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ABSTRACT: Forest ecosystems of the Kru$né hory Mts. affected by long-term air pollution were finally disintegrated.
The tree species composition has been changed in ecosystems disturbed in this way. Liming applied for the long-term
revitalization of air-polluted areas partly decreased the effects of acid depositions on soil in spite of the reduction
of air pollution; however, it did not cause any expected necessary changes yet. The aim of the paper is to evaluate
the chemical composition of humus horizon H and organomineral horizon Ah (soil reaction, sorption complex,
C/N ratio, available nutrients) in stands of substitute tree species differently affected by liming and site preparation
in the area of Kldsterec nad Oht{ Forest District in the Kru$né hory Mts. (Czech Republic). Based on our evaluations,
we found out that pH values increased by 0.3-0.5, which was evident in stands with repeated liming at sites without
soil preparation and with the site/soil preparation using an excavator or bulldozer. The majority of soils always showed
an unsaturated base-exchange complex (< 50%). Increasing values of the sorption complex saturation were evident in
stands with repeated liming, which is related to the favourable condition of pH in H and Ah horizons. C/N ratios in
the H (Ah) horizon were always below a critical limit (< 24). The content of available nutrients in the H (Ah) horizon
was insufficient. Among the particular elements phosphorus content decreased, that of magnesium reached optimum
or even surplus, calcium was in surplus (optimum or even surplus), potassium in optimum (surplus). Forest manage-
ment in the Krusné hory Mts. will be dependent on the effectiveness of the biological and chemical revitalization of

soils also in the future.
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In forest ecosystems of the Kru$né hory Mts., long-
term air-pollution impacts became evident in the
disturbed soil environment, forest disintegration and
changes in the tree species structure (SLODICAK et
al. 2008). Negative changes in the soil environment
were described by NEMEC (1952, 1958). Subsequent-
ly, MATERNA (1963, 1986), SOBOTKA (1964), LoCcH-
MAN (1976, 1981, 1986), LANGKRAMMER and LETTL
(1982), LETTL (1985, 1991), JIRGLE (1986), MATERNA

and SKoBLIK (1988), contributed to the knowledge of
the development of chemistry and biological prop-
erties of soils at air-polluted mountain locations of
the Krusné hory Mts. The obtained results initiated
the use of ameliorative liming, which contributed to
acceleration of revitalization processes of soils dis-
turbed by long-term acidification. An area of 62 and
30 thousand ha was limed in the period 1978-1991
and 2000-2006, respectively (KUBELKA et al. 1992;
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SRAMEK et al. 2006a). A number of stands were limed
repeatedly. At the same time, broadleaved stands
(Betula, Sorbus, Alnus, Fraxinus) contribute to im-
provement of soil conditions (ULBRICHOVA, PoD-
RAZSKY 2002; MOLLEROVA 2004; PODRAZSKY et al.
2005) in contrast to extensive monocultures of blue
spruce (Picea pungens Engelm.).

Forest floor and humus horizons represent the living
space for soil and soil-forming fauna, the development
of which is discussed in connection with ameliora-
tive liming (KuLa 2009; KuLa, MENSik 2011). Forest
floor affects the growth of forest stands (NEMEC 1928;
MARAN, KAS 1948; SALY 1978; WARING, RUNNING
1998), determines the cycle of carbon, nitrogen and
other nutrients, dynamics of the decomposition of or-
ganic residues, quality of soil water and soil structure,
accelerates the decomposition of harmful substances
etc. (STEVENSON 1994; EMMER 1999; SPARKS 2003).

The aim of the present paper is to evaluate the
chemical composition of humus horizon H and
organomineral horizon Ah (soil reaction, sorption
complex, C/N ratio, available nutrients) in stands
of substitute species differently affected by liming
and site preparation in the area of Kldsterec nad
Ohfi Forest District in the Krusné hory Mts.

MATERIAL AND METHODS

Site and stand description

From the archival documentation of aerial liming
(2.5-3 tha™) of stands of substitute species (Betula,
Sorbus, Alnus, Picea pungens) in the area of Klasterec
nad Ohfi Forest District (1986—2002) 49 stands were
selected. This group is differentiated by the time
(1986—2002) and frequency of liming (0—4 times) in
the interval of 5-6 years and site conditions (altitude
740-960 m, tree and shrub vegetation, forest type
group /FTG/ 6S, 6K, 7K). Based on general character-
istics, Piceeto-Fagetum acidophilum (6K) and Picee-
to-Fagetum mesotrophicum (6S) are typical sites for
locations at an altitude of 650—950 m, mean annual
temperature 4.5-5.5°C, total annual precipitation
900-1,050 mm, growing season 115-130 days and the
natural species composition of Picea abies [L.] Karst.,
Fagus sylvatica L. and Abies alba Mill. (PRUSA 2001).

Sampling procedure

Samples of forest floor and soil (H and Ah ho-
rizons down to the depth of 3—4 cm, i.e. about 10%
of the total soil depth) according to NEMECEK et
al. (2001) were taken in October 2008 always from
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three places in a stand. From each of the horizons,
a composite sample was created (£49 + 49 sam-
ples). Values of active (pH H,O) and exchangeable
(pH KClI) soil acidity were determined by potentiom-
etry using a digital pH meter (ZB{RAL 1995). From air-
dried soil samples free of coarse particles, total nitro-
gen and carbon were determined after fine grinding or
comminution (ZBIRAL et al. 1997). Using the method
of KaPPEN (1929), soil exchangeable sorption and
the degree of saturation of the sorption colloid com-
plex by basic cations were measured (ZBiRAL 1995;
REJSEK 1999). Available nutrients (P, Mg, K and Ca)
in a humus horizon (H) were determined after extrac-
tion using the method of Gohler (Soukup et al. 1987)
and in an organomineral horizon (Ah) after extrac-
tion using the method of Mehlich III (MEHLICH 1984;
ZBIRAL et al. 1997). Sulfur (S) in H horizon was deter-
mined gravimetrically (ZBirRAL 2002). Sulphate-sulfur
(8-SO,) in Ah horizon was determined after extrac-
tion of the extract according to ISO 110481 (1995).

Existing limit values for forest soils are given in
Table 1.

Processing the statistical values

Soil characteristics (soil reaction, base-exchange
complex, carbon content, nitrogen content, C/N ra-
tio, available nutrients - P, Mg, K and Ca) were statis-
tically evaluated in the Statistica programme (StatSoft
Inc., Tulsa, USA) and one-factor analysis ANOVA
and Tukey’s test for the detection of differences be-
tween groups were used (StatSoft, 2007). Significance
was tested at a level o0 = 0.05 (MELOUN et al. 2005).

Note: In the paper, particular variants of stands are
designated by letters A—G [A — stands without liming
and site preparation (1 = 4); B — stands limed once
without site preparation (# = 13); C — stands limed
once and with the “excavator” site preparation /using
an excavator for site preparation/ (n = 10); D — stands
limed once and with “bulldozer” site preparation /us-
ing a bulldozer for site preparation/ (n = 3); E - stands
limed 2-3 times and without site preparation (1 = 6),
F - stands limed 2-3 times and with “excavator” site
preparation (n = 5), G — stands limed 2-3 times and
with “bulldozer” site preparation (n = 4)].

RESULTS AND DISCUSSION
Soil reaction

Actual (exchangeable) pH reached the value of
4.1-4.9 (3.3-3.9) in the H horizon and 3.9-4.7
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Table 1. Limit values (criteria) for the evaluation of forest soil quality (SALY 1978; REJSEK 1999; SANKA, MATERNA 2004)

Soil reaction Extremely acid Very heavily acid Heavily acid Acid
pH (H,0) <35 3.5-4.5 4.5-55 5.5-6.5
pH (KCI) <3.0 3.0-4.0 4.0-5.0 5.0-6.0
Sorption complex very low, low medium high (very high)

T (mmol-kg™) (< 80) 80-130 130-240 240-300 (> 300)

S (mmol-kg™1) <120 120-180 > 180

Sorption complex saturation very low, low medium Higher high (very high)
V (%) (<5)15-30 30-50 50-70 70-85 (>85)
Content of available nutrients*  very low, insufficient optimum excessive (very high)

P (mg-kg™!) (< 5)5-10 10-30 30-60 (> 60)

Mg (mg-kg™) (< 20) 20-40 40-60 60-80 (> 80)

Ca (mg-kg™) (< 150) 150-300 300-500 500-800 (> 800)

K (mgkg™) (< 20) 20-50 50-90 90-140 (> 140)

*Criteria of the evaluation of available nutrients are determined according to analyses using the procedure of Mehlich II, III.

(3.0-3.8) in the Ah organomineral horizon. Statis-
tically significant differences (a0 = 0.05) were not
determined in any horizon. Soil reaction is acid to
very acid in both horizons. In spite of ameliorative
liming, the marked improvement of pH did not be-
come evident.

The chemical conditions of upper layers of soil
were also affected by technical measures applied
over the last years, above all by piling the forest
floor (using an excavator or bulldozer for site/soil
preparation) and also by changes in the soil mois-
ture regime (KULHAVY et al. 2008). With respect
to the insufficient extent of liming and continuous
acidification (SRAMEK et al. 2008a) the revitaliza-
tion of soil proceeds slowly. Values of pH for beech
humus are given at a level of 5.3-6.6 and spruce
humus 3.7-4.5 (MARAN, KAS 1948), for the leaf lit-
ter 5.0—6.5 and needle litter 4.0-5.0 (SALY 1978).

The most favourable values of active and ex-
changeable pH for the H horizon of forest floor
were determined in repeatedly limed stands (Fig. 1).
Favourable values were noted in stands with one
application and minimum site disturbance. The
positive pH reaction in the Ah horizon is associ-
ated with repeatedly limed stands exceptionally
also disturbed by the “bulldozer” site preparation
(Fig. 1). Insignificant differences in pH between
both horizons show evidence of the relative suffi-
ciency of basic cations in the uppermost soil lay-
ers (ULRICH 1983). According to the pH horizon,
stands can be included in the buffering zone (UL-
RICH 1981) where the increased input of hydrogen
ions is compensated by basic cations from the soil
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sorption complex and the buffer zone of alumini-
um. Ah horizons remain in the Al buffering zone
where inorganic compounds of Al are released into
the soil solution (ULricH 1981). After liming of
forest stands, active and hydrolytic acidity of for-
est floor decreases, which can become evident af-
ter two (NIHLGARD et al. 1988; ERSTAD et al. 1993;
PoDRAZSKY 1993a,b; KREUTZER 1995; FORMANEK,
KurLHAVY 2001) or even 8-12 years since the ap-
plication of limestone (SCHULLER 1995; GEARY et
al. 1996).

A decrease in soil acidity was determined in the
H horizon of stands with one liming in contrast to
stands without liming. MARES (1992) reported an
increase in soil acidity by 0.4 (active) or 0.3 (ex-
changeable) after 2.5 years since liming. A similar
increase in the pH value was observed in stands
with repeated liming (Fig. 1).

Active and exchangeable acidity in mineral soil
after liming was reported to decrease mostly with
time delay (NOMMIK et al. 1984; NIHLGARD et al.
1988; ABRAHAMSEN 1994; SCHULER 1995; GEARY
et al. 1996). Maximum changes in the soil reaction
were noted 8—10 years after liming in surface layers
of forest floor (F) and even deeper (H layer and min-
eral horizon A) after 10 to 15 years (PODRAZSKY
2006). At some limed sites, the expected change of
pH values has not become evident yet. It is caused
by the fact that the evaluated group of stands was
limed in 1986-2002. Ameliorative liming carried
out in the past was reported as partly eliminated
by the ongoing air-pollution impact (SRAMEK et
al. 2008b). It is possible to expect that ameliorative
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Fig. 1. Actual soil acidity pH (H20) and exchangeable soil acidity pH (KCl) in the H horizon of surface humus (left) and in

the Ah organomineral horizon (right) of stand variants

A — stands without liming and site preparation; B — stands once limed without site preparation; C — stands once

limed and with the “excavator” site preparation (using an excavator for site preparation); D — stands once limed and

with “bulldozer” site preparation (using a bulldozer for site preparation); E — stands 2—3 times limed and without

site preparation, F — stands 2—3 times limed and with “excavator” site preparation, G — stands 2—3 times limed and

with “bulldozer” site preparation

liming carried out at present will be more effective
due to the reduction of air pollution.

Sorption complex

Total (maximum) cation exchange capacity
(CEC) in the H (Ah) horizon 269-866 mmol-kg™!
(168—287 mmol-kg™) partly differed site from site
(Fig. 2).

In the humus horizon, except the repeatedly
limed stand with the “excavator” site preparation
(G), CEC was very high (Fig. 2) while it decreased
to a “high” and “intermediate” level in the orga-
nomineral horizon.

The values 150—200 mmol-kg~! can be considered
to be optimal in forest soils (SALY 1978; SANKA MaA-
TERNA 2004). Statistically significant differences
(a0 = 0.05) were determined in CEC in the H hori-
zon between stands A and G (P = 0.0214), B and
G (P = 0.0050), C and G (P = 0.0216) and between
stands D and G (P = 0.0220) (Fig. 2). We did not find
out any statistically significant differences in the Ah
horizon. The amount of absorbed bases (S) in the
H and Ah horizon reached 92—-170 mmol-kg~! and
19-75 mmol-kg™!, respectively. Sulphur occurred
at a low and medium level in the humus horizon H
(Fig. 2). However, the level of S in the organomin-
eral horizon Ah was low in all variants of stands
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(Fig. 2). Differences in sulphur content in the H ho-
rizon between stands E and G (P = 0.0478) were
statistically significant at o = 0.05 (Fig. 2).

Total CEC changes were not marked due to lim-
ing (HrRuSkA, CIENcIALA 2003). Changes in the
total sorption capacity showed the same dynamics
after liming as the content of organic substances.
The CEC increase in the humus horizon was due to
the effect of improving the humification processes
(Fig. 2). It was contrariwise in mineral horizons
(Fig. 2). Liming stimulated mineralization of an or-
ganic fraction, which resulted in the reduction of
CEC (DErROME et. al 1986). MARSCHNER and WIL-
CZYNSKI (1991) also reported the reduction of CEC
as a result of humus mineralization.

The sorption complex saturation (V) reached a level
0f14.9-33.2% and 7.3-35.7% in the H and Ah horizon,
respectively. Soils were extremely sorption-unsatu-
rated in all stands with the exception of unsaturated
variant E in H and Ah horizons (Fig. 2. - statistically
significant differences were not determined there).
The unsaturated sorption complex is characteristic of
the increased content of H-ions, which is typical of
acid soils (SALy 1978). The course of the humus-clay
complex unsaturation consists in the increased for-
mation of raw humus and the creation of acid simpler
less dehydrated humic and fulvic acids (SALy 1978;
STEVENSON 1994; SPARKS 2003). In the majority of
papers, effects of liming on the sorption complex are
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Fig. 2. Maximum sorption capacity (T, KVK, CEC), momentary content of exchangeable basic cations (S) and the sorption

complex saturation (V) in the H horizon of surface humus (left) and in the Ah organomineral horizon (right) of stand vari-

ants (Legend, see Fig. 1)

assessed as favourable (HrRuSkA, CIENCIALA 2003).
The sorption complex saturation increased as a re-
sult of liming. These changes are often very marked;
the sorption complex saturation takes place, namely
with Ca cations. Based on results of Swedish experi-
ments, this favourable effect persists for a long time.
Limed areas (5 t-ha™! CaCO,) showed 10% higher sat-
uration of sorption complex in all profiles even after
68 years as compared with the control plot (Ni-
HLGARD, PoPoviIC 1984). DEROME et al. (1986) re-
ported the increased saturation of sorption capacity
by 15% in a humus horizon and by 5% in a mineral
horizon. It is evident in stands where liming was car-
ried out compared to unlimed stands.

Carbon, nitrogen, C/N ratio

The content of total carbon was 6.1-28.6% and
2.8-6.4 % in the H and Ah horizon, respectively.
Only stands marked as H differed in the decreased
carbon level in both horizons. The content of ni-
trogen ranged between 0.4% and 1.5% and from
0.3% to 0.4% in the H and Ah horizon, respectively,
corresponding with carbon characteristics (Fig. 3).

Statistically significant differences (o0 = 0.05)
were determined in the content of carbon (nitro-
gen) only in the H horizon between stands A and
G (P = 0.0011; P = 0.002), B and B (P = 0.0009;
P = 0.009), C and G (P = 0.0042; P = 0.045), D and
G (P = 0.0047; P = 0.062), E and G (P = 0.0057;
P =0.016), Fand G (P = 0.0183; P = 0.0126).

100

The main indicator of the rate of biomass decom-
position is the C/N ratio, which is closely associated
with the soil transformation of nitrogen (COTE et al.
2000). C/N ratios in the H horizon were balanced
(15.7-19.5). In the organomineral horizon Ah, the
ratio was at a level of 11.3-16.8. In monitored ho-
rizons, no statistically significant differences in the
C/N ratio were detected. Although the C/N ratio is
10-100 in forest soils of Europe, it reaches generally
the value of 20-40 in the H horizon and 10-30 in
the Ah horizon. Determined differences in the C/N
ratio were not significant in monitored variants in
H and Ah horizons. Nevertheless, it is possible to
reach a slight increase in the C/N ratio in forest floor
(PODRAZSKY 1993a) or in the layer of forest litter
(FORMANEK, KuLHAVY 2001) through liming. Si-
multaneously, there are data on a possible decrease
in C/N ratio after forest soil liming on the ground
of nitrogen accumulation into soil organic matter
(SOM) (PERSSON 1988; MicHAL 1994; ANDERSSON
1999) or the change does not occur (MARES 1992;
PODRAZSKY 1993b; FORMANEK, KuLHAVY 2001).
After the application of calcic substances, changes
occur in forest soils in the processes of mineraliza-
tion, humification and nitrification, which is reflect-
ed in the increased dynamics of nitrogen and carbon
(HrRuSKA, CIENCIALA 2003).

If the C/N ratio is < 20, humus horizons have
good conditions for biological decomposition and
increased dynamics of the nutrient cycle (KULHAVY
et al. 2008). On the other hand, at the lower C/N ra-
tio, the leaching of nitrogen can occur. EMMETT et
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Fig. 3. Carbon content (C%), nitrogen content (N%) and C/N ratio in the H horizon of surface humus (left) and in the Ah
organomineral horizon (right) of stand variants (Legend see Fig. 1)

al. (1998) considered the value of 24 to be the criti-
cal C/N ratio in coniferous stands while NOMMIK
(1979) and PErRssoN (1988) considered the value of
30 to be critical. At the C/N ratio < 24, the amount
of leached nitrogen is higher than 10% out of the
total nitrogen in an ecosystem. Thus, the critical
limit of the C/N ratio remains always disturbed in
all monitored variants and stands in both horizons.
Similarly, HUETTL and ZoETTL (1993) also report-
ed in the summary of findings obtained with liming
in Germany that the risk of mineralization is higher
on areas where the C/N ratio is smaller than 30.

These conclusions confirm a hypothesis that min-
eralization in consequence of liming can be expect-
ed on areas with a good supply of nitrogen. In the
monitored area, nitrogen deposition under crowns
was always high ranging from 15 to 30 kg-ha-!.year?
and, at the same time, critical rates for nitro-
gen were also exceeded (HUNOVA et al. 2008;
SRAMEK et al. 2008b; AGREN 2009; BOHACOVA et
al. 2009). In the results by the FGMRI (BoHACOVA
et al. 2009), the closest value is presented in
Lasy, where maximal deposition of nitrogen is
27 kg-ha-l.year~!. In the region of Horni Blatng,
total nitrogen deposition in the last three years
ranged about 20 kg-ha!-year~!, in the eastern part,
near Moldava, it was up to 15 kg-hal-year~!.

Available nutrients

The content of available phosphorus in the H ho-
rizon was insufficient (1.0-7.4 mgkg™!) while it was
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sufficient in the Ah horizon (10.7-31.0 mg-kg™) (Fig.
5, no significant difference was determined among
particular variants). The P content was low in the
H horizon, being affected by soil acidity (the uptake
of phosphorus is blocked in acid soils). This was ex-
plained earlier as a result of the formation of hardly
available aluminium and iron phosphates (LoMskY
2006). This can also be due to the fact that it is re-
leased from the surface humus layer into the Ah ho-
rizon where it is promptly accepted by plants. The
optimum content of available phosphorus in the Ah
horizon can be given by the bond of phosphorus in
the biomass of microorganisms, which prevents loss-
es (through leaching) or by immobilization to the soil
sorption complex (SIMEK 2003). With respect to the
relatively fast life cycles of soil microorganisms, large
amounts of available phosphorus are released after
their death. Phosphorus is immediately taken up by
plants before being immobilized or leached (S1MEK
2003). However, coniferous species can take up phos-
phorus from hardly available forms, particularly
on heavily acid soils by means of soil mycorrhizae
(LomskyY 2006). The obtained results are in compli-
ance with the statement of KULHAVY et al. (2008) that
in the H and Ah horizons, nearly two thirds of the
area of the Kru$né hory Mts. are below a limit of 10
mg-kg FiaLA and REININGER (2000) also reported
similar conclusions, namely that low values of phos-
phorus (< 2.39 mg-kg™) occur in the whole area of the
Kru$né hory Mts. including Klasterec Forest District.

Magnesium is the most important element,
the increase of which was targeted in connection
with liming (Kura 2009). The content of avail-
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Fig. 4. The content of available magnesium (Mg) and calcium (Ca) in the H horizon of surface humus (left) and in the

Ah organomineral horizon (right) of stand variants (Legend see Fig. 1)

able magnesium in the H horizon was in surplus
158-493 mg-kg! (Fig. 4), in the Ah horizon it was
optimum up to in surplus (118.5-444.7 mg-kg™')
(Fig. 4). Our results are confirmed by data of
SRAMEK et al. (2006b). Existing experience in-
dicates that in heavily acidified areas, the lack of
magnesium is negatively reflected as the first in the
health condition of trees (KULHAVY et al. 2008).
In forest stands of substitute species in Klasterec
Forest District the limit of Mg deficiency was not
recorded in any of the monitored stands. High con-
tents of magnesium in the forest floor and soil were
also noted in the area of Klasterec Forest District
by F1aLA and REININGER (2000).
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The content of calcium in the H horizon was in
surplus (519.0-910.8 mg-kg™!) (Fig. 4) and in the Ah
horizon it was optimum up to in surplus (330.5-
978.3 mg-kg™!) (Fig. 4). Thus, it is evident that lim-
ing carried out in the 80s and 90s of the 20" cen-
tury affected the upper part of the soil profile to the
largest extent. Calcium, which markedly influences
soil reactions, relatively increases with the rate of
dolomitic limestone applied (Kura 2009), which
is obvious from the results obtained (Fig. 4). Simi-
lar results were also reported from the area of the
Kru$né hory Mts. by SRAMEK et al. (2006b).

The content of available potassium was at a
level of optimum up to surplus in the H horizon
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Fig. 5. The content of available phosphorus (P) and potassium (K) in the H horizon of surface humus (left) and in the Ah

organomineral horizon (right) of stand variants (Legend see Fig. 1)
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53.7-128.0 mg-kg~! and at a level of optimum in the
Ah horizon 42.8-78.9 mg-kg™! (Fig. 5).

Statistically significant differences were not found
out in any of the stand variants in available nutri-
ents (P, Mg, Ca and K) in monitored horizons. The
content of available potassium in both horizons
can be evaluated the most positively of all main
basic nutrients. We acknowledge results obtained
by KULHAVY et al. (2008) that the medium to good
content of potassium occurred on more than 90%
of the area of the Kru$né hory Mts.

The content of sulphur

TThe content of sulphurin the H horizon (S g-kg™)
and in the Ah horizon (S-SO, mg-kg™') ranged dif-
ferentially between horizons H (0.5-1.4 g-kg™!) and
(12.4-19.2 mg-kg™') (Fig. 6).

Significant differences (o0 = 0.05) in the con-
tent of sulphur in the H horizon occurred between
variants A and G (P = 0.0202). The content of sul-
phur in the H horizon was reported to be similar
(0.02-2.0 g-kg™!) in the majority of soils in humid
and semi-humid regions (STEVENSON 1994; KoPEc,
GONDEK 2002; SIMEK 2003). Similar data were also
mentioned in forest floor in the H horizon on limed
forest soils in Germany (ScHAAF, HOTTL 2006). On
the contrary, our results showed that the content of
sulphur exceeded this limit several times in the Ah
horizon. It is due to the fact that stands and soils in
the Kru$né hory Mts. were damaged by sulphur di-
oxide (sulphur depositions) to the greatest extent in
Europe (SRAMEK et al. 2008). Sulphur depositions
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ranged about 30—40 kg-hal.year!in the open area in
1978-1990 and now it is about 6—10 kg-ha-!-year..
High depositions of sulphur were the reason for soil
acidification in the past because in the transformation
of sulphur in soil by the mineralization of one mole it
corresponds to two equivalents of H* and the plant
uptake of this mole of sulphur corresponds to equiva-
lents of OH-, which conditions the neutralization of
H* released in the process of mineralization. In con-
trast to nitrogen, sulphur is not so required by plants
and thus mineralized soil and accompanying hydro-
gen ions are accumulated in soil (KLimo et al. 1999).

CONCLUSION

In an area with the long-term ameliorative lim-
ing of different intensity and time horizon, we
determined actual characteristics of forest floor
(H horizon) and upper soil layer (Ah horizon) from
the aspect of soil reaction, carbon content, nitro-
gen content, C/N ratio, sorption complex (base-
exchange complex) and available nutrients.

Liming contributed to the partial reduction of
acidity by 0.3-0.5 in the H horizon, particularly in
variants with the repeated application of dolomit-
ic limestone independently of the type of site/soil
preparation before reforestation.

The soils remained sorption-unsaturated (< 50%).
An increase in the values of the sorption complex
saturation was noted in stands with repeated lim-
ing, which was related to the more favourable value
of pH in H and Ah horizons. The C/N ratio in the
H (Ah) horizon occurs below a critical limit (< 24).
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Contents of available nutrients in the H (Ah) ho-
rizon are insufficient (optimum) in phosphorus,
optimum or even in surplus in magnesium, in sur-
plus (optimum or even in surplus) in calcium and
in optimum (surplus) in potassium.

In the Kru$né hory Mts., forest management will
be dependent on the effectiveness of biological and
chemical revitalization of soils also in the future.
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