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Abstract. The paper provides a retrospective analysis of vegetation on the waste rock dump of Dimitrov
coal mine No. 5-6, Donetsk, DPR. The data on the state of vegetation cover in 1977-2010 and 2011-
2024 are taken as a basis, which is methodically justified in evaluating results from the first experimental
planting of annual and perennial plants as well as the process of the dump colonization with alien
species. A close positive correlation is found between the increase in the number of plant species and
duration of the reclamation period, which is reflected in the phytodiversity of the waste rock dump during
coal mining in Donbas and contributes to the formation of the dump as an established ecotope.
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Introduction

Modern monitoring of anthropogenically transformed ecosystems, including waste rock dumps in
Donbas, requires a systematic approach to the comprehensive study of long-term dynamics of their
phytodiversity. In particular, studies have been conducted to assess harmful effects on residential areas
in large cities (Eprintsev et al., 2019; Kalinina, 2019) and biogeochemical parameters of natural-territorial
complexes within industrial zones (Kalinina and Germonova, 2018; Slepnev and Popov, 2019).

Vegetation succession on man-made substrates is manifested in both a directed change in species
composition and the formation of its phytocenotic structure. Already at the early stages of succession,
there is a set of resistant species that are highly abundant in the subclimax ecosystem. The speed
of succession depends on the initial germination of species at a specific point at a specific time
(Mironycheva-Tokareva, 1996). Five years after application, about 12—17 t/ha of chernozem and loamy
soils are washed off from the waste rock dump at the stage of technical reclamation. In ten years, as a
result of natural overgrowth with grasses, soil water erosion decreases by 1.9 times, while on chernozem
substrates natural vegetation practically ensures protection of soil from erosion (Navalikhin, 2009). Plant
species selection for reclamation requires careful consideration of soil and climatic conditions, terrain,
intensity of erosion processes and should be based on such qualitatively important characteristics of
the species as oligonitrophilicity, salt and drought tolerance. Plants must be native, similar in species
composition to those growing in the forest areas nearest to the waste rock dumps (Rodayeva, 2004).
Modeling of ecotopes in a quarry, sowing perennial grasses, planting trees and shrubs of a suitable
assortment contribute to higher species and phytocenotic diversity of the quarry’s vegetation cover and
accelerate its formation by 15-20 years (Glazyrina, 2002; Kulagin, 1998).

For successful restoration of disturbed landscapes, it is essential to use several types of woody
plants. This is due to biological characteristics and different selective absorption and accumulation
capacities of woody plants which ensure efficient bioremediation of toxic compounds in waste soils.
During afforestation of industrial waste dumps, water and wind erosion is reduced, a humber of toxic
elements accumulate in the perennial parts of woody plants, and the level of secondary pollution of
adjacent landscapes is reduced (Vedernikov, 2002).

The best phytomeliorants are Scots pine, Siberian larch, silver birch and sea buckthorn. These
species are also promising for the reclamation of disturbed lands (Androkhanov, 2005; Metodicheskie
rekomendatsii..., 2017).

A high content of metals in the soil of waste rock dumps determines the increased level of their
accumulation in woody plant organs. The highest concentrations of technogenic metals are found in
perennial parts of plants (root system, bark and branches), while the lowest are recorded in assimilation
organs (leaves). The accumulation of heavy metals in absorbing roots is an adaptive response aimed
at the survival of woody plants under extreme conditions of industrial waste dumps (Kulagin, 2014;
Stanchenko, 2009; Titov et al., 2007). Under the canopy of tree plantations on waste rock dumps, a soil
cover is formed, which characteristics are determined by the composition and properties of the spoil
heap soils, the species composition of woody plants, their age and mosaic structure of growth.

The comparison of research materials from 1982—1986 and 2008-2011 studies shows that during
the formation of soil cover on waste rock dumps under the canopy of forest plantations, positive changes
in such parameters as total carbon, pH, phosphorus, exchangeable calcium and magnesium occur,
which indicates the contribution of woody plants to the biological reclamation of industrial waste dumps
(Radosteva, 2011).

The aim of this study is to conduct a retrospective analysis of vegetation on the model waste rock
dump of Dimitrov mine No. 5-6, Donetsk, DPR.
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Materials and methods

In this study, the assessment of tree species vitality, composition, and diversity was carried out for
woody plants only, using the method developed by V.A. Alekseev, without measuring the trunk diameter
and height (Alekseev, 1989). The characteristic of herbaceous communities is presented only by stating
the fact of their existence as formed plantations on a waste rock dump of a certain type.

Results and discussion

The climate in Donetsk (Donetsk People’s Republic) is temperate continental and arid. The average
monthly air temperature in January is —4 °C and in July is +23 °C. The absolute minimum air temperature
of =31 °C was recorded on January 11, 1950 and the absolute maximum of +41 °C was recorded on
July 18, 2021. In winter, northeast and east winds prevail, in summer the prevailing winds blow from the
northwest and west. Annual precipitation averages 493 mm.

The waste rock dump of mine No. 5-6 (N 48.002605° E 37.843197°) is located within the city limits
of Donetsk in close proximity to residential buildings, market pavilions, schools and major highways
(Fig. 1). The dump started operating in 1915 and was shut down in 1967, after 52 years of operation,
excluding the period of Great Patriotic War and post-war reconstruction (1941-1954). Initially, the dump
had 4 conical peaks up to 48 m high and contained a total of more than one and a half million tons of waste
rock. The dump covers an area of 58000 m? with estimated volume of waste rock of 900 thousand m>.
Spontaneous combustions have been reported in separate areas from the very beginning of the dump
operation (Korshikov et al., 1994).

Mining engineering, the first stage of the reclamation process, was fully implemented at the waste
rock dump of mine No. 5-6. The dump extinguishing and re-profiling project was carried out by Special
Directorate for Extinguishing, Fire Prevention and Reclamation PO «Donetskugol», and the terracing,
slope flattening and landscaping project was done by Donetsk Botanical Garden.

The technical stage of reclamation began in 1976, after suppressing a fire at the dump, and involved
its reshaping with the removal of conical tips. In the same year of 1976, soil was brought to the flat top
and terraces and distributed in a layer between 0.2 and 0.8 m thick. In the spring of 1977, a total of 6670
standard seedlings of false acacia, Robinia pseudoacacia, were planted for the first time. Observations
showed that plant grew better in areas with a potentially fertile layer of soil. Improved plant growth was
also observed on slopes when clay was transported by sediments from plateaus and terraces to lower
areas. The average survival rate of seedlings in 1977 was 84%. In 1978, an additional 12000 seedlings
of the same species were planted and grass was sown over an area of 30400 m? (top and terraces).
Legume-cereal grain mixtures and pure crops were used to test various options. Melilot, couch grass,
lyme grass, wheatgrass, clover, and various types of alfalfa were also used. To date, experimental
plantings at the dump have been carried out by the staff of Donetsk Botanical Garden (Zhukov, 2018;
Zhukov and Martynova, 2015).

Fig. 1. A schematic map of the location of the waste rock pump of Dimitrov mine No. 5-6.
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Based on the comprehensive long-term monitoring of the phytodiversity dynamics of the waste rock
dump, conducted over the past 47 years since its landscaping, three distinct time periods are identified:
1) 1977—-2000 — the beginning of biological reclamation of the dump, the first experimental plantings;

2) 2001-2023 — new experimental plantings of Donetsk Botanical Garden;

3) 2024 — current phytodiversity of the dump.
The results of monitoring of the plant species composition dynamics on the waste rock dump from

1978 to 2024 (Otchet po nauchno-issledovatelskoi rabote..., 2013; Rekomedatsii po vyrashchivaniyu...,

1982) are presented in Table 1.

Table 1. Vegetation of the waste rock dump of Dimitrov mine No. 5-6.

Year Observed species of woody plants

Agropyron cristatum (L.) Gaertn
Elytrigia repens L.
Medicago sativa L.

1978 Melilotus albus Medik.

Melilotus officinalis L.

Robinia pseudoacacia L.

Trifolium pratense L.

Agropyron cristatum (L.) Gaertn
Elytrigia repens L.
Gypsophila scorzonerifolia Ser.
Hyssopus officinalis L.
2010 Medicago sativa L.
Melilotus albus Medik.
Melilotus officinalis L.
Quercus rubra L.
Robinia pseudoacacia L.
Trifolium pratense L.

Acer negundo L.

Acer tataricum L.
Agropyron cristatum (L.) Gaertn
Ailanthus altissima Mill.
Betula pendula Roth
Cornus mas L.
Crataegus laevigata Poir.
Elytrigia repens L.
Fraxinus pennsylvanica Marsh.
Gypsophila scorzonerifolia Ser.

Hyssopus officinalis L.
Juglans regia L.
Ligustrum vulgare L.
Malus sylvestris L.
Medicago sativa L.
2024 Melilotus albus Medik.
Melilotus officinalis L.
Populus balsamifera L.
Prunus armeniaca L.
Prunus avium L.
Prunus cerasifera Ehrh.
Prunus mahaleb L.
Quercus robur L.
Rhus typhina L.
Robinia pseudoacacia L.
Rosa cinnamomea L.
Sorbus intermedia Ehrh.
Symphoricarpos Dill.
Syringa vulgaris L.
Trifolium pratense L.
Ulmus pumila L.
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To highlight the dynamics of species diversity of plant organisms on the dump during its anthropogenic
transformation into an ecotope, the control years of 1978, 2010, and 2024 were selected, allowing us
to trace specific changes in parameters against the background of observed industrial change and
development processes, and thus, industrial pollution of natural ecosystems and stabilization of the
waste rock dump.

The analysis of the phytodiversity long-term dynamics on the waste rock dump shows that Robinia
pseudoacacia survives the best and is the most promising species for reclaiming the waste heap. In
2024, there was a spread of self-introduced species (for example, Ailanthus altissima, Juglans regia,
Prunus cerasifera), as well as increased growth and dissemination of woody plant species (UImus pumila,
Betula pendula, Quercus robur, etc.). Also in 2024, Elytrigia repens and Medicago sativa plantations
expanded, compared to 2010.

In general, the condition of green plantations and the mine No. 5-6 waste rock dump itself is
characterized as unsatisfactory, and the effectiveness of reclamation measures is insufficient. Health
assessment of individual woody plants shows that healthy trees make up 29% of the total number of
woody plants, weakened trees — 31%, and severely weakened trees — 40%. The relative vitality of tree
plantations on the waste rock dump of the mine No. 5-6 in Donetsk is assessed as "weakened".

The most common injuries in woody plants on the waste rock dump of the mine No. 5-6 are spot
necrosis of leaves (60% of the total number of trees examined), marginal leaf necrosis (30%) and leaf
chlorosis (70%), as well as the presence of insect galls on the leaf surface (14%).

Conclusion

This study shows that the condition of the waste rock dump substrate has a negative impact on
woody plants, their leaf and shoot apparatus get modified, and self-introduced plant species replace the
native ones. Further investigation into the chemical composition of the substrate and plant material will
allow for a better understanding of contaminant transport from soil to plants.
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