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Abstract

Purpose. Determination of ecological patterns for vegetation cover formation in the mining waste dumps of the Lviv-Volyn
coal basin based on the ecotopes floristic composition analysis of waste heaps reclaimed and non-reclaimed.

Methods. The phytoindication of ecological regimes is used based on the ecological parameters of herbaceous species of
vegetation covering the mining waste dumps; data retrieval techniques (Data Mining methods); plant species multivariate
ordination based on the main components analysis (Principle Component Analysis); statistical processing of ecotopes eco-
logical parameters of the mining waste dumps.

Findings. A phytoindication assessment has been performed of the conditions in the places of growing 8 ecological-cenotic
groups and 5 subgroups of plant species representing various ecotopes of reclaimed and non-reclaimed waste dumps of
mines according to nine parameters: Tm — thermal regime, Kn — climate continentality, Om — ombroclimate, Cr — cryocli-
mate, Hd — soil moisture, Tr — salt content, Rc — soil acidity, Nt — mineral nitrogen, Lc — luminosity-shadowing regime. It
has been found that with decreasing parameters of climate humidity, shadowing in cenosis and soil moisture, the indexes of
thermal regime, continentality, soil pH and salt content increase. It is recommended to present the typological scheme of the
vegetation covering the mining waste dumps in the form of a quadrangle, in the centre of which meadow and synanthropic
vegetation is located, and in the corners — boreal and psammophilous vegetation; nemoral-forest; hydrophilous; meadow-
steppe and calcetrophilic.

Originality. It has been revealed that the vegetation covering the mining waste dumps of the Lviv-Volyn coal basin is cha-
racterized by an ecological-cenotic areal. It has been assessed on the basis of the species ordination on the axes of complex
environmental gradients, and the center of this areal is occupied by meadow and synanthropic species, which demonstrate
greatest sustainability under the conditions of mining waste dumps. The most vulnerable species are meadow-steppe, calci-
philous, hydrophilous vegetation, the ecological-cenotic areal of which is characterized by the location on the periphery of
the general vegetation areal of mining waste dumps.

Practical implications. The ecological parameters of flora species make it possible to determine their position in the eco-
logical-cenotic areal of vegetation covering the mining waste dumps of the Lviv-Volyn coal basin, as well as to predict their
sustainability and dynamics.
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1. Introduction stances that can smolder for a long time, releasing into the
atmosphere the carbon monoxide and dioxide, dioxide of
both sulfur and hydrogen sulfide, as well as nitrogen oxide
and dioxide [1].

After a large number of mines were closed, reclamation
measures were conducted in separate dumps with the use of
soil mixtures with a thickness of 40-50 cm, as well as ap-
plying artificial afforestation. Given the ability of waste
dumps to self-organized vegetation, studying the patterns
for certain plant species propagation, as well as the for-
mation of disturbed ecotopes vegetation cover is of great
practical importance [1].

The Lviv-Volyn coal basin is located in the western part
of Ukraine. Chervonohrad coal mining industrial region is
the largest in the area. Since 1956, 12 coal mines and Cher-
vonohradska central beneficiation plant have been operated
in the region [1]. Significant ecological problems in Cher-
vonohrad mining region are resulted from the negative envi-
ronmental impact of solid industrial waste produced in the
coal industry [2], [3]. The rocks stored in dumps (waste
heaps) are characterized by a high content of heavy metals,
low water-absorption capacity, low nutrient content[4]-[6].
Waste dumps contain a large number of autogenous sub-

© 2020. V. Skrobala, V. Popovych, V. Pinder

Published by the Dnipro University of Technology on behalf of Mining of Mineral Deposits. ISSN 2415-3443 (Online) | ISSN 2415-3435 (Print)
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/),
which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

119



http://www.nmu.org.ua/en/
http://mining.in.ua/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.33271/mining14.02.044
mailto:skrobala@ukr.net
https://orcid.org/0000-0002-0606-8079
mailto:popovich2007@ukr.net
https://orcid.org/0000-0003-2857-0147
mailto:vova290752@gmail.com
https://orcid.org/0000-0003-2977-3560
mailto:popovich2007@ukr.net

V. Skrobala, V. Popovych, V. Pinder. (2020). Mining of Mineral Deposits, 14(2), 119-127

The applied research on improving the ecological restora-
tion efficiency of coal mines by means of phytomelioration is
presented in the work [7]. An experiment and field studies
have been conducted to reveal the micromycetes influence on
plant growth capacity. Such an approach has led to the deve-
lopment of environmentally-friendly technologies for soil
restoration through phytoreclamation. The reclamation work is
closely related to land use planning [8]. Dumps can retain their
original state without levelling or with minimal levelling of
their surface. Another possibility is the partial unloading of
waste to a dump, and then levelling of its surface if necessery.
The best way out is to completely clear up the dump and con-
duct reclamation of this land [9]. It has been experimentally
proved [10], that the waste dumps phytomelioration is an
effective means of reducing flow and erosion of soil and an
essential component for ecosystem restoration in ecologically
hazardous regions. It should be noted the positive role of soil
algae in the higher plants development in waste dumps.

The study [11] substantiates, that a large number of soil
algae in the dumps of copper mines increases due to a de-
crease in heavy metals content and an improvement of nutri-
tious conditions. The soil algae growth creates the conditions
for dispersion and growth of higher plants. Moss and vascu-
lar plants appearing in the dumps of copper mines keep down
the soil algae development.

Along with this, it should be noted that there are various
technologies for extracting minerals from waste dumps of
coal mines [12]-[14], quarries [15], [16], and small mining
enterprises [17]-[19], which makes possible to obtain addi-
tional energy sources in the process of mining operations. At
the same time, some scientists note the influence of mining
operations on the quality of minerals extraction [20], [22].

2. Objects and methods of research

The research area is located in the geobotanical district of
Male Polissia. It is characterized by plane-earth surfaces,
widespread sands and sod-podzolic sandy soils, pine and
oak-pine forests, meadows, as well as significant degree of
marshiness. The most widespread sod-podzolic sandy soils
are characterized by low humus content (0.6-1.3%), acidic
reaction (pH =5.33-6.14) and a small volume of active nutri-
ents [23]. The climate is Atlantic-continental, which is char-
acterized by significant amount of rainfall (620-750 mm),
mild winters with frequent thaws and unstable snow cover,
as well as moderately warm summers without long-term
droughts and dry winds.

The waste dumps of coal mines are constructed mainly of
coarse fractions (over 50 mm) of mined-out, partially burnt
rock, which is by 70% composed of clay argillites. Dumps
up to 60 m high and a base area of more than 10 ha often
have a compound relief form [1].

The ecological patterns for plants propagation under the
conditions of mining waste dumps in Chervonohrad coal
mining industrial region are studied using data retrieval
methods [24]. Data retrieval method is a process of analytical
research into large amounts of information in order to identi-
fy certain patterns and dependences between variables (hid-
den knowledge) that can be applied to new data sets, as well
as reliable prediction of processes and phenomena [24]. Un-
like traditional statistical methods, data retrieval procedures
are based on the “black box” principle and are more oriented
towards the practical use of the obtained results [24]. The
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research consists of three main stages: studying the structure
of species mutual arrangement in a many-dimensional space
of ecological parameters features, mathematical structure
modeling, and mathematical model testing.

The concept of our research is to mathematically model
the structure of species arrangement in the hyperspace of
features. Since it is visually impossible to recognize a struc-
ture in the many-dimensional space, the main attention is
paid to multivariate ordination methods. The task of mathe-
matical modelling is to replace a large numbers array (eco-
logical parameters of species) with such scattering of points
that would help to reveal its structure as a reflection of eco-
logical patterns [3].

The basis for geobotanical data is information on the eco-
logical conditions for the growth places of eighty-nine herba-
ceous species representing various ecotopes of reclaimed and
non-reclaimed waste dumps, according to nine parameters:
Tm — thermal regime, Kn — climate continentality, Om —
ombroclimate, Cr — cryoclimate, Hd — soil moisture, Tr — salt
content, Rc — soil acidity, Nt — mineral nitrogen, Lc — lumi-
nosity regime — shadowing (1, J). In addition to own research,
literature sources data were also used [1], [2], [25], [26].

Mathematical modeling is conducted by setting systemat-
ic relationships between the ecological parameters of the
places of plant species growth [24]. Each species can be
represented as a point in a many-dimensional space of fea-
tures, the coordinates of which correspond to the ecological
regimes parameters values. In this case, the species similarity
according to the ecological parameters set can be determined
based on the distances between the points. The essence of the
further mathematical procedure is to identify the axes of
maximum variation, determine their quantity, assess the
value of each ecological parameter for variation based on the
main components analysis [24]. The mathematical model
verification is performed on the basis of a comparative as-
sessment of the species position on the axes of maximum
variation (multivariate ordination) with the results of geobo-
tanical studies and data of literature sources [1][2][25][26].

Ecological and phytocenological analysis is one of the
methods for understanding the patterns of formation, func-
tioning and predictioning the vegetation cover dynamics.
This analysis is based on the plant species classification
according to the feature of identity to a particular type of
plant communities [26]. Data on sustainable species combi-
nations (ecological-cenotic groups of species), which are
characterized by a similar attitude to environmental condi-
tions and are met in single-type phytocenosis, are widely
used in modern botanical studies [27]. When analysing the
ecological-cenotic composition of the wvegetation cover
communities in the mining waste dumps of Chervonohrad
coal mining industrial region, our research objective is to
determine the arrangement of the ecological-cenotic groups
of species on the ecological factors gradients.

3. Results and discussion

Based on own research and analysis of literature
sources [1], [2], [25], [26], 8 ecological-cenotic groups and
5 subgroups of plant species have been identified in the vege-
tation cover of the mining waste dumps in Chervonohrad
coal mining industrial region (Table 1). The largest number
of species is characteristic of synanthropic, meadow, and
nemoral-forest ecological-cenotic groups.
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Table 1. System of ecological-cenotic groups of vegetation cover species in the waste heaps of Chervonohrad coal mining industrial region

Ecological-cenotic group, subgroup

Typical representatives of the flora

Boreal

Nemoral-forest

Meadow

— upland meadow
on the rock substrate

— upland meadow
on the bulk substrate

— downland meadow
on the bulk substrate
Meadow-steppe
Calcetrophilic

Psammophilous

Hydrophilous

Hypochoeris radicata L., Oxalis acetosella L., Scleranthus perennis L., Solidago virgaurea L.,
Thymus serpyllum L., Veronica officinalis L., Vicia hirsuta (L.) S.F. Gray

Alliaria petiolata (Bieb.) Cavara et Grande, Campanula trachelium L., Dryopteris filix-mas (L.)
Schott, Geranium robertianum L., Lathyrus sylvestris L., Poa nemoralis L., Pulmonaria obscura
Dumort., Stellaria holostea L.

Achillea submillefolium Klok. et Krytzka, Calamagrostis epigeios (L.) Roth, Cerastium holoste-
oides Fries, Chamaerion angustifolium (L.) Holub, Hypericum perforatum L., Poa pratensis L.
Arrhenatherum elatius (L.) J. et C.Presl, Holcus lanatus L., Medicago lupulina L., Odontites
vulgaris Moench, Trifolium repens L.

Carex acutiformis Ehrh., Festuca rubra L. s.str., Rumex thyrsiflorus Fingerh., Sanguisorba
officinalis L.

Alyssum calycinum L., Coronilla varia L., Daucus carota L., Tragopogon major Jacq.
Hieracium cymosum L., Poa compressa L., Reseda lutea L.

Corynephorus canescens (L.) Beauv., Helichrysum arenarium (L.) Moench, Hieracium pilosella
L., Rumex acetosella L., Senecio viscosus L., Trifolium arvense L.

Alisma plantago-aquatica L., Bidens tripartita L., Epilobium parviflorum Schreb., Eupatorium
cannabinum L., Phragmites australis (Cav.) Trin. ex Steud., Polygonum persicaria L., Typha

angustifolia L.
Synanthropic

— segetal

— ruderal

Echinochloa crusgalli (L.) Beauv., Erigeron canadensis L., Galeopsis ladanum L., Scleranthus
annuus L., Setaria glauca (L.) Beauv., Sonchus arvensis L.
Artemisia absinthium L., Artemisia vulgaris L., Echium vulgare L., Euphorbia cyparissias L.,

Oenothera biennis L., Polygonum aviculare L., Rumex crispus L.

The climate regime peculiarities on the territory are deter-
mined by geographical latitude, altitude above sea-level, the
geological substrate nature (J). The waste dumps microclimate
is often different from the microclimate of natural plant com-
munities. The high steepness of the dumps surface is the rea-
son of contrasts in solar radiation incoming to the slopes of
different exposures. The rock dark colour and its low specific
heat capacity cause the death of plants due to strong heating
and rapid drying of the rock surface layers [1]. At the level of
ecological-cenotic plant groups, the thermal regime of the
mining waste dumps in Chervonohrad coal mining industrial
region is characterized by a relatively narrow range of thermal

regime parameters (Tm =8.17-9.38 points). This corresponds
to the boreal-nemoral and nemoral types of thermal regime
with radiation balance values of 40-45 kcal/(cm?-year) [28],
[29]. The maximum values of the thermal regime parameters
are characteristic of the meadow-steppe and ruderal subgroups,
and the minimum values — the upland meadow on the bulk
substrate and psammophilous ecological-cenotic group (Ta-
ble 2). There is a noticeable difference in the thermal regime
for vegetation growth places of upland meadow on the rock
substrate and bulk substrate. By applying the layers of bulk
soil mixtures on the waste dump, it is possible to decrease their
temperature compared to the rock substrate.

Table 2. Ecological parameters of the growth places in the mining waste dumps

Ecological-cenotic group,

Average ecological parameters values of the growth places, points

subgroup of plants m Kn Om Cr Hd Tr Rc Nt Lc
Boreal 844 769 819 856 1056 550 531 431 3.69
Nemoral-forest 855 7.77 795 859 1259 6.68 768 6.68 5.05
Meadow 840 882 762 742 1155 7.75 745 563 285
— upland meadow on the rock substrate 817 872 761 728 1128 711 689 572 322
— upland meadow on the bulk substrate 900 864 771 800 1093 829 786 557 257
— downland meadow on the bulk substrate 788 938 750 675 1325 825 800 550 250
Meadow-steppe 938 875 713 925 813 838 875 475 225
Calcetrophilic 867 883 683 933 833 633 933 400 200
Psammophilous 823 859 768 7.64 991 577 559 423 255
Hydrophilous 893 868 786 7.96 1546 7.89 704 721 3.07
Synanthropic 879 862 768 821 1035 7.62 6.76 6.32 250
— segetal 931 85 769 875 1050 756 700 631 244
— ruderal 833 867 767 7.72 1022 7.67 656 6.33 256
Mean 8.62 8.49 7.72 810 1151 7.14 6.97 5.78 3.10
Std. Dev. 088 08 064 121 254 160 164 182 115

The climate continentality is determined by the influence
of large land areas on atmospheric and climate-forming pro-
cesses. Continentality depends on the air annual amplitude
and the deficit of relative humidity. Hemicontinental climate
is typical for the studied area (Kn = 9 points).

The minimum continentality values are characteristic of
the places for growing boreal and nemoral-forest ecological-
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phytocenotic plant groups (Table 2). At the species level, the
maximum continentality parameters are characteristic of the
following species Hypericum perforatum, Echium vulgare,
Coronilla varia, Potentilla norvegica, Helichrysum arenari-
um, Reseda lutea, as representatives of synanthropic, psam-
mopbhilous, calcetrophilic and meadow-steppe ecological-
phytocenotic groups.
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The climate humidity index (ombroclimate) Om represents
the difference in annual amount of precipitation and evapora-
tion (maximum possible evaporation under given climatic
conditions from the geological substrate with unlimited mois-
ture reserves). Minimum humidity parameters are recorded for
the growth places of meadow-steppe and calcetrophilic eco-
logical-phytocenotic groups (Om = 6.83-7.13 points) — subarid
type of ombroregime (Table 2). In plant communities of other
ecological-cenotic groups, the range of humidity parameters
indicates an intermediate type between the subarid and sub-
humid types of ombroregime. The maximum values of the
climate humidity parameters are characteristic of the growth
places of boreal and nemoral-forest vegetation.

One of the important ecological factors is the climate fro-
zen condition (cryoclimate) Cr. Plant growth is stopped in
autumn with a steady change to an average daily temperature
less than 5°C. Very often, the conditions of plants wintering
are determined by possibilities of their growth in a particular
ecotope. The maximum values of cryoclimate parameters are
characteristic of the growth places of meadow-steppe and
calcetrophilic ecological-cenotic groups (Cr=9.25-9.33
points) — the regime of mild winters with the coldest month
temperature of —6...—2°C. In plant communities of other
ecological-cenotic groups, the range of cryoclimate parame-
ters indicates an intermediate type between the regimes of
moderate winters and mild winters. The minimum values of
cryoclimate parameters are characteristic of the growth plac-
es of downland meadow ecological-cenotic subgroup
(Cr =6.75 points) — the regime of moderate winters with the
coldest month temperature of —14...—10°C. (Table 2).

The moisture supply regime in the mining waste dumps of
Chervonohrad coal mining industrial region is characterized by
the greatest variability in comparison with other ecological
factors (Table 2). This is conditioned by the low water-
retaining rock capacity, heterogeneous terrain conditions, the
presence of reclaimed areas with bulk soil. Minimum soil mois-
ture parameters (Hd = 8.13-8.33 points) are characteristic of the
growth places of meadow-steppe and calcetrophilic vegetation
in a fresh-steep type of moisture regime. The growth places of
the hydrophilous ecological-cenotic group are characterized by
maximum soil moisture parameters (Hd = 15.46 points) — damp
forest-meadow and wet forest-meadow types of moisture re-
gimes. The most optimal soil moisture supply conditions (fresh
and moist types) are observed in reclaimed areas with nemoral-
forest vegetation (Hd = 12.59 points).

The salt content in the soil significantly affects the condi-
tions of soil formation and plants propagation. Due to the
high content of heavy metals, salts, emission of harmful
gases during substrate oxidation, the mining waste dumps are
extremely toxic to plants. The process of edaphotope for-
mation and plants dispersion on it lasts for decades and is
characterized by the following time stages: oxidation, scour-
ing, and plants overgrowth. Places of vegetation growth in
mining waste dumps are characterized by a sufficiently wide
range of salt regime parameters, as for a relatively small area
(Tr =5.50-8.38 points). This corresponds to the gradient
from nutrient-poor soils to fertile soils. Nutrient-poor soils
(Tr =5.50-5.77 points) are characteristic of the growth places
of boreal and psammophilous ecological-cenotic groups of
vegetation. The maximum values of the salt regime parame-
ters are characteristic of the ecotopes of meadow-steppe,
downland meadow and upland meadow vegetation on the
bulk substrate (Tr =8.25-8.38 points). At the species level,
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indicators of weakly-salinized soils are: Sonchus arvensis,
Alisma plantago-aquatica, Medicago falcata, Setaria glauca,
Polygonum aviculare, Tragopogon dubius, Bidens tripartita,
Calamagrostis epigeios, Festuca rubra.

The oxidation of the sulphur-containing pyrite mineral
involving the thionic bacteria and with the sulphuric acid
formation determines the high acidity of the mining waste
dumps at the first stages of the edaphotope formation. At the
species level, indicators of highly acidic soils are Rumex
acetosella, Scleranthus annuus, Chamaenerion angustifoli-
um, Juncus bufonius, Corynephorus canescens. Acidic soils
(Rc =5.31-5.59 points) are characteristic of the growth pla-
ces of boreal and psammophilous ecological-cenotic groups
of vegetation (Table 2). The neutral soils are characteristic of
the ecotopes with calcetrophilic and meadow-steppe vegeta-
tion (Rc = 8.75-9.33 points).

Ecotopes of the mining waste dumps in Chervonohrad coal
mining industrial region differ significantly in the nitrogen
content in the soil (Table 2) — from very nitrogen-poor soil
(Nt = 4.00-4.23 points) in the ecotopes with calcetrophilic and
psammophilous vegetation to sufficiently nitrogen-rich soils
(Nt =6.79-7.21 points) in the ecotopes with hydrophilous and
nemoral-forest vegetation. The indicators of low nitrogen
content in the soil are the following species Thymus serpyllum,
Helichrysum arenarium, Scleranthus perennis, Trifolium arv-
ense, Corynephorus canescens, Hieracium pilosella. The pres-
ence in the herbaceous cover of species such as Alliaria petio-
lata, Galium aparine, Myosoton aquaticum, Solanum dulca-
mara, Campanula trachelium, Epilobium roseum, Eupatorium
cannabinum indicates a high nitrogen content in the soil.

The ecological structure of the vegetation cover in the
mining waste dumps of Chervonohrad coal mining industrial
region is dominated by open and semi-open spaces (Lc = 1-3
points). The maximum values of the luminosity-shadowing
parameter Lc are characteristic of nemoral-forest ecological-
cenotic group of vegetation: Poa nemoralis, Dryopteris filix-
mas, Moehringia trinervia and others.

An analysis of dependence between the ecological param-
eters of herbaceous species (Table 3) indicates the absence of
a close link between the variables. Correlation coefficients are
characterized by low values, and only for the temperature
regime parameters of cryoregime, this index exceeds 0.5.

In most cases, the relationship between the variables is of
curvilinear nature (Fig. 1).

Table 3. Dependence between the ecological parameters of herba-
ceous species in the mining waste dumps and complex
environmental gradients

Tm Kn Om Cr Hd Tr Rc Nt Lc

Tm 1.00 0.02 -0.24 0.60 -0.09 0.22 0.23 0.15 -0.09
Kn 0.02 1.00 -0.45 -0.46 -0.07 0.23 0.08 0.02 -0.35
Om -0.24 -0.45 1.00 -0.18 0.27 -0.00 -0.20 0.04 0.24
Cr 0.60 -0.46 -0.18 1.00 -0.22 -0.11 0.14 -0.05 0.08
Hd -0.09 -0.07 0.27 -0.22 1.00 0.19 -0.03 0.44 0.33
Tr 0.22 0.23 -0.00 -0.11 0.19 1.00 0.43 0.30 -0.25
Rc 0.23 0.08 -0.20 0.14 -0.03 0.43 1.00 0.16 -0.11
Nt 0.15 0.02 0.04 -0.05 0.44 0.30 0.16 1.00 0.29
Lc -0.09 -0.35 0.24 0.08 0.33 -0.25 -0.11 0.29 1.00
Factor 1 055 0.51 -0.69 0.26 -0.45 0.41 0.51 -0.11 -0.62
Factor2 0.10 0.21 0.12 -0.29 0.68 0.69 0.41 0.76 0.17
Factor 3 -0.63 0.66 -0.07 -0.86 -0.04 0.05 -0.21 -0.23 -0.39
Factor4 0.12 0.36 -0.58 0.03 0.13 -0.41 -0.30 0.32 0.38
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Figure 1. Dependence diagram between the ecological parameters of herbaceous cover species in the mining waste dumps and complex

environmental gradients. Conventional signs: Tm —thermal regime;

Kn —climate continentality; Om — ombroclimate;

Cr —cryoclimate; Hd — soil moisture; Tr —salt content; Rc —soil acidity; Nt —mineral nitrogen; Lc — luminosity-shadowing

regime; Factori — complex environmental gradients

Significant points deviations from the regression curve
testify the absence of a well-ordered structure of the species
arrangement in a many-dimensional space of ecological
parameters features. As a result, two-dimensional dispersion
diagrams have not allowed to reveal definite patterns, on the
basis of which it would be possible to explain the peculiari-
ties of species propagation in the mining waste dumps of
Chervonohrad coal mining industrial region.

Since the ecological parameters of the herbaceous cover
species in the mining waste dumps correlate to each other, it
can be concluded that the observational data can be explained
by a small number of new variables that are not directly meas-
ured, but can be obtained through a linear combination of out-
coming data. This makes it possible to reduce the dimensionali-
ty of the observation space. Graphically, the calculation proce-
dure is reduced to displacement of origin to the data center and
the rotation of coordinate axes so that the abscissa passes in the
direction of maximum dispersion of the data set (Fig. 2).

The results of main components analysis on the basis of
correlation matrix are following:

Factor1=0.375-Tm+0.346- Kn—0.469-Om +
+0.181-Cr—0.309- Hd +0.282-Tr +
+0.350-Rc—-0.073-Nt-0.428- Lc,

A =213

1)
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Factor2=0.074-Tm+0.155- Kn+0.087-Om —
—0.214-Cr +0.497-Hd +0.505-Tr +

2
+0.298-Rc+0.557- Nt +0.126- Lc, )
Ay =1.86;

Factor 3=-0.467-Tm+0.485-Kn—-0.053-Om —
—0.639-Cr—0.027-Hd +0.034-Tr — @
—0.155-Rc-0.169- Nt —0.285- Lc,
A3 =1.82,
where:

Factor; — component coordinates, complex environmental
gradients;

Tm, Kn, Om, Cr, Hd, Tr, Rc, Nt, Lc — standardized values
of herbaceous species ecological parameters (thermal regime,
climate continentality, ombroclimate, cryoclimate, soil mois-
ture, salt content, soil acidity, mineral nitrogen, luminosity-
shadowing regime);

Ai — eigenvalues of vectors.

From the characteristics analysis of eigenvalues 4, it fol-
lows that already the three main components provide about
70% of the total dispersion, therefore for many purposes of
analysis it is enough to use a three-dimensional projection of
the parent matrix data. The eigenvectors of the correlation



V. Skrobala, V. Popovych, V. Pinder. (2020). Mining of Mineral Deposits, 14(2), 119-127

matrix (1-3) make it possible to single out the ecological
factors combinations that determine the axes of maximum
herbaceous species diversity in the mining waste dumps of
Chervonohrad coal mining industrial region. The main pat-
tern of the ecotopes formation in the mining waste dumps
(the first main component) has the following structure of
relationships between the ecological parameters (Table 3):
with a decrease in climate humidity parameters (correlation
coefficient r =-0.69), shadowing in cenosis (r =-0.62) and
soil moisture (r =-0.45), the indexes increase of thermal
regime (r = 0.55), continentality (r = 0.51), soil pH (r = 0.51)
and salt content (r = 0.41).

The first main component substantiates only 23.7% of the
total dispersion, but based on its values, the main pattern of
the ecotopes formation in the mining waste dumps is quite
clearly observed. Thus, the low values of the first main com-
ponent of Factor 1 are characte-ristic of the species that are
indicators of fresh and moist, acidic and slightly acidic, non-
saline soils: Veronica officinalis, Dryopteris filix-mas, Sola-
num dulcamara, Oxalis acetosella, Scrophylaria nodosa,
Poa nemoralis, Thymus serpyllum, Pulmonaria obscura,
Chamaenerion angustifolium, Moehringia trinervia, Solida-
go virga-aurea. Mainly, these are species of nemoral-forest
and boreal ecological-cenotic groups that are found in the
reclaimed areas of the mining waste dumps with bulk soils
under conditions of artificially created afforestation.

High values of the first main component are characteristic
of species that are indicators of acidic-neutral, dry soils with
features of low salinity characteristic of subarid (dry) territo-
ries: Reseda lutea, Coronilla varia, Alyssum alyssoides,
Medicago lupulina, Medicago falcata, Setaria glauca,
Tragopogon dubius. They occur in the ecotopes with vegeta-
tion of calcetrophilic, meadow-steppe, and upland meadow
on the bulk substrate ecological-cenotic groups. The species
ordination on the first maximum variation axis can serve as
an indicator of anthropogenic impact. In the conditions of
mining waste dumps in Chervonohrad coal mining industrial
region, located in the forest zone, the ecological equivalent
of increasing anthropogenic impacts is an increase in salt
content, a decrease in soil acidity and moisture, an increase
in temperature, and a decrease in the ombroclimate parame-
ters. The patterns of geographical latitudinal zonality when
changing from forest to steppe area can also be considered an
ecological equivalent of this process.

The second axis of the maximum herbaceous species di-
versity in the mining waste dumps additionally substantiates
20.7% of the total data dispersion. The value of the Factor 2
function mainly depends on factors of soil moisture supply
(r=0,68), nitrogen content (r=0.76) and salt content
(r=0.69). For example, Corynephorus canescens (Fac-
tor 2 =-3.25) is an indicator of dry, acidic, poor in salt and
nitrogen sandy soils (J). Similar arrangement on the second
axis of the maximum vegetation diversity is observed within
the species of psammophilous and boreal ecological-cenotic
groups: Thymus serpyllum, Scleranthus perennis, Trifolium
arvense, Hieracium pilosella, Helichrysum arenarium. The
maximum values of the second main component are charac-
teristic of the hydrophilous ecological-cenotic group: Bidens
tripartita, Alisma plantago-aquatica, Polygonum persicaria,
Myosoton aquaticum, Typha angustifolia, Cucubalus bac-
cifer, Epilobium roseum. The second axis of the maximum
vegetation diversity to a certain extent reflects the patterns
for vegetation cover formation in the mining waste dumps
depending on the relief conditions. Thus, the species of hy-
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drophilous ecological-cenotic group are often found in ex-
cessively moistened areas of the dumps foot. Propagation of
moisture-loving species is sometimes conditioned by the
occurrence of small wetland complexes due to the dumps
surface subsidence, as well as disordered mining of the rock.

The two main components provide only 44.4% of the to-
tal dispersion, therefore for many purposes of analysis it is
not always sufficient to use only a two-dimensional projec-
tion of the parent matrix data (Fig. 2). Arrangement of the
herbaceous species of the mining waste dumps on the third
axis of maximum variation (Table 4) reflects an increase in
continentality (r = 0.66) and a decrease in parameters of the
thermal regime (r =-0.63) and cryoregime (r =-0.86). This
axis is represented by ecological-phytocenotic series:
nemoral-forest vegetation — psammophilous and downland
meadow vegetation.

The vegetation cover in the mining waste dumps of
Chervonohrad coal mining industrial region occupies a cer-
tain ecological-cenotic areal, which can be approximately
assessed based on the species ordination on the axes of com-
plex environmental gradients (Fig. 2).
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Figure 2. Ecological-cenotic areal of the vegetation cover in the
mining waste dumps of Chervonohrad coal mining
industrial region
The center of this areal is occupied by meadow and

synanthropic species, which in the conditions of mining
waste dumps demonstrate the greatest sustainability. These,
in particular, are the species that form the highest projective
cover at the initial succession stages: Calamagrostis
epigeios, Chamaerion angustifolium, Poa pratensis, Oeno-
thera biennis, Daucus carota, Achillea submillefolium. The
most sensitive are the types of meadow-steppe, calciphilous,
hydrophilous vegetation, the ecological-cenotic areal of
which is characterized by the location on the periphery of the
general vegetation space of the mining waste dumps. To
some extent, nemoral-forest, boreal and psammophilous
vegetation is also sensitive, the existence of which is con-
nected with the application of an artificial soil substrate dur-
ing the reclamation process.

Conventional signs of ecological-cenotic groups and sub-
groups of vegetation: 1. Boreal; 2. Nemoral-forest; 3. Meadow;
3.1. upland meadow on the rock substrate; 3.2.upland
meadow on the bulk substrate; 3.3. downland meadow on
the bulk substrate; 4. Meadow-steppe; 5. Calcetrophilic;
6. Psammophilous; 7. Hydrophilous; 8. Synanthropic;
8.1. segetal; 8.2. ruderal
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Table 4. Coordination results of the ecological-cenotic groups and
subgroups of vegetation cover in the mining waste dumps
of Chervonohrad coal mining industrial region

Arrangement on the axes of
maximum vegetation variation
Factor 1 Factor 2 Factor 3

Ecological-cenotic group, subgroup
of vegetation

Boreal -1.36 -1.57 -0.52
Nemoral-forest -1.20 0.49 -1.35
Meadow 0.32 0.36 0.72
— upland meadow on the rock
substrate -0.18 0.06 0.80
— upland meadow on the bulk 0.88 0.36 0.04
substrate
— downland meadow on the bulk
substrate 0.44 1.03 171
Meadow-steppe 2.40 -0.53 -0.61
Calcetrophilic 2.22 -1.39 -0.18
Psammophilous -0.24 -1.47 0.91
Hydrophilous -0.29 1.56 -0.16
Synanthropic 0.56 0.00 0.07
— segetal 0.88 -0.02 -0.53
— ruderal 0.27 0.02 0.60
Mean 0.00 0.00 0.00
Std. Dev. 0.15 0.14 0.14

Since the spaces of various ecological-cenotic groups of
vegetation are being overlapped (Fig. 2), to determine the
similarity of the ecotopes in the mining waste dumps, the
coordinates of these spaces centers are used, as well as the
average values of their ecological parameters (Table 2).
Close location in the ecological-cenotic areal is
demonstrated by:

1) boreal and psammophilous ecological-cenotic group;

2) upland meadow on the rock substrate and synanthropic
ruderal ecological-cenotic group;

3) upland meadow on the bulk substrate and synanthropic
segetal ecological-cenotic group;

4) meadow-steppe and calcetrophilic ecological-cenotic
group.

Given the nemoral-forest, downland meadow on the bulk
substrate and hydrophilous ecological-cenotic group, the
peculiarities of the vegetation cover formation in the
mining waste dumps of Chervonohrad coal mining indus-
trial region are determined by seven types of conditions
for growth places.

The typological scheme of the vegetation cover in the
mining waste dumps can be represented in the form of a
quadrangle, in the centre of which meadow and synanthropic
vegetation is located, and in the corners: 1) boreal and
psammophilous; 2) nemoral-forest; 3) hydrophilous; 4) mea-
dow-steppe and calcetrophilic vegetation.

If to know the ecological parameters of flora species, it is
possible to determine their arrangement in the ecological-
cenotic areal of the vegetation cover in the mining waste
dumps of Chervonohrad coal mining industrial region, as
well as to predict their dynamics. As an example, the main
forest species, occurring in mining waste dumps, are charac-
terized by the following arrangement in the typological
scheme (Fig. 2): Pinus sylvestris L. (-1.83; 0.03; 2.10);
Quercus robur L. (-1.08; 0.20; —1.04); Betula pendula Roth
(-2.07; —0.22; 1.11); Populus tremula L. (-1.41; 0.68; 1.28);
Salix caprea L. (-2.71; 0.16; 0.36). High resistance to ad-
verse waste dumps conditions is characteristic of forest spe-
cies that have high values of the first main component Fac-
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tor1 : Acer negundo L. (1.15; 0.56; -1.17), Salix pur-
purea L. (1.21; -0.06; —2.37), Robinia pseudoacacia L.
(1.88; 1.10; —1.74), Amorpha fruticosa L. (3.15; —0.03; —1.82),
Hippophae rhamnoides L. (3.24; —0.43; 0.53), Prunus divar-
icata Ledeb. (3.50; 1.04; -0.32).

The forest vegetation associations of the region occupy
the following arrangement in the typological scheme: Molin-
io-Pinetum W. Mat. et J. Mat. 1973 — (-3.20; -0.87; 0.97),
Peucedano-Pinetum W. Mat. (1962) 1973 — (-2.70; —0.95;
0.86), Querco-Pinetum J. Mat. 1982 — (-3.63; —0.78; 1.29),
Vaccinio uliginosi-Pinetum Kleist 1929 — (-4.65; -0.98;
2.95), pine wet moor Ledo-Sphagnetum magellanici Sucopp
1959 em. Neuhausl 1969 — (-4.96; -1.25; 3.20).

4, Conclusions

A wide variety of conditions for vegetation growth places
in the mining waste dumps of Chervonohrad coal mining
industrial region, which is a constituent of the Lviv-Volyn coal
basin, is determined by a complex combination of ecological
factors. Anthropogenic impact is manifested by a decrease in
the parameters of climate humidity and soil moisture, an in-
crease in the indexes of thermal regime, continentality, soil
pH, salt content and luminosity in the cenosis. Improving the
conditions of vegetation growth places and vegetation cover
restoration can be achieved by terrace building on the slopes,
as well as applying bulk soils to cover the mine rock.

The floristic core of the vegetation cover in the mining
waste dumps of Chervonohrad coal mining industrial region
is formed by meadow and synanthropic species with a wide
range of tolerance, which can resist to adverse environmental
conditions. The typological scheme of the vegetation cover
in the mining waste dumps can be represented in the form of
a quadrangle, in the centre of which meadow and synan-
thropic vegetation is located, and in the corners: 1) boreal
and psammophilous; 2) nemoral-forest; 3) hydrophilous;
4) meadow-steppe and calcetrophilic vegetation.
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ExoJioriuni 3axoHoMipHOCcTi popMyBaHHS POCTHHHOTO MOKPHUBY
ripunynx Bixsanip maxr JIbBiBcbKko-BomnHCEKOr0 ByriibHOrO 0aceiiny

B. Ckpo6aa, B. [Tonnosuy, B. [Tinnep

Merta. BcTaHOBNICHHST €KOJIOTIYHUX 3aKOHOMIpHOCTEH (OpMyBaHHS POCIHHHOTO IOKPHBY TipHMYMX BimBamiB maxt JIbBiBChKO-
BonuHCBhKOr0 ByriJIbHOrO OaceliHy Ha OCHOBI aHasi3y (IOPUCTUYHOTO CKJIaay €KOTOIB PEKYIbTHBOBAHUX 1 HEPEKYIbTHBOBAHMX TEPUKOHIB.

MeToauka. Bukopucrano ¢iToiHAMKALIIO €KOJIOTIYHIX PEKUMIB Ha OCHOBI €KOJIOTTYHHX HapaMeTpiB TpaB’THUCTHX BUJIB POCIHMHHOTO
MTOKPUBY BiZBaJIiB maxT; MeToau noOysanHs naHux (Data Mining methods); GaraToBuMipHa OpAnHALIS POCTMHHUX BH/IIB HA OCHOBI aHAIIZy
ronoBHUX KoMIoHeHT (Principle Component Analysis); craTucTndHa 00poOKa eKOJIOTiYHIX NapaMeTPiB eKOTOIIB OPOJHUX BiJBAJIB MIAXT.

PesyabTaTn. BukonaHno ¢iToiHAWKAIIHY OIIIHKY YMOB MICIIEBHPOCTaHHS 8 €KOJIOTO-IICHOTUYHUX TPYIl Ta 5 MATPYI BUMIB POCIHH, SIK1
MIPE/ICTABISIOTH PI3HOMAHITHI €KOTOITM PEKyJIFTHBOBAHMX 1 HEPEKYIbTHBOBAHUX BiJBAJIB IIAXT, 3a AEB’SIThMa IapaMeTpaMu: 1M — TepMid-
HHH pexnM, KN — KOHTHHEHTanbHICT KiiMaty, Om — omOpokiimar, Cr — kpioknimat, Hd — Bosoricts rpyHTy, Tr — BMmicT coseit, RC — kuc-
NOTHICTh IpyHTY, Nt — MiHepanbHUii a30T, LC — peskuM OCBiTIIEHOCTI-3aTiHEHHs. BCTaHOBICHO, 1110 13 3MEHILICHHSIM ITapaMeTpiB BOJIOTOCTI
KJTiMaTy, 3aTiHEHHS y IIEHO3i i BOJIOTOCTI IPYHTY 3pPOCTalOTh MOKAa3HHKU TEPMIYHOIO PEXHUMY, KOHTHHEHTanbHOCTi, pH IpyHTY i BMicTy
coneil. PekOMEHIOBaHO THIOJNOTIYHY CXEMY POCIMHHOTO MOKPHBY MOPOAHMX Bi/IBAJiB IIAXT MPEACTABIATH y BUIIISII YOTUPHKYTHHKA, Y
LIEHTPi1 SKOTO PO3TAIIOBAHI JIydyHa 1 CHHAHTPOIIHA POCIMHHICTD, a B KyTax — OopeaiibHa 1 mcaMMO(isIbHa; HEMOPAIBHOJICOBA; TiapodiapHa;
JTyYHO-CTETIOBA 1 KabIeneTpodijpHa.

HaykoBa HoBU3HA. BHsBIICHO, 1110 POCIMHHUN TIOKPHB MIOPOHUX BiiBajiB maxT JIbBiBChKO-BOIMHCHKOrO BYTiIbHOTO OaceliHy xapak-
TEPU3YETHCS EKOJIOTO-LIIEHOTUYHNUM ITPOCTOPOM, OILIHKY SIKOTO BUKOHAHO Ha OCHOBI OpAMHAIIT BU/IIB Ha OCSIX KOMIIEKCHHUX I'PaJi€HTIB cepe-
JIOBHIIA, TP YOMY LIEHTp LIbOI'0 MPOCTOPY 3aiMarOTh JIy4HI i CHHAHTPOIHI BHIM, SKi B YMOBaX IOPOJHHUX BiJBaJiB IIAXT IEMOHCTPYIOTH
HaibinbLly cTifikicTs. HallOnbIn Bpa3nuBUMH € BHAM JTyYHO-CTENOBOI, KajibLediabHOI, rixpodiabHOI POCINHHOCTI, €KOJIOr0-LEeHOTHYHUI
MPOCTIp SIKUX XapaKTEPU3YEThCS PO3TALYBaHHIM Ha epudepii 3ararbHOro MPoCcTOpy POCIUHHOCTI MOPOJHUX BiIBAJIB IIAXT.

IpakTnyHa 3Ha4YuMicTh. BCTaHOBIECHI €KONOTIYHI MapameTpud BUAIB (QIOPH IO3BOJSIOTH BHU3HAYUTU iX TIOJNOKEHHS B EKOJIOTO-
LEHOTHYHOMY MIPOCTOPi POCIUHHOTO MOKPUBY MOPOJHHX BifBamiB maxT JIbBiBChKkO-BONMHCEKOTO BYTIFHOTO OaceifHy Ta MPOTHO3YBAaTH iX
CTIHKICTB 1 TUHAMIKY.

Kniouosi cnosa: cipnuua cnpasa, nopoonuil 8iosain, exonociuna 6e3nexd, pociuHHicme
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JKoJ0ornyecKue 3aKOHOMEPHOCTH (P)OPMHUPOBAHNS PACTUTEIBLHOTO MOKPOBA
TOPHBIX OTBAJIOB IAXT JIbBOBCKO-BOJIBIHCKOTO yroaibHOro dacceiina

B. Ckpobaia, B. [Tonosuy, B. [Tungep

Leab. YcTaHOBIEHNE SKOIOTHYECKUX 3aKOHOMEPHOCTEH (OPMHUPOBAHHS PACTHUTENHHOTO IOKPOBA TOPHBIX OTBAIOB INaxT JIbBOBCKO-
Bombiackoro yronsHoro 6acceifHa Ha OCHOBE aHann3a (IOPHCTHIECKOTO COCTaBa SKOTOMNOB PEKYIbTUBHPOBAHHBIX U HEPEKYIbTUBHPOBAH-
HBIX TEPPUKOHOB.

MeTtoauka. Vcrionp3oBaHa (GPUTOMHIUKAIMS SKOJIOTHYECKUX PEKHIMOB Ha OCHOBE IKOJIOTHIECKHUX ITapaMeTPOB TPABSHHUCTHIX BHIOB pac-
THUTEJILHOTO ITOKPOBa OTBAIOB IIAXT, METOAb! N0ObuM naHHbIX (Data Mining methods), MHOroMepHast OpAMHALMS PACTHTEIBHBIX BHIOB Ha
OCHOBe aHaiu3a riaBHBIX kKoMroHeHT (Principle Component Analysis), cratuctideckas 00paboTKa IKOJIOTHIECKHX MapaMeTPoOB SKOTOIOB
MOPOJIHBIX OTBAJIOB IIAXT.

Pe3ynbTaThl. BimonHeHa pUTOMHANKALMOHHAS OLEHKA YCIOBUHM MECTOIPOMU3PACTaHUs 8 SKOJIOr0-IEHOTUUECKHUX TPYI U 5 HOATpyII
BHJIOB PAaCTEHHMI, IPECTABILIONINX PA3INIHBIC SKOTOINBI PEKYIbTHBUPOBAHHBIX U HEPEKYJIHTHBHPOBAHHBIX OTBAIOB IIAXT, MO JEBATH Ia-
pamerpam: Tm — Tepmuueckuii pexum, Kn — KOHTHHEHTaIbHOCTH Kiumara, Om — om6poknumar, Cr — kpuokinuMar, Hd — BIaKHOCTb MOYBHI,
Tr — comepxanue coneil, RC — kucioTHOCTs 0UBHI, Nt — MUHEpanbHEIH a30T, LC — pexnuM OCBEIIEHHOCTH-3aTEHEHHS. Y CTAHOBJIEHO, YTO C
YMEHBIIIEHHEM I1apaMETPOB BIIAXKHOCTH KJIMMAaTa, 3aTCHEHHs B LIEHO3€ M BJIAXKHOCTH IIOYBBI PACTYT MOKA3aTEIU TEPMHUYECKOIO PEXKHMA,
KOHTHHEHTAJILHOCTH, pH HOYBHI U coneprkaHus cosnell. PekOMEHI0BaHO TUIOJIOTUYECKYIO CXEMY PacTUTEIBHOTO IMOKPOBA MOPOIHBIX OTBA-
JIOB IIAXT MPEICTAaBILITh B BUJE YETHIPEXYTOJIbHUKA, B LIECHTPE KOTOPOTO PacIONOXKEeHbI JIyroBasi U CHHAHTPOITHAsL PACTUTENBHOCTD, a B yIilax —
OopeanbHas M ncaMMO(QHIbHAS; HEMOpaJIbHOJIECHAS; THAPO(DHIBHAS; JTyTOBO-CTEIHAS U KaJbLeNeTpodUIbHAS.

Hayunas HoBM3HA. BBIABICHO, YTO PaCTUTENBHBIN MOKPOB MOPOIHBIX OTBaJIOB maxT JIbBOBCKO-BosbIHCKOTO yronpHoro 6acceiina xa-
PaKTepu3yeTcs SKOIOTr0-IIEHOTHIECKIM IIPOCTPAHCTBOM, OI[EHKY KOTOPOTO BBIIIOJIHEHO Ha OCHOBE OPJMHALNK BHIOB Ha OCSX KOMIUIEKCHBIX
TPaJUeHTOB CPEABI, MPUYEM [EHTP 3TOTO MPOCTPAHCTBA 3aHMMAIOT JIyTOBBIC I CHHAHTPOITHBIE BUABI, KOTOPHIE B YCIOBUSX MOPOJIHBIX OTBA-
JIOB MIAXT AEMOHCTPHUPYIOT HANOOJBIIYIO YCTOHYMBOCTE. Hambosree ysI3BUMBIMHE SIBIISIOTCS. BHBI JIyTOBO-CTEITHOH, KanbIe)MIbHON, THIPO-
(MIBHON PAaCTHTEIBHOCTH, HKOJNOr0-IEHOTUYECKOE IPOCTPAHCTBO KOTOPBIX XapaKTEpU3YeTcsl PacIoJIOKEHHEM Ha Iepupepun oOIero
IIPOCTPAHCTBA PACTUTECIILHOCTH IIOPOIHBIX OTBAJIOB LIAXT.

IIpakTHYecKasi 3HAYMMOCTH. Y CTAHOBJICHHBIE DKOJIOTHYECKHE MapaMeTphl BUAOB ()IOPHI MO3BOJLIIOT ONPEICINTh UX IOJOKCHUE B
9KOJIOr0-IIEHOTHYECKOM IPOCTPAHCTBE PACTHTEIBHOIO IOKPOBA IOPOJIHBIX OTBalOB IaxT JIbBoBCKO-BosbiHCKOro yronpHoro 6acceitHa u
MIPOTHO3UPOBAThH UX YCTOWYUBOCTh U AUHAMHUKY.

Knioueguwie cnosa: zoproe oeno, nopoouwili 0meai, skono2uieckas 6e30nachocms, pacmumenrbHoOCHb
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