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B pabore mpecrapieHbl pe3ylbTaThl JJAOOPATOPHBIX U IOJEBBIX MCCIIEOBAHUH 10 W3YUEHHIO JETOKCHKA-
LM CEPO3EMHOI IOYBBI OT MPOAYKTOB TEXHOTCHE3a M IOBBLIMICHUS e IUIomopoaus. ViccieqoBaHus IpoBeIeHbI
C HUCIIONB30BaHUEM YNOOPUTENBHO-MEIHOPHPYIOIIETO COCTaBa, BKIIOUAIOIIETO CEPONEPIUTCOACPIKAMINA OTXOT
CEPHOKHCIIOTHOTO MPOM3BOJICTBA M BEPMHKOMIIOCT. YCTAHOBIICHO TIOJIOKHTEIBHOE BIMSHUE NAHHOTO yHOOpeHue-
MEIHOpaHTa Ha POCT M Pa3BHTHE KOPHEIUIOAHBIX (KapToQeis, CBEKIbI, MOPKOBH, PEIbKH) U KOPMOBEIX (KJIEBep)
KynsTyp. Ilokazana BO3MOXKHOCT IPHMEHEHHUS PACCMAaTPHBAEMOTO COCTABa ISl MOIYYCHUSI SKOIOTHUECKU YUCTBIX
CeJIbCKOXO03HCTBEHHBIX NMPOAYKTOB. Ha 0cHOBE NpOBEIEHHBIX IKCIIEPHMEHTAIBHBIX J1A00PAaTOPHBIX U MPOU3BOI-
CTBEHHBIX MCIIBITAHHII HaliIcH ONTHMAILHBINA ITyTh IPHMEHEHHSI CMECH BEPMHUKOMIIOCTA M CEPOIEPINTCOASpIKa-
IIEro 0TXOJa CePHOKHUCIOTHOTO MPOM3BOACTBA IO KPaTKUM HazBaHHeM «Bepmucep» B kadecTBe yIOOPEHUS-MEIH-
OpaHTa B CEJIbCKOXO3sHCTBEHHON npakThke. [Ipn 06paboTke mpemnaparom «BepMucep» ceMsiH MOPKOBH M CBEKJIbI
MIPOUCXOJIIIIO YBEINUCHUE KOPHEBOIT CHCTEMBI pacTEeHHIA, IUIOIa (1 JIUCTOBOIT IIOBEPXHOCTH, YCKOPEHHE IIPOLIECCOB
(dotocunTesa. [Ipu 9ToM HOTOCHHTE3 KaK OCHOBA POCTA M Pa3BUTUS PACTCHHH, HAKOIUICHUS XUMHUICCKUX COCIHUHE-
HHUII U, CIICZI0BATENIBHO, OHOMACCHI MOJKET OBITh CBS3aHA C APYTMMH (DH3HOJIOIMYECKHMHU TT0Ka3aTeNsIMU, B T.4. U3-
MEHEHHEM XHMHYECKOro cocTaBa. « Bepmucepy moBbIIaeT KOJINISCTBO, Ka4eCTBO M TOBAPHBIH BUJI IPOIYKIUH, YTO
Ba)KHO IS IPOU3BOCTBA IIPOAOBOIBCTBEHHBIX KOPHETIIOAHBIX KYIIBTYP — KapTO(ersi, CBEKIIbI, MOPKOBU U PEABKH.
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The paper presents the results of laboratory and field studies on the detoxification of gray soil from the products
of technogenesis and increase its fertility. The studies were carried out using a fertilizer and reclamation composition,
including sulfur-perlite-containing waste from sulfuric acid production and vermicompost. The positive effect of this
fertilizer-meliorant on the growth and development of root crops (potatoes, beets, carrots, radishes) and fodder
(clover) crops has been established. The possibility of using the composition in question to obtain environmentally
friendly agricultural products is shown. on the basis of experimental laboratory and production tests, the optimal
way was found for using a mixture of vermicompost and sulfur-perlite-containing waste of sulfuric acid production
under the short name «Vermicer» as an ameliorant fertilizer in agricultural practice. When processing the « Vermiser»
preparation with seeds of carrots and beets, an increase in the plant root system, leaf area, and acceleration of
photosynthesis took place. At the same time, photosynthesis as the basis for the growth and development of plants,
the accumulation of chemical compounds and, therefore, biomass may be associated with other physiological
parameters, including change in chemical composition. Vermiser increases the quantity, quality and presentation of
products, which is important for the production of food root crops — potatoes, beets, carrots and radishes.
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The disturbance in the ecological balance
in ecosystems that has emerged in the last cen-
tury is caused by the release of a large number
of pollutants from anthropogenic sources. This
problem is of great concern to all of humanity.
Environmental protection is the most impor-
tant state task for Kazakhstan. Environmental
security is one of the strategically fundamental
components of national security and an im-
portant aspect of protecting the interests and
priorities of a country in international integra-
tion processes. It is determined by the degree
of protection of the individual, society and

the state from the consequences of excessive
anthropogenic impacts on the environment.
Ecologically safe activities of industrial enter-
prises and economic entities are regulated by
the Environmental Code, the laws «On Radia-
tion Safety», «On Subsoil and Subsoil Use»
and other legislative documents [1]. Ensuring
a normal environmental situation is impossible
without the availability of timely and reliable
information about the state of the environment.

Despite the regular flow of environmental
information from numerous scientific studies,
as well as the presence of a number of practi-
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cal measures in the field of environmental pro-
tection, its condition often continues to remain
unsatisfactory [2-4]. Thereby, our republic still
maintains the status of a state with an eco-
logically vulnerable territory and unresolved
environmental problems. Therefore, the coun-
try pays special attention to the development
of scientific research on the most important
problems of environmental safety, sustainable
nature management and other issues related
to environmental protection and rational use
of natural resources. Soil conservation and
rational use are of paramount importance for
the economic and social development of the
country. Compared with other objects of the
biosphere, the soil cover is a medium that takes
on the pressure of the flow of industrial, agri-
cultural, municipal, including landfills of solid
waste, emissions, various wastes and plays the
most important role as a buffer and detoxi-
fier [5-7]. The soil accumulates heavy metals,
pesticides, oil products and many other pollut-
ants, protecting and purifying them from water
systems and atmospheric air. Most of the toxi-
cants in the soil system can be mineralized or
transformed into substances that do not have
toxic effects on soil, microorganisms, plants,
animals and humans, or, conversely, converted
into more toxic forms [8-9]. The natural stabil-
ity, resistance and buffering of soils to the ef-
fects of chemical pollutants are not unlimited,
in connection with this, for various reasons,
large areas of land are lost annually. Therefore,
maintaining and restoring the soil cover, reduc-
ing the negative impact of pollutants further on
plant and animal organisms and creating condi-
tions for obtaining high and high-quality crop
yields, even in areas where large industrial
enterprises, large cities, and transport arteries
are located, are necessary to solve a number of
urgent problems in the field of ecology.

Due to the high technogenic pollution and
the intensive development of erosion process-
es, an important theoretical and practical task
is also to study the bioaccumulation of chemi-
cal elements by various crops. The selection of
highly effective fertilizer and land reclamation
agents that have accumulating pollutant prop-
erties, as well as crops and varieties that are
able to concentrate toxic substances in the least
valuable part of the crop, will make it possible
to obtain environmentally friendly products in
technologically polluted territories.

Thus, the analysis of literary sources [10—
12], especially the results of the assessment
and comparison of known methods indicate
that at present there is no ideal way to neutral-
ize (detoxify) lands. Thereby, the issue of de-
veloping effective methods and technologies
for improving and increasing soil productiv-
ity that meet modern requirements in environ-

mental, technological and economic aspects is
relevant.

The aim of this work is to establish the
possibility of obtaining environmentally
friendly crops on anthropogenically modified
gray soil by creating conditions for detoxifica-
tion and reproduction of its fertility.

Objects, methods and results of the study

Research work was carried out on the ba-
sis of the Ecological Control and Chemical
Analysis laboratory of the Ecology Research
Institute using updated guidelines for conduct-
ing analytical and testing work, certified meth-
ods for performing measurements, updated
GOSTs, and other regulatory documents neces-
sary for experiments and software complexes
ERA-Air-Waste-Class-Climate.

For the rehabilitation of gray earth soils
contaminated with heavy metals, we previous-
ly used ameliorant fertilizer, which included
solid vermicompost and sulfur perlite-contain-
ing waste from sulfuric acid production [13-
15]. Elemental sulfur accounts for 50-60%
of sulfur-perlite-containing waste, perlite ac-
counts for 15-25 %, sulfides, polysulfides, thio-
urea, lime, gypsum represent the rest. When
used, these complex formulations play the role
of both fertilizers and ameliorant [16-18].

In this work, we used the gray earth soils
of the Turkestan region of the Republic of
Kazakhstan with the total humus content in
the layer (0-40 cm) — 1.0-1.2%, total nitro-
gen — 0.09-0.18 %, mobile phosphorus — 9 ,
1-26.0 mg / kg, the amount of exchange bases
is 23.6-26.9 mEq / 100 g of soil, the pH of the
aqueous extract is 6.5. It is characterized by
unfavorable physical properties, namely, the
low structure of the arable layer; when it dries,
rather dense crusts form on its surface.

Field studies were carried out on plots with
a total area of 45 m? with an accounting area
of 27.5 m2. The repetition of the experiments
is fourfold. The laying of experiments, obser-
vations and biometric measurements were car-
ried out during the growing season according
to the well-known methodology for conducting
experiments with fertilizers. Scheme of experi-
ence, options: 1 — without making vermicom-
post and mineral fertilizers (control); 2 — with
the introduction of vermicompost, 4 ton/ ha;
3 — with the introduction of vermicompost,
8 ton / ha; 4 — sulfur-perlite-containing waste,
15 ton / ha; 5 — camel manure, 20 ton / ha; 6 —a
mixture of sulfur-perlite-containing waste and
vermicompost (1.7: 1) 20 ton / ha Fertilizer —
ameliorating agent is introduced locally in the
form of a nest, as well as scatter, followed by
mixing with a soil layer of 0-20 cm.

The basis for the development of methods
for soil neutralization and restoration of its fer-
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tility was the new results that we obtained ear-
lier in studying the processes of translocation,
migration and accumulation of heavy metals,
oil products and other eco toxicants in the soil
ecosystem, in the soil-plant system. The re-
vealed regularities made it possible to control
the behavior of heavy metals and other pollut-
ants in the soil ecosystem and adjacent to it in
other objects of the biosphere.

In this work, the rehabilitation of con-
taminated gray soils with heavy metals, oil
products is based on the use of a fertilizer and
reclamation mixture composed of vermicom-
post and waste from sulfuric acid production,
including perlite, elemental sulfur and its salts
in the form of thiosulfate, sulfide and poly-
sulfides, gypsum, slaked lime. The use of this
organic-mineral mixture is advantageous in
that its components are not only affordable
and cheap, but also environmentally friendly.
As an inactivator-sorbent of heavy metals, oil
products and other pollutants, the developed
composition was used for the first time to de-
toxify contaminated unproductive soils. This
mixture is characterized not only by the trans-
fer of eco toxicants into a difficultly soluble
sorbed state, but also by the creation of phys-
icochemical conditions for the development of
soil microorganisms.

The indicators characterizing soil fertility
were a high concentration of microorganisms
and water-resistant aggregates. To establish
water resistance, fresh soil samples were se-
lected by the square method. Then, soil aggre-
gates were taken from them and placed in cells
with holes of similar size aggregates. To main-
tain soil aggregates, pins coated with a phos-
phor were placed below the cells. The system
was irradiated with UV radiation and the num-
ber of aggregates disintegrated in water was
recorded by the number of luminous points. As
the results of our experiments show, the intro-
duction of vermicompost into the soil increases
the water resistance of soil particles. The value
of water resistance for the control experiment
is 15 £ 3%, for soil with vermicompost it was
57+5% (for 5 ton/ ha) and 74+ 2% (for
10 ton/ ha). When applying vermicompost,
there was a significant increase in the number
of water-resistant aggregates with a diameter
of 0.25-1.00 mm, close to fertile black soil.

As shown by the results of laboratory and
field studies, the introduction of the studied
fertilizer and reclamation mixture into the soil
significantly reduces the mobility of lead, cop-
per, zinc and, accordingly, they become inac-
cessible or inaccessible to plants. This allows
you to get healthy products on contaminated
soil. The content of HM in potato, beet, carrot,
and radish plants on the soil with the applica-
tion of the developed organo-mineral sorbent

did not exceed the MPC, while in plants grown
without our mixture, their amount was 1.3-
2.5 times higher than the norm. In experiments,
the introduced content of heavy metals ranged
from 0.5 to 5 MAC.

During this work, we paid special atten-
tion to the influence of the proposed complex
fertilizer-reclamation mixture as a whole and
separately of the main components of inorgan-
ic and organic nature, for example, vermicom-
post, various HM, and petroleum products on
the biological activity of the used gray earth
soils. This is due to the fact that the degree of
change in a number of indicators of biological
activity serves as a measure of the impact of
harmful and non-harmful foreign substances
artificially entering the soil system. As follows
from the results of our work and the work of
other researchers, it is precisely the indicators
of soil biological activity that are widely used
in monitoring and diagnosing the state of the
soil system. The results of both laboratory and
field experiments showed a smaller accumu-
lation of nitrogen in the green mass of clover
when applying a fertilizer and reclamation
agent than in clover grown in a control experi-
ment without applying this agent. The low ni-
trogen content in plants is apparently due to the
immobilization of its microorganisms, as more
organic carbon was introduced into the soil
with vermicompost.

As the results of the 1st year (2018) of the
study showed, the introduction of a fertilizer
and reclamation agent into the soil contaminat-
ed with HM, consisting of vermicompost and
sulfur-perlite-containing waste from sulfuric
acid production, is a technique that reduces the
mobility of lead, zinc, copper and other HM,
as well as reduces them receipt in plants. But,
however, how long the observed immobiliza-
tion effect will manifest itself is not known.
Heavy metals, entering the soil, enter into vari-
ous chemical reactions, are adsorbed by organ-
ic matter — vermicompost and others, interact
with sulfide, thiosulfate, sulfate anions that are
part of the sulfur-perlite-containing waste, clay
minerals, oxides contained in the soil itself, in
connection with this it is necessary to find out
the behavior of toxicants with the prolonged
action of the fertilizer-reclamation agent used.
Observations must be carried out over several
years to establish how changes in the forms of
both the organic and inorganic parts of the mix-
ture affect the final result over time. Thereby,
field studies to establish the effect of the or-
gano-mineral composition on the mobility of
HM and on the state of the resospheric bacte-
ria continue.

Thus, on the basis of experimental labora-
tory and production tests, the optimal way was
found for using a mixture of vermicompost and
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sulfur-perlite-containing waste of sulfuric acid
production under the short name «Vermicer»
as an ameliorant fertilizer in agricultural prac-
tice. When processing the «Vermiser» prepa-
ration with seeds of carrots and beets, an in-
crease in the plant root system, leaf area, and
acceleration of photosynthesis took place.
At the same time, photosynthesis as the basis
for the growth and development of plants, the
accumulation of chemical compounds and,
therefore, biomass may be associated with oth-
er physiological parameters, including change
in chemical composition. An increase in the
volume and mass of roots and root crops inten-
sifies their absorption capacity and synthetic
activity, intensifies the processes of mass trans-
fer of ions and nutrients throughout the plant,
which contributes to the intensive growth of
shoots and the formation of new organs. Dur-
ing visual observation, accelerated flowering
and ripening of crops, stimulating the develop-
ment of root systems. The absence of patho-
genic microflora, eggs and helminth larvae
introduced into the soil makes it possible to
increase the ecological safety of the crop. Ver-
miser increases the quantity, quality and pres-
entation of products, which is important for the
production of food root crops — potatoes, beets,
carrots and radishes.

In the case of soil contamination with oil
products, the detoxifying effect of the Ver-
miser biological product was manifested in an
increase of almost two orders of magnitude in
the number of hydrocarbon-oxidizing micro-
organisms. Due to the presence of these mi-
croorganisms in the soil, hydrocarbons were
destroyed under crops and, as shown by the
results of experimental studies at the end of the
growing season, under crops of studied root
crops, the decomposition of hydrocarbon com-
pounds accelerated under beets and carrots by
2 times, under potatoes and radishes, respec-
tively 2.5 and 3 times. The data of production
trials of 2018-2019 conducted on the lands of
the Zebo farm showed an increase in the yield
of root crops, for example, when 20 ton/ ha
of the preparation was applied, the yield of
Bordeaux beet varieties averaged 28.8 ton/
ha (control 20, 5 ton/ ha); for Chantane Red
carrots — 30.4 ton / ha (control 25.0 ton / ha).
Research in this farm is ongoing.

An increase in yield and an improvement in
the palatability of the studied crops are associ-
ated with the enrichment of the soil with humic
acids (the main components of vermicompost)
and other nutrients, as well as the improvement
of the soil structure (elimination of the forma-
tion of a dry dense cortical layer), which allows
creating favorable conditions for optimal aera-
tion and moisture capacity. The improvement
in the availability of water to plant tissues can

also be explained by the presence of a sufficient
amount of silicon compounds in the sulfur-per-
lite-containing material used. It is known that
silicon in plants is deposited in epidermal cells
in the form of a double cuticular-silicon layer,
while the cellulose-silicon membrane formed
in this case creates conditions for a more eco-
nomical expenditure of moisture. In addition,
mono-silicic acids, undergoing polymerization
in plants, release water, which can also be an
additional source of moisture necessary for the
growth and development of plants.

Conclusion

1. The developed technological method for
the preparation of fertilizer and reclamation
mixtures will make it possible to obtain new
environmentally friendly organic-mineral fer-
tilizers on the basis of readily available agricul-
tural and industrial waste utilization products.

2. The use of the developed fertilizer and
reclamation composition is an agro-reclama-
tion measure and helps to restore degraded
soils, increase their productivity, improve the
ecological situation and return agricultural
land to economic use.

3. The resulting material can also serve as
an informational basis in the preparation of
environmental projects and will be used in the
educational process during lectures and labora-
tory classes.

4. Highly humified vermicompost and
organic organic agricultural products (veg-
etables, etc.) will find implementation in the
markets, and the potential consumer will be
agriculture and the population.
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