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ANALYSIS OF COMPLEX PHYTOCENOSES
OF IRON ORE COMPANIES DUMPS
OF THE KOSTANAY REGION

Restoring the biodiversity of technogenic landscapes, including quarry dump areas, is an acute
global problem. The study of the patterns of spontaneous formation of vegetation cover will make it
possible to determine the composition of the flora that is most suitable for potential reclamation work.

This article presents the results of a study of the degree of self-overgrowing of dump sites of
Sokolovsko-Sarbai Mining and Processing Production Association (SSGPO) JSC and Kachary Ruda JSC
at the stage of a complex phytocenosis, which is characterized by the presence of a closed vegetation
cover; with a capacity of phytocenoses of 20-40 species; and dominance of zonal flora species. In total,
in the course of our study, 63 geobotanical descriptions were compiled, 22 of which describe complex
phytocenoses, 26 — group-thicket communities, 15 — pioneer groups.

It was found that the rate of change in the stages of syngenesis and the general patterns of development
of the vegetation cover, including at the stage of a complex phytocenosis, differ on saline and non-saline
soils. The age of dumping has a lesser effect on the processes of flora restoration than edaphic factors.
On non-saline soils, a parazonal meadow-steppe community is formed, birch-aspen plantations are
formed with a small admixture of pine. On saline soils, communities form species with a wide ecological
amplitude.

Key words: complex phytocenosis, technogenic landscape, self-overgrowing of dumps, iron ore
companies dumps, syngenesis
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KocTaHaii 06AbICbIHbIH, TEMipP PyAaChl KSCiNOPbIHAAPbIHbIH,
KYPAEAi (hUTOLLEeHO3AapbIH TaAAQY

TexHoreHAIK AaHAWAQTTApAbIH, OHbIH iWiHAE Kapbep YMIHAIAEPiH OGMOBPTYPAIAITiH KaAMbiHa
KeATipy eTKip »ahaHAbIK, NpobAeMa 60AbIN TabblAaAbl. OCIMAIK KaMbIAFbICbIHbIH, ©3AiriHEH KaAblinTacy
3aHAbIABIKTApPbIH 3epTTey MOTEHLMAAAbl PEKYAbTUBAUMSIAIK, )KYMbICTapFa KOAaMAbl pAOpa KypamMbiH
aHbIKTayFa MyMKIHAIK 6epeai.

byAa mMakanapa «CokonoB-Capbiban Tay-keH 6anbiTy eHaipicTik Gipaectiri» (CCKOB) AK xaHe
«Kawwapbl pyaa» AK yRiHAIAEPiHIH KYpAEAi (PUTOLIEHO3 CaTbICbIHAQ ©3AINHEH 6CY ABPEXECIH 3epTTey
HOTUXKEAEPi KeATipiareH. byA keseH cunaTTtanasbl: >Kabblk 6CIMAIK >KaMbIAFbICbIHbIH 60OAYbI; 20-40
TYPAEri (OUTOLEHO3AAPABIH, CbIMbIMABIAbIFbI; >K8HE alMMakKTblK, (hAOpa TYPAEpPiHiH 6aCbIMABIAbIFbI.
bi3aiH 3epTTey GapbiCbiHAQ OGapAbiFbl 63 reobOTaHMKAABIK, CMMaTTaMa >KacaAAbl, OAApPAbIH 22 — Ci
KYPAEAI (hUTOLLEHO3AAPABI, 26-Cbl TOMTACBIH 6CKEH BCIMAIKTED >KMbIHTbIFbI, 15-i [MoHep TonTapbIH
cunaTTaAbl.

CurHreHes Ke3eHAEPIiHIH 83repy >XbIAAAMABIFbl XKOHE 6CIMAIK XXAaMbIAFbICbIHbIH, AAMYbIHbIH, >KaArbl
3aHADIAbIKTAPbl, COHbIH ilWIHAE KYpPAEAi (UTOLEHO3 Ke3eHiHAe, Ty3AaHFaH >XaHe Ty3aaHbaraH
TOMbIPaKTapAQ epeKLUEeAEHETIHI aHbIKTaAAbl. YRIHAI Tery >acbl 3AamsiAbIK, (hakTopAapFa KapaFaHaa
chAopaHbl KaAmMbiHa KEATIpY rnpouecTepiHe a3 acep eteai. TyaaaHOaraH TormblpakTapAa napasoHaAbAbl
LIAAFbIHABI AQAQ KAybIMbl KAAbINTacaAbl, KaparanAblH a3aaraH Kocrachl 6ap KanblH KOKTEPEK ekrneAep
Ty3ineai. Ty3aaHFaH TombIpakTapAa KaybIMAACTbIKTAP KEH 3KOAOIMSAbIK, aMAMTYyAachl 6ap TypAep
KYpanAbl.

Ty ce3aep: KYPAEAi (DUTOLEHO3, TEXHOTEHAIK AaHAWAMT, YRIHAIAEPAIH ©3AiriHeH ecin KeTyi,
TeMip KeHi eHepkaCiBiHiH YiiHAIAEPI, CUHreHes.
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AHaAM3 CAOXHBIX (PUTOLLEHO30B Ha OTBaAaX
)KeAe30pyAHbIx npeanpusaTuii KoctaHarickoi o6aacTu

BoccTaHoBAeHMe 61MOPa3HOOBpPasmMsi TEXHOrEHHbIX AQHAWAGTOB, B TOM YUCAE KapbepHO-OTBAAb-
HbIX TEPPUTOPMIA, SIBASIETCS OCTPOI FAOOGaAbHOM MPOOAEMON. M3ydeHne 3aKOHOMEPHOCTEN CaMor-
POU3BOALHOIO (hOPMUPOBAHUSI PACTUTEABHOTO MOKPOBA MO3BOAUT OMPEAEAUTb COCTaB (PAOPbI, Hanbo-
A€€ MOAXOASLIMIA AAS MOTEHLMAABHBIX PEKYABTUBALIMOHHbIX PaboT.

B AaHHOM cTaTbe MpuBeAEHbl Pe3yAbTaTbl MCCAEAOBAHUS CTEMEHN Camo3apacTaHns otBaroB AO
«CokonoBcko-Capbarickoe ropHo-o60ratMTeAbHOEe NPoM3BOACTBEHHOE 06beanHeHme» (CCIT10) u AO
«Kayapbl pyaa» Ha CTaAMM CAOXKHOTO (PUTOLEHO3a, KOTOPas XapakTepu3yeTCs HaAMYMEM COMKHYTOrO
PACTUTEABHOrO MOKPOBA; EMKOCTbIO (hUTOLLEHO30B B 20-40 BUAOB; 1 AOMMHMPOBaHMEM BUAOB 30HAAb-
HOM (bAOpbI. BCero B xoae Hallero nccaeAoBaHmst ObIAO COCTaBAEHO 63 reo60TaHMYECKMX OMMCcaHmsl, B
22 13 KOTOPbIX OMMCaHbl CAOXKHbIE (DUTOLEHO3bI, 26 — rPYMNNOBO-3apOCAEBble coobuiecTsa, 15 — nvo-
HepHble rPynnMpPOBKM.

BbIAO YCTAaHOBAEHO, UTO CKOPOCTb CMEHbI CTaAMIA CUHIeHe3a 1 o6LLMe naTTepHbl Pa3BUTUS PACTH-
TEAbHOIO MOKPOBA, B TOM UMCAE HA 3Tarne CAOXKHOro (hMTOLEHO3a, OTAMYAIOTCH Ha 3aCOAEHHbIX U He-
3aCOAEHHbIX NMoYBax. Bo3pacT oTChINKM 0TBaAa OKa3blBAeT MEHbLLEE BAMSHME HA NMPOLLECChl BOCCTAHOB-
AeHUS PAOPBI, YeM 3padrueckme hakTopbl. Ha He3aCoAeHHbIX FpyHTax (hOpMMpyeTCs Napa3soHaAbHOEe
AYrOBO-CTEMHOE COOOLECTBO, MPOUCXOAUT (hOPMMPOBaHME HGEPE30BO-OCHHOBBIX HACAXKAEHWIA C He-
GOAbLLIOM NMPUMECHIO COCHbI. Ha 3aCOAEHHbIX rpyHTax coo6wWecTBa (popMMPYIOT BUAbI C LUMPOKOM 3KO-

AOTMYECKOM aMMNAUTYAOMN.

KAroueBble cAOBa: CAOXKHbBIV (PUTOLLEHO3, TEXHOFEHHbIN AQHALLA(T, CaMO3apacTaHne OTBAAOB, OT-

BaAbl XEAE30PYAHOV MPOMBILLAEHHOCTH, CUHIeHe3.

Abbreviations

As — aspen, B — birch, CC — class of constancy,
CP — cenopopulation, LF — life form, P — pine, PP
— projective cover, TMF — Technogenic mineral
formations, TPC — total projective cover.

Introduction

The biodiversity of the planet is under constant
threat of decline due to human activities. The search,
extraction and processing of minerals necessary for
mankind to function and develop requires a change
in natural landscapes. Technogenic landscapes,
formed as a result of these processes, are striking-
ly different from natural ones: soil and vegetation
cover, fauna, hydrological and geochemical regime,
meso- and microrelief change up to the complete de-
struction of individual components and entire sys-
tems [1-5].

In addition, there is a clear violation of biogeo-
chemical cycles, resulting in dangerous phenomena:
dust emissions, water and wind erosion of soils, sub-
sidence and landslides, endogenous fires [1-5].

To restore even the semblance of systems close
in characteristics to natural ones, it is necessary to
carry out reclamation after the end of backfilling.

However, the high cost and resource consumption,
gaps and inaccuracies in the legislation, and more
often the lack of scientifically based technologies
suitable for a certain type of soil in given natural
conditions, lead to the fact that mining and process-
ing industries abandon this idea [3, 6-9].

The mining industry, using open pit methods,
turns large areas into a desert, since in addition to the
quarry itself, waste sterile rock dumps are formed.
Scientists from various countries are studying the
impact of industry on the environment. Many works
are aimed at finding ways to reduce the anthropo-
genic impact, preserve biodiversity, and restore dis-
turbed territories [1, 3-14].

Let us dwell on the main ideas common to most
of these studies. For example, Feng Yu et al be-
lieve that vegetation, which is an efficient biomass
generator, is the dominant factor in renewable sys-
tems. Jests D. Peco et al also emphasize the role
of vegetation and describe methods for recultivation
of open-pit dump areas, including the possibility of
phytoremediation, as a cheaper, but effective, meth-
od of restoring disturbed areas. Reconstruction of
soil and vegetation cover are interrelated and have
mutual influence, therefore, when bioremediation, it
is necessary to carefully select local zonal species,
as indicated by other authors, such as Swab R.M et
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al, Fernandez-Caliani J.C. et al. They also believe
that it is especially important to create favorable
edaphic conditions, including the formation of an
uncompacted soil environment [5, 8, 12, 14].

According to Pratiwi et al, revegetation of for-
mer mining lands not only protects soils from ero-
sion, but also improves the quality of the soil cover
itself. Also, as trees and shrubs grow, microclimatic
conditions in dump areas improve: lighting intensity
decreases, temperature decreases, air humidity in-
creases [13].

Hendrychova M. et al conducted a study of the
territories of coal mines and quarries, that complet-
ed the mining, of the Czech Republic. The authors,
describing the reclamation methods adopted in the
country, draw attention to the negative impact of
purely technical reclamation, including the anni-
hilation of local species, the destruction of natural
ecosystems and the depletion of the habitat in gen-
eral. Near-natural restoration is a more acceptable
alternative. Scientists have identified potential and
existing habitats in man-made landscapes after the
start of reclamation, and only 9.85% turned out to
be unproductive (scree-surface sites, saline soil,
orchards, and xerothermic grasslands) out of 6326
identified points, which proves the overall effective-
ness of reclamation [6].

All authors, to one degree or another, point to
the high cost of reclamation, while there is a watch-
ful waiting policy with a minimum investment of
resources. Self-overgrowing of technogenic land-
scapes is the second, slower, way to restore vegeta-
tion. The study of all stages of this process (pioneer
group, group-thicket community, and complex phy-
tocenosis) will, first of all, make it possible to deter-
mine the composition of the flora that inhabits the
disturbed territories and successfully survives under
these conditions. Establishing the rate of change of
stages on different soils will also make it possible
to draw up recommendations for accelerating the
processes of partial restoration of landscapes in ac-
cordance with the zonality [1, 3-14].

It should also be noted that scientists from neigh-
boring countries showed the greatest interest in the
problem of self-overgrowth of open-pit dump terri-
tories of various industries. In the course of separate
studies, they found that the formation of plant com-
munities on dumps is subject to the general patterns
of primary successions. For the emergence of the
initial vegetation cover on technogenic landscapes,
the proximity of natural vegetation massifs, which
are the source of seeds and have a significant impact
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on the species composition, number and distribu-
tion of seedlings, is most important. Settlement on
the dumps of plants that are not typical for a certain
territory has been repeatedly noted, which indicates
the potential possibility of moving plant ovules over
considerable distances. In the process of restora-
tion of vegetation cover on technogenic landscapes,
zonal and introzonal types of vegetation are formed.
Depending on the intensity of environmental fac-
tors, this process can continue for tens and hundreds
of years [1, 15-22].

The problem of overgrowing of technogenic
landscapes formed by industrial facilities is also
relevant for the Kostanay region. The growing vol-
umes of open mining of metal ores by enterprises
of the region lead to an increase in the formation of
waste rock dumps, which in turn leads to a violation
of the state of the surrounding natural ecosystem
and its significant transformation. According to the
“Sixth National Report of the Republic of Kazakh-
stan on Biological Diversity” (2018), Kostanay re-
gion ranks third in terms of the number of disturbed
lands in the Republic of Kazakhstan [23].

The purpose of our work is to study the patterns
of self-overgrowing of dumps of the iron ore indus-
try in the Kostanay region. This article presents the
results of studying the stage of a complex phytoce-
nosis on the dumps of the enterprises of SSGPO JSC
and Kachary Ruda JSC.

Materials and methods

There are two large enterprises processing iron
ore on the territory of the Kostanay region: SSGPO
JSC (Sokolovsky, Sarbaisky and Kurzhunkulsky
quarries) and Kachary Ruda JSC (Kacharsky quarry)
[24].

The studied dumps belong to deposits of
magnetite ores: Sokolov, Sarbay, and Kachar, are
located in the northwestern part of Kazakhstan in the
Turgai belt. The Turgai deposits are associated with
volcanic-sedimentary rocks of the Trans-Ural zone.
These deposits, together with other smaller satellite
deposits and manifestations, form an extended
magnetite-bearing belt extending in the NNE-SSW
directions [25, 26].

In the course of this study, the dumps of SSGPO
JSC (in the vicinity of the city of Rudny) were
studied: South-East of the Sokolovsky deposit,
South-West of the Sarbaysky deposit, South-West
of the Yuzhno-Sarbaysky site. The railway dump
No. 7 of Kachary Ruda JSC within the boundaries
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of the village of Kachar was an object of the study
along with previously mentioned dump sites.

It is important to note that dumps are the most
common type of technogenic massifs in the mining
industry, formed as a result of the placement of
waste (overburden) rocks or substandard mineral
raw materials on the surface. Technogenic mineral
formations (TMF) in the form of loose sandy-
argillaceous overburden rocks of the platform
cover, formed from gaize, sands and clays, were
transported to these dumps by road and rail transport.
The genetic type of the deposit-source of TMF is
contact-metasomatic [27-30].

The study was carried out in the spring and
summer period of 2022,

The objects of study are located in the Kostanay
region — in the northwestern part of the Republic of
Kazakhstan. A sharply continental climate with a
wide range of temperatures in winter and summer,
day and night, is typical for the entire territory of the
region. The northern and central part of the Kostanay
region, the territory of the city of Rudny belong to
a slightly humidified moderately warm agroclimatic
zone, which in general can be considered favorable
for plant growth [31].

The studied territories are characterized by the
presence of southern, loamy, low-humus, soloniform
chernozems. The mechanical composition is
dominated by heavy loamy and clayey soils, and a
large proportion of soils is sandy loam [27-31].

The route-expeditionary reconnaissance
research method was used to study the flora of
technogenic ecotopes. Trial areas of 100 m? were
determined for the study. A total of 63 geobotanical
descriptions were compiled.

Floristic data were processed using the IBIS 7.2
program developed by A.A. Zverev [32].

Qualitative and quantitative accounting of plants
was carried out in accordance with accepted general
botanical methods; occurrence (%), total and partial
projective cover (TPC, %) were noted [1].

Calculation of numerical data: herbage density
(pecs/m2), number of species (pcs), occurrence
(%), partial projective cover (%) — was carried out
according to the previously mentioned indicators.
The occurrence rate made it possible to single out
classes of constancy (CC) in the descriptions:

[ —0-20%; I — 21-40%; III — 41-60%; IV — 61-
80%; V —81-100% [1].

The geographical structure of the flora of
the dumps of the third stage of syngenesis was
determined according to the classification adopted in

the works of Manakov Yu.A.; life forms — according
to Serebryakov I.G. [1].

Results and discussion

As a rule, the stage of a complex phytocenosis
(also known as ‘diffuse community’) begins to form
15-30 years after the dumping of the TMF finished.
At this stage, well-formed layers appear with the
predominant participation of species of zonal
phytocenoses.

Criteria for determining this stage:

- the formation of a closed vegetation cover;

- the capacity of phytocenoses is from 20 to 40
species;

- dominance in the vegetation cover of species
of zonal flora [1].

At the diffuse community stage, 22 geobotanical
descriptions were made during this study: 11 on
saline soils and 11 on non-saline soils. During
our research we identified a division of edaphic
environmental conditions: favorable — non-saline
soils, unfavorable — saline soils. This affects number
of species, activity, projective cover etc.

The age (end of dumping) of the studied
dumps is from 14 to 40 years: CP-58-63 formed on
relatively young dump sites (14 years), those on the
oldest dump sites include CP-16-26 (40 years).

The beginning of the dumping of the oldest
dump — 1960 (Table 1, Fig. 1) [24].

In the course of the study of complex
phytocenoses on the iron ore dumps, a characteristic
of the communities was compiled. Characteristics
of cenopopulations of a complex phytocenosis are
presented in Tables 2 and 3. The CP numbers are
indicated taking into account all 63 geobotanical
descriptions made in the course of the whole study
of the iron ore dumps of the Kostanay region:

- CP-1-5, CP-43-52 — pioneer groups,

- CP-6-15, CP-27-42 —  group-thicket
communities,

- CP-16-26, CP-53-63 — complex phytocenosis.

The number of species in a CP at the described
stage of syngenesis varies widely from one (CP-
60) to nineteen (CP-22), which is associated with
differences in edaphic conditions.

The total projective cover on saline soils is 47%,
on non-saline soils — 36%. 32 species were found
on saline soils, and 58 species on non-saline soils.
Most often, Calamagrostis epigeios, Phragmites
australis and Festuca valesiaca are the dominant or
co-dominant in the presented CPs (Table 1).
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Figure 1 — Location of the studied plant ecotopes at the stage of complex phytocenosis
A — dump site of the Sokolovsky quarry;

B — dump site of the Sarbaisky quarry;

C — dump site of the Kacharsky quarry

Table 1 — Characteristics of cenopopulations of complex phytocenosis

CP No. Dominants Density Fofr;:rsl;itla; nd TPC % 25:131?;
CP-16 Hieracium umbellatum, Festuca valesiaca 03 9As+B 40 18
CP-17 IéZZZZ; Z;zr;;z;,e iB;}S’amopszs inermis, 05 10P 20 13
P18 | Cotammgronts eigeio 04 10As+B 30 10
CP-19 | Hieracium umbellatum, Poa angustifolia 03 10As 30 11
CP20 | e dracunculus 04 10As 0 14
CP-21 Artemisia dracunculus, Festuca valesiaca 04 5B5As 40 15
CP-22 Tanacetum vulgare, Festuca valesiaca 30 19
CP-23 Festuca valesiaca, Galium verum 30 15
crau |t e v | n
CP25 | Cutamagposts epgeio 04 i 50 12
CP-26 Festuca valesiaca, Phragmites australis 04 40 12
CP-53 Calamagrostis epigeios Phragmites australis 04 9B1As 25 6
CP-54 Calamagrostis epigeios Phragmites australis 03 5B5As 60 7
CP-55 Calamagrostis epigeios Phragmites australis 03 SB5As 10 5
CP-56 | Phragmites australis 03 8B2As 30 3
CP-57 | Phragmites australis 03 7B3As 50 3
CP-58 Calamagrostis epigeios, Polygonum salsugineum 90 14
CP-59 | Artemisia dracunculus, Calamagrostis epigeios 65 11
CP-60 Calamagrostis epigeios 40 1
CP-61 Calamagrostis epigeios, Polygonum salsugineum 40 4
CP-62 jftlézrzjirgzi jil;lg;;is Polygonum salsugineum, 40 7
CP-63 Calamagrostis epigeios 0,3 5B5As 70 6
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On the oldest dump sites, the age of which
exceeds 40 years, birch-aspen plantations with a
density of 05 are formed, the forest stand formula is
8B2As. Salix caprea and Rosa majalis occur in the
undergrowth. On saline soils, mosaic communities
are formed with the participation of single pines

(Pinus sylvestris) and birches (Betula pendula)
(Table 2).

Since often saline soils are associated with the
release of groundwater, numerous self-seeding of
birch was noted. In the CP on highly saline soils,
mass death of young trees often occurs (Figure 2 A).

Table 2 — Characteristics of communities at the stage of complex phytocenosis on saline soils

Plant species \A PPC A CC Plant species V* PPC A CcC
gﬁiﬁmagms”s epigeios (L) | g1 8 | 2455 | 4482 | V| Melilotus albus Medikus 182 | 009 | 128 | 1
Achillea nobilis L. 54.5 0.27 | 3.84 I | Pinus sylvestris L. 18.2 | 0.09 1.28 1
Betula pendula Roth 545 | 016 | 295 | w |Cory=acanadensis (L) 9.1 | 005 | 0.67 I

Crongqist
Phragmites australis (Cav.) | 54 5| 1091 | 2439 | I |Lactuca serriola L. 9.1 | 005 | 067 | 1
Trin. ex Steud.
Artemisia dracunculus L. 45.5 6.5 17.19 I | Sonchus arvensis L. 9.1 0.05 0.67 I
Pglygonum salsugineum 455 | 0.68 5.56 I Cirsium setosum (Willd.) 91 0.05 0.67 I
Bieb. Besser
Taraxacum officinale . .
F.H.Wigg. 364 | 0.18 | 2.56 Il | Erigeron acris L. 9.1 0.05 0.67 I
Chamaenerion angustifolium | 7 31 o 14 | 195 | 11 |Senecio jacobaea L. 9.1 | 005 | 0.67 I
(L.) Scop.
Lactuca tatarica (L.)
Populus tremula L. 27.3 | 0.12 1.81 11 C.AMey. 9.1 0.05 | 0.67 [
Chenopodium album L. 273 | 0.14 1.95 Il | Artemisia sieversiana Willd. | 9.1 0.05 | 0.67 |
Agropyron cristatum (L.) 182 | 0.09 128 I Trommsdorffia maculata (L.) 9.1 005 | 067 I
Gaertn. Bernh.
Chelidonium majus L. 18.2 | 0.09 1.28 [ Elaeagnus oxycarpa Schltdl. | 9.1 0.05 | 0.67 I
Cichorium intybus L. 182 | 000 | 128 | 1 |Melilotus officinalis 9.1 | 0.05 | 0.67 I
Medikus
Crepis tectorum L. 18.2 0.09 1.28 | Vicia sepium L. 9.1 0.05 0.67 [
Hieracium umbellatum L. 182 | 000 | 128 | 1 |FPopulusxsibiricaG. Kryl g 669 | g I
et Grig. ex A. Skvortsov
Artemisia nitrosa Weber 182 | 000 | 128 | 1 |Sofanum kitagawae 9.1 | 0.05 | 0.67 I
Schonb.-Tem.

*V — occurrence, %; PPC — partial projective cover, %; A — activity, points; CC — class of constancy

On saline soils, the only species Calamagrostis
epigeios has V class of constancy, its activity is
48.8 points. There are 5 species with a high CC —
I: Achillea nobilis, Betula pendula, Phragmites
australis, Artemisia dracunculus, and Polygonum
salsugineum. Sixty-nine percent of species are
characterized by class I constancy.

Due to the high degree of salinity, a complex
phytocenosis may have a small number of species;

such communities are found on highly saline clays
in the Betpak-Dala desert [33].

Despite the significant age of the dump sites
studied, the presence of weedy plants remains
high at this stage: Artemisia sieversiana,
Chenopodium  album, Conyza Canadensis,
Lactuca serriola, Melilotus officinalis etc.
On non-saline soils at the stage of a diffuse
community, natural birch-aspen plantations are
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formed, and on saline soils separate spots of tree
plantations are formed.

Tanacetum vulgare, Festuca valesiaca, Artemisia
austriaca, Betula pendula have the highest constancy
class V — 7%, other species: IV — 3%, III — 9%, I —
19%, 1 — 62% of all species on non-saline soils.

The taxonomic structure of complex
phytocenoses of dumps of SSGPO JSC and Kachary
Ruda JSC is presented in Table 4. The total number
of families represented in these communities on
saline and non-saline soils is 28, genera — 65, species
- 79.

Figure 2 — The stage of a complex phytocenosis
A — on saline soils
B — on non-saline soils

Table 3 — Characteristics of communities at the stage of complex phytocenosis on non-saline soils
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Plant species \'A PPC A CC Plant species A\ PPC A CC
Tanacetum vulgare L. 90.9 | 1.14 | 10.18 iﬁ’)‘j lessingiana Trin. et 182 | 032 | 241 I
Festuca valesiaca Gaudin 90.9 6.6 | 2449 V | Galium verum L. 182 | 032 | 242 I
Artemisia austriaca Jacq. 81.8 1.73 11.9 \% Veronica spicata L. 18.2 | 0.09 1.28 I
Betula pendula Roth 81.8 | 0.37 5.5 V | Veronica incana L. 182 | 0.09 | 1.28 I
Artemisia dracunculus L. 63.6 | 0.55 5.92 IV | Acer negundo L. 9.1 0.05 | 0.67 I
Egiﬁm"g’“”s epigeios (L) | 636 | 314 | 1413 | IV | Eryngium planum L. 9.1 | 0.05 | 0.67 I
Hieracium virosum Pall. 54.5 0.73 6.27 I | Falcaria vulgaris Bernh. 9.1 0.05 | 0.67 1
Achillea nobilis L. sa5 | 05 | 522 | mp |Artemisiamarschalliana 9.1 | 005 | 067 | 1

Spreng.
. . . Pilosella echioides (Lumn.)
Achillea millefolium L. 54.5 | 0.95 7.2 11 F. Schulz et Sch. Bip. 9.1 0.05 | 0.67 1
Chamacenerion angustifolium | s, s | 657 | 384 | 11 | Erigeron acris L. 9.1 | 0.05 | 0.67 I
(L.) Scop.
Medicago falcata L. 455 | 023 | 323 | w | Helichysumarenarium (L) | g g o5 | o 67 I
Moench
Phlomis tuberosa L. 36.4 1.55 | 7.51 I | Nonea pulla DC. 9.1 0.05 0.67 1
Hieracium umbellatum L. 36.4 1.55 | 7.51 1T | Sisymbrium loeselii L. 9.1 0.05 | 0.67 I
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Table continuation

Plant species \A PPC A CC Plant species V* PPC A CcC
. Alyssum turkestanicum var.

Centaurea scabiosa L. 36.4 | 0.18 | 2.56 II desertorum (Stapf) Botsch. 9.1 0.05 0.67 1
Stellaria graminea L. 364 | 0.18 | 2.56 Il | Gypsophila perfoliata L. 9.1 0.05 0.67 1
Astragalus buchtormensis 36.4 127 6.8 I Eupﬁorbza virgata Waldst. 91 0.05 0.67 I
Pall. & Kit.
Lonicera tatarica L. 27.3 0.14 1.95 I | Oxytropis pilosa (L.) DC. 9.1 0.05 0.67 I
Bromopsis inermis (Leyss.) | 573 1 1| 522 | 1 |Ribes aureum Purch 9.1 | 005 | 067 | I
Holub.
Poa pratensis L. 27.3 0.36 | 3.13 I | Plantago media L. 9.1 0.27 1.57 I
Phragmites australis (Cav.) .
Trin. ex Steud. 273 | 4.82 | 11.46 Il | Stipa pennata L. 9.1 0.05 | 0.67 I
Polygonum aviculare L. 27.3 0.36 | 3.13 Il | Elytrigia repens (L.) Nevski 9.1 0.05 0.67 I
Potentilla chrysantha Trevir. | 27.3 0.36 | 3.13 I | Poa palustris L. 9.1 0.27 1.57 I
Asparagus officinalis L. 18.2 | 0.09 1.28 I Agrostis gigantea Roth 9.1 0.05 0.67 I
Lactuca tatarica (L.) .
C.AMey. 18.2 0.09 1.28 I Rosa majalis Herrm. 9.1 0.91 2.88 1
Taraxacum officinale .

. 18.2 | 0.09 1.28 I Cerasus fruticosa Pall. 9.1 0.05 | 0.67 I
F.H.Wigg.
Hylotelephium triphyllum .
(Haw.) Holub 18.2 0.09 1.28 1 Salix caprea L. 9.1 0.05 0.67 1
Hippophae rhamnoides L. | 182 | 009 | 128 | 1 ﬁ'izl‘lm“ genistifolia (L..) 9.1 | 0.05 | 0.67 I
Astragalus testiculatus Pall. 18.2 | 0.09 1.28 I Valeriana tuberosa L. 9.1 0.05 | 0.67 I
Poa angustifolia L. 182 | 0.95 | 4.16 I Populus tremula L. 9.1 0.05 | 0.67 1

*V — occurrence, %; PPC — partial projective cover, %; A — activity, points; CC — class of constancy

The most numerous in terms of the number
of species and genera — Asteraceae (17 genera,
24 species) — 30% of all species, then Poaceae (9
genera, 12 species) — 15%, and Fabaceae (5 genera,
7 species) — 9%.

The genus with the largest number of species is
Artemisia (5), followed by Poa (3), then Achillea,
Astragalus,  Hieracium, Lactuca,  Melilotus,
Polygonum, Stipa, and Veronica — 2 species each.
Most genera contain only 1 species.

In total, there were 11 species found both on
saline and non-saline soils: Achillea nobilis, Artemisia
dracunculus, Betula pendula, Calamagrostis epigeios,
Chamaenerion  angustifolium,  Erigeron  acris,
Hieracium umbellatum, Lactuca tatarica, Phragmites
australis, Populus tremula and Taraxacum officinale.

The dominance of the families Asteraceae,
Poaceae, Fabaceae, noted by us at the stage of a
complex phytocenosis on dumps, is characteristic
of the taxonomic structure of the region as a whole
[34-37].

Table 4 — Taxonomic structure of complex phytocenoses of
dumps of SSGPO JSC and Kachary Ruda JSC

Taxonomic indicators Values
Total number of species 79
Total number of genera 65
Total number of families 28
Number of single-species genera 55
Number of single-species families 17
Number of homogeneous families 18
Share of species in 5 leading families, % 62
Share of species in 10 leading families, % 72

We also analyzed previous works related to the
dumps of SSGPO JSC.

In the previously mentioned 1974 study by
Terekhova E.B. et al indicated that already by the
beginning of the second decade, complex multi-
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species communities were formed on non-saline
soils, similar in characteristics to the stage of a
complex phytocenosis. Artemisia marschalliana,
Melilotus spp. predominate here. Significant
participation of steppe grasses and forbs was also
noted. Contrary, in the communities studied by us,
the role of Artemisia marschalliana is much lower,
this species did not act as a dominant or codominant
in any CP, and was noted by us only in non-saline
areas. The total number of species at the third stage
of syngenesis was 33 [16].

In the study of Konysbayeva D.T. 2003 on
a conditionally favorable substrate, the number
of species was 67, triad of dominant families:
Asteraceae, Poaceae, Fabaceae. The author also
notes the emergence of new forest, forest-meadow
and swamp-meadow species; at the previous
stage, steppe, meadow-steppe and steppe-meadow
coenotic groups predominated. On an unfavorable
substrate, the total number of species was 33; the
dominant families remained the same. There was
no significant change in the ratio of coenotic and
ecological groups in comparison with the previous
stages [3].

As can be seen, fluctuations in the floristic
composition of the dumps have occurred over
half a century. There was a change not only in the
dominant species on certain types of soils, but also
in entire coenotic groups.

In the course of our study, we analyzed the
ecological and coenotic structure of the dump flora
at the stage of a complex phytocenosis. We identified
5 ecological-coenotic groups in the dump flora:
meadow, forest, steppe, coastal-aquatic, weedy.

As can be seen from Figure 3, there are striking
differences in the distribution of species by coenotic
groups with respect to soil salinity:

- most types of saline soils are weedy species,

- meadow and steppe species predominate on
non-saline soils.

The coastal aquatic group is the least numerous
for both types of soils.

In the course of a systematic analysis, the
taxonomic structure of the flora, the composition
and ratio of the leading families (floristic spectrum)
were revealed, characterizing the belonging of the
floras to a certain botanical and geographical area.
The composition and correlation of geographical
elements reveal the features and specifics of the
studied flora. Five main groups of geographical
areas have been identified:

- Cosmopolitan — species that live in different
(sometimes all) regions of the globe,
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- Holarctic — plants growing in most of the
Northern Hemisphere, from the high-latitude Arctic
to the subtropical zone inclusive,

- Eurasian — a group of species distributed
in Europe, Western Siberia and the western part
of the Ancient Middle-earth (Pan-Eurasian,
Mediterranean-Asian,  East ~ European-Asian,
European-North Asian, Eurosiberian),

- Asian — plants of Siberia, Central and North
Asia (Asiatic, Central Asian, Siberian),

- American-Asian — the group is represented by
plants associated with the flora of North America
[1].

In the context of geographical elements, the pre-
dominance of the pan-Eurasian faction is noticeable
(13, 22) — 44% of all species in the dump flora on
this stage. Further in descending order for saline
soils: Cosmopolitan (6), Holarctic (5); for unsalted
— Mediterranean-Asian and Holarctic — 8 each, Cos-
mopolitan — 4. No species belonging to the Ameri-
can-Asian range has been found.

As a result of studying the patterns of natural
overgrowth of dumps of mining enterprises in the
Kostanay region of SSGPO JSC and Kachary Ruda
JSC at the stage of a complex phytocenosis, it was
established:

1) on non-saline soils, a parazonal meadow-
steppe community with a high class of constancy
is formed: Tanacetum vulgare, Festuca valesiaca,
Artemisia austriaca, Betula pendula. Here, birch-
aspen plantations (Betula pendula + Populus
tremula) are formed with a small admixture of Pinus
sylvestris.

2) on saline soils, communities form species with
a wide ecological range: Calamagrostis epigeios,
Phragmites australis, Artemisia dracunculus, and
others.

3) taxonomic analysis showed that the head
parts of the flora spectra iron ore dumps and flora of
Kostanay region coincide.

4) the flora of the dumps is dominated by species
with wide ranges — pan-Eurasian and Holarctic.

5) the representation of geographical groups in
the ecological-coenotic spectrum of the flora and
life forms distribution of dumps differs depending
on the degree of soil salinity.

The study of life forms (LF) makes it possible
from an ecological point of view to assess the
characteristics of the dump flora, as well as to find
some correlative relationships between the LF and
confinement to a certain type of community. The
classification we used is based on the structure and
lifespan of the aboveground skeletal axes of plants.
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Figure 3 — Characteristics of the flora on different soils

Note: geographical groups: C — Cosmopolitan, H — Holarctic, EA1 — Pan-Eurasian,
EA2 — Mediterranean-Asian, EA3 — East European-Asian, EA4 — European-North Asian,
EAS — Eurosiberian, A1 — Asiatic, A2 — Central Asian, A3 — Siberian. CA — coastal aquatic plants

At the third stage of syngenesis, we identified
the dominant LFs: for saline soils: long-rhizomatous
(8), annuals (6) and taproot (5); for non-saline —
short-rhizomatous (15), long-rhizomatous (14), and
taproot (12) (Figure 4).

On saline soils in the steppe coenotic groups,
long-rhizomatous (50%) prevail; in weedy — annual
herbaceous (33%) and taproot (27%) groups; in

16
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(=T S T Y
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forest — trees (80%), in coastal aquatic — long-
rhizomatous (100%).

Taproot (33%) and short-rhizomatous (28%)
dominate on non-saline soils in the steppe groups,
long-rhizomatous (30%) dominate in weedy
group, and short-rhizomatous (45%) and long-
rhizomatous (30%) plants dominate in meadow

type.

SF

M Saline soils @ Non-saline scils

Figure 4 — Characteristics of life forms of plants growing at the stage of CPh

Note: life form according to the classification of I.G. Serebryakov (1962): T — trees, Sh — shrubs,
SSh — semishrubs, DSSh — dwarfs semishrubs, TR — taproot, ShR — short-rhizomatous,
LR — long-rhizomatous, Tf — turf, A — annuals, B — biennials, SF — stolon-forming.
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Conclusion

As a continuation of our study, it is planned
to resume work on the dump sites, compiling
geobotanical descriptions on the same geo
coordinates to compare the results, herbarization of
previously unidentified species.

Further, after analyzing the patterns of formation
of the vegetation cover of dumps at different stages
of syngenesis, recommendations will be drawn
up for the restoration of biodiversity by effective
scientifically based methods for the mining
enterprises of the Kostanay region, on the territory
of which the research was carried out.

Acknowledgments

The authors express their gratitude to the
management and staff of the department for ecology
and subsoil use of SSGPO JSC and Kachary Ruda
JSC for their assistance in conducting this study.

Special thanks are expressed to the staff of
the Kuzbass Botanical Garden and the Institute of
Human Ecology of the Federal Research Center for
Coal and Coal Chemistry of the Siberian Branch
of the Russian Academy of Sciences; Darkan Dala
laboratory.

All authors declare that they have no conflicts
of interest.

References

1. Manakos }0.A. ®opMupoBaHHe pacTHTEILHOTO MOKPOBAa B TeXHOTeHHBIX JaHamadTax Kysbacca / FO.A. Manakos, T.O.
Crpenbuukosa, A.H. Kynpusiaos; Poc. akan. Hayk, Cub. otn-aue, MH-T sxonorun denoeka. — HoBocubupcek: M3narenscro CO
PAH, 2011. - 168 c.

2. Brand U., Wissen M., Danso-Dahmen L., King Z. M., Jungwirth B. The Imperial Mode of Living: Everyday Life and the
Ecological Crisis of Capitalism / U. Brand, M. Wissen, L. Danso-Dahmen, Z.M. King, B. Jungwirth, — 2021. — 256 p.

3. Konsicbaesa /I.T. ®opmupoBaHue pacTHTEILHOTO IIOKPOBA HA OTBAJIAX MPEANPUSITHIT JKeJIe30pYAHON POMBIIUICHHOCTH B
CeseproM Kazaxcrane: {uc. ... kany. 6uosn. Hayk: 03.00.05.- ExkatepunOypr, 2003.- 145 c.: wn. PI'b O[], 61 03-3/985-4

4. Kosc¢ova M., Hellmer M., Anyona S., Gvozdkova T. Geo-Environmental Problems of Open Pit Mining: Classification and
Solutions / M. Kos¢ova, M. Hellmer, S.Anyona, T. Gvozdkova // E3S Web of Conferences. — 2018. Ne41. https://doi.org/10.1051/
e3sconf/20184101034

5. Feng Y., Wang J., Bai Zh., Reading L. Effects of surface coal mining and land reclamation on soil properties: A review
/' Y.Feng, J.Wang, Zh.Bai, L.Reading // Earth-Science Reviews. — 2019. — Ne 191. — pp. 12-25. https://doi.org/10.1016/j.earsci-
rev.2019.02.015

6. Hendrychova M., Svobodova K., Kabrna M. Mine reclamation planning and management: Integrating natural habitats into post-
mining land use, Resources Policy, Volume 69, 2020, 101882, ISSN 0301-4207, https://doi.org/10.1016/j.resourpol.2020.101882.

7. Peltz, C.D. and Harley, A. (2016). Biochar Application for Abandoned Mine Land Reclamation. In Agricultural and En-
vironmental Applications of Biochar: Advances and Barriers (eds M. Guo, Z. He and S.M. Uchimiya). https://doi.org/10.2136/
sssaspecpub63.2014.0047.5

8. Fernandez-Caliani J.C., Girdldez M.I., Waken W.H., Del Rio Z.M., Cérdoba F. Soil quality changes in an Iberian pyrite
mine site 15 years after land reclamation, CATENA, Volume 206, 2021, 105538, ISSN 0341-8162, https://doi.org/10.1016/j.cat-
ena.2021.105538.

9. Makhnev, A.K., Makhneva, N.E. Landscape-ecological and population aspects of the strategy of restoration of disturbed
lands. Contemp. Probl. Ecol. 3,318-322 (2010). [9nektponHnsiii pecypc]. URL: https://doi.org/10.1134/S1995425510030100

10. Frouz J., Prach K., Pizl V., Hanél L., Stary J., Tajovsky K., Materna J., Balik V., Kal¢ik J., Rehounkova K. Interactions
between soil development, vegetation and soil fauna during spontaneous succession in post mining sites, European Journal of Soil
Biology, Volume 44, Issue 1, 2008, Pages 109-121, ISSN 1164-5563, https://doi.org/10.1016/j.€js0bi.2007.09.002.

11. Noviyanto, A; Purwanto, P; Minardi, S; Supriyadi, S. The assessment of soil quality of various age of land reclamation after
coal mining: a chronosequence study Journal of Degraded and Mining Lands Management; Malang Tom 5, W3a. 1, (2017):
1009-1018. DOI:10.15243/jdmlm.2017.051.1009

12. Peco J.D., Higueras P., Campos J.A., Esbri J.M., Moreno M.M., Battaglia-Brunet F., Sandalio L.M. Abandoned Mine Lands
Reclamation by Plant Remediation Technologies. Sustainability 2021, 13, 6555. https://doi.org/10.3390/su13126555

13. Pratiwi Narendra B.H., Siregar C.A., Turjaman M., Hidayat A., Rachmat H.H., Mulyanto B., Suwardi, Iskandar, Maharani
R., Rayadin Y., Prayudyaningsih R., Yuwati T.W., Prematuri R., Susilowati A. Managing and Reforesting Degraded Post-Mining
Landscape in Indonesia: A Review. Land 2021, 10, 658. https://doi.org/10.3390/1and 10060658

14. Swab R.M., Lorenz N., Byrd S., Dick R., Native vegetation in reclamation: Improving habitat and ecosystem function
through using prairie species in mine land reclamation,Ecological Engineering, Volume 108, Part B, 2017, Pages 525-536, ISSN
0925-8574, https://doi.org/10.1016/j.ecoleng.2017.05.012.

15. TapueBckuii, B.B. 3akonomepHocTr opmMupoBaHus (PUTOLIEHO30B Ha MPOMBIIIICHHBIX OTBajlax: aBToped. auc.
6uoin. nayk / B.B. TapueBckwuii.- Tom. yu-T Tomck: 1967. 36 c.

16. Tepexosa, 3.b. EctectBenHOe 3apactanue oTBanoB COKOIOBCKOTO xkele3opyanoro kapbepa / 3.5. Tepexosa, P.1.JlanuHa,
JI.B.®omenko // PactutensHOCTh 1 IpoMbIiIeHHas cpena. Ceepanosck: 1974, Bem. 3. — C. 162 — 174.

. I-pa

76



Ye.A Simanchuk et al.

17. Kynpusinos A. H. Bruosnoruueckas pekyabTHBALMS OTBAJIOB B CybapuHoOi 30He. AnMa-Ata, 1989. 104 c.

18. Knumosa O.A., Kynpusnos A.H. Bausaue 3K0710rn4eckux yCIOBHI Ha 3aHOC CEMSH M JIECOBO30OHOBIICHNE HA OTBATAX
yroJbHBIX pa3pe3oB Kysbacca / Cubupcknii tecHoi sxyprai. 2018. Ne 5. C. 45-53.

19. Xapxora T.I', Amutpuenko I1.I1. [lommpenus Gypsophila paulii Klok Ha Tepputopusx MetarypruiiHpix 3aBoai B JlonOacy.
VYkp. 60Taniuiii xxypHan, 1976. T. 33. C. 391-392.

20. Pea M.J1., baknanos B.U. Jlunamuka ecTeCTBEHHOTO 3apacTaHusl TeppuKOHUKOB JloHOacca // PacTeHns 1 MpOMBIIITICHHAS
cpena. Crepuiosck, 1974. C.109-115.

21. KonmeBa E.M. EcTecTBeHHOE BOCCTaHOBICHHE PACTUTEIBHOCTH HA TEXHOTCHHBIX Mecroobutanusx Kpaiinero Cesepa
(SImanbckuii cextop Apktukn): ducce. ... kana. 6uoi. Hayk. Cn6, 2005. 237 c.

22. Tamgenko [O.I1. UccnenoBanue ycnoBuii peBUTANIN3AINH TaHAIIA()TOB IPU 3aXOPOHEHNUH TBEPIBIX OTXO0B TOPHOTO ITPOU3-
BOJICTBA B 9KOCHUCTEMaX ecTecTBeHHOM OnoThl 3emutu // M3sectust Tynl'Y. Hayku o 3emie. 2020. Ne2. URL: https://cyberleninka.ru/
article/n/issledovanie-usloviy-revitalizatsii-landshaftov-pri-zahoronenii-tvyordyh-othodov-gornogo-proizvodstva-v-ekosistemah-
estestvennoy (mata obparenus: 07.02.2023).

23. The Sixth National Report on Biological Diversity in The Republic of Kazakhstan. URL: http://www.cawater-info.net/pdf/
kz-nr-06-en.pdf (nara o6pamenus: 07.02.2023)

24. SSGPO JSC. URL: https://www.erg.kz/en/content/deyatel-nost/ao-ssgpo (nata oopamenus: 07.02.2023)

25. Hawkins T., Smith M.P., Herrington R.J., Maslennikov V., Boyce A.J., Jeffries T., Creaser R.A. The geology and genesis of
the iron skarns of the Turgai belt, northwestern Kazakhstan / T. Hawkins, M.P. Smith, R.J. Herrington, V. Maslennikov, A.J. Boyce,
T. Jeffries, R.A. Creaser // Ore Geology Reviews. —2017. — Ne85. — pp. 216-246. https://doi.org/10.1016/j.oregeorev.2015.10.016.

26. Herrington R., Smith M., Maslennikov V., Belogub E., Armstrong R. A Short review of palaezoic hydrothermal mag-
netite iron-oxide deposits of the South And Central Urals and their geological settings / R.Herrington, M.Smith, V.Maslennikov,
E.Belogub, R. Armstrong // Hydrothermal Iron Oxide Copper-Gold & Related deposits A global perspective. — 2002. — Ne2. — pp.
343-353.

27. INMacnopt «O» TexnoreHHsle MuHepansHble 00pazoBanus Ne3/1057. O6wekt yuera FOro-3amanusnii otBan Capbaiickoro
yuactka. — Pyansnii: AO «CCI'TIO», 2022 -9 c.

28. IMacnopt «O» Texnorennsle MuHepansHbie 00pazoBanms Ne3/1058. O6bekT yuera FOro-3anangusrit oran FOxuo-Capbaii-
ckoro y4actka. — Pynusrit: AO «CCI'TIO», 2022 — 10 c.

29. IMacnopt «O» TexHoreHHBIC MUHEpaNIbHEIE 00pa3zoBanus Ne3/1068. O6bsexT yuera FOro-Bocrounsrit orBan COK0I0BCKOTO
MmectopoxaeHus. — Pyansiii: AO «CCI'TIO», 2022 — 10 c.

30. I'eonornueckre ¥ TOPHOTEXHUYECKHE YCIIOBHS, OTpadaThIBAEMBIX Ha aBTOMOOMIIBHBIH TpaHCHOPT Kaphepa Kagapckoro PY.
— Kauapsr: AO «Kauaps! pyna», 2022 — Jloctyn uepe3 BHyTpeHHIOI0 cucteMy AO «Kauapsl pyaay.

31. Arpoxmmmarmdeckue pecypcbl Kocranalickoil obmactu: HaywHo-mpukiagHoi cnpaBounuk / Pen. C.C. BaiimonaHoB —
Acrana, 2017. - 139 c.

32. Zverev A.A. Use of equivalence classes and factor sets in the analysis of botanical data // Contemporary Problems of Ecol-
ogy.—2012. —No. 2. — pp. 221-230

33. Kybanckas 3.B. PacTuTenbHOCTE M KOPMOBBIE pecypchl mycTeiHH bermak-/lansl. Anma-ATta: M3n-Bo AH KazCCP. 1956.
264 c.

34. Ilepexxorun }0.B. borannko-reorpagudeckoe paiionuposanue n coctas uopsl Kocranaiickoit oonactu (Ceepusrit Ka-
3axctan) // Bectauk OI'Y. —2008. — T. 80. — C. 121-125.

35. Tretyakova A., Grudanov N., Petrova Y. Urban flora of Kostanay region (Republic of Kazakhstan). URL: https://www.gbif.
org/dataset/1ac5595a-ed78-46d1-9c1{-624197928£38 (date of access: 08.02.2023)

36. bparuna T.M., bopucosa E.C. Ananu3 nekapcTBeHHOHN (II0OpHI TaMsITHUKA pUpobl «HacaxkieHnst 6epe30BbIX H COCHOBBIX
necoB y o3epa boposckoey // Bectauk KI'TIM. —2021. —T. 3 (63). — C. 62-67.

37. Ko6nanosa C.A., Poroxxuna H0.0. DKoJIOro-TaKCOHOMHYECKUH aHAIN3 NPHOPENKHON (GIIOphl AyJIHEKOIbCKOTO paifoHa
(Kocranaiickas oonacts) / Bectauk Kapl'V Cepust buonorusa. Meaununa. ['eorpadus. — 2020. — T. 3 (99). — C. 83-90. https://doi.
org/10.31489/2020BMG3/83-90.

References

1. Agroklimaticheskie resursy Kostanajskoj oblasti: scientific and applied reference book / Ed. S.S. Baysholanov — Astana,
2017.-139 p.

2. Bragina T.M., Borisova E.S. Analiz lekarstvennoj flory pamyatnika prirody «Nasazhdeniya berezovyh i sosnovyh lesov u
ozera Borovskoe» // Vestnik KGPI. —2021. — V. 3 (63). — P. 62-67.

3. Brand U., Wissen M., Danso-Dahmen L., King Z. M., Jungwirth B. The Imperial Mode of Living: Everyday Life and the
Ecological Crisis of Capitalism / U. Brand, M. Wissen, L. Danso-Dahmen, Z.M. King, B. Jungwirth, — 2021. — 256 p.

4. Feng Y., Wang J., Bai Zh., Reading L. Effects of surface coal mining and land reclamation on soil properties: A
review / Y.Feng, J.Wang, Zh.Bai, L.Reading // Earth-Science Reviews. — 2019. — Ne 191. — pp. 12-25. https://doi.org/10.1016/].
earscirev.2019.02.015

77



Analysis of complex phytocenoses of iron ore companies dumps of the Kostanay region

5. Fernandez-Caliani J.C., Giradldez M.I., Waken W.H., Del Rio Z.M., Cérdoba F. Soil quality changes in an Iberian pyrite
mine site 15 years after land reclamation, CATENA, Volume 206, 2021, 105538, ISSN 0341-8162, https://doi.org/10.1016/].
catena.2021.105538.

6. FrouzJ., Prach K., Pizl V., Hanél L., Stary J., Tajovsky K., Materna J., Balik V., Kal¢ik J., Rehounkova K. Interactions
between soil development, vegetation and soil fauna during spontaneous succession in post mining sites, European Journal of Soil
Biology, Volume 44, Issue 1, 2008, Pages 109-121, ISSN 1164-5563, https://doi.org/10.1016/j.ejsobi.2007.09.002.

7. Galchenko Yu.P. Issledovanie uslovij revitalizacii landshaftov pri zahoronenii tvyordyh othodov gornogo proizvodstva
v ekosistemah estestvennoj bioty Zemli // Izvestiya TulGU. Nauki o Zemle. 2020. Ne2. URL: https://cyberleninka.ru/article/n/
issledovanie-usloviy-revitalizatsii-landshaftov-pri-zahoronenii-tvyordyh-othodov-gornogo-proizvodstva-v-ekosistemah-
estestvennoy (date of access: 07.02.2023).

8. Geologicheskie i gornotekhnicheskie usloviya, otrabatyvaemyh na avtomobilnyj transport, karera Kacharskogo RU. —
Kachary: JSC “Kachary Ruda”, 2022 — Access from the internal reference system of JSC “Kachary Ruda”

9. Harhota T.G, Dmitrienko P.P. Poshireniya Gypsophila paulii Klok na territoriyah metalurgijnyh zavodi v Donbasu. Ukr.
botanichij zhurnal, 1976. V. 33. P. 391-392.

10. Hawkins T., Smith M.P., Herrington R.J., Maslennikov V., Boyce A.J., Jeffries T., Creaser R.A. The geology and genesis of
the iron skarns of the Turgai belt, northwestern Kazakhstan / T. Hawkins, M.P. Smith, R.J. Herrington, V. Maslennikov, A.J. Boyce,
T. Jeffries, R.A. Creaser // Ore Geology Reviews. —2017. — Vol. 85. — pp. 216-246. https://doi.org/10.1016/j.oregeorev.2015.10.016.

11. Hendrychova M., Svobodova K., Kabrna M. Mine reclamation planning and management: Integrating natural habitats into
post-mining land use, Resources Policy, Volume 69,2020, 101882,ISSN 0301-4207, https://doi.org/10.1016/j.resourpol.2020.101882.

12. Herrington R., Smith M., Maslennikov V., Belogub E., Armstrong R. A Short review of palaezoic hydrothermal magnetite
iron-oxide deposits of the south and central urals and their geological settings / R.Herrington, M.Smith, V.Maslennikov, E.Belogub,
R. Armstrong // Hydrothermal Iron Oxide Copper-Gold & Related deposits A global perspective. — 2002. — Vol. 2. — pp. 343-353.

13. Klimova O.A., Kupriyanov A.N. Vliyanie ekologicheskih uslovij na zanos semyan i lesovozobnovlenie na otvalah
ugol’nyh razrezov Kuzbassa // Sibirskij lesnoj zhurnal. 2018. Ne 5. P. 45-53.

14. Koblanova S.A., Rogozhkina YU.O. Ekologo-taksonomicheskij analiz pribrezhnoj flory Auliekol’skogo rajona
(Kostanajskaya oblast’) // Vestnik KarGU Seriya Biologiya. Medicina. Geografiya. — 2020. — V. 3 (99). — P. 83-90. https://doi.
org/10.31489/2020BMG3/83-90.

15. Konysbaeva D.T. Formirovanie rastite]’'nogo pokrova na otvalah predpriyatij zhelezorudnoj promyshlennosti v Severnom
Kazahstane: Dis. ... kand. biol. nauk: 03.00.05.- Ekaterinburg, 2003.- 145 s.: il. RGB OD, 61 03-3/985-4

16. Kopceva E.M. Estestvennoe vosstanovlenie rastitel’nosti na tekhnogennyh mestoobitaniyah Krajnego Severa (Y Amal’skij
sektor Arktiki): Diss. ... kand. biol. nauk. Spb, 2005. 237 p.

17. Koscova M., Hellmer M., Anyona S., Gvozdkova T. Geo-Environmental Problems of Open Pit Mining: Classification and
Solutions / M. Kos¢ova, M. Hellmer, S.Anyona, T. Gvozdkova // E3S Web of Conferences. — 2018. Ne41. https://doi.org/10.1051/
e3sconf/20184101034

18. Kubanskaya Z.V. Rastitel’nost’ i kormovye resursy pustyni Bet-Pak-Daly. Alma-Ata: Izd-vo AN KazSSR. 1956. 264 p.

19. Kupriyanov A. N. Biologicheskaya rekul’tivaciya otvalov v subaridnoj zone. Alma-Ata, 1989. 104 p.

20. Makhnev, A.K., Makhneva, N.E. Landscape-ecological and population aspects of the strategy of restoration of disturbed
lands. Contemp. Probl. Ecol. 3, 318-322 (2010). https://doi.org/10.1134/S1995425510030100

21. Manakov Yu.A. Formirovanie rastite]’'nogo pokrova v tekhnogennyh landshaftah Kuzbassa / YU.A. Manakov, T.O.
Strel’nikova, A.N. Kupriyanov; Ros. akad. nauk, Sib. otd-nie, In-t ekologii cheloveka. — Novosibirsk: Izdatel’stvo SO RAN, 2011.
— 168 p.

22. Noviyanto, A; Purwanto, P; Minardi, S; Supriyadi, S. The assessment of soil quality of various age of land reclamation
after coal mining: a chronosequence study Journal of Degraded and Mining Lands Management; Malang V 5(1) (2017): 1009-
1018. DOI:10.15243/jdmlm.2017.051.1009

23. Pasport «O» Tekhnogennye mineralnye obrazovaniya Ne3/1057. Objekt ucheta Yugo-Zapadnyj otval Sarbajskogo
uchastka. — Rudny: JSC “SSGPO”, 2022 — 9 p.

24. Pasport «O» Tekhnogennye mineralnye obrazovaniya Ne3/1058. Objekt ucheta Yugo-Zapadnyj otval Yuzhno-Sarbajskogo
uchastka. — Rudny: JSC “SSGPO”, 2022 — 10 p.

25. Pasport «O» Tekhnogennye mineralnye obrazovaniya Ne3/1068. Objekt ucheta Yugo-Vostochnyj otval Sokolovskogo
mestorozhdeniya. — Rudny: JSC “SSGPO”, 2022 — 10 p.

26. Peco J.D., Higueras P., Campos J.A., Esbri J.M., Moreno M.M., Battaglia-Brunet F., Sandalio L.M. Abandoned Mine
Lands Reclamation by Plant Remediation Technologies. Sustainability 2021, 13, 6555. https://doi.org/10.3390/su13126555

27. Peltz C.D. and Harley A. Biochar Application for Abandoned Mine Land Reclamation. In Agricultural and Environmental
Applications of Biochar: Advances and Barriers (eds M. Guo, Z. He and S.M. Uchimiya). 2016. https://doi.org/10.2136/
sssaspecpub63.2014.0047.5

28. Perezhogin YU.V. Botaniko-geograficheskoe rajonirovanie i sostav flory Kostanajskoj oblasti (Severnyj Kazahstan) //
Vestnik OGU. —2008. — V. 80. — P. 121-125.

29. Pratiwi, Narendra B.H., Siregar C.A., Turjaman M., Hidayat A., Rachmat H.H., Mulyanto B., Suwardi, Iskandar, Maharani
R., Rayadin Y., Prayudyaningsih R., Yuwati T.W., Prematuri R., Susilowati A. Managing and Reforesting Degraded Post-Mining
Landscape in Indonesia: A Review. Land 2021, 10, 658. https://doi.org/10.3390/1and10060658

78



Ye.A Simanchuk et al.

30. Reva M.L., Baklanov V.I. Dinamika estestvennogo zarastaniya terrikonikov Donbassa // Rasteniya i promyshlennaya
sreda. Sverdlovsk, 1974. P.109-115.

31. SSGPO JSC. URL: https://www.erg.kz/en/content/deyatel-nost/ao-ssgpo (date of access: 07.02.2023)

32. Swab R.M., Lorenz N., Byrd S., Dick R. Native vegetation in reclamation: Improving habitat and ecosystem function
through using prairie species in mine land reclamation, Ecological Engineering, Volume 108, Part B, 2017, Pages 525-536, ISSN
0925-8574, https://doi.org/10.1016/j.ecoleng.2017.05.012.

33. Tarchevskij, V.V. Zakonomernosti formirovaniya fitocenozov na promyshlennyh otvalah: avtoref. dis. . d-ra biol. nauk /
V.V. Tarchevskij.- Tom. un-t Tomsk: 1967. 36 p.

34. Terekhova, Z.B. Estestvennoe zarastanie otvalov Sokolovskogo zhelezorudnogo kar’era / Z.B. Terekhova, R.I.Lanina,
L.V.Fomenko // Rastitel’nost’ i promyshlennaya sreda. Sverdlovsk: 1974. V 3. —p. 162 — 174.

35. The Sixth National Report on Biological Diversity in The Republic Of Kazakhstan. URL: http://www.cawater-info.net/
pdf/kz-nr-06-en.pdf

36. Tretyakova A., Grudanov N., Petrova Y. Urban flora of Kostanay region (Republic of Kazakhstan). URL: https://www.
gbif.org/dataset/1ac5595a-ed78-46d1-9¢c11-624197928{38 (date of access: 08.02.2023)

37. Zverev A.A. Use of equivalence classes and factor sets in the analysis of botanical data // Contemporary Problems of
Ecology. —2012. — No. 2. — pp. 221-230

79



