Journal of Environmental Protection, 2013, 4, 52-64

3% Scientific
http://dx.doi.org/10.4236/jep.2013.48A2007 Published Online August 2013 (http://www.scirp.org/journal/jep)

#%% Research

The Spatial Variability and Temporal Dynamics of Soil
Properties as Affected by Visitors’ Pressure in an Urban
Park

Helena M. Zhevelev, Pariente Sarah, Atar Oz

Laboratory of Geomorphology and Soil, Department of Geography and Environment, Bar-Ilan University, Ramat Gan, Israel.
Email: helena.zhevelev@biu.ac.il

Received June 2", 2013; revised July 8" 2013; accepted August 3™, 2013

Copyright © 2013 Helena M. Zhevelev et al. This is an open access article distributed under the Creative Commons Attribution Li-
cense, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

ABSTRACT

Soil properties and their tempo-spatial heterogeneity, affected by visitors’ pressure, season and soil depth, were stud-
ied in an urban park in Tel-Aviv. Soil was sampled twice yearly in wet and dry seasons. In each season soil was sam-
pled from areas exposed to differing levels of visitors’ pressure (VP), and designated “no VP (Control)”, “High VP”
and “Low VP”. The soil samples were taken from two depths. For each soil sample, moisture, organic matter and solu-
ble-ion contents, pH, and electrical conductivity were determined. It was found that different properties were differently
affected by VP, seasonal dynamics and soil depth: organic matter content, penetration depth and sodium concentration
were the most sensitive to VP; Soil moisture did not respond to VP, but sharply reflected seasonal changes; Calcium
and organic matter contents were significantly affected by the soil depth. The sensitivity of soil properties to VP in-
creased from March to July, and the upper soil layer was more sensitive to seasonal dynamics and VP than the deeper
layer. Some soil properties exhibited “spotty” patterns; others a “frontal” one. Organic matter content was completely
controlled by VP at both depths and in both seasons, and could be used as an indicator of soil status in recreation areas.
Visitors’ activities included trampling and other anthropogenic factors that enhanced the spatial changes and seasonal
dynamics of soil properties. Based on these measurements the intensity of soil degradation and dynamics was evaluated

and used to describe the soil status in an urban park.
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1. Introduction

Parks are one of the most important elements of sustain-
able development and optimization of urban environ-
ments [1], and first and foremost are intended for in-
ner-city recreation [2]. Thus, “human-caused impact” [3],
which significantly altered the urban ecosystem [4], and
urban soil genesis [5] in the park area are supplemented
by visitors’ pressure (VP). This means that, in addition to
natural factors, soil in urban parks is affected by the mu-
tual feedbacks between urbanization and VP. These two
factors might affect the soil in the same direction, thus
enhancing their effects, or in opposite directions, in
which case they might cancel one each other.

Urbanization affects the organic matter content and
quality of soil [6,7], which may be decreased [8] or en-
riched [9,10] even more than in natural soils [11]. VP, in
most cases, sharply decreased organic matter content [12-
14] or did not show a clear trend [15].
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In urban areas, the water regime changes that result
from a lowered groundwater table, asphalt cover and
urban climate, lead to decrease of soil moisture content
[9]. The effect of VP decreased soil moisture as well,
especially for sandy soil [16,17].

Urban soil alkalinity tends to increase because of dust
deposits that are enriched in calcium and magnesium
carbonates, and in anti-frost reagents, such as sodium
chlorides [11,18]. However, other researchers have at-
tributed a decrease of soil alkalinity to acidified precipi-
tation [9,19]. Under visitors’ pressure pH increased as a
result of decreases of litter biomass, organic matter and
vegetation cover [12,17].

Urbanization leads to eutrophication, which increases
the nutrient contents of soil [19], but, conversely, VP
decreased the availability of soil nutrients [20].

Compaction of the soil surface increased because of
the effects of both urbanization [9,11,21] and visitors’
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pressure [13,22,23]. Studies of the mechanisms of com-
pacted soil degradation in urban parks [21] and in
non-urban areas [20] highlighted VP as a major causal
factor in changes to physical and chemical properties of
soil.

In addition to the feedbacks between urbanization and
VP, such factors as spatial heterogeneity and temporal
dynamics determine the status of soil in urban parks.
High heterogeneity of urban soil on the city scale was
attributed to the existence of various land-use units [e.g.,
6,24-26]. References [15,22,23] found that VP affected
the variability of soil properties.

Studies of soil heterogeneity in urban parks were very
rare [14,27], and the soil dynamics in urban parks has
virtually not been studied on a seasonal scale. We hy-
pothesized that the level of visitors’ pressure affects not
only soil properties, but also their spatial and temporal
dynamics.

The objective of the present study was to investigate
the effects of season, visitors’ pressure and soil depth on
the spatial variability of soil properties.

2. Study Area

The research was conducted in a municipal park in
southern Tel-Aviv (Israel). Tel-Aviv, with a population
of approximately 358,800 people occupying a 51.76 km?
area of municipal jurisdiction, is located on the Mediter-
ranean coastal area, on sandy calcareous soils with a
predominance of Typic Xerochrept (locally known as
“Hamra”). This soil is characterized by low organic mat-
ter content (<1%), slightly acidic to neutral pH (7 - 8),
and low CEC (up to 4 meq per 100 g soil), with pre-
dominance of sand (>90%) and negligible contents of
clay (£5%) and silt (<4%) [28].

The climate is Mediterranean, with mean annual pre-
cipitation of 530 mm, and average monthly temperatures
range from 30.2°C (August) to 9.6°C (January).

This municipal park (Begin park) was established in
1970 on an area of about 50 ha (500 dunam). It provides
various installations for children’s games, barbecues, and
weekday and weekend outdoors recreation, for citizens
from nearby neighborhoods and from other districts of
the city.

3. Methods

For the present study the park was divided into three ar-
eas, according to the level of visitors’ pressure (VP): a
“Control” area at the periphery of the park, practically
free of VP; and areas with “Low” and “High” VP. The
level of VP was assessed according to field evidence of
trampling, such as loss of vegetation cover and loss of
litter [14].

Soil sampling was carried out twice yearly: in March
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(wet season) and in July (dry season). In each season 67
points were randomly chosen: 14 each in “Control” and
“High”, and 39 in “Low”. At each point soil samples
were taken from two layers: 0 - 2 cm and 5 - 10 cm.

In all soil samples the following properties were de-
termined: soil moisture, by gravimetric methods; soil
organic matter content, by the wet combustion dichro-
mate method [29]; pH, EC, and of soluble ion concentra-
tions were determined in a 1:1 water extraction. Concen-
trations of Ca’" and Mg®" were determined with an
atomic absorption spectrophotometer; Na™ and K* con-
centrations were measured with a flame photometer; CI”
and HCO; concentrations by titration with AgNO; and
H,SO,, respectively. Soil penetration depth was meas-
ured by driving a stick into the soil by dropping a 235 g
weight 50 cm vertically onto its top [30].

Differences between means were subjected to Dun-
can’s Multiple Range Test at o = 0.05 significance level,
and to Fisher’s comparison of variances test at o = 0.05.
The significance of correlations between different char-
acteristics was determined according to the Pearson coef-
ficient.

4. Results

4.1. The Temporal and Spatial Dynamics of
Averages

The averages of the various soil properties, as measured
in the three areas of differing VP (“Control”, “Low” and
“High”), in March and July, for two soil depths, are pre-
sented in Figure 1 and Table 1.

It was found that penetration depth decreased signifi-
cantly as VP increased. In both months organic matter
content increased significantly with increasing VP, and
decreased significantly with increasing depth. There were
no season-related changes in organic matter any level of
VP at either depth.

Soil moisture was not consistently related to increasing
VP. In March, soil moisture was significantly ~10%
higher than in July, and this was true for both depths and
for all levels of VP. In July soil moisture was higher at
the lower depth.

Values of pH remained within a narrow range of ~7.5 -
7.8, with no relationships to VP, depth, or season.

At both depths and in both seasons EC significantly
increased with VP, and significantly decreased with in-
creasing depth (except in one case). The highest EC was
found in July.

The Ca concentration did not change consistently with
increasing VP: in both seasons and at all levels of VP,
the Ca content at the shallower depth was significantly
higher than at the deeper one. In July the Ca content at
both depths was significantly higher in the “Control” and
“Low” areas than in the “High” area.
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Figure 1. Averages of soil properties at different levels of visitors’ pressure for each depth and season. C = “Control”, L =
“Low”, H = “High”; d = depth of soil (1 or 2=0-2 and 5 - 10 cm, respectively); t = time (1 = March, 2 = July); EC= electrical
conductivity (dS/m); OM = soil organic matter (%); SM = soil moisture (%); PD = penetration depth (cm); Ca, Mg, Na, K, Cl

contents are expressed in meq/kg.

In the shallowersoil depth concentrations of all other
soluble ions (Na, K, Mg, Cl) increased significantly with
increasing VP, in both seasons. In the deeper soil depth, a
similar trend was found for Na, Cl and K. In July the
contents of all ions except K were significantly higher at
the shallower depth than at the deeper one; at the shal-
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lower depth the highest contents of soluble ions, except
K were found in July.

Table 1 shows that significant differences between
averages of “Control” and “High” level of VP were found
in 74% of cases (14 out of 19) at the shallower depth and
in 50% of cases (9 out of 18) at the deeper depth.
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Table 1. Averages of soil properties for different visitors’ pressure (a); seasons (b); and soil depth (c).
a b c
Soil
property Depth Time C L H Depth Time C H Depth Time C H
pH 1 1 a a a 1 1 a a 1 1 b a
1 2 b ab 1 2 a 2 1
2 1 a a 2 1 a 1 2 b
2 2 b b 2 2 b 2 2
EC 1 1 b b 1 1 b 1 1 a a
1 2 b b 1 2 2 1 a b
2 1 ab 2 1 a 1 2 a a
2 2 a 2 2 a 2 2 b b
oM 1 1 b b 1 1 a 1 1 a a
1 2 b 1 2 a 2 1 b b
2 1 b a 2 1 a 1 2 a a
2 2 b 2 2 a 2 2 b b
Ca 1 1 b b 1 1 b a 1 1 a a
1 2 1 2 a 2 1 b b
2 1 a a a 2 1 b a 1 2 a a
2 2 b 2 2 a 2 2 b b
Cl 1 1 b ab a 1 1 b b 1 1 a a
1 2 b b 1 2 2 1
2 1 a a a 2 1 b a 1 2 a a
2 2 b b 2 2 a 2 2 b b
SM 1 1 a b ab 1 1 a a 1 1 a
1 2 a 1 2 b b 2 1
2 1 a a a 2 1 a a 1 2 b b
2 2 b a ab 2 2 b b 2 2 a
K 1 1 b b a 1 1 1 1 a a
1 2 c b a 1 2 2 1 b b
2 1 2 1 a 1 2 a a
2 2 a a 2 2 a a 2 2 a b
Mg 1 1 b b 1 1 b 1 1 a a
1 2 b b a 1 2 2 1 a b
2 1 2 1 a 1 2 a a
2 2 a a 2 2 a 2 2 b b
Na 1 1 b b 1 1 b 1 1 a
1 2 b b a 1 2 2 1 a a
2 1 b b 2 1 a 1 2 a a
2 2 b a 2 2 a 2 2 b b
PD 1 1 a b b

C =“Control”, L =“Low”, H

Copyright © 2013 SciRes.

“High”; Time 1 = March, Time 2 = July; Depth 1 =0 - 2 cm; depth 2 =5 - 10 cm; EC = electrical conductivity (dS/m); OM =
soil organic matter (%); SM = soil moisture (%); PD = penetration depth (cm); Ca, Mg, Na, K, CI contents are expressed in meq/kg. For each soil property
different letters indicate significant difference between averages (o = 0.05).
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At the shallower depth average values of soil proper-
ties in March and in July were significantly different in
55% of cases (5 out of 9), whereas at the deeper depth
this applied in only 11% of cases (1 out of 9).

Differences between the depths, at all levels of VP,
were found in 22% (2 out of 9) and in 78% (7 out of 9) of
cases in March and July, respectively.

4.2. Variability of Soil Properties

At both depths and in both seasons, in most cases (24 out
of 37) the variance of soil properties significantly in-
creased as VP increased. In the remaining cases (13 out

of 37) the variance did not change significantly (Table 2).
The between-seasons differences in variances at each
depth were inconsistent for all levels of VP (Table 3).

Only the variance of soil moisture decreased signifi-
cantly from March to July at both soil depths and at all
levels of VP. Conversely, for Cl, the variance increased
significantly from March to July.

The coefficients of variation (CV) of the soil proper-
ties were spread over a wide range (from ~2 to ~255%)
and in most cases (30 out of 37) increased with increas-
ing VP (Figure 2, Table 4). The highest CVs were found
for K, Cl and Na contents, and for EC.

Table 2. Variances of soil properties for the three levels of visitors’ pressure (C = control, L = low, H = high) in each season

and at each depth.

Soil
property Depth Time C L H C L H C=H C<H
pH 1 1 0.035 0.036 0.055 * * * \%
1 2 0.091 0.041 0.068 * * * \%
2 1 0.037 0.032 0.043 * * * \%
2 2 0.017 0.091 0.089 * * \%
EC 1 1 0.009 0.019 0.374 * * A%
1 2 0.026 0.048 0.346 * * \%
2 1 0.008 0.016 0.351 * * \4
2 2 0.003 0.035 0.024 * * \%
oM 1 1 0.289 0.790 3.532 \%
1 2 0.103 0.506 2.164 A\
2 1 0.162 0.516 0.760 * * \4
2 2 0.025 0.140 0.779 \%
Ca 1 1 0.601 1.006 4.664 * * A\
1 2 2.109 2.206 1.954 * * * \%
2 1 0.372 0.209 0.330 * * * \4
2 2 0.280° 0.974 0.609° * * \%
SM 1 1 31.921 26.030 34.821 * * * A\
1 2 2.342 2.392 2.027 * * * \4
2 1 29.773 9.068 23.550 ® * \%
2 2 1.420 3.425 3.723 * * \%
PD 1 1 0.399 0.442 0.335 * * * \%
K 1 1 0.032 0.096 0.191 * * \4
1 2 0.023 0.195 0.067 \%
2 1 0.037 0.809 0.024 * * \%
2 2 0.052 0.022 0.021 * * * A\
Mg 1 1 0.089 0.152 0.879 * * \4
1 2 0.305 0.694 3.472 * * \%
2 1 0.057° 0.118 0.132° * * \%
2 2 0.036 0.555 0.235 * * \4
Na 1 1 0.079 0.145 7.719 * * v
1 2 0.815 1.354 13.384 * * \%
2 1 0.127 0.143 27.224 * * A\
2 2 0.061 0.599 0.843 * * \4
Cl 1 1 0.010 0.624 9.037 A\
1 2 1.519 3.708 34.214 \%
2 1 0.018 0.040 24.780 * * \%
2 2 0.075 0.146 0.965 * * \4
Total cases 13 24

Depth 1 =0 -2 cm, depth 2 =5 - 10 cm; Time 1 = March; Time 2 = July; EC = electrical conductivity (dS/m); OM = soil organic matter (%); SM = soil mois-
ture (%); PD = penetration depth (cm); Ca, Mg, Na, K, Cl contents are expressed in meq/l. For each property, depth, and season similar signs indicate

non-significant differences between variances, according to Fisher’s test (a = 0.05).

Copyright © 2013 SciRes.
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Table 3. Change in variance of soil properties between the
seasons for the same depth and visitors’ pressure level.

Soil
property Depth C L H
pH 1
2
EC 1 X
2 o o
OM 1 o
2 o o
Ca 1 X X
2 X
SM 1 o (o) o
2 o o
K 1 X o
2 o
Mg 1 X X X
2 X
Na 1 X X
2 X o
Cl 1 X X X
2 X X o

Depth 1 =0 -2 cm; depth 2 =5 - 10 cm; EC = electrical conductivity (dS/m);
OM = soil organic matter (%); SM = soil moisture (%); PD = penetration
depth (cm); Ca, Mg, Na, K, Cl contents are expressed in meg/l. O indicates
that variance in t1 > variance in t2, X indicates that variance in t1 < variance
in t2.
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Figure 2. The ratio between coefficients of variation of
various soil properties under high visitors’ pressure level
(CVign) and those under control (CV ¢y at each depth and
in each season. d = depth of soil (1 or2=0-2 and 5 - 10 cm,
respectively); t = time (1 = March, 2 = July); EC = electrical
conductivity (dS/m); OM = soil organic matter (%); SM =
soil moisture (%); PD = penetration depth (cm); Ca, Mg,
Na, K, Cl contents are expressed in meq/kg.
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The greatest increase of CV with increasing VP was
found for C1 (8.6- to 9.4-fold) (Figure 2); those for EC,
Na (at deeper depth in March) and organic matter (at
deeper depth in July) increased ~2.7- to 3.7-fold, as VP
increased. Conversely, for K the lowest CVs were found
in “High” (except in one case), where it was lower than
that in “Control” by a factor of ~2 - 3.

The lowest CVs were found for pH (1.66% - 4.03%),
and they did not change with depth, season or VP.

5. Discussion

5.1. The Effect of Visitors’ Pressure on the
Averages of Soil Properties

Studied soil properties were divided into two groups ac-
cording to their sensitivity to VP: a) noticeably affected
(penetration depth, organic matter content and most of
the soluble ions); and b) negligibly affected (soil mois-
ture, pH and Ca) (Figure 1, Table 1, a).

Penetration depth, as expected, was significantly in-
creased as a result of VP [17,31]. Furthermore, the fact
that penetration depth in “Low” was significantly lower
than that in “Control” but similar to that in “High” means
that the soil surface in most of the park area was over-
compacted.

Soil organic matter content is a very sensitive indicator
of VP [12,16]. For urban soil, it was shown that tram-
pling decreased organic matter content by a factor of 2.5
3 - 11). The opposite trend, i.e., soil organic matterin-
creasing with increasing VP, that was found in our pre-
sent study resulted from anthropogenic factors such as
food remains, cats’ excrement and, elemental carbon
from ashes/charcoal of grills or barbecues [24,25,32].
These factors also accounted for the higher soil organic
matter in “Low” than in “Control” areas.

The increases in concentrations of soluble ions (Na, K,
Mg, Cl) in the shallower soil depth as VP increased is
attributed to a similar complex of anthropogenic factors
to that which controlled organic matter content. Addi-
tionally, more-compacted soil was characterized by ac-
cumulation of soluble ions at the surface, transported by
capillary rising of soil water in this compacted soil, be-
cause of evaporation.

The EC showed the same tendency as soluble ion
concentrations [3], and also increased significantly as VP
increased.

In the present study soil moisture, pH and Ca were not
affected consistently by VP, but some previous studies
found that soil moisture decreased as VP increased
[15-17]. The same phenomenon was described for parks
with sandy soil covered with litter and rich in organic
matter [17,31]. The finding of lack of consistency of
changes in SM with changing VP in the present study
matches the findings of [22,23], who found that VP did
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Table 4. Coefficients of variation of soil properties for each visitors’ pressure level, depth and season.

Soil
property Depth Time C L H CVc=CVy CVc<CVy CVc>CVy
pH 1 1 2.47 2.45 3.02 v
1 2 4.03 2.66 3.48 v
2 1 2.48 2.29 2.70 v
2 2 1.66 4.01 4.02 v
EC 1 1 26.01 29.87 70.78 v
1 2 18.47 26.68 38.31 v
2 1 27.74 33.85 98.79 v
2 2 11.68 35.84 32.34 v
oM 1 1 40.73 47.17 62.20 v
1 2 26.61 37.75 63.99 v
2 1 52.24 57.80 62.46 v
2 2 19.96 31.25 64.68 v
Ca 1 1 40.47 52.94 72.20 v
1 2 31.77 37.78 34.76 v
2 1 44.94 35.53 49.58 v
2 2 21.23 39.86 50.60 v
SM 1 1 36.85 44.97 42.41 v
1 2 43.90 46.06 53.30 v
2 1 36.54 19.34 35.74 A%
2 2 32.65 35.06 44.00 \%
PD 1 1 39.06 78.68 81.03 v
K 1 1 46.97 75.50 58.85 v
1 2 61.03 84.18 31.55 v
2 1 125.95 255.28 50.98 v
2 2 113.19 74.16 44.27 v
Mg 1 1 39.78 40.91 48.33 v
1 2 31.14 39.07 45.82 v
2 1 35.62 44.02 44.70 v
2 2 18.85 61.43 51.45 v
Na 1 1 32.60 28.86 86.05 v
1 2 39.00 50.50 55.43 v
2 1 37.56 31.63 138.87 A%
2 2 24.78 39.11 39.86 \%
Cl 1 1 13.26 52.68 113.98 v
1 2 39.41 59.04 65.20 v
2 1 22.65 28.95 212.47 A%
2 2 24.42 34.56 54.78 \4
Total cases 4 30 3

C =“Control”, L = “Low”, H = “High”; Time 1 = March; Time 2 = July; Depth 1 =0 - 2 cm; depth 2 =5 - 10 cm; EC = electrical conductivity (dS/m); OM =
soil organic matter (%); SM = soil moisture (%); PD = penetration depth (cm); Ca, Mg, Na, K, CI contents are expressed in meq/kg.
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not affect soil moisture at all. This can be attributed to
the sandy texture, absence of litter biomass, and low or-
ganic matter content in the studied park; all these lead to
low water-holding capability in the soil [20].

We found no differences in pH among areas of differ-
ing VP, with negligible deviation (~0.3 units of pH). In
contrast, previous studies found that pH increased with
increasing VP [12,17]. We attributed this phenomenon
mainly to control by urban dust and building materials—
rich in CaCOs;—which alkalinized the soil [19], and to
the fact that in all areas of the park and are subjected to
the same soil washing.

Urbanization leads to accumulation of Ca in the soil
[19]. Whereas in the “Control” and “Low” areas Ca in
the topsoil increased from March to July, it did not
change in the “High” area. This is attributed to leaching
of the compacted soil of the “High” area being less than
that in the other areas, so that Ca did not change between
the seasons in the former. The hot temperature in the
summer enhanced the evaporation, resulting in increased
Ca and “smoothing” the difference in Ca between areas
subjected to differing VP.

The effect of VP diminished with depth because the
soil at the shallower depth directly receives the trampling
pressure whereas that at the lower depth is more pro-
tected. This is consistent with [33].

5.2. Seasonal Dynamics of Soil Properties

As a result of evaporation, EC and the contents of Na,
Mg, Ca and Cl increased in July, in most cases signifi-
cantly, and soil moisture decreased, especially at the
shallower depth, for all VP levels (Figure 1, Table 1, b).
Similar results were obtained in studies conducted in
rural areas [34,35].

The organic matter content was completely controlled
by VP at both depths and in both seasons; it did not
change with season in the urban park, because of the low
rates of mineralization and litter decomposition in sandy
soils.

The predominance of the effect of urbanization, i.e.,
additional construction materials, rich in CaCQO;, neu-
tralized the seasonal changes of pH.

The seasonal changes were more pronounced at the
shallower than at the deeper depth. The trends of sea-
sonal changes of the above soil properties in the studied
urban park also were found in non-urban areas [33,35].
This highlights the high significance of seasonal condi-
tions that affect the soil water regime that, in turn, gener-
ates soil regulation and development of the Mediterra-
nean soils in both urban and rural areas.

5.3. Changes of Soil Properties with Depth

The organic matter and Ca contents decreased signifi-

Copyright © 2013 SciRes.

cantly with depth, in both seasons and for all VP levels
(Figure 1, Table 1, c). For organic matter this resulted
from a combination of the natural decrease of organic
matter with increasing depth and the anthropogenic addi-
tions to the soil surface. The anthropogenic effect was
especially strong in the “Low” and “High” areas and en-
hanced the differentiation in organic matter between the
soil depths. Anthropogenic additions explain the high Ca
in the deeper soil layer.

The capillary rise of ions in the dry season led to their
accumulation at the surface and enhanced the between
depths differentiation in Na, Mg, CI contents. In the wet
season leaching occurs at both depths, therefore the dif-
ferences between the depths became smaller.

The soil moisture content increased with increasing
depth only in summer, because the upper soil layer was
subject to direct exposure to and evaporative loss of
moisture, whereas the deeper layer was protected by the
upper layer. Even low and similar averages of soil mois-
ture content were significantly different between the
depths for all types of VP in July.

An inconsistent trend of pH with depth was found in
urban soil by [10,24], which is consistent with the pre-
sent finding of negligible and inconsistent differences of
pH between two depths.

5.4. Variability of Soil Properties

Whereas most previous studies addressed the trampling
effect of VP on average (Avg) and variance (Var) of soil
properties [15,17,31], our present study also examined
the effects of trampling and other visitor activities on the
soil.

The changes of Var with VP for all soil properties
(Table 2) indicated the existence of two groups: the first
group (comprising organic matter, EC, Na, Cl and Mg
contents) was characterized by increasing of Var with
increasing VP; and a second one (comprising soil mois-
ture, Ca, pH and penetration depth), in which Var was
not affected or inconsistently affected by VP.

The increase of Var with increasing VP level is ex-
plained by the analysis of percentiles, which reflect the
data population structure (Figure 3). In the first group
the inter-decile interval increased as VP level increased
from “Control” to “High”, mainly as a result of the in-
crease of the high values (high deciles). A similar, but
less distinct trend was found for the deeper soil depth.
Reference [27] also found that the maximum values of
soil properties such as organic matter content, soil mois-
ture, litter biomass and penetration depth changed more
sharply than the minimum ones, which means that
maximum values were found to be more sensitive to VP
than minimum ones. In the previous studies [15,17,31]
increased trampling was accompanied by decreases of
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Figure 3. Deciles of soil properties for different levels of visitors’ pressure at depth 1 for each season. C = “Control”, L =
“Low”, H = “High”; t = time (1 = March, 2 = July). EC = electrical conductivity (dS/m); OM = soil organic matter (%); SM =
soil moisture (%); PD = penetration depth (cm); Ca, Mg, Na, K, CI contents are expressed in meq/kg.

both averages and inter-decile intervals. In the present
study, the averages and Var of the first group increased
with increasing VP as a result of other anthropogenic
factors (see paragraph 5.1) in addition to trampling. The
rates of change of soil properties (decrease or increase)

Copyright © 2013 SciRes.

with VP were sharper for high values than for low ones,
under both of the above opposite trends, which indicates
that higher values were more affected by VP than lower
ones. Furthermore, the “faster” increase of the highest
deciles than of the lower ones is evidence of the anthro-
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pogenic contributions in separate spots (points) that
characterized the spatial distribution of the first group of
soil properties.

The stability of averages and Var of the second group
of properties coincides with the smaller variability of
inter-decile intervals (Figure 3), that highlighted the
“frontal”/homogeneous mechanism which was response-
ble for the spatial organization of these properties.

Generally, CV increased with increasing VP for both
seasons and at both depths (Table 4, Figure 3), as found
also [27]: the CV of Cl increased by up to about eightfold,
and those of Na and EC by up to about 3.7-fold. These
increases were associated with the anthropogenic sources
of these ions and their irregular, “spotty” spatial distribu-
tion.

The homogeneous spatial distribution of the input of
urban dust in this area can account for the low and simi-
lar CVs of pH and Ca in areas with differing VP levels.

5.5. The Evaluation of Sensitivity

The evaluation of sensitivity of soil properties to VP,
season and soil depth is summarized in Table 5. We used
a five-grade scale to characterize the degree of depend-
ence between factors (VP, season and depth) and average
values of properties. We found the influence of VP was
strongest for organic matter, penetration depth and so-
dium content. The seasons (March and July) were the
most significant factor for soil moisture. The depth af-
fected soil properties, especially the organic matter and
calcium contents.

Table S. Evaluation of factors (visitors’ pressure, season
and soil depth) affecting the averages of soil properties.

Soil Visitors’
property Pressure Season Depth
OM 5 1 5
PD 5 - -
SM 1 5 3
pH 2 2 2
Ca 2 3 5
EC 4 4 4
Na 5 3 3
Mg 3 4 4
K 4 1 3
Cl 4 4 4

1 = no significant relationship; 2 = no consistent trend; 3 = partial relation-
ship (significant for up to half of the cases); 4 = most of the cases (there was
no significant relationship in only one case); 5 = always (a significant rela-
tionship in all cases). EC = electrical conductivity (dS/m); OM = soil or-
ganic matter (%); SM = soil moisture (%); PD = penetration depth (cm); Ca,
Mg, Na, K, Cl contents are expressed in meq/kg.

Copyright © 2013 SciRes.

5.6. Integrated Analysis of Soil Properties

5.6.1. Evaluation of Soil Degradation

Degradation of soil status under VP was evaluated from
the differences between the average values of each pro-
perty under “High” and “Control” VP levels in each sea-
son, relative to its average value in “Control” in March:

RDm =(Avg Pi, — AvgPic,, )*100/Avg Pi.,,
RDj = (Avg Piy; — AvgPic,, ) *100 /Avg Pi,,

where: RD = Relative Degradation; Avg = average; Pi =
soil property; H = “High” level of VP; C = “Control”; m
= March; j = July.

The relations between the degradation of all soil prop-
erties together in March and that in July (Figure 4(a))
showed a highly significant positive correlation. The
inclination of the regression curve towards the July
Y-axis shows that soil degradation in July was 2.44 times
greater than that in March.

From the practical point of view our findings highlight
the importance of restricting recreational activity in ur-
ban parks in Mediterranean areas in summer.

5.6.2. Evaluation of Dynamics Intensity

The dynamics intensity (DI) was evaluated for different
levels of VP for all the studied soil properties separately
as:

DI, = (Avg Pig;— AvgPic, )*100 /Avg Pi,
DI, =(Avg Piy — AvgPiy, )*100 /Avg Piy,,
DI, =(Avg Pi,;— AvgPi,,, )*100/Avg Pi,,

in which: DI¢ , DIy and DI} represent the dynamic inten-
sity of “Control”, “High” and “Low” levels of VP, re-
spectively; Avg Picjand Avg Pic, = average of specific
soil property (Pi) in “Control” (C), in July (j) and March
(m), respectively; Avg Piy; and Avg Piy, = average of
specific soil property (Pi), in areas of “High” VP level (H)
in July (j) and March (m) respectively; Avg Pijjand Avg
Pir, = average of specific soil property (Pi) in areas of
“Low” VP level (L) in July (j) and March (m), respect-
tively.

The dynamic intensity, for all studied soil properties
together increased with increasing VP and showed a high
linear positive correlation (Figure 4(b)), which not only
expressed a high dependence between the soil status and
VP, but also showed that increasing VP was accompa-
nied by increasing temporal changes.

6. Conclusions

The urban soil was affected by both natural and anthro-
pogenic factors simultaneously, as reflected in the effects
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Figure 4. Relative degradation (a) and dynamic intensity (b)
at “Low” and “High” levels of visitors’ pressure.

of visitors’ pressure, season, and depth, on the develop-
ment of soil status in the urban park. The effect of visi-
tors’ pressure was characterized by changes in the aver-
age values of soil properties and in their temporal and
spatial heterogeneity.

A strong influence of visitors’ pressure was found on
organic matter content, penetration depth and Na. The
soil moisture showed the greatest dependence on sea-
sonal dynamics, and the effect of depth was highly ex-
pressed in organic matter and Ca contents.

Since, the organic matter content at both depths and in
both seasons was completely controlled by visitors’
pressure, it can be used as an indicator of soil status in
recreation areas.

Copyright © 2013 SciRes.

Some soil properties (organic matter, Na, K, Mg, Cl)
exhibited a “spotty” pattern, whereas others (Ca, soil
moisture, penetration depth) exhibited a “frontal” one as
a result of the type of spatial distribution of the dominant
anthropogenic additions.

The soil at the shallower depth was more sensitive to
visitors’ pressure and seasonal changes than the deeper
layer, and the differences in soil properties between the
depths were greater in the dry season (July) than in the
wet one (March).

Our study showed an increase in the intensity and spa-
tial heterogeneity of soil properties as a result of visitors’
pressure activities, e.g., trampling, food remnants, cats’
excrement and, ashes/charcoal. In other studies trampling
was the dominant element of visitors’ pressure, and it led
to an opposite trend.

Evaluation of the intensity of soil degradation and dy-
namics highlighted the great importance of anthropo-
genic pressure, which influenced the soil status in this
urban park.

The soil degradation under visitors’ pressure was more
strongly expressed in the dry season, and the temporal
changes of the soil increased with increasing visitors’
pressure.

Thus, increased disturbance by visitors’ pressure leads
to increases in spatial heterogeneity and in seasonal
changes of soil properties.

From the practical point of view our findings highlight
the importance of restricting recreational activities in
urban parks in Mediterranean areas in the summer.
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