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Anomauia. B pobomi poszensioaemvcsi OiomexHono2iuHull nioxio NOKpaweHHs pooryoCmi
IpYHmMY (8IOHOGNEHH OIOMU) HA NOWKOOICEHUX 3eMIAX 34 PAXYHOK GHeceHHs Oionpenapamis,
OMPUMAHUX 8 NPOYECT BEPMIKYIbMUBYSAHHSA. Bnposadcens 6 azponpomuciosux KOMnieKcax i Ha
nepepoonux nionpuemcmeax YKpainu 6e36i10X00H020 npoyecy GepMIKYIbMUBy8anHs 003601UMb
ompuMyeamu UCOKOYIHHI opeaHiuni 0oopuesa (bioeymyc, biocymam), wo 3HUUMb HABAHMANCEHHS]
Ha IpyHmu, ocobaueo nicis enaugy oOouosux Oiti. Taxooc 6Giomacy 6epMIKYIbmypu 3 6UCOKOI0
0I0NI02TUHOI  eheKMUBHICIIO MONCIUBO BUKOPUCMOBYBAMU, 5K KOPMOBY 000a8Ky 6 payioHi
CIbCLKO20CNOOAPCLKUX MBAPUH.

Kniouosi cnosa: eepmuxynemusysanns, eepmukyrvmypa E. fetida, 6iocymyc, 6iocymam,
biomaca, pooioyicms IPyHMIs.

Abstract. The work considers a biotechnological approach to improving soil fertility
(restoration of biota) on damaged lands due to the introduction of biological preparations obtained
in the process of vermiculture. The introduction of a waste-free process of vermiculture in agro-
industrial complexes and processing enterprises of Ukraine will allow obtaining high-value organic
fertilizers (biohumus, biohumate), which will reduce the load on the soil, especially after the impact
of hostilities. It is also possible to use vermiculture biomass with high biological efficiency as a feed
additive in the diet of farm animals.

Key words: vermiculture, vermiculture of E. fetida, biohumus, biohumate, biomass, soil
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Introduction.

Today, issues of environmental protection are acute due to the significant
accumulation of organic waste of various origins. A large amount of agricultural
waste remains during the harvesting and processing of grain and fodder crops. Their
impact on the environment cannot be underestimated. One of the options for an agro-
ecological solution to this problem is vermitechnology. Through bioturbation [1],
such as excavation, coprolite production, and mixing of organic matter with mineral
particles, earthworms affect the physical and biological properties of soil [2].
Therefore, earthworms are used for biological transformation of organic waste in
industrial vermiculture [3].

Main text

Earthworms are traditionally considered a useful biological indicator of soil
fertility, play an important role in land reclamation [4], change the distribution of
material and energy flows in the soil food chain, which leads to the creation or
destruction of habitats for dependent species [5, 6]. It has long been known that
typical combinations of earthworm species correspond to certain combinations of soil
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properties and can be used for zoological soil diagnostics [6, 7]. Thus, several groups
of species are considered indicators of biotope characteristics: E. fetida, E. andrei —
organic accumulations, such as compost piles; 4. chlorotica, E. tetraeda — extremely
humid conditions in coastal biotopes; L. Eiseni — tree stumps and bark; L. Terrestris —
deep, slightly acidic or neutral soils with a low sand content, i.e. typical indicators of
mulching soils [8, 9]. In many terrestrial ecosystems, earthworms act as important
ecological system engineers [10]. Foreign researchers draw attention to the fact that
microorganisms contained in vermicomposts contribute to the translation of toxic
forms of heavy metals into inactive compounds. This is very important, because the
application of vermicomposts to the soils around large cities, industrial plants, as well
as where a lot of mineral fertilizers and pesticides have been used, will contribute to
the improvement of these soils and the environment as a whole.

Earthworms play an important role in ecosystems. As a result of their vital
activity, the fermentation of the organic substrate in humus is accelerated, the
nitrogen exchange and the structural formation of the soil are accelerated [4]. A study
by scientists from many countries of the world showed that the most promising and
practically waste-free biotechnology for the processing of organic waste is
biotechnology using vermiculture [3, 10, 11]. Artificial cultivation of earthworms can
play a key role in solving issues such as the high market value of fertilizers, animal
proteins and the growing demand for these products.

Recently, vermiculture biotechnology has been actively spreading on the
territory of Ukraine. Most often, in this technology, cultures of the species Eisenia
foetida, Eisenia andrei and Dendrobaena veneta are used [10, 11]. Eisenia foetida is
a vermiculture that can be represented as a difficult biocenotic society limited to the
appropriate biotope. During artificial cultivation, the vermiculture of E. foetida can
be represented as a complex biocenotic group, which is limited to a certain biotope.
The nutrient substrate should contain at least 20-25% of cellulose and be well
crushed, because the largest particles that the California worm can consume are up to
1 mm in size [9, 11].

The population of FEisenia foetida in a short period of time transforms food
waste into high-value organic fertilizers (biohumus, biohumate), which do not have a
sharp unpleasant smell, as in representatives of other species. So, the
biotechnological process of obtaining biohumus, biohumate is based on the ability of
the Eisenia foetida culture to use organic residues, transform them in the intestines
and secrete them in the form of coprolites. The use of this technology is particularly
relevant at the present time due to the fact that the content of humus in Ukrainian
chernozems has decreased from 4 to 5% to 3.3% over the past ten years, and soil with
a humus content of less than 2.5% is not chernozem. Biohumus is a brown-gray
micro-granular substance with an earthy smell, contains almost all the necessary trace
elements and biologically active substances, including enzymes, vitamins, hormones,
auxins. Biohumus does not contain non-recyclable substances (polymers, stones,
glass). Depending on the size of the granules, biohumus is classified into types [11,
13]:

- moder (granules 0.3-0.7 mm in size) soft fraction of biohumus. Used for
fertilizing greenhouse and hothouse crops;
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- mor (granules 0.7-1 mm in size) is the largest fraction of biohumus. Intended
for use in crop production, horticulture, horticulture. It is applied during sowing in
rows and holes;

- silt (granules up to 0.1 mm in size), the smallest fraction of biohumus (or
humus flour). When applied to the soil, it immediately dissolves. It is used for the
treatment of plants that have experienced a stressful state during transplantation, as
well as for obtaining a quick effect when growing plants.

The scale of vermicomposting throughout the world is quite large. The very first
farms for the cultivation of earthworms on organic waste were created in the late
1940s in the USA. Grown worms were used as bait for fishermen, as fodder for fish,
and for animals in the zoo. Biohumus began to be used to increase soil fertility and
obtain environmentally friendly products. Nowadays, there are thousands of farms
and about 700 biofactories. In many countries of the world, especially in the USA
and Canada, there is a real boom associated with the development of new, more
effective vermicomposting technologies [13].

The American corporation Worm World has patented a method of accelerated
vermicomposting of organic waste (a complete seven-day cycle) using the Worm Gin
continuous action automated vermicomposter, which is capable of producing one ton
of biohumus per day on an area of 20 m2. The method is patented in the USA,
Canada, East Korea and Australia [13].

There are more than 40 companies and farms in 13 states in Mexico. There are
170 vermiculture enterprises in Cuba, which process animal dung of various species,
sugar cane pulp, coffee grounds and various plant residues. For example, in the
province of Pinardel Rio, vermiculture is carried out in fields on 4 hectares. The
resulting vermicompost is used as a fertilizer for tobacco, corn, tomatoes, onions,
garlic, and coffee trees. In European countries, the cultivation of earthworms on
waste became the most widespread, first in Italy, and then companies producing
biohumus appeared in Great Britain, the Netherlands, Germany, France, Poland,
Hungary and other countries. Thus, the French company Sovadec vermicomposts 20
tons of the organic part of solid household waste every day [13].

At the current stage, the biotechnology of vermiculture requires compliance with
the following sequence of actions: preparation of a nutrient medium (substrate),
analysis of its suitability for use, formation of an area for settlement by California
worms, feeding of oligochaetes, separation of beds, obtaining finished products -
worm biomass and biohumus. Preparation of the substrate involves the fermentation
of organic waste, which is carried out in tanks at different temperature regimes,
which reduces the number of weed seeds, helminth eggs and pathogenic microflora.
In closed rooms, worms can be cultivated year-round with the arrangement of beds
on a concrete floor or on racks placed in tiers. In such premises, the yield of annual
products is twice as much as with seasonal cultivation. Red California worms are one
of the most popular types of worms used to make biohumus. For successful
vermicomposting, it is necessary to use a certain type of substrate suitable for the
development and vital activity of worms. The substrate for worms should contain: 20
- 25% fiber, no more than 10% minerals, optimal humidity 70 - 80%, temperature 19
- 20 °C, acidity 6.8 - 7.2. To neutralize acidity, add the necessary amount of lime or
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chalk to the substrate, as well as mineral substances in the form of clay, feces,
dolomites and zeolite. In the process of cultivation, the basic substrate is continuously
moistened once for 4 days, then weekly for 30 days [10, 12].

In the process of digesting organic substances in the intestines of worms, humic
substances are formed, including high-molecular organic acids. Their concentration
in coprolites is several times higher than in the initial substrate [11].

Various organic wastes are used for the cultivation of E. foetida vermiculture:
manure, chicken droppings, straw, sawdust, fallen leaves, weeds, branches of trees
and bushes, processing industry waste, vegetable storage [10, 12]. Methods of
preparing compost for worms: litter-free cattle manure + straw + rotten vegetables in
a volume ratio of 3:1:1. The second option: chicken droppings + sawdust + weeds +
soil in a ratio of 4:1:1:0.5. In both cases, the mixture was thoroughly mixed, laid in
1.5 m wide, 20-25 cm high sides, with any length. Compost contains 20-40% (from
the total volume) of livestock waste (manure, droppings) or rotten remains of
vegetables, fruits, etc., that is, organic waste in which microorganisms rapidly
multiply [11].

Cultivation of the E. foetida culture on a substrate made of modified sunflower
husk (SL), crushed to fractions of 200-500 microns, moistened with water in a ratio
of 1:2. The substrate for fermentation is placed in special containers (plastic sides)
with a height of 50-60 cm. Fermentation process is carried out for 12-14 days under
the action of enzymes of microorganisms. To improve the aeration of the fermenting
mass, to activate the microbiological activity of microorganisms, to equalize the
humidity throughout the volume, to prevent the formation of clay zones in the depth
of the sides, the substrate was mixed once a day. The humidity of the substrate is
maintained at the level of 70-80%, temperature 20-250 C, pH 6.5-7.5. Top dressing
with a thickness of up to 5 cm is applied 10-15 days after the basic substrate is
populated with E. foetida culture [12].

Biohumus obtained from various substrates has the following agrochemical
composition: dry organic mass - 40 - 60%, humus - 10 - 12%, pH - 6.5 - 7.5,
humidity - 45 - 55%, nitrogen - 1.5 — 3%; phosphorus — 1.3 - 2.5%, potassium — 4.5 —
8%, magnesium — 0.6 — 2.3%, iron — 0.6 — 1.0%, manganese — 60 — 80 mg/kg , zinc —
28 —35 mg/kg [11].

The product of vermiculture waste processing is the total vermiculture biomass,
which contains more than 60-85% protein, which allows it to be used as a feed
additive for farm animals and poultry. It is known from literary sources that the
nutritional value of FEisenia foetida worms is due to the presence in them of both
high-quality proteins and mineral components. Earthworms Eisenia foetida contain
trace elements Fe, Cu, Mn, Zn, etc., as well as vitamins of complexes A and B,
enzymes, antibiotics, etc. [14].

Conclusions.

The achievements of vermiculture need further development and improvement.
This will make a contribution to biotechnology and agrotechnology, will include new
knowledge of the mechanisms of interaction between the components of substrate
mixtures, their influence on the process of vermiculture, transformation of
enrichment with organic compounds of biohumus and soil.
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