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Abstract. We conducted comparative studies on soil organic matter stocks and indices of the soil’s ecochemical state under Empetro 
nigri-Pinetum (En-P) and Vaccinio uliginosi-Betuletum pubescentis (Vu-Bp) in the Słowiński National Park. The investigated 
plant communities are associated with Arenosols that developed from eolian sands and are exposed to high groundwater levels. 
The presence of fossil Histosol at a depth of 75 cm in the Vu-Bp stand, which lies below the current groundwater level, is the factor 
that sets both stands apart. The fossil soil strongly differs from Arenosol in terms of its chemical composition. A high abundance 
of nutrients in bioavailable forms in the soil is one of the reasons for natural renewal of downy birch in the stand, which presence 
in turn affects the turnover of elements and the properties of Arenosol. The results of our studies confirm the existence of strong 
feedback between the soil and plant communities. Soils under the mixed pine-birch Vu-Bp stand are characterized by smaller 
stocks of organic matter and total organic carbon (TOC) contained in the ectohumus as compared to the soils under the pure pine 
En-P stand. The opposite is found in the humic horizon. Additionally, in the Vu-Bp stand we observed greater accumulation of 
total nitrogen (TN) in ectohumus, which is reflected in lower TOC:TN ratios. The contents of TN and TOC:TN ratios in humic 
horizons were similar in both stands. The soils under En-P were more strongly acidified, especially in O-horizons. Mineral 
horizons in both stands were characterized by a very small sorptive capacity, which increased in ectohumus and fossil soil. 
Significant differences between the stands were observed in the ionic composition of sorptive complexes. The soils under Vu-Bp 
stand were more strongly saturated with basic cations, predominantly calcium. In soil solums of both stands, we observed a deficit 
of bioavailable potassium and magnesium, which was partially compensated by significant amounts of these components in 
ectohumus and fossil soil in the Vu-Bp stand. Despite a strongly acidic pH, molar Ca:Al ratios suggest that there are no phytotoxic 
effects due to free aluminium in ectohumus, while they are unlikely in mineral horizons. The risk of phytotoxic effects is reduced 
by the influx of calcium from groundwater.
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1. Introduction

Interactions between soils and plants of forest ecosystems 
are very strong and have feedbacks character. Soil, as key 
component of these ecosystems creates specified nutritional, 
water and oxygen conditions, influencing plant species com-
position. Spatial variability in soil properties is important 
factor affecting variability of plant communities in different 
spatial scales within particular climate and vegetation zones. 

A parallel influence of plants and animals on soils and the 
processes taking place in them is termed bio-perstructions, 
which constitute one of the three main mechanisms of soils 
transformations and their evolution (Kowalkowski 2006, 
Altermann et al. 2008).

Plant commumities influence soil properties by litterfall 
production, quantitative and qualitative transformation of 
rain waters, uptake of water and nutrients and secretion of 
ions and chemical compounds by root systems as well as 
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by impact of growing roots on soil structure. Appearing in 
the places of dead roots free spaces are becoming important 
paths of groundwater migration. A deep transformations of 
soil cover in forest ecosystems may follow also due to wind-
throws (Peterson et al. 1990, Jonczak et al. 2012), especial-
ly on slopes (Norman et al. 1995). Plant litterfall plays a 
special role among these mechanisms. Its annual production 
and properties and affected by a complex of site conditions 
intensity of decomposition in a longer time determine type of 
humus, biological activity and chemical properties of soils. 
Long-term inflow of litterfall of specific chemical compo-
sition may result even in modification of the direction of soil 
development (Augusto et al. 2002). Formed in ectohumus in 
a result of plant residues decomposition and then leaching 
by percolating into the soil waters labile fractions of soil or-
ganic matter constitutes precursors of humic compounds and 
carriers of various substances, including metals (Kalbitz et 
Wennrich 1998, Jonczak 2012, Jonczak et Parzych 2012).

The strongest influence on forest soils have trees, which is 
confirmed by spatial variability of soil properties under mixed 
stands, which are closely related to ranges of crowns of in-
dividual tree species (Jonczak et Mackiewicz 2012). Howe-
ver in some ecosystems soils can be considerably influenced 
also by undergrowth vegetation, which species composition 
affects as differentiating agent especially on the properties of 
O and A horizons, contributing to the development of spatial 
plant-soil micromosaics (Dziadowiec et al. 2002).

The aim of this study was to compare the content and 
stocks of soil organic matter, total organic carbon, total ni-
trogen and pH, sorptive properties and the content of bioava-
ilable forms of some metals in the soils under Empetro 
nigri-Pinetum and Vaccinio uliginosi-Betuletum pubescentis 
forest communities of Słowiński National Park associated 
with nutrient-poor dune habitats with high groundwater 
level. The presence of fossil soil at depth 75 cm in Vaccinio 
uliginosi-Betuletum pubescentis and tree species compo-
sition are factors differentiating the investigated stands.

2. Material and methods

Comparative studies of the soils under Empetro nigri-Pi-
netum (En-P) and Vaccinio uliginosi-Betuletum pubescentis 
(Vu-Bp) plant communities located in Słowiński National 
Park were carried out in spring 2012. Annual sums of preci-
pitation for this area range from 550 to 850 mm and average 
annual temperatures are about 7,7°C (Parzych 2011). The 
study plots with dimensions of 25 x 25 meters were located 
in forest division 21a, within the area of stabilized by forest 
vegetation dunes, under which in VuBp stand, at the depth of 
75 cm is the edge part of fossil bog. Tree layer in En-P stand 
consists of a 145-year-old Scots pine (Pinus sylvestris L.) 

with dominant diameters at breast height 15–30 cm (average 
21 cm) and in Vu-Bp stand of 65-year-old Scots pine (Pinus 
sylvestris L.) and 52-year-old downy birch (Betula pube-
scens) of varied diameters at breast height, with average va-
lues 36.9 cm and 13.1 cm respectively (Fig. 1). Trees density 
during the study year was 848 pcs per hectare in En-P stand 
and 880 pcs per hectare in Vu-Bp stand, with percentage of 
pine at 38% and birch at 62%.

Soil organic and humic horizons at both stands were 
sampled in 25 points distributed in a regular grid. Organic 
horizons were sampled using a core sampler of diameter 20 
cm. From humic horizons were taken about 0.5 kg samples 
of disturbed structure and samples of undisturbed structure 
using 100 cm3 steel rings. In every sampling point were 
also done measurments of the thickness of A-horizon. In 
each stand was done soil pit, soils were described and sam-
pled from every horizons for the purposes of laboratory 
analysis.

Samples of organic horizons after removing of fresh parts 
of plants were dried until the constat weight in 65°C, we-
ighted, mixed and milled into powder. Samples of mineral 
horizons after removing of plant remains were dried in 40°C 
and sieved through 2.0 mm sieve to remove gravel fraction. 
The following properties of soils were analyzed: 

•	 bulk density and actual moisture by drying-weight 
method,

•	 particle-size distribution by sieve method applying di-
vision into granulometric fractions after Polish Soil Science 
Society 2008 (PTG 2009),

•	 pH potentiometrically in suspention with water and 1 
mol·dm-3 KCl solution using soil:water/KCl ratios 1:10 for 
organic samples and 1:2.5 for mineral samples,

Figure. 1. The structure of tree stands by diameter at breast height
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•	 the content of soil organic matter (SOM) as loss on 
ignition in 550°C,

•	 the content of total organic carbon (TOC) by Alten 
method in organic samples and Tyurin method in mineral 
samples,

•	 the content of total nitrogen (TN) by Kjeldahl method 
using distilling unit VELP UDK-127,

•	 the content of bioavailable forms of P, K, Ca, Mg, 
Mn and Zn after soil extraction in 0.05 mol·dm-3 solution 
of HCl. Concentrations of P in extracts were analyzed by 
molybdenum blue method while the remaining metals by 
microwave plasma atomic emission spectrometry (Agilent 
4100 MP-AES),

•	 exchangeable acidity (Hw) and exchangeable alumi-
nium (Alw) by Sokolov method,

•	 the content of exchangeable basis after samples extrac-
tion in CH3COONH4, pH = 7. Concentrations of basis in 
extracts were analyzed by microwave plasma atomic emis-
sion spectrometry (Agilent 4100 MP-AES),

Based on the results of analysis were also calculated:
•	 average contents of SOM, TOC and TN as well as ave-

rage values of pH and TOC:TN ratios for organic and humic 
horizons at both stands,

•	 stocks of SOM, TOC and TN in organic and humic 
horizons of both stands,

•	 cation exchange capacity (CEC),
•	 base saturation (BS).
Data for both stands were compared statistically using 

Student’s t-test.

3. Results and discussion

3.1. General characteristics of the soils

Soils of the investigated stands represent Arenosols de-
veloped from Holocene eolian sands (Table 1) with mor 
type of humus in En-P stand and moder type with small pa-
tches of mor type in Vu-Bp stand. Ectohumus thickness in 
soil profiles was 8 cm in En-P and 10 cm in Vu-Bp stand, 
whereas thickness of humic horizons 10 cm and 23 cm re-
spectively. A sharp transition between A-horizon and parent 
material in the soil of Vu-Bp stand indicates its post-agri-
cultural character. Organic horizons of the investigated 
soils were poor in nitrogen, which is reflected in very wide 
TOC:TN ratios, especially in En-P stand. Humic horizons 
characterized by very low content of TOC, reaching only 
1.8 g·kg-1 in En-P stand and 3.6 g·kg-1 in Vu-Bp stand, and 
TN, which content was 0.2 g·kg-1 in both stands (Table 2). 
Soils are strongly acid, however pH slightly increased with 
depth. Soils of En-P were stronger acidified as compared to 
Vu-Bp. In Vu-Bp stand, at the depth of 75 cm occured fos-
sil organic soil composed of peaty horizon (2Ot) which is 
underlain by lacustrine deposits (2Lc). Presence of this soil 
is important factor influencing habitat conditions in Vu-Bp 
stand and differentiating both stands. High, relatively stable 
over time groundwater level, which is about 90 cm in En-P 
stand and 70 cm in Vu-Bp stand (Trojanowski et Parzych 
2011), is the another important factor influencing conditions 
of plants development.

Table 1. Selected physical properties of the soils under Empetro nigri-Pinetum and Vaccinio uliginosi-Betuletum pubescentis in the Słowiński 
National Park

Horizon
Depth
[cm]

The content of granulometric fractions
 [%] Soil textu-

ral group
Bulk density

[g·cm-3]
Actual moisture

[% v/v]
Colour after 

Munssel
sand silt clay

En-P

AC 0-10 99.0 1.0 0.0 pl 1.50 9.3 10YR 5.5/2

Cgg 10-80 99.6 0.4 0.0 pl 1.65 32.1 10YR 5.5/4

Vu-Bp

A(p) 0-23 99.4 0.6 0.0 pl 1.48 6.8 10YR 5/2.5

C 23-55 99.8 0.2 0.0 pl 1.53 7.4 10YR 6/4

Cgg 55-75 100.0 0.0 0.0 pl 1.57 33.7 2.5Y 5/3.5

2Ot 75-87 0.33 73.6 10YR 2/3

2Lc 87-97 0.33 79.8 2.5Y 3/1.5

3Cgg 97-120 99.6 0.4 0.0 pl 1.47 36.5 2.5Y 5/3
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3.2. Stocks of soil organic matter, organic carbon, 
nitrogen and C:N ratios

Dead above-ground and underground plant remains ter-
med litterfall constitute the primary source of soil organic 
matter in forest ecosystems. Litterfall mass, dynamics and 
chemistry are influenced by a complex of factors characte-
rizing plant communities, including species composition, 
health condition, density and physiology (Stachurski et 
Zimka 1975, Dziadowiec et al. 2007, Jonczak 2011, 2013, 
Jonczak et Parzych 2014), a complex of factors characteri-
zing site conditions, especially soil physical and chemical 
properties, water regime and climate conditions (Prescott 
et al. 1999), as well as by a complex of factors disrupting 
ist production, as droughts, flows, pest outbreaks and diffe-
rent symptoms of anthropopressure (Dziadowiec et Plichta 
1985, Jonczak et Czarnecki 2008). Conditioned mainly by 
properties of initial materials (Berg et Staaf 1980, Albers et 
al. 2004, Jonczak 2009, Tablot et al. 2012) and a complex 
of abiotic (Cortez 1998, Drewnik 2006, Jonczak 2014) 
and biotic environmental factors (Dziadowiec 1990, van 
der Heijden et al. 2008) rate of litterfall decomposition, 
covering processes of mineralization ond humification, 
determines type of forest humus as well as its stocks and 

properties. Especially large differences in litterfall che-
mistry and decomposition rate are observed between de-
ciduous and coniferous tree species (Augusto et al. 2002, 
Jonczak 2011).

The impact of species composition of plant communities 
on soils properties is the quickest and the strongest reflec-
ted in their ectohumus and than in humic horizons. It is 
also clear in the investigated soils and concerns both con-
tents and stocks of the analyzed components (Table 3, 4). 
Soils under mixed pine-birch Vu-Bp stand characterized by 
significantly lower stocks of SOM and TOC in ectohumus 
at larger stocks and contents of these components in humic 
horizons as compared to pure pine En-P stand (Table 5). 
Average stocks of SOM in ectohumus in En-P stand were 
6729 g·m-2 whereas in Vu-Bp stand 4241 g·m-2. Stocks of 
TOC were 3696 g·m-2 and 2469 g·m-2 respectively. In humic 
horizons we noticed stocks of SOM at 1141 g·m-2 in En-P 
stand and 2000 g·m-2 in Vu-Bp stand and TOC 523 and 
972 g·m-2 respectively (Table 3, 4). Total stocks of SOM 
in ectohumus and A-horizons are on average 21% higher, 
and TOC 18% higher in En-P stand. In general statistical-
ly significant differences between soils of the investigated 
stands were also observed in the content and stocks of TN, 
which were larger in Vu-Bp stand. Despite the observed 

Table 2. Selected chemical properties of the soils under Empetro nigri-Pinetum and Vaccinio uliginosi-Betuletum pubescentis in the 
Słowiński National Park

Horizon
Depth
[cm]

pHH2O pHKCl

Loss on ignition
[g·kg-1]

Corg.
[g·kg-1]

Nt
[g·kg-1]

C:N

En-P

Ol 8-6 4.16 3.43 981.7 537.8 4.8 113.0

Of 6-2.5 3.40 2.60 958.3 511.5 8.1 63.0

Oh 2.5-0 3.22 2.37 855.2 477.1 7.0 68.2

AC 0-10 4.07 3.51 3.5 1.8 0.2 9.5

Cgg 10-80 4.87 4.24

Vu-Bp

Ol 10-8 4.84 4.36 956.0 520.6 10.6 48.9

Of 8-4 4.10 3.47 671.2 390.6 11.2 34.9

Oh 4-0 3.79 2.89 330.3 193.8 6.4 30.1

A(p) 0-23 4.21 3.57 7.0 3.6 0.2 17.3

C 23-55 4.39 3.87  

Cgg 55-75 4.84 4.21  

2Ot 75-87 4.85 4.19 641.0 356.4 9.8 36.4

2Lc 87-97 4.94 4.35 313.4 181.5 25.8 7.0

3Cgg 97-120 5.44 4.56  
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differences the contents of this component in both stands 
were low, which is reflected in very wide in ectohumus and 
medium in A-horizons TOC:TN ratios. The gradual nar-
rowing of TOC:TN ratios with depth is typical for forest 
soils and is associated with immobilization of nitrogen by 
microorganisms. This phenomenon is commonly observed 
in the studies on litterfall decomposition, regardless of its 
type (Dziadowiec 1990, Jonczak 2014).

Lower stocks of SOM and TOC in ectohumus at lar-
ger contents and stocks of these components in humic 
horizons, larger contents and stocks of TN and narrower 
TOC:TN ratios observed in the soils of Vu-Bp stand are 
evidence of more favorable environmental conditions 
for litterfall decomposition and more intensive biologi-
cal turnover as compared to En-P stand. The presence of 
naturally renewing birch in Vu-Bp stand, which produce 
more susceptible to decomposition and more abundant in 
nutrients litterfall as compared to pine (Astel et al. 2009), 
is the main factor differentiating the investigated stands. 
Nitrogen, which in forest soils, especially such nutrien-
t-poor as Arenosols, is abundant in deficit amounts, plays 
a key-role among the nutrients. Its bioavailability strongly 
influence species composition of forest vegetation (Ma-
tuszkiewicz et al. 2013), as well as soil fauna and microor-
ganisms (Aira et al. 2006). The presence of birch in Vu-Bp 
is in turn conditioned by the presence within the range of 
tree root systems of fossil Histosol, which is much more 
abundant in nutrients as compared to Arenosol.

3.3. Reaction and sorptive properties of the soils

Reaction, which is one of the most important indices of 
soil ecochemical state, influences many of their properties, 
including forms and mobility of elements (e.g. Christ et 
David 1996, Anderson et al. 2000, Yano et al. 2004), their 
bioavailability (e.g. Czekała et al. 1996, Burzyńska 2009) 
and toxicity of some of them (Gough et al. 1979, Kowal-
kowski 2002, Vardar et Ünal 2007). It is therefore a good 
indicator of plant growth conditions and soil biological acti-
vity (Wang et al. 2006), allowing also to inference about the 
properties of soil organic matter and directions of its trans-
formation (Tonon et al. 2010). Reaction of the investigated 
soils, both in organic and humic horizons was within stron-
gly acid, although varied among the stands and individual 
soil horizons (Table 3, 4). In O-horizons pH was significan-
tly lower in En-P stand whereas in A-horizons comparable 
in both stands.

The studied Arenosols characterized by a low, typical 
for the soils developed from eolian sands, sorptive capaci-
ty, which in En-P stand was just a 0.62–0.81 cmol(+)·kg-1, 

and in Vu-Bp stand 0.73–1.03 cmol(+)·kg-1 (Table 6). CEC 
of sandy soils is strongly affected by humic substances 
(Pokojska 1986), but in solum of the investigated soils 
humus occur only in small quantities. A multiple times 
higher CEC was observed in ectohumus (52.34–67.16 
cmol(+)·kg-1 in En-P stand and 19.66–66.63 cmol(+)·kg-1 in 
Vu-Bp stand) and in fossil soil (48.25–76.79 cmol(+)·kg-1). 
However the odtained for these horizons values of CEC 
should be considered as overestimated, because beside 
exchangeable cations are also extracted labile fractions of 
elements (Pokojska 1986). A clear differences were ob-
served between the investigated stands in percentage of 
the individual exchangeable cations in soil sorption com-
plex. Higher saturation with basic cations in the soil of 
Vu-Bp stand is due to their biogenic translocation from 
fossil organic soil and periodical influence of groundwa-
ter. Ca2+ is the main basic and H+ the main acidic cation in 
the investigated soils (Table 6).

Acidic pH of soils promote activization of free alum-
inium, which under certain conditions and appriopriate 
amount becomes toxic to plants. However there is no uni-
form opinions on the limit values of pH. It is often assumed 
at pH < 4.5 (Grauer et Horst 1992), alhough some authors 
move it until a pH < 5.5 (Ryan et Delhaize 2010), and even 
pH < 6.0 (Moskal 1954). Phytotoxic effect has not enly 
ionic form of aluminium but also other forms of this metal, 
for example tridecamer, which is about 10 times more toxic 
as compered to Al3+ (Parker et Bertsch 1992, Pokojska 
1994). Phytotoxic influence of aluminium is inhibited by 
humic substances (Gerke 1994) and calcium (Ryan et al. 
1994, Matsumoto 2000). Molar ratio Ca:Al is commonly 
used measure in the assessment of the risk of aluminium 
stress (Kowalkowski 2002). Values of this ratio in En-P 
stand ranged from 3.1 to 44.8 in ectohumus and from 0.6 to 
0.8 in mineral horizons, whereas in Vu-Bp stand from 9.8 
to 82.2 and from 0.7 to 1.2 respectively and 123.0–138.4 
in fossil soil (Table 6). The noted Ca:Al ratios, at relatively 
high saturation with exchangeable basis indicate that alu-
minium stress in ectohumus is impossible and in mineral 
horizons is unlikely. 

3.4. The content of bioavailable forms of metals

Extraction of the soils associated with coniferous forests 
with 0.05 mol·dm-3 solution of HCl allows to estimete their 
fertility and bioavailability of nutrients. Mineral horizons 
which contain less than 20 mg·kg-1 of phosphorus and potas-
sium, less than 10 mg·kg-1 of calcium and 5 mg·kg-1 of mag-
nesium are considered as poor in these elements (Ostrowska 
et al. 2001). The content of P in mineral horizons of the soils 
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in En-P stand ranged from 9.9 to 46.2 mg·kg-1, whereas in 
Vu-Bp stand from 23.8–41.3 mg·kg-1, which suggest occur-
ing of element in suitable amounts to meet the demands of 
autotrophs (Table 7). There was also not observed deficit of 
calcium. Relatively high contents of these elements may re-
sult from their periodical inflow with groundwater, which 
also suggest gradients of vertical distribution of these ele-
ments in soil profiles. A considerably under limit values were 
amounts of potassium and magnesium, suggesting strong 
deficit of these elements, which is accelerated by strongly 
acid pH of the soils. In mineral horizons of the soils under 
both stands we also observed low contents of manganese 
and zinc. A multiple times higher contents of bioavailable 
forms of every studied elements were noticed in strongly 
infiltrated by tree roots ectohumus. The contents of P, K, Ca, 

Mg and Zn in Oh subhorizons were 2–3 times higher in En-P 
stand as compared in Vu-Bp. The content of Mn showed a 
reverse trend. The highest amounts of P, Ca, Mg and Mn 
were observed in fossil soil in Vu-Bp stand (Table 7). Verti-
cal moving of these components by groundwater from fos-
sil soil into mineral horizons of Arenosol and the influence 
of birch admixture are main reasons of the observed high-
er concentrations of these elements in soil solum in Vu-Bp 
stand as compared to En-P.

4. Conclusions

Results of comparative studies conducted in associa-
ted with dune habitats En-P and Vu-Bp stands in Sło-
wiński National Park reflect well feedbacks between the 

Table 3. Mean values of selected properties in organic and humic horizons of the soils in En-P (n=25)

Properties
Soil horizons

Ol Of Oh AC

pHH2O 3.90 ± 0.17 3.42 ± 0.13 3.34 ± 0.13 4.13 ± 0.11

Content of soil organic matter [g·kg-1] 964.1 ± 15.5 884.6 ± 133.3 663.2 ± 174.3 6.5 ± 3.5

Content of TOC [g·kg-1] 533.9 ± 16.9 465.5 ± 69.8 372.2 ± 97.2 3.0 ± 1.6

Content of TN [g·kg-1] 6.82 ± 0.88 9.34 ± 1.86 7.50 ± 1.80 0.19 ± 0.05

TOC:TN 79.7 ± 12.0 50.7 ± 8.1 49.8 ± 9.7 17.3 ± 11.0

Stocks of soil organic matter [g·m-2] 944 ± 496 2045 ± 629 3739 ± 1498 1141 ± 592

Stocks of TOC [g·m-2] 524 ± 277 1075 ± 323 2097 ± 828 523 ± 264

Stocks of  TN [g·m-2] 6.6 ± 3.6 21.8 ± 7.5 42.1 ± 15.7 34.3 ± 14.9

Table 4. Mean values of selected properties in organic and humic horizons of the soils in Vu-Bp (n=25)

Properties
Soil horizons

Ol Ofh A(p)

pHH2O 4.82 ± 0.22 4.02 ± 0.28 4.18 ± 0.16

Content of soil organic matter [g·kg-1] 928.2 ± 63.3 414.2 ± 124.2 8.3 ± 2.6

Content of TOC [g·kg-1] 499.1 ± 31.2 241.4 ± 77.3 4.0 ± 1.5

Content of TN [g·kg-1] 8.76 ± 1.68 8.80 ± 2.03 0.23 ± 0.06

TOC:TN 59.3 ± 13.0 27.2 ± 5.9 18.0 ± 6.1

Stocks of soil organic matter [g·m-2] 531 ± 213 3710 ± 1897 2000 ± 818

Stocks of TOC [g·m-2] 286 ± 114 2183 ± 1183 972 ± 434

Stocks of  TN [g·m-2] 4.8 ± 1.7 79.5 ± 37.9 55.5 ± 19.7
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Table 5. Statistical significance of differences between the soils of En-P and Vu-Bp in their selected properties [- no statistically significant 
differences; + differences statistically significant at p<0,05; ++ differences statistically significant at p<0,01; +++ differences statistically 
significant at p<0,001]

Properties
Soil horizons

Ol together AC and A(p)

pHH2O +++ +++ -

Content of soil organic matter [g·kg-1] ++ +++ +

Content of TOC [g·kg-1] +++ +++ +

Content of TN [g·kg-1] +++ - +

TOC:TN +++ +++ -

Stocks of soil organic matter [g·m-2] +++ +++ +++

Stocks of TOC [g·m-2] +++ +++ +++

Stocks of  TN [g·m-2] + - +++

Table 6. Sorptive properties of the soils in En-P and Vu-Bp

Horizon

Content of exchangeable ions
TEB Hw BS CEC Ca:Al.

[mol·mol-1]
Na+ K+ Ca2+ Mg2+ H+ Al3+

cmol(+)·kg-1

En-P

Ol 0.00 2.81 18.91 7.83 17.40 5.40 29.55 22.79 56.5 52.34 5.3

Of 0.00 2.98 16.84 4.82 34.33 8.18 24.64 42.52 36.7 67.16 3.1

Oh 0.00 1.98 14.06 5.36 33.65 0.47 21.40 34.12 38.5 55.52 44.8

AC 0.00 0.03 0.08 0.03 0.52 0.2 0.14 0.67 17.3 0.81 0.8

Cgg 0.00 0.03 0.07 0.05 0.28 0.2 0.14 0.5 23.3 0.62 0.6

Vu-Bp

Ol 0.00 6.65 33.31 16.02 10.04 0.61 55.98 10.65 84.0 66.63 82.2

Of 0.00 2.13 29.63 9.46 9.94 0.67 41.22 10.62 79.5 51.84 66.0

Oh 0.00 0.62 7.26 2.67 7.98 1.11 10.56 9.10 53.7 19.66 9.8

A(p) 0.00 0.13 0.12 0.05 0.45 0.27 0.31 0.72 29.9 1.03 0.7

C 0.00 0.13 0.09 0.03 0.30 0.18 0.25 0.48 33.6 0.73 0.7

Cgg 0.00 0.13 0.14 0.06 0.28 0.17 0.33 0.45 42.1 0.78 1.2

2Ot 0.05 0.50 66.69 7.02 1.81 0.72 74.26 2.53 96.7 76.79 138.4

2Lc 0.04 0.28 41.15 4.89 1.39 0.50 46.36 1.89 96.1 48.25 123.0

3Cgg 0.00 0.14 0.60 0.10 0.16 0.06 0.84 0.22 79.0 1.06 14.2
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soils and plant communities in varying in terms of eco-
logical conditions forest ecosystems. The occurence at a 
small depth, within the range of root systems fossil His-
tosol in Vu-Bp stand, which strongly differ from laying 
above it Arenosol in terms of chemical properties, is a 
key factor differentiating both stands. Under conditions 
of high groundwater level fossil soil considerably influ-
ence properties of Arenosol, species composition of plant 
communities and running in ecosystem processes. The 
presence of peaty bed determines, among others, natural 
renewing of downy birch, which in turn influence soil 
properties.

The soils under mixed pine-birch Vu-Bp stand as compa-
red to pure pine En-P stand characterized by:

• significantly lower stocks of SOM and TOC in ectohu-
mus at higher stocks and conternts of these components in 
humic horizons. Total stocks of SOM were lower on average 
by 21% and TOC by 18%,

• significantly higher contents of TN in ectohumus and
comparable contents in humic horizons. Stocks of TN were 
significantly higher in both horizons,

• significantly narrower TOC:TN ratios in ectohumus at
comparable ratios in humic horizons,

• significantly less acidic pH in organic horizons, altho-
ugh in every subhorizons it was within strongly acid,

• higher saturation of sorptive complex by exchangeable
basis,

• lower contents of bioavailable P, K, Ca, Mg and Zn in
ectohumus at higher contents of bioavailable P, Ca and Mg 
and lower content of K in mineral horizons. 

Low abundance of nitrogen, which is confirmed by 
very wide TOC:TN ratios, is the characteristic feature of 
the soils in both stands, despite the observed differences 
between them. Plants in the stands are functioning under 
the conditions of strong acidified soils and strong deficit 
of potassium and magnesium. Despite strongly acid pH, 
the risk of phytotoxic influence of free aluminium does not 
occur in ectohumus and is unlikely in soil solum, which is 
confirmed by suitable high values of Ca:Al molar ratios. 
This risk is reduced by periodical influx of calcium with 
groundwater.
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Table 7. the content of bioavailable forms of some metals in en-P and Vu-Bp

horizon
P K ca Mg Mn Zn

mg·kg-1

en-P

oh 142.9 332.9 1685.7 360.6 10.7 22.3

ac 9.9 3.9 7.6 1.7 0.1 0.2

cgg 46.2 4.7 31.0 2.8 0.2 0.2

Vu-Bp

oh 50.3 97.7 818.2 180.9 42.3 12.2

a(p) 23.8 1.8 17.5 3.0 0.4 0.2

c 31.3 0.7 21.7 0.8 0.2 0.0

cgg 41.3 1.3 29.0 3.6 0.1 0.0

2ot 362.0 17.3 9465.0 566.7 51.2 11.5

2lc 100.7 38.4 5004.4 368.9 36.0 3.7

3cgg 18.7 1.0 77.5 7.1 0.2 0.1
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