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Abstract. Altering natural waste into abundant nutrient-rich vermicompost
is an ecologically sound and sustainable method known as vermicomposting.
Abiotic factors such as feeding material, bedding material, acidity level,
temperature, moisture content, and air circulation affect the process. Various
microorganisms and earthworms are the key players in the process. However,
earthworms are the primary agents of the process, as they increase the microbial
populations by fragmenting and ingesting fresh organic matter. The synergistic
relationship between earthworms and bacteria is crucial, although Eisenia
fetida is the ideal worm for processing various organic wastes such as plant
leaf litter, fruit and vegetable waste, animal manure, and municipal solid waste,
etc. In short, the literature reviewed showed multiple techniques, including,
molecular and culture-dependent analyses, demonstrating that different
bacteria are associated with earthworms and organic fertilizers. These bacterial
groups include Proteobacteria, Actinobacteria, Firmicutes, Bacteroidetes,
Planctomycetes, Nitrogen-fixing bacteria, and Ammonifers. Organic fertilizers
commonly use Plant Growth Promoting Rhizobacteria (PGPR), which contain
plant growth hormones, nitrogen-fixing bacteria, and "Essential nutrients
such as nitrogen, phosphorus, and potassium are required for proper growth
and development of plants (NPK), and are highly effective in promoting plant
growth and development.” Therefore, the contribution of PGPR and nitrogen-
fixing bacteria like Azotobacter in producing organic fertilizers is significant
for sustainable agriculture practices. In conclusion, "This fertilizer improves
soil fertility, while also suppressing harmful phytopathogens and pathogens,
ultimately promoting healthy plant growth."

Keywords: Vermicompost, Earthworm, Bacteria, Organic waste, Organic
fertilizer, Nitrogen-fixing bacteria

Received: 17.07.2024. Reviewed: 05.11.2024. Accepted: 08.11.2024. Available online: 20.12.2024

110


https://orcid.org/0009-0004-3264-7551
https://orcid.org/0000-0002-2362-5578
https://orcid.org/0000-0003-1481-629X
https://orcid.org/0009-0006-5483-6809
https://doi.org/10.32523/2616-7034-2024-149-4-110-130

The Microbiological Aspects of Vermicomposting Organic Waste

Introduction

Solid organic waste management (SOW) is a global challenge, with 38 billion tonnes generated
annually from various sources. Its complex composition makes it difficult to manage. SOW
managementcanbenefitthe environmentand the economybyreducingemissionsandrecovering
resources [1]. Even though Vermes is the Latin term for earthworms and vermicomposting (VC),
the method's popularity has increased nowadays since a range of organic wastes (OWs) can be
handled by it through the employment of different kinds of earthworms. These organic wastes
include weeds, animal excrement, food, and agricultural waste [2]. Earthworms can transform
organic matter into nutrient-rich castings by consuming it. [3].

Due to poor waste management, there is abundant agricultural waste and animal excrement,
which poses a significant health risk to humans and animals. In short, using earthworms is a
suitable method for managing OW and producing organic manure [4]. Therefore, studies have
shown that it is possible to manage OW by using different species of earthworms to produce
worm manure. This potent biofertilizer can be part of sustainable agriculture to reduce artificial
fertilizers [5]. Researchers discovered three types of vermi-bacteria from straw and goat waste
that can serve as fertilizers and antagonists. These bacteria were identified using molecular
technique such as 16S rRNA sequencing. Most bacteria were found to belong to the genera
Bacillus, Pseudomonas, and Microbacterium. Additionally, 49% of them showed antifungal
activity against phytopathogenic fungi [6].

Climate change threatens the diverse and complex habitat of soil. Soil microbes play a
important role in plant production, nutrient uptake, and ecosystem function while protecting
plants from stress [7]. Although, Lyell's idea helped Darwin focus on how worms contribute
to creating the earth's surface through their daily activities. Worms help mix the soil and
improve nutrient flow in ecosystems [8]. But, inorganic fertilizers (IFs) have been used since
the 1950s to provide plants with nutrients quickly. However, their long-term use can be harmful
to soil and human health. Livestock manure has long been used, but worm manure is a better
alternative because of its high chemical content and the soil-regulating component. It has
healthy components like hormones, humic compounds, vitamins, and antioxidants [9]. Finally,
this review article discusses the importance of VC in organic waste management for agricultural
purposes, focusing on its microbiological aspects.

Vermicomposting

A process where earthworms and microorganisms interact to decompose organic matter,
stabilizing it and modifying its properties [10]. Although, the process is an effective way to
manage solid organic waste. During the technique, microbes play a crucial role in breaking down
complex molecules into simpler compounds with the help of enzymes. In addition, earthworms
secrete extracellular polymeric substances that provide nutrients for bacteria to thrive,
especially under metal stress [11]. However, the process is a waste management technology
that requires a lower price for upkeep and maintenance than alternative approaches. It helps
preserve natural balance, safeguards the environment, and creates job possibilities. According
to research, this method can clean up soil pollution for recycling organic waste and treating
wastewater. It is usually feasible and more eco-friendly than other waste disposal methods [12].
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Mechanism of the vermicomposting

By using this method, garbage can be turned into useful items. In order to support microbial
communities within the environment, earthworms are essential. They break up and consume
fresh organic matter, altering its microbiological structure and physical condition. In the
active phase, earthworms look for more recent deposits of undigested waste, which are then
broken down by microorganism-produced enzymes. Earthworm castings are rich in minerals
and organic debris, but they also provide IFs like ammonium and nitrate that promote plant
development [10].

Design of the Vermiculture
Shallow concrete boxes, 0.5 meters high, 0.6 meters wide and 1 meter long, were built inside
the house as worm bins, where the worms resided and created compost.

Preparation of the Vermicompost

The goal of the study was to look into the impact of partial fermentation of agricultural
residues and animal manure on 11 feed materials. A 20-day fermentation process was used,
and the ratio of agricultural residues to animal manure was maintained at 1:2. A variety of
substrates, including maize straw, soya beans and grasses, were used to produce the fertilizer,
and as a decomposer, Eisenia fetida (EF) was employed. The worms were raised in plastic bags
that were filled with animal feces and shreds of substrate. Water was sprayed to maintain the
ideal humidity levels. Each treatment was provided with a mixture of 3 kg of substrate and 2
kg of dung, and 180 earthworms were added after optimizing moisture levels. The plastic bags
were punctured to prevent water accumulation and to keep the worms' food moist [13].

Abiotic Factors Affecting Vermicomposting

This method is dependent on abiotic elements such as temperature, moisture content, acidity,
feed material, and bedding material. The feed material is the most important of them to take into
account because the physicochemical characteristics of the trash that earthworms eat are vital
to the process. These characteristics affect the system's efficiency and must be considered to
optimize the process for maximum benefit. Data on abiotic factors and their appropriate range
for VC are presented in Table 1. Additionally, a variety of waste materials have been utilized as
feedstock for the process, including animal dung, sewage sludge, agricultural waste, and fruit
and vegetable waste. However, the right feedstock is necessary for a procedure to be successful
[14]. Although, principal component analysis indicated that earthworm distribution positively
correlated with pH, moisture, soil texture, and organic carbon content [15].

Table 1
Abiotic factors and their suitable range for vermicomposting [14, 16]
Abiotic Factor Normal Range
pH 7.5t08.0
Moisture 60 to 80%
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Temperature 15 to 28 °C.

Stocking density 1.60 kilogram of worms per square meter
C/N ratio 30 or less.

Rate of feeding 1.25 kg feed/kg worm/day

Table 1 displays abiotic factors refer to non-living elements that affect the process
of vermicomposting. It is important to ensure that the environmental conditions for
vermicomposting fall within their suitable range. This will help to ensure optimal conditions
for the worms and microbes involved in the process.

Eco-friendly Earthworms and bacteria associated with vermicomposting

These worms are invertebrates that are members of the phylum Annelida. They are cylindrical,
segmented and brownish-black in color, with bilateral symmetry. They have a 3-7 year lifespan
and breathe through their moist skin. They can sense light through photoreceptors and are
hermaphrodites. During fertilization, two earthworms form a cocoon containing 2-3 young
worms [17]. About 3627 species of earthworms live on land around the world. These worms
are often called "the farmer's friend" because of the benefits they can bring to agriculture.
Earthworms can live in different soil types and comprise 60-80% of the total soil biomass. They
can also serve as an indicator of soil health [18]. Based on their habits, earthworm species are
divided into three main ecological groups: endogeic, anecic, and epigeic. Epigeic earthworms
are most commonly used for VC among these groups. EF, Eisenia andrei and Eudrilus eugeniae
are this group's three most frequently utilized species [19]. Moreover, they facilitate the
biological breakdown of organic matter and aid in raising the soil's capacity to retain water.
There are many different types of worms, each with its preferred habitat. Table 2 shows a range
of ecotypes observed in earthworms, categorized according to their behavioural patterns [20].

Environmentally friendly earthworms are often used to treat waste such as cow dung, rice
straw, dry grass clippings, etc. They need certain conditions, such as specific temperatures,
humidity and pH levels, to do their job. Still, the chemical analysis confirmed that the nutritional
quality of the vermicompost contains all the necessary macro- and micro-nutrients when
worm has decomposed these organic wastes [21]. In addition, rice straw and paper waste
were studied using earthworms; during the investigation, cow dung was used as a bulking
substrate. Also, these wastes were efficiently converted into organic fertilizers. Furthermore,
the worm manure has more nutrients and metals but less organic carbon and carbon-nitrogen
ratio. Earthworm reproduction and growth are highly dependent on the bulking substrate used
[22]. Finally, as bedding, market wastes such as rice straw, cabbage, banana peel, pineapple,
and cow dung were used for composting and VC. Though, the process was more effective than
regular composting in reducing OW. Composting with cabbage and banana peel produced
better nitrogen and potassium levels, while vermicompost made with pineapple and banana
peel and Eudrillus eugeniae had better absolute phosphorus levels [23]. Table 2 displays that
there are various species of earthworms, each exhibiting a preference for a particular habitat
type. It is worth noting that the ecological niche occupied by these organisms plays a vital role
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in determining their distribution and abundance. Understanding the habitat requirements of
different earthworm species is crucial in developing effective management strategies for these
organisms.

Table 2
Earthworms are alienated into four ecotypes on its behavior [20]
Ecotype Species
Compost earthworms Eisenia fetida, Eisenia andrei and Dendrobaena veneta.
Epigeic earthworms Dendrodrilus rubidus, Lumbricus rubellus, Lumbricus friendi, Eiseniella

tetraedra etc.

Endogeic earthworms Apporectodea icterica, Allolobophora chlorotica, Ap. caliginosa,
Ap. rosea, etc.

Anecic earthworms Lumbricus terrestris, Ap. longa.

Association of the bacteria with earthworms and worm manure

Bacteria are microorganisms found in plants and animals with specific associations
with particular hosts. Researchers have discovered bacteria in the gut of earthworms, with
a consistent and specific association in the nephridia of Lumbricidae earthworms. They
found bacteria from four different orders, such as Sphingobacteriales, Burkholderiales,
Rhodospirillales, and Rhizobiales, commonly found in the nephridia of basal Crassiclitellata
by analyzing 16S RNA sequences [24]. In addition, earthworms depend on microbes to their
growth and vice versa. When earthworms eat, they also consume rhizosphere bacteria such
as Pseudomonas, Rhizobium, Bacillus, Azospirillum, Azotobacter, etc.,, which promote plant
growth. These bacteria can increase their population in the worm gut and enhance plant growth.
Proteobacteria, Actinobacteria, Firmicutes, Bacteroidetes, and Planctomycetes were identified
when the bacterial population of organic fertilizer was analyzed using both molecular and
culture-dependent techniques. The relationship between earthworms and microbes is complex
but essential for both to thrive [25]. Although, analysis of microorganisms in earthworm guts
indicated a notable rise in bacteria and actinomycetes compared to the soil [26]. Worm manure
has been synthesized from organic materials, including farm-derived components such as cow
dung and agricultural residues such as rice and wheat straw. The vermicompost produced by
earthworm activity naturally contains cellulose-degrading, phosphate- and zinc-solubilizing
bacteria as part of their digestive processes. This integrated approach significantly increases
the nutrient content compared to vermicompost produced by earthworm activity alone [27].
However, studying bacterial colonization during cocoon production is important because it
significantly affects earthworm fitness. This study looked at the microbiomes of two types of
worm cocoons, Eisenia andrei and EF. A total of 275 and 176 bacterial species were found in the
cocoons, respectively. It was discovered that three symbionts Verminephrobacter, Candidatus
Nephrothrix, and Microbacteriaceae - were dominant and transmitted vertically [28]. Table
3 shows the diversity of bacteria linked to various worm species during the VC, including EF,
E. andrei, E. eugeniae, P. excavatus, and L. terrestris.
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Table 3

Diversity of bacteria associated with worm manure and earthworms

Earthworm Name of bacteria Function References

E. fetida B. subtilis, Staphylococcus hominis, | Vermi-bacteria [29]
B. thuringiensis, B. mycoides, etc.

E. andrei Clostridium, Pseudomonas, Vermi-bacteria [30]
Acinetobacter, Anaerobacter, etc.

E. eugeniae | Clostridium, Aeromonas, Nitrogen cycle. [31]
Burkholderia, Cellulomonas, Organic substances.

Flavobacterium, Aquihabitans,
Roseomonas, Rhodobacter.

P, excavatus | Nitrate-reducing bacteria, Phosphate [32]
nitrifying bacteria, asymbiotic solubilization,
nitrogen-fxing, phosphate Nitrogen-fixing bacteria

solubilizing, and Azotobacter.

L. terrestris | Verrucomicrobia, actinobacteria, Vermi-bacteria. [33]
firmicutes, proteobacteria,
Acidobacteria, planctomycetes.

Table 3 displays the data about the diversity of bacteria associated with vermicompost and
earthworms. This information can be of great significance in environmental science, as it sheds
light on the role of earthworms in promoting microbial diversity in soil. The findings presented
in this table may be crucial for researchers and practitioners interested in exploring the intricate
relationship between soil health and biodiversity.

Fungi associated with vermicomposting

Fungi are crucial for supplying enzymes and being a food source for worms. The earthworm’s
eating habits can affect fungal populations, but the evidence conflicts regarding the impact on
fungal communities. Some worms can survive on fungi only, and the vermicompost they produce
has the same or more fungal biomass and diversity than the initial substrates. Earthworms'
presence increases fungal biomass, while their absence reduces it [34]. Though, the study also
examined the fungal communities in VC treatments and identifies dominant species and potential
pathogens. The presence of worms enhances the fungal community, indicating maturity, and
worm manure lack pathogenic species, demonstrating their efficacy. Organic fertilizers contain
Streptomyces spp. with antagonistic properties, but also beneficial fungi such as Paecilomyces
spp. and Trichoderma spp., which caution against their use in agriculture due to reported
fungal pathogens in VC products [35]. Although, earthworms are crucial in promoting fungal
diversity in vermicompost, which could have significant impacts on agricultural practices
and sustainability. Studies indicate that fungi are present in worm manure and earthworms,
with some populations identified including Paecilomyces spp. and Trichoderma spp. Fungal
diversity was significantly greater in organic fertilizers than in compost after worm treatment
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[33]. However, this study investigated how the fungal community changes during vermiculture
and how certain fungal species can transform organic compounds while exhibiting inhibiting
qualities against both human and phytopathogens. The researchers used Metabarcoding and
the Plating technique to describe the taxonomic structure of the fungal community at different
stages of vermiculture. The study found a decrease in fungal species richness in the early stages
of vermiculture, followed by a significant increase in species richness in the resulting worm
manure [36].

Development in organic waste management to overcome the limitations by using
vermicomposting

Vermicomposting of Plant Leaf litter waste

According to a recent study, leaf litter waste can be treated with the white rot fungus,
Oligoporus placenta, followed by VC with cow dung to reduce its harmful contents significantly.
This innovative waste management approach mitigates environmental concerns and generates
nutrient-rich biological fertilizers through worm-microbe-induced mineralization. Therefore,
it presents promising opportunities for sustainable and eco-friendly practices [37]. In addition,
Neem leaves can be converted into valuable organicfertilizer using high-rate VC, which is efficient
and productive. This also helps avoid air pollution caused by conventional disposal methods
like piling and burning [38]. Although, Populus nigra leaf litter was used in both composting
and VC. During the study, horse manure was used as a control in composting and VC, but EF was
used as the earthworm species. Nitrogen-fixing bacteria were higher in organic fertilizer than in
horse manure. Ammonifers, Inorganic nitrogen consumers, and Oligotrophs were present in all
treatments. Moreover, Azotobacter activity was only observed in worm manure and was absent
in compost, however, compared to vermicompost manure, this activity was more substantial in
vermicompost leaf litter. This means all these bacteria indicate good organic fertilizer, rich in
nitrogen [39].

Vermicomposting of Fruits and Vegetables waste

More than 50% of fruit and vegetables are wasted due to high consumption. A study was
conducted to compare two methods of fruit and vegetable waste (FVW) decomposition, with and
without worms, to determine their effect on physicochemical properties and microbial profiles.
The study showed that decomposing FVW with worms rapidly reduced electrical conductivity
and total C and N losses. However, earthworms greatly changed the structure of bacteria and
fungi and increased their populations. These results were confirmed by quantitative PCR,
gradient gel electrophoresis, and sequence analysis [40]. Though, the study investigated the
production of biohydrogen through fermentative processes using a mixture of vermicompost
and pre-treated FVW. The study investigated the effect of mild heat pre-treatment, substrate
concentration and biological processes on biohydrogen production and biochemical oxygen
demand (BOD5) removal. The results showed high levels of BOD5 elimination (50%) and
biohydrogen production (63.0 mL/g VS). The experiment provided a suitable environment for
the inoculation of microorganisms, particularly Clostridium species, and the most prominent
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microbes in the process [41]. The study investigated the effects of worms and the ammonia
oxidation during VC of FVW. Two dry systems and one fresh system were compared over 60
days. It was found that earthworms promote the process of ammonia oxidation by increasing
both the abundance and diversity of ammonia oxidizing archaea and bacteria [42].

Vermicomposting of Animal manure waste

Overproduction of animal manure needs to be stabilized before it results in health and
environmental problems. The study examined how rabbit manure's chemical and microbiological
properties changed throughout the course of a continuous operation. The experiment was
carried out under precise settings in a controlled setting, including a pH level of 8.3, decreasing
to 7.6, and a moisture range of 66% to 76%. Over the course of the 200-day trial, microbial
activity measures and phospholipid fatty acid profiles (PLFA) revealed alterations in the
microbial population. Bacteria and fungi populations decreased, but there was no change in the
electrical conductivity of the profile layers [43]. Though, utilizing the earthworm E. andrei, cow
manure was utilized in the procedure to track how time affected earthworm biomass as well as
the physical, chemical, and biological characteristics of worm manure. There were two stages
to the process: a preliminary phase lasting 0-44 days and a final phase lasting 45-120 days.
High microbial activity was investigated in the first phase, and the physicochemical alterations
in organic fertilizer and a boost in worm density were investigated in the last phase. Finally,
high quality organic fertilizer was obtained after 120 days of process. In short, the technique
time played a significant part in changing the biological, chemical and physical attributes of the
vermicompost [44]. Table 4 presents information on the bacterial diversity of vermicompost
made from an assortment of organic waste, including poplar leaf litter, fruits and vegetables,
animal manure (cow dung), grass and earthworm (E. fetida).

Table 4
Association of different bacteria with vermicompost and E. fetida
Organic wastes Earthworm Vermicompost associated bacteria References
Poplar leaf litter Eisenia fetida | Azotobacter, Ammonifers, Oligotrophs, [39]
Inorganic nitrogen utilizers.
Fruit and Vegetable | Eisenia fetida | Bacillus reticulotermitis, Sphingobacterium, [40]
Pectobacterium carotovorum, and
Actinobacterium.
Animal manure Eisenia fetida | Proteobacteria, Bacteroidota, Firmicutes, and [45]
(Cow dung) Actinobacteria.
Grass Eisenia fetida | Actinomycetes, and Azotobacter [46]

Table 4 displays the relationships between organic wastes, the species of VC worm (E. fetida),
and the bacteria involved in VC. It addresses the advantages of employing EF in the VC process to
break down organic materials and the symbiotic relationships that occur, as well as the function
of related bacteria in improving the quality of compost.
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Benefits of the Vermicomposting

Importance of the vermicompost as a plant growth promoter

Excessive chemical fertilizer usage has harmed soil properties. Organic fertilizer, rich in plant
growth-promoting Rhizobacteria (PGPR), was examined alongside worm manure and humic
acid effects on basil. Worm manure + PGPR significantly affected height, chlorophyll a, shoot
dry weight, shoot wet weight, and essence yield, according to the results, which also showed
substantial effects on plant growth. The study applied PGPR via inoculation/non-inoculation,
vermicompost through application/non-application, and humic acid via non-application,
seed treatment, and foliar application, revealing their combined influence on basil's growth
and flavor [47]. On the other hand, when worm manure rich in humic acid was used for plant
growth, the density and variety of bacteria and fungi increased. The synergistic role of humic
acid-rich vermicompost, Rhizobium, and arbuscular mycorrhizal fungi resulted in an increase
in total height, fresh weight, and dry weight when compared to chemical fertilizers and control.
This enhanced soil enrichment, boosted microbial diversity, and stimulated soil enzyme activity
[48]. Furthermore, the usage of chemical fertilizers had detrimental effects on the environment,
crop yield, and soil. Organic fertilizer amendment, on the other hand, provides a sustainable
method of plant nutrition by enhancing soil fertility and health. The study's main conclusions
centered on vermicompost's ability to boost crop yield and guard against biotic stressors like
disease and pest assault as well as abiotic stressors like soil salinity and drought [49].

Importance of the vermicompost against phytopathogens and pathogen suppression

Compost and worm manure can provide sustainable sources of nutrients and microbial
communities. Through biotic and abiotic variables, these sources can reduce plant illnesses,
increase the availability of nutrients in the soil, and encourage plant growth [50]. Moreover,
the study tested 16 treatments for mixed organic waste to determine if biochar and microalgal
biomass could make vegetable seeds more resistant to phytopathogens. The EF, 6% biochar,
and Navicula biomass were the most effective treatments, resulting in mature organic fertilizer
with a pH of 7, a cation exchange capacity of 70 cmol kg1, and a C: N ratio of 9.5. This product
was tested on three vegetable species and found to boost disease resistance in seeds, promote
plant growth, reduce the incidence of disease, and increase plant resilience. This treatment
also effectively reduced phytopathogens in the worm manure [51]. Decomposing bacteria,
vermicompost, and vermiwash work together to combat fungal infections. Worm manure's
antifungal properties might stem from bioactive substances found in mucus, skin secretions,
and coelomic fluid from earthworms, and metabolites produced by microorganisms that break down
organic manure. The coelomic fluid of earthworms, which is naturally protective, inhibits several
fungal pathogens. Bacillus subtilis in vermicompost produces significant antifungal chemicals,
potentially helping plants to resist fungal infections [52]. In short, Arugula vermicompost is an
effective way to suppress Meloidogyne javanica and reduce its damage to crops. The fertilizer
contains a chitinolytic and PGPR detoxification system, making it an environmentally friendly
method of controlling root-knot nematodes [53].

118 N24(149)/ 2024 A.H. I'ymures amvindazor Eypasua yammuix ynueepcumeminity XABAPIIBICHI.
Bbuoroeusrvix eviavimoap cepusict
ISSN: 2616-7034. eISSN: 2663-130X



The Microbiological Aspects of Vermicomposting Organic Waste

Vermicompost's contribution to soil fertility

By increasing important parameters including pH, soil aeration, organic carbon content,
and bulk density, organic fertilizers can improve soil quality and promote plant growth. Humic
acids, plant growth hormones, and vital minerals like calcium, magnesium, phosphorus,
nitrogen, and potassium are all present in it [54]. Earthworms, prevalent in soil, form tubular
pathways or caves as they move, enhancing soil porosity by allowing more air and water
entry. By lowering bulk density, this enhanced porosity, promotes root development. Rich in
Mg and NPK, vermicasts improve soil fertility. Worm castings contain microorganisms whose
numbers rise as organic waste breaks down in their gut, promoting nutrient recirculation
and microbe growth, facilitating plant growth [55]. Moreover applying these fertilizers as
organic amendments improved soil nutritional status, increased cation exchange capacity,
microbial activities, microbial biomass carbon and enzymatic activities [56]. Finally, animal
waste contains nutrients that can be used to make fertilizers that are rich in nutrients. These
fertilizers have an impact on the electrical conductivity, and pH of the soil, as well as plant
development when applied to crops. By enhancing the soil's capacity to retain water, drain,
and allow air to flow through, organic fertilizer helps to improve the soil. This results in better
conditions for plant growth [57].

Conclusions

Vermicomposting, which involves the use of earthworms, bacteria, archaea, and fungi, is an
exceptional solution for managing organic waste. This process not only promotes environmental
benefits but also provides an effective way to recycle nutrients. When it comes to vermicomposting,
two earthworm species, Eisenia fetida and Eisenia andrei, are widely preferred due to their ability to
produce essential bio-nutrients. In fact, over 50% of trials rely on these species for their remarkable
nutrient production capabilities. Recent studies have delved into the bacterial community found in
worm castings and earthworms, using both molecular and culture-dependent methods. These studies
have revealed the presence of various beneficial bacteria, including rhizobacteria that promote plant
growth, phosphate solubilizers, vermi bacteria, and nitrogen-fixing bacteria such as Azotobacter. These
bacteria play a crucial role in enhancing the quality of vermicompost. One of the key advantages
of vermicompost is that it makes essential elements like nitrogen, phosphorus, and potassium
more readily available to plants. This availability of vital nutrients ensures that plants receive
the nourishment they need for strong and healthy growth. Consequently, vermicompost offers
growers and farmers a highly efficient means of producing the highest quality fertilizer, leading
to robust crop yields.
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U. Xan, A. KypoBckuii, A. ba6enko, E. KopaneBckas
Tomck memaekemmik ynugepcumemi, Tomck, Peceli

OpraHuKaJbIK KaJAbIKTapAbl BEpPMUKOMIIOCTTAYAbIH MUKPOGHOJIOTUAJIBIK, ACTIEKTiIepi

Anpgarna. Tabury KaaAblKTapAbl KOPEKTiK 3aTTapfa 6ail BepMUKOMIOCTKA allHaJI/JbIpy BepMU-
KOMIIOCTTAy Jiell aTajJaTblH 3KOJIOTHUAJBIK Ta3a >KoHe TYpPaKThl 9ZiCIeH »y3ere acolpbliafbl. byn
NpollecKe, MbICaJibl, TaMaK, CyOCTPAThIHbIH, TYPi, TeceMe MaTepuasbl, pH, TeMepaTypa, bIIFaNAbLIbIK
’)KOHE KOpLIaFaH OpTaHbIH aspanus Jdpexeci CUAKTbl abHOTHKaJbIK ¢akTopJsap acep eTepi.
BepMUKOMIIOCTUHITE LIellylli peJifi xkayblH KYpTTaphl aTKapazbl, oJap 6ackajapMeH KaTap apTypJi
MUKPOOPTaHU3M/IEPAiH eMip cypyiHe KaFgal »kacadnbl. KayblH KypTTapbl MeH 6aKTepusJap
apacblH/aFbl CUHEPreTHUKa/bIK KaTblHAcTap epekile MaHbI3Abl. bByna Eisenia fetida Typiaepine ne
KaTbICTbl, OJ1 dJIeMJEeri apTypJi OpraHUKa/blK KaJAblKTapAbl MbICajbl, 6CIM/IK >KalblpaFbIHbIH
KOKBIChBI, KEMiCTep MeH KOKOHICTepJiH Ka/JJbIKTaphbl, >XKaHyapJapAblH K6Hi, TYPMBICTBIK KaTThI
KaJIAbIKTAp KoHe T.0. eHJey YIUiH eH Kol KoJsjaHbLiaabl. TyTactaidh aiafaHza, Oy LIOJY 9pPTYpJi
COUKeCTeHJIpy oAiCTepiHiH, COHBIH IlIiHJAEe MOJIEKYJaJIblK-TEHETUKAJDBIK XK9He CeJIeKTUBTI opTa
dJliciHIH, apTypJsi GaKTepuUsIapAblH >KayblH KYpPTTAapbIMEH 9HE OpraHUKaJblK CyOCTpaTTapMeH
GallIaHbICBIH KepceTeTiHiH kepceTTi. Kasmbl, 6y 1101y 9PTYpPJli COMKeCcTeH/ipy d/licTepiHiH, COHbIH
imiHge MoJieKy/a/blK-TeHETUKAJbIK »K9HEe CeJIEKTHBTI OpTa 9/iCiHiH opTypJ/i OaKTepusiapblH
’KayblH KYpPTTapbIMEH XOHE OpPraHUKaJ/bIK CyOCTpaTTapMeH Oal/laHBICBIH KOpCeTeTiHiH KepceTTi.
Baktepusijap/iblH, 6y TONTapblHA MNpPOTe06aKTepusap, aKTHHOOGAKTepusap, (GUPMUKYyTTap,
GaKkTepouATap, IJIAHKTOMUIIETTEDP, a30TThl OeKiTeTiH 6GakTepusjap *XoHe aMMOHUQUKaATOpJap
»kaTazabl. OpraHUKasIblK TBIHAUTKBIIITApPAA 9/€eTTe ocCiMIiKTep.iH ecyiHe biKmaj eTeTiH (PGPR)
pu3ob6akTepHUsIap, CyocTpaTTapia eCiMIiKTep/liH 6Cy TOPMOH/AAPHI, a30TThl OeKiTeTiH 6akTepusaaap

124 N24(149)/ 2024 A.H. I'ymures amvindazor Eypasua yammuix ynueepcumeminity XABAPIIBICHI.
Bbuoroeusrvix eviavimoap cepusict
ISSN: 2616-7034. eISSN: 2663-130X



The Microbiological Aspects of Vermicomposting Organic Waste

*K9He eCiMJIIKTep/liH AYPbIC 6CYi MEH JaMyhl YIIiH KaxkeT a30T, pocdop KoHe KaJuil CUSAKTbI KOPEKTIK
3aTTap 6osaabl. by yisieciMm eciMaikTepIiH 6Cyi MeH JJaMybIH bIHTAJIAHAbIPYAa eTe THiMAi. Ocbliakina,
PGPR xaHe Azotobacter cUsIKTbl a30TThbl GEKITETIH GaKTepUsIAPAbIH OpPraHUKAJbIK ThIHAUTKbIIITAP
eHJipiciHe KOCKaH yJieci TypakThl aybLIllapyallblIbIK ToXKipubesiepi yuiiH 6Te MaHbI3bI.
BepMHUKOMIIOCT ThIHAWTKBIII PETiHAE TONBIPAKTBIH, KYHApJBUIBIFBIH XaKcapTaZbl, COHBIMEH KaTap
duTonaToreHaep/i Texxei1i, HOTHXKeCiHAe 6CiMAIKTep/IiH cay ecyiHe bIKIaJ eTe/li.

Tyiin ce3gep: BepMHKOMIIOCT, KayblH KYpPTTaphbl, OaKTepUsijap, OPTaHUKAJbIK KaJJbIKTap,
OpraHUKaJIbIK, ThIHAUTKBILI, a30TThI OEKITETIH 6aKTepuUsIap

U. Xan, A. KypoBckuii, A. ba6enko, E. KopaneBckas
Tomckuli 2ocydapcmeeHHhblii yHusepcumem, Tomck, Poccusi

Ml/leOGI/IOJIOI‘l/l‘-IECKI/Ie ACIIE€KTbl BEpMHUKOMIIOCTUPOBAHUA OPraHu4e€CKHUX OTX040B

AHHoTanuA. [Ipeo6pasoBaHre NPUPOAHBIX OTXOZOB B G0OraThlii NMUTATeJbHbBIMU BeleCTBAMH
BEPMUKOMIIOCT OCYILECTBJISIETCS IKOJOTUYECKH 6€30NacHbIM U YCTOMYMBBIM METOZ0M, U3BECTHBIM
KaK BepMUKOMIOCTHpoBaHHe. Ha JaHHBIA npolecc BAUAIOT abuoTuyeckue GpakTopbl, TakHe, Kak
BHU/Jl MHUIIEeBOro cy6cTpaTa, BUJ 6a3oBoro cy6crparta, pH, TeMnepaTypa, BJaXHOCTh U CTeleHb
aspauuu cpepl. KitoyeByo posib B BEpMUKOMIIOCTUPOBAHUHM UTPAIOT A0X/EeBble YePBU, KOTOpbIe
TaKXXe CO3JAIT YCJA0BUS [AJIsSI XKU3HEAESTEJbHOCTH PAa3JUYHbIX MHUKpPOOpPraHusaMoB. OcobGeHHO
Ba)XHOe 3HAaueHUe MNPHUHAJJIEXUT CUHEePruyecKHM OTHOLIEHUSIM MEXAY A0XJEeBbIMU YepBSIMHU
U 6akTepusM. ITO cnpaBeAJIMBO U B OTHOIIeHUHU BUAa Eisenia fetida, KOTOpbIN SIBJsIETCS CaMbIM
IIMPOKO HCIMOJIb3yEMBIM B MHUpe [Jisl NepepaboTKHU pas3jMYHbIX OPraHUYEeCKHUX OTXO/0B, TAKHUX,
KaK 0oMaJ M3 JIUCTbeB pacTeHUH, 0TX0Abl GPYKTOB U OBOLIEN, HABO3 }XKUBOTHBIX, TBEP/ble ObITOBbIE
oTXoJbl U T.J. B LlesloM AaHHBIA 0630p HOKasas, YTO MHOXKECTBO METOJO0B HAeHTHUKALUH, B
TOM YHCJI€e MOJIEKYISIPHO-TEHETUYECKUH U MeTOJ[ CeJeKTUBHBIX Cpesi, AEMOHCTPUPYIOT CBSI3b
pa3JIMYHbIX GaKTepUH C JOK/AEeBbIMU YEPBSIMU M OpraHUYecKUMHU cybcTpaTamMu. K aTuM rpynnam
b6akTepuil oTHocsATc Proteobacteria, Actinobacteria, Firmicutes, Bacteroidetes, Planctomycetes,
azoTdukcupylouie 6akTepud W aMMOHUGUKATOpPbl. B opraHuyeckux yJo0O6peHUsIX OOBIYHO
NPUCYTCTBYIOT PH3006aKTepUH, crnocobecrBywonide pocty pactreHuid (PGPR), cy6GcrpaThl Takke
coZiepKaT TOPMOHBI pPOCTa pacTeHUH, a30TPUKCcUpyOLMe GAKTEpPUM U NMUTATesbHble BellecTBa,
Takue, Kak a3oT, pochop 1 Kainui, He06X0AUMBbIE [IJisl MPABUJIBHOTO POCTA U pa3BUTHUS PAaCTeHUM. ITO
coyeTaHUe ABJsAEeTCs 04eHb 3G PEKTUBHBIM B CTUMYJIMPOBAHUHN POCTA U pa3BUTHUSA pacTeHUH. Takum
o6pasoM, Bkaaj PGPR u asoTdukcupywomux 6akTepuid, Takux, Kak Azotobacter, B IpoHU3BOJACTBO
OpraHUYecKUX y00peHU MMeeT BaXKHOE 3HAYEeHUeE [JIJIs1 YCTOMUYUBBIX METOJ0B BeJI€HUsI CEJTbCKOTO
x03s1iicTBa. BepMuKkoMnocT kak 6MoyAo6peHue yaydilaeT IJ0A0POAUE NMOYBbL, @ TaKXKe M0JaBJseT
duTOMaTOreHbl, B KOHEYHOM UTOTE CIOCOGCTBYS 3/l0pOBOMY POCTY pacTEeHUH.

KioueBble €/10Ba: BEpMUKOMIIOCT, Jl0’K/leBble YepBH, GaKTEepUH, OpraHUYecKHe OTXO/bl. OpraHu-
Yyeckoe y06peHue, a30TGUKCUPYIOIMe GaKTepUr
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