
Introduction

Low-volume roads (LVRs) mainly provide access to 
landscape areas for economic and recreational reasons, 
as well as to ensure accessibility outside public transport 
networks as part of an integrated rescue system. LVRs 
are defined by the American Association of State 
Highway and Transportation Officials (AASTHO) for 
loads determined by the average daily intensity of less 
than 400 heavy trucks for all traffic lanes in the design 
period [1]. Pavement construction of these roads uses 

mainly natural materials such as natural aggregates of 
various fractions, lime, etc., but also recycled materials. 
Each of the used materials, including the natural ones, 
is foreign to the given location. Due to climatic and 
erosive processes it washes out into the surrounding 
environment, where it can initiate the process of 
changes in the natural chemical composition of the soil 
and thus also changes in surrounding vegetation. This 
negative impact on the surrounding environment is very 
important, especially in the case of forest roads.

Erosion is a natural part of the geological cycle, 
which causes the changes that a relief undergoes due to 
the action of different agents. The processes that support 
erosion can be wind, water currents, temperature 
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changes and the action of living creatures. The different 
erosive processes, either natural or caused by human 
activity, cause different materials to be moved and 
deposited in other areas where they did not exist before 
[2]. Human activities accelerate the process of erosion 
[3] and export of sediments through which they convert 
the soil into a non-renewable resource.

The movement of heavy machinery, both during 
pavement construction and its use, causes the 
compaction of the first centimeters of the soil, and thus 
hydrological function is modified [4]. Increased soil 
compaction decreases the root system’s growth ability, 
which can be responsible for reducing the root growth 
of plants [5]. And thus it contributes to the change 
process of the surrounding ecosystem, too [6].

During forest road construction, measures must 
be adopted to minimize negative impacts on the 
environment. Forest road construction must be carried 
out in the dry season, inert materials must be used  
and maximum compaction of the construction layers 
must be ensured [7]. But all the materials used 
for pavement structures as well as for subgrade 
improvement could have an impact on the environment 
in case they wash out to the surrounding landscape 
where a change in natural chemical composition of the 
soil may occur.

Vegetative control, or phytoremediation, is defined 
as the use of plants to remediate, treat, stabilize, 
or control contaminated soils. Phytoremediation 
exploits the natural plant physiological processes [8] 
by absorption of some of the contaminants and by 
the natural stabilization function of the root system. 
Introduced in the “biotechnology of slopes”, this 
technique provides the stabilization of slopes using 

vegetation and additional structural elements for erosion 
control [9]. An example of natural revegetation on forest 
road slopes can be found in [10], where the possibility 
to protect the slopes from erosive processes by means 
of planting bushes or sowing of grass was introduced.

The aim of our study is to quantify the chemical 
changes (pH value) in the forest road surroundings 
caused by the leaching of materials used to improve the 
subsoil-bearing capacity as a result of erosive processes 
(both natural and human) during construction, as well 
as during road use. On the basis of this quantification, 
we can verify the assumption that a significant impact 
on the surrounding ecosystem can be expected only in 
the close vicinity of the road.

Material and Methods

Study Area

The low-volume forest road that is being analyzed 
is located in the Czech Republic, near the city of Brno 
(the location of the monitored area is shown in Fig. 1, 
as created using QGIS software [11]). The road was 
built as an experimental construction in 2012 as a 
result of project TA01020326, “Optimization of design 
and realization of low-volume roads”, granted by the 
Technology Agency of the Czech Republic. It was 
designed to test standard as well as innovative materials 
that are able to improve the load-bearing capacity of 
subgrade. Besides monitoring the impact on the load-
bearing capacity, the impact of these materials on the 
roadside surrounding the environment was monitored 
too. 

Fig. 1. Position of the analyzed low-volume road (Kubenka) in QGIS (V 3.4).
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The experimental road has a length of 309 meters 
with a slope of 3% (Fig. 1). The beginning of the road 
is located 388 m above sea level and the end is at  
372 m. The climate in the monitored area is classified 
as warm and temperate [12] and is classified as Cfb by 
the Köppen-Geiger system. The average temperature 
is 9.0ºC. Temperatures are highest in July, at around 
18.6ºC. At -2.2ºC on average, January is the coldest 
month of the year. Rainfall is significant, with 
precipitation even during the driest month. The average 
precipitation is 518 mm. The lowest amount of rain 
occurs in February, with an average of 23 mm. In June, 
the precipitation reaches its peak with an average of  
75 mm. 

In the southeastern part of Brno there are mostly 
tertiary sedimentary rocks (clays, sands) and the subsoil 
consists of original igneous rocks, such as granite 
and volcanic rocks. The monitored area where the 
experimental road was built consists of rocks of various 
origins and age in the subsoil. There are also several 
layers of original clay and sand, which cover the older 
rocks. 

The vegetation in the monitored area is a typical 
European mixed forest that consists mainly of Picea 
abies, Larix decidua, Tilia cordata, Castanea sativa, 
Ulmus minor, Quercus robur and Pinus sylvestris. 
Among the most widespread herbaceous plants are Poa 
nemoralis 35%, Poa angustifolia 10%, Dactylis poligama 
20%, Brachypodium sylvaticum 5%, Myosotis sylvatica 
5%, Veronica chamaedrys 5%, Campanula persicifolia 
3%, Ajuga reptans 2%, Vincetoxicum hirundinaria 3%, 
Pyrethrum corymbosum 5%, Clinopodium vulgare 6% 
and Hypericum perforatum 1%.

The experimental road consists of two sections, 
each 147 m long, with a gradual transition part among 
them [13]. The pavement of the first section consists of 
one construction layer only, whereas the second section 
pavement consists of two construction layers. For the 
pavement construction only natural crushed gravel of 
different fractions sourced from the nearby quarry was 
used in both sections. Each road section is divided into 
seven segments. In each segment different materials of 

subgrade improvement were tested (Fig. 2).
The first (Segment X1) and the second segment (X2) 

were improved by fluid fly ash of different origin: ash 
I and ash II. The third segment (X3) was improved 
by lime, the fourth (X4) by the commercial product 
Dorosol (mixture of ½ lime + ½ cement ), the fifth 
(X5) by hemp fibre, the sixth (X6) by fine aggregates 
0.4 mm and the last one (X7) by a recycled building 
brick material [14]. In the presented study only the five 
segments (X1–X5) in the first section were analyzed.

Selecting Samples

The material samples to be analyzed were taken 
at the midpoint of each of the five segments, in three 
profiles that were determined at the same distance from 
the longitudinal axis of the road and at two different 
heights (Fig. 1). They were collected on the right side 
of the roadside, where the runoff of the forest road is 
directed. The first profile sample (Y1) was collected 
from the drainage site, the second profile sample (Y2) 
1 m from the drainage site and the third profile sample 
(Y3) 2 m from the drainage site (Fig. 2). Two different 
depth levels for sample collection were determined: 
terrain surface (Z1) and a depth of 30 cm (Z2). As result, 
six samples of the possibly contaminated samples of soil 
were collected for each segment X1–X5. Each sample 
is marked by the code X/Y/Z; where X is the segment 
number, Y is the distance from the longitudinal axis, 
and Z is the depth of the sample collection. Six samples 
were collected from each segment in 2012 as well as in 
2017. A total of 60 samples from expected contaminated 
areas were collected. 

In addition, blank tests of samples were performed. 
Blank tests were performed on samples collected  
from such a distance and a position from the segments 
that guarantee they were not affected by improvement 
materials. Marking these samples follows the same 
system as the samples collected from the roadside. 
The code of the blank sample is Y/Z, where Y is the 
collection position and Z is the depth of the specimen.

Fig. 2. Sample cross-section of segment X.
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Geotechnical, Chemical and Statistical Analyses

The geotechnical analyses consist of: a humidity test 
according to the protocol ČSN ISO/TS 17892-1 [15], 
sieving and aerometry test according to the protocol 
ČSN ISO/TS 17892-4 [16] and consistency (plastic-
liquid limit) or Atterberg boundary test according to 
the protocol ČSN ISO/TS 17892-12 [17]. All the tests 
were carried out in the laboratory of the Department of 
Landscape Management, Faculty of Forestry and Wood 
Technology, Mendel University in Brno. The above tests 
serve for the basic soil classification according to their 
granulometric composition and Atterberg plastic-liquid 
limits for the classification of soils according to Unified 
Soil Classification System (USCS) ČSN EN ISO  
14689-1 [18] and ČSN EN ISO 14688-2 [19].

Two chemical analyses were carried out: analysis 
of pH according to the protocol ISO 10390:1994 [20], 
and analysis of total carbonates (CO3)

2- according to the 
protocol ISO 10693:2015 [21]. All the tests were carried 
out at the Laboratory of the Department of Geology and 
Pedology, Faculty of Forestry and Wood Technology, 
Mendel University in Brno. The chemical test of pH 
determines alkalinity or acidity of a soil, the second 
one the percentage of total carbonate. The total amount 
of carbonates (CO3)

2- was determined from the volume 
ratio of the amount of CO2 produced in the gaseous 
state as a function of equation (1):

CaCO3 + HCl  CO2 + CaCl2 + H2O     (1)

Each collected sample was tested five times by the 
appropriate chemical test to minimize random error that 

may occur in any measurement. The data obtained from 
both chemical tests were statistically evaluated and 
basic statistical parameters were determined: minimal 
and maximal value, mean value, standard deviation, and 
coefficient of variation.

The initial assumption is that a significant impact on 
the surrounding ecosystem as a result of the leaching of 
materials used to improve the subsoil-bearing capacity 
can only be expected in the close vicinity of the road. 
To verify this assumption, statistical analysis was 
performed to determine the probability pf that the pH 
value in the non-affected area (blank test) comes from 
the basic set of pH values determined by the evaluation 
of samples taken in the areas affected by leaching. If 
this probability is very low, it can be stated that the pH 
value in the non-affected area with high probability 
does not come from the relevant basic set of affected 
pH values.

Results and Discussion

Geotechnical Results

Geotechnical test were carried out on samples of 
all five segments. Once the geotechnical tests were 
finished, the different types of soils were classified 
according to the regulation USCS. Table 1 shows the 
proportional amount of fine (F) fractions (smaller 
than 0,063 mm from the aerometric test) that is key 
for the classification, as well as the permeability rate.  
In Table 1 the identification of the results refers to the 
introduced code X/Y/Z, where X1-X5 is the segment 

Table 1. Classification of soils and Results of pH and CaCO3 analysis from 2012 and 2017.

Segment Profile Soil Fraction
fine (%)

  2012 2017
Z1 Z2 Z1 Z2

pH (CO3)
2- pH (CO3)

2- pH (CO3)
2- pH (CO3)

2-

X1
Y1 S4-SM 29.88 5.210 0.000 5.600 0.000 7.912 2.620 7.729 1.670
Y2 F3-MS 37.43 6.170 0.040 6.050 0.000 8.056 2.020 7.690 0.614
Y3 F6-CL 66.94 4.750 0.000 5.020 0.000 7.848 2.100 7.970 2.080

X2
Y1 F4-CS 55.24 7.260 0.110 6.120 0.000 7.804 1.672 7.920 7.640
Y2

F4-CS
From 
40.00    

to 59.90

7.320 0.050 6.880 0.000 7.806 3.520 7.138 1.150
Y3 6.980 0.000 6.690 0.000 7.626 1.000 7.226 0.860

X3
Y1 5.240 0.000 5.220 0.000 7.890 0.828 7.480 0.960
Y2 4.870 0.000 4.890 0.000 7.936 1.960 7.674 0.200
Y3 5.450 0.030 5.070 0.000 8.092 1.200 6.774 0.184

X4
Y1 6.030 0.000 5.900 0.000 7.854 0.564 7.578 0.304
Y2 6.170 0.000 5.120 0.000 7.814 0.580 4.732 0.030
Y3 5.440 0.030 5.160 0.000 7.614 0.210 4.644 0.010

X5
Y1 6.030 0.000 5.900 0.000 7.620 1.260 4.848 0.052
Y2 6.170 0.000 5.120 0.000 7.044 0.210 4.484 0.038
Y3 5.440 0.030 5.160 0.000 4.668 0.000 4.888 0.016
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number and Y1-Y3 is the distance from the longitudinal 
axis. Depth positions Z1 and Z2 are not considered in 
the geotechnical test as the sample was collected from 
the whole profile (Fig. 2). 

Soil classification determines four different types of 
subgrade soil in the experimental road surroundings. 
Along segments X2-X5, the F4-CS soil is located in all 
three measured profiles. Only in segment X1 are there 
three different types of soils for the each profile Y1-Y3: 
for Y1 soil S4-SM, for Y2 soil F3-MS, and for Y3 soil 
F6-CL. Soil F4 defines sandy silt, including sandy clays 
with plastic index and fine sandy silt with a particle 
size smaller than 0.02 mm. Soil CS defines clay and 
sand smaller than 0.02 mm. Soil S4-SM silty sand, soil  
F3-MS is sandy silt and F6-CL is clay with low 
plasticity.

Chemical Results

The aim of the chemical analysis was to determine 
the impact of five materials used for improved pavement 
subgrade – fluid fly ash (ash I and ash II), lime, Dorosol, 
and hemp fibre – on the surrounding environment, and 
to compare changes that occurred in the course of  
5 years. The first set of soil samples was collected 
in 2012 immediately after finishing the pavement 
construction, and in year 2017, after the road had 
been used for a period of five years. The obtained 
results illustrate how different improving materials 
can differently affect soil chemistry, i.e., pH value and 
carbonate content.

pH value is a dimensionless quantity of the acidity 
or alkalinity in the range 0 to 14. In the following text, 
pH value is considered acidic in the range of 0-5.5, 
neutral in the range of 5.5-8 and alkaline in the range 
of 8-14.

For the assessment of carbonate quantity (CO3)
2-, 

the following word expression will be used: carbonate 
content between 0.30 and 0.5% (very low), between 0.6 
and 3% (low), between 3.1 and 5% (medium), between 
5.1 and 10% (medium high), between 10.1 and 20% 
(high), between 20.1 and 40% (very high) and more 
than 40.1% (extremely high).

From the analyses, four sets of pH value and 
carbonate content were obtained: two blank samples 
from areas not affected by the improvement in 2012 
(Blank 12) and 2017 (Blank 17), and two samples 
affected by the improvement materials from 2012 
(Impact 12) and from 2017 (Impact 17) (Table 1).

Mean values of pH from Blank 12 ranged from 4.5 
to 4.8 (Fig. 3). Mean values of carbonate content ranged 
from 0.01 to 0.1% (Fig. 4). They were independent of 
depth.

The mean values of pH from Impact 12 ranged from 
4.7 to 7.3 for surface sample collection (Z1) and from 
4.8 to 6.9 for in-depth sample collection (Z2) (Fig. 3). 
The carbonate values were negligible and close to zero 
(Fig. 4).

Mean values of pH from samples Blank 17 ranged 
from 4.6 to 5.1 (Fig. 5). Carbonate values were 
negligible and close to zero (Fig. 6).

The mean values of pH from Impact 17 ranged 
from 4.6 to 8.1 for surface sample collection (Z1) and 
from 4.4 to 8.0 for in-depth sample collection (Z2)  
(Fig. 5). The carbonate values ranged from 0.0 to 3.5% 
for surface sample collection (Z1) and from 0.01 to 
8.0% for in-depth sample collection (Z2) (Fig. 6).

All presented test results showed minimal deviations 
from the mean values. The standard deviation and 
coefficient of variation are very low.

By comparing the pH and carbonate values, only 
insignificant differences can be observed on samples 

Fig. 3. Results of pH analysis from 2012.
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taken from non-affected areas in 2012 and 2017 (Blank 
12 and Blank 17) over five years. By 2017, the pH 
increased by 5.8% at the surface and by 3. % at depth. 
The pH remained acidic even after 5 years in the non-
affected areas. The greater the depth, the lower the pH 
value. In 2012, the depth results were 5.8% lower; in 
2017 they were 8.4% lower. The amount of carbonate 
content in 2012 and 2017 was close to zero.

All the samples collected in 2012 (Impact 12) had an 
increase in pH value ranging from 7 to 33% compared 
to Blank 12 samples prior to treatment. Half of the 
samples analyzed remained pH acidic, the other half 

pH value increased to neutral. With the depth of sample 
collection, pH changes did not show a clear trend. Five 
from the 15 measured profiles show a higher pH value 
in the depth of 30 cm, the remaining 10 profiles, on the 
other hand, show a higher pH value on the surface. 

Five years after road construction, increased pH 
values were observed in all samples. In the first and 
third segments (X1, X3), the Impact 17 samples reach 
pH value of 8. Compared to Blank 17 results, they are 
42% higher compared to Impact 12 results, with an 
increase of 23%. Unlike in 2012, most of the pH values 
have already reached neutral levels. Only samples from 

Fig. 4. Results of CaCO3 analysis from 2012.

Fig. 5. Results of pH analysis from 2017.
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the last two segments (X4, X5) remained with acidic 
pH value. However, the values taken at surface Z1 and 
at depth Z2 already show a similar trend compared 
to 2012, and of the 15 measured profiles, an increase 
occurs in only 3 profiles, and in the other 12 profiles pH 
shows lower values with depth. With respect to distance 
Y from the roadside, the samples show a non-uniform 
trend in terms of decrease or increase, as well as the 
2012 samples. In 3 profiles in 3 different segments, the 
pH at distance Y1, Y2 and Y3 is almost constant, in the 
other 2 cases it dropped rapidly between Y1 and Y3 by 
up to 39%. In the longitudinal direction of the road in 
the direction of gradient from the segment X1 to X5 
pH values show a gradual decrease in the upper layer 
by 12% and in the lower part by up to 37% (Fig. 5). 
Although the change in the percentage of carbonate in 
the year 2017 is up to 99%, the absolute value, which 
does not exceed 8% (CO3)

2-, is medium high, so not 
very significant (Fig. 6).

Statistical Analysis Results

Probability pf was determined assuming Gaussian 
(normal) probability distribution for all 60 samples 
taken at individual depths Z1 and Z2, profiles Y1-Y3 in 
each segment X1-X5 as well as in the years 2012 and 
2017. The results of statistical analysis for all samples 
show that probability pf is very low, close to zero. As 
result, the assumption that material leaching influences 
the ecosystem only in the close vicinity of the road 
should be confirmed. Illustrative results for segment X1 
in 2017 are presented in Table 2.

Influence of Pavement Construction 
on the Surrounding Environment

The influence of human activities as a result of 
the construction and use of structures including the 
forest roads on the surrounding environment is very 
complex and has been documented by many studies 

Fig. 6. Results of CaCO3 analysis from 2017.

Segment Profile
2012

pH
pfMean St. Deviation Blank

Z1

Y1 7.912 0.011662

5.114

0.000000E+00

Y2 8.056 0.022450 0.000000E+00

Y3 7.848 0.016000 0.000000E+00

Z2

Y1 7.729 0.022400

4.683

0.000000E+00

Y2 7.690 0.030332 0.000000E+00

Y3 7.970 0.014142 0.000000E+00

Table 2. Results of statistical analysis, segment X1, 2017.
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[22, 23]. Roads reduce the forested surface and damage 
the nearby vegetation because they cause changes in 
its growth [24]. In [25], the influence of mechanical 
processes associated with pavement construction on 
erosion and on damage of the surrounding vegetation is 
studied. But the above publications document only the 
impacts of the structural activities necessary to prepare 
the site for pavement construction, i.e., the influence of 
deforestation, which increases the possibility of erosion 
or the consequences of the structural layers compaction, 
leading to a reduction of soil porosity and thus to a 
reduction of plant rooting.

However, no studies have been found to analyze the 
influence of the road subgrade improving materials on 
total carbonates and on the pH changes and thus their 
influence on the road surrounding biodiversity. Some 
studies [26-28], however, deal with the influence of 
other human activities on the change of chemistry in 
surrounding ecosystems. The study [26] deals with 
the influence of cement dust from a cement plant 
on the environment. Soil samples were collected 
at different distances (max 25 km) from a cement 
plant and an influence of cement dust on soil quality 
defined by pH changes was observed. Furthermore, 
it was observed that alkaline dust emitted from a 
cement plant is closely associated with the rise of soil 
pH due to greater accumulation of CaCO3. The study 
[27] deals with roadside areas affected by heavy 
metal pollution due to intensive motorized traffic. 
This research determined the heavy metal content of 
hollyhock (Alcea rosea L.) in roadside soils of the Van 
Lake Basin. The mean content of metals (for example 
Mn, CU and Zn) in leaves sampled from the roadside 
areas was significantly higher than mean heavy metal 
contents in leaves sampled from areas 30 m from 
the roadside. The next study [28] dealing with the 
negative impact of human activities on the surrounding 
ecosystems follows contamination of agricultural land 
by heavy metals Pb and Zn from a retention reservoir in 
southeastern China. Soil microorganisms and enzyme 
activities involving soil organic carbon and nitrogen 
decomposition and stabilization were decreased due to 
the toxic Pb-Zn tailings. Therefore, soil organic carbon 
and total nitrogen accumulate, and an “elusive” carbon 
and nitrogen pool forms in the paddy fields compared 
with cornfields in the Pb-Zn tailings-contaminated karst 
area.

The mentioned examples support the results of the 
presented study on the influence of materials for LVR 
pavement improvement on the changes in chemistry in 
close vicinity and the ability of the surrounding soils 
under the influence of these contaminants to change the 
original quality. Determined pH and CaCO3 changes 
correlate with the changes induced by different and 
mainly bigger contamination sources.

On the other hand, the indirect effects of pH 
changes on vegetation quality are documented. For 
example, acidic soil with a pH below 4, with enough 
soluble Al3+ [29], can cause damage to most plants, 

although solutions alone do not pose a problem at 
this level of pH. In conditions of extreme acidity, this 
occurs together with Mg or SI. In general, the effect of 
pH on plant growth occurs at the nutritional level [30]. 
For optimum plant nutrient supply and for maximum 
availability, the neutral pH is in the interval 6.0-7.5.  

The use of materials containing lime to improve 
the pavement subgrade has many implications for soil 
and plant growth in the surroundings. The influence 
of carbonates on vegetation as well as on different soil 
characteristics varies from positive to negative. From 
the experimental test, the influence of carbonates on 
the increase of OH- ions and reduction of H+ in the 
soil solution [31], as well as on the reduction of plant 
production can be observed. As a result, there is better 
particle and structure aggregation, improved soil 
aeration and water movement, and reduction of Al, Mn 
and Fe toxicity; the regulation of P and MO availability 
and the development conditions of microorganisms 
may also improve. The most important negative 
consequences are the destruction of the porous granular 
structure, the increase in the rate of decomposition of 
organic matter, and the immobilization or reduction of 
availability of nutrients such as Mn, Zn, and B [32]. 
Also, CaCO3 suppresses Mg obstruction and also affects 
the Ca/K ratio and can induce shortcomings of K.

Conclusions

In order to determine the impact of building 
materials of LVR pavement construction on surrounding 
ecosystems, changes in chemistry were quantified in 
the vicinity of the Kuběnka forest road, which was 
built as an experimental construction for testing both 
standard as well as innovative materials that are able 
to improve the load-bearing capacity of the subsoil. To 
analyze the impact of five types of improving materials, 
chemical tests were carried out to determine pH and 
total carbonate values in time.

The presented study is a unique presentation 
showing levels of chemistry before the beginning of 
building operations, changes in soil chemistry after 
the completion in 2012 and after five years of road use 
in five segments, three profiles and two depth levels. 
In the monitored area the subsoil is identical to the 
geotechnical classification in all segments (X2-X5); 
it is F4-CS. Only in the first segment, X1, is S4-SM, 
and with the distance from the pavement it changes to  
F6-CL. The soil is acidic with pH value from 4 to 5 on 
the scale and carbonate values are close to zero in 2012. 
This seems typical for this region. Five years after road 
construction in 2017, an increase in both monitored 
parameters can be observed. The pH value changed 
from acidic to neutral or slightly alkaline due to the 
carbonate effect. The amount of carbonate is medium-
high according to the presented scale.

The first four segments that were improved using 
hydraulic binders (fluid fly ash, lime and Dorosol) 
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showed pH increase with a maximum of 8.1 for segment 
X3. The increase of carbonates in these segments is on 
average 2.5%, the maximum for segment X2 being 8%. 
The smallest changes from the original state can be 
seen in segment X5, where pH significantly increased 
only in the top layer Z1 of the first profile Y1.

Presented results document the movement of 
improving materials from the subgrade by wind and 
water to the road shoulder, towards drainage systems 
and to the surrounding environment [23]. A comparison 
of the changes in the individual profiles Y1-Y3 and 
depths Z1 and Z2 do not show any clear trend in the 
material leaching. In all segments X1-X5 and in almost 
all profiles Y1-Y3 (except X1/Y1), the maximum 
increases of pH values are observed on the surface.

Concerning pH changes in time, the maximum 
increase in pH values in 2012 was observed in the Y2 
profiles, i.e., 2 m from the road edge, in all segments 
except X3. In 2017, the maximum values were observed 
in the Y1 profiles, i.e., closest to the construction,  
for all segments except X1. Comparing the changes in 
2012 and 2017, it can be stated that all segments and  
all measured profiles except for X5/Y3 show a 
significant increase in pH value for samples taken on 
the surface. 

The carbonate value showed no significant changes 
in 2012 and it was close to zero. In 2017 there was a 
slight increase in all segments to low level. The only 
exception is X2/Y2, in which the carbonate value 
increased to medium level.

The performed statistical analysis confirmed the 
assumption that in all road segments the surrounding 
ecosystem is affected by material leaching only in the 
close vicinity of the road, and distant areas are not 
affected.

A good way to minimize the above-mentioned 
movement seems to use the vegetative control using 
a vegetation system located near the forest road, i.e., 
phytoremediation. Moreover, the ground part of the 
plants will be a barrier to dust generated during vehicle 
movement. To reduce erosive activity it is therefore 
recommended to maintain the protective vegetation 
strips along the drainage and slope areas and to 
minimize the runoff of excess water on the soil surface.
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