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Abstract

Brunic Arenosols are one of the most common soil types in lowland forests. The aim of this study 
was to determine the enzymatic activity of trophically diverse forest Brunic Arenosols. In this study, 
an attempt was made to determine the relationship between enzymatic activity and some chemical 
properties of Brunic Arenosols. It has been presented how the activity of dehydrogenases, urease 
and protease changes deep into the profi le of Brunic Arenosols. Sample plots were located in cen-
tral Poland, in the Przedbórz forest district. 23 sample plots have been selected for the research. The 
research concerned Albic Brunic Arenosols (9 plots), Haplic Brunic Arenosols (7 plots) and Cambic 
Brunic Arenosols (7 plots). At each sample plot a detailed description of soil profi le has been carried 
out, samples have been taken from each genetic horizon in order to mark of soil properties and 
enzyme activity. The analyses carried out confi rmed the relationship of enzymatic activity with the 
content of C, N, pH and the texture in the studied soils. Regardless of the type of enzyme, a decrease 
in activity has been observed in the depth of the profi le which is related to the availability of carbon 
substrates necessary for enzymatic reactions. Dehydrogenases activity refl ects the trophic condi-
tions of Brunic Arenosols better than other tested enzymes. The highest dehydrogenases activity 
was recorded in Cambic Brunic Arenosols. For protease and urease activities, no clear differences 
were recorded between Brunic Arenosols subtypes. Extracellular enzyme activities were most 
strongly associated with organic horizons regardless of Brunic Arenosols subtype.
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1. Introduction

Brunic Arenosols are among the most common soil types in 
lowland forests. Poor agricultural properties of Brunic Areno-
sols result from the nature of parent material of these soils, 
which are permeable, usually deep and leached sandy forma-
tions of fluvioglacial or glacial origin, less frequently of eolian 
origin. A diagnostic feature of the Brunic Arenosols is the occur-
rence of a sideric horizon under the humus accumulation hori-
zon, characterized by a rusty color with varying saturation. The 
color is a result of intensive weathering and the formation of im-
mobile bonds of semi-oxides (mostly iron and aluminum) with 
humus acids. According to the Classification of Forest Soils in 
Poland (2000), there are three subtypes of Brunic Arenosols: Al-
bic Brunic Arenosols, Haplic Brunic Arenosols and Cambic Bru-
nic Arenosols. Albic Brunic Arenosols are associated with poor 
forest habitats, coniferous forest sites or mixed coniferous for-
est sites. Haplic Brunic Arenosols cover mixed coniferous forest 
sites or mixed broadleaf forest sites. Cambic Brunic Arenosols 
are associated with the richest habitats (mixed broadleaf forest 
sites or broadleaf forest sites) (Lasota and Błońska, 2013).

Soil enzymes play a significant role in the decomposition of 
soil organic matter and regulate carbon accumulation and nu-
trient reserves (Burns and Dick, 2002; Sinsabaugh et al., 2008; 
Baldrian, 2014). Enzyme production requires microbial energy 
inputs in the form of C and nutrients (Schimel and Weintraub, 
2003; Hernández and Hobbie, 2010). A better understanding of 
the relationship between chemical properties of soils and their 
enzymatic activity leads to a better understanding of the dynam-
ics of biogeochemical processes occurring in soils (Allison et al., 
2010; Cusack et al., 2011). Numerous factors that regulate enzy-
matic activity include the quantity and quality of plant debris 
and root secretions supplied to the soil (Hernández and Hob-
bie, 2010). The most important way in which individual trees 
affect soil properties is through the organic matter they sup-
ply to the soil. Monitoring by means of studying microbiologi-
cal and biochemical properties of soils are successfully applied 
(Friedlová, 2010; Błońska et al., 2020b). Biochemical properties 
react to changes quickly, they are directly related to the amount 
and activity level of soils microbiota (Błońska et al., 2021). Soil 
enzymatic activities are sensitive bio-indicators of any natural 
and anthropogenic disturbance (Kumar et al., 2013). The activ-
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ity of soil enzymes is one of the approved parameters used for 
the evaluation of soil quality (Lipińska et al., 2013). Lasota and 
Błońska (2018) confirmed that contamination with PAHs modi-
fied the physical properties of forest soils and had a negative 
impact on enzyme activity in soil. Dehydrogenases are the most 
important soil enzymes and are frequently used in determining 
soil quality (Margesin et al., 2000). Urease activity is determined 
by various factors, including the type of contaminant, pH, and 
organic carbon content (Baran et al., 2004; Zhan et al., 2010). 
Proteases are enzymes involved in the first stage of nitrogen re-
lease, in the process of its mineralization (Sardans et al., 2008).

So far, few studies have been conducted on the biochemical 
activity of forest Brunic Arenosols. The objective of this study 
was to determine the enzymatic activity of trophically diverse 
forest Brunic Arenosols. In this study, an attempt was made 
to determine the relationship between enzymatic activity and 
chemical properties of Brunic Arenosols. The research studied 
the way in which the activity of dehydrogenases, urease and 
protease changes deep into the profile of different subtypes of 
Brunic Arenosols. 

2. Materials and methods

2.1. Study area and experimental design

Sample plots were located in central Poland, in the Przed-
bórz forest district (51°05’N, 19°52’E). The test area was dominat-
ed by stands pine (P. sylvestris), sessile oak (Quercus petraea) and 
mixed-species stand (pine (P. sylvestris) plus sessile oak (Quercus 
petraea)). The local soils are derived from sandy fluvioglacial de-
posits. 23 sample plots have been selected for the research. The 
research concerned Albic Brunic Arenosols (9 plots), Haplic Bru-
nic Arenosols (7 plots) and Cambic Brunic Arenosols (7 plots). 
At each sample plot a detailed description of soil profile has 
been carried out, samples were taken from each genetic horizon 
in order to perform the basic markings of the soil properties. 
The samples for laboratory analysis were collected in Septem-
ber 2008. For the determination of enzymatic activity, one part 
of fresh samples with natural moisture were passed through 
a sieve (∅ 2 mm) and stored at 4°C before the analysis. For an 
analysis of physical and chemical properties, samples were air-
dried at room temperature condition and then sieved.

2.2. Laboratory analysis

The texture was determined using laser diffraction (Ana-
lysette 22, Fritsch, Idar-Oberstein, Germany). The soil pH was 
determined in H2O and KCl using the potentiometric method. 
C and N were measured using an elemental analyzer (LECO CNS 
TrueMac Analyzer Leco, St. Joseph, MI, USA). The cation concen-
trations (Ca2+, Mg2+, K+, Na+) were determined after extraction in 
1M ammonium acetate by inductively-coupled plasma analysis 
(ICP-OES Thermo iCAP 6500 DUO, Thermo Fisher Scientific, Cam-
bridge, UK).

Dehydrogenases activity (DH) was determined using Len-
hard’s method according to the Casida procedure (Alef and Nan-

nipieri, 1995). Urease activity (UR) was determined according to 
Tabatabai and Bremner (1972) using a water-urea solution as 
a substrate. Protease activity (PR) was marked with Hoffman 
and Teicher method (Haziev, 1976). In the soil samples the ac-
tivity of dehydrogenase (EC 1.1.1.1), urease (EC 3.5.1.5) and pro-
tease (EC 3.4.21) were determined in three repetitions.

2.3. Statistical analysis

The Spearman correlation coefficients for the soil character-
istics were calculated. The distribution was checked for normal-
ity. To assess differences between means for the properties of 
the soils we used the Kruskal-Wallis test. On the basis of Ward’s 
method (Everrit 1980), agglomeration of the soil horizon differ-
ing in enzyme activity was conducted. Using the principal com-
ponents analysis (PCA) method, we evaluated the relationships 
between soil properties. All statistical analyses were performed 
with Statistica 13 software (2012).

3. Results

The enzymatic activity of Albic Brunic Arenosols varied deep 
into the profile (Table 1). Statistically significantly higher UR, PR 
and DH activities were noted for the surface horizons of the stud-
ied soils, i.e., the Ofh and AEes horizons. At the same time, the 
surface horizons of Albic Brunic Arenosols were characterized 
by significantly higher C and N contents. The average C content in 
the Ofh horizons was 233.6 g.kg–1 and the N content was 8.5 g.kg–1. 
Ofh and AEes horizons showed significantly lower pH compared 
with the deeper ones. In case of Albic Brunic Arenosols, the high-
est content of base cations was recorded in the Ofh horizon. Albic 
Brunic Arenosols were characterized by the highest sand fraction 
content ranging from 92 to 94% (Table 1). In case of Haplic Bru-
nic Arenosols, the activity of tested enzymes was statistically sig-
nificantly higher in the Ofh horizon and decreased significantly 
deeper into the profile (Table 2). Significantly higher C and N con-
tents were recorded in the surface horizons, i.e., Ofh and A/ABv. 
The mean C content in Ofh horizon was 142.3 g.kg–1 and nitrogen 
content was 5.7 g.kg–1. The surface horizons were characterized 
by significantly lower pH as compared with the deeper horizons. 
The Ofh horizon of Haplic Brunic Arenosols was characterized 
by a significantly higher content of base cations compared to the 
mineral horizons. The average sand fraction content of Haplic 
Brunic Arenosols ranged from 90 to 93% (Table 2). In the case 
of Cambic Brunic Arenosols, statistically significantly higher 
UR, PR and DH activities were recorded in the Oh/A horizon (Ta-
ble 3). At the same time, this horizon has been characterized by 
higher C and N content and significantly lower pH. Significantly 
higher content of base cations was noted in the Oh/A horizon of 
Cambic Brunic Arenosols. In the Cambic Brunic Arenosols pro-
file, the average sand content ranged from 81 to 85% (Table 3).

The studied Brunic Arenosols subtypes did not differ greatly 
in protease and urease activity (Fig. 1, Table 1–3). No statistically 
important differences were recorded for PR and UR activities in 
the surface horizons of the studied soils. More pronounced dif-
ferences were recorded for dehydrogenases activity. Dehydroge-
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nases activity was statistically significantly higher in the surface 
horizons of Cambic Brunic Arenosols compared to the surface 
horizons of Albic Brunic Arenosols (Fig. 1). The statistical analy-
ses confirmed the relationship of enzymatic activity with physico-
chemical properties of soils (Table 4). The activity of all the studied 
enzymes positively correlated with C and N content. The correla-
tion coefficients between UR, PR and DH activity and C content 
are 0.72, 0.71 and 0.51, respectively. Enzymatic activity was statis-
tically negatively correlated with pH and sand fraction content. 

UR, PR and DH activities were positively correlated with the con-
tent of base cations (Table 4). The above mentioned relationships 
were also confirmed by PCA analysis. Our PCA analysis accounts 
for 65.36% of the variability we found in the studied properties 
(Fig. 2). Factor 1 is related to physicochemical properties and en-
zymatic activity, while factor 2 is related to soil subtype. The re-
sults of the cluster analysis on the basis of Ward’s method showed 
that enzyme activity of various soil horizon differentiated, the 
surface horizons with a higher UR, PR and DH activity (Fig. 3).

Table 1
Enzyme activity and physicochemical properties of Albic Brunic Arenosols

UR PR DH C N C/N pH H2O pH KCl Ca K Mg Na sand silt clay

Ofh 9.80±
3.77a

284.04±
38.16a

11.68±
4.51a

233.6±
111.6a

8.5±
3.5a

27.0±
3.7a

3.77±
0.21b

2.96±
0.22b

87.93±
29.35a

1.16±
6.29a

6.82±
2.90a

1.81±
0.45a

– – –

AEes 3.97±
1.51a

141.41±
26.33a

3.67±
2.63a

21.4±
6.5a

0.8±
0.2a

23.8±
3.8a

3.89±
0.18b

3.18±
0.18b

6.66±
2.99ab

1.61±
0.68a

0.58±
0.19ab

0.70±
0.20b

92±2 5±2 2±1

BvBhfe 1.57±
0.60b

67.54±
23.81b

0.44±
0.32b

11.6±
7.2b

0.5±
0.1b

20.1±
10.3ab

4.45±
0.23a

3.91±
0.29a

3.64±
1.28b

0.83±
0.26b

0.39±
0.14b

0.61±
0.25b

94±2 5±2 1±1

Bv 0.81±
0.66b

43.17±
30.30b

0.08±
0.06b

5.7±
3.2b

0.4±
0.2b

14.8±
5.0b

4.61±
0.11a

4.22±
0.14a

2.96±
0.95b

0.58±
0.10b

0.31±
0.10b

0.71±
0.35b

94±2 5±2 1±2

DH – dehydrogenases activity (μM TPF·kg−1 soil·h−1); UR – urease activity (mM N-NH4·kg−1 soil·h−1); PR – protease activity (mg N-NH2·100g−1 soil·20 h−1); 
C and N content (g.kg–1); Ca, K, Mg and Na (cmol(+).kg–1); sand, silt and clay content in %; small letters in the upper index of the mean values mean 
signifi cant differences between horizons

Table 2
Enzyme activity and physicochemical properties of Haplic Brunic Arenosols

UR PR DH C N C/N pH H2O pH KCl Ca K Mg Na sand silt clay

Ofh 10.96±
3.98a

238.64±
66.09a

20.60±
9.72a

142.3±
54.3a

5.7±
1.5a

24.3±
6.0a

4.05±
0.16b

3.21±
0.26b

61.37±
21.18a

13.54±
6.33a

7.43±
3.35a

1.41±
0.51a

– – –

A/ABv 3.25±
1.03ab

117.35±
50.98ab

2.32±
2.29ab

22.2±
5.6a

1.1±
0.2a

21.0±
1.6ab

4.34±
0.28b

3.58±
0.25b

9.95±
6.27ab

2.06±
1.65ab

11.11±
0.90ab

0.75±
0.22ab

90±3 7±4 2±1

ABv/Bv 1.44±
0.56b

61.09±
22.51b

0.26±
0.20b

9.0±
3.7b

0.5±
0.1b

16.0±
3.9b

4.75±
0.19a

4.14±
0.11a

4.22±
0.57b

0.78±
0.13b

0.41±
0.08b

0.53±
0.13b

92±3 7±2 1±1

BvC 0.78±
0.32b

72.03±
64.02b

0.27±
0.22b

2.6±
1.2b

0.2±
0.1b

11.7±
3.5b

4.82±
0.15a

4.28±
0.11a

3.80±
2.58b

0.86±
0.23b

0.43±
0.32b

0.45±
0.09b

93±3 6±3 1±1

DH – dehydrogenases activity (μM TPF·kg−1 soil·h−1); UR – urease activity (mM N-NH4·kg−1 soil·h−1); PR – protease activity (mg N-NH2·100g−1 soil·20 h−1); 
C and N content (g.kg–1); Ca, K, Mg and Na (cmol(+).kg–1); sand, silt and clay content in %; small letters in the upper index of the mean values mean 
signifi cant differences between horizons

Table 3
Enzyme activity and physicochemical properties of Cambic Brunic Arenosols

UR PR DH C N C/N pH H2O pH KCl Ca K Mg Na sand silt clay

Oh/A 11.20±
1.40a

232.65±
63.59a

22.66±
4.93a

67.2±
50.5a

3.7±
2.5a

16.9±
2.9b

3.99±
0.19b

3.22±
0.15b

36.55±
32.08a

10.87±
9.99a

4.53±
4.03a

1.01±
0.58a

– – –

ABbr 3.13±
1.69ab

138.32±
52.22a

3.66±
3.69ab

22.9±
8.1ab

1.1±
3.0ab

19.8±
3.6a

4.18±
0.34ab

3.49±
0.39ab

9.46±
4.45ab

1.49±
0.53b

0.91±
0.39ab

0.93±
0.28a

81±10 16±9 3±1

BvBbr 1.56±
0.62b

68.24±
25.81b

0.64±
0.62b

8.5±
5.0b

0.4±
0.1b

18.0±
4.1a

4.54±
0.25a

4.04±
0.41a

5.85±
1.27b

1.49±
0.53b

0.53±
0.08b

0.77±
0.22a

82±10 16±10 2±1

BC 0.93±
0.77b

20.49±
22.76b

0.18±
0.28b

6.0±
1.6b

0.3±
0.05b

16.6±
3.8a

4.60±
0.23a

4.04±
0.15a

4.07±
0.79b

1.12±
0.28b

0.47±
0.08b

0.64±
0.14a

85±8 13±7 2±1

DH – dehydrogenases activity (μM TPF·kg−1 soil·h−1); UR – urease activity (mM N-NH4·kg−1 soil·h−1); PR – protease activity (mg N-NH2·100g−1 soil·20 h−1); 
C and N content (g.kg–1); Ca, K, Mg and Na (cmol(+).kg–1); sand, silt and clay content in %; small letters in the upper index of the mean values mean 
signifi cant differences between horizons



4

SOIL SCIENCE ANNUALLasota et al.

140641

Fig. 1. Enzymatic activity at the surface horizons of 
Brunic Arenosols various subtypes (DH – dehydro-
genases activity; UR – urease activity; PR – protease 
activity; ABA – Albic Brunic Arenosols; HBA – Haplic 
Brunic Arenosols; CBA – Cambic Brunic Arenosols)
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Table 4
Correlations between enzyme activity and soil properties in horizon of Brunic Arenosols

C N pH H2O pH KCl Ca K Mg Na sand silt clay

UR 0.72* 0.76* –0.60* –0.69* 0.73* 0.73* 0.78* 0.59* –0.78* –0.23 –0.23

PR 0.71* 0.75* –0.63* –0.71* 0.77* 0.75* 0.79* 0.71* –0.81* –0.27 0.26

DH 0.51* 0.59* –0.49* –0.56* 0.64* 0.59* 0.62* 0.45* –0.71* –0.20 –0.20

*p < 0.05

Fig. 2. The projection of variables on a plane of the first and sec-
ond PCA factor (DH – dehydrogenases activity; UR – urease activ-
ity; PR – protease activity; ABA – Albic Brunic Arenosols; HBA 
– Haplic Brunic Arenosols; CBA – Cambic Brunic Arenosols)

Fig. 3. Cluster analysis on the basis of Ward’s method grouping the soil horizon from the Brunic Arenosols; enzymes activity were used in the design 
of the diagram
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4. Discussion

In our study, the activity of the analyzed extracellular en-
zymes did not differ between subtypes of Brunic Arenosols, 
while it was strongly related to the organic matter content 
of each genetic horizon. The highest protease and urease ac-
tivities were noted in Ofh horizons of Albic Brunic Arenosols 
and Haplic Brunic Arenosols. The distinctness of the surface 
horizons in terms of enzymatic activity was confirmed by the 
cluster analysis on the basis of performed Ward’s method. 
The activity of extracellular enzymes is significantly lower in 
mineral horizons compared to organic ones. The reduction 
in the activity of the studied enzymes deeper into the Brunic 
Arenosols profile is mainly related to the profile distribution 
of humus and the decreasing with the depth of the soil layers 
due to the amount of available carbon substrates for microor-
ganisms and enzymes. The activity of extracellular enzymes 
strongly correlates with the organic carbon content which is in 
agreement with the results of previous studies (Błońska et al., 
2020a and 2021). Soil organic matter is a source of energy and 
an excellent environment for the growth of microorganisms 
which simultaneously catalyze most extracellular enzymes 
(including proteases and urease) (Kotroczó et al., 2014; Stone 
et al., 2014). Błońska et al. (2020b) confirmed the decreasing 
trend of soil organic carbon content with increasing soil depth 
and at the same time reducing the enzymatic activity in both 
woodland and agricultural soils. The second reason for the pat-
terns found is the strong affinity of extracellular enzymes for 
organic colloids and their strong sorption (Quiquampoix et al., 
1993). In the mineral horizons of Brunic Arenosols, there are 
few colloids that bind the extracellular enzymes secreted into 
the soil. Sandy soils typically have lower activity than other 
soils. Gianfreda et al. (2005) and Błońska et al. (2016) noted 
a positive correlation between enzymatic activity and clay and 
silt content and a negative correlation with sand content. The 
negative correlation of the activity of the determined enzymes 
with the sand content in the mineral horizons testifies to the 
great importance of the clay colloids and the silt fraction. In 
the studied Brunic Arenosols, even a slight admixture of fine 
fractions creates favorable conditions for an increase in sorp-
tion capacity, including the capacity for extracellular enzyme 
binding by colloids. The consequence of a higher admixture 
of fine fractions is an improvement of the structural capacity, 
which increases the activity of microorganisms and enzymes 
secreted by them (Bach and Hofmockel, 2014; Wang et al., 
2015).

In case of dehydrogenases – intracellular enzymes, no 
such clear differences between organic and mineral horizons 
were found. In the surface Oh/A horizons of Cambic Brunic 
Arenosols, the activity of dehydrogenases assumes similar or 
even higher values than the activity of surface organic hori-
zons (Ofh) of other Brunic Arenosols subtypes. Similar pat-
terns were found for humus-mineral horizons and enrichment 
horizons. Higher dehydrogenases activities were recorded in 
the Cambic Brunic Arenosols horizons. It can be assumed that 
the activity of dehydrogenases better reflects the trophic state 
of individual Brunic Arenosols subtypes than the studied ex-

tracellular enzymes. The Cambic Brunic Arenosols analyzed 
in this study were associated with the most fertile habitats 
and mixed or deciduous stands. The amount of mineral and 
organic colloids determines soil richness and physicochemical 
properties (Kandeler et al., 1999; Ling et al., 2014). As a rule, 
soils containing more colloids provide better living conditions 
for plants and microorganisms, and their microbial activity 
is higher. Dehydrogenases cannot exist outside living organ-
isms, and as a result they reflect the overall activity of micro-
organisms living in the soil better. In our study, the analyzed 
enzymes showed a significant negative relationship with soil 
pH and, at the same time, a positive relationship with the con-
tent of basic cations. An increase in pH is a factor that usually 
stimulates the activity of most soil enzymes, which is associ-
ated with a corresponding ionization state of the active center 
of protein-enzymes, at which the reaction rate increases sig-
nificantly (Frankenberger and Johanson, 1982, Wolińska and 
Stępniewska, 2012). In the Brunic Arenosols studied, the effect 
of pH is masked by the organic matter content, which is a fac-
tor that more significantly affects the activity of the studied 
soil enzymes. 

5. Conclusions

Dehydrogenases activity reflects the trophic conditions of 
Brunic Arenosols better than extracellular enzymes (protease 
and urease). The highest dehydrogenases activity was recorded 
in Cambic Brunic Arenosols. Albic Brunic Arenosols were char-
acterized by statistically significantly lower dehydrogenases 
activity compared to Cambic Brunic Arenosols. For protease 
and urease activities, no clear differences were noted between 
Brunic Arenosols subtypes. Extracellular enzymes activity was 
most strongly associated with organic horizons regardless of 
Brunic Arenosols subtype. Whatever the enzyme type, there 
was a decrease in activity deep into the profile which is related 
to the availability of carbon substrates necessary for enzymatic 
reactions. Brunic Arenosols subtypes reveal slight differences 
in granulometric fraction content, and a little increase in the 
proportion of fine fractions results in a growth in the activity of 
the tested enzymes. The obtained results indicate the possibil-
ity of using enzymatic activity, especially dehydrogenases, in 
the evaluation of forest soils.
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Streszczenie

Gleby rdzawe są jednym z najczęściej spotykanych typów gleb w lasach terenów niżowych. Ce-
lem badań było określenie aktywności enzymatycznej leśnych gleb rdzawych zróżnicowanych 
trofi cznie. W pracy podjęto próbę określenia relacji pomiędzy aktywnością enzymatyczną a 
wybranymi właściwościami chemicznymi gleb rdzawych. Przedstawiono jak aktywność dehy-
drogenaz, ureazy i proteazy zmienia się w głąb profi lu gleb rdzawych. Badania przeprowadzo-
no w środkowej części Polski, na terenie Nadleśnictwa Przedbórz. Do badań wytypowano 23 
powierzchnie badawcze. Badania dotyczyły gleb rdzawych bielicowych (9 powierzchni badaw-
czych), gleb rdzawych właściwych (7 powierzchni badawczych) oraz gleb rdzawych brunatnych 
(7 powierzchni badawczych). Na każdej powierzchni badawczej przeprowadzono szczegółowy 
opis profi lu glebowego oraz pobrano próbki z każdego poziomu genetycznego w celu wykonania 
podstawowych oznaczeń właściwości gleby i aktywności enzymatycznej. Przeprowadzone ana-
lizy potwierdziły zależność aktywności enzymatycznej z zawartością C, N, pH oraz uziarnieniem 
badanych gleb. Bez względu na rodzaj enzymu, zanotowano spadek aktywności w głąb profi -
lu co wiąże się z dostępnością substratów węglowych niezbędnych do reakcji enzymatycznych. 
Spośród badanych enzymów, aktywność dehydrogenaz lepiej odzwierciedlała trofi czne warunki 
gleb rdzawych. Najwyższą aktywność dehydrogenaz zanotowano w glebach rdzawych brunat-
nych. W przypadku aktywności proteazy i ureazy nie zanotowano wyraźnych różnic pomiędzy 
podtypami gleb rdzawych. Aktywność enzymów zewnątrzkomórkowych najsilniej była związa-
na z poziomami organicznymi bez względu na podtyp gleb.

Słowa kluczowe

Kwasowość
Zawartość węgla
Gleby leśne
Dehydrogenazy
Proteaza
Ureaza

Stan aktywności enzymatycznej gleb w zależności od wybranych właściwości 
chemicznych gleb rdzawych
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