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Coal dumps occupy a large area, which could be used for agriculture. These coal dumps have low pH, EC and nutrient concentrations.
The concentration of toxic elements exceeds the permissible norm by several times. These toxic elements pollute the lithosphere,
hydrosphere and atmosphere. Phytoremediation is one of the ways to solve this problem. The idea of phytoremediation consists in
using plants.

In this experiment, plants were considered that are typical for the climatic conditions of the steppe zone of Ukraine. Plants
were distributed into 8 sets. In each set there was one representative from the cereal family, one from the legumes and one from
the cruciferous family. Such plants as: Hordeum murinum L., Bromus japonicus., Dactylis, Bromopsis ramosa, Pisum, Trifolium,
Sinapis and Capsella bursa-pastoris L. were used as phytoindicators. Plants were planted in four different environments: 1) water
(control); 2) loam (80%) + chernozem (20%); 3) loam (70%) + chernozem (30%); 4) loam (50%) + chernozem (20%) + substrate from
coal dump (30%). Loam and chernozem were selected in ecologically clean areas. Substrate from coal dump was selected from mining
industry “Heroiv Kosmosy”.

The growth experiment showed that Pisum and Sinapis had good germination on research substrate. Pisum germinated on each
set and on each substrate. Also, Pisum had the highest growth rates and biomass among the plants studied. Sinapis did not germinate
in only one set Ne 3 and two environments (water and (70/30). In other sets, Sinapis had a high yield and proved to be a potential
phytoremediator.

Set Ne 1 had a better growth results.The results have shown that these plants can be used as pioneers. In this set, all three plants
germinated on all studied substrates. The studied plants have high growth rates and high biomass. In the future, these plants can be
considered as phytoremediators of coal dumps. It is also possible to consider the technology of phytoremediation based on the obtained
results. Key words. contaminated substrate, phytoremediation, plant sets, pioneer plants, growth test, biomass.

JocaiaKeHHs] POCJHHHUX CeTiB 3 NOJAJIBLIINM PO3BUTKOM TexHoJIOrii ¢itopexynsruBauii. Kpacosceskuii C.A., KoBpos O.C.

ByrinbHi BifiBai# 3aiiMaroTh BEIUKY TEPUTOPIIO, SIKY MOXKHa OyJ10 O BUKOPHCTOBYBATH JUIsl CLIIbCHKOTO rocrofapctsa. i ByrinbHi
BiziBanm MaroTh HHU3bKUH piBeHb pH, EC Ta KoHIEHTpamilo MOXUBHUX pedoBHH. KOHIEHTpAIlisl TOKCHYHHUX €JIEMEHTIB MEepPEBUILYE
JOMyCTHUMY HOpMY B pasu. Lli oTpyliHi enemeHTH 3a0pyaHIOIOTH JiTocdepy, rigpocdepy it armochepy. ditopemeniariist € oqHEM i3
cnoco0iB BUpimeHHA i€l npobnemu. [es diTopemenianii monsirae y BAKOPUCTAaHHI POCITHH.

VY 1poMy moCHiai po3mIsLIANUCs POCIUHY, 10 XapaKTepHi Ul KIIMAaTUYHUX YMOB CTENOBOi 30HM YKpaiuu. Pociunu Oynu pos-
nineHi Ha 8 ceTiB. Y KOKHOMY ceTi Oyl 10 OHOMY HPEICTAaBHUKY 3 CiMEHcTBa 371akoBUX, 6000BUX 1 xpecTonsitux. Sk ditoinam-
KaTOpU BHKOPHCTOBYBAIIM TaKi pocnuHu: Hordeum murinum L., Bromus japonicus., Dactylis, Bromopsis ramosa, Pisum, Trifolium,
Sinapis ma Capsella bursa-pastoris L. Pocaunu Oynu BUCaKeH] B YOTHPHOX PI3HUX cepeloBUIIaX: 1) Boga (KOHTPOIb); 2) CYTIIMHOK
(80%) + woproszem (20%); 3) cyruuok (70%) + goprozem (30%); 4) cyrurok (50%) + gopHosem (20%) + cyodcTpar 3 Biasay (30%).
CyIIIMHOK 1 9OpHO3eM BiJOMpaicst B €KOJIOTiYHO YUCTUX paiioHax. CyOcTpar 3 ByribHOTO BifBasry OyB BiniOpaHHii 3 ripHH40100yB-
Hoi mpomucioBocTi «I'epoiB Kocmocy».

PocroBuii Tect mokasas, mo Pisum i Sinapis MalOTh XOPOIIy CXOXICTb Ha JOCTITHOMY cyOcTpaTi. Pisum mpopocTaB B KOOKHOMY
ceTi Ta Ha KOKHOMY cyOcTpati. Kpim Toro, Pisum MaB HaiKpallli pOCTOBI MOKa3HUKU Ta MOKA3HUKH 010MacH cepe/l A0CiHKyBaHUX
pociun. B ceti mix Ne 3 ta nBox cepenosumiax (Boxa ta (70/30)) Sinapis ne npopocras. B inmmx cerax Sinapis MaB BUCOKY BpOXKaii-
HICTB, 110 Aa€ 3MOTY HOTO PO3IVISIIATH SIK MOTEHIIHOHOTO (iTopeMeniaTopa.

Cert Ne 1 mokasaB Kpali poCcToBi pe3yibTaTi. Pe3yasraru mokasaiy, o i pOCIMHN MOXXHA BUKOPHCTOBYBATH Y SKOCTI MIOHEPHUX
BUJB. Y JaHOMY CETi BCi TPH POCIIMHH IPOPOCIH Ha BCIX TOCIIPKYBaHUX cyOcTparax. JlocmiuKyBaHi pOCINHE MalOTh BUCOKI POCTOBI
MIOKA3HHUKH Ta BUCOKY Oiomacy. Y MmepcleKTHBI 1l pOCINHNA MOXKHA PO3IIISLAATH, SIK (hiTopeMe/iaTopaMu ByTIbHHX BijBaiiB. Ha ocHOBI
OTPUMAaHHX PE3YNbTATIB TAKOK MOYKHA PO3MIIHYTH TEXHOJOTiI0 (itopemenianii. Krrouosi croea: ByTiIbHAN BifBal, (iTopeMeniamis,
POCTHHI CeTH, POCINHU-IIOHEPH, POCTOBHH CeT, Oiomaca.

Problem statement. The Ukrainian energy sector is agriculture. These dumps occupy a large territory and
dependent on the coal industry. Coal industry has nega- have a negative impact on the environment. One of the
tive impact on the environment. One of these impacts is methods of solving this problem is phytoremediation.
the accumulation of rock on a land that could be used for Phytoremediation is a method of remediation with the
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involvement of plants. Due to the specific characteristics
of dumps and climatic conditions, it is difficult for plants
to adapt and grow. Physico-chemical properties of coal
dumps are not favorable for growing plants. Usually, coal
dumps have a low pH level, EC and a high concentration
of toxic elements. The main idea of this experiment was
to select stress-resistant plants for various substrates.

Relevance of the problem. To choose stress-resis-
tant plants for the phytoremediation method. Analyze
research plant sets and choose the most effective.

The connection of author’s work with important
scientific and practical tasks. The authors studied
the growth indicators of plants that can potentially be
used for phytoremediation of coal dumps, with different
substrates. Different plant sets were analyzed to improve
phyto conditions on the studied substrates.

Analysis of recent research and publications.
The coal industry is one of the main industries that
provides the energy sector of Ukraine. Moreover, it has a
negative impact on the environment. One of the negative
consequences is the formation and accumulation of rock
on coal dumps. These landfills contain a substrate with
low pH, EC and high concentrations of toxic elements.
One of the ways to solve this problem is the use of
plants. This method is known as phytoremediation. The
main requirements for plant phytoremediators are low
requirements for climatic conditions and stress resistance
to toxic elements. It was found that Calendula officinalis
and Althaea rosea are resistant to Cd and can accumulate
cadmium [1]. High extraction properties were recorded
for species such as sunflower and ryegrass [2]. Trifolium
alexandrinum has also proven itself as a good phytoex-
tractor. This plant, in addition to being well adapted to
the substrate with heavy metals, also has a high biomass
and a fast life cycle, which allows it to be effectively
used as a phytoremediator [3]. Oenothera glazioviana
showed high stabilizing properties when grown on soil
contaminated with copper. This plant has high tolerance
and low copper transport capacity [4]. Sesbania proved
to be an excellent stabilizer for such metals as Cu, Zn,
and Cr. During the experiment, zinc was removed from
the contaminated soil, and other metals accumulated in
the root system [5]. Representatives of the leguminous
family are known to have the ability to fix atmospheric
nitrogen and increase the nitrogen content in the soil.
But high concentrations of heavy metals in the substrate
disturb the metabolic life processes of such legumes
as soybeans and peas [6]. Recent research has shown
that short-term plants such as: Vigna, Z. mays, B. jun-
cea, H. annuus, J. Curcas have high phytoremediation
potential [7]. Grasses can be considered as a poten-
tial phytoremediator and can be used to mitigate toxic
elements from contaminated soil. Herbs belong to the
genera Agrostis, Agropyron, Alopecurus, Andropogon,

Anthoxathum, Arrenatherum, Avena, Brachiaria,
Cymbopogon,  Bromus,  Calamagrostis,  Chloris,
Cynodon, Dactylis, Digitaria, Elymus, Elytrigia,

Eremochloa, Festuca, Lolium, Lygeum, Miscanthus,

Panicum, Paspalum, Pennisetum, Phleum, Phragmites,
Piptatherum, Poa, Setaria, Sorghum, Secale, Spartina,
Stipa, Typha, Vetiveria are often used to remove toxic
metals from polluted areas [8]. Among the cereal family,
corn (Zea mays) is the largest producer of biomass that
is highly tolerant to toxic metals. Other species, such
as Triticum aestivum and Hordeum vulgare, are used to
reduce the concentration of toxic elements in the soil.
Plants such as Hordeum murinum and Japanese brome
(Bromus japonicus) have adapted perfectly to the coal
dump substrate. When the pH was lowered, the plants
studied showed their stress resistance [9]. It was estab-
lished that the investigated plants, H.murinum and
B.japonicus have adaptive resistance to heavy metals,
both plants are capable of accumulating heavy metals
in the root system and shoots, and accumulate these ele-
ments, which allows considering these plants as “pio-
neer plants” with the subsequent possibility of phytore-
mediation of coal mining waste dumps [10]. The results
of the study showed that Bromopsis inermis holub grows
better not only when watering is increased, but also
when adding solutions with different concentrations of
MPC of heavy metals [11]. Some species of cruciferous
plants are able to produce significant amounts of bio-
mass, which is an undeniable advantage in phytoreme-
diation. Accumulation of biomass can be directed both
above-ground (forage or leafy types of vegetables) and
underground (root crops — rutabaga, turnips). Capsella
bursa-pastoris has been found to grow well in cadmium
contaminated soil.

Highlighting previously unresolved parts of the
general problem, to which the article is devoted. The
growth indicators of plant sets were studied. The growth
indicators of the studied plants on different substrates
were analyzed. On the basis of the obtained results, it is
possible to choose plants for further phytoremediation
of coal dumps.

Originality. During the experiment, the growth rates
of the plants under study and their biomass were deter-
mined. On the basis of the obtained data, it is possible
to select a set of plants that showed the best result for
reclamation of coal mining dumps.

Methodological and scientific significance.
Analysis of growth parameters of plants. Development
of technologies for phytoremediation of coal dumps.

Presentation of the main material. To conduct
this experiment, scientists used their own plant set. It
has the name of the «brotherhood plant». Its founda-
tion was the use of three plants from different families.
Each plant set had one representative from the cereal
family, one from the legume family, and one from the
cruciferous family. In this way, the authors tried to
investigate the effect of wild cereals with nitrogen-fix-
ing plants. The authors’ idea was to use pioneer plants,
undemanding to substrate conditions and climatic con-
ditions, which will enhance the growth and biomass
indicators of each other. Such plants as: Hordeum
murinum L., Bromus japonicus., Dactylis, Bromopsis
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ramosa, Pisum, Trifolium, Sinapis and Capsella bur-
sa-pastoris L. were used as phytoindicators of the typ-
ical ruderal plants vegetation of the steppe region of
Ukraine 8 sets were created (Table 1).

Table 1
Plant sets
T panber

1 Hordeum L., Trifolium, Sinapis
2 Hordeum L., Pisum, Capsella L.,
3 Bromus j., Pisum, Sinapis

4 Bromus j., Trifolium, Capsella L.,
5 Dactylis, Trifolium, Capsella L.,
6 Dactylis, Pisum, Sinapis

7 Bromopsis r., Pisum, Capsella L.,
8 Bromopsis r., Trifolium, Sinapis

Plants were planted in four different environments:
1) water (control); 2) loam (80%) + chernozem (20%);

3) loam (70%) + chernozem (30%); 4) loam (50%) +
chernozem (20%) + substrate from coal dump (30%).
Loam and chernozem were selected in ecologically
clean areas. Substrate from coal dump was selected
from mining industry “Heroiv Kosmosy”. Substrate
from coal dump have a low concentration of pH, EC
and nutrients. Also, have a high concentration of heavy
metals [9]. Each 8 sets with plants were planted in the
corresponding 4 environments. Petri dishes were used
for experiment. 8 of them were filled with tap water.
24 of them were filled with a suitable environment (50 g).
Twenty seeds of each plant species were transferred to
the dishes. The humidity of the growth substrate level
was maintained at 70% of field capacity throughout the
experiment. The experiment lasted 21 days.

The growth experiment showed that Pisum better
adapted to other plants and substrate conditions. Firstly,
this plant germinated in all sets and in all substrates.
Secondly, Pisum showed better growth results, than
other plants (Fig. 1). Pisum had longer roots, higher
shoots length and higher biomass (Fig. 2).

S=ENWAEANAAXRXCD
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8 9
Sets

10 11 12 13 14 15 16

u Shoot ® Root

Fig. 1. The length of the root and shoot systems of Pisum in different plant sets

8 9
Sets

10 11 12 13 14 15 16

Fig. 2. Biomass of Pisum in different plant sets

*] — set Ne 2 on the water; 2 — set Ne 3 on the water; 3 — set Ne 6 on the water; 4 — set Ne 7 on the
water; 5 — set Ne 2 (80/20) ; 6 — set Ne 3 (80/20); 7 — set Ne 6 (80/20); 8 — set Ne 7 (80/20); 9 — set Ne 2
(70/30); 10 — set Ne 3 (70/30); 11 — set Ne 6 (70/30); 12 — set Ne 7 (70/30); 13 — set Ne 2 (50/30/20);
14 — set Ne 3 (50/30/20); 15 — set Ne 6 (50/30/20); 16 — set Ne 7 (50/30/20)
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The obtained results show that Pisum adapt to
different substrates and have high biomass, which makes
it possible to consider it as a phytoremediator.

High growth rates were also recorded in Sinapis. The
results are presented in figures 3 and 4.

Sinapis did not germinate in only one set Ne 3 and
two environments (water and (70/30). In other sets,
Sinapis had a high yield and proved to be a potential
phytoremediator.

Set No 1 showed the best results among plant sets.
Figure 5-6 shows the growth indicators of the plants
from this set and their biomass. The results show that
Hordeum L., germinates well on any substrate. Trifolium
and Sinapis have a big biomass.

The obtained results indicate that this set is best
suited for the remediation of the contaminated area.

After all, in this set, representatives of the cereal, legume
and cruciferous families showed good results.

The main conclusions. The results of the growth test
are presented in this article. Various variations of plant sets
were considered, for potential use in phytoremediation
of contaminated lands. The results show that plants like
Pisum and Sinapis are versatile plants and can be used
as pioneer plants. These plants had high growth rates and
a large biomass on all the studied substrates. Set Ne 1
(Hordeum L., Trifolium, Sinapis) proved to be the best
growth set. All plants from this set germinated and had
high growth rates. In other researched sets, at least one
representative of each species did not germinate. This can
be explained by biological competition of species. In the
future, it is planned to emphasize the study of set Ne 1, with
further development of phytoremediation technologies.

Length,cm
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Fig. 3. The length of the root and shoot systems of Sinapis in different plant sets
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Fig. 4. Biomass of Sinapis in different plant sets
*1 —set Ne 1 on the water; 2 — set Ne 6 on the water; 3 — set Ne 8 on the water; 4 — set Ne 1 (80/20);
5 —set Ne 3 (80/20); 6 — set Ne 6 (80/20); 7 —set Ne 8 (80/20); 8 — set Ne 1 (70/30); 9 —set Ne 6 (70/30);
10 — set Ne 8 (70/30); 1 — set Ne 1 (50/30/20); 12 — set Ne 3 (50/30/20); 13 — set Ne 6 (50/30/20);

14 — set Ne 8 (50/30/20)
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Fig. 6. Biomass of plants from set Ne 1

Prospects for using the research results. The obtained
results make it possible to analyze the studied plants and to
choose the most adaptable to salted substrates. This makes
it possible to develop the technology of phytoremediation
of coal dumps, which makes it possible to return polluted
lands to agriculture sector.
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