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INTRODUCTION

Brunic Arenosols and Cambisols dominating in
Polish forests are covered with forest stands of diffe-
rent species composition. Brunic Arenosols underlie
the substrate of different habitats depending on the
parent material from which they developed and spe-
cific physico-chemical properties. The same situation
applies to Cambisols. In the case of the Cambisols
the parent materials are mostly boulder clays , silts of
various origins, loess, weathered sandstone and sha-
le of different origins. Brunic Arenosols are associa-
ted with decalcificated sands (Classification of Po-
lish Forest Soils, 2000).

The aim of this study was to compare the bio-phy-
sico-chemical properties of different subtypes of Bru-
nic Arenosols and Cambisols. The relationship be-
tween physicochemical properties and enzymatic ac-
tivity of soils was searched for. Attempts were made
to determine the effect of vegetation on the proper-
ties of soil surface horizons.

MATERIAL AND METHODS

The study was conducted in 94 areas, located in
nature reserves and national parks of Polish lowland
area. The material consists of different subtypes of
forest Brunic Arenosols and Cambisols: Hyperdystric
Cambisols (BRk) � 9 plots, Eutric Cambisols (BRw)
� 2 plots, Epidystric Cambisols (BRwy) � 11 plots

and Albic Brunic Arenosols (RDb) � 22 plots, Cam-
bic Brunic Arenosls (RDbr) � 26 plots and  Haplic
Brunic Arenosols (RDw) � 24 plots. From the surfa-
ce horizons the samples were taken in order to mark
the basic soil properties. In the samples pH  � with
the potentiometric method (in water and 1M KCl),
total nitrogen content and  organic carbon content with
LECO aparatus, including calculation of C/N ratio,
the content of alkaline cations � in 1M ammonium
acetate (ICP-OES apparatus) and available phospho-
rus � with the Bray-Kurtz method were determined.
The plant habitats were classified in the forest on the
basis of structure and composition of species (Ma-
tuszkiewicz, 2001).

For the determination of enzyme activity the fresh
samples of natural moisture were collected. The ave-
rage samples made for an mixed sample of soil from
the  pit and four seats around it. The enzyme activity
was determined at the first horizon of soil covered
with litter, which had the humus form  (Ofh) or mine-
ral humus horizon (A). Depending on the type of soil
humus Brunic Arenosols were divided into two gro-
ups which were analyzed separately. The first inclu-
des the profile of the surface organic horizon (Ofh),
the second group consisted of surface mineral humus
horizon (A). Dehydrogenase activity was determined
with Lenhard�s method according to the Casida pro-
cedure (1964). Urease activity was determined with
the use of the method Tabatabai and Bremner (1972
in: Alef and Nannipieri, 1995)
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RESULTS

Albic Brunic Arenosols were formed mainly from
glacial sands less often from aeolian and boulder
sands. Among the parent materials of Haplic Brunic
Arenosols and Cambic Brunic Arenosols dominated
boulder sand and glacial sands. The sands and boul-
der clays, silts and loess formed the bedrock of Hy-
perdystric Cambisols were formed. Eutric Cambisols
were formed from sands on boulder clays and allu-
vial deposits. In the case of Epidystric Cambisols the
bedrock was formed from glacial sands on boulder
clays, sands and boulder clays and loess. Type of fo-
rest humus, which is formed in the analyzed Brunic
Arenosols is associated with the plant communities
that grow on the of defined soil. The humus horizon
develops in the absolute majority of cases in fresh
coniferous forests (Leucobryo-Pinetum, Peucedano-
Pinetum) or mixed coniferous forest (Querco robo-
ris-Pinetum, Serratulo-Pinetum). Single cases of oc-
currance of organic overburden (Ofh) in Brunic Are-
nosols all subtypes are found in acidophilic decidu-
ous forests (Luzulo pilosae-Fagetum, Fago-Querce-
tum, Calamagrostio arundinaceae-Quercetum) or
Tilio-Carpinetum calamagrostietosum or Potentillo
albae-Quercetum. Mull humus type where under the
horizon of litter occurred the mineral humus horizon
(A) developed mainly in deciduous forests. On the
Brunic Arenosols with mull humus type grew flori-
stically rich oak-hornbeam forest communities (Ti-
lio-Carpinetum typicum, Stellario-Carpinetum typi-
cum) and fertile lowland beech forest (Galio odora-
ti-Fagetum), with a lower frequency occurred acido-
philous deciduous forests (Luzulo pilosae-Fagetum,
Fago-Quercetum, Calamagrostio arundinaceae-Qu-
ercetum) and Potentillo albae-Quercetum.  The hu-
mus mineral horizon in the mixed coniferous forests
directly under the litter was noted occasionally. In
Cambic Brunic Arenosols the mull humus was found
with similar frequency in each plant community. In
Albic Brunic Arenosls that type of humus  developed
unique in oak-hornbeam forests or poor acidophilous
deciduous forests. The Cambisols accompanied ma-
inly deciduous forests. Hyperdystric Cambisols were
described in fertile and poor subtypes of oak-hornbe-
am forests (Tilio-Carpinetum typicum, Tilio-Carpi-
netum calamagrostietosum) in the fertile lowland
beech forests (Galio odorati-Fagetum) and in the poor
beech forests (Luzulo pilosae-Fagetum) and also in
Potentillo albae-Quercetum, Fago-Quercetum and in
a highland area in the Tilio-Carpinetum abietetosum
and in upland mixed coniferous forest (Abietetum
polonicum). Epidystric Cambisols were covered ma-

inly by Tilio-Crpinetum typicum, Stellario-carpine-
tum typicum and fertile lowland beech forests (Galio
odorati-Fagetum) and Potentillo albae-Quercetum
rarely by Tilio-Carpinetum abietetosum and poor be-
ech forests (Luzulo pilosae-Fagetum). Most rarely
seen Eutric Cambisols formed sites of floristically rich
typical and Tilio-Carpinetum abietetosum.

 The described Cambisols and Brunic Arenosols
differed in bio-physico-chemical properties in the
surface horizon of humus accumulation. The highest
pH at this horizon in the case of Cambisols was re-
corded in the Eutric Cambisols (median pH in H2O
5.24), the lowest in the Hyperdystric Cambisols (me-
dian pH in H2O 4.34). The surface mineral humus
horizon of Haplic and  Cambic Brunic Arenosols were
characterized by the highest pH (median pH in H2O
4.48). The surface organic humus horizon of Albic
Brunic Arenosls was characterized by the lowest pH
(median pH in H2O 3.80) (Table 1 and 2). The descri-
bed soils showed differences in the content of C, N
and the C/N. Eutric Cambisols were characterized by
the highest content of carbon and nitrogen in the sur-
face horizon (median content C = 6.36, N = 0.45),
and the lowest content was noted in Epidystric Cam-
bisols (median content C = 4.42, N = 0.23). Surface
horizons of Eutric Cambisols showed the best rate of
decomposition of organic matter which confirms the
C/N ratio equals 14. In the case of Brunic Arenosols
the lowest average C/N ratio equals 21 occurred in
the surface mineral humus horizon in Cambic Brunic
Arenosols. The subtypes of Cambisols and Brunic
Arenosols clearly differed in base saturation (Vs).
Eutric Cambisols were characterized by the highest
Vs (Vs = 46%) and Hyperdistric Cambisols were
characterized by the lowest Vs (Vs = 12%). In the
surface mineral humus horizon of Haplic Brunic Are-
nosols the highest base saturation (Vs = 17%) and
lowest in the Albic  Brunic Arenosols (Vs = 5%) were
marked.

Using the non-parametric Kruskal-Wallis test a
statistically significant difference in the properties
of the soils in different subtypes was noted. In the
case of surface horizons of Cambisols significant
differences in the C/N ratio, hydrolytic acidity and
exchangeable acidity, the aluminum content, pH in
H2O and KCl and Ca content (Table 3) were obse-
rved. In the surface mineral humus horizon of  Bru-
nic Arenosols significant differences in pH in H2O
and KCl (Table 2) were noted. The highest median
of dehydrogenase activity 39.22 mmol TFF·1kg�1·h�1

was noted in the surface horizon of Epidystric Cam-
bisols, the lowest in the Eutric Cambisols 29.42 mg
mmol TFF·1kg�1·h�1. The highest urease activity was
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TABLE 1. Statistical characteristic properties of surface organic horizons of Brunic Arenosols

Explanations: RDb � Albic Brunic Arenosols, RDw � Haplic Brunic Arenosol, RDbr � Cambic Brunic Arenosols, Y � hydrolytic acidity, Hw�
exchangeable acidity, HAl � exchangeable aluminum, Vs � base saturation.

bDR wDR rbDR sillaW-laksurK
tset

naidem nim xam naidem nim xam naidem nim xam H eulav-p

CcinagrO % 20.43 31.31 37.64 68.82 96.11 01.33 85.81 31.51 43.62 0242.5 7270.0

NlatoT 60.1 24.0 27.2 98.0 54.0 73.1 77.0 05.0 70.1 8769.1 8373.0

N/C 82 71 04 62 32 43 52 32 03 1465.1 5754.0

Y gk·)+(lomc 1� 47.47 84.33 29.901 17.27 41.53 84.111 17.94 51.04 97.27 4077.2 3052.0

Hw 48.7 60.3 23.91 42.9 95.3 67.81 79.5 21.3 42.9 7890.2 1053.0

H lA 81.5 14.2 69.51 85.6 66.2 79.71 08.3 39.1 04.8 8891.3 0202.0

%sV 31 4 91 01 4 71 51 8 91 3456.2 2562.0

HniHp 2O 49.3 34.3 09.4 08.3 44.3 12.4 89.3 47.3 73.4 4997.0 5076.0

lCKniHp 39.2 85.2 27.3 98.2 36.2 93.3 60.3 48.2 53.3 9469.0 2716.0

aC gk·gm 1� 80.931 22.13 41.152 71.19 50.46 14.191 50.131 57.63 84.382 7047.2 0452.0

K 96.33 20.41 58.201 16.32 88.71 46.74 92.82 22.02 66.74 7475.2 0672.0

gM 52.51 87.5 96.03 39.01 76.6 75.91 16.31 98.01 83.72 4430.4 0331.0

aN 05.2 50.1 36.6 50.2 58.0 91.3 67.1 06.1 46.2 3704.2 1003.0

P 28.51 19.7 25.85 27.31 90.1 69.22 26.31 08.9 15.02 2026.2 8962.0

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

33.0 30.0 17.1 33.0 40.0 17.0 94.0 54.0 15.0 6370.1 6485.0

ytivitcaesanegordyheD
gk1·FFTlomm 1� h· 1�

13.92 06.2 58.48 70.52 30.3 98.17 46.73 23.72 53.76 5016.1 0744.0

TABLE 2. Statistical characteristic properties of mineral-humus horizons of Brunic Arenosols

Explanation as in Table 1.

bDR wDR rbDR sillaW-laksurK
tset

naidem nim xam naidem nim xam naidem nim xam H eulav-p

CcinagrO % 94.2 28.1 59.3 56.4 48.1 72.01 55.3 61.1 14.9 9931.3 1802.0

NlatoT 11.0 90.0 71.0 02.0 70.0 93.0 81.0 60.0 83.0 5655.2 5872.0

N/C 22 02 42 22 51 83 02 51 72 4646.2 3662.0

Y gk·)+(lomc 1� 74.9 72.6 15.81 95.31 47.5 00.63 90.9 09.3 98.43 0856.3 8461.0

Hw 62.4 88.1 15.5 99.2 39.0 15.8 41.2 11.0 18.7 1420.2 5363.0

H lA 40.4 47.1 50.5 87.2 37.0 43.7 29.1 80.0 93.7 1786.2 9062.0

%sV 5 3 6 71 2 05 41 3 95 2665.4 0201.0

HniHp 2O 09.3 38.3 41.4 84.4 37.3 21.5 84.4 29.3 88.5 5833.6 0240.0

lCKniHp 70.3 30.3 31.3 06.3 08.2 50.4 75.3 62.3 21.5 0304.7 7420.0

aC gk·gm 1� 62.5 48.3 90.6 90.02 21.3 18.241 85.14 26.2 79.581 8753.4 2311.0

K 49.3 57.3 61.4 72.5 04.3 00.72 02.8 54.1 52.91 8326.2 3962.0

gM 25.1 30.1 67.1 06.2 37.0 90.41 97.3 25.0 14.51 3441.2 3243.0

aN 74.0 93.0 17.0 08.0 32.0 48.1 85.0 61.0 15.1 5465.2 4772.0

P 00.41 65.2 71.44 10.71 52.5 27.111 51.21 74.1 66.97 2257.1 4614.0

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

91.0 60.0 07.0 63.0 01.0 78.0 34.0 00.0 97.0 43.22 5163.1

ytivitcaesanegordyheD
gk1·FFTlomm 1� h· 1�

51.24 76.31 40.34 19.44 95.61 70.951 61.25 00.0 65.29 95.66 9750.2
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noted in the Eutric Cambisols (median 0.46 mmol
N-NH4·1 kg�1·h�1) and the lowest in the Hyperdystric
Cambisols (median  0.28 mmol N-NH4·1kg�1·h�1) (Ta-
ble 2).  In the case of surface mineral humus horizons
of  Brunic Arenosols the highest urease activity (me-
dian 0.43 mmol N-NH4·1kg�1·h�1) and dehydrogena-
se (median 52.16 mg mmol TFF·1kg�1·h�1) was obse-
rved in Cambic Brunic Arenosols, and the lowest ac-
tivity of the marked enzymes in Albic Brunic Are-
nosols. In the surface organic horizons of Brunic Are-
nosols the highest urease activity (median 0.49 mmol
N-NH4·1kg�1·h�1) and dehydrogenase (median 37.64
mmol TFF·1kg�1·h�1) was observed in Cambic Bru-
nic Arenosols and the lowest activity was marked en-
zymes in Albic Brunic Arenosols (Table 1). Non-pa-
rametric Kruskal-Wallis test indicates a statistically
significant difference in the activity of dehydrogena-
ses between the subtypes of Cambisols (Table 3).

DISCUSSION

The described soils were characterized by diverse
properties of soils. In the surface horizons of Brunic
Arenosols and Cambisols statistically significant dif-
ferences were observed in the physico-chemical and

biochemical properties between the subtypes of so-
ils. According to Acosta-Martínez et al. (2007) the
enzymatic activity is associated with the parent ma-
terial from which the soil develops. A similar geolo-
gical substrate characterized Cambic Brunic Areno-
sols and Epidystric Cambisols which probably resul-
ted in a similar urease and dehydrogenase activity.
Glacial and boulder sands and in the case of Cambi-
sols lying on loam sands, which are parent materials
of these soils are a powerful substrate and in deep
horizons they may contain carbonates. Soils built from
that parent materials accompanied mixed broadleaf
forest and broadleaf forest sites. Fertility diagnosis
of sites can be possible on the basis of sustainable
elements of environmental soil which includes pa-
rent material mainly with its abundance (M¹kosa,
1992; M¹kosa et al., 1994). Lasota (2005) believes
that it is impossible to assess the quality of soil igno-
ring the deeper horizons because they are often a kind
of �reservoir� of nutrients, which also determine the
fertility of forest soils. Januszek et al. (2006) evalu-
ated the fertility of Epidystrict Cambisols which were
formed by sandstone and shale of Magura flysch ley-
ers and  under influence of different plant communi-
ties. Based on the research came to the conclusion

TABLE 3. Statistical characteristic properties of Cambisols

Explanations: BRk � Hyperdystric Cambisols, BRwy � Epidystric Cambisols, BRw � Eutric Cambisols, Y � hydrolytic acidity, Hw � exchangeable
acidity, HAl � exchangeable aluminum, Vs � base saturation.

kRB ywRB wRB sillaW-laksurK
tset

naidem nim xam naidem nim xam naidem nim xam H eulav-p

CcinagrO % 84.5 36.1 13.11 24.4 09.2 70.31 73.6 14.5 23.7 9891.9 3650.0

NlatoT 12.0 90.0 97.0 32.0 61.0 16.0 54.0 14.0 84.0 2987.8 6660.0

N/C 81 41 62 12 41 52 41 31 51 3747.9 9440.0

Y gk·)+(lomc 1� 20.61 02.6 61.52 34.41 54.7 06.63 64.41 37.01 02.81 4192.01 8530.0

Hw 51.3 75.1 74.8 26.2 19.0 85.7 66.1 64.0 58.2 7085.11 8020.0

H lA 93.2 00.0 89.7 14.2 57.0 32.7 15.1 53.0 76.2 9025.9 3940.0

%sV 21 5 84 81 01 92 64 72 56 0342.41 0660.0

HniHp 2O 35.4 67.3 31.5 73.4 09.3 89.4 52.5 40.5 54.5 3507.31 3800.0

lCKniHp 55.3 49.2 51.4 64.3 70.3 20.4 33.4 01.4 65.4 3513.31 8900.0

aC gk·gm 1� 73.03 11.01 49.572 79.05 60.72 84.29 35.722 61.121 09.333 6496.21 9210.0

K 03.21 94.2 36.38 14.11 61.6 04.03 98.31 36.7 51.02 4435.6 6261.0

gM 87.4 04.1 73.17 32.5 12.3 93.51 52.12 26.7 78.43 0270.5 0082.0

aN 96.0 84.0 12.2 57.0 23.0 14.1 20.1 87.0 62.1 1206.5 9032.0

P 05.01 69.3 90.34 88.51 17.3 68.231 78.3 41.2 06.5 1370.4 2693.0

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

82.0 70.0 18.0 92.0 31.0 37.0 64.0 92.0 26.0 43.22 5163.1

ytivitcaesanegordyheD
gk1·FFTlomm 1� h· 1�

94.13 14.4 31.26 22.93 98.2 69.761 24.92 68.12 79.63 95.66 9750.2
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that enzyme activity is a good indicator of forest soil
fertility. My�ków et al. (1996) developed a biologi-
cal indicator of soil fertility using the biological ac-
tivity expressed by the activity of dehydrogenases
or alkaline phosphatase. Kucharski (1997) and Ja-
nuszek (1999) used dehydrogenase and urease acti-
vity for estimation of soil. Following this study a
sequence of subtypes of Brunic Arenosols and Cam-
bisols (in humus mineral horizon A) according to
the  increasing activity of dehydrogenases and ure-
ase was established. In the case of urease activity
subtypes of the soils are arranged as follows:
RDb<BRk<BRwy<RDw<BRw<RDbr. Dehydroge-
nase activity turned out to be less useful in the asses-
sment of soil fertility of tested soil subtypes. Dehy-
drogenase activity is lowest in the organic horizons
of Brunic Arenosols and clearly increases in the hu-
mus  mineral horizons of Brunic Arenosols and Cam-
bisols but it poorly differentiates them. Urease and
dehydrogenase activity differed between subtypes of
Brunic Arenosols and Cambisols. Both in the case of
subtypes Cambisols and Brunic Arenosols enzyme
activity in the humus horizons was related to the pro-
perties of  soil and the type of vegetation covering
the soil tested. The lowest level of dehydrogenase and
urease activity was observed in Albic Brunic Areno-
sols covered mainly by coniferous forests and mixed
coniferous forests. The highest activity of enzymes
studied showed the humus horizons of Cambic Bru-
nic Arenosols under the  rich floristically oak-horn-
beam and beech forests. Brunic Arenosols are cha-
racterized by intermediate levels of enzyme activity
which is associated with the occurrence of these so-
ils in oak-hornbeam, beech forest, acidophilous oak
forests but also in mixed coniferous forests. Dehy-
drogenase activity in Brunic Arenosols correlated with
pH. Trevors (1984), Bieliñska and Wi�niewski (2004)
and Rusek (2006) on the basis of their research came
to the conclusion that the activity of dehydrogenases
decreases with the lowering pH of the soil. Brzeziñ-
ska et al. (2001) observed the maximum dehydroge-
nase activity at pH 6.6�7.2. In the study a correlation
between the activity of dehydrogenase and the ratio
of C/N in the Cambisols was also noted. Callesen et
al. (2007) found that the C/N ratio is an indicator of
the quality of litter and temperature of its distribu-
tion, the state of the nitrogen in the soil. These au-
thors correlated C/N ratio with soil texture (fine,
medium grained, coarse grained). C/N ratio was exten-
sive in the organic horizon of soils with coarse and
medium grained texture. At a deeper horizon there
were no significant differences in the C/N ratio in the
studied types of textures.

CONCLUSIONS

1. Activity of dehydrogenases and urease showed
high diversity in the surface horizons of studied
subtypes of Brunic Arenosols and Cambisols. The
value of average activity increases with the im-
provement of trophic condition  of further subty-
pes of soils.

2. Dehydrogenase and urease activity in surface hu-
mus horizons of fresh Cambisols and Brunic Are-
nosols showed a strong relationship with the plant
communities, which is reflected in the activities
linked to the type of accumulated organic matter,
the ratio of carbon to nitrogen and reaction of hu-
mus horizon.

3. The increased activity of dehydrogenases and ure-
ase with increasing floristic richness plant com-
munities growing on tested Brunic Arenosols and
Cambisols implies a relationship of microbial and
enzymatic activity with the composition of soil
organic matter, a kind of root exudates of higher
plants that inhabit the forests soil and  microbiolo-
gical diversity.
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Streszczenie: Celem pracy by³o oznaczenie aktywno�ci enzymatycznej (dehydrogenaz i ureazy) w zró¿nicowanych troficznie
glebach rdzawych i brunatnych. Starano siê ustaliæ zale¿no�ci pomiêdzy aktywno�ci¹ enzymatyczn¹ a w³a�ciwo�ciami fizykoche-
micznymi w poszczególnych podtypach gleb rdzawych i brunatnych. Kolejnym celem by³o okre�lenie wp³ywu szaty ro�linnej na
w³a�ciwo�ci powierzchniowych poziomów gleb. Badania przeprowadzono na 94 powierzchniach, zlokalizowanych w rezerwatach
przyrody i parkach narodowych obszaru nizinnego Polski. Aktywno�æ dehydrogenaz, jak równie¿ ureazy wykaza³a du¿e zró¿nicowa-
nie w ramach wyró¿nianych podtypów gleb rdzawych i brunatnych. Aktywno�æ dehydrogenaz i ureazy w powierzchniowych pozio-
mach próchnicznych �wie¿ych gleb brunatnych i rdzawych wykaza³a silny zwi¹zek z ro�linno�ci¹. Potwierdza to powi¹zanie aktyw-
no�ci enzymatycznej z rodzajem akumulowanej substancji próchnicznej, stosunkiem wêgla do azotu oraz odczynem poziomów
próchnicznych.

S³owa kluczowe: aktywno�æ dehydrogenaz i ureazy, le�ne gleby brunatne i rdzawe


