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RELEVANCE OF THE PROBLEM

As a result of iron ore extraction operations that 
have been lasted for longer than half a century, in 
the Kryvyi Rih region, the natural landscapes are 
transformed into dangerous man-made objects: 
quarries, spoil dumps and tips, slag heaps, sagged 
areas, landslides, etc. These man-caused factors 
affected the geomorphological and hydrological 
structure of the region, which, consequently, has 
entailed climate fluctuations, as well as changes in 
the soils and vegetation. The total area of spoiled 
and contaminated lands in Kryvyi Rih region 
reaches more than 35 thousand hectares [1, 2, 3, and 
4]. For many years, these lands remain a source of 
adverse impact on the environment. Remediation is 
one of the measures to overcome this negative ef-
fect, to restore the land productivity, and to ensure 
the environmental sustainability of the region.

One of the priorities of the Kryvyi Rih Botanical 
Garden of the NAS of Ukraine since its creation 
till nowadays is the development of methods for 
biological remediation of contaminated lands of 
different types [5]. To mitigate the negative im-

pact of slag dumps on the environment, a tech-
nique for comprehensive differentiated biological 
consolidation of their dusty surfaces has been pro-
posed. This technique is noteworthy for the fact 
that it does not require any radical improvement 
of substrates. In the wetlands, Phrag mites austra-
lis (Сav.) Trin. ex Steud. (common reed) is suc-
cessfully planted on the dumps without any ferti-
lization or other supplements due to its ecological 
and biological properties. To consolidate the dry 
areas Leymus sabulosus (M. Bieb.) Tzvel. (wild 
rye) is used [6, 7, 8, and 9].

To mitigate the harmful effects of quarries on 
the environment it is recommended to plant Ro-
bi nia pseudoacacia L., R. viscosa Vent., Rhus tу phi-
na L. (staghorn sumac), Armeniaca vulgarіs Lam. 
(apricot), Populus italica (Du Roi) Moench (py-
ramidal poplar), etc. [10, 11].

To optimize the situation on the iron ore dumps 
and to minimize their adverse impact on the envi-
ronment a technique for preparation of dumps for 
planting. This technique provides for the replace-
ment of mining engineering stage of remediation 
of contaminated lands by structural or functional 
control by reshaping with the use of mining ma-
chinery and creating appropriate areas on them 
in the course of dumping [12].
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For the biological remediation of dumps the 
prio rity is given to forestry that involves the crea-
tion of artificial forest plantations of sanitary im-
portance. For this purpose, the young plants of 
Robinia pseudoacacia, Populus italica, Сerаsus ma-
haleb (L.) Mill, Hippophae rham noi des L., Elaegnus 
an gus tifolia L., Ulmus pu mila L., Betula pendula 
Roth, Pinus sylvestris L., Pinus pallasiana D. Don 
and others are used [13, 14, 15, 16, 17, and 18].

However, the creation of sustainable motley-
grass culture phyto-geneses on the dumps was dis-
regarded for a long while [19, 20]. So, today, the 
development and implementation of biotechnolo-
gies for the remediation of iron ore heap by herba-
ceous plants remain relevant. To this end, in 2014, 
the Kryvyi Rih Botanical Garden of the NAS of 
Ukraine has implemented an innovative R&D 
project "Development and Implementation of a 
Biotechnology for Creating Sustainable Plant As-
sociations on Contaminated Lands of Kryvbas".

GENERAL DESCRIPTION OF IRON ORE TAILINGS 

IN KRYVBAS REGION

The area of the dumps in Kryvyi Rih region ex-
ceeds 6 thousand hectares. The dumps consist of 
3 billion m3 rocks. The dump height varies from 
40 to 90 m [2, 3, and 4].

The Kryvyi Rih quarries consist mainly of Qua-
ternary deposits (Wurm, Rissian, and Mindelian 
clay loams); Tertiary deposits (Cimmerian, Pon-
tian, and Sarmatian clays and sands), as well as of 
Precambrian crystalline rocks (ferruginous jas-
pilites and various shales). Rock-forming miner-
als are quartz, iron-magnesium and chlorite-bio-
tite silicates and ore minerals (magnetite, hema-
tite, goethite, and martite).

The chemical composition of dumps is charac-
terized by a significant content of silicon earth 
(38—55 % or more) and iron oxide (14—53 %) and 
a small amount of phosphorus (0.08—0.27 %). The 
reaction of aqueous extract (pH) is 6.8—8.2. Most 
rocks are characterized by low content of mineral 
nutrients in the form accessible for plants. Only a 
few rocks (eg., Loess-like loam, sand quartzite, 
apatite-containing rocks) have an organic matter 

content of 0.8—8.1 %; carbonate share of 0.25 %; 
humus share of 0.02 %; and potassium content of 
1.0—5.0 mg/100 g [2, 3, 4, and 21].

As a result of the fact that the mining compa-
nies fail to respect the requir ements for selective 
dumping the composition of dumps is very diver-
sified as they contain loess and loess-like loam, 
sandy and loamy clays, limestone and malmstone 
loose rocks, raw shale, ferruginous quartzite frag-
ments, etc. So, it is very difficult to classify unam-
biguously the dumps by their composition, since 
one dump can have plots with different soils.

The specific features of dumps in Kryvyi Rih 
region are: 1) the prevalence of substrates with 
mixed grading (clay, loam, rock); 2) a large num-
ber of dumps with the prevalence of ferruginous 
quartzite and shale; 3) significant enrichment of 
substrates with iron oxides; 4) extremely rigorous 
thermal conditions and lack of moisture; 5) ve ry 
low trophic properties.

Among the overburden rocks in Kryvyi Rih 
region, the most favorable for plant growth and 
development is non-saline soils: loess, loess-like 
loam, non-saline clay. Less favorable are malm-
stone, limestone, marble, and amphibolite. Shale 
rock is unfavorable [2, 3, 4, and 21].

SPECIFIC FEATURES OF NATURAL COLONIZATION 

OF IRON ORE TAILINGS IN KRYVBAS REGION

For developing methods and techniques for 
bio logical remediation of dumps, the results of 
their natural colonization by plants are very im-
portant. As a result of dumping, a large number of 
edaphotopes that determine the course of natural 
colonization appear. The soils that are a part of 
edaphotope are known to have different chemical, 
physical, mechanical, and hydrological properties. 
In addition, the area having similar composition 
may differ markedly in terms of stability and to-
pography (steep slopes, exposure). As mentioned 
above, a common feature of all overburden rocks 
is a lack of organic matter and a low content of 
mineral nutrients in the form accessible for plants. 
So, the intensity of natural colonization of dumps 
is determined by the type of substrate, its physical 
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and mechanical properties, topography, moisture 
and temperature conditions. At the initial stages 
of dump colonization, seeds of trees and herba-
ceous plants are brought from the surrounding 
areas. These trees and plants show pioneering 
features: a high germination energy, a long period 
of keeping the similarity, intensive root growth, 
drought resistance, high ecological plasticity, etc. 
[10, 11, 14 20, and 22].

Natural colonization of loamy and clay heaps 
begins in the first year after dumping, with the 
formation of pioneer vegetation. Individual plants 
are reported: Ober na behen (L.) Ikonn., Eru cas-
trum armoracioides (Czern. ex Turcz.) Cruchet, 
Convolvulus arvensis L., Conyza canadensis (L.) 
Cronq., Ambrosia artemisiifolia L., etc. 

The 3—5-year tailings are spotted by vegeta-
tion, with wild grass prevailing. The number of 
species increases to 30. The 5—10-year tailings 
are planted for 30 %, with perennial rootstock, 
tussock or bunch-type grass (Elytrigia repens (L.) 
Nevski, Poa angustifolia L., P. compressa L., Bro-
mopsis riparia (Rehman) Holub, Festuca valesi-
aca Gaudin, Koeleria cris ta ta (L.) Pers. (K. gra-
cilis Pers.), etc.; biennial and perennial herbs 
(Melilotus officinalis (L.) Pall., M. albus Medik., 
Medicago romanica Prodan, Reseda lutea L., Ery-
simum diffusum Ehrh., Seseli campestre Besser, 
Salvia tesquicola Klokov et Pobed., Stachys rec-
ta L. replacing the wild grass.

The 20-year tailings, usually, have almost com-
pletely formed steppe-type vegetation. The cover-
age reaches 60—80 %. The tussock and bunch-type 
grass (Stipa lessingiana Trin. et Rupr., S. capilla-
ta L., Festu ca valesiaca, Koeleria cristata, Poa an-
gustifolia) ousts the rootstock one, with perennial 
legume crops (Medicago romanica, Lotus ucraini-
cus Klokov, Astragalus onobrychis L., Vicia angusti-
folia Rei chard, V. cracca L., Securigera varia (L.) 
Lassen, etc.) having a significant share.

Natural colonization of iron ore, quartzite, 
and fissile tailings. This type of tailings is colo-
nized very slowly. The first plants appear in 5—10 
years after dumping. Among them, there are, 
mainly, singular wild plants: Erucastrum armo-

racioides, Reseda lutea, Oberna behen, Me li lotus 
albus Medik., Hieracium virosum Pall., Chae nor-
rhi num minus (L.) Lange, Ko chia scoparia (L.) 
Schrad., Conyza canadensis, Polygonum avicula-
re L. Later, as hypergenesis enhances, the physi-
cal, chemical, and agrochemical properties of the-
se substrates improve.

On 10—15-year tailings, there are favorable con-
ditions for colonization by ruderal plants: Arte misia 
absinthium L., Salsola tra gus L., Echium vulgare L., 
Crepis tectorum L., Conyza canadensis, Bromopsis 
inermis (Leyss.) Holub, and Melilotus albus.

Eventually, the number of non-perennial and 
biennial ruderal plants decreases, while that of 
steppe-type plants (Festuca valesiaca, Koeleria 
cristata, Agropyron pectinatum (М. Bieb.) Beauv., 
Melica transsilvanica Schur, Elytrigia re pens, Me-
dicago romanica, Crambe pontica Steven ex Rupr. 
(Crambe maritima L.), Gypsophila perfoliata L., 
etc.) increases [19, 21, and 22]. 

Natural colonization of lime heaps is a very 
slow process. At the initial stage, only a couple of 
plants per 1 m2 occurs. First of all, they are repre-
sented by pioneer species: Oberna behen, Artemi-
sia absin thi um, Meli lotus albus, and Diplotaxis mu-
ralis (L.) DC. Later, typical steppe species appear: 
Stipa capillata, S. les singiana, Poa an gustifolia, Poa 
compressa, Bro mo psis inermis, Me lica transsilva-
nica, Bothriochloa ischaemum (L.) Keng., Salvia 
nutans L., S. austriaca Jacq., S. aethiopis L., As tra-
galus onob ry chis L., etc. Typical calciphytes occur 
as well: Dianthus pseu doarmeria М. Bieb., Linum 
czerniaevii Klokov, Con vol vu lus lineatus L., and 
Jurinea brachycephala Klokov [20, 22, and 23].

The study of natural colonization of iron ore 
tailings in Kryvyi Rih region has showed that all of 
them are suitable for vegetation but differ by rate 
of colonization. The highest rate is reported for the 
tailings dumped with loess, loess-like rocks, and 
clay loams, the colonization of ferruginous quartz-
ite and fissile tailings mixed with clay loams takes 
a longer time; the lime heaps show a quite low rate 
of colonization; and the iron-quartzite-fissile tail-
ings have the lowest colonization rate. A clear evo-
lution of colonization stages, which resembles the 
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reclamation of steppe vegetation on broken soils 
has been observed. At the initial stages of coloniza-
tion, the syngenesis is of ruderal type, with various 
pioneer species prevailing. Among them, there are, 
chiefly, Ober na behen, Conyza canadensis, Ambro-
sia arte mi siifolia, Iva xanthiifolia Nutt. and other 
weed plants. Eventually, micro-associations of 
non-perennial weeds are replaced by perennial 
herbs and later, by long-rooted, tussock, and bunch-
type grass. At all stages of colonization of all types 
of tailings, dendroid plants play an important role 
[10, 11, 14, 15, 17, and 22] (Figs.1, 2).

The studies have showed that the syngenesis on 
the tailings has several specific features: discrete-
ness, slow and asynchronous colonization, combi-
nation of species belonging to different environ-
mental groups, simplified structure, mosaic pattern, 
and trend to remediation of steppe associations.

MODELS OF MULTICOMPONENT 

MOTLEY GRASS-FESTUCA-STIPA ASSOCIATIONS

The first research related to creating the culture 
phytocenoses of natural flora on iron ore tailings in 
the Kryvyi Rih region was initiated by the Kryvyi 
Rih Botanical Garden (at that time, the Kryvyi 
Rih Department for Optimization of Man-Made 
Landscape of the Donetsk Botanical Garden) in 
1975, when Chupryna and Plugina sowed the seeds 
of natural species on three lots of tailing of Per-
shotravnevyi quarry with prevailing clay loam mi-
xed with ferruginous quartzite and fissile [20]. Ku-
cherevskyi and Mazur continued the research [10, 
17]. The experiment has established that for rem-
edying the vegetation on iron ore tailings, peren-
nial tussock and bunchy grass (Stipa L., Festuca L., 
Koeleria Pers., Melica L. and steppe motley grass of 
Salvia L., Crambe L., Melilotus L., Medicago L., 
Gypsophila L.., etc.) should be preferred

Hence, upon the results of research of sponta-
neous colonization of various types of tailings 
and long-time research of several steppe species 
on dumped substrates, some motley grass-Festu-
ca-Stipa associations based on natural zonal bio-
geocenotic structures were developed for main 
types of tailings.

1. Model of motley grass-Festuca-Stipa as-
sociations for the remediation of iron ore tai-
lings composed of potentially fertile rocks and 
soils: loess, loess-type clay loam, loose non-
saline clays. 

The tailings of this type are the most favorable 
for growth of plants. These substrates are suitable 
for designing plant associations that are mostly 
approximated to the zonal ones by their struc-
tural and functional properties, sustainability, and 
producing capacity. This can be reached by com-
bining different zonal dominant species. The pro-
posed design of plant associations has a poly-
dominant structure: Stipa les sin giana + S. ucrai-
nica P. Smirn. + S. pulcherrima K. Koch (S. grafi-
ana Ste ven) + S. capilla ta + Festuca valesiaca + 
+ Koeleria cristata + motley grass: Melilotus al-
bus + Salvia tesquicola + Medicago romanica + 
+ Crambe pontica. Both separate species and 
blends of Stipa can be used as dominants.

The implementation of this model enables ex-
cluding intermediary stages of spontaneous re-
mediation of vegetation for accelerating the crea-
tion (for 5—7 years) of multicomponent 2—3-layer 
culture cenosis with a design coverage of 60—80 %. 
Starting with 2—3 years they replenish the seed 
stock, which enables a significant expansion of co-
lonization over new territories.

2. Model of motley grass-Festuca-Stipa as-
sociations for the remediation of iron ore tail-
ings composed of hardly suitable rocks and 
soils: loess, loess-like clay loam, quartzite and 
fissile: Stipa lessingiana + S. ucrainica + S. capil-
lata + Festuca valesiaca + Melica transsilvanica + 
+ Koeleria cri stata + motley grass: Salvia tesqui-
cola + Crambe pontica + Medicago romanica + 
+ Hyssopus of fi cinalis L. 

The creation of dense vegetation cover on 
these tailings is quite slow as compared with the 
previous type. The generative period of grasses 
comes later, in 3—5 years. The 7—10-year plant 
associations have 2-layer thinned structure; their 
design coverage is under 50—60 %. Steppe cul tu-
re cenoses similar to the natural ones are for med 
in 10—15 years.
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Fig. 1. Natural colonization of ferruginous quartzite and shale dump by Populus italica

Fig. 2. Natural colonization of ferruginous quartzite and shale dump by grass
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3. Model of motley grass-Festuca-Stipa asso-
ciations for the remediation of iron ore tailings 
composed of hardly suitable rocks and soils: 
quartzy sand and glauconitic loamy sand. Stipa 
borysthenica Klo kov ex Pro kudin + Festuca vale-
siaca + Koeleria cristata + Leymus sabulosus (M. 
Bieb.) Tzvelev + motley grass: Crambe pontica + 
Gypsophila per foliata.

The preferred plants for this type of tailings 
are Stipa borysthenica and Leymus sabulosus that 
are species planted on sandy soils. This vegeta-
tion cover starts to perform its erosion-resistant 
function in 7—10 years. The design coverage 
does not exceed 50—60 %.

4. Model of motley grass-Festuca-Stipa as-
sociations for the remediation of iron ore tai-
lings composed of hardly suitable rocks and 
soils: limestone and marl-stone with clayish 
minerals: Stipa asperella Klokov et Ossycznjuk + 
+ S. ucrainica + S. pennata L. + Festuca vale sia-
ca + Bothriochloa ischaemum + motley grass: 
Dip lotaxis tenuifolia + Melilotus officinalis + Hys-
so pus of ficinalis.

The associations start to resist erosion and to 
perform protective functions in 7—10 years, with 
2—3-layer vegetation cover similar to the zonal 
one with a design coverage of 60—70 % formed 
in 12—15 years. 

5. Model of motley grass-Festuca-Stipa as-
sociations for the remediation of iron ore tail-
ings composed of rocks: fissile and unoxidized 
quartzite: Stipa graniticola Klokov + S. uc rai ni-
ca + Festuca valesiaca + Melica transsilvani ca + 
+ motley grass: Crambe pontica + Gypsophila per-
foliata + Hyssopus officinalis.

The tailings of rocks are the most tough to be 
remedied. At the initial stages, Stipa sprouts are 
rare and oppressed. The plants reach their gene-
rative period in 5—7 years and produce additio-
nal seeds. The associations start to perform their 
protective functions in 10—12 years. The sustain-
able vegetative cover with a design coverage up 
to 60 % is formed in 15—18 years.

The common thing for all the models is the 
presence of tussock grass (Stipa, Festuca or Koe-

leria) therein. Implementation of these models 
enables excluding initial stages of spontaneous 
colonization of the tailings and, therefore, spee-
ding up significantly the creation of sustainable 
multicomponent plant associations similar to the 
natural one. As soon as the plants reach their ge-
nerative period they start to produce seeds and, 
due to spontaneous drilling, to expand the terri-
tories under vegetation.

BIOLOGICAL TECHNIQUE FOR REMEDIATION 

OF IRON ORE TAILINGS IN KRYVYI RIH REGION

The biotechnology includes the collection of 
seeds of recommended plants in natural habitat 
or in special seedbeds of phyto-ameliorative spe-
cies, in accordance with terms of seed matura-
tion: the majority of Stipa species: end of May—
June, Stipa capillata: end of August—September, 
Festuca valesiaca: end of May—June, Koeleria 
cristata: end of May—June, Leymus sabulosus: 
June—July, Bothriochloa ischaemum: August, Sal-
via tesqui cola, Crambe pontica: June—July, Medi-
cago romanica: July, Hyssopus officinalis: July—
September, Gypsophila per foliata: Sep tember, 
Me lilotus albus: September, Diplotaxis te nuifolia: 
July (Fig. 3).

According to the model proposed, freshly col-
lected seeds of Stipa species together with awns 
are sown in May—June on the heap surface with-
out wrapping into substrate with a seed consump-
tion of 5—10 kg/ha (Fig. 4). The Stipa seeds 
deepen into the substrate by themselves, due to 
their hygroscopic properties. If necessary, in Oc-
tober—November or in March—April of the next 
year, additional Stipa seeds are be sowed with a 
seed consumption of 3—5 kg/ha. Under favorable 
weather conditions, Stipa seeds germinate within 
the year of sowing and, at the end of the growing 
season, reach the stage of tillering. In dry years, 
the seeds massively germinate in the spring of 
the next year and, during the first year of growth, 
pass through all age phases of virginile stage of 
biomorphogenesis.

In autumn (or spring of the next year), in the 
same areas, seeds of other xeromesophilous tus-
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sock and bunchy perennial grasses are sown in 
accordance with models proposed: Fes tuca va-
lesiaca, Koeleria cristata, Melica trans sil vanica, 
Bothriochloa ischaemumwith a seed consumption 
of 1—3 kg/ha of each species and seeds of xero-
philous non-perennial or perennial phyto-ame-
liorative herbaceous species: Salvia tesquicola, 
Cram be pontica, Medicago romanica, Hyssopus 
offici nalis, Melilotus albus and M. officinalis, 
Gypsophila per foliata, Diplotaxis tenuifolia , etc. 
No additional measures to care for the plants are 
taken. Since reaching the generative period the 
Stipa and other species start to expand sponta-
neously over the surrounding territories. In the 
third or fifth year, the design vegetation cover on 
different types of substrates reaches 30—70 %. The 
composition of vegetation cover is similar to zo-
nal steppe plant associations.

Combining the technology for creating the 
vegetation cover on different types of iron ore 
dumps with the natural colonization enables 
achie ving a significant environmental effect from 
remediation and reducing the cost of its imple-

mentation. Environmental effectiveness of this 
biotechnology has been proved on iron ore dumps 
of Pershotravnevyi quarry of Pivnichnyi GOK 
PJSC and on a dump of the Lenin mining admi-
nistration (Figs. 5, 6) [24, 25].

Fig. 3. Collection of Stipa species seeds in the seed field of Kryvyi Rih Botanical Garden 

Fig. 4. Sowing of Stipa species seeds on ferruginous dump of 
Pershotravnevyi quarry of Pivnichnyi GOK PJSC
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Fig. 5. Stipa ucrainica on a remedied area of the dump of Pershotravnevyi quarry of Pivnichnyi GOK PJSC

Fig. 6. Stipa lessingiana on a remedied area of the dump of Lenin Mining Administration
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CONCLUSIONS

1. The diversity of mineral ores and mines in 
the Kryvyi Rih region has been established to 
cause the formation of different types of tailings: 
they can be composed of loess, loess-like clay 
loam, raw shale, sand and loamy sand, Cretaceous 
and malmstone loose rocks, fragments of ferru-
ginous quartzite or mixed rocks.

2. The study of colonization of iron ore heap has 
showed that among the types of tailings, the most 
favorable for the plant development are loess, 
loess-like loam, and non-saline clays. Malmstone 
rocks (limestone, marble) are less suitable; condi-
tionally unsuitable rocks are raw shale and ferru-
ginous quartzite. The fastest colonization has been 
reported for the heaps composed of loess and 
loess-like loam; very slowly colonized tailings are 
those consisting of ferruginous quartzite and sha-
le mixed with loam; limestone heaps are coloni-
zed with a slowly pace; and the ferruginous quart-
zite and shale rocks have been established to show 
the slowest rate of colonization.

3. The developed technique for biological re-
mediation of iron ore dumps excludes mine en-
gineering stage of remediation, as well as agro-
engineering and agrochemical improvement of 
substrates. It includes planting of grasses, domi-
nants, and subdominants of steppe ecosystems.

4. The implementation of the developed remedia-
tion method reduces time of dump reinforcement 
with plants as compared with natural co lo nization 
by 15—20 years for loess loam; by 30—40 years for 
ferruginous quartzite and shale mi xed with loess-
like loam; by 20—30 years for limestone.

5. The biotechnology for remediation of Kryvyi 
Rih iron ore heaps by creating a motley-grass-Festu-
ca-Stipa associations similar to zonal biogeocenotic 
structures has been implemented on the dump of 
Pershotravnevyi quarry of Severnyi GOK PJSC and 
on the dump of Lenin mining administration.

REFERENCES

1. Malahov I.N. Kachestvo zhizni: opyt ekologicheskogo pro-
chtenija. Krivoj Rog: Vezha, 1999 [in Russian].

2. Malahov I.M. Tehnogenez u geologichnomu seredovyshhi. 
Kryvyj Rig: Oktan-Prynt, 2003 [in Ukrainian].

3. Dosvid kompleksnoi’ ocinky ta kartografuvannja faktoriv 
tehnogennogo vplyvu na pryrodne seredovyshhe mist Kry-
vogo Rogu ta Dniprodzerzhyns’ka. Kyiv: Feniks, 2000 
[in Ukrainian].

4. Naukovo-metodychni rekomendacii’ shhodo polipshennja 
stanu zemel’, porushenyh girnychymy robotamy (stvo ren nja 
tehnogennyh landshaftnyh zakaznykiv, ekologichnyh ko-
ry doriv, vidnovlennja ekosystem). A.G. Shapar, O.O. Skry-
pnyk, P.I. Kopach ta in. Dnipropetrovs’k: Monolit, 2007 
[in Ukrainian].

5. Mazur A.Ju., Kucherevs’kyj V.V. Osnovni naprjamky 
naukovoi’ dijal’nosti ta etapy stanovlennja Kryvoriz’kogo 
botanichnogo sadu NAN Ukrai’ny (do 25-richchja vid 
dnja zasnuvannja). Problemy zberezhennja, vidnovlennja 
ta zbagachennja bioriznomanitnosti v umovah antro po gen-
no-zminenogo seredovyshha. Materialy mizhnarod. na uk. 
konf. (m. Kryvyj Rig, 16—19 travnja 2005). Dnipro pet-
rovs’k: Prospekt, 2005: 44—47 [in Ukrainian].

6. A.s. N1503694 MPK A 01 V 79/00. Sposob biologicheskogo 
zakreplenija poverhnosti hvostohranilishh. A.E. Mazur, 
V.V. Kucherevskij, A.N. Docenko. Doneckij botanicheskij 
sad AN USSR [in Russian].

7. Pat. na korysnu model’ N117717. Ukrai’na, MPK AO1V 
79/00. Sposib fitozakriplennja poverhni hvostoshovyshh. 
A.Ju. Mazur, V.V. Kucherevs’kyj, V.M. Savos’ko. Kry vo-
riz’kyj botanichnyj sad NAN Ukrai’ny. N2005 04752 [in 
Ukrainian].

8. Kucherevskij V.V., Mazur A.E., Docenko A.N. Ispol’zo-
va nie kolosnjaka chernomorskogo dlja zakreplenija su-
hih pyljashhih uchastkov hvostohranilishh GOKov cher-
noj metallurgii. Introdukcija i akklimatizacija rastenij. 
1993, Vyp. 18: 54—58 [in Russian].

9. Rekomendacii po biologicheskomu zakrepleniju pyljashhih 
poverhnostej dejstvujushhih hvostohranilishh gorno-obo-
ga titel’nyh kombinatov Krivbassa. A.Ju. Mazur, V.V. Ku-
cherevskij. Krivoj Rog, 1993 [in Russian].

10. Mazur A.Ju., Smetana M.G. Formuvannja roslynnogo 
pokryvu na shylah zalizorudnyh kar’jeriv Kryvbasu. Py-
tannja bioindykacii’ ta ekologii’. Zaporizhzhja, 1999, Vyp. 
4: 69—75 [in Ukrainian].

11. Davydov I.A., Dobrovol’skij I.A., Mihajlov V.A. Dreves-
no-kustarnikovye porody dlja ozelenenija ustupov i ka r’e-
rov Krivbassa. Rastenija i promyshlennaja sreda. Kyiv: 
Nauk. dumka, 1971: 145—149 [in Russian].

12. Pat. na korysnu model’ N65959. Ukrai’na, MPK A01V 
79/02. Sposib keruvannja formuvannjam ekosystem. 
O.M. Smetana, S.M. Smetana. Kryvoriz’kyj botanichnyj 
sad NAN Ukrai’ny. N2011 03716 [in Ukrainian].

13. Dobrovol’skij I.A. Ekologo-biologicheskie osnovy opti-
mizacii tehnogennyh landshaftov stepnoj zony Ukrainy 
pu tem ozelenenija, oblesenija (na primere Krivorozhsko-
go zhe lezorudnogo bassejna). avtoref. dis. na soiskanie 
stepeni d-ra biolog. nauk. Dnepropetrovsk, 1979 [in 
Russian].



46 ISSN 2409-9066. Sci. innov. 2015, 11(4)

Mazur, A.Ye., Kucherevskyi, V.V., Shol, H.N., Baranets, M.O., Sirenko, T.V., and Krasnoshtan, O.V.

14. Zhiznesposobnost’ drevesnyh rastenij na zhelezorudnyh 
otvalah Krivorozh’ja. I.I. Korshikov, O.V. Krasnoshtan. 
NAN Ukrainy, Donec. botan. sad, Krivorozh. botan. sad. 
Doneck, 2012 [in Russian].

15. Korshykov I.I., Krasnoshtan O.V. Osoblyvosti gene ty-
chnoi’ struktury lokal’noi’ populjacii’ Pinus sylvestris 
L., jaka spontanno formujet’sja na zalizorudnomu vidvali 
Kryvorizhzhja. Ukr. botan. zhurn. 2010, 67(6): 920—926 
[in Ukrainian].

16. Mazur A.E. Rost i razvitie sosny krymskoj i robinii lzhe-
akacii na zhelezorudnyh otvalah Krivorozh’ja / Biolo gi-
ches kaja rekul’tivacija narushennyh zemel’. Materialy 
mezhdunarod. soveshh. (Ekaterinburg, 26—29 avgusta 
1996 g.). Ekaterinburg, 1997: 159—169 [in Russian].

17. Mazur A.Ju., Kucherevs’kyj V.V. Rol’ Kryvoriz’kogo bo-
tanichnogo sadu v ozelenenni ta rekul’tyvacii’ poru she-
nyh zemel’ Kryvbasu. Naukovyj visnyk: mis’ki sady i pa r-
ky: mynule, suchasne, majbutnje. Zb. nauk.-tehn. prac’. L’viv: 
UkrDLTU, 2001, Vyp. 11.5: 193—199 [in Ukrai nian].

18. Pat. na korysnu model’ N17261. Ukrai’na, MPK A 01V 
79/00. Sposib ozelenennja zalizorudnyh vidvaliv Kryvori-
zhzhja dvoma vydamy sosen. I.I. Korshykov, A.Ju. Mazur, 
N.S. Terlyga, O.V. Krasnoshtan: Kryvoriz’kyj botanichnyj 
sad NAN Ukrai’ny. N2006 03 418 [in Ukrainian].

19. Bekarevich N.E., Masjuk N.T. Osobennosti formirovanija 
slozhnyh agrocenozov v tehnogennyh landshaftah. Bio-
geocenologicheskie issledovanija stepnyh lesov, ih ohrana i 
racional’noe ispol’zovanie. Dnepropetrovsk, 1982: 88—
90 [in Russian].

20. Plugina T.V., Chajka V.Je., Chupryna T.T. Pryrodne ta 
shtuchne zarostannja vidvaliv Kryvbasu. Ukr. botan. zhurn. 
1981, 38(4): 76—77 [in Ukrainian].

21. Doronenko E.P. Rekul’tyvacyja zemel’, narushennyh otk-
rytymy razrabotkamy. Moskva: Nedra, 1979 [in Rus-
sian].

22. Reva S.V., Shanda V.I., Komisar I.O. Zaselennja vysh hy-
my roslynamy vidvaliv Kryvoriz’kogo basejnu. Ukr. bo-
tan. zhurn. 1993, 50(3): 58—65 [in Ukrainian].

23. Jarkov S.V. Syngenetychni sukcesii’ roslynnosti kam’ja-
nys tyh bedlendiv Kryvorizhzhja. Nauk. zapysky Vin ny-
c’ kogo derzh. ped. un-tu. Ser. Geografija. Vinnycja, 2009, 
Vyp. 17: 90—96 [in Ukrainian].

24. Biologichna rekul’tyvacija zalizorudnyh vidvaliv Kryvo ri-
zhzhja shljahom stvorennja kovylovo-kostrycevo-riz not rav-

nyh ugrupovan’ (metodychni rekomendacii’). A.Ju. Ma zur, 
V.V. Kucherevs’kyj, G.N. Shol’ ta in. Kryvyj Rig, 2014 
[in Ukrainian].

25. Pat. na korysnu model’ N95495. Ukrai’na, MPK AO1V 
79/02. Sposib rekul’tyvacii’ (ozelenennja) zalizorudnyh 
vidvaliv. V.V. Kucherevs’kyj, O.V. Krasnoshtan, G.N. Sho l’ 
ta in. N2014 07654 [in Ukrainian].

А.Ю. Мазур, В.В. Кучеревський, Г.Н. Шоль, 
М.О. Баранець, Т.В. Сіренко, О.В. Красноштан

Криворізький ботанічний сад НАН України, Кривий Ріг

БІОТЕХНОЛОГІЯ РЕКУЛЬТИВАЦІЇ 
ЗАЛІЗОРУДНИХ ВІДВАЛІВ ШЛЯХОМ 

СТВОРЕННЯ СТІЙКИХ ТРАВ’ЯНИСТИХ 
РОСЛИННИХ УГРУПОВАНЬ

Розроблено метод біологічної рекультивації залізоруд-
них відвалів шляхом створення стійких багатокомпонент-
них трав’янистих угруповань, подібних до природних сте-
пових біогеоцеотичних структур. Наведено моделі різ но-
травно-типчаково-ковилових угруповань для різних типів 
відвалів. Запропоновано біотехнологію рекультивації.

Ключові  слова: біотехнологія, рекультивація, відва-
ли, рослинні угруповання, Криворіжжя.
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БИОТЕХНОЛОГИЯ РЕКУЛЬТИВАЦИИ
ЖЕЛЕЗОРУДНЫХ ОТВАЛОВ ПУТЕМ СОЗДАНИЯ

УСТОЙЧИВЫХ ТРАВЯНИСТЫХ СООБЩЕСТВ

Разработан метод биологической рекультивации же-
лезорудных отвалов путём создания устойчивых много-
компонентных травянистых сообществ, подобных при-
родным степным биогеоценотическим структурам. При-
ведены модели разнотравно-типчаково-ковыльных сооб-
ществ для разных типов отвалов. Предложена биотехно-
логия рекультивации.

Ключевые слова: биотехнология, рекультивация, от-
валы, растительные сообщества, Криворожье.

Received 19.02.15




