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Abstract. Intensive land degradation occurs under conditions of accelerated urbanization; it is strongly associated
with the loss of soil natural capital, primarily animals, plant cover, and biological diversity in general. The creation
and functioning of parks, in particular green spaces, in the urbanized areas is an effective mechanism for optimizing
the ecological situation within the cities and preventing desertification. The soils of parks are an integral component of
green infrastructure; they determine the conditions for the growth and development of both individual plants and
green spaces as a whole. The soil buffering capacity actively participates in the mechanisms of implementation of the
development and stabilization of soil fertility potentials. The buffering capacity determines the proportion of the soil
potential that controls the processes of immobilization (deposition) and mobilization (release, loss) of a particular
element of fertility: first of all, mineral nutrients for plant growth, productive moisture, thermal energy in soil, gas
composition of soil air, and acidity. We collected soil samples beneath the crowns of trees growing in the territory of
the Taras Shevchenko Central Culture and Leisure Park, as one of the largest parks in the city of Dnipro (Ukraine).
The soil samples were collected in order to assess the soil acid-base (pH) buffering capacity (pHBC) and determine
the direction of microbiological processes in urban soils of the park area afforested with stands from such introduced
tree species as green ash (Fraxinus pennsylvanica), black locust (Robinia pseudoacacia), northern red oak (Quercus
rubra), tree of heaven (Ailanthus altissima), Kentucky coffee tree (Gymnocladus dioica), and box elder (Acer negun-
do). The acid-base buffering capacity of the urban soil was determined using the Arrhenius method and estimated ac-
cording to the buffering area within the acid-base range, calculated using the Simpson formula. Direction of microbial
processes in the soil was determined according to the indexes of mineralization-immobilization, pedotrophicity, and
oligotrophicity. The output was processed using statistical methods (arithmetic mean and standard deviation were
calculated; the difference in the means was found according to the Tukey’s comparison test; interdependencies were
determined by linear correlation). We have found significant, strong positive correlations between the pH level of
urban soils in the rhizosphere area of the introduced species of park dendroflora and the buffering area within the acid
and acid-base (total) range of external influence, as well as a strong negative correlation between pH and buffering
area in the alkaline range of external influence. We identified weak mineralization signs according to the ratio of
functional groups of microbiota in the studied sites forested with Fraxinus pennsylvanica and Acer negundo.

Keywords: urban green space; biotic potential of urban soil; soil buffering capacity; pHBC; trends in microbial
processes.

soils, meadow and forest ecosystems, etc. (Macias et al., 2020). This pro-
cess results in desertification — land degradation with the loss of vegetati-

Globally, the process of urban expansion has accelerated in the last
60 years, as over 50 percent of the world population currently resides in
urban areas (Cubino et al., 2015; Vasquez & Wood, 2022). As is com-
monly known, urbanization is caused by population growth, increasing
proportion of urban population, and it is also driven by economic, political
and geographical factors (Divakara et al., 2022). According to the estima-
tes of Morel et al. (2017), almost 70% of the world’s population will live
in cities by 2050. In the paper cited, since the 1950s, the area of land
affected by human activities has increased by 78% of the area of cities in
Europe, resulting in a loss of 10,000 km?® of agricultural land for 10 years.
About 2.3% of the European area is now sealed, representing 200 m” per
citizen, and up to 250 ha of natural soils are converted daily into an urba-
nized surface. As noted by Khokhryakova (2020), the built-up area in
Ukraine is 2,552.9 thousand ha, the population living in cities amounts to
70%. Consequently, by the impact of intensive development of new terri-
tories for an urbanized environment and agriculture, large natural habitats
are changed with simultaneous declining of natural capital, in particular

on cover and biological diversity as a whole, affecting all regions around
the world (Briassoulis, 2019; Vieira et al., 2023).

The creation and functioning of parks, in particular park green spa-
ces, in large settlements (cities) is one of the effective mechanisms for op-
timizing the ecological situation in urbanized areas and preventing deserti-
fication (Liu et al., 2023); such green spaces are called “green walls” of
the urban ecosystem (Solecki & Welch, 1995). The development of a net-
work of green spaces is a trend, most promising in the improvement of
environment in cities (Kunakh et al., 2022; Shamray & Didur, 2022).
Being a specific kind of urban space, parks are of great recreational im-
portance (Cornelis & Hermy, 2004; Kunakh et al., 2022). At the same
time, being large structures of vegetation, parks perform a microclimatic,
sanitary and hygienic functions, and have landscape, architectural, and
aesthetic significances (Annerstedt et al., 2012; Bertram & Rehdanz,
2015; Van Doesum et al., 2021; Kunakh et al., 2022); they are green spa-
ces with an important ecological function (Lin et al., 2014), improving the
quality and comfort of the environment for urban residents who are dis-
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connected from nature in their daily lives (Rosso et al., 2022). As a result
of increasing the area of cities and megacities, specific soil-like bodies
have occurred in most of the cities’ terrains, that are called urban soils and
differ from natural soils in structure, properties, and functions (Kho-
khryakova, 2016; Pidkova, 2020; Xiao et al., 2020; Moénok et al., 2021):
soil disturbance caused by movement of soil horizons from natural places
of their development; the soil structure deformation and loss of the sequ-
ence of soil horizons; low organic matter; decrease in the population num-
ber and activity of soil microorganisms and invertebrates as a consequen-
ce of organic matter deficiency; presence of inclusions of construction and
household waste in the topsoil layers; changes in the acid-base balance
with a trend towards alkalinization; high levels of contamination with
heavy metals, petroleum products, components of industrial emissions;
changes in soil physical and mechanical properties (reduced water-hol-
ding capacity, increased density, rockiness), and so on.

Soils, being an integral unit of park areas within the urban systems,
are known to determine the conditions for the growth and development of
green spaces in megacities (Morel et al., 2015; Didur et al., 2019); they
can implement, principally, such environmental functions as the ability to
provide plants with nutrients, water, and their root systems — with a suffi-
cient amounts of air, heat and a physical and chemical environment that is
favorable for the normal plant growth and development (fertility), as well
as the ability to sorb pollutants in soil and prevent them from penetrating
the groundwater (sorptional function and buffering capacity relative to
heavy metals). The environmentally negative implications for soils within
an urbanized territory include a destruction of soil profile, compacted root
layer, and limiting the volume of the root system development in plants,
low fertility (depletion of nutrients, humus, trace elements), contamination
with heavy metals and other toxicants (Probst etal., 2023), abnormal
changes in soil acidity and alkalinity, and reduced diversity of soil micro-
organisms and invertebrates (Didur et al., 2017). All these factors together
reduce the productivity and sustainability of green spaces in park areas.
Therefore, there is an urgent need to create conditions for restoring, repro-
ducing and optimizing both the ecological properties of the soil and tree
stands as a whole in megacities, especially their park areas.

Soil buffering capacity can serve as a possible tool for environmental
assessment of soil quality (Bartminski et al., 2012; Didur et al., 2019) and
the direction of soil microbial processes (Monok et al., 2021). In a broad
sense, the soil buffering capacity characterizes the energy potential of soil,
which determines the mobilization (release) and immobilization (depositi-
on) of a particular element of fertility (Truskavetskyi, 2003). More often,
buffering is understood as the ability of the soil to resist changes in pH
under the influence of various factors. This is the so-called acid-base buf-
fering, pH-buffering (Truskavetskyi, 2003; Kissel et al., 2012). Ménok
etal. (2021) emphasized that assessment of soil quality using the micro-
biological analysis is crucial because soil microorganisms play a key role
in numerous soil functions, such as nutrient circulation, organic matter
decomposition, and biodiversity regulation. Previous studies (Zhao & Li,
2013; Rai et al., 2018) showed that microbial biomass and the activity of
various enzymes are sensitive to anthropogenic changes in the soil. Probst
et al. (2023) noted that microbial interactions are one of the key factors in
soil functionality and can vary depending on environmental conditions,
such as nutrient availability and soil pH.

Therefore, identification and assessment of soil buffering capacity, as
one of the potentials of soil fertility, in recreational areas in the territories
of megacities on the example of urban parks and identification of the soil
biological potential are of scientific and practical interest. The objective of
the study was to determine the range of acid-base buffering capacity and
the direction of microbiological processes in urban soil in the areas with
various plantings of introduced tree species within the park area in the
territory of the city of Dnipro.

Materials and methods

The material for the study was sampled from the central part of the
city of Dnipro (Ukraine) in the territory of the Taras Shevchenko Central
Park of Culture and Leisure, a large urban park (48°27'40"N 35°0421" E)
located on the right bank of the Dnipro River. The city of Dnipro is a
large city and industrial center located in the center of Dnipropetrovsk
Oblast. The area of Dnipro is 410 km?, and its height above sea level is in
the range of 51-188 m (Lovynska et al., 2023). The region of the study
corresponded to the steppe physical-geographic zone, which covers 40%
of the total territory of Ukraine (Brygadyrenko, 2015); it corresponds to
the temperate continental climate zone of Central Europe and is characte-

rized by warm, often hot summers (Khromykh et al., 2018) and cold, wet
winters. The average annual precipitation in the region is about 475 mm,
and the average annual air temperature is +8 °C. The average growing
season lasts 210 days (Lovynska et al., 2023).

The Taras Shevchenko Central Culture and Leisure Park is one of the
major garden and park complexes of the city, which belongs to the objects
of the nature reserve fund and is a park-monument of landscape art of na-
tional significance. Its total area (together with Monastyrskyi Island) acco-
unts for 45 ha. The park consists of bank and island parts. It includes
about 8 thousand trees and more than 2 thousand shrubs. The composition
of the tree and shrub complexes is represented by more than 70 plant spe-
cies. The soil cover of the park belongs to the category of anthropogenic
deeply transformed soils (urbozems). The park’s soils are potentially sui-
table for the growth of woody and shrubby vegetation. The park includes
well-established lawns, and flower beds fulfill their functional purpose.

To determine the soil pH buffering capacity (pHBC) in the park area,
we collected soil samples from a depth of 0-20 cm in the sites beneath the
crowns of such introduced deciduous and ornamental woody plants as
green ash Fraxinus pennsylvanica Marshall, black locust Robinia pseudo-
acacia L., northern red oak Quercus rubra L., tree-of-heaven Ailanthus
altissima (Mill.) Swingle, Kentucky coffee tree Gymnocladus dioica (L.)
K. Koch, and box elder Acer negundo L. Latin names of plant species are
given according to the Catalogue of Life Checklist.

We determined the soil pHBC according to changes in pH value after
adding increasing quantities of acid or base to a given mass of soil (Nel-
son & Su, 2010). To calculate the soil pHBC, the Arrhenius method (titra-
tion curve method) was used (Truskavetskyi, 2003; Raczuk & Deska,
2012). According to the method, a series of standardized incremental
amounts of either acidic (hydrochloric acid, HCI 0.1 mol/dm®) or alkaline
component (sodium hydroxide, NaOH 0.1 mol/dm®) were added to the
air-dried soil samples (Huang et al., 2009). The total amount of solution
that interacted with the soil, i.e. the acidic component and water, or alkali
and water, was constant (the ratio was 1 : 2.5, respectively). The same
procedures were performed with pure calcined sand as a bufferless sub-
strate. The pH level of the solutions was measured after 1 hour resuspen-
sion of the samples.

Based on the measurements of the actual pH value, a chart was deve-
loped, where the abscissa was concentration of the acid (or alkaline) com-
ponent, and the ordinate was the corresponding pH values. The obtained
graphical curves allowed us to estimate the pHBC of the studied soils by
the buffering area in the area of acid and alkaline ranges of external influ-
ence, which was defined as the area between the titration curve of the soil
sample and the bufferless standard, and expressed in conventional square
centimeters. For calculation of the buffering areas, the numerical integrati-
on method and the Simpson formula were used (Chapra, 2012; Krylyk
etal.,, 2019). We measured the pH values in bufferless substrate (calcined
sand) and soil samples using an electronic digital laboratory ion meter
I-160ML, in five repetitions for each pH.

Analysis of the soil microbiocenosis was performed using a differen-
tial diagnostic nutrient media by serial dilutions of the soil suspension.
The number of microorganisms of the main ecological-trophic groups
was determined by inoculating the soil suspensions onto appropriate nu-
trient media. We enumerated the ammonizers on meat-peptone agar, and
actinomycetes and microorganisms that assimilate mineral forms of nitro-
gen (amylolytic microorganisms) — on starch-ammonia agar, oligotrophic
microorganisms — on starvation agar, and pedotrophic microorganisms —
on soil agar. The microorganism count was expressed as the number of
colony forming units (CFU) per g of completely dried soil sample, taking
into account the soil moisture coefficient and dilution of the soil suspensi-
on. The ratio of individual functional groups of microorganisms (amylo-
lytic, ammonifying, oligotrophic) was determined according to Andreiuk
et al. (2001). We determined the orientation of microbiological processes
occurring in the urban soils using the indices of mineralization-immobili-
zation, pedotrophicity, and oligotrophisity. The mineralization-immobili-
zation index is the ratio of amylolytic microorganisms that use ammonia
(mineral) nitrogen to ammonifying microorganisms that assimilate orga-
nic nitrogen (soil protein substances); the index of pedotrophicity is the ra-
tio of pedotrophic microorganisms involved in the conversion of the
water-soluble fraction of soil nutrients to ammonifying microorganisms
that assimilate organic nitrogen; the index of oligotrophisity is the ratio of
oligotrophic microorganisms that complete the mineralization of organic
soil compounds to amylolytic microorganisms that assimilate mineral nit-
rogen (Patyka & Symochko, 2013). Statistical processing of the experi-
mental results was based on analysis of variance (ANOVA). The obtained
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data were expressed as the mean + standard deviation (x £+ SD), and the
differences between the means were tested with the Tukey's HSD.
All differences were considered to be statistically significant at P < 0.05.

Results

The samples of the studied soils were represented by a humic loamy
topsoil, and initially (before adding acidic or alkaline components) had a
conditionally neutral (site 2, site 5), neutral (site 4), and slightly alkaline
reaction of the soil solution (site 1, site 3, site 6) (Table 1).

Table 1

Measurements of actual pH level in the urbanzem

sampled beneath the crowns of introduced tree species

(Taras Shevchenko Central Culture and Leisure Park) (x £ SD, n=7)

( Fil;xei;iuc Site 2 Site 3 Site 4 Site 5 Site 6
syl (Robinia  (Quercus  (Ailanthus  (Gymnocladus — (Acer
P ny;g) pseudoacacia) rubra)  altissima) dioica) negundo)
724+ 6.839 + 749+ 692+ 683+ 771+
0.06" 0.07° 0.09 007" 0.04" 007"

Note: different letters in the line mean significant differences (p < 0.05) for different
sample sites by Tukey’s.

After determining soil pHBC of the samples of the park urban soil
(humic topsoil), we found the minimum buffering area in the acid range
of external exposure for sample site 2, site 5, and the maximum value for
site 6 (Table 2). The same trend was observed for the total buffering area,
which integrally accounts for the influence of both acid and alkaline
factors.

The dataset of buffering areas within the alkaline range had a higher
statistical homogeneity than the dataset of the acid and acid-base (total)
range of external influence. Therefore, the samples of urban soil collected
from site 1, site 3, and site 6 had a minimal buffering area and did not dif-
fer statistically from each other, forming a homogeneous group. Samples
of urban soil collected from site 2, site 4, and site 5 had a statistically lar-
ger buffer area compared with site 1, site 3, and site 6, and also formed a
pooled statistically homogeneous group (Table 2).

Table 2

Statistical assessment of indicators of soil pHBC (humic topsoil)

under the influence of tree stands of introduced species in the territory

of the Taras Shevchenko Central Culture and Leisure Park (x = SD, n=5)

dex of oligotrophicity in all studied sites (site 1 — site 6) did not exceed 1
and, according to this criterion, degradation processes in the soil were
inhibited. In general, relatively low values of the mineralization-immobili-
zation coefficients, as well as the indices of pedotrophicity and oligotro-
phicity indicated a balance between synthesis, destruction, and minerali-
zation processes in the organic matter of the soil sampled in the rhizo-
sphere area of the introduced dendroflora species in the conditions of the

park.
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Fig. 1. Relationship (Pearson correlation coefficient) between
actual acidity values of the park urban soil and their buffering
characteristics; P-value: * —0.05-0.01, *** —0.001-0.0001

Table 3

Microbiological coefficients of intensity of soil-biological
processes in the rhizosphere area of the introduced dendroflora
species (by microbial functional groups)

N Theindex of Theindex  The index
Sampling site . S .
with marker — tree species mineralization-  of pedotro-  of oligotro-
immobilization  phicity phicity

Site 1 (Fraxinus pennsylvanica) 1.46 0.96 0.21
Site 2 (Robinia pseudoacacia) 0.51 0.78 048
Site 3 (Quercus rubra) 0.50 0.66 0.85
Site 4 (dilanthus altissima) 0.51 0.63 0.92
Site 5 (Gymnocladus dioica) 1.04 1.27 0.63
Site 6 (Acer negundo) 1.93 1.90 0.06

Sampling sits Buffer area (cm®)
with m;ilg Eltgresé: ecies in the range of external influence
P acidic alkaline  acid-base (total)

Site 1 (Fraxinus pennsylvanica) 24.14+0.34" 12.52+0.55" 36.66+0.64"
Site 2 (Robinia pseudoacacia) 1823 +038" 16.72+0.65° 34.95+0.75°
Site 3 (Quercus rubra) 27.84+£032° 13.78+0.64" 41.62+0.75°
Site 4 (Ailanthus altissima) 22.55+0.20° 17.12+0.68° 39.67+0.81°
Site 5 (Gymnocladus dioica) ~ 18.08+0.19° 16.76+0.65° 34.84+0.51°
Site 6 (Acer negundo) 38.25+0.31° 13.76+0.90° 52.01+0.85°

Note: different letters in the column mean significant differences (P < 0.05) for diffe-
rent sample sites by Tukey’s.

The data processing revealed the relationship between the level of
actual pH and buffer areas (Fig. 1). The closest positive correlations were
found between pH and buffering area in the acid (0.93, P = 0.0001) and
acid-base (total) ranges of external influence (0.83, P = 0.0001), respectti-
vely. A negative correlation was seen between pH and buffering area in
the alkaline range of external influence (—0.76, P =0.0001).

The mineralization-immobilization index and the index of pedotro-
phicity of the soil samples collected from sites 2, 3, and 4 were less than 1
and varied between 0.50-0.51 and 0.63-0.78, respectively. For sites 1, 5,
and 6, these indices exceed the value of 1 (Table 3). The index of oligo-
trophicity for all the studied soil samples of the park urban soil ranged
0.06 (site 6) to 0.85 and 0.92 (site 3, site 4).

The mineralization-immobilization coefficients of sites 1, 5, and 6
were slightly higher than 1 and indicated a relatively high level of minera-
lization processes carried out by soil microorganisms compared with sites
2, 3, and 4, where the mineralization capacity of microbial cenosis was
almost two and three times lower. A similar trend was observed for the
index of pedotrophicity, which characterized the ability of microbial com-
munities to uptake organic and inorganic nutrients from the soil. The in-

A strong positive linear correlation was found between the minerali-
zation-immobilization index and the index of pedotrophicity (r=0.88, P =
0.02); the mineralization-immobilization index and the index of oligotro-
phicity revealed a strong negative correlation (r = —0.88, P = 0.02).
The correlation between the index of pedotrophicity and the index of oli-
gotrophicity was strongly negative, but not statistically significant (r =
—0.74,P =0.09).

Discussion

The soil is a biogenic link of nature, saturated with numerous and
diverse biota (Frazaoa et al., 2019; Yakovenko & Zhukov, 2021). Impor-
tant characteristics of soil quality are its biotic potential determined by the
diversity of microorganisms in soil, their biological activity, the ratio of
ecological and trophic groups of microorganisms in the rhizosphere, ori-
entation of microbial processes (Andreiuk et al., 2001), as well as soil
pHBC (Truskavetskyi, 2003; Bartminski et al., 2012; Didur et al., 2019).

The report (Didur et al., 2019) highlighted positive contribution of
earthworm castings to pHBC of the urban soil in park areas within the
sites forested with Norway maple (Acer platanoides L.). The authors em-
phasized that the efficiency of restoration of urban park soil during its en-
richment with earthworm castings increased in the conditions of a mega-
lopolis, with simultaneous improvement of the soil ecological quality.
Other scientists argued that soil buffering properties are among the impor-
tant indicators of soil resistance to degradation, including anthropogenic
land degradation. During their own study on urban soil, these authors
have revealed that the value of soil pHBC within the acidic and alkaline
ranges fluctuated in a wide range (from 27% to 98%, i.e. from low to very
high level) and from 31% to 81% (i.e., from moderate to very high level),
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respectively. They also have developed computer models (using SUR-
FER software) that allowed monitoring the state of urban soils in time and
space, and assessing the degree of their degradation under the influence of
increasing technogenic loads. Our research has revealed the sites (site 2,
site 5) with a relatively low level of soil pHBC, as well as the sites (site 3,
site 6) with a relatively high level of soil pHBC (Table 2).

By determining the soil pHBC, Bartminski et al. (2012) assessed the
resistance of urban soils to degradation caused by intense anthropogenic
pressure. They have found that the reference soil profiles were more
resilient to acidification that the studied soils in the city of Lublin (Po-
land). The authors associated soil degradation occuring within the agglo-
meration with the impacts of anthropogenic factors (in particular, acidifi-
cation). In our study, the park soils sampled under the tree stands exhibi-
ted higher soil pHBC against acidification than against alkalinization
(Table 2). This is obviously due to the fact that chemical composition of
urbanzem is dominated by such exchange cations as Ca®" and Mg”" in its
absorption complex inherited from the calcic chernozem as a zonal soil
(Yakovenko et al., 2023).

“Soil pH is considered to be the “master variable” of soil chemistry
due to its profound impact on countless chemical reactions involving
essential plant nutrients, phytotoxic elements, and pollutants” (Penn &
Camberato, 2019). Wei et al. (2022) showed a close relationship between
the pH levels and the soil pHBC values. Our results have confirmed the
pattern observed by the abovementioned authors. According to our expe-
rimental results, there was a statistically significant positive strong correla-
tion (r = 0.83) between the actual acidity level and the soil pHBC.

Microbiota is an important element of urban phytocenoses; its com-
position was considered in the context of soil fertility (Ellanska & Yuno-
sheva, 2021). The quantitative and qualitative composition of the soil
microbiota is known to reflect the degree of anthropogenic load; it is
therefore widely used as a diagnostic indicator in the process of assessing
ecological state of soil (Andreiuk et al., 2001) and ecosystems as a whole
(Bobryk et al., 2016). Since microorganisms respond rapidly to changes
in the environmental conditions, identification of the ratio between ecolo-
gical and trophic groups of rhizosphere microorganisms made it possible
to find out the direction of microbiological processes occurring in the rhi-
zosphere of urban soils under plantings of introduced dendroflora in the
territory of the studied park. We found that relatively low levels of the in-
dices of mineralization-immobilization, pedotrophicity and oligotrophici-
ty reflected a certain balance between synthesis, destruction, and minerali-
zation processes in organic matter of the soil in the rhizosphere area of the
introduced dendroflora species grown in the urban area; we have found
weak mineralization signs as a result of impairment of the natural biolo-
gical cycle in the stands of introduced tree species in the territory of the
park in a large city.

Conclusions

The study of soil pHBC in the urban soil samples collected beneath
the stands of introduced tree species in the territory of the Taras Shev-
chenko Central Park of Culture and Leisure (under conditions of a large
city on the example of the city of Dnipro) revealed that such soils had the
total soil pHBC that can increase by 1.42 times (from the minimum va-
lue), depending on the soil properties and the composition of introduced
tree species. In the area of rthizosphere influence, soils in sites with Quer-
cus rubra and Acer negundo showed higher values of soil pHBC, and,
therefore, greater resistance to degradation. We revealed significant strong
positive correlations between the pH level of urban soils in the rhizosphe-
re zone of the introduced park dendroflora and the buffering area within
the acid and acid-base range of external influence, as well as a strong ne-
gative correlation between pH level and buffering area in the alkaline
range of external influence. According to the ratio of functional groups of
microbiota in the studied sites in the rhizosphere area of Fraxinus penn-
sylvanica (site 1) and Acer negundo (site 6), we observed weak minerali-
zation signs. Such parameters as the level of soil pHBC and the minerali-
zation-immobilization index can be used to assess the quality of the soil
and its ecological state.
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