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Abstract. Environmental anthropogenic transformation leads to technogenic landscapes
emergence, characterized by complete or partial destruction of ecosystem components. Partial
restoration of biodiversity is possible through reclamation and self-overgrowing. Formation
of vegetation cover on technogenic landscapes — a process that takes place in three syngenesis
stages. This article presents the results of studying the degree of self-overgrowing on iron ore
industry dumps in the Kostanay region (SSGPO ]SC and Kachary Ruda JSC) at the stage
of a group-thicket community — the second stage of syngenesis. Sixty-three geobotanical
descriptions were compiled, and group-thicket communities were found in twenty-six.

A group-thicket community is usually formed by patients; certain relationships and mutual
influence appear between plants, but they remain fragmentary, individuals are slightly
interconnected trophically. The predominance of species with a wide ecological amplitude
characterizes this stage.

It was found that the rate and patterns of vegetation cover formation at the second stage of
syngenesis differ on saline and non-saline soils: the former are dominated by halophytes and
long-rhizomatous plants, the latter are characterized by long-rhizomatous plants; moreover,
the activity of species on the first soils is much higher than on the second ones, the number of
species is approximately the same on both soil types.

Keywords: group-thicket community, iron ore industry dumps, biodiversity, technogenic
landscape, succession, syngenesis, dump flora, dump overgrowth

Abbreviations: CC — classes of constancy, CP — cenopopulation, GTC — a group-thicket
community, LF — life form, PP - projective cover, TPC — total projective cover.
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Introduction

Active development of human society is accompanied by the transformation of the natural
environment. For the sake of own comfort, mankind extracts and processes colossal volumes of
natural resources. And, naturally, in the course of these processes, partial or, more often, complete
destruction of ecosystems occurs with the formation of technogenic landscapes. Complete
restoration of disturbed soil and vegetation cover; lithological basis, hydrological regime to the
original natural state is impossible [1-4].

Industrialization on a global scale has led to the replacement of some key landscape types
by others: forests have been replaced by forest field and forest meadows; steppe and forest-
steppe landscapes were replaced by field and agricultural landscapes [1, 2].
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For (partial) restoration of the biodiversity of technogenic landscapes, reclamation is used,
but when this is impossible for economic or other reasons, a wait-and-see policy is used, that is,
conditions are created for self-restoration of vegetation and soil cover [4-7].

This article is a continuation of the description of the results of the study of the degree of
natural overgrowing of dumps of the iron ore industry in the Kostanay region, the pioneer stage
was previously described, in which the difference in the speed of syngenesis processes on saline
and non-saline soils was noted.

The process of self-overgrowing of technogenic landscapes, which undoubtedly include
dumps, takes place in three stages: pioneer grouping (low projective cover (PP) 10-15%, 13-25
species), group-thicket community (PP —more than 15%, 20-50 species) and complex phytocenosis
(PP more than 30%, 20-50 species) [8].

The rate of syngenesis stages change depends on various factors. The ecological conditions
of the dumps and the biological characteristics of the species determine the selectivity, which
directly depends on the probability of introducing ovules from neighboring phytocenoses [9-11].

In this article, we analyze the GTC as a stage of syngenesis on the dumps of iron ore
enterprises in the Kostanay region.

Materials and Methods

There are two large enterprises engaged in the extraction and processing of iron ore in
the Kostanay region: SSGPO JSC (Sokolovsky, Sarbaisky deposits) and Kachary Ruda JSC
(Kacharsky deposit). These deposits of magnetite ores are located in the northwestern part of
Kazakhstan in the Turgai belt, which also extends into Russia. The Turgai deposits are associated
with volcanic-sedimentary rocks of the Trans-Ural zone. These deposits, together with other
satellite deposits and manifestations, form an extended magnetite-bearing belt extending in the
NNE-SSW directions — the Turgai belt, which extends from the Sarbaisky deposit in the south to
the Glubochensky deposit in the north [12, 13].

In the course of this study, the waste dumps of SSGPO JSC were studied: the South-East one
of the Sokolovsky open pit, South-West - of the Sarbaisky and South-West - of the South-Sarbi
area; as well as Ne 7 railway dump of Kachary Ruda JSC. These dumps are a place of accumulation
of technogenic mineral formations, which are loose sandy-argillaceous overburden rocks of the
platform cover; their initial raw materials are flasks, sands and clays [14-17].

The objects of study are located in the northwestern part of Kazakhstan — Kostanay region.
Study period: spring-summer of 2022.

The territory of the facilities is under the influence of a sharply continental climate, which is
characterized by a significant difference between day and night, as well as seasonal temperatures.
The highest average temperature in the vicinity of the objects of study is +21°C in July, the lowest
average annual temperature is -15.4°C in January [18].

The following types of soils are typical for the studied territories: ordinary and southern
chernozems; dark and medium chestnut soils, complexes with solonetzes. According to the
mechanical composition, these soils are classified as heavy loamy, clayey, or sandy loamy [18].

The route-expeditionary reconnaissance research method was used to study the flora of
technogenic ecotopes. A total of 63 geobotanical descriptions were compiled. Floristic data were
processed using the IBIS7.2 program developed by A.A. Zverev [19]. Qualitative and quantitative
accounting of plants was carried out in accordance with accepted methods: occurrence (%), total
and partial projective cover (TPC, %) were noted [2, 11, 20].

Calculation of numerical data: herbage density (pcs/m2), number of species (pcs), occurrence
(%), total and partial projective cover (%) — was carried out according to the previously indicated
indicators. The occurrence rate made it possible to determine the classes of constancy (CC): a
total of five CCs were determined, with a step of 20%: I — 20%; II — 40%; III — 60%; IV — 80%; V —
100% [11].
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Results

Settlement of species from the composition of higher vascular plants on the surface of dumps
begins in the first year after backfilling. The drift of ovules to dumps occurs mainly by wind from
the surrounding territories, a much smaller role in this process belongs to animals and humans.

The distribution of ovules on the surface of dumps occurs randomly, while the germination
and development of plants in certain ecotopes is a natural process that depends solely on their
ecological stability of the plants themselves. In the course of succession, the development of plant
communities is additionally influenced by interspecific competition, the role of which increases
as the evolving cenosis develops its internal phytocenotic environment.

In this work, we studied cenopopulations at the stage of a group-thicket community (GTC)
on dumps aged from 6 to 10 years (See Figure 1.). 26 geobotanical descriptions were made: 16 on
saline soils (CP-27-42) and 10 on non-saline soils (CP 6-15) (see Table 1).

Figure 1. Location of the studied ecotopes of plants of the group-overgrown stage:
A - Soklovsky quarry; B, C — Sarbaisky quarry; D - Kacharsky quarry

In total, 65 species of plants were identified on the waste dumps of SSGPO JSC and Kachary
Ruda JSC at the GTC stage: 41 species settled on saline soils, and 43 species settled on non-saline
soils (See Tables 2, 3). Table 1 lists the dominants for each cenopopulation, the total projective
cover, and the number of species.
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It is also worth noting that, on average, the activity of species and the class of constancy are
higher on soils with a lower salt content (CO,*, HCO,, Cl -, SO,?).

Table 1
Characteristics of cenopopulations of the GTC, May 18-19, 2022
CP No. Dominants TPC % Spec1fes
quantity
CP-6 Artemisia austriaca, Artemisia dracunculus, 20 1
Tanacetum vulgare

CP-7 | Calamagrostis epigeios, Festuca valesiaca, Medicago sativa 70 21

CP-8 | Artemisia austriaca, Medicago sativa, Calamagrostis epigeios 30 11

CP-9 | Calamagrostis epigeios, Medicago sativa, Festuca valesiaca 40 10
CP-10 | Calamagrostis epigeios, Artemisia dracunculus, Festuca valesiaca 30 20
CP-11 | Calamagrostis epigeios, Artemisia dracunculus, Artemisia marschalliana 40 11
CP-12 | Calamagrostis epigeios, Artemisia dracunculus, Medicago sativa 30 11
CP-13 | Calamagrostis epigeios, Artemisia dracunculus, Achillea nobilis 25 10
CP-14 | Achillea nobilis, Polygonum salsugineum 20 5
CP-15 | Calamagrostis epigeios, Tanacetum vulgare 20 5
CP-27 | Polygonum salsugineum, Calamagrostis epigeios 20 5
CP-28 | Phragmites australis, Polygonum salsugineum 70 3
CP-29 | Polygonum salsugineum 3 1
CP-30 | Phleum phleoides, Agrostis gigantea 40 5
CP-31 | Elaeagnus oxycarpa, Polygonum salsugineum 30 7
CP-32 | Artemisia dracunculus, Cirsium setosum 50 12
CP-33 | Artemisia dracunculus, Cirsium setosum, Polygonum salsugineum 40 6
CP-34 | Artemisia dracunculus, Polygonum salsugineum, Taraxacum officinale 70 11
CP-35 | Artemisia dracunculus, Polygonum salsugineum, Phragmites australis 40 8
CP-36 | Artemisia dracunculus, Isatis costata, Polygonum salsugineum 60 6
CP-37 | Artemisia dracunculus, Chenopodium album, Cirsium setosum 70 10
CP-38 | Artemisia dracunculus, Calamagrostis epigeios, Polygonum salsugineum 50 6
CP-39 | Artemisia dracunculus, Calamagrostis epigeios, Artemisia nitrosa 70 13
CP-40 | Artemisia dracunculus, Calamagrostis epigeios, Gypsophila perfoliata 70 12
CP-41 Artemigia . dracunculus, ~ Calamagrostis  epigeios, ~Chamaenerion 80 5

angustifolium
CP-42 | Artemisia dracunculus, Calamagrostis epigeios, Gypsophila perfoliata 70 7

As can be seen from Table 2, on saline soils, Polygonum salsugineum and Artemisia dracunculus
are common and have a high persistence class (IV) — the highest for GTC on the saline soils.
Gypsophila perfoliata and Calamagrostis epigeios are found in constancy class III. The vast majority
of species are rare and have class I constancy (See Figure 2 A).

Polygonum salsugineum (“salsus” lat. — salty) was found in 75% of the studied CPs on saline
soils, Artemisia dracunculus in 68.8%, other species did not even reach 50% occurance (Table 2).

Table 2
Characteristics of communities of the group-thicket stage on saline soils
Plant species V* P A CC
Polygonum salsugineum (Ledeb.) Klok. 75 5.7 20.7 v
Artemisia dracunculus L. 68.8 9.25 25.22 v
Gypsophila perfoliata L. 43.8 0.5 4.68 11
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Calamagrostis epigeios (L.) Roth 43.8 15.34 2591 I
Chamaenerion angustifolium (L.) Scop. 37.5 0.19 2.67 I
Artemisia nitrosa Weber 31.3 0.31 3.13 I
Artemisia sieversiana Willd. 31.3 0.16 2.24 I
Lactuca tatarica (L.) C.A.Mey. 25 0.69 4.15 I
Carduus nutans L. 25 0.125 1.77 I
Isatis costata C.A.Mey. 25 0.125 1.77 I
Phragmites australis (Cav.) Trin. ex Steud. 25 4.44 10.54 I
Cirsium setosum (Willd.) Besser 18.8 0.84 3.97 I
Tragopogon orientalis L. 18.8 0.09 1.3 I
Taraxacum officinale F. H.Wigg. 18.8 0.09 1.3 I
Artemisia vulgaris L. 18.8 0.09 1.3 I
Gypsophila paniculata L. 18.8 0.09 1.3 I
Achillea millefolium L. 12.5 0.06 0.87 I
Convolvulus arvensis L. 12.5 0.22 1.66 I
Elaeagnus oxycarpa Schltdl. 12.5 0.06 0.87 I
Melilotus albus Medikus 12.5 0.06 0.87 I
Dracocephalum thymiflorum L. 12.5 0.06 0.87 I
Bromopsis inermis (Leyss.) Holub. 12.5 0.06 0.87 I
Acer negundo L. 6.3 0.03 0.43 I
Eryngium planum L. 6.3 0.03 0.43 I
Artemisia commutata Besser 6.3 0.03 0.43 I
Artemisia schrenkiana Ledeb. 6.3 0.03 0.43 I
Artemisia proceriformis Krasch. 6.3 0.03 0.43 I
Conyza canadensis (L.) Crongist 6.3 0.03 0.43 I
Achillea nobilis L. 6.3 0.03 0.43 I
Artemisia marschalliana Spreng. 6.3 0.03 0.43 I
Senecio jacobaea L. 6.3 0.03 0.43 I
Chenopodium album L. 6.3 0.19 1.09 I
Limonium gmelinii (Willd.) Kuntze 6.3 0.03 0.43 I
Agrostis gigantea Roth 6.3 0.31 1.39 I
Phleum phleoides (L.) H.Karst. 6.3 0.19 1.09 I
Stipa lessingiana Trin. & Rupr. 6.3 0.03 0.43 I
Elytrigia repens (L.) Nevski 6.3 0.03 0.43 I
Festuca valesiaca Gaudin 6.3 0.03 0.43 I
Populus x sibirica G. Kryl. et Grig. ex A. Skvortsov 6.3 0.03 0.43 I
Populus tremula L. 6.3 0.03 0.43 I
Solanum kitagawae Schonb.-Tem. 6.3 0.03 0.43 I

Note: V — occurrence, %; P — partial projective cover, %; A — activity, score; CC - class of constancy

Table 3 illustrates interesting patterns of plant growth on non-saline soils: Calamagrostis
epigeios and Artemisia austriaca have the highest V constancy class. Constancy class IV was noted
in Artemisia dracunculus, Achillea nobilis, and Medicago sativa (see Figure 2 B).

Calamagrostis epigeios was found in 90% of the CP on non-saline soils. Interestingly, Polygonum
salsugineum, which is common on highly saline soils, was not found in any of the CPs. While
Artemisia dracunculus was also found in 70% of these CPs.
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A B

Figure 2. GTC stage on iron ore industry dumps:
A —on saline soils
B — on non-saline soils

Table 3
Characteristics of communities of the group-thicket stage on non-saline soils

Plant species V* p A CC
Calamagrostis epigeios (L.) Roth 90 11.55 32.24 \4
Artemisia austriaca Jacq. 80 2.95 15.36 \4
Artemisia dracunculus L. 70 3.6 15.87 v
Achillea nobilis L. 70 1.75 11.07 v
Medicago sativa L. 70 2.25 12.55 v
Artemisia marschalliana Spreng. 60 1.25 8.66 111
Hieracium virosum Pall. 50 0.25 3.54 11
Tanacetum vulgare L. 50 1.2 7.75 11
Achillea millefolium L. 50 0.25 3.54 111
Festuca valesiaca Gaudin 50 6.5 18.03 111
Poa angustifolia L. 50 1.9 9.75 11
Bromopsis inermis (Leyss.) Holub. 50 0.95 6.89 11
Centaurea scabiosa L. 40 0.2 2.83 II
Hieracium umbellatum L. 30 0.15 2.12 II
Artemisia commutata Besser 30 0.15 2.12 II
Taraxacum officinale F. H.Wigg. 30 0.15 2.12 II
Elaeagnus oxycarpa Schltdl. 30 0.15 2.12 11
Dracocephalum thymiflorum L. 30 0.15 2.12 11
Chamaenerion angustifolium (L.) Scop. 30 0.65 4.42 11
Stipa pennata L. 30 1.55 6.82 II
Malus domestica Borkh. 30 0.15 2.12 II
Linaria genistifolia (L.) Mill. 30 0.15 2.12 II
Artemisia proceriformis Krasch. 20 0.1 1.41 I
Lonicera tatarica L. 20 0.1 1.41 I
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Gypsophila paniculata L. 20 0.35 2.65 |
Acer negundo L. 10 0.05 0.71 |
Lactuca serriola L. 10 0.05 0.71 |
Trommsdorffia maculata (L.) Bernh. 10 0.05 0.71 I
Cirsium setosum (Willd.) Besser 10 0.05 0.71 I
Artemisia vulgaris L. 10 0.1 1 I
Betula pendula Roth 10 0.05 0.71 I
Lappula stricta (Ledeb.) Guerke 10 0.05 0.71 I
Nonea pulla DC. 10 0.05 0.71 I
Medicago falcata L. 10 0.05 0.71 I
Trigonella arcuate C.A.Mey. 10 0.05 0.71 I
Trifolium pratense L. 10 0.05 0.71 I
Poa palustris L. 10 0.1 1 I
Poa urssulensis Trin. 10 0.05 0.71 I
Polygonum bordzilowskii Klokov 10 0.05 0.71 I
Potentilla argentea L. 10 0.05 0.71 I
Populus x sibirica G. Kryl. et Grig. ex A. Skvortsov 10 0.05 0.71 |
Populus tremula L. 10 0.05 0.71 |
Ulmus pumila L. 10 0.05 0.71 I

Note: V — occurrence, %; P — partial projective cover, %; A — activity, score; CC - class of constancy

Discussion

Table 4 shows the taxonomic structure of the general floristic list of communities of the
GTC stage on the dumps of SSGPO JSC and Kachary Ruda JSC. The total number of families
represented in these communities on saline and non-saline dumps is 22. The most numerous in
terms of the number of species and genera are Asteraceae (13 genera, 25 species), then Poaceae (9
genera, 12 species), Fabaceae (4 genera, 5 species). The top ten most representative families of the

dump flora include 54 species, or 82%.

The most multi-species genus is Artemisia: 19% of all species on saline soils, 14% — on non-
saline soils. In total, there were 20 species found both on saline and non-saline soils.

Table 4

Taxonomic structure of communities of the group-thicket stage of dumps

Taxonomic indicators Values
Total number of species 65
Total number of genera 48
Total number of families 22
Number of single-species genera 39
Number of single-species families 14
Number of homogeneous families 16
Share of species in 5 leading families, % 69
Share of species in 10 leading families, % 82

The dominance of the families Asteraceae, Poaceae, and Fabaceae, noted by us in the
communities of the group-thicket stage of dumps, is characteristic of the taxonomic structure of

the region as a whole [21-24].
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The degree and rate of overgrowth of the dumps of the iron ore industry in the Kostanay
region has been of interest since the 1970s. So, Terekhova E.B. et al. in 1974 note that in the
seventh year after dumping, the syngenesis stage changes from the pioneer stage to the GTC,
with a significant increase in the number of species up to 31. Polygonum aviculare L., Artemisia
marschalliana Spreng., Berteroa incana (L.) DC., Axyris amaranthoides L. were dominant. The
authors noted the increased importance of the Fabaceae family compared to the pioneer stage
(Genista tinctoria L., Medicago cancellata M. Bieb., M. Falcata L., Vicia cracca L., Melilotus albius
Medik., M. officinalis (L.) Lam.). Artemisia and legumes acted as dominants and co-dominants
in those communities. There were also cereals Agropyron sibiricum (Agropyron fragile (Roth) P.
Candargy), A. pruiniferum (Elytrigia pruinifera Nevski), Poa angustifolia L., Festuca sulcate (Festuca
valesiaca Gaudin) [25].

In a later study by Konysbayeva D.T. 2003, 65 species are described at the GTC stage. The
projective cover was 30-50%. Dominant families: Asteraceae (13 species), Poaceae (10), Fabaceae (8
species). There was also a large distribution of Polygonum aviculare, Artemisia marschalliana, A.
dracunculus, Berteroa incana, Melilotus albius, M. officinalis [9].

We also conducted an analysis on the representation of geographical groups in the ecological
and coenotic spectrum of the flora of dumps at the GTC stage. In the flora of the dumps, we
identified 5 ecological-coenotic groups: meadow, forest, steppe, coastal-aquatic, and weedy [11].

Differences in the distribution of plant groups on saline and non-saline soils were found,
which is not surprising and has already been repeatedly confirmed for other indicators in our
study. The first soils at the GTC stage are mostly populated by weedy and steppe species, while
the second soils are inhabited by meadow and steppe species. Coastal-aquatic and forest plants
are the least numerous (see Figure 3).

The pan-Eurasian fraction of geographic elements plays a leading role in the composition
of all ecological-coenotic groups on dumps (13, 18). Further on saline soils, in order, are
Mediterranean-Asian (6), Cosmopolitan (6), East European-Asian (5); on non-saline soils,
Holarctic (7) and Cosmopolitan (5).

Saline soils Non-saline soils
16
mA3
14
mA2
12 Al
10 mEAS
8 mEA4
6 mEAS
EA2
3 mEA]
: N .
0 - ul
Meadow Forest Steppe Weedy Meadow Forest CA Weedy

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, EA5 — Eurosiberian,
Al - Asiatic, A2 — Central Asian, A3 — Siberian. CA — coastal aquatic plants
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An analysis of life forms makes it possible to assess the characteristics of the flora from an
ecological standpoint, to find correlative relationships between LF and confinement to a certain
type of communities (habitats). At the second stage of syngenesis on the dumps we studied, the
predominant life forms are: for saline soils — taproot (10), long-rhizomatous (9), annuals (5), and
biennials (5); non-saline — taproot (11), short-rhizomatous (10), and long-rhizomatous (6).

As can be seen from Figure 4, plants with a tap root system or long rhizomes are the most
common for this stage of GTC in terms of the number of species. However, it was previously
noted that the highest class of constancy is characteristic of long-rhizomatous plants under these
conditions.

On saline soils, steppe floras are dominated by taproot (50%) and turf (25%) species; in
weedy — herbaceous annuals (31%) and long-rhizomatous plants (23%); in meadows — long-
rhizomatous (38%); in the forest — trees (67%); coastal water — long-rhizomatous (100%).

On non-saline soils, steppe floras are more populated by taproot (40%) and turf (30%)
species; in weedy — taproot (50%); in meadow — short-rhizomatous (57%) and long-rhizomatous
(29%); in the forest — trees (50%).
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Figure 4. Characteristics of life forms of plants growing at the stage of GTC
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

The study of syngenesis on anthropogenically disturbed lands will make it possible to
determine the directions of effective and economically beneficial reclamation for enterprises
and society. In the studied territories, species with the most successful survival strategies in the
conditions of technogenic landscapes of the former steppe and forest-steppe were identified,
which can be used in the future to recreate ecosystems close to natural ones.

We strongly believe that restoration of biodiversity, even partial, will not only preserve
the remaining bits of the former diversity of ecosystems, but will also allow the use of these
lands for socially significant purposes in the future. We also consider it important to note that
a Red Book species, Stipa pennata, was found on the dumps, which only confirms our point of
view [26].

34 Ne3(144)/2023 A.H. Tymunres amvindazot EYY Xabapuivicot. BuoAozusAvik ebiAblm0ap cepusicol
ISSN(Print) 2616-7034 eISSN 2663-130X



Analysis of Group-Thicket Communities on Iron Ore Industry Dumps in Kostanay Region

Conclusion

As a result of studying the patterns of natural overgrowing of dumps of mining enterprises
in Kostanay region — SSGPO JSC and Kachary Ruda JSC, on the second stage of syngenesis
established:

1) Halophytes (eg. Polygonum salsugineum, Gypsophila perfoliata) and long-rhizomatous
plants (e.g. Calamagrostis epigeios, Artemisia dracunculus) dominate on saline soils at the stage
of group-thicket communities. Long-rhizomatous plants (e.g. Calamagrostis epigeios, Artemisia
austriaca, Artemisia dracunculus) have the highest class of constancy on non-saline soils.

2) Total projective cover on saline and non-saline soils of dumps is approximately the same
and amounts to 33-37%.

3) Number of species is approximately the same on both types of soil — 12.5-14.0 pcs/100m?.
Compared to the pioneer group studied earlier, the number of species on saline soils significantly
has increased both on saline — 41 and on non-saline soils — 43. Most species have CC L.

4) The activity of species in GTC on non-saline soils is much higher than those on saline
soils.

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.

In the future, it is planned to describe the results of studying the stage of a complex
phytocenosis at the previously mentioned objects, as well as to continue work on the territory of
the dumps in 2023 and beyond: compiling geobotanical descriptions in the same coordinates to
compare the results, herbarization of previously unidentified species.
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E.A. Cuimaguyk’, I'. K. Cyaranrasuna', A.H. Kynpusaos®
'A. Baumypcuvinos amotndazer Kocmanaii enipaix yuusepcumemi, Kocmanaii, Kasaxcman
?Kysbac bomarurarvk 6azo, PFA Cb xomip xane xomip xumusicor Dedeparvdi sepmimey opmarviavi,
Kemeposo, Peceti

KocTaHait 00abICBIHBIH TeMip pyaachl K3CiIIOpbIHAapPBIHBIH TOIITACHIII 6CKeH ociMaikTep
SKUBIHTBIKTapAbI TaaAay

Anparna. KopmiaraH OpTaHBIH aHTPOIOTreHAIK TpaHCPOPMaNWACH 9KOXyliedepaiH Oapabk
KOMITOHEHTTePiHiH TOABIK HeMece illliHapa >KOMBIAYbIMEH CUIIaTTaAaThiH TeXHOTeHAiK AaHAImadTTapAbIH
maiiga OoaybiHa okeaegi. bya aymakTapabH OMoopTypAiairin imiHapa KaiTa Kypy KaAIlbIHa KeATipy
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JKoHe 034iriHeH ocy apKbLAbl MyMKiH Ooaagpl. TexHorenaik aaHamadrrapia ©CiMAiK >KaMBLAFBICBIHBIH,
e3JirineH maiiga 00Aybl — CHMHIeHe3JiH YII caTBICBIHAA >KYpeTiH mpouecc. bya maxaaaga Kocranaii
00ABICBIHBIH TeMip pyJachl KacinopuiHgapsinbiH («CCKOB» AK sxene «Kamapsr pyaa» AK) Tomracs
OCKeH OCIMAIKTep >KMBIHTBLIFBI CaTBIChIHAAQ — CHMHICHE3AiH eKiHIIi caThIChIHAA ©3JiriHeH ocy JapeskeciH
3epTTey HaTIKeAepi KeaTipiareH. bizain seprreyimizge GapAbIFbI aaIIbIC I re0OOTaHMKAABIK, CUIIaTTaMa
>Kacaaapl, 0i34i KBI3BIKTBIPATBIH TOITACKHIIT ©CKEH 6CiMAIKTep KUBIHTBIKTap SKMUbIPMa aAThlAa KOPCeTiATeH.

Tonrtacell ©CKeH ©ciMIIiAep >KULIHTBIFBI, 94eTTe, IaTMEeHTTepMeH KaAblllTacadbl, ©cCiMAiKTep
apacbiHga Oeariai 6ip KaTbIHacTap, e3apa acep mnaiiga 6oaaarl, 6ipak curaTel pparMeHTTi OOABII KalaApl,
Aapazap 6ip-6ipimeH TpoduKaAbIK OaiiAaHBICTApMeEH ITaMaAbl OallAaHBICTHL. by Ke3eH KeH DKOA0IVIIABIK
aMIIAUTyAacel Oap Typaepain 6acsiM OOAybIMeH CUITaTTalaabl.

Crumnatraaran 3eprrey OapbIChIHAA ©CIMAIK >KaMBIAFBICHIHBIH IIaiiga 004y >KBLAAAMABIFLI MeH
3aHABLABIKTApBl, COHBIH IiIliHAE CHMHTEHe3AiH eKiHIIi caTbIChIHAA, Ty3JaHFaH >KoHe Ty3JaHOaraH
TOIIBIpaKTapAa epeKIleleHeTiHi aHbIKTaAAbL: OipiHIiciHAze Taa0pUTTep MEH Y3bIH TaMBIPABI ©CiMAiKTEP
OacbIM, eKiHIITiCiHe Y3BIH TaMBIPABI ©CIMAIKTEp ToH; >KoHe aAFalllKbl TONBIpaKTapAarbl ©CiMAIKTep
KayBIMAACTBIFBIHAATHI Ty pAepAin OeaceHaiairi egayip sKoraphl, eKiHIIliciHe KaparaHAa, aa TypAepAiH caHbl
TOIIBIPAKTHIH €Ki TypiHAe Ae Im1amMaMeH Oipaeri.

Tyiin cesgep: TONTACBIII OCKEH ©CIMAIKTep >KMBIHTBIFBI, TeMip pyJAachiHBIH YVifiHaizepi,
6100pTYpAiaiK, TeXHOTeHAIK AaHAIMA]T, CyKLecCus, CUHIeHe3, yiliHAladepaiH ¢aopacsl, yiiiHAizepain
e34irineH ecyi.

E.A. Cumanuyk’, I' K. Cyaranrasuna', A.H. Kynpusmos?
'Kocmanaiickuii pezuonarvrutil yrueepcumem umenu A. baiimypcuirosa, Kocmanaii, Kasaxcman
2 Kysbaccxuii bomaruyeckuii cad, Qedeparviiviii uccaedosamervckuti uenmp yeas u yeaexumuu CO PAH,
Kemeposo, Poccust

Anaans rpynmnoBo-3apOCAeBbIX COOOMIeCTB Ha OTBaAaXx XeAe30PyAHBIX IIpe AP T
Kocranarckoi odoaacTtu

AnnoTanms. AHTpPOIIOTeHHas TpaHcPOpMaIMs OKPY>KaloIleil cpeabl TPUBOANUT K IOABAEHNIO
TeXHOTeHHBIX AaHAIAQTOB, XapaKTepPU3YIONUIMUXCSl IIOAHBIM MAM YaCTUYHBIM YHUYTOXKEHUEM Bcex
KOMIIOHEHTOB 9KocucreM. HacTnaHoe BoccTaHOBAeHMe O10pa3Ho00pasisl AaHHLIX TePPUTOPUIL BO3ZMOXKHO
IlyTeM peKyAbTUBalMM U camoszapacranus. CaMonponussoapHoe (OpMUpOBaHUe PacTUTeAbHOIO
IIOKpOBa Ha TEeXHOTEHHBIX JaHAmadTax — 9TO MPOIlecc, IMPOXOAAIIMIT B TPU CTaAMM CUHTeHe3a. B
AAHHOI CTaThe MPeACTaBAEHBI Pe3yAbTaThl M3YUeHNs CTEIIeHN caMO3apacTaHNs OTBAAOB JKeAe30PyAHOI]
npomeinraenHocty Kocranaiickoit obaactu (AO «CCITIO» n AO «Kauapsl pyaa») Ha CTagun IpyIoBo-
3apoc4eBoro coodIecTsa — BTOPOI CTaauM CUHTeHe3a. Bcero B xoJe Hamero mccaesosaHusl ObLAO
COCTaBAEHO MIECTbAECAT TPU TeoDOTAaHMYECKUX OIMCaHNUs, IpuUdeM MHTepecylollie Hac TIPyIIIOBO-
3apoceBble COOOIIeCTBa OTPakeHkbl B ABaAIlaTH IIeCTH U3 HUX.

I'pynmoso-zapocaeBoe cooDIIeCTBO OOBIMHO (QOPMUPYETCs MaTMEeHTaMM, MeXAY PacTeHVAMMU
IIOSIBASIOTCS OIlpeAeAeHHbIe B3aMOOTHOIIIeHNS ¥ B3alIMOBAMHIE, HO OHI OCTaIOTCsl parMeHTapHBIMI,
pasHble 0cOOM B MaJAO¥l CTEIIeHN CBA3aHBI MeXAy co0o¥ Tpopuieckumu cBa3amu. /Aas AaHHOTO STara
XapakTepHO IIpeoOaajaHiie BUAOB C IIMPOKON DKOAOTMIECKON aMIIAUTYAOI.

B x04e onucriBaeMoro nccaeAoBaHms ObLA0 YCTaHOBAEHO, UTO CKOPOCTh U TAaTTePHBI (POPMIPOBAHIAS
pacTUTeABHOTO IIOKPOBa, B TOM 4YMCAe M Ha BTOPOM CTaAul CUHIeHe3a, OTAMYAIOTCs Ha 3aCOAeHHBIX U
He3acO/AeHHBIX TPYHTaX: Ha IepPBBIX AOMMHMPYIOT Tal0(pUTH U AAMHHO-KOPHEBUIIHEIE PaCTeHUS, AAs
BTOPBIX XapaKTepHBI AAMHHO-KOPHEBUIIJHBIE pacTeHMs; IIpUdeM aKTUBHOCTh BUAOB B PacTUTEABHBIX
COODITIeCTBaX Ha MepPBBIX TPYHTaX 3HAUYMTEABHO BHIIIE, YeM Ha BTOPHIX, a KOANIECTBO BUAOB IIPUMEPHO
OAMHAKOBO Ha 0DOMX THUIIaX TPYHTOB.

Karodgesble caoBa: rpyInoso-3apocaesoe cooOIIecTBO, OTBAaAbl XKeAe30PYAHOI ITPOMBIILAEHHOCTH,
fuopasHooOpasue, TeXHOTeHHBII AaHAIA]T, CyKIecCus], CMHIeHe3, OTBaAbHas (pAopa, caMo3apacTaHue
OTBaOB.
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