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With climate change being a pressing issue, the multi−functionality of urban forests can only be

ensured by their sustainability, diversity and stable development. Improving our knowledge of the

ecological requirements, ecosystem effects and adaptability of non−native tree species in specific

urban forest conditions is a foundation for future sustainable forest management. The study

involved investigating the impact of selected alien tree species on soil properties in urban

forests located in Kraków. Eight tree species were investigated – Douglas fir, Canada hemlock,

sweet chestnut, black cherry, horse chestnut, common walnut, box elder, and black locust. The

study’s primary goal was to determine the impact of selected species on the quantity and qual−

ity of soil organic matter, its physicochemical properties, the C/N/P stoichiometry of soil and

enzymatic activity. The analyses confirmed different properties of soil under influence of alien

deciduous and coniferous tree species. Properties of soil surface horizons of black locust and

horse chestnut were different from other examined alien species. Canada hemlock and Douglas

fir exerted the most substantial acidifying effect on the surface soil horizons. These results con−

firm that growing mixed stands and avoiding conifer monocultures is justified. Additionally,

research confirmed that soils of different alien tree species characterized by different biochem−

ical activity expressed by enzymatic activity. Our research confirmed that C/N/P stoichiometry

is a valuable tool to assess the nutrient cycle in urban forests and that alien tree species have

different effects on the C, N, and P content.

Introduction

The species composition of tree stands significantly influences the characteristics of soil organic

matter (Hobbie et al., 2006; Mueller et al., 2012), soil acidification (Paluch and Gruba, 2012), soil

buffer capacity (Hobbie et al., 2006; Gruba and Mulder, 2015) and soil biochemistry (Błońska 

et al., 2016, 2017, 2018). The soil receives organic matter from litter and root exudates, including

soluble sugars, organic acids, amino acids, and starch. Plant cell walls contribute biopolymers,

cellulose, and lignin (Baldrian and Šnajdr, 2011; Beven and Germann, 2013). The type of litter

ABSTRACT

original paper

Soil properties of Kraków's urban forests with selected
alien tree species 

Piotr Kempf(1), Jarosław Lasota(2), Marta Kempf(2)�, Ewa Błońska(2)

(1) Kraków Municipal Greenspace Authority, Reymonta 20, 30−059 Kraków, Poland

(2) Department of Ecology and Silviculture, Faculty of Forestry, University of Agriculture in Kraków, 
29 Listopada 46, 31−425 Kraków, Poland 

�� ��

KEY WORDS

dissolved organic carbon; ecological stoichiometry; enzyme activity; forest stands; litter characteristics



Piotr Kempf et al.

produced by the trees in a forest affects how quickly organic matter breaks down, as well as the

release of nutrients into the soil. This, in turn, can impact the overall properties of the soil

(Santa−Regina and Tarazona, 2001). The biogens released during the decomposition of the litter

shape the balance of macronutrients in the soil surface horizons, influencing the proportions of

acidic and alkaline ions in the soil (Błońska et al., 2021). Deciduous tree species release more

alkaline cations into the soil, and the faster decomposition rate of the litter of these species

favours the release of more mineral nitrogen.

The biochemical properties of soils are sensitive indicators reflecting changes in the soil

environment (Uzarowicz et al., 2020). Soil enzymes are vital to the nutrient cycle as they are

associated with the activity of microorganisms and plant root secretions. They serve as indica−

tors of microbial nutrient demand and metabolic processes (Małek et al., 2021). Enzymes such

as �−D−cellobiosidase, �−glucosidase, �−xylosidase play a crucial role in soil organic C minerali−

sation, while N−acetyl−�−Glucominidase and Phosphatase are important in the N and P cycles

respectively. Arylsulphatase is essential for the S cycle. Enzyme activity is largely influenced by

carbon substrates released during litter decomposition (Adamczyk et al., 2014). Microorganisms

require mineral substances found in tree litter to affect soil pH, in addition to the carbon sub−

strates needed for enzymatic reactions (Błońska et al., 2021). Soils with high organic matter content

tend to have higher microbial biomass as they are the preferred energy source for microorganisms

(Landgraf and Klose, 2002). Biomass and microbial activity are most often limited by nitrogen

availability (Wardle, 1992), which in forest soils may be directly related to the quality of litter

supplied to the forest floor. Previous studies confirm that deciduous species support soil microflora

more powerfully than coniferous species (Scheu and Parkinson, 1995; Zhong and Makeschin,

2006). 

Forest ecosystems are exposed to changes resulting from climate change, and urban forest

ecosystems are additionally exposed to the influence of anthropogenic factors, which makes

them separate cases that should be managed according to different principles. In order to improve

the stability of urban ecosystems, their biodiversity must be taken care of. Introducing various

tree species, including alien species, can increase the biodiversity and stability of such ecosys−

tems. Knowledge of the influence of various alien tree species on the soil environment in the

context of urban forests will deepen our knowledge to assess their adaptability in the specific

conditions of the urban forest environment. The main aim of the research was to determine the

properties of the soil environment in the conditions of Kraków’s urban forests with alien tree

species, especially the physicochemical properties, C/N/P stoichiometry of soils and enzymatic

activity. Our research compared soil properties influenced by various alien tree species. This study

attempts to explain the influence of litter from selected alien trees species on biochemical activity

through the amounts of released components. We suppose that soils under influence of alien

tree species differ in C/N/P stoichiometry because they provide different amounts of C and P.

It was assumed that among the studied alien species, conifers – Douglas fir Pseudotsuga menziessi
(Mirb.) Franco and Canada hemlock Tsuga canadensis L. – had the most acidifying effect on the

soil. Horse chestnut Aesculus hippocastanum L., black locust Robinia pseudoacacia L. and black

cherry Prunus serotina Ehrh. improved the quantity of nutrients delivered to the soil with detritus. 

Materials and methods

STUDY SITE AND EXPERIMENTAL DESIGN. This study was conducted in urban forests in Kraków

(50°03�41�N; 19°56�18�E), namely Reduta Forest, Zesławice Forest and Wolski Forest. The area

covered by the study is occupied by Luvisols (Skiba and Drewnik, 2013). The soils studied had
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a similar texture (average 25% sand, 69% silt and 6% clay). The average temperature in the study

area was 8.5°C, and the average annual precipitation was about 715 mm. Kraków is the second−

−largest town in Poland, with an area of 327 km2. In Kraków, urban forests cover 19.61 km2.

The study was conducted in 2020. The following alien tree species were included in the

research: Douglas fir Pseudotsuga menziesii, Canada hemlock Tsuga canadensis, black locust Robinia
pseudoacacia, black cherry Prunus serotina, sweet chestnut Castanea sativa Mill., horse chestnut

Aesculus hippocastanum, common walnut Juglans regia L. and box elder Acer negundo L. The average

age of the studied trees was 80 years. In selected forest complexes, study plots have been desig−

nated. Each type of study plot was repeated three times. A total of 24 study plots were investigated

(8 alien species × 3 repetitions). Soil samples were collected at each study plot for laboratory

analysis. These were taken from the humus mineral horizon (A) after removing the litter horizon.

Additionally, litter samples were taken from each study plot for column experiments in the labo−

ratory.

LABORATORY ANALYSIS. After air−drying, soil samples were sifted through a sieve with a mesh diam−

eter of 2 mm and analysed further. After air−drying, the litter samples were ground. The particle

size distribution was determined with laser diffraction (Analysette 22, Fritsch, Idar−Oberstein,

Germany). The soil and litter pH were determined in water using the potentiometric method.

C and N were measured with an elemental analyser (LECO CNS TrueMac Analyser Leco, 

St. Joseph, MI, USA). We used ICP analysis (ICP−OES Thermo iCAP 6500 DUO, Thermo Fisher

Scientific, Cambridge, UK) to determine the P content. We determined the P levels after miner−

alising the mixture with concentrated nitric and perchloric acids at a ratio of 3:1 and calculated

the C/N, C/P and N/P ratios on a molecular level. The cation concentrations (Ca2+, Mg2+, K+,

and Na+) were extracted with ammonium acetate and determined through inductively−coupled

plasma analysis (ICP−OES Thermo iCAP 6500 DUO, Thermo Fisher Scientific, Cambridge, UK). 

To determine enzymatic activity, fresh samples of natural moisture were taken, passed through

a sieve with a mesh diameter of 2 mm and stored at 4°C. The activity of extracellular enzymes

(�−glucosidase (BG), �−D−cellobiosidase (CB), �−xylosidase (XYL), N−acetyl−�−D−glucosaminidase

(NAG), phosphatase (PH) and arylsulphatase (SP)) was determined with fluorescently−labelled

substrates (Pritsch et al., 2004; Sanaullah et al., 2016; Turner, 2010). Fluorescence was measured

on a multi−detection plate reader (BioTek) with excitation at a wavelength of 355 nm and emission

at 460 nm. The soil C:N acquisition ratios were calculated with BG:NAG, BG:PH and NAG:PH

for the soil C:P while N:P acquisition ratios, respectively (Lasota et al., 2021). To conduct 

a model experiment in the laboratory, litter of the tested species was collected using a metal

frame measuring 20×20 cm. Litter samples collected in the field were dried, and then weighted

(20 g) and placed in glass funnels with filter paper. Litter samples were rinsed with distilled

water (250 ml) and the obtained filtrates were subjected to further analysis. Water samples collected

during the column experiments were chemically analysed. They were stored at 4°C and filtered

with 0.45−µm filters. The water chemistry was analysed with ion chromatography using a DIONEX

ICS 5000 unit. The concentrations of total carbon (TC), inorganic carbon (IC), total organic carbon

(TOC) and total nitrogen (TN) were determined with a Shimadzu Total Organic Carbon (TOC)

analyser (Shimadzu, Japan). The concentration of TOC in filtered water samples was equal to

the dissolved organic carbon (DOC). Electrical conductivity (EC) and pH values were also

determined.

STATISTICAL ANALYSIS. An one−way ANOVA test was used to assess significant differences

between the mean values of properties. The relationships between properties were established
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with the Pearson correlation coefficient. Principal component analysis (PCA) was used to interpret

factors in certain data sets. Differences with P<0.05 were considered statistically significant. 

All analyses were performed in Statistica 12 software (StatSoft, 2012).

Results

Urban forest soils in Kraków, influenced by alien tree species, were characterised by different

physicochemical properties and enzymatic activity (Tables 1, 2). The tested soils were characterised

by pH in the range of 3.99−6.90 (Table 1). The lowest pH was recorded in soils with Douglas fir

and the highest in soils with common walnut. The average C content ranged from 12.78 g kg–1

to 114.20 g kg–1, and the N content ranged from 1.35 g kg–1 to 6.31 g kg–1. Significantly lower

C and N content were recorded in soils with box elder compared to the other tested species.

Significantly higher C and N content in soils with black cherry were noted compared to the

sweet chestnut, box elder, horse chestnut, common walnut and black locust. Less differentia−

tion was noted for P content and basic cations (Table 1). Black cherry soils had the highest P

content, while box elder, common walnut and black locust soils had the lowest P content com−

pared to the other tested species. Less differentiation was noted in the studied soils’ enzymatic

activity (Table 2). The highest �−D−cellobiosidase (CB) and �−xylosidase (XYL) activity was

recorded in Canada hemlock soils. Black cherry soils showed the highest N−acetyl−�−D−glu−

cosaminidase (NAG) and phosphatase (PH) activity. The highest �−glucosidase (BG) activity

was found in soils with black locust, and the highest arylsulphatase (SP) activity was recorded

in sweet chestnut soils (Table 2). Significant differences were found only for PH activity levels

(Table 2). Phosphatase activity in soils with black cherry was statistically the highest compared

to other tested species, excluding Canada hemlock. The enzymatic activity of NAG, XYL, SP

and PH strongly correlated with the pH of the studied soils and the P content. Meanwhile, the

NAG, XYL and PH activity positively correlated with the C and N content and negatively cor−

related with pH (Table 3).

Wider C/N/P stoichiometry was noted in soils with Douglas fir and Canada hemlock

(521/21/1 and 423/18/1, respectively). Narrower C/N/P stoichiometry was noted in soils with box

elder (92/8/1). A significantly higher C/N ratio was found in soils with Douglas fir, black cherry

and Canada hemlock (24.3, 21.2 and 23.7, respectively) compared to box elder (Fig. 1). Soils

with Douglas fir, black cherry and Canada hemlock were characterised by a 5−fold higher C/P

ratio compared to soils with box elder. The N/P ratio recorded in soils with Douglas fir and

black cherry was three times higher than that of soils with box elder. Box elder soils had the

lowest C/N, C/P and N/P ratios (Fig. 1). Analysis of the BG, NAG and PH activity by stoichiom−

etry demonstrates that the studied soil samples differ significantly in their BG/NAG, BG/PH

and NAG/PH ratios (Fig. 2). The highest BG/NAG ratio was recorded in soils with black locust

(6.5) and the lowest in soils with black cherry (0.4). The highest BG/PH ratio was recorded in

soils with common walnut (0.8) and the lowest in soils with sweet chestnut (0.1) and black cherry

(0.1). The highest NAG/PH ratio was recorded in soils with Douglas fir (0.3) and black cherry

(0.3) and the lowest in soils with box elder (0.1; see Fig. 2). 

The analysis confirmed the relationship between the physicochemical properties of the

studied soils and the C/N/P stoichiometry. The C/N ratio was strongly negatively correlated

with the Ca and Mg content and pH (r=–0.75, r=–0.65 and r=–0.84, respectively) and positively

correlated with P content (r=0.81; see Table 4). The C/P ratio correlated with N, C and P content.

The N/P ratio was negatively correlated with Ca content and pH (r=–0.43 and r=–0.61, respec−

tively) and positively correlated with the N, C and P content (r=0.91, r=0.85 and r=0.56, respec−
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pH N C P

CB –0.10 0.33 0.35 0.36

BG 0.30 0.02 0.02 –0.02

NAG –0.47* 0.62* 0.62* 0.62*

XYL –0.51* 0.57* 0.57* 0.54*

SP –0.43* 0.36 0.36 0.42*

PH –0.51* 0.63* 0.63* 0.71*

Table 3.

Relationships between the physicoproperties of the studied soils

*p<0.05

Fig. 1.

C:N:P stoichiometry in soil under the influence of different alien tree species
SC – sweet chestnut, DF – Douglas fir, BE – box elder, HC – horse chestnut, CW –  common walnut, BL – black locust, BC – black
cherry, CH – Canada hemlock, small letters mean significant differences between species

Fig. 2.

Stoichiometry of BG, NAG, and PH activities in soils under the influence of different alien tree species
SC – sweet chestnut, DF – Douglas fir, BE – box elder, HC – horse chestnut, CW – common walnut, BL – black locust, BC – black cherry,
CH – Canada hemlock, BG – �−glucosidase, NAG – N−acetyl−�−D−glucosaminidase, PH – phosphatase; small letters mean significant
differences between species
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tively; see Table 4). The analysis also confirmed the relationship between stoichiometry and

the biological activity of the soils, expressed as enzyme activity. The C/N, C/P, and N/P ratios

correlated with the NAG, XYL and PH activity.

The studied species’ litter analyses confirmed the diversity of their properties (Table 5).

The highest pH was found in the litter of black locust and horse chestnut, which was 6.33 and

6.09, respectively (Table 5). Significantly lowest pH was recorded in the litter of box elder

(3.76). The litter of the studied species also differed in the content of N and C. Significant dif−

ferences were noted in the case of the C/N ratio. The Douglas fir and Canada hemlock litter

were characterised by the highest C/N ratio (44.3 and 40.03, respectively) (Table 5). The analysis

of leachates from the litter of the tested alien tree species confirmed the observed differences

in chemical composition. Different properties characterized coniferous species (Douglas fir and

Canada hemlock) compared to the other studied species. Conifers’ TC, DOC and TN content

were ten times lower than the other species (Table 6). At the same time, coniferous species

were characterized by the lowest base cation content, especially of Ca, K and Mg (Fig. 3).

PCA analysis explains 62% of the variability of examined properties (Fig. 4). Factor 1 is

related to the enzyme stoichiometry. Factor 2 is related to the soil and litter properties. PCA

analysis distinguished two groups of species: one dominated by coniferous and the other by

deciduous species. Soils with deciduous species were characterized by a higher pH, higher content

of basic cations and higher enzymatic activity. PCA analysis confirmed that soils with coniferous

species, sweet chestnut and black cherry were characterised by higher C/N, C/P and N/P ratios

(Fig. 4). 

Discussion

The investigated tree species exert various effects on soils’ physicochemical and biochemical

properties. The differences in the tested soil properties result from differences in the properties
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Ca K Mg Na pH N C P CB BG NAG XYL SP PH

C/N –0.75* –0.31 –0.60* 0.22 –0.84* 0.84* 0.92* 0.81* 0.34 0.02 0.54* 0.66* 0.35 0.55*

C/P –0.63* –0.25 –0.44* 0.31 –0.79* 0.95* 0.97* 0.73* 0.31 0.01 0.56* 0.64* 0.30 0.51*

N/P –0.43* –0.11 –0.17 0.37 –0.61* 0.91* 0.85* 0.56* 0.28 0.07 0.46* 0.47* 0.28 0.46*

Table 4.

Relationships between the properties of the studied soils

*p<0.05

Species pH N C C/N

SC 4.71 ±0.05b 2.65 ±0.31b 44.69 ±0.71ab 16.9 ±0.9b

DF 4.15 ±0.06b 1.04 ±0.09c 46.21 ±1.21a 44.3 ±2.8a

BE 3.76 ±0.12c 2.25 ±0.17b 42.40 ±2.02b 18.8 ±1.2b

HC 6.09 ±0.51a 2.94 ±0.71b 44.30 ±3.02ab 15.1 ±0.8c

CW 5.06 ±0.08a 3.04 ±0.12a 42.07 ±1.82b 13.9 ±1.1d

BL 6.33 ±0.72a 3.73 ±0.42a 46.88 ±2.42a 12.4 ±0.7d

BC 4.97 ±0.68a 2.24 ±0.11b 43.30 ±3.21ab 19.3 ±1.3b

CH 4.09 ±0.21b 1.14 ±0.09c 46.06 ±2.81a 40.3 ±3.4a

Table 5.

Chemical properties of litter of the studied tree species

Mean ±SD, C, N content (g·kg−1), SC – sweet chestnut, DF – Douglas fir, BE – box elder, HC – horse chestnut, CW –  common walnut,
BL – black locust, BC – black cherry, CH – Canada hemlock, small letters in the upper index of the mean values mean significant dif−
ferences between species
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Species pH EC TC DOC TN

SC 4.85 ±0.06d 0.85 ±0.18bc 2276.7 ±551.7b 2275.1 ±550.1b 50.2 ±10.2c

DF 4.85 ±0.17d 0.23 ±0.05c 387.5 ±73.5c 387.1 ±73.5c 9.3 ±1.0d

BE 3.75 ±0.06e 2.01 ±0.34a 2675.0 ±554.7b 2674.5 ±554.7b 91.6 ±18.7b

HC 5.45 ±0.05b 1.90 ±0.51a 2446.3 ±108.1b 2442.5 ±103.4b 101.9 ±30.4b

CW 5.34 ±0.18bc 1.67 ±0.54ab 2210.7 ±308.7b 2209.7 ±309.2b 69.9 ±6.5bc

BL 6.32 ±0.02a 1.26 ±0.06ab 1943.3 ±198.8b 1942.1 ±198.6b 200.1±12.7a

BC 5.07 ±0.10cd 2.00 ±0.06a 3864.8 ±52.5a 3864.4 ±52.6a 101.9 ±1.7b

CH 5.69 ±0.19b 0.06 ±0.01c 95.5± 27.9c 94.5 ±27.2c 4.00 ±0.5d

Table 6.

Concentrations of total carbon (TC), dissolved organic carbon (DOC) and total nitrogen (TN) of leachates
from the litter of different alien tree species

Mean ±SD, EC – electrical conductivity (mS·cm–1), TC – concentrations of total carbon (mg·L–1), TN – total nitrogen (mg·L–1), DOC 
– dissolved organic carbon (mg·L–1), SC – sweet chestnut, DF – Douglas fir, BE – box elder, HC – horse chestnut, CW – common walnut,
BL – black locust, BC – black cherry, CH – Canada hemlock, small letters in the upper index of the mean values mean significant dif−
ferences between species

Fig. 3.

C:N:P stoichiometry in soil under the influence of different alien tree species
SC – sweet chestnut, DF – Douglas fir, BE – box elder, HC – horse chestnut, CW –  common walnut, BL – black locust, BC – black
cherry, CH – Canada hemlock, small letters mean significant differences between species

Fig. 4.

The projection of variables on a plane of the first and second PCA factors
BG – �−glucosidase, NAG – N−acetyl−�−D−glucosaminidase, PH – phosphatase, DOC – dissolved organic carbon, TC – total carbon, TN – total
nitrogen, SC – sweet chestnut, DF – Douglas fir, BE – box elder, HC – horse chestnut, CW – common walnut, BL – black locust, BC – black
cherry, CH – Canada hemlock
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of the organic substances coniferous and deciduous species supply. On average, the organic carbon

content was twice as high in soils with Douglas fir and Canada hemlock trees. These soils have

a high C/N ratio, which means they decompose at a slower rate. In the case of Douglas fir Cremer

et al. (2016) recorded one of the highest C/N ratio which was approximately 25. A similar C/N

ratio was determined in soils influenced by Scots pine (Błońska et al., 2018). The litter deciduous

and coniferous species supply differs in its C/N ratio and lignin/N ratio (Taylor et al., 1989;

Rahman and Tsukamoto, 2013). Valachovic et al. (2004) demonstrated a lower weight loss in the

litter of coniferous species compared to deciduous species in an experiment with litter bags.

The litter rotation rate of conifers is lower than that of deciduous trees (Vesterdal et al., 2008;

Rahman and Tsukamoto, 2013). The study found that the soils with coniferous species, such as

Douglas fir and Canada hemlock, had a wider C/N/P stoichiometry (521/21/1 and 423/18/1,

respectively).

On the other hand, the soils with box elder had a narrower C/N/P stoichiometry (92/8/1).

Our results confirm a strong relationship between the C/N, C/P and N/P ratios, pH and the primary

cation content. The properties of forest soils are shaped by the aboveground biomass, especially

the litter, which is the source of essential nutrients. The TC, DOC and TN content of coniferous

litter was 10 times lower than that of other species and characterised by the lowest base cation

content, especially of Ca, K and Mg. The results confirm how strongly trees, through the bio−

mass they provide, can modify the rate of decomposition of soil organic matter, which may be

reflected in the C/N/P stoichiometry of the soil. The C/N ratio is an indicator of the degree of

plant−available nitrogen contained in plant residues (Błońska, 2015). Tree species that produce

higher quality litter (with a higher N concentration and lower C:N ratio) in greater quantity may

facilitate the abundance and diversity of soil fauna (Peng et al., 2022). The composition of the

soil microbial community and enzyme activities are directly affected by the soil’s N/P and C/P

ratio, which is influenced by the soil’s elemental stoichiometry (Shen et al., 2019). The NAG,

XYL and PH activity was strongly correlated with soils’ stoichiometry. Our analysis of the BG,

NAG and PH activity stoichiometry demonstrates that the investigated tree species affect the

BG/NAG, BG/PH and NAG/PH ratios differently. Previous studies have verified that species

play a vital role in determining stoichiometry, with the C/N ratio being the most significant factor,

followed by the C/P and N/P ratios to a lesser extent (Lasota et al., 2021). The amount and

diversity of soil microorganisms are related to the amount of C, N and P in the soil; therefore,

the stoichiometry of soil enzymes can be used to characterise microbial nutrient requirements

and limits (Sterner and Elser, 2002).

As expected, soils with coniferous species like Douglas fir and Canada hemlock were char−

acterised by the lowest pH. Coniferous stands have a more acidifying effect on the soil than

deciduous and mixed stands (Błońska et al., 2016). Augusto et al. (2002) compiled a ranking of

species by acidifying ability: coniferous species > beech, oak and birch > maple, hornbeam, ash

and linden. The experiments with the litter of the tested species showed which species’ litter

had the lowest pH. The litter of Douglas fir, showed a low pH and, among deciduous species,

a low pH characterised the ash−leaf maple – a high pH characterised black locust litter. Qiu et al.
(2010) reported high pH values (around 8.0) in soils affected by black locust. Previously conducted

studies indicate that the C/N ratio can be used to assess the quality of organic remains delivered

to the soil, which has a direct impact on the properties of surface soil horizons (Błońska et al.,
2017, 2021). In the conducted studies, we confirmed the diversity of C/N, which indicates the

different qualities of detritus delivered to the soil by the studied tree species. The initial quality

of the litter expressed by the C/N ratio is essential in the processes of litter decomposition and

for the amount of released components (Li et al., 2020). The statistical analysis of the obtained
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results shows a strong dependence of enzymatic activity with soil pH and the C, N and P content.

Soil enzymes are affected by the pH of the soil, which affects their activity by controlling ionisa−

tion, enzyme conformation changes, and the availability of substrates and cofactors (Tabatabai,

1994). Soil pH significantly impacts microorganisms, as many enzymes are sensitive to it. NAG,

XYL, SP, and PH activity are negatively affected by pH levels but strongly correlate with carbon

and nitrogen content. Organic matter can be identified as the critical factor determining the

activity of these enzymes. Organic matter, as the fundamental source of energy for soil organisms,

stimulates microbial activity, which is reflected in the level of enzymatic activity (Błońska et al.,
2016). Soil fauna primarily relies on the forest floor and top mineral soil horizon for carbon and

nutrients. The influence of tree species on these habitats and soil properties can significantly

impact soil biological activity (Peng et al., 2022). We also noted a relationship between the activity

of the tested enzymes and the soil P content. According to Fatemi et al.(2016), litter is an essential

source of organic P in forest ecosystems. We expect litter decomposition rates to result in P sub−

strates becoming available for microbes to degrade. Microorganisms often cannot access phos−

phorus (P) due to its binding to iron minerals and organic matter, as noted by Liu et al. (2020).

However, changes in soil stoichiometry can affect microbial interactions and community dynamics,

potentially leading to feedback that impacts nutrient availability (Zechmeister−Boltenstern et al.,
2015).

The studied species of alien trees influenced the alkaline cation content in the surface soil

horizons. Differences in the base cation content between alien tree species may result from the

quality of litter along with the cation uptake and accumulation rates in biomass (Błońska et al.,
2021; Stefanowicz et al., 2021). We noted significant differences in the Ca, Mg and K content in

leachates from the litter of the studied species. Significantly higher Ca content was found in

soils with box elder and horse chestnut, significantly higher Mg content in soils with black cherry

and significantly higher K content in soils with common walnut and cherry trees. High Ca content

in horse chestnut soils were recorded in previous studies (Karliński et al., 2014). Leachates from

the litter of the studied coniferous species were characterised by significantly lower Ca, Mg and

K content compared with deciduous species. The low base saturation in Douglas fir soils was

noted by Šrámek et al. (2019). Leaf litter Ca and Mg concentrations are critical factors for soil

biological activity (Reich et al., 2005).

Conclusions

Soils influenced by the studied alien tree species were characterized by diverse physicochemical

and biochemical properties. Differences in the tested soil properties result from differences in

the properties of the supplied organic matter. The results indicate significant differences in C, N,

and P cycles among the soils altered by the study species of trees as confirmed by C/N/P stoi−

chiometry in soils. The results of our research indicated the possibility of using the C/N/P stoi−

chiometry in assessing the impact of various tree species on soil conditions in urban forests. The

general conclusion from this research is that by diversifying the species composition of the forest

stand with the use of alien tree species, we significantly influence the physicochemical and bio−

chemical properties of urban forest soils. Understanding these effects is important for the sus−

tainable management of forest ecosystems. The obtained results may have practical applications

in shaping urban forests.
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Streszczenie

Właściwości gleb krakowskich lasów miejskich z wybranymi 
obcymi gatunkami drzew

Lasy miejskie odgrywają ogromną rolę społeczną, szczególnie w dynamicznie rozwijających się

dużych aglomeracjach miejskich. Stabilność ekosystemów leśnych w miastach jest jednak silnie

zagrożona. Z jednej strony znajdują się one pod dużą presją oddziaływania czynników antropoge−

nicznych, z drugiej zaś cierpią wskutek obserwowanych zmian klimatu. Trwałość takich ekosyste−

mów i możliwość pełnienia przez nie różnorodnych funkcji uzależniona jest od kondycji gleby.

Skład gatunkowy drzewostanu silnie determinuje cechy glebowej materii organicznej, zakwaszenie

gleb, pojemność sorpcyjną gleb oraz ich aktywność biochemiczną. Każdy gatunek może jednak

wywierać specyficzny wpływ na cechy środowiska glebowego poprzez dostarczanie detrytusu 

o swoistym składzie chemicznym. Znajomość wpływu różnych obcych gatunków drzew na środo−

wisko glebowe w warunkach lasów miejskich przyczynia się do pogłębienia wiedzy na temat

wymagań ekologicznych takich gatunków, jak również oceny ich możliwości adaptacyjnych 

w specyficznych warunkach środowiska lasów miejskich.

Przeprowadzone badania dotyczyły określenia właściwości gleb w lasach miejskich Krakowa

z wybranymi obcymi gatunkami drzew: daglezją zieloną, choiną kanadyjską, kasztanem jadalnym,

czeremchą amerykańską, kasztanowcem zwyczajnym, orzechem włoskim, klonem jesionolist−

nym i robinią akacjową. Głównym celem badań było określenie ilości i jakości glebowej materii

organicznej, właściwości fizykochemicznych gleb, stechiometrii C/N/P oraz aktywności enzyma−

tycznej gleb.

Analizy potwierdziły zróżnicowanie właściwości fizykochemicznych i aktywności enzyma−

tycznej gleb lasów miejskich w Krakowie pod wpływem obcych gatunków drzew liściastych 

i iglastych (tab. 1 i 2). Badane gleby charakteryzowały się pH w zakresie 3,99−6,90. Aktywność

enzymatyczna N−acetyl−�−D−glukozaminidazy (NAG), �−ksylozydazy (XYL), arylosulfatazy (SP)

i fosfatazy (PH) silnie korelowała z pH badanych gleb i zawartością P. Aktywność NAG, XYL i PH

dodatnio korelowała z zawartością C i N (tab. 3). Stechiometria C/N/P gleb była zróżnicowana
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(ryc. 1). Szerszą stechiometrię C/N/P odnotowano w glebach z gatunkami iglastymi (daglezją

zieloną i choiną kanadyjską), natomiast węższą w glebach z klonem jesionolistnym. Gleby z klonem

jesionolistnym cechował również najniższy stosunek C/N, C/P i N/P (ryc. 1). Analiza stechiometrii

enzymatycznej wykazała, że badane próbki gleby różnią się statystycznie istotnie pod względem

stosunku BG/NAG, BG/PH i NAG/PH (ryc. 2). Przeprowadzona analiza potwierdziła związek

pomiędzy właściwościami fizykochemicznymi badanych gleb a stechiometrią C/N/P (tab. 4).

Analizy ściółek badanych gatunków potwierdziły zróżnicowanie ich właściwości (tab. 5). Naj−

wyższe pH stwierdzono w ściółce robinii akacjowej i kasztanowca zwyczajnego, natomiast istotnie

niższe pH odnotowano w ściółce klonu jesionolistnego. Analiza przesączy ze ścioły badanych

obcych gatunków drzew wykazała różnice w składzie chemicznym. Odmiennymi właściwościami

charakteryzowały się gatunki iglaste (daglezja zielona i choina kanadyjska) w porównaniu do pozo−

stałych badanych gatunków. Zawartość węgla całkowitego (TC), węgla rozpuszczalnego (DOC)

i azotu (TN) w przesączach ze ścioły drzew iglastych była dziesięciokrotnie niższa niż w przy−

padku pozostałych gatunków (tab. 6). Jednocześnie gatunki iglaste charakteryzowały się najniższą

zawartością kationów zasadowych, zwłaszcza Ca, K i Mg (ryc. 3). Analiza PCA wyróżniła dwie

grupy gatunków: pierwszą zdominowaną przez gatunki iglaste, a drugą przez gatunki liściaste

(ryc. 4). Korzystniejsze właściwości charakteryzują gleby i ściółkę drugiej grupy w porównaniu

z grupą gatunków iglastych. Analiza PCA wskazała, że gleby z gatunkami iglastymi, kasztanowcem

i czeremchą charakteryzowały się wyższymi stosunkami C/N, C/P i N/P (ryc. 4). 

Gleby pozostające pod wpływem badanych obcych gatunków drzew charakteryzowały się

zróżnicowanymi właściwościami fizykochemicznymi i biochemicznymi, co wynika z różnic we

właściwościach dostarczanej materii organicznej. Uzyskane wyniki wskazują na istotne różnice

w obiegu C, N i P pomiędzy glebami zmienionymi przez badane gatunki drzew, co potwierdza

stechiometria C/N/P. Wyniki badań wskazały na możliwość wykorzystania stechiometrii C/N/P

w ocenie wpływu różnych gatunków drzew na warunki glebowe w lasach miejskich. Badania wy−

kazały, że różnicując skład gatunkowy drzewostanu z wykorzystaniem obcych gatunków drzew,

znacząco wpływa się na właściwości fizykochemiczne i biochemiczne gleb lasów miejskich. Zrozu−

mienie tych efektów jest ważne dla zrównoważonego zarządzania ekosystemami leśnymi. Uzyskane

wyniki mogą mieć praktyczne zastosowanie w kształtowaniu lasów miejskich.


