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The Czech Republic belongs to regions highly 
affected by air pollution during the second half of 
the 20th century. The extreme concentrations of sul-
phur dioxide and acid rain caused vast deforesta-
tion in the most affected areas of the western and 
northern mountains (Krušné hory Mts., Jizerské 
hory Mts., Orlické hory Mts.). The air pollution 
decreased rapidly during the 1990s (Hůnová et al. 
2004), which resulted in the progressive improve-
ment of young Norway spruce (Picea abies [L.] 
Karst.) stands planted on the areas of previous air 
pollution felling (Lomský, Šrámek 2004; Lomský 
et al. 2007). However, the general development of 
forest health was not so positive. Increased defolia-
tion of forest trees was observed until the begin-
ning of the new millenium, and since then the situ-
ation has been stable rather than better (Fabiánek, 
Hellebrandová 2010). One of the reasons for 
such a trend was the degradation of forest soils 
that were exposed to acid atmospheric deposition 

for a long time and commonly exhibit a low base 
saturation and deficiency of base cations and phos-
phorus in mineral soil layers (e.g. Fiala et al. 2005, 
Šrámek et al. 2010a, b). In the upper part of the 
western Krušné hory Mts., the situation of Norway 
spruce stands appeared to be critical in 1999 and 
2000. The typical yellowing symptoms caused by 
magnesium deficiency (Ende, Evers 1997) turned 
to drying and loss of needles and even to decay and 
mortality of individual trees, which endangered the 
stability of forest stands (Lomský, Šrámek 2004). 
In 2000, the areas with deteriorated forest soils be-
gan to be limed according to Czech Republic Gov-
ernment Resolution No. 532/2000. The particular 
locations for liming were selected based on a set 
of criteria involving factors such as forest typology, 
nature protection and water protection status, and 
also based on the chemical surveys of forest soils 
and forest nutrition (Šrámek 2005). The chemi-
cal surveys are provided not only for the lime ap-
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plication planning, but also for the control of the 
quality of these measures and for the assessment of 
their medium and long-term effectiveness. For this 
reason, the sampling and analyses of forest soil and 
Norway spruce needles are repeated in intervals of 
two, five and ten years after liming. The results of 
sampling two or five years after liming were pre-
sented for different regions several times (Šrámek 
et al. 2003, 2006). This article focuses on changes 
observed on plots that were limed ten years ago in 
the western Krušné hory Mts., particularly at the 
Horní Blatná forest administration and in the Boží 
Dar communal forests.  

Material and Methods

In 2000, aerial liming was done on 1,682 ha in 
the western Krušné hory Mts., 1,577 ha of which 
belong to the Horní Blatná forest administration 
and 105 ha to the Boží Dar communal forests 
(Fig. 1). The altitude of the limed area ranges be-
tween 700 and 1,000 m a.s.l. The bedrock mainly 
consists of granite and phyllite, on which acid 
podzols and gleyic soils have developed. The pre-
vailing forest type is acidophilous spruce forests 
with Calamagrostis (Chytrý et al. 2001) artifi-
cially forested by Norway spruce (Picea abies [L.] 
Karst.), with only minor representation of other 
tree species such as mountain ash (Sorbus aucu-
paria L.), European beech (Fagus sylvatica L.), 
European larch (Larix decidua Mill.), and oth-
ers. A total dose of 3 tons of dolomitic limestone 
(MgO > 18%) per hectare was applied in autumn 
2000 (September–November). 

Soil samples were taken repeatedly in  17 ran-
domly selected forest stands within these locations. 

Soil samples before liming were taken in May 2000, 
and control samples were taken in May 2002, 2005 
and 2010. Composite samples of humus (FH), up-
per mineral layer, enriched with humus (A) of usual 
thickness 1–2 cm, and lower mineral layer down to 
30 cm (B) were taken at three spots in each stand. 
Active pH – pHH2O and exchangeable pHKCl were 
recorded in these samples. In 2000–2002, nitro-
gen content was determined spectrometrically by 
the Kjeldahl method, the levels of oxidable car-
bon by iodometric titration after oxidation by the 
chlorine-sulphur mixture. In 2005 and 2010 the 
total C and N contents were determined by the 
CNS element analyzer (Leco). Differences in total 
nitrogen between these methods are supposed to 
be negligible. Results of C determination should 
also be similar with the exception of neutral and 
basic soils with pH > 6, where the content of total 
carbon compared to organic carbon is increased by 
carbonates. The content of exchangeable elements 
was determined in the extract by ammonium chlo-
ride, extractable (pseudo-total) element contents 
by aqua regia and following spectrophotometric 
determination by ICP-OES. 

Cation exchange capacity (CEC) was calculated 
from concentrations of particular elements and 
relative atomic weight: 

CEC = SBC + SAC + H+

where:
SBC 	 – molar sum of base cations (Ca, K, Mg, Na) con-

tent,
SAC	 – molar sum of acid cations (Al, Fe, Mn) content,
H+ 	 – molar content of exchangeable H+.

Base saturation was calculated as the molar ratio 
of base cation sum and cation exchange capacity:

BS = SBC/CEC

The molar ratio of base cations and aluminium 
was calculated in a similar:

BC/Al = SBC/Al

where:
Al – molar content of aluminium.

The significance of differences in individual pa-
rameters before and after liming was tested by 
Dunn’s multiple comparison at the 95% reliability 
level, using the UNISTAT (US) statistical software 
package. 

Forested area
Limed area

Fig. 1. Limed localities in the western Ore Mts. (2000)
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Results and Discussion

Chemical properties of forest soils before liming 
(in 2000) and two, five and ten years after dolomitic 
lime application are presented in Table 1a–c. Be-
cause of aerial application, the upper organic layer 

and top soil horizon were influenced to the larg-
est extent; the changes were less pronounced and 
mainly insignificant in the lower soil layers. The soil 
reaction, however, exhibited significant changes at 
all depths that were examined. The forest soils were 
very strongly acidic, with pHKCl ranging between 

Table 1a. Chemical properties of forest soils before, and two, five, and ten years after liming

Soil 
layer Sampling year pHH2O pHKCl C (%) N (%) C/N CEC 

(mmol·kg–1) BS (%)  BC/Al

FH

2000 (before liming) 3.58a 2.51a 30.9a 1.71a 18.0a 187.3a  –  –

2002 4.47b 3.42b 32.7ab 1.97a 16.7a 233.4b  –  –

2005 4.30b 3.27b 36.7bc 1.78a 21.0b 220.0ab  –  –

2010 4.18b 3.09b 38.0c 1.81a 21.0b 210.6ab  –  –

A

2000 (before liming) 3.63a 2.63a 10.8a 0.57a 19.6ab 120.7a 10.20a 0.13a

2002 3.91b 3.09b 22.2b 1.32b 17.4b 158.5b 21.20b 0.33b

2005 3.81ab 2.88ab 18.1bc 0.85ab 21.3a 147.0ab 23.60b 0.38b

2010 4.01b 3.07b 14.3ac 0.68a 21.1a 142.2ab 19.40b 0.30b

B

2000 (before liming) 3.99ab 2.95a 3.87a 0.20a 19.1a   98.1a 7.14a 0.085a

2002 4.02ab 3.37b 4.05a 0.23a 17.0a 102.1a 5.83a 0.070a

2005 3.86a 3.14ab 4.47a 0.23a 18.9a 100.6a 8.92a 0.118a

2010 4.14b 3.29b 5.10a 0.26a 19.8a 117.9a 7.71a 0.094a

a–c indicates homogenous group according to results of the Dunn’s test; CEC – cation exchange capacity; BS – base satu-
ration; BC/Al – molar ration of base cations to aluminium, FH – organic layer (humus layer), A  – upper mineral layer  
(≈ 0–2 cm), B  – lower mineral layer (≈ 2–30 cm) 

Fig. 2. Development of soil acidity pHKCl at individual limed plots – median and values for individual plots
FH – organic layer (humus layer), A  – upper mineral layer (≈ 0–2 cm), B  – lower mineral layer (≈ 2–30 cm)
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2.2 and 2.9 in the organic layer, and very strongly to 
strongly acidic (pHKCl 2.2–3.4) in the mineral layers 
in 2000. Two years after liming, a distinct increase 
in pHKCl was recorded at all soil depths (Fig.  2) – 
pHH2O changes in the B layer were not significant. 
Five and ten year after liming, the change in the hu-
mus layer was less pronounced than in 2002, but 
the increase in pH was still significant. The soil was 
less acidic in 2010 than in 2005 in both mineral lay-
ers, and even though the pH values in 2005 were 
on average higher than before lime application, 
only the change in 2010 was significant. An inter-
esting characteristic is the range of pH increase. 
We find of importance that it was not very rapid – 
particularly in the organic FH horizon the distinct 
decrease of acidity may lead to accelerated humus 
decomposition and leaching of nitrogen and other 
nutrients (Rosenberg et al. 2003). The effect, how-
ever, depends highly on the nitrogen saturation of 
the ecosystem and on the dose and grain size of the 
applied limestone, and is often visible only after 
the canopy removal during reforestation (Bauhus 
et al. 2004; Bäckman et al. 2004; Schaaf, Hüttl 
2006). In our case, most of the sites remained in 
the category of strongly acidic sites (pHKCl < 4.0); 
only three sites of FH horizons had higher values in 
2005 (maximum pHKCl 4.16) and one of the B layer 
in 2002 (pHKCl 4.04). 

No significant nitrogen changes in the organic 
FH horizon were observed. On the other hand, 
there was a significant increase in nitrogen content 

in the upper mineral layer A two years after liming; 
the average value was nearly twice higher, reaching 
1.32% N. These values indicate the release of nitro-
gen from organic substances, which can be mainly 
observed in the border zone between the organic 
layer and mineral soil. In the deeper layer (B), the 
change in nitrogen was not significant, although 
the absolute values were increasing slowly. In 2005 
and 2010, the N content in the A layer was lower 
again, with no significant difference compared to 
the situation before liming. The C/N ratio in the FH 
horizon showed an insignificant decrease two years 
after liming, then it increased significantly in 2005 
and 2010. This corresponds to the development 
of carbon concentration, which increased signifi-
cantly in 2005 and 2010. It is not possible to say 
whether these changes were caused by liming or by 
other factors. The decomposition processes of or-
ganic matter depend on many variables, including 
meteorological conditions, lignin/hemicellulose 
ratio, or the supply of other nutrients important 
for microbial activity such as phosphorus (Berg, 
Laskowski 2006), and are more pronounced in 
clearcuts and open areas (Kuneš 2003; Podrázský 
2006). The C/N ratio before liming was quite low (≈ 
20), indicating a risk of increased nitrogen leaching 
from the humus layer. The stable level of nitrogen 
concentration in the B layer, however, does not doc-
ument a shift of nitrogen to the lower mineral soil. 
This is consistent with the results of Vortelová et 
al. (2007), who did not find a significant increase 

Table 1b. Chemical properties of forest soils before, and two, five, and ten years after liming – exchangeable nutrients (mg·kg–1)

Soil 
layer Sampling year Ca Mg K Fe Mn Al

FH

2000 (before liming) 879a 128.5a 291.4a 208.7a 43.3a 949a

2002 2,208b 634.0b 388.6b   83.1b 55.7a 359b

2005 1,896b 635.9b 298.8a 152.8ab 93.5a 386b

2010 1,369ab 395.1b 351.9ab 203.6a 52.6a 612ab

A

2000 (before liming) 118.4a 36.6a 103.7a 224.8a 10.1a 838a

2002 281.5b 157.0b 214.6b 134.9a 9.6a 1,055a

2005 306.4b 186.6b 116.2a 189.8a 5.0a 906a

2010 198.0ab 160.5b 118.9a 225.6a 8.2a 917a

B

2000 (before liming) 65.1a 18.5a 47.6a 119.2a 12.6a 748a

2002 53.9a 22.0ab 49.0a 107.2a 14.7a 802a

2005 72.1a 37.6bc 34.5a   98.2a 26.7a 765a

2010 43.2a 47.0c 46.4a 106.6a 18.1a 925a

a–c indicates homogenous group according to results of the Dunn’s test. FH – organic layer (humus layer), A  – upper mineral 
layer (≈ 0–2 cm), B  – lower mineral layer (≈ 2–30 cm)
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in nitrogen leaching on limed plots in the eastern 
Krušné hory Mts. The nitrogen saturation of for-
est soils must be assessed by more complex criteria 
than only by the C/N ratio (Aber 1992; Dise et al. 
1998, 2009). The current C/N ratio of the FH layer 
in limed forest stands corresponds to the median 
value for forest soils in the Czech Republic (21.9), 
as was found in the international BIOSOIL project 
(Šrámek et al. 2010b). On the other hand, there is 
still a possibility that the change observed in the 
carbon content and thus in C/N was caused by a 
change in the methods. As it was already stated, to-
tal carbon could be increased compared to organic 
carbon by carbonate occurrence in calcareous soils 
with pH > 6. The pH was not higher than 4.5 in our 
case, but some carbonates were certainly obtained 
in limestone grains deposited in the upper organic 
and mineral layers and thus they influenced our re-
sults. This is just a hypothesis but there is no possi-
bility to make a clear statement about the C/N ratio 
development in limed forest soils before it is tested. 

Calcium and magnesium represent two main nu-
trients contained in dolomitic limestone; their in-
crease on the studied plots is obvious (Kreutzer 
1995). Extractable (“pseudo-total”) content of Ca 
and Mg increased significantly only in the organ-
ic FH horizon (Table 1c); the highest values were 
recorded in 2002, then a subsequent decrease is 

documented. No significant change was detected 
in mineral soil. The dynamics of calcium and mag-
nesium exchangeable forms on a temporal scale 
and within different soil depths can be of interest. 
The exchangeable Ca content in the humus layer 
(Fig. 3) was more than doubled (mean value 251%; 
median 271% of 2000 content) two years after the 
treatment and a very high increase was also docu-
mented in 2005 (mean value 216%; median 240% of 
2000 content). Ten years after liming, the increase 
in Ca was less pronounced when both the median 
and mean values were by 160% higher than in 2000. 
The 2010 exchangeable calcium mean did not dif-
fer significantly either from the results recorded 
before the lime application or from the results in 
2002 and 2005. A similar trend with lower absolute 
values could also be observed in the upper mineral 
layer A. There was a clear and significant increase 
in Ca two and five years after liming (238% and 
259% increases of the mean value), followed by a 
slighter (168%) and insignificant increase in 2010. 
The relative availability of nutrients is particularly 
important in the A layer, where is a high density of 
Norway spruce sorption roots. The deficiency limit 
for exchangeable calcium is often defined as 140 mg 
Ca·kg–1 (Materna 2002). According to these crite-
ria, more than 80% of samples taken in 2000 were 
deficient in calcium. Two years after liming, the 
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share of samples exhibiting a deficiency decreased 
to less than 20%, and in 2005 to even less than 15%. 
Ten years after liming, the calcium deficiency was 
still found in only 53% of samples, compared to 
81% in 2000. In the deeper mineral soil layer (B), 

no significant change in exchangeable calcium was 
recorded, and the vast majority of samples were 
calcium deficient in all four surveys. 

The development of exchangeable magnesium in 
the organic humus layer FH is similar to that of Ca 

Table 1c. Chemical properties of forest soils before, and two, five, and ten years after liming – extractable (pseudo-
total) nutrients

Soil 
layer Sampling year Ca tot  

(mg.kg–1)
Mg tot  

(mg.kg–1)
K tot  

(mg.kg–1)
Fe tot  

(mg.kg–1)
Mn tot  

(mg.kg–1)
Al tot  

(mg.kg–1)

FH

2000 (before liming) 462a    279.1a 464.2ab   9,436ab 113.4a 6,789a

2002 6,110b 3,013b 572.1a   6,943a 136.6a 4,812ab

2005 3,330bc 1,619b 293.4ab   8,707ab 477.2a 6,772ab

2010 1,666ac    640b 485.0b 10,209b 129.8a 8,409b

A

2000 (before liming) 344.3a 1,245a 1,280ab 20,419a 189.5a 13,003a

2002 454.9a    870a 994a 11,967a   71.9b 10,884a

2005 477.3a 1,029a 1,029a 13,352a   81.5ab 11,310a

2010 451.7a 1,419a 1,532b 17,679a 155.3ab 14,407a

B

2000 (before liming) 302.0a 2,068a 1,667a 32,548a 562.6a 16,742a

2002 315.5a 2,252a 1,853a 29,994a 351.3a 17,562a

2005 261.0a 1,540a 1,507a 19,386a 323.1a 14,592a

2010 355.6a 2,296a 2,145a 31,422a 501.7a 19,307a

a–c indicates homogenous group according to results of the Dunn’s test, FH – organic layer (humus layer), A  – upper mineral 
layer (≈ 0–2 cm), B  – lower mineral layer (≈ 2–30 cm)

Fig. 4. Development of exchangeable magnesium content – median and values for individual plots
Black dashed line – the magnesium deficiency limit (20 mg.kg–1), FH – organic layer (humus layer), A  – upper mineral 
layer (≈ 0–2 cm), B  – lower mineral layer (≈ 2–30 cm)
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(Fig. 4). The highest increase in this nutrient was 
recorded two and five years after liming (495% in-
crease of mean values, more than 560% increase of 
median values compared to the year 2000); in 2010, 
the total increase was less pronounced (307% in the 
mean, 414% in the median), but still highly signifi-
cant. The magnesium change in mineral soil layers 
is more favourable than the calcium change. In the 
A layer, a significant increase in the entire ten-year 
period after liming can be observed with very simi-
lar median values, as well as the range of analyzed 
values in 2002, 2005 and 2010. Nearly 20% of the 
samples taken from the A layer exhibited magne-
sium deficiency (< 20 mg Mg·kg–1) before liming. 
On the other hand, no Mg deficiency was found 
during the surveys in 2002, 2005 and 2010. The 
positive response was also observed in the deeper 
B layer, where the exchangeable magnesium in-
creased gradually. Its content in 2005 was signifi-
cantly higher than in 2000; the values from the last 
survey (2010) differed significantly from both 2000 
and 2002. While 65% of samples exhibited magne-
sium deficiency before the treatment, the share of 
deficient samples after liming decreased to 47% in 
2002 and to 18% in both 2005 and 2010. 

Potassium is another main base cation and an im-
portant nutrient that is not contained in dolomitic 
lime. The change in potassium content is of special 
interest because its uptake by roots can be blocked 

by excessive calcium concentration (Schulze et al. 
2005). Its extractable contents did not differ signifi-
cantly in the surveys before and after liming. In the 
mineral soil, the pseudo-total K content was much 
higher than that of Ca, which indicated a possibil-
ity of recharging this element to the soil sorption 
complex by weathering. Exchangeable forms of po-
tassium showed a significant increase in 2002, in 
both the FH and A layers (Fig. 5). This effect could 
be linked to the increased pH of humus and thus 
improved K availability in the sorption complex. 
Although the potassium contents in 2005 and 2010 
did not differ significantly from the period before 
liming, they were slightly higher, which means that 
the K supply for trees was not reduced. Even after 
liming, the relative disposable content of potas-
sium was better than that of calcium; K deficiency 
(< 30 mg K·kg–1) was not observed in the mineral A 
layer. In the deeper mineral layer B, the number of 
potassium deficiency samples was steady at 12% in 
2000, 2002 and 2010. 

The increase of exchangeable Ca, Mg and partly 
K led to significantly increased base saturation in 
the upper mineral soil; no significant change was 
observed (Table 1a) in the lower mineral layer B. In 
the A layer, the base saturation was at the limit of 
sufficiency (20%) even after liming, and it remained 
critical in the deeper mineral soil (< 10%) (Meiwes 
et al. 1986).

Fig. 5. Development of exchangeable potassium content – median and values for individual plots
Black dashed line – the potassium deficiency limit (30 mg.kg–1), FH – organic layer (humus layer), A  – upper mineral 
layer (≈ 0–2 cm), B  – lower mineral layer (≈ 2–30 cm)
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Two important micronutrients – iron and man-
ganese – were not apparently influenced by lim-
ing. The only significant change compared to the 
period before the treatment was a decrease of 
extractable (pseudo-total) manganese in the up-
per mineral layer A. However, it did not apply to 
aluminium. The exchangeable aluminium content 
in the organic layer decreased significantly two 
and five years after the treatment. Its 2010 values 
were also generally lower than in 2000 (Table 1b), 
which is consistent with the findings of for example 
Borůvka et al. (2005) or Álvarez et al. (2009). No 
change was detected in the mineral soil. Exchange-
able aluminium in forest soils is of particular im-
portance, because its toxic forms (mainly Al3+) can 
damage fine roots and contribute to decreased for-
est vitality (Bakker 1999). Not only the absolute 
Al content but also its ratio to base cations in the 
sorption complex (BC/Al) is essential. The molar  
BC/Al ratio for mineral soil is presented in Table 1a. 
BC/Al increased significantly in the upper mineral 
soil, while no significant change was detected in 
the deeper mineral soil. Although the BC/Al ratio 
is used mainly for evaluating the soil solution prop-
erties (Van Scholl et al. 2004), our results suggest 
a decreased risk of toxic aluminium stress in the  
A layer after liming.  

Conclusions

The effect of liming is visible mainly in the hu-
mus layer and in the upper mineral layer A, which 
is consistent with many other studies (Kreutzer 
1995; Meiwes et al. 2002; Lundström et al. 2003; 
Schaaf, Hüttl 2006). In the deeper mineral soil 
(down to 30 cm) only the increase of pH and ex-
changeable magnesium was found significant. The 
increase of exchangeable calcium in upper soil was 
significant in 2002 and 2005 only; ten years after 
liming the effect was negligible, although the num-
ber of Ca deficient samples was 30% lower than in 
2000. The development of exchangeable magne-
sium content was more favourable with no con-
tent under the deficiency limit after liming in the 
A layer and there was an upward trend in deeper 
mineral soil (B). These changes were reflected in 
increasing base saturation and lowered base cat-
ions/aluminium ratio in the A layer. No negative 
effects connected with the K and Ca antagonism in 
the sorption complex were recorded. Despite these 
positive shifts, calcium and magnesium deficiency 
and very low base saturation (< 10%) still prevail 
in the deeper mineral soil (2–30 cm) and are com-

mon (25–50% of samples) even in the A layer. This 
suggests a possibility of repeated liming in such lo-
calities in the interval of 5 to 10 years after the first 
treatment. 

The increased total nitrogen content observed in 
the A layer two and five years after liming indicated 
enhanced decomposition of the humus layer. On 
the other hand, the N content in the upper organ-
ic (FH) horizon did not change significantly, and 
the increase in total carbon could not probably be 
the result of the treatment. Changes in the humus 
layer cannot be evaluated without additional data 
sources. 

For a comprehensive evaluation of the influence 
of liming on forest stands, additional information 
is also needed, mainly the nutrition of trees esti-
mated on the basis of foliar analyses (Huber et al. 
2006). Such data is also available for the studied 
region but it is scarce compared to soil chemistry 
data. A sufficient statistical evaluation will thus 
be possible after samples have been taken in 2011 
and 2012. 

R e f e r e n c e s

Aber J. (1992): Nitrogen cycling and nitrogen saturation in 
temperate forest ecosystems. Tree, 7: 220–223.

Álvarez E., Viadé A., Fernández-Marcos M.L. (2009): 
Effects of liming with different sized limestone on the forms 
of aluminium in a Galician soil (NW Spain). Geoderma, 
152: 1–8.

Bäckman J.S., Klemedtsson Å.K., Klemedtsson L., 
Lindgren P.E. (2004): Clear cutting affects the ammonia-
oxidising community differently in limed and non-limed 
coniferous forest soils. Biology and Fertility of Soils, 40: 
260–267.

Bakker M.R. (1999): Fine root parameters as indicator of 
sustainability of forest ecosystems. Forest Ecology and 
Management, 122: 7–16.

Bauhus J., Vor T., Bartsch N., Cowling A. (2004): The 
effects of gaps and liming on forest floor decomposition 
and soil C and N dynamics in a Fagus sylvatica forest. The 
Canadian Journal of Forest Research, 34: 509–518.

Berg B., Laskowski R. (2006): Litter decomposition: A 
guide to carbon and nutriet turnover. Advances in Eco-
logical Research, No. 38. San Diego, London, Academic 
Press, Elsevier: 428.

Borůvka L., Mládková L., Drábek O., Vašát R. (2005): 
Factors of spatial distribution of forest floor properties in 
the Jizerské Mountains. Plant and Soil Environment, 51: 
447–455.

Dise N.B., Matzner E., Forsius M. (1998): Evaluation 
of organic horizont C:N ratio as an indicator of nitrate 



J. FOR. SCI., 58, 2012 (2): 57–66 65

leaching in conifer forests across Europe. Environmental 
Pollution, 102: 453–456.

Dise N.B., Rothwell J.J., Gauci V., van der Salm C., 
de Vries W. (2009): Predicting dissolved inorganic 
nitrogen leaching in European forests using two inde-
pendent databases. Science of the Total Environment, 
407: 1798–1808.

Ende H.P., Evers F.H. (1997): Visual magnesium deficiency 
symptoms (coniferous, deciduous trees) and threshold 
values (foliar, soil). In: Hüttl R., Schaaf W.: Magnesium 
Deficiency in Forest Ecosystems. Dordrecht, Kluwer Aca-
demic Publishers: 3–21. 

Fabiánek P., Hellebrandová K. (2010): ICP Forests – 
Výsledky sledování v ČR v roce 2006. [ICP Forests – results 
of survey in the Czech Republic in 2006.] Lesnická práce, 
89: 20–21.

Fiala P., Reininger D., Trávník K. (2000): Výsledky 
průzkumu stavu výživy lesa v lesní přírodní oblasti č. 01 
Krušné hory. [Results of forest nutrition survey in the Ore 
Mts. National forest region.] Brno, Ústřední kontrolní a 
zkušební ústav zemědělský v Brně: 67.

Huber C., Weis W., Göttlein A. (2006): Tree nutrition 
as modified by liming and experimental acidification at 
the Högwald site, Germany, from 1982 to 2004. Annals of 
Forest Science, 63: 861–869.

Hůnová I., Šantroch J., Ostatnická J. (2004): Ambient 
air quality and deposition trends at rural stations in the 
Czech Republic during 1993–2001. Atmospheric Environ-
ment, 38: 887–898.

Chytrý M., Kučera T., Kočí M. (eds) (2001): Katalog 
biotopů České republiky. [Catalogue of Biotops of the 
Czech Republic.] Prague, Agentura ochrany přírody 
a krajiny ČR: 307.

Kreutzer K. (1995): Effects of forest liming on soil processes. 
Plant and Soil, 168–169: 447–470.

Kuneš I. (2003): Prosperity of spruce plantation after ap-
plication of dolomitic limestone powder. Journal of Forest 
Science, 49: 220–228.

Lomský B., Šrámek V. (2004): Different types of damage in 
mountain forest stands of the Czech Republic. Journal of 
Forest Science, 50: 533–537.

Lomský B., Šrámek V., Novotný R. (2007): The health 
status and nutrition of Norway spruce stands in the Ore 
Mts. in 2006. In: Kula E. (ed.): Forestry Research in the 
Ore Mts. Reviewed Proceedings from the National Scien-
tific Workshop, Teplice, 19 April 2007, Brno, Mendelova 
zemědělská a lesnická univerzita v Brně: 37–49. 

Lundström U.S., Bain D.C., Taylor A.F.C., van Hees 
P.A.W. (2003): Effects of acidification and its mitigation 
with lime and wood ash on forest soil processes: a review. 
Water, Air and Soil Pollution: Focus, 3: 5–28. 

Materna J. (2002): Souhrnné výsledky průzkumu stavu 
povrchových vrstev lesních půd v  období 1993–1999. 
[Synopsis of Results from the Forests Upper Soil Layer 

Survey 1993–1999.] Brno, Ústřední kontrolní a zkušební 
ústav zemědělský: 98.

Meiwes K.K., Khanna P., Ulrich B. (1986): Parameters 
for describing soil acidification and their relevance to the 
stability of forest ecosystems. Forest Ecology and Manage-
ment, 15: 161–179.

Meiwes K.J., Mindrup M., Khanna P.K. (2002): Retention 
of Ca and Mg in the forest floor of a spruce stand after ap-
plication of various liming materials. Forest Ecology and 
Management, 159: 27–36.

Podrázský V. (2006): Effects of controlled liming on the soil 
chemistry on the immission clear-cut. Journal of Forest 
Science (Special Issue), 50: 28–34.

Rosenberg W., Nierop K.G.J., Knicker H., Jager P.A., 
Kreutzer K., Weiss T. (2003): Liming effects on the 
chemical composition of the organic surface layer of a 
mature Norway spruce stand (Picea abies [L.] Karst.). Soil 
Biology and Biochemistry, 35: 155–165.

Schaaf W., Hüttl R.F. (2006): Experiences with liming in 
European countries – results of longterm experiments. 
Journal of Forest Science, 52: 35–44.

Schulze E-D., Beck E., Müller-Hohenstein K. (2005): 
Plant Ecology. Berlin, Heidelberg, Springer-Verlag: 702.

Šrámek V. (2005): Metodika výběru ploch pro plošnou 
chemickou melioraci lesních půd. [Plot selection methods 
for application of chemical ameliorative measures in for-
ests.] VÚLHM, TEI – bulletin technicko-ekonomických 
informací: 8.

Šrámek V., Lomský B., Fadrhonsová V. (2003): Vápnění 
lesních porostů v Krušných horách – výsledky opakovaných 
analýz na LS Horní Blatná a OL Boží Dar. [Liming of forest 
stands in the Ore Mts. – results of repeated analyses on 
localities of Horní Blatná and Boží Dar.] In: Slodičák M., 
Novák J. (eds): Výsledky lesnického výzkumu v Krušných 
horách v roce 2002, Jíloviště-Strnady,VÚLHM: 33–40.

Šrámek V., Materna J., Novotný R., Fadrhonsová V. 
(2006): Effect of forest liming in the Western Krušné hory 
Mts. Journal of Forest Science (Special Issue) 52: 45–51.

Šrámek V., Sitková Z., Małek S., Pavlenda P., Hlásny T. 
(2010a): Air pollution and forest nutrition – what are their 
roles in spruce forest decline? In: Hlásny T., Sitková 
Z. (eds): Spruce Forest Decline in the Beskids. National 
Forest Centre Zvolen, Forest Research Institute Zvolen & 
Czech University of Life Sciences Prague & Forestry and 
Game Management Research Institute Jíloviště-Strnady: 
49–67.

Šrámek V., Vortelová L., Fadrhonsová V., Hellebran-
dová K. (2010b): Výsledky průzkumu lesních půd v rámci 
programu Biosoil v České republice. [Results of forest soil 
survey within the Biosoil project in the Czech Republic.] 
In: Sobocká J. (ed.): Nové trendy v diagnostike, klasi-
fikácii a mapovaní pôd. Zborník abstraktov, 2. konferencia 
Slovenskej a Českej pedologickej spoločnosti, Rožňava  
29. 9.–1. 10. 2010: 63.



66 J. FOR. SCI., 58, 2012 (2): 57–66

Van Scholl L., Keltjens W.G., Hoffland E., Van Bree-
men N. (2004): Aluminium concentration versus the base 
cation to aluminium ratio as predictors for aluminium 
toxicity in Pinus sylvestris and Picea abies seedlings. Forest 
Ecology and Management, 195: 301–309.

Vortelová L., Šrámek V., Lochman V., Maxa M., 
Fadrhonsová V. (2007): Development of soil solution 

chemistry in the Ore Mountains. In: Kula E. (ed.): For-
estry Research in the Ore Mts. Reviewed Proceedings 
from the National Scientific Workshop, Teplice 19 April 
2007, Brno, Mendelova zemědělská a lesnická univerzita 
v Brně: 93–106.

Received for publication September 21, 2011 
Accepted after corrections December 1, 2011

Corresponding author:
Doc. Ing. Vít Šrámek, Ph.D., Forestry and Game Management Research Institute, Strnady 136, 252 02 Jíloviště,  
Czech Republic
e-mail: sramek@vulhm.cz


