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INTRODUCTION

The species composition of European forests is
primarily the result of human development activities.
The development of agriculture has led to the  defo-
restation aiming at taking over fertile soil for the cul-
tivation. In the areas of increased human activity on
poor soils mainly pine forest managed to survive. In
Poland, the pine occupied dystrophic and oligotro-
phic sites. According to the Polish Classification of
Forest Soils (2000) soils where pine found  good gro-
wing conditions were classified as Podzols and Bru-
nic Arensols. Taking care of adequate participation
of mixture of species which enrich their litter surface
layer of the soil is very important for the poor soils. It
contributes to the acceleration of the decomposition
of organic matter and the efficient circulation of nu-
trients. The birch and native oak play the function of
admixing species in pine stands on the sandy soils.
On fresh soils it is a sessile oak (Quercus petraea),
on wet one it is common oak (Quercus robur). Gardi-
na et al. (2001), Augusto et al. (2002), B³oñska and
Januszek (2010) studied the impact of stands of dif-
ferent species composition on soil properties. The re-
sults of B³oñska and Januszek (2010) show that the
broadleaf species have better influence on the soil
properties (pH, dehydrogenase activity).

 To date, broadleaf and coniferous stands have
been compared. There is a lack of studies that con-
cern the impact of various contributions of admixtu-

re species in coniferous stands. The aim of the paper
is to show the influence of oak admixture on the pro-
perties of surface horizon of humus accumulation in
forest soils derived from the poor, sandy geological
formations. Additionally, the differences in the flori-
stic composition of cover which is shaped by the in-
fluence of pine forest stands with different participa-
tion of oak were analyzed.

MATERIAL AND METHODS

The samples from 30 plots were collected from si-
tes in the Polish lowland forest districts. The selected
plots were characterized by a similar geological sub-
strate (deep fluvioglacial sands). The study focused
on pine stands with varying participation of oak admi-
xture. Three groups of plots (10 each plots) were sepa-
rated: 1 � the pine stands without admixture species;
2 � pine stands with a single admixtures of oak in spe-
cies composition; 3 � pine stands with 10�20% share
of oak. In each test area pits were dug and detailed
morphological description of the soil profile was pre-
pared. From distinguished genetic horizon were ta-
ken samples for determination basic of soil proper-
ties. The effect of different species composition of
the stand became apparent in the horizons of humus
accumulation, as illustrated in the research results.

In the collected samples pH was marked using the
potentiometric method (in water and 1 M KCl), te-
xtural group was determined with aerometric method,
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hydrolytic acidity with Kappen method, exchange-
able acidity and exchangeable aluminium were iden-
tified with Soko³ow method (Ostrowska et al., 1991).
Total nitrogen content and  organic carbon content
with LECO aparatus, including calculation of C/N
ratio, the content of alkaline cations � in 1 M ammo-
nium acetate (ICP-OES apparatus) were marked. Ava-
ilable phosphorus was detrmined with the Bray-Kurtz
method. For the determination of enzyme activity
fresh samples of natural moisture were collected. The
average samples made for an mixed sample of soil
from the pit and four points around it. The enzyme
activity was determined at the first horizon of soil
covered with litter. Dehydrogenase activity was de-
termined with Lenhard�s method according to the
Casida procedure (1964). Urease activity was deter-
mined with the use of Tabatabai and Bremner me-
thod (1972 in: Alef and Nannipieri, 1995)

Stand species composition was determined by
measuring the stand on a circular surface area of 0.1
hectare. To determine the composition of under-
growth, vegetation list on the surface of 400 m2 was
made supplying the degree of abundance in the scale
of Braun-Blanquet (Wysocki and Sikorski, 2000).

RESULTS AND DISCUSSION

The test soils had similar particle size composi-
tion (deep loose sands with varying participation in-
terbedding loamy sand). The total stock of particles
<0.02 mm in the soil of compared groups was simi-
lar. The average content of these fractions in the soils
of pine stands without admixtures was 40.8 kg·1,5 m�3,
in pine stand with a single oak 56.4 kg·1,5 m�3, in
soils of pine stands  with a greater admixture of oak it
amounted to 69.0 kg·1,5 m�3. The  properties of sur-
face detritus horizon differed in the separated rese-
arch groups. Soil of pine stands with the highest sha-
re of the oak were characterized by the highest avera-
ge value of pH in H2O 3.81. Soil of the first group
where pine constituted 100% was characterized by
the lowest value of pH in H2O 3.51 (Table 1). The
soils in each group showed different degrees of orga-
nic matter decomposition, which is expressed by the
relation C/N in detritus horizon. Decomposition rate
of organic matter was poorer in pine stands (C/N ave-
rage is 32) in comparison with the stand with a touch
of oak, where the C/N ratio in the detritus horizon
fluctuated around the 28. The highest average orga-
nic carbon content noted in the soil from the first gro-
up was 33.02%, the lowest in the soil from the third
group was 26.12%. Surface soil horizons of the se-
cond group were characterized by the highest avera-
ge total nitrogen content of 1.27%, the lowest third
group soil amounted to 0.94% (Table 1).

Dehydrogenase and urease activity was variable in
tested soils. The highest average level of dehydroge-
nase activity in detritus horizon was recorded in soils
of pine stands with the largest oak admixture (36.57
mmol TFF·1kg�1·h�1). It was lower in soils of pine
stands and pine stands with a single admixture (18.85
and 14.86 mmol TFF·1 kg�1·h�1 respectively). The re-
sults of the urease activity were arranged similarly from
0.45 mmol N-NH4·1 kg�1·h�1 in soils of the third group
through 0.37 mmol N-NH4·1 kg�1·h�1 in the soils of
the first group to 0.23 mmol N-NH4·1 kg�1·h�1 in soils
of the second group.

Statistically significant difference in the activity
of dehydrogenases, C/N ratio and the content of the
exchangeable Na were noted using the non-parame-
tric Kruskal-Wallis test (Table 1). The increase in the
share of oak in a pine stands significantly improves
conditions for organic matter decomposition (it is
documented by narrowing the ratio C:N). Activity of
soil enzymes does not indicate that clearly. A single
admixture of oak does not affect the increase in soil
microorganisms activity. Activity of dehydrogenases,
which are considered a general indicator of micro-
bial activity was significantly higher in the group with
the highest share of oak (10�20%) compared with
other research options. Soil humus-mineral horizons
of tested stands variants with different species com-
position have different properties. With increasing ad-
mixture of oak in  the stand the increase in the orga-
nic carbon content in those horizons becomes visi-
ble. The average content of this biogenic element ran-
ges from 1.21% in the humus-mineral horizon of pine
stands without admixture of oak to 3.06% in case of
pine stands with oak admixture of 10�20%. At the
same time there appears a tendency to increase the
acidity in those horizons, which is reflected in the
total acidity, exchangeable acidity and pH values. Soil
pH values measured in water differ significantly, and
they amount to the following in the research variants:
4.3, 4.0 and 3.9 with the increase in oak admixture
(Table 2).

The probable cause of increased acidity is higher
accumulation of humus substances, which in sandy
soils determine the sorption capacity and in condi-
tions of production of acidic products of organic mat-
ter degradation is saturated by acid ions (mainly alu-
minum). In case of the base cations a tendency to in-
crease in the concentration of calcium, magnesium
and potassium is revealed in research variants. Stati-
stical differences in potassium content were noted.
The average value of potassium content increases with
the increase in admixtures of oak in pine stands from
1.03 mg·kg�1 in pine stands without oak to 1.76 and
1.92 mg·kg�1in the second and third variants.
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TABLE 1. The physical and chemical properties and p-value by Kruskal-Wallis test in detritus horizon of the investigated soils
(1� group consisted of  pine stands with no admixture species, 2 � group consisted of pine with 10�20% share of oak, 3 � group
consisted of pine stands with single oak in the species composition)

eulavfodniK 1
dS±)01=n(X

2
dS±)01=n(X

3
dS±)01=n(X

sillaW-laksurK
eulav-p

ytivitcaesanegordyheD
gk1·FFTlomm 1� h· 1�

49.01±58.81 05.6±68.41 61.61±75.63 5030.0

ytivitcaesaerU
HN-Nlomm 4 gk1· 1� h· 1�

50.6±73.0 24.4±32.0 07.8±54.0 9612.0

CcinagrO 62.7±20.33 79.9±65.23 99.9±21.62 0803.0

NlatoT 81.0±20.1 66.0±72.1 83.0±49.0 9545.0

N/C 59.3±34.23 64.5±47.72 84.3±69.72 7230.0

HniHp 2O 42.0±56.3 74.0±18.3 43.0±38.3 1435.0

lCKniHp 81.0±57.2 83.0±48.2 43.0±69.2 0732.0

ytidicacitylordyH 72.72±59.39 31.53±06.19 87.43±61.37 3404.0

aCelbaegnahcxE 05.44±01.931 89.96±04.521 72.39±21.731 0167.0

KelbaegnahcxE 91.11±11.13 78.8±20.52 77.11±02.13 2683.0

gMelbaegnahcxE 82.5±77.31 25.6±11.41 61.5±66.41 5167.0

aNelbaegnahcxE 90.1±72.3 76.1±19.2 86.0±29.1 8110.0

PelbaliavA 44.6±64.51 49.61±87.71 41.8±20.71 5158.0

erutsioM 23.2±56.5 44.2±05.6 39.1±76.5 4286.0

ytidicaelbaegnahcxE 68.4±10.31 46.6±96.31 73.6±42.11 0866.0

munimulaelbaegnahcxE 08.3±01.9 85.5±31.11 97.5±80.9 8366.0

Explanations: Organic C, Total N in %; Hydrolytic acidity, Exchangeable acidity, Exchangeable aluminum in cmol (+)·kg�1; Exchangeable Ca,
K, Mg, Na and Available P in mg·kg�1; moisture in %; X � average; Sd � standard deviation.

eulavfodniK 1
dS±)01=n(X

2
dS±)01=n(X

3
dS±)01=n(X

sillaW-laksurK
eulav-p

CcinagrO 56.0±12.1 77.2±94.2 87.2±60.3 2970.0

NlatoT 40.0±50.0 80.0±90.0 80.0±90.0 9207.0

N/C 9.31±6.62 2.11±2.72 4.51±0.73 0881.0

HniHp 2O 43.0±82.4 14.0±20.4 03.0±68.3 9340.0

lCKniHp 43.0±56.3 14.0±92.3 82.0±22.3 6140.0

ytidicacitylordyH 27.2±43.6 50.01±27.21 41.01±21.31 3660.0

aCelbaegnahcxE 87.0±46.1 31.3±77.2 89.2±61.3 5063.0

KelbaegnahcxE 43.0±30.1 71.2±67.1 77.0±29.1 8510.0

gMelbaegnahcxE 21.0±52.0 56.0±15.0 75.0±45.0 4641.0

aNelbaegnahcxE 11.0±72.0 70.1±16.0 03.0±73.0 8579.0

PelbaliavA 36.63±89.25 81.44±83.82 66.62±20.02 9130.0

erutsioM 03.0±05.0 45.0±47.0 16.0±98.0 7702.0

ytidicaelbaegnahcxE 90.1±94.2 68.2±23.3 13.3±78.4 0890.0

munimulaelbaegnahcxE 80.1±93.2 08.2±91.3 51.3±56.4 8321.0

TABLE 2. The physical and chemical properties and p-value by Kruskal-Wallis test in the first mineral horizon of the investigated
soils soils (1� group consisted of  pine stands with no added species, 2 � group consisted of pine with 10�20% share of oak,
3 � group consisted of pine stands with single oak in the species composition)

Explanations: Organic C, Total N in %; Hydrolytic acidity, Exchangeable acidity, Exchangeable aluminum in cmol (+)·kg�1; Exchangeable Ca,
K, Mg, Na and Available P in mg·kg�1; moisture in %; X � average; Sd � standard deviation.
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Analyzing of the floristic composition of forest
undergrowth in the tested stands some diversity in
that characteristics associated with wealth stand was
noticed. Undergrowth in pine stands without any ad-
mixture was characterized by the lowest average num-
ber of species (12 species), and the lack of plants
which are recognized as indicators of oligo-mesotro-
phic sites (mixed forests). The undergrowth of pine
stands with admixture of oak is usually richer in spe-
cies. The average number of species in pine sands
with 10�20% share of oak is 15 and pine stands with
a single admixture of oak amounts to 17 species.

Under the pine tree stands with an admixture of
oak (groups 2 and 3) plants with higher ecological
requirements were found. However they achieve a
small the coverage rate (5�25% in the Braun-Blanquet
scale) next to the dominant blueberry. Such plants
include: Dryopteris carthusiana, Pteridium aquili-
num, Maianthemum bifolium, Convallaria majalis,
Oxalis acetosella, Mycelis murali, Hieracium muro-
rum, Trientalis europaea. In the pine stand without
any admixture of oak the mentioned species were not
found. Under the pine stands Vaccinium myrtillus and
Vaccinium vitis-idaea with the participation of moss
(Pleurozium schreberi, Dicranum polysetum, Dicra-
num scoparium, Hylocomium splendens, Leucobry-
um glaucum), Calluna vulgaris, Deschampsia flexu-
osa and Melampyrum pretense predominated. A qu-
estion appears of whether the observed differences
in the undergrowth plants are associated with the pre-
sence of oak in the stand and its effects on the pro-
perties of surface horizon of soil? In the classifica-
tion of forest site characteristics of stands and com-
position of the undergrowth vegetation apart from soil
characteristics are treated as complementary indica-
tors of the forest-forming properties values of sites.
The presence of oak admixture in the pine stand and
appearance in the undergrowth of the oligo-mesotro-
phic species of sites are considered as a sign of mi-
xed coniferous forest sites (BM). The lack of those
species is a common feature of the poorest conifero-
us sites (B) where oak can have only biocenotic func-
tion and not the productive one. It is possible that the
current vegetation does not represent a �potential�,
which could be achieved with a given set of climatic
and edaphic factors.

Such sites with transformed plants are recognized
by specifying productive potential of the soil on the
basis of measurable characteristics of soil relevant
for the forest growth. One such method, which al-
lows specifying the expected value of soil and site is
the method based on the soil site index (SIG) develo-
ped by Bro¿ek et al. (2011). The analyzed soils in the

presented studies are similar in respect of the para-
meters assessed in SIG valuation  (general supply of
silt, the resource of base exchangeable cations, the
degree of acidification (ratio the hydrogen ion con-
tent to supply of silt), the parameter N2/C), as well as
in the total value of the indicator of fertility. With the
assumption that the studied groups have got similar
�potential production� the reported differences in the
properties of surface humus accumulation horizons,
the composition of the undergrowth vegetation sho-
uld be explained by the influence of a different com-
position of species stand. It should be noted however
that the adjustment of soil by SIG methods bioche-
mical properties that have influence on the fertility
of soils and sites are not taken into account. Diffe-
rences in dehydrogenase activity reported in research
suggest diversity of soil microbial activity in the di-
stinguished groups of the plots. It is known that mi-
crobial activity is closely related to the quality of orga-
nic substance that enters the soil. They can be affec-
ted by the root secretions of plants that inhabit the
soil (Dahm, 1984; Burns, 1985). A different compo-
sition of the stand and vegetation mean different di-
rection of biochemical changes which take place in
the processes of mineralization and humification of
remains and secretions reaching the soil (B³oñska and
Januszek, 2010). It is a complicated chain of interac-
tions of individual components of the forest environ-
ment in which change in the species composition of
the stand imply a change in the composition of the
forest vegetation of the lower floors, in the structure
and abundance of soil mesofauna and microorgani-
sms colonizing the soil even in the quality of pro-
ducts transformation of organic matter reaching the
soil. The level of microbial activity determines the
intensity of the biochemical processes in the soil envi-
ronment, including the rate of circulation of nutrients.
Confirmation of this can be a tendency to increase
the content of organic carbon, nitrogen, and replace-
ment potassium in humus-mineral horizon with an
increase in the share of admixture of oak in pine stands
(Table 2). On the poor sandy ground that is in com-
ponents, efficient sorption of nutrients released du-
ring organic matter decomposition and the fast pace
mineralization of degradation of products allow the
existence of phytocenosis that are relatively rich in
species composition. Enrichment of the species com-
position of the stand of more demanding admixtures
of species improves the quality of soil humus, and in
the long-term, enhancement of biological activity of
the soil. The result of enrichment of species compo-
sition should be improved conditions for the growth
of introduced tree species and enrichment of phyto-
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cenosis of the more demanding species of shrub and
plant undregrowth. The observed changes in bio-phy-
siochemical properties of soils do not take place with
the same intensity on the whole area of the studied
plant. Spatial variability of soil surface horizon pro-
perties was documented in numerous studies (Boer-
ner and Koslowsky, 1989; Kuuluvainen et al., 1993;
Pennanen et al., 1999; Saetre and Baath, 2000).

Spatial variability of soil properties is reflected in
the spatial diversity of soil organisms activity and soil
biodiversity and the composition and structure of
vegetation (Ettema and Wardle, 2002). Häkkinen et
al. (2010) analyzed the impact of trees on the carbon
and C: N ratio in the organic horizon of the soil under
the pine trees. They found a statistically significant
effect of trees on the C:N ratio, which confirms the
impact of distribution of trees on the spatial variabi-
lity of soil properties.

According to Gonet et al. (2009)  the bio-physico-
chemical properties of soil  are determined not only by
the parent materials of soil and climatic conditions, but
also by the way of land use. One of the primary ways of
human interference is the forest ecosystems is to modi-
fy the species composition of the stand. In this study
soil sampling (analysis of the bulk sample from several
locations in the panel) does not allow to capture the spa-
tial variability of the analyzed properties, but only to
determine the average value for the comparison of the
variants studied stands. Dehydrogenase activity in de-
tritus horizon differentiated the distinguished research
group. Enzyme activity plays a key role in the bioche-
mical processes occurring in the soil, in the creation and
distribution of organic matter and cycling of nutrients.
The effect of different organic matter on the soil enzy-
mes activity was analyzed by Januszek (1999) and B³oñ-
ska and Januszek (2010). According to these authors
the pine stands compared to oak inhibit the enzymatic
activity of soils by organic material supplied to the soil.
In the pine stands with a predominance of pine system
of ectohumus horizon with considerable thickness, is
created. It was characterized by low values of pH and
reduced activity of soil organisms. Januszek (1999) and
B³oñska and Januszek (2010) concluded that the enzy-
matic activity reflects the initial imperceptible changes
in the humus horizon by the influence of vegetation.
The present study confirms this observation.

CONCLUSIONS

� Admixture of oak in pine stand species composi-
tion influences on the change of properties in the
accumulation humus horizons. Changes in detri-
tus horizon are expressed in improving the degree
of decomposition of organic debris. In the humus-

mineral horizon are expressed in increase of con-
centration of biogenic elements (C, N, Ca, Mg, K)
at the same time increase the concentration of acid
ion (H, Al).

� The increase in microbial activity is a result of the
positive impact of the admixture oak in pine stands.
Higher activity of dehydrogenases in humus of tree
stands with a admixture of oak 10�20% to compa-
red to the pine stands without oak confirms this. A
single occurrence of oak in pine stands does not
cause such effect.

� A larger number of undergrowth species is a result
of more favorable physicochemical properties of
the humus horizons enriched with oak admixture.
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Relacje pomiêdzy w³a�ciwo�ciami poziomu próchnicznego a udzia³em dêbu
w drzewostanach sosnowych

Streszczenie: Celem pracy jest ukazanie wp³ywu domieszki dêbu na w³a�ciwo�ci powierzchniowych poziomów akumulacji próch-
nicy gleb le�nych, wytworzonych z ubogich, piaszczystych utworów geologicznych. Dodatkowo analizowano ró¿nice w sk³adzie
florystycznym runa, które kszta³tuje siê pod drzewostanami sosnowymi z ró¿nym udzia³em dêbu. Do badañ wytypowano 30 po-
wierzchni, które by³y zlokalizowane w nadle�nictwach na terenie Polski ni¿owej. Wytypowane powierzchnie cechowa³y siê podob-
nym pod³o¿em geologicznym. Badania dotyczy³y drzewostanów sosnowych z ró¿nym udzia³em gatunków domieszkowych. Wyod-
rêbniono trzy grupy powierzchni (po 10 powierzchni ka¿da). Pierwsz¹ grupê stanowi³y lite drzewostany sosnowe bez gatunków
domieszkowych, drug¹ grupê stanowi³y drzewostany sosnowe z 10�20% udzia³em dêbu. Ostatni¹ trzeci¹ grupê stanowi³y drzewo-
stany sosnowe z pojedyncz¹ domieszk¹ dêbu w sk³adzie gatunkowym. Pozytywne oddzia³ywanie dêbu, jako domieszki w drzewosta-
nach sosnowych skutkuje wzrostem aktywno�ci mikrobiologicznej gleby. Korzystniejsze parametry bio-fizykochemiczne, pozio-
mów próchnicznych w drzewostanach wzbogaconych o domieszkê dêbu, znajduj¹ odzwierciedlenie w wiêkszym bogactwie ro�lin-
no�ci runa.

S³owa kluczowe: w³a�ciwo�ci gleb le�nych, sk³ad gatunkowy drzewostanu


