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SUMMARY

The aim of the work is to determine the water permeability of forest and field soils of
Precarpathia and the Carpathians, to study the water-regulating and soil-protecting
properties of the forest, and their influence on the preservation of agricultural landscapes in
these natural regions. Methodology: experimental parcels in the foothills and mountain
conditions were selected for the quantitative assessment of the water permeability of the
soils. The experiments were timed to the upper 0-5 centimeter layer of the soil, which plays
the main role in absorbing moisture from precipitation and melted snow. The experiments
were carried out using tubes with variable water pressure in a fifteen-fold repetition on each
of the types of forest plantations (aged from 15 to 120 years) and agricultural lands (arable
land, fallows, hayfields, perennial plantations and pastures) taking into account the change
in water temperature during experiments. Statistical processing of the obtained results was
carried out using correlation analysis. Results. The main factors of the water regime
formation of the agrolandscapes foothills and mountain areas are analyzed. Common and
distinctive features of natural conditions that affect the infiltration properties of the soil
cover are considered. The water permeability of sod-podzolic-mud soils of Precarpathia was
estimated, which is 3-6 times lower on agricultural lands, compared to forest soils. This
contributes to the formation of harmful surface water runoff, and at the same time large-
scale erosion processes, ravines, gullies, landslides and the destruction of river banks. The
dependence of the moisture content of Precarpathian soils on the age of the forest was
established — the indicators of water absorption by the soil in young plantations almost do
not differ from the indicators of agricultural lands. An increase in the age of stands every 40-
50 years leads to 2-3 times increase in the moisture content of forest soils. The dependence
of the brown mountain-forest soils of the Carpathians on the altitudinal belt, heterogeneity
of meteorological and orographic conditions was studied. The increase in the height of the
area contributes to the increase in the rate of water absorption capacity of soils on different
categories of land. The infiltration properties of mountain soils, especially forest soils, are
significantly greater than the intensity of rains in these areas. This ensures a complete
transformation of harmful surface water runoff into underground and soil types. As the age
of plantations increases, these processes significantly increase, reaching a maximum in
mature stands. In general, the agricultural landscapes of the Carpathians are characterized by
a rather low intensity of erosion processes on agricultural lands, which is facilitated by the
high forest cover of the region, the insignificant plowing of the territory and its small
contours. Ways to optimize the agricultural landscapes of the studied territories are
proposed.
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Introduction

Under the influence of anthropogenic transformations of forest lands into fields, the water-physical
properties of soils deteriorate. This is accompanied by the occurrence of surface runoff of water,
which sharply increases the intensification of erosion processes. As a result of the removal of erosion
products into water bodies, the quality of river flow deteriorates, the erosion of sloping lands
increases, their productivity decreases, and banks are washed away. In this regard, it is quite relevant
to study the water permeability of soils of different categories of land in the mountainous and
foothills of the Carpathians, to develop measures to improve the ecological condition of the soil
cover, to increase the productivity and sustainability of the agricultural landscapes of the specified
territories.

Methods of investigation

The purpose of the study is to determine the water permeability of forest and field soils of the
Precarpathian and Carpathian regions, to study the water-regulating and soil-protecting properties of
the forest, and their impact on the preservation of agricultural landscapes in these natural regions.
For the quantitative assessment of soil water permeability, experimental parcels were selected in the
foothills (the village of Kopanky, Kalush district) and mountain conditions (the outskirts of the town
Yaremche, the villages Mykulychyn and Tatariv, Yaremche city council). The experiments were
timed to the upper 0-5 centimeter layer of the soil, which plays the main role in absorbing moisture
from precipitation and melted snow. The experiments were carried out using tubes with variable
water pressure in a fifteen-fold repetition on each of the types of forest plantations (aged from 15 to
120 years) and agricultural lands (arable land, fallows, hayfields, perennial plantations and pastures)
taking into account the change in water temperature during experiments. Statistical processing of the
obtained results was carried out using correlation analysis.

Results and discussion

The water regime of the soils in the agro-landscapes of the studied territories is closely related to the
distribution of forest lands, since their formation occurs under the influence of common natural
factors — climate, soils, lithology, and relief. However, this relationship has certain differences in
foothill and mountain natural conditions. Thus, in the Carpathians there is a vertical belt of climate,
soils and vegetation, which, in combination with different exposure and steepness of slopes,
orientation of mountain ranges, significantly affects the distribution of atmospheric precipitation, the
formation of the water balance of the territory and the diversity of forest cover. On the other hand, in
Precarpathia, under the influence of meteorological and physical-geographical factors, the formation
of the water regime and natural vegetation is much less variegated. An essential common feature of
the climate of the foothills and mountain areas is that they belong to the zone of excess moisture (the
moisture coefficient is 1.1-1.2) (Kozlovsky, 2005). This led to the formation of large areas of
swampy and overmoistened lands on the Precarpathian Highlands, the main areas of which are
concentrated on interfluves, wide river valleys, and in basins.

The soil cover of the studied territories is extremely diverse, since its formation took place under
different conditions of relief, parent rocks, depth of groundwater, climatic features and other factors.
This served as a prerequisite for the development of the leaching and stagnant-flushing water regime
here with varying degrees of soil fertility of podzolic, turf and swamp types. Soils in foothills and
mountain conditions have a number of differences.

The soil background of Precarpathia is mainly represented by sod-podzolic-mud soils, the main areas
of which are concentrated on the interfluves and high terraces. Low floodplain terraces, floodplains,
and valley areas occupy meadow, meadow-swamp, and swamp soils. Glazing and waterlogging
cause insignificant underground runoff and increased formation of harmful surface runoff. Thus, of
the total river flow of the foothills, 85% is surface water and only 15% is formed due to underground
nutrition (Oliynyk, 2013). This is also facilitated by the excessive agricultural development of the
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region, which varies between 25-70%. On the other hand, the share of forests in agro-landscapes
remains low; on average, it is 30% and varies between 5-50% in some areas. Violation of the optimal
structure and ratio of land in the agricultural landscapes of the region, the placement of arable land
on erosion-dangerous slopes, as well as the reckless use of natural resources led to a decrease in the
stability and simplification of the structure of anthropogenically developed landscapes. This affected
the aggravation of a number of ecological problems, in particular — the violation of the hydrological
regime of the territory, the formation of floods, the development of large-scale geodynamic
processes (flat-water erosion, linear erosion of the soil, the development of ravines and gullies,
landslides, erosion of banks, etc.). Erosion processes cover 12% of the total area of Precarpathia, of
which 23% is agricultural land and more than 25% is occupied by arable land (Bielova, Mykytyn,
Nespliak, Dolynko, 2021).

Studies have shown that the water permeability of different categories of the Precarpathian soils is
not the same (Table 1). The intensity of surface absorption of water by forest soils is 3-6 times higher
than on agricultural lands. This is due to the presence of a litter layer and a dense root system in the
forest, which plays a loosening function, which significantly improves porosity and increases soil
infiltration. The latter, in turn, contributes to the absorption of water from atmospheric precipitation
and snow, while reducing the intensity of surface (plane) washing and linear erosion of soils.

Table 1 Water permeability of soils in the agrolandscapes of Precarpathia

Water permeability,
Parcel mm * min’! %
M+m extreme indicators,
min — max
Forest lands
Mature forest 7,16£0,59 4,37-11,79 100
Medieval plantation 3,15+0,25 1,69-4,72 44,0
Young forest 1,04+0,21 0,29-3,25 14,5
Agricultural lands
Arable 1,59+0,14 0,78-2,77 22,2
Fallow 0,92+0,07 0,33-1,32 12,8
Hayfields 0,84+0,13 0,25-1,71 11,7
Perennial planting 0,76+0,40 1,76-0,18 10,6
(garden)
Pasture 0,60+0,06 0,19-0,94 8,4

The maximum indicators of water permeability of the soil under tree stands, which are characterized
by the most developed root system, and, accordingly, high porosity of soil masses. This, in turn,
contributes to the easy percolation of surface runoff of water into the lower layers of the soil, without
accumulating on its surface. At the same time, a clear dependence is observed — as the age of tree
plantations decreases, their water-absorbing properties decrease sharply. So, on average, for every
40-50 years of decline in the age of stands, the rate of surface absorption of moisture by forest soils
decreases by 2-3 times. This is due to a decrease in the power of the root systems, their placement in
the upper 30-40 centimeter layer, an increase in the volumetric mass of the soil and a decrease in its
porosity. In general, in most foothill forests, the indicators of surface absorption of water by forest
soils exceed the intensity of the main mass of rain; therefore, the formation of surface water runoff
on them and the development of erosion phenomena are unlikely. The water permeability of field
soils decreases with the transition from loose arable areas to grassy meadows. Natural grass and its
covering of the surface of agricultural land protects the soil from washing away, but it is a significant
accelerator of surface runoff to the hydrographic network.

In the mountainous conditions of the Carpathians, meteorological conditions and mountainous
terrain are decisive factors in the water regime formation. With increasing altitude, precipitation
increases, and at the same time, water runoff and evaporation decreases. Destructive consequences
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are caused by frequent torrential rains, which in the Carpathian region form intense floods with
further development of erosion and mudslide processes. The lithological composition of the rocks
and the peculiarities of their occurrence do not contribute to the accumulation of groundwater and
the formation of aquifers. 80-90% of the total river runoff falls on surface waters (Oliynyk, Tkachuk,
Bielova, 2013). The nature of soil formation has significant differences, which is primarily related to
the altitudinal belt in the region.

The soil cover in the Carpathians is represented by brown mountain-forest mainly crushed soils on
eluvium-deluvium of dense rocks. Their characteristic feature is the combination of two opposite
signs. On the one hand, such properties of soil-forming rocks as eluvium-deluvium of the Carpathian
flysch, loess and loess-like loam, which are easily washed away and eroded, cause the instability of
these soils. On the other hand — favorable processes of soil formation, in particular, a dense root
system, a thick layer of forest litter and humification provide Carpathian soils with significant
resistance against adverse exogenous processes (Kiptach, 2000).

The analysis of field studies showed that the water permeability of soils in different areas increases
with the height of the terrain (Table 2). This is due to the increase for precipitation (from 700 mm in
the town Yaremche to 1000 mm in the village Tatariv) and the increase in the graveliness of
mountain soils. Forest soils have the highest infiltration rate. Rather low indicators characterize
water permeability of meadow soils. They are 4-12 times smaller than in forest lands and 2-7 times
lower compared to arable land.

Table 2 Water permeability of soils in agrolandscapes of the Carpathians

Water permeability,
Parcel mm - min’! %
M+m extreme indicators,
min — max
t. Yaremche, 565 m a.s.l.
Forest area | 8,42+0,47 | 6,08-10,73 | 100,0
Agricultural lands
Arable 5,1+0,47 3,06-7,59 60,6
Perennial planting (garden) 1,86+0,13 1,34-2,39 22,1
Pasture 0,74+0,06 0,44-0,99 8,8
v. Mykulychyn, 583 m a.s.l.
Forest area | 9,15+1,17 | 3,92-17,07 | 100,0
Agricultural lands
Arable 5,55+0,57 1,94-7,17 60,7
Perennial planting (garden) 2,26+0,33 0,94-3,72 247
Pasture 0,60+0,07 0,36-1,09 6,6
v. Tatariv, 704 m a.s.l.
Forest area | 11,88+0,64 | 8,37-14.,46 | 100,0
Agricultural lands
Arable 8,8+0,39 6,3-10,19 74,1
Perennial planting (garden) 3,75+0,33 1,67-4,97 31,6
Pasture 0,84+0,02 0,73-0,98 7,1

Different infiltration properties of forest and field soils have different effects on the formation of
water runoff during precipitation. In the Carpathians, the intensity of rain only at certain moments
exceeds 1.1 mm - min™', which is significantly less than the infiltration capacity of the soil surface in
forest plantations (Kalutskyi, 2007). Therefore, precipitation in these areas, as a rule, is transferred to
soil and underground types of water flow. On agricultural land, the water permeability of the soil is
mostly lower than the intensity of rainfall, which contributes to the formation of surface runoff.
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Recommendations and conclusions

The water-regulating properties of the soils of Precarpathia and the Carpathians are characterized by
significant differences in the «forest-field» ratio. Forest soils of the foothills have 3-6 times greater
water permeability and 2-3 times higher in mountain conditions compared to agricultural lands,
thereby slowing down the processes of surface water runoff by the same amount. Due to the low
water permeability of the soil in the field during torrential rains, water is not absorbed into the soil,
but flows down the slopes, causing water erosion processes. A system of field protection and other
forest plantations in a complex with hydrotechnical anti-erosion structures plays a decisive role in
the formation of the soil protection, moisture storage and environmental protection spatial structure
of the agrolandscapes of Precarpathia and the Carpathians.

Preservation and strengthening of hydrological and soil protection functions of the forest is an
integral part of the priority measures to improve nature management in the studied agro-landscapes.
This is extremely important for the foothills and mountainous conditions of the Carpathians, which
are characterized by unstable ecological conditions and intensive economic activity. Here, the forest
cover is the main factor in regulating floods, preventing intensive erosion and mudslide processes,
and increasing water resources in the dry seasons of the year. However, due to long-term economic
activity, the current hydrological role of the forest is lower than its potential. This significantly
increases the harmful natural phenomena inherent in Precarpathia and the Carpathians. To reduce
these processes, it is recommended to increase the afforestation of the territory, to create protective
plantations along watercourses and on agricultural lands. Low-productive agricultural lands, slopes
steeper than 20°, as well as areas with heavily crushed and stony soils, regardless of their steepness,
can serve as a certain reserve for increasing forest cover. Special attention should be paid to the
afforestation of foothill and mountain river catchments and watercourses, the hydrological role of the
forest will be maximal if they are continuously afforested.
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