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Abstract: The purpose of this study was to determine the basic physico-chemical properties of soil in silver fir
stands with different stage of natural regeneration. The investigations were carried out in south-west part of
Poland – in the Sudety Mountains. From 854 silver fir stands, 40 testing sites, varying in terms of habitat con-
ditions and degree of natural regeneration, were selected. Soil samples were collected from litter (organic ho-
rizon – O) with a thickness of 7–15 cm and from mineral A horizon lying up to 20 cm below the organic hori-
zon and were then analysed for pH, EC, C org., total N, exchangeable cations (Ca, Mg, K, Na, H and Al), solu-
ble Mn, Fe, Zn and Pb as well as particle size distribution (samples from A horizon). The analysed soil sam-
ples are characterized by very high acidity and low content of bases. According to the performed statistical
tests, none of the factors analysed within the samples tested has a significant impact on the natural regenera-
tion of silver fir. The only dependence between potassium content in soil and the regeneration of silver fir in
the Sudety Mountains is close to statistically significance.
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Introduction

Amongst native conifers, silver fir has some of the
most demanding requirements as regards the soil fer-
tility. These demands grow as the species shifts from
its optimum conditions towards the extremes of nat-
ural range (Zieliński 1952). According to Zarzycki
(Jaworski and Zarzycki 1983) the described tree re-
quires medium-fertile and fertile soils. Due to its ex-
istence in rather rich habitats and not a very quick or
even slow growth in its youth and a deep and well-de-
veloped root system, this tree seldom suffers from a
deficiency of macro- and microelements in the soil

(Baule and Fricker 1973). More often, we observe
symptoms of a surplus of some macro- and micro-
elements, such as manganese (Rousseau 1960, Ja-
worski 1979a) or aluminium (N mec 1950), which
has a toxic effect.

Similarly to other species, in certain conditions,
the growth and health of silver fir depends strongly
on the abundance of macro- and microelements in the
soil, such as nitrogen (e.g. Fober 1983, Jaworski and
Zarzycki 1983), calcium (e.g. Pancer-Kotejowa 1973,
Jaworski 1979a, Jaworski and Zarzycki 1983), magne-
sium (e.g. Rehfuess 1968, Baran 1977, Jaworski and
Zarzycki 1983, Fober 1983) and sometimes phospho-
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rus, aluminium, manganese and iron (Rehfuess 1968,
Houba 1972, Fober 1983, Rastovski 1997). However,
the aforementioned impact depends largely on such
factors as soil moisture and its particle size distribu-
tion and chemical properties. This is related to the
fact, that some compounds considerably modify the
uptake of other compounds, for instance, calcium
modifies the uptake of manganese (Rousseau 1960,
Jaworski 1979a).

Earlier studies on silver fir in the Sudety Moun-
tains have pointed to a very poor regeneration of this
tree and constantly decreasing share of silver fir in the
tree stands of younger age classes (Jaworski 1979b,
Bernadzki 1983, Boratyński and Filipiak 1997). It is
commonly believed that, one of the main reasons for a
lack of regeneration (not only in the Sudety) is the
chemical composition of the surface soil horizons
which is unfavourable for young silver firs and which
is often related to the harmful effect of industrial pol-
lution. According to the studies carried out, the pro-
cess of silver fir declining has been significantly im-
peded over the past few years as a result of a signifi-
cant reduction in emissions, particularly of sulphur
dioxide (e.g. Filipiak 2002, Filipiak and Ufnalski
2004), nevertheless, there are still huge problems
with the species’ reproduction.

The aim of this study was to identify the basic
physico-chemical properties of soil in silver fir stands
which may throw some light on the issue of the poor
regeneration of this species in the Sudety Mountains,
despite a clear reduction in industrial emissions.

Material and methods
The research area is situated in south-west part of

Poland, in the Sudety Mountains (Fig. 1). As a result
of a field survey of 854 silver fir stands, 40 testing lo-
calities varying in terms of habitat conditions and de-
gree of natural regeneration, were selected. The selec-
tion was actually random, although it was carried out
separately for specific parts of the Sudety Mountains.
Furthermore, the selection was limited to stands with
a larger number of silver fir trees (at least a dozen or
so). It was also assumed that at least 30% of tested lo-
calities should be characterised by good silver fir re-
generation. In reality, only ca 5% of stands meet this
requirement. Additionally, for comparison were
tested soil samples taken in two stands in Święto-
krzyskie Mountains (Zagnańsk Sub-district). In this
region the silver fir is very common tree and good re-
generate naturally.

The testing sites selected for the study are charac-
terised by Cambisols, Luvisols and Podzols of different
sub-types, formed from varied parent materials. The
annual precipitation ranges from 640 to 1400 mm, and
the average annual temperature from 0°C to 8°C.

Soil samples for physico-chemical analyses were
taken in selected stands from the humose horizon
characterised by organic level (O) (with a thickness of
7–15 cm) and from the mineral horizon (A) lying up to
20 cm below the organic horizon. The samples with a
volume approximating 1 litre were dried, grinded
(from horizon O) and sieved through a 2 mm sieve.
Adequately prepared tests were used for determining:
1) particle size distribution – using the aerometric
method, in accordance with PN-R-04032 (PKiN
1998). Sand fractions were separated wet on sieves.
Soil texture classes were determined according to the
Soil Survey Manual (Soil Survey Division Staff 1993);
2) soil reaction – potentiometrically (USDA 1996) us-
ing an Orion ionmetre (710A) in: a) redistilled water,
using a 1:1 soil : solution ratio, b) extraction with 0.01
M CaCl2, using a 1:2 soil : solution ratio, c) extraction
with 1 M KCl, using a 1:1 soil : solution ratio; 3) elec-
trical conductivity (EC1, 25°C, mS × cm–1) – con-
ductometrically, using a 1:1 soil to solution ratio; 4)
composition of exchangeable cations (Ca, Mg, K and
Na) – determined by the Mehlich’s method modified
by Kociałkowski and Ratajczak (1984); 5) exchange-
able acidity and exchangeable aluminium – deter-
mined by titration; 6) organic carbon content – deter-
mined using the Walkley-Black method (Nelson and
Sommers 1982); 7) total nitrogen content – deter-
mined using the Kjeldahl method; 8) Mn, Fe, Zn and
Pb concentrations – determined in 1 M of HCl using a
1:10 soil to solution ratio (IUNG 1985); 9) buffering
curves for 8 tests.

The significance of differences between average
data of localities with poor and good fir regeneration
(tab. no 3) were tested by t-test and by logistic analy-
sis with 2 test.

Results and discussion
The silver fir, within the investigated localities, oc-

curs on soils differing significantly in terms of tex-
ture, which is related to diverse parent materials. The
soil texture corresponds to four soil texture classes,
namely, loamy sand, sandy loam, loam and silt with
clay fraction content from 1 to 15% (Filipiak et al.
2003). The physico-chemical properties of investi-
gated soils are presented in Tables 1 and 2. The aver-
age content of organic carbon in horizon A equalled
3.36% with fluctuations from 0.9 to 9.17%. Although
these soils contain considerable quantities of organic
carbon and clay fraction, they demonstrate very low
saturation of the exchangeable complex with base
cations; this is related to the domination of the ex-
changeable complex with aluminium and hydrogen
cations. Because of the prevalence of aluminium and
hydrogen cations among exchangeable cations, the
soils demonstrate a very strongly acidic soil reaction,
which many a time falls to pH 2.5 (in 1 M KCl). A low
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content of exchangeable base cations and a high
amount of aluminium and hydrogen cations cause the
humus in horizons A and O to be strongly unsatu-
rated, hence the samples tested demonstrate very low
buffering capabilities, particularly in the acidic range
(Fig. 2). Hydrogen, on the other hand, related to
acidic groups with different potency and exchange-
able aluminium is capable of neutralising a consider-
able amount of bases. Poor acid neutralisation capa-
bilities are typical of forest soils containing even sig-
nificant amounts of humus and clay fraction
(Prusinkiewicz et al. 1992). Our observations show
that a very strongly acidic reaction is not, however, a
factor that restricts silver fir regeneration, since in ar-
eas where regeneration is considered good, pH
ranged from 2.5 to 3.5. Probably this is related to the
finer texture of endopedons, exhibiting greater abun-
dance in nutrients and higher buffering abilities.

According to the tests performed soils in stands
with better regeneration contain more potassium,
also this result is only close to statistically signifi-
cance.(t-test, logistic analysis, P=0.09). Our results
may support the opinion that silver fir has a bigger de-
mand (several times bigger than spruce) for potas-
sium (e.g., Jaworski and Zarzycki 1983). A relatively
high content of potassium in the soil was indicated by
well regenerating Carpathian firs studied by Adam-

Fig. 1. Geographical distribution of examined European silver fir populations

Fig. 2. Buffer curves for selected samples of soil from silver
fir localities in Sudety Mts.: 1 – theoretical curve, 2 –
sample No. 57 (A horizon), 3 – sample No. 51 – (A hori-
zon), 4 – sample No. 37 (A horizon), 5 – sample 52 – (A
horizon), 6 – sample No. 5 (O horizon), 7 – sample No.
26 (O horizon). The samples number – see tab. 1 and 2
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czyk and Januszek (Jaworski and Zarzycki 1983) and
Baran (1977).

When analysing metal content (Mn, Zn, Pb and
Fe) in horizon A of the areas investigated one must
conclude that it differs significantly in terms of quan-
tity, however, the concentration of metals does not
differ considerably from the standards adopted. Only
the content of lead in the case of a dozen or so of
stands investigated exceeds the standards for arable
soils. The group of stands with higher lead content in-
clude also sites where a better than average regenera-
tion of silver fir was identified, for instance, the com-
parative forest stand from Zagnańsk considered to be
an optimum of regeneration. It is suggested that, in
this particular case, the level of lead contamination
did not play a role in inhibiting the regeneration of
the silver fir.

Worth mentioning is also a relatively high content
of manganese in the soils of certain stands. The field
descriptions of samples where a higher content of this
metal was identified, often contained annotations
about the high content of dead fir needles, hence, the
suggestion that manganese originates mainly from
fallen needles which contain relatively large amounts
thereof (Rousseau 1960). The described situation ap-
plies, for example, to litter samples taken under can-
opy of dens thicket or underwood. According to
Rousseau (1960) high manganese content, especially
in mull-type humus in rain-free periods, can have a
toxic effect on young seedlings. Lack of seedlings was
observed under the canopy of a dens thicket and a
young stand with a high share of silver fir, but it can
results from the fact that is very dark in there. In other
stands in the Sudety Mountains, the toxic effect of
manganese from fallen needles on the regeneration of
the described species has a rather marginal signifi-
cance due to the generally low share of silver fir in the
tree stand. There are also few silver fir stands with
typical mull-type humus.

Table 3 presents average values of studied soil pro-
prieties taking into consideration division on locali-
ties with poor and good fir regeneration. The differ-
ences (among average) are not statistically signifi-
cant. Presented data suggested, that silver fir can well
regenerate on soils with diverse chemical composi-
tion. It corresponded to Korpel’s (1975) opinion, that
for fir more important are moisture conditions than
chemistry of soils.

Conclusions
According to the studies performed, none of the

factors analysed within the samples tested has a defi-
nite impact on the natural regeneration of silver fir.
The only dependence between potassium content in
soil and the regeneration of silver fir in the Sudety
Mountains is close to statistically significance. It

must be clearly emphasised here that natural regener-
ation of silver fir in southern Poland depends on a
number of other factors. Surely, in some cases a spe-
cific chemical composition together with other fac-
tors, such as moisture or light, can have a significant
modifying effect on the regeneration of silver fir. On
the basis of the studies performed we can also risk a
statement that presently the soil contamination fac-
tor is not the main reason for unsatisfactory regenera-
tion of silver fir in the Sudety Mountains.
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