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JUSTIFICATION OF THE METHOD FOR
PHYTOREMEDIATION OF DEGRADED AND
CONTAMINATED LANDS BY COMPOSITE
VERMICOMPOST BRIQUETTES

O6’exmom docridacenus € eexmusnicmo UKOPUCAnis 0i02YMYCOBUX NPOOYKMIE BePMIKYILMUBYBANIS
6 npaxmuyi ¢pimopemediauii deepadosanux ma mexnozenio 3adpyonenux semenv. Oonum iz npPoOdIeMHUX Acnek-
mie y eupiwenni Hayxoeoi npobiemu pexyrvmusayii 0ezpadosanux 6HACII00K MexHozennol JisIbHOCMi 3eMes
€ mpusanuil y waci eman 6ioj02iun020 6i0H0GACHHA NOPYULeH020 Jandwapmy. /lns 6invw epexmuenoi ma weudxoi
Ppexyabmueayii 00ULIbHO CIMEOPUMU QIMoyenos 3 0epesUHHO-4azapHUK080H POCIUHHICTIIO, CMIUKUL 00 He2amUGHUX
BNIUBIE HABKOIUWNBOZO cepedosuuia. /lobpe anpobosai 6iomexnon0zii epMiKyIbMUBYBAHILS CMEOPIOIOMb Nepe-
OYMOBU 0I5l BUKOPUCTANHA NPOOYKMIE Icummedisinvnocmi KoIonil xpobaxie pody Eisenia y 6uzisidi KOMROZUMHUX
Oioeymycosux Opuxemie dis nomped gimopemediayii semenn, wo i 6ya0 dosedeno y JocaioNceni.

Buxonano ananis rimepamypnux 0xcepei cmoco6Ho CYUaCHUX MeXHOI02Il 6ePMIKYIMUBYBANHSL | BUKOPUCTNAHHS
Oioeymycosux npodyxmie 0ast nomped CilbCbkozo 2ocnodapcmasa i pimopexyrvmusayii semenn. Jocuioxceno npoyec
pocmy Giomacu xpobaxie eudy Eisenia fetida ma naxonuuenns 6iozymycy y 4aci 3arexncno 6io memnepamypu cepe-
dosuwa. Hasedeno pesyivmamu 1a60pamopnux 6i0iHOUKAUitHUX eKCNePUMEHMIs 3 KOMNOSUMHUMU OPUKeMAaML,
wWo cKaadaomvcs 3 6i02yMycy, Cy2iunKy ma HACiHHA OUKUX 31axi6. Busnaueno, wo naubirtow onmumanivie Ous
POCMOBUX NOKASHUKIE POCIUH CNIGBIOHOWEHHS OI02YMYCY MA CYLAUNKY Y CKAAT KOMNOIUMHUX OpUKemis cmano-
eumv 60:40 i 40:60 3a macor, wo 003605€ 00IrPYHMOBYeamu PoOOUL cymiwi Gimomeriopanmie Ons. MeXHON0Zil
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1. Introduction

The industrial activity of enterprises, in particular the
mining industry, is a powerful factor in the technological
impact on the environment, which is associated with the
alienation and disturbance of land, the removal of signifi-
cant volumes of rocks from the bowels, and the disposal
of mining and mineral processing waste on the earth’s
surface. Dumps of bulk or alluvial rocks are formed on
specially designated areas within the mining allotment.
Their environmental impact is associated with the pro-
cesses of surface erosion and suffusion, the filtration of
heavy metals into groundwater, the development of foci
of combustion and the spread of emissions of solid and
gaseous substances in the adjacent territories.

The soil-natural substrate of overburden dumps after
completion of operation begins to overgrow with natural
vegetation, but very slowly. The intensity of this process
is determined by toxicity, the increased content of certain
chemical elements in the deposits, in particular iron, lead,
manganese, nickel, tin, sulfur, etc. In general, for dumps
composed of non-toxic oar rocks located in the zone of
sufficient moisture for the first ten years after the end
of the operation of dumps, simple plant groups are formed
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with a predominance of local flora species [1]. Therefore, in
order to accelerate the process of restoring the landscape
to its natural state, mountainous territories need to carry
out a complex of engineering and technical work on the
restoration of disturbed lands, which is divided into two
main stages: mining and biological.

2. The ohject of research
and its technological audit

The object of research is the effectiveness of the use of
vermicompost products of vermicultivation in the practice
of phytoremediation of degraded and technogenic con-
taminated lands.

Reclamation of degraded lands, in particular mining,
covers a complex of engineering, mining, land reclama-
tion, biological, sanitary and hygienic and other measures
aimed at returning the disturbed territories to their natural
state. Phytoremediation, as one of the areas of biological
reclamation, aimed at creating a sustainable vegetation
cover on the surface of degraded lands and an important
prerequisite for a stably functioning ecosystem.

Now in the practice of agriculture and phytoremediation
of degraded lands, various organic and mineral fertilizers
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are widely used. The most ecological approach is the use of
vermicompost, a waste product of red California worms
of the species Eisenia fetida.

Vermicompost is a homogeneous mass of dark brown
color, is a product of vermicultivation (vital activity) of
worms of the genus Eisenia. This natural, organic, com-
pletely environmentally friendly and the best known fer-
tilizer allows to solve a number of socio-environmental
problems, namely:

1. Disposal of various organic wastes.

2. Non-toxic and safe fertilizer for green agribusiness.

3. Ensuring sustainable ecobiocenosis of soils and pre-
serving their properties by enriching vermicompost with
colonies of microorganisms.

4. Replacement of chemical fertilizers with organic
vermicompost.

When worms process 1 ton of dry biomass by worms, up
to 600 kg of vermicompost is obtained containing 25-40 %
of humic substances, and the remaining 400 kg of or-
ganic substances are transformed into 100 kg of biomass
of living worms.

Based on the foregoing, the justification of the method
of phytoremediation of degraded lands by composite ver-
micompost materials is of scientific and applied value,
which this work is devoted to.

3. The and ohjectives of research

The aim of research is determination of the effective-
ness of the use of composite vermicompost briquettes for
land phytoremediation.

To achieve this aim, the following research objectives
are solved:

1. To study the growth indicators and productivity of
a colony of worms of the species Eisenia fetida depending
on the temperature of the environment.

2. To carry out bioindication experiments with com-
posite briquettes consisting of vermicompost, loam and
seeds of wild cereals, and determine their optimal ratio
for plant growth parameters.

4. Research of existing solutions
of the prohlem

4.1. The problem of degradation of mining lands and their
restoration. The total area of disturbed lands in Ukraine is
more than 265 thousand ha. Each year, 7-8 thousand ha
are allocated for the needs of the mining industry, which
mainly belonged to agriculture or forestry. So, with the
open-pit mining method for 1 million tons of mineral raw
materials, land losses amount to:

— for manganese ore — 76-600 ha;

— for iron ore — 14-640 ha;

— for coal — 2.6-43.0 ha;

— for non-metallic materials — 1.5-583 ha.

In the mine method, 1 million tons of coal is allocated
to 4.4 hectares of land in dumps and tailings [2].

One of the main directions of optimization of mining
areas today is their restoration. Existing land reclama-
tion technologies do not sufficiently take into account the
environmental and environmental aspects of the problem,
and it does not allow improving the overburden techno-
logy and subsequent technical land reclamation with risk
reduction [3, 4].

The objects of phytoremediation can be quarries, heaps,
dumps, tailing ponds and sedimentation tanks, as well as
territories disturbed during the extraction and enrichment
of minerals (deformation troughs, karst dips, erosion ex-
cavations, etc.) [5].

One of the best practices in the phytoremediation of
mountain lands was the restoration of the surface of the
dumps of Annivka career at the Northern Mining and
Processing Plant in Kryvbas. The project provided for the
excavation of chernozem, its placement in special ware-
houses with subsequent use for paving prepared for the
reclamation of dumps. Seedlings of maple, acacia, poplar
and other trees took root well in the dumps, and the
average growth of trees was 0.36—0.60 m/year [1].

In the quarries of the Pokrovsk ore mining and process-
ing plant, where about 60 % of manganese ore is mined in
Ukraine, the restoration of disturbed lands is carried out
in several stages. Land disturbed by mining operations is
subject to planning with the application of layers of soft
loamy rocks, and then with a layer of black soil 0.5 m
high, followed by sowing of agricultural crops. The yield
of perennial grasses on the reclaimed land is 45 kg/ha,
annual — 27.5 kg/ha, winter wheat — 34.5 kg/ha, corn
for grain — 38.2 kg/ha, corn for silage — 287 kg/ha [6].

Significantly contributes to the restoration of mining
geosystems technology of replanting (land) of the soil layer,
when a soil-replant is applied to an infertile surface [7].

A suitable method of mining and biological reclama-
tion provides for further efficient use of land, given the
need to improve the ecological condition of the area by
arranging agricultural land or forest stands, creating rec-
reational territories, etc. [8].

Moreover, the complex of phytoremediation and phyto-
melioration of land is crucial for the sustainable functioning
of the landscape [9].

4.2. Vermicultivation bhiotechnology: advantages, disad-
vantages and prospects of application. Vermicultivation
is one of the promising ways to obtain biomass, as well
as the disposal of various organic wastes. Typically, the
products of this biotechnology are the biomass of worms
and vermicompost, which are widely used in agriculture.
However, modern research significantly expands the range
of application of products of vermicultivation.

So, in [10], current trends in the production of kitchen
organic waste and their prospects are analyzed in the con-
text of the requirements defined in the directives of the
European Union on the management of organic waste.
The advantages of biotechnology of vermicultivation are
presented and the produced vermicompost features are
characterized.

In [11], the possibilities of using vermicultivation pro-
ducts not only in the field of organic farming, but also
in the practice of using vermicompost aquacultures for
hydroponic cultivated plants, were shown.

In modern biotechnologies, vermicultivation of the red
California earthworm (Eisenia foetida andrei) is used as
a food product in aquaculture, as well as for the restora-
tion of various soils [12].

Earthworms are part of the natural diet of some farm
animals, such as poultry, due to their high protein content.
However, worms can accumulate some toxic substances
found in the soil, which can lead to toxic effects in ani-
mals [13].
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n [14], the results of a study of the biomass of worms
on a cobalt enriched medium are presented. It is estab-
lished that the biomass of worms grown in a nutrient
medium with the addition of 40 mg/kg cobalt can be
used for breeding fish as a protein supplement with a high
content of cobalt.

In [15], a model for the disposal of organic solid waste
in biological composting and vermicultivation technologies
is presented, which allows one to reduce greenhouse gas
emissions into the atmosphere and reduce the costs of
neutralizing organic waste in landfills.

It is shown in [16] that composting waste from house-
holds or microdistricts can help solve the problems of
managing household organic waste in the context of the
economic development of urban communities.

In the practice of phytoremediation of lands contami-
nated with heavy metals [17], vermicompost is used, which
affects the bioavailability of elements such as Zn, Cd, Pb,
Co, and Ni in soils. Vermicompost provides nutrients for
the rapid growth of Panicum virgatum plants, which is
useful for phytoremediation, but excessive use of compost
can leach nutrients and cause water pollution.

In the study [18], the results of the cultivation of seeds
of trees and shrubs with the addition of vermicompost in
different concentrations are presented. It is established that
seeds that are incubated with vermicompost have better
germination and growth rates compared to the usual cul-
tivation practice, which can be useful for phytoremediation
of the land.

In [19], a comprehensive assessment is made of changes
in the chemical properties of the soil in response to the
application of vermicultivation technologies. It has been
established that the application of vermicompost increases the
pH of the soil, increases the content of metabolic calcium
and the content of phosphorus and potassium is available.

In general, all types of vermicompost obtained from
cheap and readily available plant and animal residues have
great potential for use as alternative fertilizers, as well as
for phytoremediation of contaminated or degraded soils.

The analysis of literary sources allows to conclude that
the use of vermicompost products is a promising direction
in the field of organic waste disposal and in the practice
of phytoremediation of degraded lands.

5. Methods of research

The following scientific methods are used:

— method of analyzing information sources and world
experience in formulating a scientific goal and research
objectives;

— methods of vermicultivation of worms of the Eisenia
fetida species on organic waste;

— methods for bioindicating the effectiveness of com-
posite vermicompost briquettes for phytoremediation of
degraded lands of mining enterprises.

6. Research results

6.1. Vermicultivation of the Eisenia fetida species on
organic waste. The intensity of physiological and biochemical
processes in the body of worms is directly dependent on
the temperature of the environment. At temperatures above
32 °C, especially with excess moisture in the substrate, in
response to a temperature stimulus, the activity and body

weight of the worms decreases due to an increase in the
secretion of protective mucous secretions. The most favor-
able temperature at which Eisenia fetida grows at maximum
speed and maintains high activity is 18-28 °C [20].

Fig. 1 presents the results of vermicultivation of the
Eisenia fetida species on organic waste, for which fallen
leaves and organic food waste were selected. The objective
of the experiment is studying the growth indicators and
productivity of a colony of worms of the Eisenia fetida
species depending on the temperature of the medium.
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Fig. 1. The results of vermicultivation of the Eisenia fetida species
on organic waste: a — changes in the worms biomass m,,;
b — vermicompost mass My,

For cultivation, plastic double bottom containers with
dimensions of 50x30 cm with a perforated bottom were
used for drainage and removal of excess moisture. In each
container, crushed fallen leaves and food waste in a propor-
tion of 60:40 were placed as a nutrient substrate for the
worm colony. The total weight of the biological substrate
was 500-600 g. To initiate the biological processes of
decomposition of organic matter due to microbiological
activity, 150 g of the upper layer of chernozem, taken in
the forest park zone from under the layer of fallen leaves,
was also introduced into the container. The initial weight
of the worms of the Eisenia fetida species was 100+7 g
per container. 150 ml of water was added to the container
to moisten the biological substrate. The duration of the
experiment is 60 days. During the experiment, the average
humidity of the substrate was maintained in the range
of 60—-80 % due to the partial covering of the container
with a transparent film.
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From the results presented in Fig. 1 it can be con-
cluded that the range of 25-30 °C is most favorable for
the growth of a worm colony under conditions of support-
ing the indicated level of substrate moisture. The average
increase in biomass for the indicated period, depending on
the temperature of the environment, is 38.1-73.8 % for
the biomass of worms and 10.6-20.8 % for vermicompost,
respectively. It should be noted that at a temperature of
30 °C the rate of biological activity is somewhat slowed
down even with satisfactory wetting of the organic substrate.

Vermicompost has accumulated a large number of macro-
and microelements directly assimilated by plants, contains
a number of growth substances, vitamins, antibiotics, amino
acids and beneficial microflora. The nutrients here are
in organic form, more reliably stored from leaching and
serve as a source of prolonged action. Its decomposition
by microorganisms releases macro- and microelements and
provides plants with carbon, which is necessary for plant
photosynthesis. According to agrochemical studies [21],
vermicompost has the following indicators:

— humidity — 45.8-55.2 %;

— content of organic matter — 44.8-54.2 %;

— humus - 9.7-12.3 %;

— acidity (pH) - 7.2-8.0;

— total nitrogen — 1.8-3.1 %,

— phosphorus (P;05) —1.3-2.6 %;

— potassium (K»0) — 1.6-3.8 %;

— calcium - 6.2-7.5 %;

— magnesium — 1.4-2.1 %;

— iron — 0.5-2.5 %;

— copper — 13.1-18.4 mg/kg

— manganese — 0.02-0.03 %;

— zinc — 0.20-0.30 mg/kg;

— sulfur — 0.24-0.30 %.

6.2. Bioindication assessment of the use of vermicul-
tivation products for phytoremediation of degraded lands.
In laboratory conditions, experiments were carried out
on the potential for using vermicultivation products for
phytoremediation of degraded lands. The main idea of the
experiment was to determine the optimal composition of
composite vermicompost briquettes for phytoremediation
of degraded or polluted lands, in particular mining enter-
prises. The complex three-component mixtures consisted
of the following ingredients (Table 1): yellow-brown loam,
vermicompost (product of vermicultivation) and seeds of
wild cereals, in particular common wild oat (Avena fatua),
and awnless brome (Bromus inermis).

Table 1
The composition of the composite briquette mixture
and the growth test results
The composition of the
composite briguette Growth test results
Sample mixture, g
Vermi- The number of | The mass | Green
Loam | Seeds .
compost seedlings, pcs. | of roots, m | mass, g
1 10 100 2 4 0.28 1.11
2 20 80 2 16 0.51 8.23
3 40 60 2 45 2.77 39.0
4 60 40 2 51 3.58 51.0
5 80 20 2 25 1.06 32.0
B 100 10 2 23 0.75 21.0

As a result of the studies, the most appropriate ratio
of the components of the three-component mixture for the
production of briquettes for use in technologies for the res-
toration of degraded lands is determined. So, in samples 3
and 4, the seeds sprouted more actively than in other sam-
ples. This indicates that the ratio of components (40:60 and
60:40) is most appropriate for the manufacture of composite
mixtures and briquettes for targeted phytoremediation of
disturbed lands (Fig. 2).

Fig. 2. The results of the experiment to determine the optimal composition
of composite vermicompost briquettes: a — capacity for the cultivation
of worms with a substrate of fallen leaves; b — vermicompost — a product
of vermicultivation; ¢ — a vegetative test on three-component substrates
with vermicompost; d — composite briquettes

Thus, laboratory studies have been performed that testify
to the prospects of using vermicultivation vermicompost
in the form of composite briquettes in the practice of
phytoremediation of disturbed lands.

7. SWOT analysis of research results

Strengths. Compared with traditional approaches to phyto-
remediation of degraded and polluted lands, the proposed
phytoremediation method using composite vermicompost
briquettes allows accelerating the restoration of man-made
landscapes to their natural state, promoting biodiversity and
developing a stable ecological system. The use of natural
and environmentally friendly fertilizers is considered as
an appropriate option for the implementation of «green
technologies» of the future.

Weaknesses. Despite the satisfactory results obtained
regarding the prospects for the use of vermicultivation
products in biological land reclamation technologies, cer-
tain difficulties may arise in finding a reliable supplier of
a sufficient amount of vermicompost, given the volume
of reclamation work. Also problematic is the collection
and procurement of seed for briquettes.

Opportunities. The use of composite briquettes con-
sisting of vermicompost, loam and seeds of wild cereals
opens up the possibility of large-scale phytoremediation
of mining landscapes. It is known that the reclamation
of slopes in quarries is the most complicated technology
through slope processes and soil erosion. The use of com-
posite briquettes will make it possible to easily fix the
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seed of wild cereals on the surface of slopes of dumps or
on the sides of quarries during reclamation works due to
the content of astringent loams. In turn, organic matter
serves as a breeding ground for seed germination.

Threats. Potential threats to the proposed method of
land phytoremediation using vermicompost briquettes in-
clude a certain uncertainty with the quality, origin and
possible toxicity of the initial organic substrate on which
the California worm colony is cultivated. The worm only
processes an organic substrate that could potentially con-
tain toxic substances or heavy metals, so there is a risk
of environmental pollution when using products of ver-
micultivation.

1. The growth indicators and productivity of a colony of
worms of the Eisenia fetida species are studied depending
on the temperature of the medium. It is found that the
range of 25-30 °C is most favorable for the growth of
a worm colony under conditions of maintaining a substrate
moisture level of 60—-80 %. The average increase in biomass
over a period of 60 days depending on the temperature of
the environment is 38.1-73.8 % for the biomass of worms
and 10.6-20.8 % for vermicompost, respectively.

2. The results of laboratory bioindication experiments
with composite briquettes, consisting of vermicompost, loam
and wild cereal seeds, are presented. It is determined that
the ratio of vermicompost and loam in the composition
of composite briquettes, which is most optimal for plant
growth indicators, is 60:40 and 40:60 by weight. This al-
lows to justify the phytomeliorant mixtures for biological
land reclamation technologies.

Thus, laboratory studies have been performed that indicate
the prospects of using vermicompost products of vermicultiva-
tion in the practice of phytoremediation of disturbed lands.

Acknowledgements

The authors express gratitude to DAAD (Deutscher
Academischer Austauschdienst, German Academic Exchange
Service) for opportunity to carry out presented above
research in the framework of joint educational project
«EcoMining: Development of Integrated PhD Program for
Sustainable Mining & Environmental Activities» between
Technical University «Bergakademie Freiberg» (Germany)
and Dnipro University of Technology (Ukraine).

References

1. Panas, R. M. (2005). Rekultyvatsiia zemel. Lviv: Novyi svit, 224.

2. Syvyi, M., Paranko, L., Ivanov, Ye. (2013). Heohrafiia mine-
ralnykh resursiv Ukrainy. Lviv: Prostir M, 684.

3. Yeterevska, L. V. (1977). Rekultyvatsiia zemel. Kyiv: Urozhai, 128.

4. Panas, R.N. (1989). Agroekologicheskie osnovy rekultivacii zemel.
Lvov: Izd-vo pri Lvov. un-te, 160.

5. Ivanoy, Ye. A. (2000). Ekoloho-landshaftoznavchi osnovy rekul-
tyvatsii hirnychopromyslovykh terytorii. Problemy landshaftnoho
riznomanittia Ukrainy. Kyiv, 221-225.

6. Nadtochii, P. P, Myslyva, T. M. (2007). Okhorona ta ratsio-
nalne vykorystannia pryrodnykh resursiv i rekultyvatsiia zemel.
Zhytomyr, 420.

7. Demydov, O. A. (2014). Udoskonalennia klasyfikatsii rekul-
tyvovanykh gruntiv. Nauk. dopovidi NUBiP Ukrainy, 1. Available
at: http://nbuv.gov.ua/jpdf/Nd 2014 1 8.pdf

8. Kovalchuk, 1. P, Ivanov, Ye. A., Andreichuk, Yu. M. (2016).
Aktualni problemy optymizatsii postmaininhovykh heosystem.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

Zemleustrii, kadastr ta okhorona zemel v Ukraini: suchasnyi stan,
yevropeiski perspektyoy. Kyiv, 202-206.

. Henyk, Ya. V. (2013). Tekhnolohichna klasyfikatsiia porushenykh

ekosystem z metoiu yikh revitalizatsii. Naukovyi visnyk NLTU
Ukrainy, 23.3, 103-108.

Kostecka, J., Garczynska, M., Podolak, A., Paczka, G., Ka-
niuczak, J. (2018). Kitchen Organic Waste as Material for
Vermiculture and Source of Nutrients for Vermicompost Plants.
Journal of Ecological Engineering, 19 (6), 267—274. doi: http://
doi.org/10.12911,/22998993,/99691

Chanu, T. I, Sharma, A., Ande, M. P, Prasad, J. K., Pat-
naik, R. R. S. (2017). Vermicompost Production Technology
for Organic Aquaculture. Aquaculture Times, 24-28.
Kolesnyk, N., Simon, M., Marenkov, O., Sharamok, T. (2018). Red
Californian earthworm (Eisenia foetida andrei) as a valuable food
item in fish farming (review). Ribogospodars’ka Nauka Ukraini,
4 (46), 26—-48. doi: http://doi.org/10.15407 /fsu2018.04.026
Byambas, P, Hornick, J. L., Marlier, D., Francis, F. (2019).
Vermiculture in animal farming: A review on the biological
and nonbiological risks related to earthworms in animal feed.
Cogent Environmental Science, 5 (1). doi: http://doi.org/10.1080/
23311843.2019.1591328

Merzlov, S. V., Mashkin, Y. O., Merzlova, G. V., Vovkohon, A. V.
(2017). Californian red worm biomass increase and its cobalt
accumulation under different concentrations of the metal in
nutrient medium. Ukrainian Journal of Ecology, 7 (4), 525-528.
doi: http://doi.org/10.15421/2017_155

Castafieda Torres, S., Rodriguez Miranda, J. P. (2017). Modelo
de aprovechamiento sustentable de residuos solidos organicos en
Cundinamarca, Colombia. Universidad y Salud, 19 (1), 116-125.
doi: http://doi.org/10.22267 /rus.171901.75

Camacho Barboza, J., Morales, H., Alvarado Barrantes, R.,
Saldivar Moreno, A., Huerta Lwanga, E. (2011). Perceptions
and attitudes regarding organic waste: Feasibility of establishing
an urban composting program in Chiapas, Mexico. Journal of
Agriculture, Food Systems, and Community Development, 1 (3),
115-131. doi: http://doi.org/10.5304/jafscd.2011.013.006
Shrestha, P, Bellitiirk, K., Gorres, J. (2019). Phytoremediation of
Heavy Metal-Contaminated Soil by Switchgrass: A Comparative
Study Utilizing Different Composts and Coir Fiber on Pollu-
tion Remediation, Plant Productivity, and Nutrient Leaching.
International Journal of Environmental Research and Public Health,
16 (7), 1261. doi: http://doi.org/10.3390/ijerph16071261
Sezgin, M., Simsgek, E. (2017). Bazt orman agaci ve ¢ah tiirleri
tohumlarmm g¢imlendirilmesinde vermikompost iiriinlerinin et-
kileri. Artvin Coruh Universitesi Orman Fakiiltesi Dergisi, 18 (1),
78-82. doi: http://doi.org/10.17474 /artvinofd.282604
Antunes, R. M., Leal, O. dos A., Castilhos, R. M. V., Castil-
hos, D. D., Andreazza, R., Schwalbert, R. A. (2019). Humic
Substances and Chemical Properties of an Acrisol Amended
with Vermicomposted Vegetal and Animal Residues. Revista
Brasileira de Ciéncia Do Solo, 43. doi: http://doi.org/10.1590/
18069657rbcs20180032

Kharitonov, N. N., Kulik, A. P, Garmash, S. N., Melnichuk, T. M.
(2003). Issledovanie effektivnosti biogumata — produkta pere-
rabotki rastitelnykh otkhodov vermikulturoi Eisenia foetida.
Voprosy khimii i khimicheskoi tekhnologii, 4, 128—130.

Kulik, A. P, Garmash, S. N. (2000). Tekhnologiia pererabotki
otkhodov selskokhoziaistvennogo proizvodstva. Novosti Ukrain-
skogo obschestva inzhenerov i mekhanikov. Biulleten, 2 (1-2), 55-56.

Kovrov Oleksandr, Doctor of Technical Sciences, Associate Profes-
sor, Professor, Department of Ecology and Environmental Techno-
logy, National Technical University «Dnipro Polytechnics, Ukraine,
e-mail: kovralex1@gmail.com, ORCID: http.//orcid.org/0000-0003-
3364-119X

Klimkina Iryna, PhD, Associate Professor, Department of Ecology
and Environmental Technology, National Technical University «Dnipro
Polytechnics, Ukraine, e-mail: irina_klimkina@ukr.net, ORCID: http://
orcid.org/0000-0002-6074-0145

Kodachenko Liana, Department of Ecology and Environmental
Technology, National Technical University <«Dnipro Polytechnics,
Ukraine, e-mail: CoolLianochka@i.ua, ORCID: http;//orcid.org/0000-
0003-3342-8006

;32

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 5/3(49), 2019



