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Impacts of Recreational Use on Soil Dynamics in Kastamonu Urban Forest

Beyza Bag¢'(?, Senem Giines Sen”

Abstract: This study assessed the effects of recreational use intensity on soil compaction and key physical and chemical soil
properties in the Kastamonu Urban Forest, Turkey. Soil penetration resistance, bulk density, organic matter pH, electrical
conductivity, and soil texture were measured across three land-use types (forest, recreation area, path) at two depths (0-10 cm and
10-20 cm). Results revealed that increasing use intensity significantly elevated soil penetration resistance and bulk density values,
while organic matter decreased, particularly in path and recreation areas. Forest soils consistently showed the lowest soil penetration
resistance (1.18-1.48 MPa) and bulk density (0.86—-0.93 g/cm?3) and the highest organic matter (9-12.4%), highlighting their
protective role. In contrast, path soils exhibited the highest soil penetration resistance (up to 3.7 MPa), bulk density (1.60 g/cm3), and
electrical conductivity (203—205 pS/cm), indicating greater compaction and reduced soil quality. Soil pH ranged from acidic in forest
areas (5.5-5.9) to near-neutral in high-use areas. Correlation analyses confirmed strong links between increased compaction and
reduced organic matter, along with changes in pH and electrical conductivity. Soil texture differences, with higher sand content in
intensively used areas, further contributed to compaction. These findings underscore the critical role of forested areas in maintaining
soil health and highlight the need for sustainable management practices to reduce compaction in urban forests. This research
contributes to understanding human impacts on urban forest soils and informs strategies to balance recreation and ecosystem
conservation.

Keywords: Soil compaction, urban forest, recreational use, soil properties, Kastamonu

Kastamonu Kent Ormaninda Rekreasyonel Kullanimin Toprak Dinamiklerine Etkisi

Ozet: Bu galisma, Tiirkiye'deki Kastamonu Kent Ormani’nda rekreasyonel kullanim yogunlugunun toprak sikismasi ve temel fiziksel
ve kimyasal toprak dzellikleri Gizerindeki etkilerini degerlendirmistir. Toprak penetrasyon direnci, hacim agirhgi, organik madde, pH,
elektriksel iletkenlik ve toprak dokusu; g farkl kullanim alaninda (orman, rekreasyon alani, patika) ve iki derinlikte (0—10 cm ve 10—
20 cm) olgulmistir. Sonuglar, artan kullanim yogunlugunun toprak penetrasyon direnci ve hacim agirligi degerlerini anlamli sekilde
yukselttigini, organik madde miktarinin ise 6zellikle patika ve rekreasyon alanlarinda azaldigini ortaya koymustur. Orman topraklari,
en diuslik toprak penetrasyon direnci (1.18-1.48 MPa) ve hacim agirligi (0.86-0.93 g/cm?) ile en yiksek organik madde igerigini (9—
12.4%) gostermis olup; bu durum, orman alanlarinin toprak sagligini koruyucu roliini vurgulamaktadir. Buna karsilik, patika
topraklari en yilksek toprak penetrasyon direnci (3.7 MPa’ya kadar), hacim agirhgi (1.60 g/cm?) ve elektriksel iletkenlik (203—205
pS/cm) degerlerini sergileyerek daha fazla sikisma ve azalan toprak kalitesini gostermektedir. Toprak pH’i, orman alanlarinda asidik
(5.5-5.9) degerlerden, yiiksek kullanim alanlarinda nétr deger araligina kadar degismektedir. Korelasyon analizleri, artan sikismanin
azalan organik madde miktariyla ve pH ile elektriksel iletkenlikteki degisimlerle guglu bir sekilde iliskili oldugunu dogrulamaktadir.
Ayrica, kullanim yogunlugu fazla olan alanlarda daha yiksek kum igerigi gibi toprak doku farkhliklarinin da sikismayi artirdigi
belirlenmigtir. Bu bulgular, orman alanlarinin toprak sagligini korumadaki kritik rolinu ortaya koymakta ve kentsel ormanlarda
sikismay! azaltacak surdurilebilir ydnetim uygulamalarinin gerekliligine isaret etmektedir. Arastirma, insan etkisinin kentsel orman
topraklari Uzerindeki etkilerini anlamaya katki saglamakta ve rekreasyon ile ekosistem koruma arasinda denge kurulmasina ydnelik
stratejiler gelistiriimesine katkida bulunmaktadir.
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1. Introduction

In recent decades, rapid rural-to-urban migration has led to increasing urbanization rates and,
consequently, excessive population density in cities. This has resulted in heightened physical and mental
pressures on urban residents. To cope with these challenges, individuals seek opportunities for rest, travel,
and leisure activities during their limited free time after work (Uzun & Miderrisoglu, 2010). In this context,
recreation areas have emerged as important spaces that fulfill various needs such as relaxation, entertainment,
and picnicking. Gottman and Glikson defined recreation as the refreshing of the human mind and the
revitalization of life energy, encompassing planned activities that help maintain a healthy life, work efficiently,
and cope with adverse environmental conditions (Balci & ilhan, 2008). Similarly, Mateer et al. (2021) described
recreational activities as voluntary leisure pursuits that individuals engage in for relaxation, enjoyment, and
personal enrichment.

Recreational activities can be broadly classified into two categories based on their spatial characteristics:
"open area" and "indoor" recreation. Open area recreation includes sports such as basketball and volleyball,
as well as nature-based activities like hiking, picnicking, and camping. In modern urban environments
characterized by intense stress and physical demands, the need for nature-based recreation has grown
significantly. Even when individuals do not actively participate, they frequently visit parks, and forests to enjoy
natural scenery or breathe fresh air (Karagar & Goker, 2017). This increasing demand and interest in open
area recreation has important implications for natural communities and habitats (Kissling et al., 2009). Urban
forests, which provide these free and natural spaces on the periphery of cities, host dynamic interactions
between human activities and the surrounding soil, air, and vegetation (Jacsman, 1998; Niemela, 1999).
However, uncontrolled increases in recreational use can disrupt the functioning of these ecosystems and lead
to adverse effects (Gathoni et al., 2022; Hubbard et al., 2022; Stachowiak et al., 2022).

Although recreational activities can contribute positively by enhancing environmental awareness and
fostering a sense of nature conservation (Cole, 1995; Waltert et al., 2002; Hegetschweiler et al., 2009), they
can also have negative environmental impacts on forest ecosystems, particularly soil and vegetation. Problems
such as soil compaction, nutrient depletion, loss of organic matter, vegetation damage, biodiversity loss, land
degradation, and environmental pollution are frequently reported consequences of intensive recreational use
(Ballantyne & Pickering, 2015a; Hakim & Miyakawa, 2018; dos Santos Pereira et al., 2022). Soil compaction
caused by recreational use affects bulk density, porosity, and water retention (Grieve, 2001; Andrés-Abellan et
al., 2005), reducing plant productivity and altering vegetation structure (Jim, 1987; Kutiel et al., 2000).
Additionally, food waste, litter, and ash residues left by visitors can alter key soil properties such as pH, organic
matter content, and nutrient composition (Hart et al., 2005; Arocena et al., 2006; Cole & Spildie, 2007),
subsequently affecting herbaceous vegetation composition (Zhevelev & Sarah, 2008). Long-term field
observations have shown that vegetation cover, plant height, and species diversity decrease in frequently
visited recreational areas (Liddle, 1997; Kutiel & Zhevelev, 2001; Malmivaara et al., 2002; Roovers et al., 2004;
Rusterholz et al., 2009). The severity of these impacts depends on factors such as visitor frequency, type of
recreational activity, soil and vegetation type, and seasonal use (summer or winter) (Cole, 1987; Gallet & Roze,
2001). Consequently, soil compaction has been identified as a priority research topic for developing soil
protection strategies in European Union countries (Van-Camp et al., 2004).

Research on the ecological effects of recreational activities in forest ecosystems highlights that these
activities directly and indirectly affect ecosystem components. Indirect impacts include habitat alterations due
to soil compaction and erosion (Deluca et al., 1998; George & Crooks, 2006). Increased soil bulk density,
reduced porosity, and impaired soil aeration and water movement (Kozlowski, 1999) are key physical changes
that elevate the importance of soil compaction as a factor in ecosystem health. These changes can hinder plant
root development and limit water and nutrient availability, ultimately reducing plant productivity (Whalley, 1995;
Gomez et al., 2002; Soane & Van Ouwerkerk, 2013). Studies on soil compaction’s effects on soil organic
matter, pH, and nutrient content report varying outcomes, including increases or decreases in organic matter
and pH, and mixed results on nutrient composition (Amrein et al., 2005; Andres-Abellan et al., 2005; Glnes
Sen & Aydin, 2024). As compaction progresses, soil moisture content typically declines, reducing infiltration
capacity and water availability (Xuegang & Haosheng, 1999; Settergren & Cole, 1970). However, in sandy
loam soils, compaction can sometimes increase moisture retention due to greater capillary pore space
(Hammitt & Cole, 1999; Aydin & Hinis, 2024).

The degree of soil compaction is influenced by several physical and chemical factors, including soil
texture, pH, cation exchange capacity, clay particle size, organic matter content, and the presence of iron
oxides and aluminum hydroxides, which affect soil cohesion (Assouline et al., 1997). In urban parks, soil
compaction is primarily caused by pedestrian traffic, maintenance activities, and vehicle use. Areas adjacent
to paths and roadsides often experience the most severe compaction, sometimes extending to depths of up to
50 cm (Jim, 1998a; 1998b; Toleti, 2008).

The impacts of recreational use on soil moisture are complex, shaped by factors such as compaction
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level, soil texture, organic matter content, forest canopy density, and exposure to sunlight and wind (Xuegang
& Haosheng, 1999; Settergren & Cole, 1970; Aydin & Demirci, 2024). In particularly sensitive environments—
such as transitional ecosystems and fragile areas heavily used by visitors (Yildiz et al., 2017)—environmental
damage can occur that is difficult to reverse, affecting multiple ecosystem components (Liddle, 1997; Sarginci
etal., 2021).

In light of these findings, this study seeks to address the following research question: Does the intensity
of recreational use in the Kastamonu Urban Forest significantly alter key physical and chemical soil properties,
bulk density, pH, electrical conductivity, soil texture, and loss on organic matter?

This study aims to fill a critical gap in the literature by providing region-specific empirical data on how
recreational pressure alters soil properties in an urban forest ecosystem in Turkey.

2. Materials and Methods
2.1. Study area

The study was conducted in Kastamonu Urban Forest, located approximately 11 km from the central
district of Kastamonu Province in the Western Black Sea Region of Turkey (Figure 1). The area covers 29.5
hectares (OGM, 2017) and is situated at latitude 41°16'23" N and longitude 33°46'43" E, with an average
elevation of 1102 meters. According to data from the nearest meteorological station (Airport Meteorology
Station), operational since 2014, the mean annual temperature between 2014 and 2024 is 11.9°C, and the
average annual precipitation is 671 mm. The Képpen climate classification categorizes the region as “warm in
winter, hot in summer, rainy in all seasons (Cfb)” (Kottek, 2006; Bolik et al., 2023). The area is predominantly
composed of Pinus sylvestris L., with little to no significant understory vegetation. The bedrock consists mainly
of Eocene neritic limestone, characterized by medium-thick bedding, heavy jointing, and a massive gray-beige
structure (Atalay, 2006; Akbas et al., 2011).

Figure 1. Location of the study area

2.2. Sampling Design and Site Classification

To assess the impact of recreational use intensity, we identified three distinct land-use types within the
urban forest: path (walking routes), recreation area (picnic sites with tables and barbecues), and forest area
(areas with minimal human activity). Based on field observations, the recreation area was categorized as the
most intensively used, followed by path, while forest area represented the least-used areas (Figure 2). Although
exact visitor counts were not available, intensity classifications were based on direct field observations,
frequency of human activity, and infrastructure presence (e.g., picnic tables, grills, walking trails).
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Figure 2. Study area identified according to intensity of use (Red: recreation area, Orange: pathway,
Green: forest area)

2.3. Field Data Collection and Soil Analysis

We randomly selected 30 sampling points in each of the three land-use types, totaling 90 sampling sites.
At each point, soil compaction was measured using a hand penetrometer set at a 30° angle (Adedokun et al.,
2023). A 30° insertion angle was chosen to minimize surface resistance artifacts and ensure consistent depth
penetration across varying terrain. Measurements were taken at two depth levels (0—10 cm and 10-20 cm)
and classified using the USDA (1993) soil penetration resistance scale (Table 1).

Table 1. Soil penetration resistance classification

Penetration resistance (MPa) Class
<0,01 Extremely Low
0,01-0,1 Very Low
0,1-1,0 Low
1,0-2,0 Moderate
20-40 High
4,0-8,0 Very High
>8,0 Extremely High

To analyze physical and chemical soil properties, we collected both disturbed and undisturbed soil
samples from each point at both depth levels. In the laboratory, pH and electrical conductivity (EC) were
determined by preparing a 1:2.5 soil-to-water suspension and using digital pH and EC meters (Ozyuvaci, 1971).
Soil texture was analyzed using the hydrometer method (Bouyoucos, 1936; Giulcur, 1974) and classified
according to the USDA soil texture triangle (USDA, 1987). Organic matter content was estimated by igniting
soil samples in a oven at 800°C for 2 hours and calculating weight loss (Gllgur, 1974).

Bulk density was determined using 5 cm steel cylinders for undisturbed soil samples. The bulk density
was calculated by dividing oven-dry soil weights by the volume of the cylinder (Ozyuvaci, 1976). All laboratory
analyses were conducted at the Watershed Management Laboratory, Faculty of Forestry, Kastamonu
University.

2.4. Statistical Analysis

We first evaluated whether the data followed a normal distribution by examining skewness and kurtosis
coefficients, considering values within +1.5 (Tabachnick & Fidell, 2013) and +2 (George & Mallery, 2010) as

252



acceptable. When normality was confirmed, we applied one-way ANOVA or Welch ANOVA to assess
differences between land-use types. Post-hoc tests were used to identify specific group differences. For non-
normally distributed data or variance was not homogeneous, we used the Kruskal-Wallis test. Finally, we
conducted Spearman correlation analyses to assess the strength and direction of associations between soil
compaction and other measured soil properties.

3. Results and Discussion

The mean values of soil compaction and some soil properties measured according to different usage
densities and depths in Kastamonu Urban Forest are given in Table 2.

Table 2. Soil properties in different land uses (0—10 cm and 10-20 cm depths)

Depth Land SPR oM BD pH EC Sand Silt Clay
(cm) Use (MPa) (%) (g/cm?) (uS/cm) (%) (%) (%)
Mean + Meant Mean Meanz Meanzx Mean * Mean = Meanz
SD SD SD SD SD SD SD SD
Forest 1.10 + 12.36 0.93 £ 590+ 132.8+ 446 £ 334+ 219+
Area 0.34 +2.30 0.26 0.41 24.397 6.10 5.31 2.51
0-10 Recrea- 2.33 % 7.76 £ 1.25+ 738+ 137.1% 61.36 £ 22.21 16.44
tion Area 0.54 1.37 0.13 0.40 24.19 9.53 +10.86 +4.91
Path 281+ 510+ 152+ 770+ 205.6% 49.6 345+ 159+
0.65 1.07 0.35 0.44 60.893 +10.78 7.44 5.08
Forest 1.48 £ 896+ 0.86% 545+ 142.4% 48.72 27.28 £ 23.99
Area 0.44 1.44 0.10 0.17 29.431 7.78 7.38 +6.12
1020 Recrea- 2,23+ 6.46 + 1.23 + 782+ 128.1% 58.14 + 22.26 £ 19.59
tion Area 0.39 0.99 0.15 0.57 21.435 6.11 3.95 +5.32
Path 3.70 £ 5.40 1.60 £ 6.70+ 203.2% 48.8 = 304 £ 209+
0.72 0.84 0.32 0.48 59.775 7.29 5.59 7.88

The statistical analysis results demonstrated significant differences in topsoil properties (0—10 cm depth)
among the various land-use types (p < 0.01). Effect sizes (n?) were generally high, ranging from 0.29 to 0.78,
suggesting a strong differentiation in soil characteristics between the groups. Post-hoc comparisons indicated
that the most pronounced differences occurred between the forest (F) and recreation (R) areas. The Kruskal-
Walllis test for electrical conductivity (EC) further confirmed that EC values varied significantly across the
groups. Overall, the findings highlight that land use intensity significantly influences soil quality. Forest areas
(F) maintained superior soil structure, characterized by higher organic matter content and lower bulk density
(BD) and soil penetration resistance (SPR), compared to the recreation (R) and path (P) areas. In contrast, the
recreation and path areas exhibited more pronounced soil compaction and greater organic matter depletion,
reflecting the impact of intensive human activity (Table 3).

Table 3. Statistical test results (ANOVA, Welch ANOVA, Kruskal-Wallis) for topsoil (0-10 cm) soil
properties across different land-use intensities

One Way ANOVA Post-Hoc Test
Levene’s Test F(dfy, dfy) p- n? Test 1-J Mean Std. p-
Test p Used /H value Diff. /H Err. value
SPR 0.007 W 75.27(2, 87) <0.001 0.63 Th F-R -1.146 0.117 0.000
F-P -1.631 0.135 0.000
R-P -0.485 0.155 0.009
OM 0.000 W 147.45(2, <0.001 0.77 Th F-R 4.598 0.489 0.000
87)
F-P 7.291 0.462 0.000
R-P 2.693 0.317 0.000
BD 0.000 w 38.16(2, 87) <0.001 0.47 Th F-R -0.323 0.053 0.000
F-P -0.596 0.080 0.000
R-P -0.273 0.069 0.001
pH 0.585 A 154.05(2, <0.001 0.78 T F-R -1.430 0.107 0.000
87)
F-P -1.780 0.107 0.000
R-P -0.350 0.107 0.005
Sand 0.001 W 27.32(2, 87) <0.001 0.39 Th F-R -16.774 2.066 0.000
R-P 11.783 2.628 0.000
Silt 0.001 w 17.97(2, 87) <0.001 0.29 Th F-R 5.537 1.006 0.000
F-P 6.029 1.034 0.000
Clay  0.004 w 20.71(2, 87) <0.001 0.32 Th F-R 11.239 2.207 0.000
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EC — KW H=41.631 <0.001 0.46 F-R -3.983 6.744 0.555
F-P -39.517 6.744 <0.001
R-P -35.533 6.744 <0.001

Note: p < 0.05 significant differences, n? values are effect size. 1-J: Pairwise group comparison KW: Kuruskall-Wallis, W: Welch
test, A: ANOVA, Th: Tamhane, T: Tukey, F: Forest area, R: recreacional area, P: path, SPR: Soil Penetration Resistance (MPa); OM:
Organic Matter (%); BD: Bulk Density (g/cm3); EC: Electrical conductivity; Electrical Conductivity (uS/cm), Sand (%), Silt (%), Clay (%)

The results indicate that usage intensity exerts significant and statistically robust effects on subsaoil
properties at the 10-20 cm depth (p < 0.001). The effect sizes (n?) were generally high, ranging from 0.07 to
0.83, highlighting strong differentiation in soil characteristics between the land-use types. The findings reveal
that soil degradations, including compaction, organic matter loss, increased pH, and dissolved salt
accumulation, are particularly pronounced in path and recreation areas compared to forested areas. The
protective and ameliorative role of forest cover in maintaining soil quality was clearly demonstrated. Overall,
intensive human activity in recreation and path areas has led to substantial soil degradation (Table 4).

Table 4. Statistical test results (ANOVA, Welch ANOVA, Kruskal-Wallis) for subsoil (0—10 cm) soil
properties across different land-use intensities

One Way Anowa | Post- Hoc test
Levene’s  Test F(dfy, dfy) p- n? Test 1-J Mean Std. p-

Testp Used /H value Diff./H Err. value

SPR 0.000 w 103.590 (2, <0.001 0,75 Th F-R -0,75 0,139 0.000
87)

F-P -2,221 0,139 0.000

R-P -1,471 0,139 0.000

oM 0.003 w 68.729 (2, 87) <0.001 0,65 Th F-R 2,504 0,289 0.000

F-P 3,587 0,289 0.000

R-P 1,083 0,289 0,001

BD 0.000 w 118.073 (2, <0.001 0,68 Th F-R -0,374 0,055 0.000
87)

F-P -0,747 0,055 0.000

R-P -0,373 0,055 0.000

pH 0.000 w 303.814 (2, <0.001 0,83 Th F-R -2,369 0,114 0.000
87)

F-P -1,300 0,114 0.000

R-P 1,069 0,114 0.000

Sand 0.532 A 17.522 (2, 87) <0.001 0,28 T F-R -9,418 1,831 0.000

F-P -0,061 1,831 0.999

R-P 9,357 1,831 0.000

Silt 0.211 A 3.597 (2, 87) <0.001 0,07 T F-R 4,404 1,686 0,028

F-P 3,089 1,686 0,165

R-P -1,314 1,686 0,716

Clay 0.038 w 22.134 (2,87)  0<0.001 0,25 T F-R 5,023 1,500 0,003

F-P -3,104 1,500 0,102

R-P -8,127 1,500 0.000

EC KW H=34.856 <0.001 0.38 F-R 13,300 6,744 1,972

F-P -39,150 6,744 -5,805

R-P -25,850 6,744 -3,833

Note: p < 0.05 significant differences, n? values are effect size. 1-J: Pairwise group comparison KW: Kuruskall-Wallis, W: Welch
test, A: ANOVA, Th: Tamhane, T: Tukey, F: Forest area, R: recreacional area, P: path, SPR: Soil Penetration Resistance (MPa); OM:
Organic Matter (%); BD: Bulk Density (g/cm3); EC: Electrical conductivity; Electrical Conductivity (uS/cm), Sand (%), Silt (%), Clay (%)

The correlation analysis revealed that soil penetration resistance (SPR) is directly associated with a
decrease in organic matter content and an increase in bulk density. Organic matter acts as a mitigating factor,
reducing compaction by enhancing soil structure. Conversely, high visitor density in areas such as paths and
recreation areas contributes to increased bulk density, thereby exacerbating soil compaction. Soil pH and
electrical conductivity (EC) showed slight to moderate correlations with compaction, suggesting that
compaction can influence soil chemistry and potentially alter plant growth conditions. Additionally, the
proportions of sand, clay, and silt, which define soil texture, indirectly influence compaction. Specifically, soils
with higher clay content exhibit a greater tendency for compaction, whereas sandy soils maintain a more
permeable and less compacted structure (Table 5).
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Table 5. Correlation of soil compaction and other soil properties

Mean SD. SPR oM BD pH EC Sand Silt Clay
SPR 2,29 0,99 1
OM 7,67 2,86 -,641" 1
BD 1,23 0,36 ,640™ -583" 1
pH 6,84 0,99 419™ -552" 439" 1
EC 158,19 51,86 ,400™ -436" 344" 0,120 1,000
Sand 51,86 9,94 0,020 -,149° 0,116 305" -0,044 1
Silt 19,81 6,18 -0,113 192" -,230" -,305" -0,087 -522" 1
Clay 28,35 8,55 0,057 0,040 0,043 -0,142 0,100 -770°  -0,129 1

*p<00l *p<0.05

Soil penetration resistance (SPR) ranged from 1.18 MPa to 1.48 MPa in forest areas, 2.23 MPa to 2.33
MPa in recreation areas, and 2.81 MPa to 3.70 MPa in path areas. The lowest SPR values were consistently
observed in forest areas at both depth levels. Welch test results indicated that the most significant difference
in SPR occurred between forest and path areas (-2.221 + 0.139; p < 0.001). Overall, soil penetration resistance
increased in direct proportion to usage intensity. According to the USDA (1993) classification, soils in recreation
and path areas exhibited high compaction levels, whereas forest soils exhibited only moderate compaction
(Figure 3). A strong negative correlation was found between SPR and organic matter content (r = -0.641, p <
0.01), indicating that organic matter mitigates compaction. Moderate positive correlations were observed
between SPR and both pH and EC (r = 0.419, p < 0.01), suggesting that compaction influences soil chemical
properties and may affect plant growth. A strong positive correlation was also observed between SPR and bulk
density (r = 0.640, p < 0.01), confirming that higher compaction is associated with increased soil density.
Collectively, these findings demonstrate that higher usage intensity significantly increases soil compaction, as
reflected in elevated penetration resistance values. These results are consistent with previous studies (Liddle
& Thyer, 1986; Coder, 2000; Talbot et al., 2003; Lei, 2004; Mingyu et al., 2009; Kissling et al., 2009; Adedokun
et al., 2023; Savaci & Abodkar, 2024), which also identified a linear relationship between usage intensity and
soil penetration resistance. Furthermore, soil loss has been reported to accompany soil compaction in
recreational and intensively used areas (Marion & Cole, 1996; Pimentel & Kounang, 1998; Gingor, 2018).

MPa
4

3,5
3
2,5
2
1,5
1
0,5
0

0-10cm 10-20 cm 0-10cm 10-20 cm 0-10cm 10-20 cm

Forest area Recreation Pathway

Figure 3. Variation in soil penetration resistance across land-use types (0-10 cm and 10-20 cm)

Bulk density (BD), a key indicator of soil compaction, ranged from 0.86 g/cm3 to 0.93 g/cm3 in forest
areas, 1.23 g/cm? to 1.25 g/cm3 in recreation areas, and 1.52 g/cm?3 to 1.60 g/cm? in path areas. Forest soils
consistently exhibited lower BD values compared to soils in recreation and path areas. The most pronounced
difference in BD was observed between forest and path areas (p < 0.001). These results highlight that
intensified human activity in recreation and path areas substantially increases bulk density and, consequently,
soil compaction. A strong negative correlation was found between BD and organic matter (r = -0.583, p < 0.01),
indicating that higher organic matter content leads to reduced bulk density and mitigates compaction.
Furthermore, a strong positive correlation between SPR and BD (r = 0.640, p < 0.01) reinforces the link between
soil density and compaction. In recreational and path areas with high visitor density, bulk density increased
significantly, limiting soil porosity and restricting root development, while low bulk density in forest areas

255



reflected better soil structure (Figure 4). Previous studies (Kozlowski, 1999; Coder, 2000; Lei, 2004; Kissling
et al., 2009; Korkang, 2014; Adedokun et al., 2023) similarly demonstrated that recreational activities
significantly increase bulk density and compaction while reducing porosity. According to Celik and Erkmen
(1999), very high bulk density reduces infiltration rates and nitrogen cycling and increases surface runoff in
soils.

grfcm?
1,80
1,60
1,40
1,20
1,00
0,80
0,60
0,40
0,20

0,00
0-10cm 10-20 cm
Forest area

Figure 4. Variation in bulk density across land-use types (0-10 cm and 10-20 cm)

0-10cm 10-20 cm 0-10cm 10-20 cm

R

Recreation Pathway

Organic matter (OM) content, a key indicator of soil water retention capacity, fertility, and microbial
activity, was highest in forest areas (12.4% and 9% at both soil depths). In contrast, the lowest OM values were
consistently observed in the path areas (5.1% and 5.4%). While forest areas maintained high OM content,
significant reductions were noted in recreation and path areas. The forest-path comparison revealed substantial
differences in OM, with a 7.291 + 0.462 (p < 0.001) difference in topsoil and a 3.587 + 0.289 (p < 0.001)
difference in subsoil, underscoring the vital role of forest ecosystems in the organic matter cycle. Conversely,
intensive use in path areas accelerated OM loss (Burden & Randerson, 1972). Overall, OM content decreased
in parallel with increasing usage intensity. Strong negative correlations were observed between OM and both
bulk density (r =-0.583, p < 0.01) and pH (r = -0.552, p < 0.01). Higher OM content improves soil structure and
reduces bulk density, thereby mitigating compaction. Increased OM also contributes to the production of
organic acids and microbial activity, leading to decreased pH, which may negatively impact soil fertility and
biological processes (Figure 5). These results align with previous studies (Grieve, 2001; Yuksek, 2009; Cakir
et al., 2010; Korkang, 2014), which reported lower OM levels in recreational areas with high usage intensity.
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Figure 5. Variation in organic matter across land-use types (0—10 cm and 10-20 cm)

-20 cm

In forest areas with low usage intensity, soil pH ranged from 5.5 to 5.9, indicating an acidic environment.
In contrast, recreation areas with the highest usage intensity exhibited neutral to near-neutral pH values,
ranging from 7.38 to 7.82. Path areas displayed neutral pH values between 6.7 and 7.7. Significant differences
in soil pH were observed across the groups, with the path area showing particularly high pH differences in both
topsoil and subsoil (p < 0.001). These patterns suggest that topsoil loss and alkaline soil reactions are dominant
in path areas. In high-use areas, enhanced organic matter mineralization and increased soil base content
contributed to elevated pH (Figure 6). Conversely, pH values decreased in areas with lower usage intensity
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and reduced compaction. The strongest negative correlation was found between pH and organic matter (r = -
0.552, p < 0.01), while the strongest positive correlations were observed with bulk density (r = 0.439, p < 0.01)
and soil penetration resistance (r = 0.419, p < 0.01). Soil pH is closely linked to soil structure (loose versus
compact), organic matter content, and textural properties. Consistent with the present findings, several studies
have reported pH increases with usage intensity (Kutiel et al., 2000; Sarah & Zhevelev, 2007). However, other
studies have found no significant changes in pH (Lei, 2004; Kissling et al., 2009; Korkang, 2014), while some
suggest that compacted soils may exhibit more acidic conditions due to organic matter loss (Burden &
Randerson, 1972; Monti & Mackintosh, 1979).
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Electrical conductivity (EC) values ranged from 132 uS/cm to 142 uS/cm in forest soils, 128 uS/cm to
137 uS/cm in recreation area soils, and 203 puS/cm to 205 uS/cm in path soils (Figure 7). Kruskal-Wallis test
results indicated that the highest EC values were consistently observed in path areas (H = 41.631 and H =
34.856; p < 0.001). Elevated EC levels in path areas suggest increased dissolved salt concentrations, likely
resulting from intensive use and topsoil loss. This is particularly important given the implications for soil fertility
and plant nutrient uptake (Sarah et al., 2016). A moderate negative correlation was observed between EC and
organic matter (r = -0.436, p < 0.01), indicating that organic matter can mitigate salt accumulation. Conversely,
a moderate positive correlation between EC and soil compaction (r = 0.400, p < 0.01) suggests that compaction
can enhance soil salinity by restricting ion movement.
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Figure 7. Variation in EC across land-use types (0—10 cm and 10-20 cm)

The soil texture for the 0—10 cm and 10-20 cm depth is presented in Figure 8. Based on international
grain size classification, the soils in all three land-use types were classified as sandy clay loam (Cepel, 1996).
In the topsoil, the sand content in recreation areas—where use intensity is highest—was approximately 1.5
times greater than in forest and path areas. Soil texture analysis revealed that forest areas had a more balanced
and stable structure, with a significantly lower sand ratio compared to recreation areas (p < 0.001). The forest
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soils also exhibited higher silt and clay contents, underscoring the erosion prevention and soil stabilization
functions of forest cover. In the subsoil, the recreation area again had the highest sand content, while the
lowest clay content was observed in recreation areas at both depth levels. Silt content was consistently lowest
in recreation and path areas. A strong negative correlation was found between sand and clay content (r = -
0.770, p < 0.01). Overall, sand and clay densities were shown to vary according to land-use type; in high-use
areas, clay content decreased while sand content increased. Previous research suggests that when clay
content drops below 35%, soil becomes more susceptible to compaction, negatively affecting plant root
development (McKyes, 1985).
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Figure 8. Variation in soil texture across land-use types (0—10 cm and 10-20 c¢m)

4. Conclusion

This study reveals that recreational activities significantly affect soil properties in the Kastamonu Urban
Forest, with the most intense usage in path and recreation areas. The increased visitor density in these areas
led to substantial soil compaction, reflected in higher soil penetration resistance and bulk density, alongside a
decrease in organic matter and changes in pH and electrical conductivity. These findings underscore the
importance of regulating human activity to maintain soil health. Future studies should explore the comparative
effectiveness of biological, chemical, and physical soil improvement methods to inform sustainable
management strategies and long-term planning for urban forest ecosystems.

5. Acknowledgement

This study was financially supported by TUBITAK through the "2209-A Research Project Support
Programme for Undergraduate Students” with the application number of 1919B012326521.

6. Compliance with Ethical Standard
a) Author Contributions
1. SGS .: Conceptualization, process, software, verification, formal analysis, research, materials, authoring the
first draft, composing the review, and editing, visualization, and oversigh,
2. BB.: Process, materials, data curation, authoring the first draft. The published version of the manuscript has
been read and approved by both authors.
b) Conflict of Interests
There is no conflict of interest, according to the authors.

c) Statement on the Welfare of Animals

Not relevant

258



d) Statement of Human Rights

There are no human subjects in this study.

e) Funding

This study was supported by TUBITAK with the application number of 1919B012326521.
7. References

Adedokun, B.C., McHenry, M.T. & Kirkpatrick, J.B. 2023. Informal camping on the margin of wild country:
Early indicators of degradation and potential for some positive nature conservation outcomes. Land
Degradation & Development 34: 3867-3880. doi:10.1002/Idr.4722.

Akbas, B., Akdeniz, N., Aksay, A. & et al. 2011. 1:1.250 000 6lgekli Turkiye Jeoloji Haritasi. Maden Tetkik
ve Arama Genel Mudurligu Yayini, Ankara, Turkiye.

Amrein, D., Rusterholz, H.-P. & Baur, B. 2005. Disturbance of suburban Fagus forests by recreational
activities: effects on soil characteristics, above-ground vegetation and seed bank. Applied Vegetation Science
8:175-182.

Andres-Abellan, M., Benayas del Alamo, J., Landete-Castillejos, T., Lopez-Serrano, F.R., Garcia-Morote,
F.A. & Del Cerro-Barja, A. 2005. Impacts of visitors on soil and vegetation of the recreational area "Nacimiento
del Rio Mundo" (Castilla-La Mancha, Spain). Environmental Monitoring and Assessment 101: 55-67.

Arocena, J.M., Nepal, S.K. & Rutherford, M. 2006. Visitor-induced changes in the chemical composition
of soils in backcountry areas of the Mt Robson Provincial Park, British Columbia, Canada. Journal of
Environmental Management 79: 10-19.

Assouline, S., Tessier, D. & Tavares-Filho, J. 1997. Effect of compaction on soil physical and hydraulic
properties: Experimental results and modeling. Soil Science Society of America Journal 61(2): 390-398.

Atalay, i. 2006. Toprak olusumu, siniflandiriimasi ve cografyasi. Cevre ve Orman Bakanli§i Yayini,
Ankara, Turkiye.

Aydin, M. ve Hinis, AS (2024). Farkli Tag Kapanigh Saricam Mescerelerinde Bazi iklim Faktérlerinin
Toprak Nemi Uzerine Etkileri. Menba Kastamonu Universitesi Su Uruinleri Fakiiltesi Dergisi , 10 (2), 85-92.

Aydin, M., & Demirci, K. (2024). Farkli Arazi Kullanimlarinin Yiizeysel Akis Uzerindeki Etkileri. Menba
Kastamonu Universitesi Su Uriinleri Fakiiltesi Dergisi, 10(2), 43-54.

Balci, V. & ilhan, A. 2006. Tirkiye’deki Giniversite 6grencilerinin rekreatif etkinliklere katilim diizeylerinin
belirlenmesi. Spormetre Beden Egitimi ve Spor Bilimleri Dergisi 4(1): 11-18.

Ballantyne, M. & Pickering, C.M. 2015a. The impacts of trail infrastructure on vegetation and soils:
Current literature and future directions. Journal of Environmental Management 164: 53-64.
doi:10.1016/j.jenvman.2015.08.032

Boluk, E., Eskioglu, O., Calik, Y. & Yagdan, S. 2023. Képpen iklim siniflandirmasina goére Tuirkiye iklimi.
T.C. Cevre Sehircilik ve iklim Degisikligi Bakanliyi Meteoroloji Genel Midirligl, iklim ve Zirai Meteoroloji
Dairesi Bagkanligi, iklim ve iklim Degisikligi Sube Mudurliigi, Ankara, Tirkiye.

Bouyoucos, G.J. 1936. Directions for making mechanical analysis of soils by the Hydrometer method.
Soil Science 42(3): 225-229.

Burden, R.F. & Randerson, P.F. 1972. Quantitative studies of the effects of human trampling on
vegetation as an aid to the management of semi-natural areas. Journal of Applied Ecology 9: 439-457.

Coder, K.D. 2000. Defining soil compaction: sites & trees. Extension Publication 00-4. Warnell School of
Forest Resources, University of Georgia, Athens, GA, ABD.

Cole, D.N. 1987. Effects of three seasons of experimental trampling on five montane forest communities
and a grassland in Western Montana, USA. Biological Conservation 40: 219-244.

Cole, D.N. 1995. Experimental trampling of vegetation. I. Relationship between trampling intensity and
vegetation response. Journal of Applied Ecology 32: 203-221.

Cole, D.N. & Spildie, D.R. 2007. Vegetation and soil restoration on highly impacted campsites in the
Eagle Cap Wilderness, Oregon. Gen. Tech. Rep. RMRS-GTR 185, USDA, Fort Collins, CO, ABD, 26 s.

Cakir, M., Makineci, E. & Kumbasli, M. 2010. Comparative study on soil properties in a picnic and
undisturbed area of Belgrad forest. istanbul. Journal of Environmental Biology 31(1): 125-128.

Celik, A. & Erkmen, Y. 1999. Toprak frezesinde degisik tip bicaklarla toprak islemenin kiglik bugdayda
tarla filizi gikigina ve verimine olan etkileri. Atatiirk Universitesi Ziraat Fakiiltesi Dergisi 30(1): 55-62.

Cepel, N. 1996. Toprak ilmi. istanbul Universitesi Yayin No: 3945, Orman Fakiiltesi Yayin No: 438, 286
s., Istanbul, Tirkiye (Turkge).

Deluca, T.H., Patterson IV, W.A., Freimund, W.A. & Cole, D.N. 1998. Influence of llamas, horses, and
hikers on soil erosion from established recreation trails in western Montana, USA. Environmental Management

259



22(2): 255-262.

dos Santos Pereira, L., Rodrigues, A.M., do Carmo Oliveira Jorge, M., Guerra, A.J.T., Booth, C.A. &
Fullen, M.A. 2022. Detrimental effects of tourist trails on soil system dynamics in Ubatuba Municipality, Sao
Paulo State, Brazil. Catena 216: 106431. doi:10.1016/j.catena.2022.106431.

Gallet, S. & Roze, F. 2001. Resistance of Atlantic heathlands to trampling in Brittany (France): influence
of vegetation type, season and weather conditions. Biological Conservation 97: 189-198.

Gathoni, B., Munayi, S.P. & Wanijira, J. 2022. Impact of recreation activities in the national parks on
vegetation, soil, water and wild game in the Central Kenya Region. Dedan Kimathi University of Technology,
Nyeri, Kenya.

George, D. & Mallery, M. 2010. SPSS for Windows step by step: A simple guide and reference, 17.0
update (10. baski). Pearson, Boston, ABD.

George, S.L. & Crooks, K.R. 2006. Recreation and large mammal activity in an urban nature reserve.
Biological Conservation 133(1): 107-117.

Gomez, A., Powers, R.F., Singer, M.J. & Horwath, W.R. 2002. Soil compaction effects on growth of
young ponderosa pine following litter removal in California's Sierra Nevada. Soil Science Society of America
Journal 66(4): 1334-1343.

Gulcur, F. 1974. Physical and Chemical Soil Analysis Methods. istanbul Universitesi Orman Fakiiltesi
Yayinlari, istanbul, Tirkiye (Tirkge).

Glnes Sen, S., & Aydin, M. 2024. Farkh Mescere Turlerinde Ormanalti Yagis, Govdeden Akis ve
intersepsiyonun Belirlenmesi. Menba Kastamonu Universitesi Su Uriinleri Fakiiltesi Dergisi, 10(1), 115-123.

Glingor, B. $. 2018. Cultural ecosystem services and recreational use: a review study in Belgrad Forest,
Istanbul. Journal of Multidisciplinary Research in Sustainability 1(1): 30-55.

Hakim, L. & Miyakawa, H. 2018. Integrating ecosystem restoration and development of recreation sites
in degraded tropical mountain areas in East Java, Indonesia. AIP Conference Proceedings 2019.
doi:10.1063/1.5061886.

Hammitt, W.E. & Cole, D.N. 1999. Wildland recreation ecology and management. Journal of Range
Management 52: 678-678.

Hart, S.C., DelLuca, T.H., Newman, G.S., MacKenzie, M.D. & Boyle, S.I. 2005. Post-fire vegetative
dynamics as drivers of microbial community structure and function in forest soils. Forest Ecology and
Management 220: 166-184.

Hegetschweiler, K.T., van Loon, N., Ryser, A., Rusterholz, H.P. & Baur, B. 2009. Effects of fireplace use
on forest vegetation and amount of woody debris in suburban forests in Northern Switzerland. Environmental
Management 43: 299-310.

Hubbard, T., Cove, M.V. & Lafferty, D.J. 2022. Human recreation impacts seasonal activity and
occupancy of American black bears (Ursus americanus) across the anthropogenic-wildland interface. Scientific
Reports 12: 12201.

Jim, C.Y. 1987. Trampling impacts of recreationists on picnic sites in a Hong Kong country park.
Environmental Conservation 14(2): 117-127.

Jim, C.Y. 1998a. Soil characteristics and management in an urban park in Hong Kong. Environmental
Management 22: 683-695.

Jim, C.Y. 1998b. Urban soil characteristics and limitations for landscape planting in Hong Kong.
Landscape and Urban Planning 40: 235-249.

Karagar, E. & Goker, G. 2017. Orman igi rekreasyon alanlarinin ekolojik agidan incelenmesi. Journal of
Recreation and Tourism Research 4(4): 35-42.

Kissling, M., Hegetschweiler, K.T., Rusterholz, H.P. & Baur, B. 2009. Short-term and long-term effects
of human trampling on above-ground vegetation, soil density, soil organic matter and soil microbial processes
in suburban beech forests. Applied Soil Ecology 42(3): 303-314.

Korkang, S.Y. 2014. Impacts of recreational human trampling on selected soil and vegetation properties
of Aladag Natural Park, Turkey. Catena 113: 219-225.

Kottek, M., Grieser, J., Beck, C., Rudolf, B. & Rubel, F. 2006. World map of the Képpen-Geiger climate
classification updated. Meteorologische Zeitschrift 15: 259-263.

Kozlowski, T.T. 1999. Soil compaction and growth of woody plants. Scandinavian Journal of Forest
Research 14: 596-619.

Kutiel, P. & Zhevelev, Y. 2001. Recreational use impact on soil and vegetation at picnic sites in Aleppo
pine forests on Mount Carmel, Israel. Israel Journal of Plant Sciences 49: 49-56.

Kutiel, P., Zhevelev, H. & Lavee, H. 2000. Coastal dune ecosystems: Management for conservation
objective. lll. Soil response to three vegetation types to recreational use. Journal of Mediterranean Ecology 1:
171-179.

Lei, S.A. 2004. Soil compaction from human trampling, biking, and off-road motor vehicle activity in a
blackbrush (Coleogyne ramosissima) shrubland. Western North American Naturalist 64(1): 125-130.

260



Liddle, M.J. 1997. Recreation Ecology: The Ecological Impact of Outdoor Recreation and Ecotourism.
Springer, 639 s.

Liddle, M.J. & Thyer, N.C. 1986. Trampling and fire in a subtropical dry sclerophyll forest. Environmental
Conservation 13: 33-39.

Malmivaara, M., Lofstrém, I. & Vanha-Majamaa, |. 2002. Anthropogenic effects on understorey
vegetation in Myrtillus type urban forests in southern Finland. Silva Fennica 36: 367-381.

Marion, J.L. & Cole, D.N. 1996. Spatial and temporal variation in soil and vegetation impacts on
campsites. Ecological Applications 6: 520-530.

Mateer, T.J., Rice, W.L., Taff, B.D., Lawhon, B., Reigner, N. & Newman, P. 2021. Psychosocial factors
influencing outdoor recreation during the COVID-19 pandemic. Frontiers in Sustainable Cities 3: 621029.

Mc Kyes, E. 1985. Soil Cutting and Tillage. Developments in Agricultural Engineering 7. Elsevier Science
Publishers, B.V., Amsterdam, Hollanda.

Mingyu, Y., Hens, L., Xiaokun, O. & Wulf, R.D. 2009. Impacts of recreational trampling on sub-alpine
vegetation and soils in Northwest Yunnan, China. Acta Ecologica Sinica 29: 171-175.
doi:10.1016/j.chnaes.2009.07.005.

Monti, P.W. & Mackintosh, E.E. 1979. Effect of camping on surface soil properties in the boreal forest
region of northwestern Ontario, Canada. Soil Science Society of America Journal 43(5): 1024-1029.

Jacsman, J. 1998. Konsequenzen der intensiven Erholungsnutzung fir die Wélder im stadtischen Raum.
Schweizerische Zeitschrift fir Forstwesen 149: 423-439.

Niemeld, J. 1999. Ecology and urban planning. Biodiversity and Conservation 8: 119-131.

OGM. 2017. Generel Directorate of Forestry, Department of Non-Wood Products and Services,
Statistical Regions. Erisim tarihi: 30 Haziran 2017. https://www.ogm.gov.tr/Baskanliklar/OdunDisiUr
unveHizmetler/Sayfalar/Odun-Disi-Urun-veHizmetler.aspx

Ozyuvaci, N. 1971. Topraklarda erozyon egiliminin tesbitinde kullanilan bazi énemli indeksler. istanbul
Universitesi Orman Fakiiltesi Dergisi 21: 190-207.

Ozyuvaci, N. 1976. Hydrologic characteristics of the Arnavutkdy Creek watershed as influenced by some
plant—soil-water relations. istanbul Universitesi Orman Fakiiltesi Yayin No: 2082. Kutulmug Matbaasi, istanbul,
Tarkiye (Turkge).

Pimentel, D. & Kounang, N. 1998. Ecology of soil erosion in ecosystems. Ecosystems 1: 416-426.

Roovers, P., Verheyen, K., Hermy, M. & Gulinck, H. 2004. Experimental trampling and vegetation
recovery in some forest and heathland communities. Applied Vegetation Science 7: 111-118.

Rusterholz, H.P., Kissling, M. & Baur, B. 2009. Disturbance by human trampling alters the performance,
sexual reproduction and genetic diversity in a clonal woodland herb. Perspectives in Plant Ecology, Evolution
and Systematics 11: 17-29.

Sarah, P., Zhevelev, H.M. & Oz, A. 2016. Human activities modify soil properties in urban parks: a case
study of Tel Aviv-Jaffa. Journal of Soils and Sediments 16: 2538-2547.

Sarginci, M., Yesil, Z.B., Dénmez, A.H. & Yildiz, O. 2021. istanbul kent ormaninda arazi kullanim
yogunluguna bagh toprak 6zelliklerinin degisimi. Diizce Universitesi Bilim ve Teknoloji Dergisi 9(2): 899-914.

Savaci, G.,, & Abokdar, K. M. M. 2024. Effects of Soil Compaction on Vegetation and Soil
Physicochemical Properties in Recreational Areas: A Case Study of Kastamonu. Kastamonu University Journal
of Forestry Faculty, 24(1), 22-40.

Settergren, C.D. & Cole, D.M. 1970. Recreation effects on soil and vegetation in the Missouri Ozarks.
Journal of Forestry 68(4): 231-233.

Soane, B.D. & Van Ouwerkerk, C. 2013. Soil Compaction in Crop Production. Elsevier, Amsterdam,
Hollanda.

Stachowiak, C., Crain, B.J., Kroetz, K., Sanchirico, J.N. & Armsworth, P.R. 2022. The impact of
recreational use and access on biotic and abiotic disturbances on areas protected by local communities and a
state conservation agency. Journal for Nature Conservation 68: 126216.

Tabachnick, B.G. & Fidell, L.S. 2013. Using multivariate statistics (6. baski). Pearson, Boston, ABD.

Talbot, L.M., Turton, S.M. & Graham, A.W. 2003. Trampling resistance of tropical rainforest soils and
vegetation in the wet tropics of North east Australia. Journal of Environmental Management 69: 63-69.

Toleti, B.V.M.R. 2008. Urban forest soil characteristics: a geostatistical analysis of Allan Gardens Park,
Toronto, Canada. Master of Spatial Analysis Tezi, Department of Geography, Ryerson University, Toronto,
Kanada.

USDA. 1987. Soil mechanics level I. Module 3 — USDA textural soil classification study guide. National
Employee Development Staff, Soil Conservation Service, United States Department of Agriculture,
Washington, DC, ABD.

USDA. 1993. Soil Survey Manual. Soil Survey Division Staff, Washington, DC, ABD, 139 s.

Uzun, S. & Muderrisoglu, H. 2010. Kirsal rekreasyon alanlarinda kullanici memnuniyeti: Bolu Gélcik
ormanigi dinlenme yeri érnegi. Siileyman Demirel Universitesi Orman Fakiiltesi Dergisi A(1): 67-82.

261



Van-Camp, L., Bujarrabal, B., Gentile, A.R., Jones, R.J.A., Montanarella, L., Olazabal, C. &
Selavaradjou, S.K. 2004. Reports of the Technical Working Groups Established Under the Thematic Strategy
for Soil Protection. Office for Official Publication of the European Communities, Luxemburg, EUR 21319 EN/6.

Waltert, B., Wiemken, V., Rusterholz, H.-P., Boller, T. & Baur, B. 2002. Disturbance of forest by trampling:
Effects on mycorrhizal roots of seedlings and mature trees of Fagus sylvatica. Plant and Soil 243: 143-154.

Whalley, W.R., Dumitru, E. & Dexter, A.R. 1995. Biological effects of soil compaction. Soil & Tillage
Research 35: 53-68.

Xuegang, F. & Haosheng, B. 1999. Studies of impacts of tourism on vegetation and soil. Journal of
Natural Resources 14(1): 75-78.

Yildiz, O., Altundag, E., Cetin, B., Glner, $.T., Sarginci, M. & Toprak, B. 2017. Afforestation restoration
of saline-sodic soil in the Central Anatolian Region of Turkey using gypsum and sulfur. Silva Fennica 51(1B):
1-17.

Yuksek, T. 2009. Effect of visitor activities on surface soil environmental conditions and aboveground
herbaceous biomass in Ayder Natural Park. Clean 37(2): 170-175.

Zhevelev, H. & Sarah, P. 2008. The effect of visitors’ pressure on the spatial variability of sandy soil in
an urban parks in Tel Aviv. Environmental Monitoring and Assessment 142: 35-46.

262



