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Abstract. The uniqueness of the Carpathian Mountain Forest ecosystems, a large part of which
belongs to nature conservation areas, attracts a significant number of visitors annually. Intensive
tourist flow on popular hiking trails leads to recreational digression, topsoil compaction,
development of erosion processes and deterioration of forests. The research aims to determine
the impact of recreation as an external mechanical impact on soil compaction by determining the
soil penetration resistance under the canopy of predominant spruce stands. For this purpose, soil
penetration resistance was measured with a penetrometer along two hiking trails within the root
layer of the soil at four measuring sites at different distances from the hiking trail. In general,
under the canopy of a forest stand, the soil cover is not homogeneous and the obtained penetration
resistance values are characterised by considerable variability. It was revealed that for the “Zelene
village — Uhorski skeli rocks” hiking trail in the areas close to the path (up to 20 m) there is a
significant increase in soil penetration resistance compared to remote areas: at a depth of 10 cm it
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Mountain recreation impact on changes...

doubles, at a depth of 20 cm - by 20-40%, but with further deepening, the penetration resistance
level off. At the same time, for the more popular “To Mount Pip Ivan Chornohirskyi” hiking trail,
in the area adjacent to the trailbed, the penetration resistance reaches 19.6 kg-cm in the upper
10 cm layer, and at a depth of 30 c¢m, it peaks at 37.8 kg-cm? (over 3 MPa), which affects the root
spatial distribution of spruce forests. Intensive erosion processes due to soil compaction with an
increase in soil penetration resistance above 60 kg:cm? (~6 MPa) are observed on the trailbed.
The practical significance of the results obtained, and the established patterns is to complement
existing methods for assessing the degree of recreational digression in mountainous conditions

and can be the basis for designing measures to regulate tourist flows and restore affected areas

Keywords: soil compaction; digression; hiking trail; penetrometer; ecosystem

Introduction

Mountain ecosystems are the most valuable
in Europe by species richness and ecological
importance (14.8% of the Carpathians are in
Ukraine), which requires nature conservation
areas establishment on territory. At the same
time, the preserved uniqueness of mountain
ecosystems compared to commercial forests
attracts visitors, and the number of visitors is
constantly growing (State Statistics..., 2021).
According to the terms of use of protected are-
as (The Law of Ukraine..., 1992), recreation re-
quires compliance with the protection plans of
protected natural complexes and a differentiat-
ed approach according to functional zoning. In
the area of regulated or stationary recreation,
any activity that may lead to environmental
degradation and decrease the recreational val-
ue of the territory of the national nature park is
prohibited.

The Carpathian region is characterised by
various types of tourism, including mountain
tourism (hiking), skiing, cycling, natural histo-
1y, equestrian, cultural, recreational, and health
tourism, etc. C. Pickering et al. (2010) conclud-
ed that equestrian tourism, jeeping and cycling,
and off-road rallies cause the most damage on
hiking trails. These impacts include soil deg-
radation, changes in vegetation cover, reduc-
tion of biodiversity, fragmentation of forests,

and concentration and development of tourist
infrastructure. For mass tourism in mountain
national parks, there are problems with regu-
lation and compliance with the rules of stay in
protected areas, which are slow to recover to
ecological balance. In general, the most signifi-
cant negative impacts on mountain ecosystems
occur when tourism is uncontrolled.

The mismatch between demand, the ex-
isting functional zoning and the recreational
capacity of the Carpathian territories affects
natural communities due to the excessive con-
centration of visitors in the most popular tour-
ist destinations. As a result, a high degree of
recreational degradation is observed in some
areas, which is primarily reflected in the de-
terioration of the soil condition and physical
properties and leads to irreversible changes
in the vegetation cover. ]. Toivio et al. (2017)
found that disturbed soil fosters to decrease in
the forest ecosystems productivity, which leads
to the loss of ecosystem services, especially
regulating, supporting and resource provision-
ing. Forest soils have lower strength and lower
bulk density compared to soils of open areas
(pastures), which makes them more sensitive
to external mechanical stresses (Blanco-Can-
qui et al., 2005; Bormann & Klaassen, 2008).
X. Hao et al. (2008) noted that the assessment
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of soil changes under anthropogenic impact is
based on soil penetration resistance, density,
and porosity. Even slight compaction can affect
important ecosystem processes and lead to the
deterioration of soil chemical and/or physical
properties (Ampoorter et al., 2007; S. Yao et al.,
2015). D. Sinnett et al. (2008) found that soil
compaction leads to reduced porosity, reduced
nutrient mineralisation rates, modified struc-
ture, and thus impeded root development. The
processes of soil compaction have a cumulative
effect. Long-term soil compaction affects not
only aeration but also changes soil moisture
regime. D. Jordan et al. (2003) stated that un-
der significant mechanical stress, the growth
rate and penetration capacity of roots decrease,
which leads to a decrease in the rate of water
and nutrient absorption.

External mechanical impact on the soil in-
creases its penetration resistance (Frey et al.,
2011; Cambi et al., 2016). Soil penetration re-
sistance is a physical property of soil that de-
pends on its bulk density, texture (Imhoff et al.,
2016), moisture content (Junior et al., 2014),
porosity (Holthusen et al., 2018), structural
particle size, pH, mineral and organic content.
The study of soil penetration resistance due to
external mechanical impact is important for as-
sessing recreational load (Budakova et al., 2021).

The Carpathian National Nature Park
(CNNP) is characterised by forest ecosys-
tems represented mainly by spruce stands
(Kravchynskyi et al., 2018). The ecological resil-
ience of spruce forests is declining and is asso-
ciated with significant sensitivity to global cli-
mate change (Lavnyi & Pelukh, 2019), and the
development of tourism activities in the region
add pressure on forest ecosystems. As a result
of high recreational impact, the above-ground
vegetation is disturbed, and the upper soil lay-
ers containing the root system of European
spruce are compacted and destroyed (Brusak
& Malets, 2018). Following N.V. Yorkina et al.

(2020), the stage of recreational degradation in
forest natural complexes is determined based
on a description of the state of the grass and
moss cover, forest litter, tree stand, understo-
rey, and the recreation coefficient. The work of
V. Brusak (2018) allows to estimate the recrea-
tional digression of the micro terrain of hiking
trails by the volume of material removed from
1 m? of the trailbed. However, the study of the
impact of recreational activities on changes in
the physical properties of the root-contained
soil layer is not complete.

The research aims to assess changes in the
soil penetration resistance of spruce stands in
the Carpathians, caused by external mechanical
stresses from recreational impacts.

Materials and Methods

Sample plots are in forest stands within the Iva-
no-Frankivsk region (Fig. 1), which represents
the main part of the Ukrainian Carpathians.
More than 40% of the Carpathian region is cov-
ered by forests and 24% of the region’s moun-
tain forests are classified as nature reserve fund
of Ukraine (Kiseliuk et al. 2009).

Spruce forests occupy 79% of the Carpathi-
an NNP forests and 73% of them are natural.
Four sample plots were established at an alti-
tude between 1030 m and 1095 m a.s.l. within
the pure spruce high-altitude vegetation belt.
The coordinates and characteristics of the
study plots are given in Table 1.

To assess the degree of impact of recrea-
tional activity on the territory of the Carpathian
NNP and adjacent tourist sites, the soil pene-
tration resistance values along two hiking trails
were measured and analysed. Penetration re-
sistance measurements were carried out using a
LAN-M PRO penetrometer (Ukraine). This is the
most common approach for assessing the soil
penetration resistance (Dexter et al., 2007). The
LAN-M PRO penetrometer provides soil pene-
tration resistance measurements every 2.5 cm
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soil profile depth. Soil penetration resistance
was measured in the upper 40 cm soil layer,
due to the peculiarities of the stands root sys-
tems distribution under the canopy in which
the measurements were conducted. All data
were collected throughout September 2021
for all studied stands. Soil penetration resist-
ance was determined along two trails: “Zelene
village — Uhorski skeli rocks” (SP1, SP2, SP3)
and “To Mount Pip Ivan Chornohirskyi” (SP4).
The penetration resistance measurements

were taken with a gradual remoteness from
the trail line away into the forest ecosystems
(Fig. 2). Thus, the sample plot SP4 is located
adjoint to the “To Mount Pip Ivan Chornohir-
skyi” hiking trail (5 m from the centre). For
the “Zelene village — Uhorski skeli rocks” hik-
ing trail, 3 temporal sample plots were estab-
lished, including SP1 (5 m from the centre) ad-
jacent to the trail line, and SP3 (40 m from the
centre) and SP2 (20 m from the centre) located
deep in the forest.

Figure 1. Location of sample plots on hiking trails
Source: compiled by the authors based on QGIS geoinformation system

Table 1. General characteristics of the sample plots in spruce stands
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“Zelene village — Uhorski skeli rocks” hiking trail

48.041077°N South- 80% b
SP1 | 1095 | 5 94.776265°F <2 West 48 NS-B I 254 32.4

48.041410°N North- 93% .
SP2 | 1090 | 20 94.776077°E <2 East 67 NS-B I 26.4 28.3
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Table 1, Continued
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48.043020°N North- 86% .
SP3 | 1040 | 40 94.773406°F 8 East 62 NS-B I 24.9 26.7
“To Mount Pip Ivan Chornohirskyi” hiking trail
48.004258°N 9 b
SP4 | 1030 | 5 94.668548°F 18 South 58 100% NS I 29.3 31.5

Note: TSP — temporal sample plot; sample plots SP1-3 along the “Zelene village — Uhorski skeli rocks” hiking
trail, sample plot SP4 is located along the “To Mount Pip Ivan Chornohirskyi” hiking trail; NS — Norway spruce;
NS-B — Norway spruce with admixture of European beech

Source: compiled by the authors
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Figure 2. Schematic representation of the experiment setup
on the route “Zelene village — Uhorski skeli rocks” hiking trail

Source: compiled by the authors based on QGIS geoinformation system

Penetration resistance measurements on
each sample plot were made in 20 replicates,
with each measurement made at a distance of
at least 1 m from the nearest tree. Abnormally
high or low values were not considered in fur-
ther analysis. In addition, penetration resist-
ance measurements were made in 5 replicates
on the trailbeds, opposite to the sample plots.
FIELD-M Archive Viewer 2.3 was used to visual-
ise the extrapolated soil penetration resistance
values within the sample plots. Differences
between soil penetration resistance values at
different depths within each sample plot were

determined using One-way ANOVA followed by
Tukey’s HSD post hoc test. Two-Way ANOVA
and Tukey’s HSD were used to compare the pen-
etration resistance values at different depths
along the two trails. All statistical analyses were
performed using the R software (Version 4.0.2)
(The R Project..., n.d.). The following packages
were used to analyse and graphically interpret
the results: “psych”, “ggplot2”, and “ggppubr”.

Results and Discussion

The obtained penetration resistance values
for all sample plots are highly variable. A brief
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description of the soil penetration resistance
for the sample test SP1 on the “Zelene village —
Uhorski skeli rocks” hiking trail is shown in Ta-
ble 2. This plot is characterised by an increase
in soil penetration resistance up to a depth of
22.5cmfrom 0.3 to 25.5kg-cm2. With the further

immersion of the penetrometer in the soil up 40
cm depth, the values levelled off and the mean
value ranged from 12.7 to 15.5 kg-cm2. Similar
results were obtained by Budakova et al. (2021),
where soil penetration resistance values in-
creased significantly up to a depth of 25-30 cm.

Table 2. Descriptive statistics of soil penetration resistance values
on the “Zelene village — Uhorski skeli rocks” hiking trail (SP1)

Descriptive statistics

e ations Median | g standard se ~standard| siewness | Kurtoss
0 2.1 2 1.38 0.31 0.39 -1
2.5 4.7 4.6 1.82 0.41 -0.21 -0.6
5 8 8.1 2.23 0.5 0.09 -0.99
7.5 9.7 10.1 3.04 0.68 -1.06 1.6
10 12 12.2 2.28 0.51 -0.03 -1.03
12.5 14.6 14.2 2.98 0.67 0.22 -1
15 14 14 2.36 0.53 0.18 -0.67
17.5 14.3 14 0.78 0.19 -1.18
20 16.4 17.1 2.94 0.66 -0.25 -1.34
22.5 19.8 20.9 3.83 0.86 -0.04 -1.66
25 19 16.8 4.21 0.94 0.56 -1.19
217.5 15.3 15.4 2.23 0.51 -0.16 -0.43
30 15.3 15.5 2.26 0.53 0.45 0.38
32.5 15.5 15.6 2.08 0.5 -0.53 -0.25
35 12.7 12.8 2.95 0.72 -0.33 -0.03
375 15.4 16 2.05 0.5 -0.4 -1.26
40 14.7 14.1 1.49 0.36 0.64 -0.61

Source: compiled by the authors

The graphical interpretation of soil pen-
etration resistance values distribution on the
sample plot SP1 on the “Zelene village — Uhor-
ski skeli rocks” hiking trail is shown in Figure 3.

The results of a one-way ANOVA indicate
a statistically significant difference between
the mean values of soil penetration resistance
(p<0.05) for different categories of soil depth.
Up to a depth of 20 cm, which is characterised
by the highest rates of soil root distribution in
spruce forests (Yukhnovskyi et al., 2020), there
is a sharp increase in soil penetration resist-
ance, and at a depth of 30-40 cm, there is a

gradual decrease. The results of the post hoc
Tukey’s HSD test indicate that the mean val-
ues of penetration resistance at a depth of 10-
20 and 30-40 cm are similar (p=0.986). Thus,
the sample plot SP1 is exposed to the highest
external impact due to its location. Therefore,
the presence of forest litter, vegetation cover,
and topsoil are crucial for preventing the ero-
sion processes development (Zuazo & Plegue-
zuelo, 2008). Following (Zhukov et al., 2021),
topography and stand characteristics can ex-
plain 30-50% of the spatial variation in soil
penetration resistance.
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Figure 3. Distribution of soil penetration resistance with depth
on the sample plot SP1 on the “Zelene village — Uhorski skeli rocks” hiking trail

Source: compiled by the authors

With 20 m distance from the “Zelene vil-
lage — Uhorski skeli rocks” hiking trail, sample
plot SP2 was surveyed (Table 3).

Similarly, to the SP1, which is directly
adjacent to the hiking trail, a trend towards
an increase in penetration resistance with
depth is observed at a distance of 20 m from
the trail. The lowest soil penetration resist-
ance values (1.3 kg-cm2) were observed in the

upper layer at a depth of 5 cm, and the max-
imum mean value was at a depth of 25 cm,
with the further immersion of the penetrom-
eter, the values gradually decrease, i.e., the
compaction of the soil decreases. A graph-
ical representation of the soil penetration
resistance values distribution at SP2 on the
“Zelene village — Uhorski skeli rocks” hiking
trail is shown in Figure 4.

Table 3. Descriptive statistics of soil penetration resistance values
on the “Zelene village — Uhorski skeli rocks” hiking trail (SP2)

Descriptive statistics
e s | Median | Sandard | se sndard | Sicewness | Kurtosis
0 2.6 2.6 0.91 0.25 0.66 -0.02
2.5 3.7 3.9 0.25 -0.43 -0.9
5 6.6 6.7 1.34 0.37 -0.13 -0.97
7.5 9.2 10.1 2.16 0.6 -0.66 -0.92
10 12 12.4 2.59 0.72 -0.17 -1.1
12.5 13.6 13 3.74 1.04 0.09 -1.68
15 14.6 14.7 4.14 1.15 -0.36 -1.42
17.5 14.7 17.1 4.82 1.34 -0.46 -1.4
20 14.3 14.8 3.38 1.07 0.13 -1.41
22.5 16.8 16.8 4.33 1.37 0.09 -1.58
25 18.1 18.1 4.82 1.52 0.01 -1.8
27.5 17.6 17.3 5.24 1.66 0.08 -1.55
30 16.8 16.2 5.33 1.69 0.63 -1.13
32.5 15.3 14 5.47 1.73 0.9 -0.75
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Table 3, Continued

Descriptive statistics
Pephcm | e peneaion | weaian | S stndant | se ot | gness | ot
35 14.3 12.5 5.14 1.71 0.92 -0.8
375 13.4 11.9 4.58 1.53 1.03 -0.67
40 12.4 11.8 4.94 1.65 0.98 -0.2

Source: compiled by the authors
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Figure 4. Distribution of soil penetration resistance with depth
on the sample plot SP2 on the “Zelene village — Uhorski skeli rocks” hiking trail

Source: compiled by the authors

In general, for the sample plot SP2, there is
a sharp increase in soil penetration resistance
in the upper layers, which reaches its peak at
a depth of 20-30 cm, followed by a gradual de-
crease at a depth of 30-40 cm. A statistically sig-
nificant difference (p<0.05) was found between
the mean values of penetration resistance for
different categories of soil layer depths, and ac-

cording to the results of Tukey’s HSD test, no
significant differences (p=0.977) were found for
soil layers 10-20 cm and 30-40 cm.

The most distant from “Zelene village
— Uhorski skeli rocks” hiking trail is the SP3
plot. The results of the study of soil penetra-
tion resistance values at this site are presented
in Table 4.

Table 4. Descriptive statistics of soil penetration resistance values
on the “Zelene village — Uhorski skeli rocks” hiking trail (SP3)

Descriptive statistics
e beneanor, | Median | g standard | se ~sandard | giewmess | Kurtosis
0 1.6 1.3 0.69 0.21 0.68 -0.8
2.5 2.6 2.5 0.99 0.31 0.31 -1.31
5 4 4.3 1.8 0.57 -0.06 -1.76
7.5 5.3 4.1 2.93 0.93 0.54 -1.52
10 6.6 6.2 4.24 1.36 0.28 -1.51
12.5 9.7 11 4.62 1.46 -0.65 -1.26
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Table 4, Continued

Descriptive statistics
e ey | Median | 4 S | 5¢ S | seness | Kurtosis
15 11.4 12.4 5.02 1.59 -0.63 -1.18
17.5 11.2 13.2 5.16 1.63 -0.32 -1.77
20 11.6 12.9 5.05 1.6 -0.33 -1.21
22.5 13.6 14 3.54 1.12 0.33 -0.21
25 15.2 15.7 3.57 1.13 -0.59 0.61
27.5 15.9 16.6 3.9 1.23 -1.33 1.37
30 15 15.6 4.11 1.3 -0.97 0.39
32.5 14.6 15.3 3.99 1.26 -0.27 -0.71
35 14.2 13.2 4.14 1.31 0.81 -0.18
37.5 15.8 16 4.3 1.36 0.32 -0.75
40 16.7 16.7 4.89 1.55 0.3 -1.3

Source: compiled by the authors

A gradual increase in the soil resistance to
penetration is observed up to a depth of 27.5 cm
and varies along the entire profile from 0.7 to
24.3 kg-cm2. The distribution of values by depth

N w IS
S S S

Penetration resistance, kg-cm?
3

=)

indicates the absence of a certain trend in the
skewness. The distribution of penetration resist-
ancevaluesat SP3onthe “Zelenevillage - Uhorski
skeli rocks” hiking trail is illustrated in Figure 5.

0-10 10-20

20-30 30-40

Soil depth, cm

Figure 5. Distribution of soil penetration resistance with depth
on the sample plot SP3 on “Zelene village — Uhorski skeli rocks” hiking trail

Source: compiled by the authors

The rapid increase in penetration resist-
ance is observed only up to a depth of 20 cm and
then the values have less variability with depth.
The mean values of penetration resistance for
different depth categories have a statistically
significant difference (p<0.05) according to the
results of One-way ANOVA, but with a depth
of more than 20 cm, the mean values of pen-

etration resistance do not differ significantly
(p=0.993). That is, the soil structure is homoge-
neous with a gradual increase in its penetration
resistance capacity.

The forest environment is extremely het-
erogeneous, including in the sample plot SP1
(Fig. 6), with the upper soil layers having a
loose structure and low penetration resistance.
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Under the influence of trees, the greatest var-
iations in soil penetration resistance were ob-
served compared to the influence of herbaceous
vegetation (Kunakh et al., 2022). Furthermore,
the “Zelene village — Uhorski skeli rocks” hiking
trail is also subject to periodic use of forestry
vehicles. Forestry activities and recreational
pressure accelerate the compaction of the soil
and lead to a decrease in soil moisture, impaired
infiltration, and reduced moisture available for

plant growth (Deng et al., 2003). The use of log-
ging machines or illegal use of trucks on hiking
trails has a significant impact on soil structure:
overall soil porosity decreases by 20% and the
number of macropores decreases by 50-60%
(Teepe et al., 2004). Importantly, according to
S. Yasar Korkang (2014), 500 times of walking
along the trail almost doubles the penetration
resistance in its upper layer, from 3.78 kg-cm
t0 6.06 kg-cm™.

Figure 6. Extrapolated soil penetration resistance data at SP1 along the “Zelene village — Uhorski
skeli rocks” hiking trail: a) 10 cm; b) 20 cm; ¢) 30 cm; d) 40 cm

Source: compiled by the authors

The sample plot SP4 is located along the
“To Mount Pip Ivan Chornohirskyi” hiking
trail in the Carpathian National Nature Park
and under regular recreational use. Accord-
ing to the results of short-term monitoring,
periodic illegal use of trucks for recreational
purposes was recorded on this trail. The trail is
characterised by significant soil layer erosion
(up to 1 m relative to the level of undisturbed
soil profile under the forest canopy), which
causes inconvenience to tourists who use the
trailside as a detour, thus disturbing the struc-

ture of the ground vegetation cover and for-
est litter. The central part of the tourist trails
undergoes the greatest changes in the soil
environment and vegetation condition. Due
to the significant soil compaction, it was not
possible to determine the penetration resist-
ance values on the trailbed itself, as the topsoil
compaction exceeded the maximum permissi-
ble values of the penetrometer (60 kg-cm™ or
6 MPa). The penetration resistance of the soil
was measured in the area adjacent to the edges
of the trail (Table 5).
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Table 5. Descriptive statistics of soil penetration resistance values
on the “To Mount Pip Ivan Chornohirskyi” hiking trail (SP4)

Descriptive statistics

e ation, Median *j standard se = sandard | seumess | Kurtosi
0 4.2 2.3 3.31 1.25 0.46 -1.78
2.5 10.1 10.4 3.68 1.36 -0.4 -1.03
5 15.2 16.4 4.03 1.52 -0.19 -1.79
7.5 16.6 16.2 2.07 0.78 -0.37 -1.47
10 19.7 17.9 5.24 1.98 0.39 -1.79
12.5 23 23.7 4.47 1.69 -0.4 -1.29
15 25.6 26.3 4.48 1.69 -0.06 -1.85
17.5 29.2 29.4 3.74 1.41 0.34 -1.42
20 30.9 31.6 6.25 2.36 0.1 -1.93
22.5 27 25.7 2.64 1 0.34 -1.92
25 254 25.5 0.96 0.36 0.01 -1.86
27.5 27.6 29.1 4.63 1.75 -0.02 -1.99
30 27.2 25.7 5.45 2.06 0.84 -0.73
32.5 27.8 29.6 3.99 1.51 -0.53 -1.73
35 28.2 29.3 3.6 1.36 -0.24 -1.51
375 29.9 31.3 5.17 1.95 -0.44 -1.6
40 26.5 274 2.62 0.99 -0.73 -1.19

Source: compiled by the authors

In the sample plot SP4, a sharp increase in
the penetration resistance in the upper layers
is present. The highest value was 37.8 kg-cm™
at a depth of 30 cm. The summary results of
soil penetration resistance are illustrated in
Figure 7. The upper 0-10 cm layer has a wide
range of values. At the depth of 10-20 cm, there

is a significant soil compaction and an increase
in the penetration resistance. One-way ANO-
VA showed no significant differences (p>0.05)
for the resistance values at the depths of 10-
20 cm, 20-30 cm, and 30-40 cm. Only the upper
0-10 cm layer had significantly lower penetra-
tion resistance values.

Figure 7. Distribution of soil penetration resistance indicators with depth
on the sample plot SP4 on the “To Mount Pip Ivan Chornohirskyi” hiking trail

Source: compiled by the authors
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Thus, all the studied sites under the spruce
canopy are characterised by an increase in
soil penetration resistance with depth. With
a decrease in the distance to the trailbed the
mean values of penetration resistance increase
throughout the depth of the soil profile. Simi-
lar results on the trend of increasing soil pen-
etration resistance while approaching the trail
are reported by V.S. Budakova et al. (2021) for
recreational facilities in the urban ecosystem.
Moreover, J. Deng et al. (2003) determined that
the closest areas to hiking trails are most af-
fected by recreation in the Zhangjiajie National
Forest Park in China.

Two-Way ANOVA and Tukey’s HSD test
were used to compare the penetration resist-
ance values along the hiking trails at different
depths. For the sample plots on the “Zelene vil-
lage — Uhorski skeli rocks” hiking trail (SP1 and
SP2), there was no statistically significant dif-
ference across the entire depth of the soil pro-
file, despite the heterogeneity of the soil profile
at SP1. The soil penetration resistance values
in the top 20 cm layer were significantly differ-
ent for SP1 and SP3, for SP3 and SP2 (p<0.05),
which may indicate the presence of external
mechanical impacts on the soil along the same
trail. With increasing depth, the difference in
penetration resistance is completely levelled.
The soil penetration resistance along the pop-
ular “To Mount Pip Ivan Chornohirskyi” hiking
trail (SP4) is significantly higher compared to
the areas on the “Zelene village — Uhorski skeli
rocks” hiking trail. The reasons for this are rec-
reational use, soil erosion along the trail, illegal
use of vehicles, and the lower thickness of the
soil profile and bedrock outcrops. On the popu-
lar “Prypir-Zaroslyak” and “To Mount Hoverla”
hiking trails, according to V. Brusak (2018) for
the Carpathian NNP, at the final stage of topo-
graphy transformation the disturbance of the
soil cover (denuded surface) extends to a depth
of 60 cm. According to this research, the volume

of soil material washed from a trail segment can
reach 0.5 m? per 1 m? and cause a catastrophic
level of degradation.

According to (Sinnett et al., 2008), soil pen-
etration resistance in the range of 2 to 3 MPa
(approximately 20-30 kg-cm2) significantly im-
pedes the development of root systems. Pene-
tration resistance above 3 MPa causes a sharp
decrease in the root distribution, as 70% of
roots are formed in soil layers with a penetra-
tion resistance of less than 2 MPa and 90% of
roots in soils with a penetration resistance of
less than 3 MPa. The results obtained for the
two hiking trails indicate significant fluctua-
tions in soil penetration resistance. Along the
“To Mount Pip Ivan Chornohirskyi” hiking trail,
the penetration resistance values vary from
13.2 kg-em? (~1.3 MPa) in the upper layers to
28.1 kg-cm? (~2.8 MPa) at depth. The compac-
tion of surface soil layers due to recreational
activities significantly impede the spread of
European spruce root systems in mountain for-
est ecosystems. Penetration resistance values
of more than 2 MPa mainly occur at a depth
of more than 20 cm, where decrease in the Eu-
ropean spruce root distribution was observed
(Yukhnovskyi et al., 2020).

The impact of soil compaction on its abil-
ity to function as a vital ecosystem has been
studied in more detail than the duration of
soil recovery processes. For soils, where for-
estry activities are performed , the predicted
duration for the full recovery of the soil to its
natural state can be 50-70 years (Mohieddinne
et al., 2019). The process of restoring soil cover
in the upper layers (0-40 cm) can take decades,
especially for areas disturbed by large vehicles,
and without additional restoration treatments
(Pousse et al., 2022). According to (Goutal et al.,
2013; Bonnaud et al., 2019), the processes of
restoring the natural density and penetration
resistance capacity of the soil are much faster
than the restoration of water and air regimes. At
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the same time, the restoration of the upper soil
layers to their natural state is faster compared
to the deeper layers. The restoration of natural
resistance is influenced by both physical factors
and the activities of living organisms.

Conclusions

The forests of the Ukrainian Carpathians on
the territory of the nature reserve fund, espe-
cially the National Nature Parks, are attractive
objects for various types of tourism, including
uncontrolled tourism. Conventional methods
for assessing the impact of recreation on for-
est ecosystems are based on a description of
the state of living ground cover, forest litter,
tree stand, understory and undergrowth, and
the recreation coefficient, but little regard for
changes in the soil profile.

In mountainous conditions, active recrea-
tional activities cause soil compaction, which
increases penetration resistance, reduces soil
erosion resistance, and affects forest growth
conditions. Soil compaction reduces porosity,
which inhibits the development of European
spruce root systems. Soil penetration resist-
ance values of more than 3 MPa, which are
limiting for root distribution, are observed in
areas of forests adjacent to hiking trails and are
characteristic of a depth of 10-20 cm. Directly
on the hiking trails, there is a complete tram-
pling of vegetation and forest litter, and ero-
sion processes are developing, which is caused

by significant soil compaction with a penetra-
tion resistance more than 60 kg-cm? (~6 MPa).
In the studied areas, there is a heterogeneity
of soil penetration resistance values, which is
influenced by both environmental factors (oc-
currence of bedrock, activity of soil fauna, root
systems, etc.) and anthropogenic factors (tour-
ism, forestry machinery). Soil penetration re-
sistance decreases by 20-40% with the distance
from the hiking trails into the spruce forest. The
decrease in penetration resistance indicates a
decrease in external mechanical impact on the
upper soil layers, living ground vegetation and
root systems of trees.

The Ukrainian Carpathians have favoura-
ble conditions for ecotourism development, but
sustainable development need to be promoted
as well as careful use of recreational potential,
and therefore comply with the regulations for
visiting nature conservation areas.

The study of soil compaction processes cre-
ates the prerequisites for a regulatory assess-
ment of the recreation impact and facilitates the
scientific basis for planning measures to pro-
mote the restoration of the soil physical condi-
tion and restore forest ecosystems natural state.

Conflict of Interest
The authors declare no conflict of interest.
Acknowledgements

None.

References
[1] Ampoorter, E., Goris, R., Cornelis, W.M., & Verheyen, K. (2007). Impact of mechanized logging
on compaction status of sandy forest soils. Forest Ecology and Management, 241(1-3), 162-174.

doi: 10.1016/j.foreco.2007.01.019.

[2] Blanco-Canqui, H., Lal, R., Owens, L.B., Post, W.M., & Izaurralde, R.C. (2005). Strength
properties and organic carbon of soils in the North Appalachian region. Soil Science Society of
America Journal, 69, 663-673. doi: 10.2136/sssaj2004.0254.

[3] Bonnaud, P, Santenoise, Ph., Tisserand, D., Nourrisson, G., & Ranger, J. (2019). Impact of compaction
on two sensitive forest soils in Lorraine (France) assessed by the changes occurring in the perched
water table. Forest Ecology and Management, 437, 380-395. doi: 10.1016/j.foreco.2019.01.029.

Vol. 14, No. 1, 2023

Ukrainian Journal of Forest and Wood Science 67


https://www.sciencedirect.com/science/article/abs/pii/S0378112707000291
https://www.sciencedirect.com/science/article/abs/pii/S0378112718316670?via%3Dihub

Mountain recreation impact on changes...

[4] Bormann, H., & Klaassen, K. (2008). Seasonal and land use dependent variability of soil
hydraulic and soil hydrological properties of two Northern German soils. Geoderma, 145, 295-
302. doi: 10.1016/j.geoderma.2008.03.017.

[5] Brusak,V.(2018). Methodological aspects of the study of recreational digression of microrelief
tourist’s routes. Problems of Geomorphology and Paleogeography of the Ukranian Carpathians
and Adjacent Areas, 1(8), 108-120.

[6] Brusak, V.P., & Malets, V.B. (2018). Recreational digression on tourist routes “On Hoverla
mount” in Carpathian National Nature Park. In Natural resources of the region: problems of use,
revitalization and protection. Materials of the 3™ scientific seminar (pp. 58-63). Lviv: Ivan Franko
National University of Lviv.

[7] Budakova, V.S., Yorkina, N.V., Telyuk, P.M., Umerova, A.K., Kunakh, O.M., & Zhukov, O.V.
(2021). Impact of recreational transformation of soil physical properties on micromolluscs in
an urban park. Biosystems Diversity, 29(2), 78-87. doi: 10.15421/012111.

[8] Cambi, M., Certini, G., Fabiano, F., Foderi, C., Laschi, A., & Picchio, R., (2016a). Impact of
wheeled and tracked tractors on soil physical properties in a mixed conifer stand. IForest, 9,
89-94. doi: 10.3832/ifor1382-008.

[9] Deng,]., Qiang, S., Walker, G.J., & Zhang, Y. (2003). Assessment on and perception of visitors’
environmental impacts of nature tourism: A case study of Zhangjiajie National Forest Park,
China. Journal of Sustainable Tourism, 11(6), 529-548. doi: 10.1080/09669580308667219.

[10] Dexter, A.R., Czyz, E.A., & Gate, O.P. (2007). A method for prediction of soil penetration
resistance. Soil and Tillage Research, 93(2), 412-419. doi: 10.1016/j.still.2006.05.011.

[11] Frey, B., Niklaus, P.A., Kremer, J., Liischer, P., & Zimmermann, S. (2011). Heavy-machinery
traffc impacts methane emissions as well as methanogen abundance and community structure
in oxic forest soils. Applied and Environmental Microbiology, 77, 6060-6068. doi: 10.1128/
AEM.05206-11.

[12] Goutal, N., Renault, P., & Ranger, J. (2013). Forwarder traffic impacted over at least four
years soil air composition of two forest soils in northeast France. Geoderma, 193-194, 29-40.
doi: 10.1016/j.geoderma.2012.10.012.

[13] Hao, X., Ball, B.C., Culley, J.L.B., Carter, M.R., Parkin, G.W., Carter, M.R., & Gregorich, E.G.
(2008). Sail density and porosity. In M.R. Carter, & E.G. Gregorich (Eds.), Soil sampling and
methods of analysis (pp. 743-759). Manitoba: Canadian Society of Soil Science.

[14] Holthusen, D., Brandt, A.A., Reichert, ].M., & Horn, R. (2018). Soil porosity, permeability and
static and dynamic strength parameters under native forest/grassland compared to no-tillage
cropping. Soil and Tillage Research, 177, 113-124. doi: 10.1016/j.still.2017.12.003.

[15] Imhoff, S., Pires da Silva, A., Ghiberto, P.J., Tormena, C.A., Pilatti, M.A., & Libardi P.L. (2016).
Physical quality indicators and mechanical behavior of agricultural soils of Argentina. PLOS
ONE, 11(4), article number e0153827. doi: 10.1371/journal.pone.0153827.

[16] Jordan, D., Ponder, F.]., & Hubbard, V.C. (2003). Effects of soil compaction, forest leaf litter and
nitrogen fertilizer on two oak species and microbial activity. Applied Soil Ecology, 23, 33-41.
doi: 10.1016/50929-1393(03)00003-9.

[17] Junior, D.D.V., Biachini, A., Valadao, F.C.A., & Rosa, R.P. (2014). Penetration resistance
according to penetration rate, cone base size and different soil conditions. Bragantia, 73(2),
171-177. doi: 10.1590/brag.2014.013.

Vol. 14, No. 1, 2023 Ukrainian Journal of Forest and Wood Science 68


https://doi.org/10.1016/j.geoderma.2008.03.017
https://www.academia.edu/84358554/Methodological_Aspects_of_the_Research_of_Recreational_Degression_of_Microreleif_of_the_Tourist_s_Routes
https://www.academia.edu/84358554/Methodological_Aspects_of_the_Research_of_Recreational_Degression_of_Microreleif_of_the_Tourist_s_Routes
https://www.academia.edu/38206837/%D0%A0%D0%95%D0%9A%D0%A0%D0%95%D0%90%D0%A6%D0%86%D0%99%D0%9D%D0%90_%D0%94%D0%98%D0%93%D0%A0%D0%95%D0%A1%D0%86%D0%AF_%D0%9D%D0%90_%D0%A2%D0%A3%D0%A0%D0%98%D0%A1%D0%A2%D0%98%D0%A7%D0%9D%D0%9E%D0%9C%D0%A3_%D0%9C%D0%90%D0%A0%D0%A8%D0%A0%D0%A3%D0%A2%D0%86_%D0%9D%D0%90_%D0%93%D0%9E%D0%A0%D0%A3_%D0%93%D0%9E%D0%92%D0%95%D0%A0%D0%9B%D0%90_%D0%A3_%D0%9A%D0%90%D0%A0%D0%9F%D0%90%D0%A2%D0%A1%D0%AC%D0%9A%D0%9E%D0%9C%D0%A3_%D0%9D%D0%9F%D0%9F
https://www.academia.edu/38206837/%D0%A0%D0%95%D0%9A%D0%A0%D0%95%D0%90%D0%A6%D0%86%D0%99%D0%9D%D0%90_%D0%94%D0%98%D0%93%D0%A0%D0%95%D0%A1%D0%86%D0%AF_%D0%9D%D0%90_%D0%A2%D0%A3%D0%A0%D0%98%D0%A1%D0%A2%D0%98%D0%A7%D0%9D%D0%9E%D0%9C%D0%A3_%D0%9C%D0%90%D0%A0%D0%A8%D0%A0%D0%A3%D0%A2%D0%86_%D0%9D%D0%90_%D0%93%D0%9E%D0%A0%D0%A3_%D0%93%D0%9E%D0%92%D0%95%D0%A0%D0%9B%D0%90_%D0%A3_%D0%9A%D0%90%D0%A0%D0%9F%D0%90%D0%A2%D0%A1%D0%AC%D0%9A%D0%9E%D0%9C%D0%A3_%D0%9D%D0%9F%D0%9F
https://ecology.dp.ua/index.php/ECO/article/view/1087
https://doi.org/10.3832/ifor1382-008
https://doi.org/10.3832/ifor1382-008
https://www.tandfonline.com/doi/abs/10.1080/09669580308667219
https://www.sciencedirect.com/science/article/abs/pii/S0167198706001401
https://journals.asm.org/doi/10.1128/AEM.05206-11
https://journals.asm.org/doi/10.1128/AEM.05206-11
https://www.sciencedirect.com/science/article/abs/pii/S0016706112003655?via%3Dihub
https://www.niordc.ir/uploads/86_106_Binder1.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0167198717302283?via%3Dihub
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0153827
https://www.sciencedirect.com/science/article/abs/pii/S0929139303000039?via%3Dihub
https://www.scielo.br/j/brag/a/wTCLmbxbLfCJ4YhJrfNDmqK/?lang=en

Ivanenko et al.

[18] Kiseliuk, O., Prykhodko, M., Yavorskyi, A., Abramiuk, Y., Belei, M., Belmeha, V., & Yaremen M.
(2009). Carpathian National Nature Park. Ivano-Frankivsk: Foliant.

[19] Kravchynskyi, R.L., Motruk, M.V., & Stefurak, O.M. (2018). The reasons for the weakening of
the biotic stability of spruce trees in the Carpathian National Park. In Today’s of the biological
science (pp. 135-136). Sumy: Sumy State Pedagogical University named after A.S. Makarenko.

[20] Kunakh, O., Zhukova, Y., Yakovenko, V., & Daniuk, O. (2022). Influence of plants on the spatial
variability of soil penetration resistance. Ekoldgia (Bratislava), 41(2), 113-125. doi: 10.2478/
eko-2022-0012.

[21] Lavnyi, V., & Pelukh, O. (2019). Distribution and analysis of the state of secondary spruce
stands in the Ukrainian Carpathians. Proceedings of the Forestry Academy of Sciences of Ukraine,
19, 60-67. doi: 10.15421/411927.

[22] Mohieddinne, H., Brasseur, B., Spicher, F., Gallet-Moron, E., Buridant, J., Kobaissi, A., &
Horen, H. (2019). Physical recovery of forest soil after compaction by heavy machines, revealed
by penetration resistance over multiple decades. Forest Ecology and Management, 449, article
number 117472. doi: 10.1016/j.foreco.2019.117472.

[23] Pickering, C.M., Hill, W., Newsome, D., & Leung, Y.-F. (2010). Comparing hiking, mountain
biking and horse riding impacts on vegetation and soils in Australia and the United
States of America. Journal of Environmental Management, 91(3), 551-562. doi: 10.1016/j.
jenvman.2009.09.025.

[24] Pousse, N., Bonnaud, P., Legout, A., Darboux, F., & Ranger, J. (2022). Forest soil penetration
resistance following heavy traffic: A 10-year field study. Soil Use and Management, 38, 815-835.
doi: 10.1111/sum.12730.

[25] Sinnett, D., Morgan, G., Williams, M., & Hutchings, T.R. (2008). Soil penetration resistance
and tree root development. Soil Use and Management, 24(3), 273-280. doi: 10.1111/j.1475-
2743.2008.00164.x.

[26] State Statistics Service of Ukraine (2021). Tourism activities in Ukraine. Retrieved from http://
www.ukrstat.gov.ua/operativ/operativ2019/tyr/tyr _dil/arch_tyr dil.htm.

[27] Teepe, R., Brumme, R., Beese, F., & Ludig, B. (2004). Nitrous oxide emission and methane
consumption following compaction of forest soils. Soil Science Society of America Journal, 68,
605-611. doi: 10.2136/sssa2j2004.6050.

[28] The Law of Ukraine No. 2456-XII “On the Nature Reserve Fund of Ukraine”. (1992, June).
Retrieved from https://zakon.rada.gov.ua/laws/show/2456-12#Text.

[29] The R Project for statistical computing. (n.d.). Retrieved from http://www.R-project.org/.

[30] Toivio,].,Helmisaari, H.S., Palviainen, M., Lindeman, H., Ala-Iloméki, J., Sirén, M., & Uusitalo, J.
(2017). Impacts of timber forwarding on physical properties of forest soils in southern Finland.
Forest Ecology and Management, 405, 22-30. doi: 10.1016/j. foreco.2017.09.022.

[31] Yao, S., Teng, X., & Zhang, B. (2015). Effects of rice straw incorporation and tillage depth
on soil puddlability and mechanical properties during rice growth period. Soil and Tillage
Research, 146, 125-132. doi: 10.1016/j. still.2014.10.007.

[32] Yasar Korkang, S. (2014). Impacts of recreational human trampling on selected soil and
vegetation properties of Aladag Natural Park, Turkey. CATENA, 113, 219-225. doi: 10.1016/j.
catena.2013.08.001.

Vol. 14, No. 1, 2023 Ukrainian Journal of Forest and Wood Science 69


https://www.researchgate.net/profile/Vitaliy-Nazarenko/publication/268808851_831_Bezhrebetni/links/54884d2b0cf2ef34479074db/831-Bezhrebetni.pdf
https://core.ac.uk/download/pdf/286697282.pdf
https://core.ac.uk/download/pdf/286697282.pdf
https://doi.org/10.2478/eko-2022-0012
https://doi.org/10.2478/eko-2022-0012
https://doi.org/10.2478/eko-2022-0012
http://fasu.nltu.edu.ua/index.php/nplanu/article/view/295
https://www.sciencedirect.com/science/article/pii/S0378112719303925
https://pubmed.ncbi.nlm.nih.gov/19864052/
https://pubmed.ncbi.nlm.nih.gov/19864052/
https://doi.org/10.1111/sum.12730
https://doi.org/10.1111/sum.12730
https://www.academia.edu/22210825/Soil_penetration_resistance_and_tree_root_development
https://www.academia.edu/22210825/Soil_penetration_resistance_and_tree_root_development
http://www.ukrstat.gov.ua/operativ/operativ2019/tyr/tyr_dil/arch_tyr_dil.htm
http://www.ukrstat.gov.ua/operativ/operativ2019/tyr/tyr_dil/arch_tyr_dil.htm
https://acsess.onlinelibrary.wiley.com/doi/abs/10.2136/sssaj2004.6050
http://www.R-project.org/
https://www.sciencedirect.com/science/article/pii/S0378112717307119
https://www.sciencedirect.com/science/article/pii/S0167198714002165
https://www.sciencedirect.com/science/article/pii/S0341816213001914
https://www.sciencedirect.com/science/article/pii/S0341816213001914

Mountain recreation impact on changes...

[33] Yorkina, N.V., Podorozhniy, S.M., Velcheva, L.G., Honcharenko, Y.V., & Zhukov, O.V. (2020).
Applying plant disturbance indicators to reveal the hemeroby of soil macrofauna species.
Biosystems Diversity, 28(2), 181-194. doi: 10.15421/012024.

[34] Yukhnovskyi, V., Ivanenko, Y., & Lobchenko, G. (2020). Peculiarities of soil root population in

spruce forests in the area of the mountain tourist network. Proceedings of the Forestry Academy
of Sciences of Ukraine, 21, 50-59. doi: 10.15421/412025.

[35] Zhukov, O., Yorkina, N., Budakova, V., & Kunakh, O. (2021). Terrain and tree stand effect on
the spatial variation of the soil penetration resistance in Urban Park. International Journal of
Environmental Studies, 79(3), 1-17. doi: 10.1080/00207233.2021.1932368.

[36] Zuazo, V.H., & Pleguezuelo, C.R.R. (2008). Soil-erosion and runoff prevention by plant covers.
A review. Agronomy for Sustainable Development, 28(1), 65-86. doi: 10.1051/ agro:2007062.

Vol. 14, No. 1, 2023 Ukrainian Journal of Forest and Wood Science 70


http://ecology.dp.ua/index.php/ECO/article/view/1041
http://fasu.nltu.edu.ua/index.php/nplanu/article/view/621
https://www.tandfonline.com/doi/abs/10.1080/00207233.2021.1932368
https://link.springer.com/article/10.1051/agro:2007062

Ivanenko et al.

BmuiuB ripcbKoi pekpealii Ha 3MiHy TBEpPAOCTi IPYHTY SUIMHOBUX JIiCiB

IOpiii CepriiioBuuy IBaHeHKO
AcmipaHT
HairionanbpHMit yHiBepcuTeT 6iopecypciB i MpupomoKopucTyBaHHS YKpaiHu
03041, Byn. TepoiB O6oponu 15, m. Kuis, Vkpaina
https://orcid.org/0000-0002-3530-9206
TanHa OnekcauapiBHa JIOGUEHKO
KaHaupar ciibCbKOTOCTIOAAPChKUX HAYK
HarionanpHmii yHiBepcuTeT 6iopecypciB i mpupomoKopmcTyBaHHS YRpainu
03041, Byn. 'epoiB O6oponu 15, m. Kuis, Ykpaina
https://orcid.org/0000-0001-9281-1107
Bacwib IOpiiioBuu IOXHOBCBKMIT
HOKTOp CiTbChKOTOCTIONAPCHKUX HAYK, TIPOdecop
HarnionanbHuit yHiBepcuTeT 6iopecypciB i mpupomokopucTyBaHHs YRpaiHu
03041, Byn. 'epoiB O6oponu 15, m. Kuis, Ykpaina
http://orcid.org/0000-0003-3182-4347

AHoranig. VuikanbHicTp KapmaTcbkux TipChbKMX JIICOBMX €KOCMCTEM, 3HAuHa YacTUHA SIKUX
HaJIEKUTH 0 TIPUPOIHO-3aMOBiIHMX TePUTOPIii, MPUBAGIIIOE IIIOPOKY 3HAUHI 00CSITM BiBiTyBaUiB.
HagmipHa KOHITeHTpallisl BiIBiyBauiB Ha MOITYJISIPHMUX MapUIpyTax MPU3BOAUTD 10 peKpealiiiHoi
nurpecii, yiiiJibHeHHS I'PYHTOBOIO TOKPUBY, PO3BUTKY €pO3iliHMX IIPOLIECiB Ta IOTipiIeHHS
CTaHy JiiciB. MeTa po6GOTU — BCTAHOBUTH BIUIMB peKpeallii IK 30BHillTHbOTO MEXaHiYHOTO JisSTHHS
Ha VIIUIbHEHHS I'PYHTY UUISXOM BU3HAUYE€HHSI TBEPAOCTI I'PYHTY IIifi HAMETOM IlepeBakarounx
SUIMHOBMX JepeBOCTaHiB. Iyl 1IbOrO B3OOBX IBOX TYPUCTUUYHUX MapLIPYTiB MeHETPOMETPOM
BUMIPSIHO TOKa3HMKM TBEPAOCTi IPYHTY y MeskaX KOPeHeBMICHOrO Iapy IPYHTY Ha YOTUPbOX
JOCTiHMX AiNSHKAX i3 pi3HUM BifJaneHHSIM iX BiJ MOJOTHA TYPUCTUYHOTO MapupyTy. Biinomy
ITi1 HAMETOM JIiCOBOTO IepeBOCTaHy I'PYHTOBMI ITOKPYUB He OMHOPIAHMI i OTpMMaHUM ITOKa3HMKAM
TBEPIOCTi XapakTepHa 3HaUYHA MiHJIMBICTh. BcTaHOB/IEHO, IO JJIST TYPUCTUYHOTO MapUIPYTY «C.
3esieHe-YTOPChKi CKeli» Ha HAGIVKEeHMX 0 MOJIOTHA CTEXKY (0o 20 M) OiJITHKaX CIIOCTepiraeThCst
3HayHe 36i/bIIIeHHsT TBEPIOCTi IPYHTY MOPiBHSIHO i3 BimmaneHuMu ginsgHKaMu: Ha min6uHi 10 cM
BIBiui, Ha 6MHI 20 cM — Ha 20-40 %, OmHaK i3 MOAAIBIIMM 3aTr/TMOIEHHSIM TTOKa3HMKM TBEPHOCTi
BUPiBHIOIOTHCS. Y TOJ 5Ke yac 151 HOMYJISIPHIIIOro TypUCTUMYHOTO MapipyTy «EKosioro-nisHaBajibHa
creskka «Ha ropy Ilinm IBaH» Ha mpwiertiii 6e3mocepefHbO OO TMOJOTHA ISHI Y BEPXHbOMY
10-caHTMMeTpOBOMY IIapi TBEPHiCTh csarae Ao 19,6 kr-cM 2, a Ha MOMHi 30 cM — mikoBuX 37,8 Kr-cM 2
(monax 3 MIla), mo € AiMiTYyOUMMM 3HAYEHHSIMM [JISI KOpEeHEeHaCeJNeHOCTi I'PYHTY SUIMHOBUX
niciB. Ha mosoTHI TypUCTUMUYHMX MapUIPYTiB CIIOCTEPIra€ThCsl PO3BUTOK iHTEHCUBHUX €pO3iHMUX
NpoLeciB BHACIILOK VIIIJIbHEHHS IPYHTY i3 3pOCTaHHSIM TBEpPAOCTI I'PYHTY MoHap 60 Kr-cm-2
(~6 MIIa). [IpakTMuHe 3HAUYeHHS OTPMMAaHMX pe3ylbTaTiB Ta BCTAHOBJIEHMX 3aKOHOMipHOCTeV
TIOJISITa€ B OTIOBHEHHI iCHYIOUMX METOAMK OLLiHKM CTyIleHSI peKpealiiiHoi aurpecii y ripcbKux
yYMOBax Ta MOXKYTb O6YTM OCHOBOIO ISl TIPOEKTYBaHHS 3aXO/iB i3 BpPeryIi0BaHHSI peKpealiiiHoro
HABaHTaKeHHS i BiTHOBJIEHHS ITOPYIIEHNX OiISTHOK

KimiouoBi c1oBa: VINiIbHEHHS IPYHTY; OWUTPecis; TYPUCTUUYHUII MapIIpyT; I[EHETPOMETP;
eKocucTema
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