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There were conducted the research processes of renewal the properties edaphotopes disturbed by the mining of nonmetallic minerals.The paper presents the results of measuring humus and nutrients contents in the substrates of the coastal zone of technogenic lakes of the Small Polesye of Ukraine, formed by sand mining with dredges.

It has been shown experimentally that on overgrown areas of the coastal zone of technogenic lakes accumulate humus and nutrients more intensively in cases the areas were less exposed to mining activities. It has been also established that humus formation and accumulation of nitrogen and potassium increase as the phytocenosis accumulates more organic matter.
Проведены исследования процессов возобновления свойств эдафотопов, девастированных в результате добычи нерудних полезных ископаемых. В статье представлены результаты определения гумуса и элементов питания в субстратах прибрежной зоны техногенных  озер Малого Полесья Украины, образовавшихся в результате добычи песка земснарядами.

Экспериментально доказано, что на самозаростающих территориях прибрежной зоны техногенных озер накопление гумуса и элементов питания происходит интенсивнее на участках, которые меньше подвергались влиянию добывающих работ. Установлено, что гумусообразование и накопление азота и калия увеличивается при накоплении фитоценозом большего количества органического вещества.
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1. Introduction.
The rapid pace of modern technogenesis adversely affects the natural ecosystems; therefore, the problem of technogenic degradation of natural areas, which results in a loss of biological and landscape diversity, is a pressing one.

The physiographic region called “Small Polessye” is located between the Volyn upland steppe in the north, Roztocze in the north-west and Podolsk upland steppe in the south-east.

The Small Polessye is triangle-shaped. The biggest side of this triangle is located on the north side, and the opposite corner reaches an ancient settlement called Zvenigorod in the Peremyshl district, Lviv region. The west corner of the triangle is located in Tomaszów Lubelski in Poland, where the Solokiya river originates (a left tributary of the Western Bug river) [1].

Due to the intense use of the Small Polessye for the mining industry, the typical for this territory forest phytocenoses were destroyed in the areas with close groundwater, where building sand was mined using dredgers. They were replaced with watered pits.

Once the exploitation was completed, the devasted shoreline of these reservoirs (technogenic lakes) essentially became a neoedafotop; i.e. a biologically sterile area featuring specific ecotope characteristics that differ from the natural ones by modified topography, moisture regime, lack of soil, and so on. As a result of the syngenetic succession, vegetation cover was formed, which in turn triggered the soil formation in the ecotonic zone between the hydroecosystem and the forest phytocenosis.

Today, extensive research is underway to resolve the problem of restoration of the vegetation cover and soil in the dry pit workings and dumps with different combinations of lithological and bioclimatic conditions in Ukraine [2–3], Russia [4–7], and European countries [8–9]. However, data on these processes regarding watered pits and technogenic lakes, which were formed as a result of sand mining with dredgers, is scarce; and this research is, therefore, timely.
2. Materials and methods of research.
Accumulation of humus nutrients content was measured on sections with a varying degree of devastation taken from the coastal zone of a technogenic lake that was formed by sand mining with dredgers in the eastern part of the Small Polessye (Khmelnytsky region, Slavuta district) in the pine forest 40 years ago [10]. For this purpose, two transects were made with a length of 100 m from the water line of the resulting reservoir to the woodland boundary that was not subject to the impact of pit operations. 
The first transect was made in the area with completely destroyed vegetation and soil (sandwash maps), the second one was made in the pit operations area with partially removed vegetation and impaired soil (Figure 1). The distance between points in the transects was 10 m.
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Fig. 1. Technogenic lake resulting from sand mining with dredgers (Ukraine, Khmelnytsky region, near the village of Stryhany).
The content of humus and nutrients in the substrate was measured by methods commonly used in Ukrainian pedology and agrochemistry. The identification of species of flora was conducted by registration of plant species.

3. Research results and discussion.
The lake selected for this study is a typical technogenic lake of the Small Polesye. It is characterized by a complex structure of the basin, heterogeneity of the microrelief, which was mainly formed by technological factors of the pit operation, resulting in an undeveloped intertidal zone. The distribution of depths does not follow any clear pattern; i.e. the deep areas may gradually turn into shallow, not only from the center of the reservoir to the coast, but also in other directions. The coastal zone is not formed, and is characterized by differences in the height both from the water's edge and along the perimeter.

The study of the processes of restoration of the devasted landscapes should be carried out taking into account the formation of natural phytocenoses and the direction of the soil-forming process. This is important as the basic flows of energy intake related to the organic matter of plant origin tend to change during the formation of a post-technogenic ecosystem. All components of the biocenosis can be a potential source of organic matter that forms the soil; however, the main material from which the humus is formed during the post-technogenic period is the organic matter concentrated in the above-ground and underground phytomass of the phytocenosis [7].

The formation of the phytome of the coastal zone of the lake took place in edaphic and hydrological conditions which were significantly altered by the anthropogenic activity. The ecotonic nature of the area under study led to the presence of species of varying ecological groups.

Today, the technogenic lake flora comprises 91 species. Taxonomically, plants belong to 3 divisions, 4 classes, 45 families, and 73 genera. Polypodiophyta is represented by 2 species, Equisetophyta by 2 species, and Pinophyta by 1 species. The most numerous division is Magnoliophyta (86 species). Among families, the most diverse are: Cyperaceae – 10 species (11%), Poaceae – 8 species (9%), and Potamogetonaceae, Ranunculaceae, Asteraceae – 4 species each (4%). These families account for 33% of all plant species.

In the study area, 73 species (80%) are polycarpic plants represented by grasses, trees and woody shrubs. The vast majority are hemicryptophytic plants (37 species). The rest are geophytes (13 species), hydrophytes (12 species), and heliophytes (11 species). The area is well lit, so there are only two sciophytic species. The numbers of heliosciophytes and scioheliophytes are almost identical.

The fact that most species of plants are well adapted to water and moist growing conditions is reflected in the predominance of hygrophytes (45 species) and hydrophytes (12 species). These plants grow directly in the water or on a wetland. Mesophytes are represented by 17 species. Xerophytes were not found.

The study area is an ecotone; i.e. a transition zone between the pine forest that used to grow here before the mining activities commenced, and a technogenic lake. Therefore, the self-planting processes involve an interpenetration of coastal species and plants characteristic of rainforests.

Most of the species in the investigated flora of the lake are plants that belong to the riverside group, indicating a rather active process is synergetic succession. However, areas with different degrees of devastation feature significant differences in term of species diversity, structure and productivity of phytocenoses. Thus, in the areas of the first transect, the vegetation cover was underdeveloped due to a poor sandy substrate which is exposed to wind and water erosion. This area is characterised by herbaceous and woody species growing in a spotty manner. The sloping sites 1 to 4 feature a tree stratum made of young pine trees, the undergrowth is absent, the grass stratum is poor, including due to washing of seeds. In sites 5 to 10, the grass stratum is well developed, in sites 3 to 4, an underdeveloped undergrowth is formed.

The second transect is characterized by pine trees stratum with an admixture of black alder, a developed undergrowth and a grass stratum, which is insignificant in sites 1 and 2, but increases in subsequent sites in terms of both species composition and productivity.

The primary process of soil restoring is humus formation. Accumulation and transformation of humus in young soils of post-technogenic landscapes triggers such processes as biochemical weathering of the mineral part of the soil (in our case, it was sand), mobilization of nutrients of plants, prevention of the loss of nutrients due to accumulation of colloidal organo-mineral part of soil, differentiation of the embryonic profile to the horizons, structure formation, disintegration of the soil mass, optimization of the water-physical regime, development of the functional activity of communities of living organisms, etc. [2].

The plant litter and dead grass is an organic material for the formation of humus and thus for accumulation of nutrients. Figure 2 shows the results of calculations of a weighted mean of humus content in the substrate of the coastal zone.
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 Fig. 2. Weighted mean of humus content in the substrate of the coastal zone of the technogenic lake
Graphical interpretation of the data indicates that as the distance from the technogenic lake increases, the humus content generally increases along the two transects, and this process intensifies beginning from the fourth site, indicating that the most significant technogenic impact and the deepest devastation occurred within the area of 40 m around the perimeter of the reservoir from the water’s edge.

However, in the sites of the second transect, the humus content is 1.3 to 3.6 times higher than in the corresponding sites of the first transect. This is explained by the specifics of the vegetation composition and productivity of the phytocenosis since the lack of undergrowth and poor grass cover in the sites of the first transect that were subject to the most profound destructive influences caused the formation of a small litter and hence less organic material is available. In addition, the conditions for destruction are unfavourable, since the activity of destructor microorganisms in the devasted sites is minimal.

Figure 3 shows the results of measuring of availability of nitrogen compounds in the substrate. 
The availability of nitrogen shows the same trend of a greater content (2.2 to 5.6 times) in the sites of the second transect, which is logical given the similar dependence in the humus content, because most of the soil nitrogen (up to 99 %) is known to be in the form of organic compounds (proteins and humic substances).
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Fig. 3. Average availability of nitrogen

At the same time, the presence of black alder in the tree stratum of the second transect has also a positive effect on the accumulation of nitrogen due to its fixation by alder’s root nodules [11].

The most of potassium (98-99%) is found in the soil in the form of insoluble aluminosilicates – feldspars, micas and illite. Water-soluble potassium is present in the form of soluble salts (with mineral and some organic acids) that are found in the soil solution. 
Figure 4 shows the mean availability of K2O in the substrate of the coastal zone of the lake.

[image: image5.emf]0

10

20

30

40

50

60

70

80

10 20 30 40 50 60 70 80 90100

mg/kg of 

substrate

Distance from the water's edge, m

Transect 1 Transect 2

 Fig. 4. Average availability of K2O in substrate.
The content of potassium compounds in both transects grows as the distance from the lake increases. In the sites of the second transect, it is 1.6 to 2.5 times higher than in the first transect, which is in line with the dependences for the content of humus and nitrogen.

The content of phosphorus (Р2О5) in sod-podzolic sandy soils is normally 0.03 to 0.08%. Phosphorus compounds positively impact the physical and biological properties of soil. They contribute to colloid-chemical and biological processes in the soil that help maintain the waterproof structure. Structural units enriched with ions of phosphorus contain colloids that are resistant to swelling and condensing under the influence of external factors. Figure 5 shows the estimated mean content of P2O5 (mg/kg) in the substrate.
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 Fig. 5. Average availability of P2O5 in substrate.
As one can see, the availability of P2O5 in substrate differs significantly from the other parameters that were measured in this study; namely, the content of phosphorus is greater in the first transect sites compared to the second transect.

The biggest content is characteristic of Sites 1 to 3, which feature a small amount of humus, nitrogen and potassium. These sites also feature the biggest excess of phosphorus in the first transect compared to the second (17 to 24 times), while for the subsequent sites, the difference is 1.6 to 4.7 times and is generally similar to the values ​​of the other parameters. In our opinion, this distribution of phosphorus is associated with some processes at the ecosystem level, since once phosphorus is involved in the circulation of substances, it binds to colloidal compounds of the mineral component of soil, and hence the content of its soluble form in the initial soils decreases.

Conclusions.

Thus, the coastal zone of technogenic reservoirs, which are naturally planted, features an initial soil formation process. This process is closely associated with the accumulation of organic matter, which is formed due to the recovery of the vegetation cover. The further from the pit operations, the intensity of the technological transformation of soil and vegetation cover decreases, and hence the content of humus, nitrogen and potassium in the substrate increases.

Sites along the perimeter of the reservoir were subjected to unequal technological impacts. In the fully devasted areas (sandwash maps), the content of humus and nutrients is 1.3 to 5.6 times lower than in the areas of forestland with partly modified components of biogeocoenosis that were also exposed to the influence of pit operations. However, phosphorus shows a different pattern, i.e. the content of phosphorus is higher in the sites that have undergone full devastation compared to less exposed areas, which is due to its binding during the soil formation process.
Выводы.

Таким образом, на зарастающей естественным путем прибрежной территории техногенных озер отмечается инициальный процесс почвообразования, который тесно связан с накоплением органического вещества, образующегося в результате восстановления растительного покрова. С удаленностью от карьерной выемки интенсивность техногенной трансформации почвенного и растительного покрова уменьшается, поэтому содержание гумуса, азота и калия в субстрате увеличивается. Участки по периметру водоема подвергались  разному по силе техногенному воздействию. 
На полностью девастированных площадях (карты намыва песка) содержание гумуса и элементов питания в 1,3-5,6 раз меньше, чем на вошедших в зону влияния карьерной выработки участках лесохозяйственного использования с частично измененными компонентами биогеоценоза. Вместе с тем для фосфора определяется противоположная закономерность, то есть его содержание больше на участках, подвергшихся полной девастации, по сравнению с менее нарушенными территориями, что по нашему мнению связано с его связыванием в процессе почвообразования.
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