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Abstract: Cities are affected by the impact of rapid urbanization on changes to soil properties. The

aim of this study was to assess the physical and chemical properties of the soil of urban and peri-urban

forests and to define which soil property is more significant for these two types of forests. The research

took place in urban and peri-urban forests in the metropolitan area of Brasov, Romania. Among

the properties determined were: particle size distribution, reaction, soil organic matter content, and

the base saturation degree. As supplementary data, for plots from urban forests, the heavy metal

content was determined. The results revealed that soils from urban forests had an alkaline reaction

and the ones from peri-urban forests had a moderately acid reaction. The soil from the peri-urban

plots was sandier and the other ones were more clayey. Testing the differences between the forests

lcll;%la(t?sr led to significant differences in the case of seven properties of which we mentioned pH and sand and

) clay content. Using PCA, the most significant and important soil properties for urban forests were
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contents. This study is more relevant in light of the EU Soil Strategy, which sets out a framework and
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Cities are affected by the impact of rapid urbanization on changes to soil properties [1].
The pressures on the ecological aspects of urban or suburban forests increase. The under-
standing of peoples’ interactions with forests in areas with a high population density is
Publisher’s Note: MDPI staysneutral ~ @ssential [2]. Thus, the importance of urban and suburban forests is gaining momentum.
with regard to jurisdictional claims in  Some natural areas within the urban environment remain underexamined, and the char-
published maps and institutional affil-  acteristics have not been evaluated. These include natural forests and the contribution of

iations. ecosystem services to communities [3].
The contribution of urban and suburban forests to improving the microclimatic and
ecological characteristics of cities is important and needs to be better understood. Improving
:)4

the structure of the functions of urban ecosystems can benefit the well-being of humans in
cities [4]. Urban ecosystem functions are a means to mitigate the problems associated with
the urban built environment [5]. Anthropogenic pressures contribute to soil disturbance [6].
In addition, the knowledge of soil status and soil properties in urban forests are important
in the urban ecosystem and play several roles such as retaining pollutants and protecting
resources and citizen health [7]. Soil conditions throughout urban and suburban areas have
an impact on the movement of water and pollutants and can affect ecosystem processes [8].
Thus, relevant studies have evaluated the soil properties and heavy metal distribution in
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cities or the surrounding forest areas. Some research has been focused on analyzing the
differences among soil properties, metallic elements contents, or pH along the urban-rural
gradient [9-11].

Soils in urban forests are the basis for the development and existence of “green
infrastructure”, which, in turn, has been designed and maintained to provide ecosystem
services and protect biodiversity [12]. An important goal for the development of the urban
environment should be the conservation of soil biodiversity, as urban forests will become
an important biodiversity reserve in the future [13].

Regarding urban forests, soil plays a very important role in providing ecosystem
services. Human activities cause major disturbances in the morphology of the soil profile
and in the general processes and functions of the soil. However, the protection of urban
soils is rarely taken into account in the planning and development of urban areas [14].
These urban soils are often considered to be of extremely poor quality and have modified
properties [15]. By determining the soil parameters, such as the level of degradation or the
stock of organic matter, the soil’s ability to provide ecosystem services can be evaluated [14].
Soil quality is negatively affected (especially its physical properties) by actions carried out
during the urbanization process, such as vegetation removal, the removal of the upper
soil horizons, and compaction; these all affect ecosystem services (stormwater mitigation,
carbon stocks, net primary production) [16]. Some studies have emphasized that some
soil properties are different between rural and urban areas, such as pH (which is higher in
urban areas), organic matter (which increases from urban areas to rural areas), and heavy
metal content—Cd, Cr, Cu, Pb (which is decreased in rural areas) [17].

Soil is a very good indicator for quantifying the long-term effects of urbanizing
activities. This was proven in a study carried out in the urban forests of three big cities
(Baltimore, New York, and Budapest), the results of which suggest that forest soils offer
solutions for the urbanization gradients of all three cities even though these cities have
different characteristics [18]. Understanding these rapid changes in forest soil properties is
important because they can indicate alterations in ecosystem processes and forest vigor [19].
Thus, forests from cities or from surroundings areas represent an interesting research topic.
These types of studies were conducted not only in Europe but also on both American
continents and in Asia. Thus, soil chemical properties from urban forest patches were
studied in Philadelphia (a very populous city in Pennsylvania) and Newark (New Jersey)
USA [20]. In other cities in the USA (Louisville, Kentucky), physical, chemical, and heavy
metals content were studied in relation to disturbances and vegetation [8]. Soil bulk density
and contents of some macro- and microelements were determined in plots located in urban
forests in Gainesville, Florida [3]. In South America (Ecuador), ecosystems near roadsides
were examined to determine soil quality indexes [21]. In Europe, urban and peri-urban
forests were studied in Szeged and Sopron (Hungary) [22], Sofia (Bulgaria) [4] Madrid
(Spain) [23], and Porto (Portugal) [24]. In Asia, most of the studies were conducted in
China, such as in Jinan [25] and Guangdong Province [26].

Knowledge of the physical, chemical, and biological properties of soils helps to corre-
late them with the ecological requirements of the species and provides essential information
about the fertility of the soil [27]. These factors represent a basis for better decision-making
in forest planning and contribute to the health and stability of forests.

Soil fertility represents the ability of soil to fulfill the demands of plants, and thus,
the old definition of soil fertility should be improved by introducing other soil functions
such as productive, environmental, and socio-economic factors [28]. Trophicity (which is
calculated according to certain physical and chemical properties) is an important factor
defining soil fertility. The global potential trophicity index correlates very well with forest
site quality and stand productivity [29].

The aim of this study was to assess the physical and chemical properties of the soil of
urban and peri-urban forests in order to determine the soil richness (trophicity) and to de-
fine which soil property is more significant for these two types of forests. We hypothesized
the following: (a) there are differences between urban and peri-urban forests in terms of
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soil properties; (b) the trophicity of urban and peri-urban forests is different; (c) the forest
surrounding the city of Brasov could be affected by pollution from heavy metals.

2. Materials and Methods
2.1. Study Area

The study took place in the metropolitan area of Brasov, more precisely in the urban
and peri-urban forests. The urban and peri-urban forests of the Brasov metropolitan area
have been delimited according to the methodology established by [30]. All the forests are
managed by the Kronstadt private forest district. In these forests, 20 experimental plots
were installed (Figure 1) and the biodiversity of the flora [31] was studied, as well as the
stakeholders who could influence the development of these types of forests [32].
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Figure 1. Spatial distribution of experimental plots from urban and peri-urban forests in Brasov
metropolitan area ((A)—urban forest, (B)—peri-urban forest).

Brasov is situated in the center of Romania. According to the Statistical National Institute,
one million tourists have visited the Brasov mountain area [33]. Around 300,000 inhabitants
are living in Brasov. In the metropolitan area, there is a population of more than 475,000 [34],
which is expected to reach 600,000 by the middle of the 21st century [35]. In addition, this
study is relevant since Brasov has gained a negative reputation regarding the issue of
pollution according to the European Commission. In 2014, the Commission asked Romania
to take action on air pollution and consider that Romania is failing to protect its citizens from
pollution. Citizens in Bucharest, Brasov, and Iasi have been almost continuously exposed to
pollution [36]. Brasov County has a well-represented network of public roads crossed by the
main European driveways (E81, E68, E60) and is an important rail node. The development
of the industry sector of Brasov city is above the national level, with 2021 representing
an increase in the manufacturing of transport equipment, fabricated metal products, and
computer, electronic, and optical products [34]. In 2018, Brasov County registered the most
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vehicles from the Centre Region [34]. In terms of the number of registrations of vehicles for
passenger transport, Brasov County was in second place in the Centre Region after Mures
County [34]. For the period 2016-2020 the data on the contribution of industries on the
emission of air pollutants in Brasov indicate that 61% of PM2.5 (fine particulate matter) and
48% of PM10 (particulate matter) are produced by households and commerce, followed by
mineral products and manufacturing industries [37]. A total of 55% of pollution from NOx
are made by transport (roads and rails) and 75.8% of pollution from SOy is produced by
manufacturing industries and construction [37].

According to the Koppen classification, the general climate is Dfck, meaning a boreal
humid climate with sufficient precipitation throughout the year, cold winters, and annual
average temperatures in the warmest season above 10 °C [38]. The main types of soils in
the study area are Eutric cambisol and Dystric cambisol. The predominant tree species
present in the forest composition are European beech (Fagus sylvatica), Norway spruce (Picea
abies), and Silver fir (Abies alba); these species create mixed forests [38]. The dominant plant
communities are represented by Oxalis-Dentaria, Asperula-Dentaria, and Vaccinium [38].

Out of the 20 experimental plots installed, 5 of them were located in the urban forest
and 15 in the peri-urban forest (Figure 1). It was considered that the plots from the urban
forest are crossed more frequently by people than the plots in the peri-urban forests because
the plots in the urban forests are located in the vicinity of tourist trails.

This point of view was supported by counting the number of visitors to some rep-
resentative points for trails; it was observed that around 1000 people per week use these
trails (the count was conducted in the spring period and represents unpublished data).

One soil profile was placed in each plot from which samples were collected in order
to study a range of physical and chemical properties. In total, 39 samples were collected
according to national and international standards [39,40]; 10 were from the urban forest,
and 29 were from the peri-urban forest. The samples, after completing the preparatory
steps, were analyzed, and the following properties, considered a minimum data set for
soil quality, were determined: particle size distribution (contents of sand, silt, and clay),
the reaction of the soil (pH), soil organic matter content (SOM), total nitrogen content (N),
the sum of basic exchangeable cations (SB), exchangeable acidity (SH), cation exchange
capacity (CEC), and the base saturation degree (V). As supplementary data, for plots with
high levels of human traffic, the heavy metal content (Cr, Cd, Pb, Fe, Mn, and Zn) was
determined. These plots were considered affected by human disturbances. For plots located
in the peri-urban forest (with a smaller human impact), the content of heavy metals was
not enough to justify performing laboratory analysis. All these properties have been used
in other studies as indicators of soil health and quality.

2.2. Soil Analyses

The samples, dried and sieved, were analyzed within the Laboratory of Pedological
and Foliar Analysis from INCDS “Marin Dracea”—Brasov, Romania. The determination
of the soil pH was done using the potentiometric method in a suspension solution of
non-ionized water and soil at a ratio of 1:2.5 according to national and international
standards [41,42]. In order to determine the soil organic matter, the modified Walkley—
Black method was used, which involves wet oxidation and titrimetric dosing [43,44]. The
total nitrogen content was determined using the Kjeldahl method [45]. The sum of the basic
exchangeable cations (SB) was determined according to the Kappen method [46], which
consists of treating the soil with a solution of hydrochloric acid. The sum of exchangeable
acidity (SH) was determined using the same Kappen method, using a potassium acetate
extraction solution [46]. Using the values of the SH and SB, it was possible to compute the
cation exchange capacity (CEC) and the base saturation degree (V). The contents of heavy
metals (Cu, Cr, Cd, Fe, Mn, Pb, Zn) were determined in aqua regia extract and then by
dosing with an atomic absorption spectrometer [47].

The particle size distribution (granulometric fractions of the soil—sand, dust, and clay)
constitutes the physical property of soil called granulometric composition [27]. The method
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of determining the particle size composition consists of separating the mineral fractions
according to size by the method of sieving and pipetting to determine the percentage of
the dimensions [48]. Another pedological index calculated was the edaphic volume (Ve),
which is the volume of fine soil (m?® m~2). This index was determined depending on the
thickness of the soil horizon and the soil skeleton proportion [27]. The thickness of the
horizon was measured in the field using a tape measure and the skeleton proportion was
visually assessed in the field according to [49].

2.3. Romanian Approach to Soil Richness: Global Potential Trophicity Index (Tp)

With the help of some of the properties mentioned above, it was possible to determine
the global potential trophicity index. The global potential trophicity index (Tp) is a complex
indicator that takes into account specific elements that are decisive for soil trophicity
and its productive potential: the content and type of humus, the properties of the soil
adsorption complex expressed by the degree of base saturation (V), and the edaphic
volume (determined by the morphological thickness and skeleton proportion). A correction
of the global potential trophicity index was applied using a coefficient corresponding to the
type of humus. The values of this coefficient are as follows: 1—for wick acid mull, 0.9—for
acid mull, 0.8—for calcic mull, 0.7—for mull-moder, 0.6—for moder, 0.5—for moder-raw
humus, 0.3—for raw humus, 0.2—raw humus—peat [50]. The global potential trophicity
index was obtained using the Chirita formula [50]:

Tp = Z(tp horizon) = Z(H-d-Da-V-rV~O.1)-humus correction coefficient €))

H—content of organic matter (%);

d—thickness of the horizon (dm);

D,—bulk density (g cm~3);

V—Dbase saturation degree (%);

ry—ratio of the volume of the fine soil to the total volume of the soil (calculated using
the percentage of skeleton);

the humus correction coefficient—it takes values between 1 and 0.2.

Along with the soil properties, a series of geomorphological (relief) characteristics
were also studied, namely the altitude of each plot, the slope, and the slope aspect. The
altitude (m.a.s.l.) was measured with a 62s GPS produced by Garmin International, Inc.,
Olathe, KS, USA, the slope was measured using laser Vertex V (Haglof, Langsele, Sweden),
and the slope aspect was taken with a magnetic compass V (Haglof, Langsele, Sweden).

2.4. Statistical Analysis

In the first phase, the normality of the data was tested using the Shapiro-Wilk test, and
a large part of the data followed the normal distribution; therefore, parametric statistics
were used. First, a basic statistic was performed. Thus, the mean, the standard error of
the mean, and the minimum and maximum values were calculated for all soil properties.
Afterward, the differences among all the soil properties of the urban and peri-urban forests
were tested using a t-test. The variation in the heavy metal content was graphically rendered
using box-plot charts with the mean, minimum, and maximum values.

A multivariate statistical analysis (principal component analysis—PCA) was used
to determine whether patterns in the soil characteristics and relief characteristics were
discernible among plots. PCAs were conducted separately for plots from urban and
peri-urban areas to explore potential predictors that may influence these soil conditions sep-
arately. We conducted a principal component analysis (PCA) to determine the multivariate
relationships among the soil properties.

Hierarchical cluster analysis using the joining (tree clustering) method was conducted
to categorize all the soil properties into several groups with similar characteristics. Based
on Euclidian distances and the weighted pair-group average linkage rule (indicating when
cluster sizes could be uneven), the tree diagrams with soil properties were obtained for the
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urban and peri-urban plots. All statistical analyses were performed using STATISTICA ver.
8 software developed by StatSoft (Tulsa, OK, USA).

3. Results and Discussions

The basic statistical parameters for soil properties are presented in Table 1. The average
pH of the soil in the urban forests was 7.22, and in the peri-urban forests, it was 5.36. The
pH value of the urban forests means a neutral to alkaline reaction and the value of the
peri-urban forests means a moderately acidic reaction. In the urban forests, the soil reaction
varies from moderately acidic to weakly alkaline. In the peri-urban forests, the minimum
value of the pH is under 4 (a very strong acid reaction) and the maximum is closer to a
neutral reaction. The maximum pH was registered in the plots from the urban forest.

Table 1. Basic statistical parameters of the soil properties investigated in urban and peri-urban forests.

Soil Property Urban Forest Peri-Urban Forest
Mean = st. Error (Min—-Max) Mean =+ st. Error (Min—-Max)
pH 7.22 + 0.242 (5.26-7.81) 5.36 + 0.183 (3.84-7.33)
N (%) 0.28 + 0.069 (0.037-0.66) 0.24 + 0.035 (0.03-0.90)
SOM (%) 5.53 + 1.356 (0.72-12.98) 4.69 + 0.689 (0.53-17.51)
SB (me 100 g soil~1) 33.13 4 4.804 (9.47-49.60) 15.17 + 2.287 (2.85-49.60)
SH (me 100 g soil~1) 3.62 + 1.226 (1.20-11.95) 10.04 4+ 0.807 (1.01-17.40)
CEC (me 100 g soil 1) 36.76 + 4.100 (21.42-53.50) 25.21 + 1.958 (13.25-57.25)
V (%) 87.68 + 5.788 (47.60-97.38) 54.13 + 4.383 (21.95-97.18)
Sand (%) 29.28 + 7.338 (6.19-63.61) 49.83 + 3.179 (6.33-68.12)
Silt (%) 34.48 + 4.140 (20.23-60.91) 28.30 + 1.532 (20.55-65.62)
Clay (%) 36.23 + 4.749 (16.15-56.39) 21.88 + 2.287 (11.34-54.20)
Ve (m® m~2) 0.35 £ 0.079 (0.14-0.57) 0.50 = 0.048 (0.12-0.81)
Tp 92.50 £ 19.722 (45.07-127.60) 67.76 £+ 12.291 (22.78-168.91)
Altitude (m) 774.4 + 49.552 (644-944) 1239.53 + 68.883 (875-1750)
Slope (°) 32.40 + 3.709 (20-40) 31.40 + 1.459 (15-38)

The pH is an important indicator of soil quality because it influences biological and
other chemical properties [51]. The reaction of soils from the urban forests was neutral
to alkaline. A study conducted in Debrecen on urban soils showed that the reaction was
alkaline to moderately alkaline for all of the soil profiles that were executed [52]. Another
study performed in Szeged, Hungary, had the same results: the reactions of the soils
from the city were alkaline to weakly alkaline, whereas the reactions of the soils from
the surrounding areas covered by forest were mostly acidic [22]. The reaction of soils
from the peri-urban forest of Brasov was moderately acidic, such as in the forest around
Szeged. The bedrock of Brasov and the surrounding areas are made up of limestone and
conglomerates [53]; both urban and peri-urban forests are located on these types of rocks,
but the soil reactions are very different. Horvath et al. [22] mentioned in their study that
the alkaline reaction of urban soils is an effect of the bedrock as well as of anthropogenic
influence. Similar results were observed in the city of Jinan (China), which is very rich
in forest resources and where three types of areas were delimitated (urban, suburban,
and rural) [25]. The highest pH values were obtained in the urban area (7.85—alkaline
reaction) and then the values decreased (4.88 and 4.50 in the suburban and rural areas,
respectively) [25].

The average N content was similar in the plots from the urban and peri-urban areas
(0.28% vs. 0.24%), which means a medium level of nitrogen content in the soil for both
areas. The highest content was determined to be in the peri-urban forest (0.90%). The
SOM was higher in the urban forest (5.53%) than in the peri-urban forest (4.69%), but the
difference was not so big. In conclusion, the soils from the urban and peri-urban forests
belong to the moderately humiferous to highly humiferous categories.

The sum of the basic exchangeable cations (SB) was much higher in the urban for-
est (33.13 me/100 g soil) by more than double compared with the peri-urban forest
(15.17 me/100 g soil). The maximum value was the same for both areas, but the mean was
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very different. Regarding exchangeable acidity (SH), the plots from the peri-urban area
registered a higher value (10.04 me /100 g soil) than in the urban area (3.62 me /100 g soil).
For this parameter, the minimum value was the same. The cation exchange capacity (CEC)
followed the trend of the SB and was higher in the urban forest. The mean value for the
cation exchange capacity in the urban forest indicates a high cation exchange capacity; that
of the peri-urban forest is in the medium category. Regarding the base saturation degree, a
higher value was observed in the urban forest plots (87.68%) compared with the peri-urban
area (54.13%).

The analyzed soils of the urban forest of Brasov had a higher cation exchange capacity,
which means that a high amount of cations is adsorbed in the soil adsorption complex.
According to the base saturation degree, the soil of the urban area is eubasic and that from
the peri-urban area is oligomesobasic. This means that the soil of the urban area is richer in
basic cations than the other area.

Regarding the physical properties, for the particle size distribution, the following
values were observed: the soil from the peri-urban plots was sandier and that from the
urban plots was more clayey. The edaphic volume (Ve) was higher in the peri-urban forest
plots (0.50 vs. 0.35 m> m~2) than in the urban forest plots (Table 1), which means the
peri-urban soils were deeper and had a lower skeleton proportion.

In the urban forest, the clay content is much higher. In a study of the metropolitan
area of Louisville, Kentucky, in forest plots, the predominant granulometric fraction was
silt [8], very different from our results in the Brasov metropolitan area. A comparative study
between two different cities—Glasgow (United Kingdom) and Aveiro (Portugal)—where
the soil samples were collected from parks or ornamental gardens, showed that there was
a higher content of sand in Aveiro and silt in Glasgow [54]. In another European city,
Sopron (Hungary), samples were collected from different land use types (forests (majority),
gardens, viticulture areas, agriculture areas, industrial areas, traffic areas, creek and lake
areas, etc.) but for all these areas, the sand content was higher compared with the silt and
clay contents [22]. The highest two levels of sand content were observed in the industrial
areas followed by the forest area, which are found in the subarea of Sopron [22]. From this
point of view, the peri-urban forest of Brasov is similar to the suburban area of Sopron.

The Tp index was higher in the urban forests (92.50) than in the peri-urban plots
(67.76), but the maximum values were in the peri-urban soils.

From the point of view of relief characteristics, the study sites were similar in slope
and slope aspect but different in altitude. The altitude is much lower in the urban forest
and this is probably the main reason these forests are more accessible and more transited.

The contents of heavy metals were determined in the plots of the urban forest, as shown
in Figure 2. The mean values of the Cd, Cu, and Pb were small compared with iron and
manganese. The smaller values were observed for cadmium content at under 1 mg kg~ !.
The largest degrees of variation occurred in the cases of the zinc and iron contents.

The heavy metal concentrations were under the legal limit with one exception—the
lead content in the two plots exceeded the alert threshold of 50 mg kg ~! that was established
in Romania through a pollution law [55]. With this exception, no other heavy metal
exceeded the alert threshold. The specialized literature is very rich in research on heavy
metal contents and pollution in soil. In the peri-urban area of Madrid, under different
land cover types (forest was one type of land cover), the obtained mean value of Cd was
0.14 mg kg !, with 12.95 mg kg~! for Cu, 29.95 mg kg~! for Pb, and 42.75 mg kg~ ! for
Zn [23]. Only one value was similar to the case of Brasov, namely Pb. All the other values
were higher in the case of Brasov. For example, the Zn content was more than double in the
Brasov urban area compared with Madrid. In another European city, Caserta, Italy, a city
with high traffic and population, the samples collected from a park with forest vegetation
and meadows showed smaller levels of Cd, Cr, and Cu, and much higher levels of Pb [56]
compared with samples from the urban forest of Brasov. The second biggest city in Portugal
(Porto) was the study site for research on heavy metals in soil [24]. Here, soil from the urban,
rural, industrial, and mining areas was studied. The values obtained for the urban soil were
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Figure 2. Contents of heavy metals in plots from urban forest.

Testing the differences between the urban and peri-urban areas led to significant
differences in the case of seven properties (Table 2), namely the pH, SB, SH, T, V, and sand
and clay contents.

Table 2. The statistical differences among soil properties in urban and peri-urban plots.

Soil Property No. of Samples p-Value
pH 39 0.000 P
N 39 0.558
SOM 39 0.558
SB 37 0.001®
SH 37 0.000
T 37 0.0112
\% 37 0.000 P
Sand 39 0.005®
Silt 39 0.089
Clay 39 0.004 P
Ve 20 0.129
Tp 20 0.355
Altitude 20 0.001
Slope 20 0.763
Slope aspect 20 0.311

a=p<0.05P=p<001.
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Even if, from a statistical point of view, significant differences in the soil richness
(global potential trophicity index—Tp) were not found, the mean value frames the soils in
different trophicity categories, namely that the soil of the urban forest is a eutrophic soil
and the soil of the peri-urban forest is mesotrophic. A study conducted in the Gurghiu
Mountains (Romania) at the altitude of 700-1500 m (an altitude similar to our research)
observed that when the altitude was higher, the Tp index decreased [58]. In our study, it
can be observed that the higher altitude of the peri-urban forest (1239.53 m) had a smaller
mean Tp value (67.76) compared with the lower altitude of the urban forest (774.4 m)
with a higher mean Tp value (92.5). The altitudes between these two locations present
significant differences.

Chemical properties that showed significant differences from the statistical point of
view were the indexes of the soil adsorptive complex (SB, SH, CEC, V). In a study from
Sofia (Bulgaria), significant differences in the CEC were not observed between locations
along the urban-rural gradient in soils covered with the species of the genus Quercus; the
mean was 43.23 for the urban area and 45.2 £/100 g for the rural area [4], compared with
36.76 (urban area of Brasov) vs. 25.21 me/100 g (Brasov peri-urban area).

The principal component analysis (PCA) was performed separately for the two forest
types, taking into consideration the soil properties and geomorphological characteristics
(Figure 3). The eigenvalues of the correlation matrix are presented in Figure 4.
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Figure 3. Principal component analysis (PCA) for urban forest: soil properties and relief characteris-
tics (left) and soil properties with heavy metals content and relief characteristics (right).

In the case of the urban plots, seven factors were extracted using the PCA. The first
three principal components represent 88.27% of the total variance among the 14 characteristics
(Figure 3, left). Only two principal components were retained in the analysis because they
had higher eigenvalues (Figure 4, right). The first component (Factor 1) contributed 51.12%
of the total variance and the second (Factor 2) contributed 27.28%. The variables with
the strongest influence on Factor 1 were the silt content (significantly negative), the slope
(significantly negative), and the SB (significantly negative) (Figure 3, left). The variables
with the strongest influence on Factor 2 were the aspect (significantly positive) and the clay
content (significantly negative). Tp and Ve were variables with insignificant influence in
explaining Factor 1.
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Eigenvalue

Eigenvalues of correlation matrix Eigenvalues of correlation matrix
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Figure 4. Eigenvalue of correlation matrix for soil properties and relief characteristics from urban
forest (left) and eigenvalue of correlation matrix for soil properties with heavy metals content and
relief characteristics (right).

The next step of our analysis of the urban plots was to introduce the heavy metal
contents as variables into the PCA. Seven components (factors) were extracted, but the first
three accounted for 84% of the variance (Figure 3, right). For the first two factors with the
highest eigenvalues (Figure 4, right), a graphical aspect of the variables was carried out.
The results show a grouping of the heavy metal content variables (Figure 3, right) relating
to the positions of the other variables. Factor 1 (48.30% of the variance) was explained
by the CR, CEC, SB, CD, and SILT with a significant inverse correlation. In Factor 1, the
CEC, SB, and Ve were negatively correlated with the CD, SILT, and CR. In the case of
Factor 2 (22.74% of the variance), the MN and altitude explain these. In Factor 2 these two
variables are inversely correlated.

Regarding the peri-urban plots, 12 factors were extracted using the PCA. The first three
factors represent 72.78% of the total variance in the 14 characteristics (Figure 5). Only two
principal components were retained in the analysis because they had higher eigenvalues
(Figure 6). The first component (Factor 1) contributed 39.61% of the total variance and the
second one (Factor 2) contributed 24.04%. Compared with the urban plots, in the case of
the peri-urban plots, the variables with the strongest influence on Factor 1 were the CEC
loadings, Tp, and SB. The variables with the strongest influence on Factor 2 were the aspect
and slope. Similar to the urban plots, Ve was the variable with the least significant influence
on Factors 1 and 2. Another variable with a low influence on Factor 2 was altitude.

Regarding multivariate analysis, the study conducted on the Atlantic East Coast of
the United States in the urban forests of Newark (Delaware) and Philadelphia (Pennsyl-
vania) performed this type of analysis and showed that the variation in Factor 1 (38,1%)
is explained by the pH, Ca content, and Ca/Al ratio [20]. In our case, the variation in
Factor 1 (51.12%) is higher and explained by the SB, silt content, and a relief characteristic—
slope. The higher percentage in our case could be explained by the introduction of this
relief characteristic into the model. When it was introduced to the model, the variation
in the heavy metal contents of Factor 1 is explained by the CEC, Cr and Cd contents, and
silt content. In another multivariate analysis for Wien, the pH and the P, S, Ca, Mg, and
Mn contents explain the variation in Factor 1 [51]. The pH is the chemical property that is
common for both cited models. On the other hand, in a model realized for different types
of vegetation in a mountain area in China, the pH had a very wick load on Factor 2 [59].
The difference between the urban forest and the peri-urban forest is very visible because
the properties that explain the variation in Factor 1 in the case of the peri-urban forest
are grouped on the positive side of the axis, and for the urban forest, they are grouped
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approximately equally on both sides of the axis. The common soil properties of these two
types of forests explain the variation in Factor 1 are CEC and SB. In addition, these two
properties present significant differences between the studied locations. In Sofia (Bulgaria),
the PCA conducted separately for the urban area and rural area showed that Factor 1 in the
urban area is explained by the Cu content (mobile and total), CEC, clay content, and some
metals from leaves; Factor 2 is explained by the Pb and Zn contents, pH and SOM, and Cu
from roots [4]. The fact that the CEC appears as the explanation of Factor 1 in the urban
area of Sofia is in line with our results of the urban forest of Brasov. In the case of the rural
area from the same study, similarities to the peri-urban area of Brasov were not observed.
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Figure 5. Principal component analysis (PCA) for soil properties and relief characteristics from
peri-urban forest.
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Figure 6. Eigenvalues of correlation matrix for soil properties and relief characteristics from peri-
urban forest.
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Another statistical analysis conducted for these two types of forests was a cluster tree
diagram of the soil properties and relief characteristics. For the urban plots, the cluster tree
diagram indicates four important clusters (Figure 7). The V and Tp each form a cluster
with a high Euclidian distance. This is different from the other properties, which are more
similar (Figure 7). The pH, SOM, SH, and Ve have similar Euclidian distances and come
together under a single cluster. Another cluster of properties was formed by the SB, CEC,
sand, silt, and clay.

Weighted pair-group average
Euclidean distances

PH |
SH

SB :I
CEC |
SAND
SILT |
Vv
Tp
0 2.0 4}) 6l0 8}) 160 120
(Dlink/Dmax)*100

Figure 7. Cluster diagram of soil properties of urban forest.

For the peri-urban plots, five clusters were formed. The sand with V and Tp had the
highest Euclidian distance (Figure 8). The cluster with the lowest Euclidian distance was
the pH, SOM, Ve, and SH. Other similar properties which are under the same cluster were
the SB, CEC, silt, and clay (Figure 8).
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Figure 8. Cluster diagram of soil properties from peri-urban forest.
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In the case of cluster analysis, it was interesting to observe that for both the studied
forests, the soil properties with the smallest Euclidian distance are, in principle, the proper-
ties that showed significant differences between locations. This method was also used in
another study for grouping different soil properties such as in two forests that are crossed
by a highway in India [60]. This study introduced the contents of heavy metals, organic
carbon, pH, contents of nutritive elements (N, P, K), and tree biomass production [60] in
cluster diagrams. Another study used this method to detect the similarities between urban
soil and natural soil from a river valley based on physical properties (coarse, clay, silt, and
sand contents) and chemical properties (pH, organic carbon, total nitrogen and phosphorus,
CEC, content of carbonates, and C/N ratio) [61]. To assess the pollution of heavy metals in
a very industrialized and urbanized area in China, the authors used cluster analyses and
observed five big clusters, taking into account the contents of 11 heavy metals [26]. Another
study used this method for one soil property, namely black carbon (residual carbon). All
collected soil samples for this variable were grouped into two big clusters: the first cluster
grouped the samples from rural and urban forests and the second cluster grouped samples
from urban parks [62].

The importance of urban forests and surrounding areas is very high for communities.
The pressure of urbanization can have a negative impact on the stability and quality of
forests. These impacts can affect the ecosystem services provided by forests. Soil, as a
component of the forest ecosystem, can be affected by these impacts on forest health. From
this point of view, the evaluation of soil properties, nutrients, loss of SOM, pollution,
biodiversity, etc. is very important to perform at certain time intervals.

From a policy framework perspective, soil science contributes to achieving the United
Nations Sustainable Development Goals (SDGs). The sustainable management of soil
health is important to achieving several SDGs connected with soil health, including SDG 2
(Zero Hunger), SDG 3 (Good Health and Well-being), SDG 6 (Clean Water and Sanitation),
SDG 11 (Sustainable Cities and Communities), SDG 12 (Responsible Consumption and
Production), SDG 13 (Climate Action), and SDG 15 (Life on Land) [63,64].

In particular, for this study, SDG 11.3 (to “enhance inclusive and sustainable urbaniza-
tion and capacity for participatory, integrated and sustainable human settlement planning
and management in all countries” by 2030) and SDG 15.3 (to “combat desertification, restore
degraded land and soil, including land affected by desertification, drought and floods,
and strive to achieve a land degradation-neutral world” by 2030) are connected to this
study and give it more importance. Soil degradation through the decline of soil organic
matter (SOM) is significant because it affects soil fertility, soil structure, water retention,
and nutrient contents [65].

This study is more relevant in light of the EU Soil Strategy [66], which sets out a frame-
work and concrete measures to protect and restore soils. As the main actions, the strategy
is focused on creating a dedicated legislative proposal on soil health by 2023 and achieving
good soil health by 2050; developing sustainable soil management; restoring degraded soils
and remediating contaminated sites; preventing desertification by developing a common
methodology to assess desertification and land degradation or increasing research, data,
and monitoring on soil [66]. This strategy is also connected to the European Green Deal [67],
which has adopted a zero pollution ambition. For these, and to protect Europe’s citizens
and ecosystems, the EU needs to better monitor, report, prevent, and remedy pollution
in the air, water, soil, and consumer products [67]. At the local level, the forest admin-
istration together with the municipality and other stakeholders can recommend a set of
measurements to the users of urban and peri-urban forests such as: improving the forest
infrastructure for better-organized activity, walking on the indicated trails, and in some
areas with identifiable disturbances access should be restricted for a certain time period.

4. Conclusions

The soils from the urban and peri-urban forests of the metropolitan area of Brasov
are different from the point of view of chemical and physical properties. The chemical
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properties which present significant differences were reaction SB, SH, T, and V, and the
different physical properties were sand and clay contents. The soil of the urban forest had
an alkaline reaction and was more clayey and the soil of peri-urban forest were sandier and
had a moderately acidic reaction.

The soil richness (trophicity) was not significant between these types of forests but the
soils of the urban forest are eutrophic (richer than that of the peri-urban forest).

The heavy metal concentrations were under the legal limit with one exception—the
lead content of two plots from the urban forest exceeded the alert threshold.

Using PCA, the most significant and important soil properties of the urban forest were
SB, CEC, SOM,, silt and clay contents, and for the peri-urban forest were CEC, SB, and Tp.

For the urban plots, the cluster analysis indicates that the V and Tp form a cluster
with a high Euclidian distance different from the other properties. In the case of peri-urban
plots, the sand with V and Tp had the highest Euclidian distance and are grouped into a
main cluster.

However, our research had some limitations such as the density of soil profiles and
locations, and the determination of additional soil properties such as biological properties
or physicomechanical properties (e.g., trampling). Based on the results of our study, the
local forest administration can adopt some measurements such as monitoring the soil
pollution level and paying attention to the change of soil properties of urban forests under
the use of ecosystem services.
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