist gneiss
Forest district Javornik

660 C 15 b/1 NW 1,250 3 haplic podzol gneiss

660 C 15¢ NW 1,240 1 entic podzol gneiss
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narrow strips of rocks and extended from north-
east to southwest. Prevailing rocks are acid, mostly
poor in nutrients (gneisses, mica schists, phyllites,
granitoids at a smaller amount) (CULEK 1996).

The condition of mountain forests in the Hruby
Jesenik Mts. is differentiated in relation to the spe-
cific on-site conditions (SAMEC et al. 2007). De-
spite of a dramatic reduction in the emissions of
sulphur oxides in the last decades the impacts of
air-pollution disaster are still obvious in the ridge
parts of the CR mountain ranges. A list of 19 re-
search plots in the studied area with specification
of on-site conditions is given below (Table 1). From
the aspect of soil taxonomy podzolic groups of soils
prevail there while Folic Podzol and Haplic Podzol
are the most frequent soil types.

Pedological survey of sites

On-site conditions (relief, altitude, exposure)
were evaluated on each of 19 research plots; a soil
pit of a depth reaching the substrate horizon C was
dug at each site. Soil taxonomy was described in
excavated soil profiles applying the FAO WRB in-
ternational classification.

Evaluation of underplanting damage

The degree of damage to underplantings was
evaluated on each research plot, based on the fre-
quency of occurrence of visual symptoms of defi-
cient nutrition (chlorosis), and the general vitality
of the stand concerned was also evaluated. A scale

of underplanting damage was developed accord-
ing to the chosen method (INNEsS 1990) in order to
compare damage in the particular localities and for
further statistical evaluation. It is a 5-degree scale
showing the degree of damage to underplantings
due to nutrient deficiency from the lowest (I) to
the highest (V). Trees with the occurrence of visual
symptoms on more than 20 percent of all foliage
were regarded as damaged (degree II and higher).

Sample collection and laboratory analyses

On each of 19 research plots (their list is shown
in Tablel), soil samples for laboratory analyses
were taken from humification (H), organomineral
(Ae, Ep) and spodic horizons (Bs, Bv). For a more
detailed and objective evaluation of the Norway
spruce (Picea abies [L.] Karst.) rhizosphere envi-
ronment the samples from humification (H) and
organomineral (Ae, Ep) horizons were collected by
the method of soil preparation. In each of 19 re-
search localities, three plots 50 x 50 cm in size were
selected. On these 3 plots, one composite sample of
H horizon, one composite sample of Ae/Ep horizon
was taken. Soil from spodic horizons Bs was taken
by the classical sampling method directly from soil
pits. In this way, 19 composite samples of H hori-
zon, 19 composite samples of Ae/Ep horizon and
19 samples of Bs horizon were collected in 19 re-
search localities. For the reason of the restricted
length of this paper, tabular results of laboratory
analyses (Tables 2—4) are published in shortened

Table 2. Chemical and physicochemical properties of selected horizons (mean + standard deviation)

T
Forest district Horizon pH (H,0) pH (KCl) V (%)
(mmol-kg)
., 3.41 £ 0.16 2.73 £0.23 81.40 + 19.67 654.60 + 221.47 22.07 £ 20.12
Loué¢nd nad Desnou
Ae/Ep 3.60 * 0.14 3.02 £0.16 15.60 + 11.22 192.00 + 68.88 8.90 £ 6.12
] ) H 3.60+0.17 2.82+0.12 102.00 +52.08 1,050.0 + 151.40 6.92 + 0.92
anovice
Ae/Ep 291 +0.08 2.53 £ 0.07 27.20 £ 10.31 188.33 + 60.47 14.40 + 1.77
] 1 H 3.76 £0.09 3.22+0.18  42.00 + 4.00 926.00 + 57.00 4.58 +0.71
esenik
Ae/Ep 343 +0.16 3.16 £+ 0.11 30.50 £+ 28.50 146.00 + 45.00 16.45 + 14.45
Lo H 3.90+0.25 3.29+0.38 60.44 + 34.91 938.00 + 316.27 6.94 + 3.38
HanusSovice
Ae/Ep 3.50 +0.33 3.07 £ 0.23 14.43 + 14.85 160.71 + 55.49 8.19 £+ 591
] 1 H 3.53+0.16 2.76 +0.10 87.00 £+ 1.00  1,227.00 + 71.00 7.11 + 0.33
avornik
Ae/Ep 2.98 + 0.04 2.93 £ 0.01 17.50 + 16.50 118.00 + 68.00 10.10 + 8.10

S — instantaneous content of exchangeable basic cations in forest soil, T — cation exchange capacity — total amount of

basic cations the soil is able to bind, V — basic saturation (saturation degree of the soil sorption complex by basic cations).

For the reason of the restricted paper volume, tabular results of laboratory analyses (Tables 2—4) are published in a

shortened form. The values of soil characteristics were averaged in research localities from a common forest district
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Table 3. Chemical and physicochemical properties of selected horizons (mean + standard deviation)

S C,. N,
Forest district Horizon C:N
(%)
H 0.18 + 0.02 3539+326 1.63+0.20 21.90*1.76
Lou¢né nad Desnou Ae/Ep - 6.25+2.71 0.28+0.11 2231 +£2.76
Bs - 452+119 0.19+0.04 23.13+254
H 0.14 + 0.07 36.63 +6.88 148 +0.09 24.96 +5.85
Janovice Ae/Ep - 8.40 + 1.23 0.34 £ 0.03 24.87 + 1.50
Bs - 4.53 £ 2.15 0.20 £ 0.07 21.32 + 3.15
H 0.22 £ 0.02 3546 +4.73 1.61£0.13 2193 +1.17
Jesenik Ae/Ep - 5.21 +2.98 0.26 +0.17 22.13 £ 2.65
Bs - 5.91 £ 0.36 0.25+0.03 24.22 + 1.00
H 0.21 £ 0.05 33.83 +£9.61 1.58 £0.31 21.14 +4.07
Hanusovice Ae/Ep - 4.09+269 020%0.12 19.23+597
Bs - 2.87 + 1.61 0.14 £ 0.09 20.73 £ 4.31
H 0.19 £ 0.01 36.02 +6.69 1.56+0.22 23.22 +0.97
Javornik Ae/Ep - 5.01 + 3.33 0.25+0.20 22.63 + 3.39
Bs - 9.63 + 2.19 0.24 + 0.00 41.17 £ 10.17

S — content of sulphur

form. The values of soil characteristics were aver-
aged in research localities from a common forest
district.

Needles for the evaluation of stand nutrition at
given sites were collected at the end of growing
season. Annual shoots were taken always from
the upper third of the developed crown of a given
tree. Two composite samples were taken on each of
19 research plots: the one from trees without dam-
age (hereinafter “healthy” trees) and the other from
trees with visible symptoms of nutrient deficiency
(hereinafter “damaged” trees). Each of composite
samples was taken from twenty trees minimally. In
the case of composite sample from damaged trees,
shoots with visual symptoms of insufficient nutri-
tion were taken. Trees with visual symptoms on
more than 20 percent of total foliage were regarded
as damaged degree II and higher (INNES 1990).

Laboratory techniques in an accredited labora-
tory of the company Ekola Bruzovice s.r.o. includ-
ed the analyses of active (pH/H,O) and potential
(pH/KCI) soil reaction usinga pH-meter witha com-
bined glass electrode (soil/H,O or 1M KCI = 1/2.5),
soil adsorption complex characteristics (S — base
content, T — cation exchange capacity, V — base sat-
uration) according to Kappen (ZBiRAL et al. 1997),
H* concentrations on the principle of pH double
measurement (ADAMS, EVANS 1990) and available
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mineral nutrients (Ca, Mg, K) from extracts by Me-
hlich II method of atomic adsorption spectropho-
tometry (MEHLICH 1978).

Phosphorus content in H horizons was deter-
mined by the Gohler method, phosphorus content
in Ae/Ep, Bs horizons was determined spectropho-
tometrically in a solution of ascorbic acid, H,SO,
and Sb**. Oxidizable organic carbon (C_ ) was de-
termined by endothermic extraction in a chromi-
um sulphur mixture. The combustion mixture was
in surplus, the unreacted residue was determined
by dead stop titration with Mohr salt. Total nitro-
gen (N,) was determined by the Kjeldahl method
(ZBIRAL et al. 1997). The sulphur content was de-
termined on the basis of annealing and combustion
in HCl with subsequent precipitation of sulphur by
BaCl2 on BaSO,. Contents of nitrogen, phosphorus,
calcium, magnesium and potassium were deter-
mined in needle samples. Nitrogen was measured
coulometrically. The other elements were deter-
mined by an extraction-spectrophotometric meth-
od (ZBirRAL 1994).

Statistical survey

A statistical survey was done in the Statistica Cz
programme, all hypotheses about relations among

J.FOR. SCIL, 57, 2011 (4): 141-152



Table 4. Contents of basic nutrients in selected horizons (mean * standard deviation)

P Mg Ca K
Forest district Horizon
(mg-kg1)
H 6.10 + 2.94 97.40 + 43.55 220.00 + 100.34 312.20 + 84.94
Louc¢né nad Desnou Ae/Ep 14.40 + 10.97 35.00 + 13.99 105.00 + 41.12 40.20 + 10.46
Bs 6.80 = 6.14 21.20 + 4.75 73.20 + 30.76 18.20 + 6.01
H 12.20 + 8.50 61.20 + 12.42 254.00 + 194.44 181.60 + 35.86
Janovice Ae/Ep 9.88 + 12.68 27.25 + 4.09 115.50 + 27.14 43.00 + 14.51
Bs 5.75+ 2.75 17.00 + 1.00 105.00 + 3.00 25.00 + 8.00
H 1.00 = 0.00 64.50 £ 11.50 154.00 + 4.00 168.00 + 45.00
Jesenik Ae/Ep 10.00 + 4.08 21.50 + 6.94 98.00 + 18.78 25.00 + 10.61
Bs 11.75 +7.25 25.5 + 1.50 114.50 + 3.50 23.50 + 1.50
H 3.36 £ 2.96 94.71 + 55.06 194.43 + 108.56 177.00 + 68.52
Hanusovice Ae/Ep 8.50 + 3.49 27.82 + 13.35 114.18 + 33.45 26.27 + 8.13
Bs 13.44 + 11.98 21.63 £ 7.05 106.75 + 28.69 21.25 + 4,74
H 9.00 £ 0.00 69.00 + 10.00 222.00 + 25.00 129.50 + 14.50
Javornik Ae/Ep 8.83 £5.78 32.00 £ 15.12 145.67 + 54.66 36.67 + 27.35
Bs 6.75 +1.75 25.50 £ 0.50 144.00 + 14.00 17.00 + 2.00

the studied variables were tested at P < 0.05. The
state of underplanting nutrition was evaluated
according to BERGMANN (1988). To evaluate po-
tential differences in the elemental composition
of needles taken from the series of damaged and
healthy trees the t-test for independent samplings
was used. The correlation between stand nutrition
and pedochemical characteristics of humification
and organomineral horizons was also evaluated.
Both above-mentioned data sets were compared
with the degree of damage to underplantings by
means of correlation matrices.

RESULTS AND DISCUSSION

Physicochemical properties of soils and nutri-
ent status of forest stands on research plots

From the aspect of soil acidity the evaluated sam-
ples belong to the category of highly acid to very
highly acid forest soils. The values of soil reaction
in humification and organomineral (Ae, Ep) ho-
rizons are mostly in the range of 2.6-3.3 pH/KCl
(Table 2). The values from 2.8 pH/KCI and more
can be considered as sufficient for acid sites of the
78t FAZ. Extreme climatic conditions, high
layer of forest floor and highly acid litterfall cause
natural acidification of the soil environment in this
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case (HRuSkA, CIENCALA 2005; VAVRICEK 2005;
SAMEC et al. 2008). The values of soil reaction de-
crease below 2.7 pH/KCI in 20% of the evaluated
plots. Spruce is relatively resistant to low values
of pH (URADNICEK et al. 2009), but a decrease to
these values leads to excessive mobilization of alu-
minium from clay minerals and a high content of Al
in the soil solution negatively influences physiolog-
ical processes of this tree species (HRUSKA 2005).
The values of base saturation in topmost soil lay-
ers (H, Ae/Ep) range from 4% to 17% while in or-
ganomineral horizons there is a moderate increase
to the values of 6-20% compared to humification
horizons (Table 2). From the aspect of sorption sat-
uration the soils at the evaluated sites can be classi-
fied to the category of extremely unsaturated soils.
Very low values of sorption saturation (5-10%)
are normal for highly acid podzolized forest soils.
However, the values of base saturation fall below
5% in 25% of the evaluated plots. These values can
already be considered as extreme and the applica-
tion of remediation ameliorative actions (fertiliza-
tion, liming) should be envisaged on these plots.
The content and reserve of basic nutrients in soil
influence the total production potential of a site to
a large extent (PRUSA 2001). Norway spruce (Picea
abies [L.] Karst.) does not have any great demands
on the soil environment trophism but it requires
higher soil moisture during the whole growing sea-

145



Table 5. The matrix of correlation coefficients between selected elements contained in undamaged needles and total

damage to stands (N =19) on research plots (exceeding the border significance of r > 0.49 at P < 0.05 is in bold)

Element P K Mg Ca N S Al Damage
P 1.00 0.41 0.28 -0.55 0.78 0.11 0.19 -0.33
K 0.41 1.00 -0.13 -0.06 0.33 -0.04 0.04 -0.18
Mg 0.28 -0.13 1.00 -0.22 0.46 -0.28 -0.49 -0.26
Ca -0.55 -0.06 -0.22 1.00 -0.54 0.27 -0.23 0.49
N 0.78 0.33 0.46 -0.54 1.00 -0.32 0.04 -0.50
S 0.11 -0.04 -0.28 0.27 -0.32 1.00 0.28 0.18
Al 0.19 0.04 -0.49 -0.23 0.04 0.28 1.00 -0.05
Damage -0.33 -0.18 -0.26 0.49 -0.50 0.18 —-0.05 1.00

son. A certain deficiency of some nutrients in soil
need not indicate a stress factor for the spruce for-
est ecosystem (URADNICEK et al. 2009).

Nitrogen content in topmost soil horizons shows
high values on the studied plots (Table 3). In the
humification horizon its content ranges between
1.4% and 1.8%. In organomineral horizons with a
lower admixture of humus substances it decreases
to the values around 0.2%, which is still a very sta-
ble and sufficient reserve for this horizon. Nitro-
gen content in needles of healthy trees is optimum
(BERGMANN 1988) and always exceeds the limit of
1.3-1.4%. N, content in damaged trees is statisti-
cally significantly lower, decreasing below the limit
of optimum accumulation (1.2%) on the majority of
the plots (75-80%).

The amount of phosphorus the plant is able to
take up is given by the balance between numer-
ous P compounds in soil and different capacities
of plants to modify their own rhizosphere envi-
ronment (FRANSSON, BERGKVIST 2000). Contents
of soil phosphorus in humification horizons cor-
respond to extremely low or low concentrations
(3-9 mgkg!; Table 4). Phosphorus reaches op-
timum values (10-30 mg-kg™') only in 20% of the

18.00
16.00

—_
54
=
S

8.00
6.00

Content in needle

4.00
2.00

Nl TN |

0.00

plots. In organomineral horizons the content of
this element is more favourable (6—15 mg-kg™) and
decreases below extreme 5 mg-kg™' only in 20% of
the evaluated plots. Pronounced deficiency of this
element in soil can be explained by the type of bed-
rock on the studied plots. Soils on gneisses gener-
ally show the deficiency of bivalent efficient bases
and phosphoric acid (SLoDICAK et al. 2008). Simi-
larly low contents of this element were determined
in the Kru$né hory Mts. (SLODICAK et al. 2008),
in the Hruby Jesenik Mts. and in the Krkonose
Mts. (VAVRiCEK 2008). Even though the above-
mentioned phosphorus content in soil on the stud-
ied plots is very low, no phosphorus deficiency in
the nutrient status was observed. P accumulation
in needles of both healthy and damaged trees of
Norway spruce is in the range of optimum values
1.5-2.4 gkg' (Fig. 1).

Potassium content in soil is quite low (Table 4),
but it does not decrease below the critical limits
that would indicate risky low values with regard to
the nutrition of forest tree species. Even though the
amount of potash in the rock is generally sufficient,
it need not be sufficient in an available form in soil.
A part of K,0 bound in muscovite, orthoclase and

m Health

[ Damaged

Fig. 1. Average contents of selected biogenic

K Mg
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elements in healthy and damaged spruce

N needles (P, K, Mg, Ca, S (g-kg™); N (%))

J.FOR. SCI, 57,2011 (4): 141-152



biotite is released only slowly. Potassium contents in
humification horizons showlow or verylowreserves
(120-280 mg-kg™). In organomineral horizons po-
tassium reserves are low (20-50 mg-kg™!) on most
plots. K content in needles of healthy trees is in the
range of 4-6 g-kg™! (Fig. 1) and it decreases below
the limit value of 5 g-kg™! in 50% of the plots. K con-
tent in needles of damaged trees is statistically sig-
nificantly lower, ranging from 2.6 to 4.6 g-kg™!. The
causes of the generally low content of this element
in needles may be different, e.g. SHEN et al. (2001)
found out that trees growing on the gneiss bedrock
had generally lower concentrations of foliar potas-
sium compared to other rocks.

Magnesium deficiency in soil is reported by some
authors as the most probable cause of large-area
decline of spruce monocultures in mountain ar-
eas (EVErs, HUTTL 1990; PODRAZSKY et al. 2003;
LoMsKY et al. 2006; VACEK et al. 2006). The con-
tent of soil magnesium on our research plots is
also very low (Table 4). In humification horizons
it fluctuates at the level of low to very low values
(50-100 mg-kg1). In 20% of the studied plots it
is close to the extreme value of 50 mg-kg™! and its
content is extremely low there. In subsequent or-
ganomineral horizons the values indicate low but
sufficient contents (20-50 mg-kg™!). Mg content in
needles of healthy trees (Fig. 1) is in the range of
0.4-0.6 g-kg! and in 50% of the plots it decreas-
es below the limit value of 0.5 g-kg™! (BERGMANN
1988). Mg content in needles of damaged trees
is statistically significantly lower and its range is
0.26-0.46 g-kg™, so it is below the limit value of
0.5 g-kg~! on all plots. A low content of this element
in needles in a comparable environment of moun-
tain spruce monocultures was reported by a num-
ber of Czech and foreign authors (LoMsKY et al.
2006; BArRszcz, MArek 2008). The uptake of this
element may be influenced by climatic factors to

a large extent. It has been confirmed that drought
may significantly block the uptake of this element
(DAMBRINE et al. 1993; HUTTL 1997; GRABAROVA,
MARTINKOVA 2001).

Soils on the gneiss bedrock generally have a low
content of bivalent efficient bases (SLODICAK et al.
2008), which was also reflected in a low content of
soil Ca in the studied area (Table. 4). The content of
this element in the humification horizon is low but
sufficient, ranging from 120 to 250 mg-kg~'. Only in
15% of the plots it decreases below the limit of the
lower optimum of 130 mg-kg™!. In the subsequent
organomineral horizon (Ae/Ep) the values of Ca
indicate the lower optimum reserves in the range
of 80-160 mg-kg™!, and in 15% of the studied plots
the content of soil Ca decreases to very low values
(below 80 mg-kg). Ca representation in the bio-
mass of healthy needles (Fig. 1) assumes very low
values with the average 3.8 g-kg!. In damaged trees
Ca content is statistically significantly lower (aver-
age content 2.9 g-kg™!).

In spite of a dramatic reduction in sulphur oxide
emissions in the last decades there is a long-term
effect of sulphur accumulation in the soil environ-
ment (HRUSKA et al. 2001; UHLIiROVA et al. 2002;
Hruska, KrRAM 2003). Sulphur contents in hori-
zon H are relatively high in general (Table 3) and
fluctuate in the range of 0.17-0.28%. In 50% of the
studied plots they are above the limit value (0.2%)
and can be an excessive load for the forest ecosys-
tem. The content of this element in the nutrient
status of healthy needles is statistically significantly
lower than in damaged needles (Fig. 1), hence sul-
phur may play an important role in disorders of the
stand nutrition. The persistent problem of a cer-
tain air-pollution stress in the Jeseniky Mts. was
also documented by ZAPLETAL et al. (2003), who
demonstrated a correlation between the crown de-
foliation and sulphur deposition levels at the end of

Table 6. The matrix of correlation coefficients between selected elements contained in damaged needles and total

damage to stands (N = 19) on research plots (exceeding the border significance of » > 0.49 at P < 0.05 is in bold)

Element P K Mg Ca N S Al Damage

P 1.00 0.30 0.12 -0.09 0.45 0.01 0.42 -0.53

K 0.30 1.00 -0.08 0.50 0.39 0.12 0.46 -0.23

Mg 0.12 -0.08 1.00 0.54 0.49 0.04 0.06 0.03

Ca -0.09 0.50 0.54 1.00 0.52 -0.17 0.24 -0.06

N 0.45 0.39 0.49 0.52 1.00 0.01 0.50 -0.66

S 0.01 0.12 0.04 -0.17 0.01 1.00 0.17 0.14

Al 0.42 0.46 0.06 0.24 0.50 0.17 1.00 -0.40
Damage -0.53 -0.23 0.03 -0.06 -0.66 0.14 -0.40 1.00
J.FOR. SCI,, 57,2011 (4): 141-152 147



Table 7. The matrix of correlation coefficients among selected chemical properties (N = 19) on research plots in hu-

mification horizon H (exceeding the border significance of r > 0.49 at P < 0.05 is in bold)

Element S C, Nt P Mg Ca K Al C:N
S 1.00 0.52 0.61 -0.09 0.19 0.29 0.28 -0.26 0.14
Co. 0.52 1.00 0.81 0.28 0.34 0.42 0.28 0.03 0.72
Nt 0.61 0.81 1.00 0.14 0.40 0.44 0.33 0.13 0.18
P -0.09 0.28 0.14 1.00 -0.22 0.07 0.24 0.10 0.31
Mg 0.19 0.34 0.40 -0.22 1.00 0.89 0.09 -0.38 0.10
Ca 0.29 0.42 0.44 0.07 0.89 1.00 0.21 -0.49 0.20
K 0.28 0.28 0.33 0.24 0.09 0.21 1.00 0.05 0.11
Al -0.26 0.03 0.13 0.10 -0.38 -0.49 0.05 1.00 -0.05
C:N 0.14 0.72 0.18 0.31 0.10 0.20 0.11 -0.05 1.00
Damage 0.10 0.39 0.29 0.28 -0.25 -0.09 0.53 0.24 0.30

the nineties. Contents of basic nutrients in spodic
horizons (Bhs, Bs) are lower in total than in orga-
nomineral horizons (Table 4). These horizons are
situated at medium depths (30-45 cm) that do not
have a pronounced influence on the initial develop-
ment and growth of spruce plantings any longer.

Results of statistical survey and discussion

Statistical surveys document that foliar concen-
trations of basic nutrients (Mg, P, K, N) were statis-
tically significantly lower in damaged trees than in
healthy trees (Fig. 1). Calcium content in damaged
needles is also very low and its difference from un-
damaged needles assumes statistically significant
values. In the Moravian-Silesian Beskids (BARSZCZ,
MAELEK 2008) foliar concentrations of most nutri-
ents were found to be at the lower limit of an op-
timum range or even below the limit values. The
insufficient uptake of nutrients is a stressor that is

60 .

.. damage Mg r = —0.53; P = 0.02

0.51.0 15 2.0 25 3.0 3.5 40 4550 55
Damage degree

closely related with the general health status and
nutrient deficiency changes in the studied area of
the Hruby Jesenik Mts. The high content of toxic
elements (Al, S) is another factor influencing the
Norway spruce nutrition negatively. Particularly
as for aluminium, its high concentrations were
measured in needles of damaged trees (on average
160 g-kg™!) while its decrease in healthy needles
to 108 g-kg™! on average is statistically significant
(Fig. 1). A high amount of toxic aluminium in nee-
dles of adult trees growing on plots with symptoms
of the acute stand decline was also reported by
DiTMAROVA et al. (2007). The hypothesis of insuf-
ficient nutrient uptake, leading to subsequent yel-
lowing, was confirmed by another statistical sur-
vey when a negative correlation was calculated
between the foliar N and P content and the degree
of damage to evaluated underplantings caused by
nutrient deficiency (Tables 5 and 6). Damage to un-

240
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: damage Ca r = —0.46; P = 0.04
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Fig 2. The correlation between Mg and Ca content in the organomineral horizon and the degree of damage to underplant-

ings due to nutrient deficiency
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Table 8. The matrix of correlation coefficients among selected chemical properties (N = 19) on research plots in
humification horizons (Ae, Ep) (exceeding the border significance of r > 0.49 at P < 0.05 is in bold)

Element C,. N, C:N P Mg Ca K Damage
C,. 1.00 0.87 0.40 0.21 0.64 0.48 0.71 -0.41
Nt 0.87 1.00 -0.06 0.27 0.70 0.63 0.76  -0.40
CN 0.40 -0.06 1.00 —-0.04 -0.01 -0.16 -0.04 -0.09
P 0.21 0.27 —-0.04 1.00 -0.05 -0.05 0.11 0.27
Mg 0.64 0.70 -0.01 -0.05 1.00 0.71 0.70 -0.53
Ca 0.48 0.63 -0.16 -0.05 0.71 1.00 0.55 -0.46
K 0.71 0.76 -0.04 0.11 0.70 0.55 1.00 -0.45
Damage -0.41 -0.40 -0.09 0.27 -0.53 -0.46 -0.45 1.00

derplantings increases with a decreasing content of
these nutrients in needles. An opposite correlation
was determined for aluminium: with an increasing
proportion of this element in nutrition the coeffi-
cient of damage increases evenly. This correlation
approaches statistical significance and confirms the
results of a preceding statistical survey.

Contents of the majority of basic macrobioele-
ments in topmost soil horizons (H, Ae/Ep) fluctu-
ate at the level of very low or medium low reserves
(Table 4), whereas in potassium, phosphorus and
magnesium they decrease to critically low and
risky values on some plots that already may nega-
tively influence the development and growth of
forest tree species. Low contents of basic nutri-
ents may be reflected in the poor nutrition of tree
species at the sites concerned, which leads to dis-
coloration changes in the assimilatory organs and
to a reduction in the total resistance potential of
plants. This relationship was also demonstrated
by a statistical survey when correlations between
nutrient contents in soil and degree of damage to

12

* , MgC, r=0.6437; P = 0.0029

10 20 30 40 50 60 70
Mg (mg-kg™)

underplantings were tested at the sites concerned
(Tables 7 and 8). Damage to the studied under-
plantings increases with a decreasing proportion of
basic nutrients (N,, Mg, K, Ca) (Fig. 2). This corre-
lation was significant mainly in nutrient contents in
organomineral horizons.

The root system of Norway spruce is usually flat
and does not reach a great depth in the soil profile.
The root penetration to a greater depth in moun-
tain locations is restrained by adverse conditions
deeper in the soil profile. AI3** concentration and the
limit value of Mg?** make the root systems of trees
exist mostly in H horizons or in Ae/Ep horizons
(VAVRICEK et al. 2005). The compounds of colloidal
humus are important carriers of sorption properties
of soil at these depths, and the long-term distur-
bance of humification processes may be connected
with a disorder of the nutrient status of biocoenoses
and with their decline (ULRICH 1995; MCLAUGH-
LIN, PERCY 1999; MODRZYNSKI 2003; PURDON et al.
2004). In humification horizons at the studied sites
the content of humus substances is above standard.

S KC,, r=07077; P = 0.0007

0 10 20 30 40 50 60 70 80
K (mgkg™)

Fig. 3. The correlation between C__and Mg and K contents in the organomineral horizon
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With average depth of this horizon 8—10 cm where
no gravel is admixed the balance reserve of humus
is very high. For the organomineral horizon of
ca 5-8 cm depth the balance reserve of humus
substances decreases to several times lower values
in dependence on the podzolization process and
with 50% skeleton content in places. Total lower
nutrient reserves in these soil layers are connected
with lower humus content in the organomineral
horizon. This hypothesis was also confirmed by a
statistical survey when a negative correlation was
calculated between the content of oxidizable or-
ganic carbon (C_ ) and the content of nutrients (N,
Mg, Ca, K) (Table 8) that correlate with the over-
all damage to stands (see the above paragraph).
With a diminishing proportion of C__ in Ae/Ep
horizons the content of basic nutrients decreases
there (Fig. 3). The proportion of humus substances
(C,,) in the organomineral horizon and the content
of basic nutrients become limiting factors for the
normal growth and development of Norway spruce
monocultures in the area concerned.

CONCLUSION

— Nutrient deficiency symptoms and reduced vi-
tality of Norway spruce underplantings in the
studied ridge part of the Hruby Jesenik Mts. are
caused by insufficient uptake of basic nutrients.
Foliar contents of Mg, P, K, N were statistically
significantly lower in damaged trees compared
to healthy trees and were below the limit of opti-
mum values.

— The hypothesis about insufficient uptake of ba-
sic nutrients was also confirmed by the calcu-
lated statistically significant correlation between
the foliar content of N and P and the degree of
damage to underplantings caused by nutrient
deficiency. The degree of damage to evaluated
underplantings decreases evenly with a higher
proportion of these elements in the assimilatory
organs of Norway spruce.

— High uptake of toxic elements (Al, S) is another
factor negatively influencing the Norway spruce
nutrient status in the area concerned. The con-
tent of these elements in needles of damaged
trees is statistically significantly higher than in
healthy trees.

— Statistical survey revealed a negative correlation
between the content of oxidizable organic car-
bon (C_ ) and that of the main nutrients (N, Mg,
Ca, K). With a decreasing proportion of C__in
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organomineral horizons the content of basic nu-
trients also decreases.

— The representation of humus substances in or-
ganomineral horizons and also the content of basic
nutrients (N,, Mg, Ca, K) become limiting factors
for the normal growth and development of Nor-
way spruce underplantings in the area concerned.

— Based on the above-mentioned findings recom-
mendations for forest operations in mountain
areas of the CR with the air pollution past can be
formulated. The best condition of underplant-
ings was observed at sites with the sufficiently
developed and humus organomineral horizon.
This environment can be simulated during out-
planting by mixing humification and organomin-
eral horizons at a 3:1 volume ratio in a planting
pit 40 x 40 cm in size. Such an optimized sub-
strate mixture that can ensure and increase fa-
vourable values of the basic parameters of sorp-
tion complex, especially CEC, will improve the
quality of the plant root system development. A
mixture with a higher value of CEC underlies the
more efficient use of basic nutrients from point
applications of fertilizer tablets. The particular
macrobioelements on formed bonds of the hu-
mus-clay complex are utilized more efficiently
for subsequent nutrition of stands.
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