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ABSTRACT

In Nigeria favourable climatic and ecological features exist at the same time potentially resourceful efficient and
versatile earthworm species are much present in soil environment. These earthworms are capable to address the
food security, soil and environmental bioremediation and sustainable soil productivity. Often time these
organisms are being destroyed by deleterious cultural practices, use of chemical fertilizers and pesticides leading
to their going extinct faster than desired. Through their burrowing activities in conjunction with vermicompost
production, soil material mixing, and distribution activities contribute immensely to enhance soil biological and
physiochemical properties. Earthworms being omnivorous decomposes organic wastes faster than merely
microbial decomposers and turn the wastes into excellent vermicompost product that is marketable.
Vermicompost contains plant nutrients and beneficial microbes that can promote plant growth, reduce the
incidence of pathogens, nematodes and other pests as it promotes the synthesis of anthocyanin and flavonoids
that act as deterrent to diseases and pests. Thereby increase the growth of healthy plants and yield. The recovery
of plant nutrients by modification of wastes that are bound in Nigeria in their different kinds and quantity and
threat to soil-air-water quality is very much important for their management and environmental health. There is
need to evolve adequate and appropriate research strategies to develop useful biotechnology to harness these
renewable agricultural resources using earthworm potentials to address Nigerian food security and
environmental degradation. This paper therefore highlights some resourceful features and practical utilization of
earthworms in agricultural productions and environmental management.
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INTRODUCTION

Environmental degradation as witness today is a monumental threat to human existence, sustainable
development, ecosystem sustainability, agricultural production etc. Increase in population and man’s activities
that include but not limited to mining, technology, construction, deforestation etc. contributes immensely to the
environmental deterioration through the depletion of fossil fuels, contamination of water resources and carbon
iv oxide (CO.) generation. The traditional way of rejuvenating the degraded soil especially with regard to crop
production, which is fallowing with vegetation have practically disappeared (except for academic purposes) due
to population increase whereby most of the arable lands are used for residential buildings and establishment of
desired project for the community and government. Vegetation rejuvenate the fertility of the degraded soil,
because plant nutrients depleted during cropping and harvest season are replenished with those from fallow
plants as well as increase the organic matter (OM) content of the soil. Intensive agricultural production in an
effort to checkmate population increase through food security has led to the rampant use of chemicals (inorganic
fertilizers, pesticides, herbicides etc.).The chemicals though increased the yield of crops (Nweke et al., 2013;
Okoli and Nweke, 2015; Nweke and Nsoanya, 2015) but to the expense of environmental degradation and
ecosystem imbalance. Their use in agricultural soils have led to decline in soil productivity due to imbalanced
use of the chemicals which adversely affected crop productivity and cause environmental degradation. Long
term and high dose application of some of these agrochemicals cause soil acidification and salinity. And these
are one of the major abiotic stresses that limit agricultural production. Agrochemicals pollute underground water,
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decrease the aggregate sizes of the soil and their stability, dispersion ratio, soil respiration, earthworm population
and other soil inhabitants etc. (Obi and Ebo, 1995; Haynes and Naidu (1998); Okigbo, 2000; Whalen and Chang,
2002; Sridhar and Adeoye, 2003). Therefore, overcoming the stress problems would have a positive impact in
crop production. Environmental degradation due to the use of these chemicals in crop production activities has
created greater interest in the search for alternative that will reverse the decreasing trend in the productivity and
environmental harmony. This however, can only be achieved through the adoption of sound ecological and
sustainable crop production practices. Nigerian soils and southeastern soils in particular are deficient practically
in all necessary plant nutrients, but large quantities of these nutrients are contained in agricultural wastes,
domestic wastes, industrial wastes and their byproducts that are wasted virtually on daily basis. In rural areas
and urban cities millions of organic wastes are generated which either burnt or land filled. And when these
wastes are dumped in large heaps air penetration to enable degradation becomes impossible leading to the
production of methane gas and greenhouse gas of which are harmful to the environment. These harmful gases
are noted in the studies of Zirbes et al. (2011) to have devastating effect on earth’s atmosphere. The waste
generation in Nigeria has increased with increase in population and urbanization. In some cases, these wastes
are indiscriminately disposed and this worsen the serenity of the cities in Nigeria. The generated wastes in some
cases are beyond the capacity of the city authorities to handle in order to maintain a clean and sustainable
environment. This constitute environmental hazards, lost in economic value and increase in amount needed in
disposing off the wastes.

In nature soil organism like earthworm have been found creditable to have the ability to convert the organic
wastes into safe, useful and valuable product containing plant nutrients and very rich organic matter (OM)
necessary for soil fertility and productivity. Earthworms are important soil organism in nature that help to
maintain the flow of soil nutrients from one system to another. Hence their use in waste management can be an
established procedure for the collection, transportation and disposal of waste products which is economically
feasible, environmentally viable as it will reduce environmental degradation. The fact that earthworm population
in uncultivated soil is higher about 8-10 times relative to the cultivated soil (Navellema et al., 2004), plenty in
grassland than arable land, indicates that earthworm population decreases with soil degradation. Hence the
organism can be used as a sensitive indicator of soil degradation. However, the population of earthworm do not
decrease by the impact of tillage operations but rather decreased from the organic matter reduction in the soil.
Studies have shown that row cropping reduce the number of earthworms but inclusion of field crops or grass in
rotation and intercropping tend to increase earthworm population (Ramsay and Hills, 2000; Tian et al., 2000).
Earthworms are however, sensitive to a lot of factors such as feed composition, soil characteristics, climatic
conditions, cultural practices, cropping pattern, chemicals etc. These factors modify their activities,
multiplication, number in soil, feeding etc. Therefore, a simple biotechnological process which could provide
adequate safe disposal of waste and needed plant nutrients for sustainable soil productivity and environmental
harmony is described (Mba, 1983, 1996, Nweke, 2013, Nweke, et al., 2020ab). Food security and civilization
ultimately depends on the adequate maintenance of a fertile top soil. Therefore, it is in our best interest to
encourage earthworms in their organic waste management and soil building activities.

MATERIALS AND METHODS

The present work employed a comprehensive literature review methodology to achieve its aim and objectives.
According to Cronin et al. (2008) literature review is a systematic and critical analysis of existing scholarly
publications, reports, and data relevant to a specific topic. It serves to synthesize existing knowledge, identify
research gaps, and provide a foundation for further investigation. A narrative literature review approach was
adopted, allowing for a broad and in-depth exploration of the earthworm ecology. This approach according to
Paré and Kitsiou, (2017) is suitable when the aim is to provide a comprehensive overview and critical analysis
of a complex topic, drawing on diverse sources of information. The narrative approach facilitated a holistic
understanding of the issue, encompassing underlying, challenges, causes, and potential interventions. Thus, the
review relied mainly on peer-reviewed journal articles published in reputable academic databases, Wikipedia,
national research reports, science direct, research gate and google scholar, earthworm encyclopedia, earthworm
information (UC Davis). Peer-reviewed articles were however, prioritized as they represent rigorous research
that has undergone scrutiny by experts in the field, ensuring the quality and reliability of the information as noted
by Smith, (2017). Other sources include student dissertations, seminars and personal experience in teaching and
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research in the area that span over 15 years and still counting. The inclusion of diverse sources is aimed to create
a balanced and comprehensive picture, avoiding over-reliance on any single type of source. All were reviewed,
discussed and conclusion drawn from the results.

Earthworms: Biology, Ecology, classification and community

Earthworms are invertebrates and the most important soil organisms with regards to their influence in organic
matter degradation, nutrient recycling and soil development. They are like nature tiller or soil mixer as they
incorporate plant litters into the soil, ingest it and excrete the nutrient rich cast on the soil. Aristotle the 4™ century
BC recognize their activities in soil and called them intestine of earth probable due to their appearance and
burrowing nature. Charles Darwin, the 19" century biologist also studied their influence on the ability to degrade
wide variety of plant litter. Earthworm is the largest member of Oligochaete in the phylum Annalide of class
clitella and order of Haplotaxida and sub-order of Lumbricina. Over 4200 species of Oligochaete are known in
the world. Oligochaete meaning the worms has hooks like chetae for gaining hold on to the substrate hence
called Oiligochetae, Oligo means few and chetae mean hair. Of these number about 3600 belong to megadrilis
(earthworm or big worm) though, it is estimated that the global total may be twice that number while about 280
are Microdrilis (small worms). Though most commonly seen earthworms are lumbricids. There are several other
families such as Haplotaxidae, Sparganophilidae, Megascolecidae, Glossoscolecidae, Monilgastridae,
Octochaetidae, Ocenerodrilidae and others. About 2/5 of oligochaete families comprise aquatic or semi-aquatic
worms and the remaining families comprise mostly or exclusively terrestrial earthworms. These families are
often very much different from the lumbricids in physiology, habitat and behavioral activities (Edwards and
Lofty, 1972; Martin, 1976; Darwin and Seward, 1903; Reynold, 1994; Bohlen, 2002; Ratty, 2004; Ratty and
Hutha, 2004; Munnoli et al., 2010).

The known and seen earthworms across the globe are grouped into two, burrow and non-burrow types. The
burrowing type live deep in the soil, they are pale, about 20-30cm long and live less than 15years. They can only
come to the soil surface at night, make 3.5m depth tunnel in the soil and ingest about 90% soil and 10% litter
waste and produce about 5.6kg cast. Examples include, pheretima elongata, pheretima asiatica, pontoscolex
corathrurus etc. The non-burrowing types such as Eudrilus eugenae, Eisenia fetida live in the A-horizon upper
layer of the soil surface. They are red or purple (color found in Nigeria) in color, 10-15cm long and 28 months
life span. The non-burrowing earthworms eat mostly litter materials and about 10 % soil. Hence, they convert
organic waste into valuable product-vermicompost faster than the burrowing earthworms. They can tolerate
temperature ranging from 0-40°C, but the regeneration capacity is more at 25-30°C and moisture level of 40-
45% in the pile. Generally, regardless of type and size earthworm can survive temperatures as low as at 50°F
(10°C) but feed most rapidly and efficiently at temperatures 15 — 25°C (59 -77°F). The scenario simply suggests
that adaptability to temperature varies with earthworm species especially with regards to their vermicomposting
activities. Perionyx excavatus (blue worm) are found adaptable and suitable to warmer climates while the red
worms are suitable in all but tropical climates. Hence it is necessary to monitor the temperature of earthworm
decomposing compost in the worm bin to avoid killing the earthworms. Thus, weekly turning of the compost is
important to checkmate the exorbitant rise in the temperature. Earthworms vary greatly in size, but not in shape
some are less than 20mm long, while some endemic geophagous like Drawida nilamburensis and D. grandis
may reach up to 1m in length. Megascolides australis species in Australia attain a length of over 4m, while
species like Microchaetus microchaetus can reach up to 7m in length. In pedo-ecosystem, earthworm show
species-specific distribution, hence its presence in a particular habitat and its absence in another habitat. The
source applies to its composition in variety of soils that range from grassland, plantation, forest, uncultivated to
cultivated soils. Thus, species that are good for one location may not be good for another location, because
species are only reliable when they are compatible with the species food. This is however true for burrowing
earthworms as they require much time to acclimatize with their new environment (Raw, 1962; Appelhof, 1997;
Loren and Taylor, 1998; Bohlen, 2002; Nagavellema et al., 2004; Wikipedia; earthworm on encyclopedia.com).

On the basis of physiological, morphological and behavioral adaptation to enable them partition available
materials in the soil, earthworm can be grouped or classified into epigeic, aneceic and endogeic earthworms.
Epigeic earthworms are small to medium size, uniformly and heavily pigmented, short life cycle, high
reproduction rate and regeneration. They thrive on the upper soil surface within the litter layer, feeds on the
surface layer and mineralize them. They are phytophagous and not often ingest soil. They contain gizzard that
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Is very active in litter degradation, which aids in rapid conversion of the litter into vermicompost. Epigeic
earthworms are efficient bio-degraders and nutrient releaser, tolerant to soil disturbances, helps in OM
comminution and litter decompositions. Thus, they can be efficiently used for vermicomposting. Epigeic
earthworms includes, Eisenia fetida, Eudrilus eugenae (indigenous to Nigerian soils), lumbricus rubellus,
lumbricus, festivus, Eisenilla tetraedra, Binastus minusulus, Dendro drilus rubidus etc. Aneceic earthworms are
dorsally pigmented and larger with low reproductive rate and very sensitive to soil disturbance. They are
nocturnal organism, phytogeophagous, feed on upper layer surface plant litter and soil, forms muck hill and live
in extensive deep vertical permanent burrows. The formation of vertical burrows influence air- water relationship
and their movement from deep soil layers to surface layer aid in efficient mixing of nutrients. Examples includes;
Lumbricus terrestris, Lumbricus polyphemis, Aporrectodea longa, Lampito mauritii etc. (Edward and Loft,
1972; Bouche, 1977; Lee 1985; Edwards and Bohlen, 1996; Edwards, 2014; Wikipedia).

The aneceic and epigeic earthworms are mostly harnessed for converting organic waste into vermicompost.
These organisms being surface dwellers are of no significant value in modifying the soil structure even though
they are capable of working on litter layer converting them into valuable product. However, there are some
species within the aneceic group (Lampito mauritii) that are capable of creating an effective drilosphere that is
soil volume of microflora and fauna influenced by earthworm and at the same time excellent compost producer.
Endogeic species earthworms are soil feeders, small to large size worms. They are less pigmented,; life cycle is
of medium duration and form extensive horizontal burrows. They are moderately tolerant to soil disturbance,
geophagous feeding on a particular plant litter and soil. Because they feed mainly on soil, they bring about
remarkable changes in soil characteristic especially physical structure. Thus, endogeic earthworms can
effectively utilize energy from poor soil for soil improvement. Examples include; Pontoscolox corethrurus,
(some of the species are indigenous to Nigeria soil) Alltobophora chlorotica, Millosnia anomalia, Octolasia
cyaneums etc. Endogeic earthworms are further classified into polyhumic, which are medium size earthworms
that are rich soil feeding, dwelling on the top soil. Mesohumic type are medium size earthworms that dwell in A
and B horizon of soil. They feed on bulk soil. Oligohumic are those earthworms that dwell in B and C horizon
feeding on poor deep soil. They are very large worms. In summary the endogeic worms are respectively
separated by descending importance of litter rich mineral soil in their diet and increasing body size. Earthworm
species however, do not always fall clearly into these three main categories (Epigeic, Aneceic and Endogeic)
and may even exhibit traits of different group at different life stages or under different ecological conditions
(Edwards and Lofty, 1972; Hartenstein et al., 1979; Brown, 1995; Bhatnayar and Palta, 1996; Kooch and
Jalilvand, 2008; Suther and Singh, 2008; Pathma and Sakthivel, 2012).

Table 1. Ecological categories and characteristic features of earthworms

Ecological Habitat | Characteristic | Diet Rate of Efficiency Species Attribute in Ecological
category features (food) reproduction | in bio- waste adaptation/
/cocoon degradation management management
production
Epigeic Leaf Very active in | Mainly | High Very active | Eisenia fetida, | Efficient bio- Phytophagous,
litter; litter layers; Litter reproductive | due to active | Eudrilus degraders and High regeneration
compost | non- and rate and gizzard eugenae; nutrient releaser; | rate, tolerance to
 A- burrowing, very cocoon Lumbricus OM communion; | soil disturbance
horizon | small -large small production rubellus; litter
upper size; short life | amount Eisenilla decomposition;
soil cycle; body of sail tetraedra; Very effective
layer uniformly Binastus for
dwellers | pigmented minusculus; vermicomposting
Dendrodrilus; | /compost
rubidus, D. production
veneta; B.
eiseni etc.
Endogeic A-B-C | Small -large majorly | Moderately | Not active Aporrectodea Efficient in Geophagous;
horizon | size; medium | soil high calignosa; A. some species that | moderately
(groups; soil life cycle; feeder reproductive rosea, are A-horizon tolerance to soil
polyhumic; layer less rate and Octolasion upper soil disturbance;
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mesohumic; | dwellers | pigmented; cocoon Cyaneum; dwellers but not | nocturnal; low
oligohumic) | (base on | construct production Allolobophora | effective in B-C | regeneration rate
group) extensive chlorotica; horizon soil layer | in some species
horizontal Pontoscolex dwellers this (deep soil
burrows lined corethrurus; group cannot be | dwellers)
with mucus Millsonia used for waste
and excretory anomala; etc. management but
materials efficient in
mixing of soil
nutrient being
deep soil layer
feeder; bring in
positive changes
in soil physical
structure, and
can be used in
soil management
program
Aneceic Surface | Dorsally majorly | Low good in Lumbricus good in waste Phytogeophagous
and pigmented; soil reproductive | wastes terrestris; L. management (A-horizon
deeper Large size feeder rate/cocoon | recycling Polyphemus; (soil surface dwellers) and
soil worm; and less | production Aporrectodea dwellers); form geophagous (deep
dwellers | construct litter longa; Lampito | muck hill; soil dwellers)
extensive material mauritii; efficient mixing | nocturnal; very
vertical and Perionyx of soil nutrient sensitive to soil
permanent excavates; and can be used disturbance, high
deep burrows Pheretima in soil regeneration rate
lined with elongate; management in some species
mucus and Megascolex program
excretory megascolex
materials etc.

Naturally, earthworms act like bio reactors, altering the nature of the organic waste by fragmenting them. Soil
type, topography and vegetation however, determine the relative abundance and species composition of
earthworm communities. It is equally influenced by land use history and earthworm biogeography. The majority
of animal biomass in soil in any productive system are accounted by earthworm ranging from tropical pastures,
savanna, rain forest to temperate, grassland, pastures and forest and many tropical and temperate
agroecosystems. Earthworms generally do not thrive in deserts, arid grassland or in extreme alpine or boreal
habitat. They are often not present in strongly acidic forest soils with poor litter quality. A worldwide survey of
earthworms in tropical regions reported that a total of 51 exotics and 151 native species commonly occur in
tropical agroecosystem while lumbricid earthworms of European origin dominate many North American
agroecosystems of which approximately 100 nature earthworm species have been described and at least 45 exotic
species have been introduced (Muys, and Lust,1992; Rahmani,1998; Fragoso, et al., 1999, Schell, et al., 2002;
Scheu, et al., 2003; Six, et al., 2004). Earthworms are commonly seen in large numbers on soil surface after
heavy down pour (rainfall) which flood soil, despite needing a moist environment to allow the diffusion of gases
across their skin membrane. The soil become saturated (water logged) leading to insufficient oxygen for the
worms. Hence the earthworms come to the surface to get the O required and breathe more easily. Some species
of earthworm (Lumbricus terrestris) come to the surface during rainfall to mate. This however is limited to few
species. To protect themselves from drowning, they escape to the surface, but if the soil is unnaturally hard
(impermeable surface) they may later become stranded and die from exposure. This is why they are seen in
places like foot parts, drive ways, un-cemented residential compounds etc. after rain storms. However, certain
species of earthworm can thrive and survive immersion for several days in oxygenated water. Another reason is
that the earthworms may be using the moist condition on the surface to travel more quickly than they could do
underground hence colonizing new areas quickly. Since the relatively humidity is higher during and after rain
storm, they do not become dehydrated. Nevertheless, this activity may be dangerous in the day time since
earthworms die quickly when exposed to direct sunlight with its strong ultra-violet and content. They can also
be vulnerable to fowl and birds. Another hypothesis is that there are many other soil inhabitants and their
respiration increases CO- content, this gas dissolve in the rain water to form carbonic acid. As the soil becomes
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too acid for the earthworms, they seek a more natural environment on the soil surface. Earthworms move beneath
the soil by means of waves of muscular contractions which alternately shorten and lengthen the body. The
shortened part is anchored to the surrounding soil by tiny setae (claw like bristle) set along its segmented length.
In all the body segments except the first, last and clitellum, there is a ring of S-shaped embedded in the epidermal
pit of each segment (perichaetine). The whole burrowing process is aided by the secretion of lubricating mucus.
Earthworms can make gangling noises underground when disturbed as a result of the earthworm moving through
its lubricated channels. They also work as biological pistons forcing air through the tunnel as they move. Through
this activity, earthworm aerates and mixes the soil and is constructive to mineralization and nutrient up take by
plants. Further certain species of earthworm come to the soil surface to feed on the higher concentration of plant
litter present there, mixing it with mineral soil. Because a high level of OM mixing is associated with soil fertility,
an abundance of earthworm is beneficial to the organic farmer. In fact, it may be doubted whether there are many
other animals which have played so much important a part in the history of the world as have these lowly
organized creatures and about 10.6 tons/acre of materials are brought to the soil surface (Charles Darwin,1881;
Ramsay and Hills, 1978; Ammer et al., 2005; Hale et al., 2005; Saulter et al., 2006; Jimens et al., 2006;
Wikipedia).

Anatomy/Reproduction/Regeneration

Earthworms are long, narrow, cylindrical, bilateral symmetrical segmented soil dwelling invertebrates with a
glistening dark brown body covered with delicate cuticle. They are terrestrial annelids, members of the class
oligochaete because they crawl using longitudinal mucus which are located under the epidermis. Earthworm
have bilateral symmetry and corresponding external and internal segmentation. This simply means that if you
cut an earthworm you would find that one half is the mirror image of the other half. The first segment is
specifically named the peritonium contain the mouth. There is a small tongue-like lobe just above called the
prostonium. The prostoniun is for the earthworm to ‘see’ its surrounding. The prostonium and the skin aid the
earthworm to move through the soil. As it tunnels through the soil the mucus from the body react with the soil
of the tunnel and form a type of cement which makes the tunnel wall stable and the tunnel can be reused. They
have a thinly pigmented cuticle bearing setae (small bristle of the earthworm skin), on all segments except the
first two. The very last segment is called the periproct and anus. Except for the first and last segment all the other
segment has been located around each segment. Earthworms have a simple and closed circulatory system,
muscular, slimy moist outer body. The body plan is a tube and digestive system within a tube. Earthworms have
two main blood vessels that extend through the length of their body, a ventral blood vessel which leads the blood
to the posterior end and a dorsal blood vessel which lead to the anterior end. The dorsal vessel contractile and
pump blood forward, where it is pumped into the vessel by a series of heart (aortic arches) which vary in number
in different taxa. The blood distributes from the ventral vessel into the capillary on the body wall and other organ
and into a vascular sinus in the gut wall where gases and nutrients are exchanged. This arrangement may be
complicated in the various groups by sub oesophagal, supraoesophagus, parietal and neural vessels, but the basic
arrangement holds in all earthworms (Tian et al., 2000; Pathma and Sakthivel, 2012; Munnoli, 2010; Wikipedia)

All earthworms are hermaphrodite (contain both male and female organs), but cannot fertilize their own egg.
Their sex cell (gonads) are situated in specific segments which vary from among different taxa. They weigh
overl,400-1,500mg after 8-10weeks. Their body contain 65% protein, 70-80% high quality lysine rich protein
on a dry weight basis, 14% fats, 14% carbohydrate, and 3% ash. Depending on the species and ecological
situation, life span of earthworms can vary between 3-15years. The gut of earthworm is a straight tube starting
from mouth followed by a muscular pharynx, oesophagus, thin wall crop, muscular gizzard, fore gut, mid-gut,
hindgut, associated digestive glands and ending with anus. The gut consists of mucus containing protein and
polysaccharide, organic and mineral matter, amino acid, and microbial symbionts like bacteria, protozoa, and
micro-fungi. An increase in moisture, nitrogen and OC content in the earthworm gut provide the organism with
an optimum environment for the germination of endospores and activation of dominant and docile microbes.
Many digestive enzymes are noted from earthworm alimentary canal ranging from cellulase, amylase, lipase, to
protease, urase and chitinase. Some of these enzymes are made to be active by the domiciled in the worm gut.
Earthworms have two pairs of testes, surrounded by 2 pairs of testes sacs, there are 2 or 4 pairs of seminal
vesicles and male pores which produce, store and release the sperm and ovaries and ovipores in about segment
13 that release egg via female pores on segment 14. They also have one or more pairs of spermathecae

Page 2760
www.rsisinternational.org



http://www.rsisinternational.org/
https://rsisinternational.org/journals/ijrias
https://rsisinternational.org/journals/ijrias
http://www.rsisinternational.org/

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN APPLIED SCIENCE (I1JRIAS)
ISSN No. 2454-6194 | DOI: 10.51584/1JRIAS [Volume XI Issue VI June 2026

(depending on the species) that are internal sacs which receive and store sperm from the other earthworm in
copulation. Again, some species however, use external spermatophores for transfer instead (Hartenstein et al.,
1979; Munnoli et al., 2010; Pathma and Sakthivel, 2012; Wikipedia).

Copulation and reproduction are separate processes in earthworms. The mating pair overlap front ends ventrally
and each exchanges sperm with the other. At the sexually matured stage they develop a swollen area of the
epidermis called a clitellum. Thus, the clitellum is only seen in earthworms that are ready to reproduce. The
number of the segment clitellum begins and the number of segments that make up the earthworm is important
for identifying earthworms. The clitellum may be red, reddish-brown or pinkish in colour. However, earthworms
are ready to mate if the clitellum is orange colour. Most of the materials secreted to form earthworm is produce
within the clitellum glandular bond which is near the front of the earthworm, but behind the spermathecae. For
example, this region produces or secrets cocoon or egg sac in which one or more eggs are deposited and then
the cocoon is passed over the anterior segment and deposited in or on the soil. The young develop within the
cocoon and newly hatched earthworms resemble adults. The time of hatching and reproductive maturity varies
widely among different earthworm species and is influenced by diets and environmental factors. Some indefinite
time after copulation, long after the worms have separated, the clitellum secretes the cocoon which form a ring
around the worm. The earthworm then backs out of the ring and as it does so inject its own egg and the other
worm sperm into it. As the worm slips out, the end of the cocoon seal to form a vaguely lemon-shaped incubator
(cocoon) in which the embryonic worms develop. They emerge as small, but fully formed earthworms, except
for lacking the sexual structures, which develop later in about 8-12 weeks (about 2-3months) or more. They
attain full size in about one year, sometimes sooner. Several earthworm species are mostly parthenogenetic in
which case the male structures and spermathecae may become abnormal or missing (sexual reproduction
resulting in clones).

Earthworms have the ability to regenerate lost segments though this capacity varies between species and is
dependent on the extent of the damage. The regeneration ability of earthworms makes it possible that two whole
earthworms can be grown from bisected specimen in certain species. Temperature, moisture and food supply
helps in earthworm regeneration as they are major components of the earthworm habitats. Land under vegetation
improve earthworm habitat leading to potential increase in earthworm population because of high soil moisture
content, increase food supply and lower temperature. Vegetation have a different canopy structure, litter fall,
biomass partitioning and ground cover, thus they create different earthworm habitat that aid to different
restoration about the earthworm population. Materials with high decomposition rates are more palatable food
for earthworm that increase their regeneration rate and population growth. The high-quality organic residue
improves the earthworm population and invariably increase the degradation rate of the OM. Thus, there is
interactive effect of organic residue, decomposition rate and earthworm regeneration ability (Wikipedia;
earthworm on encyclopedia.com).

Uses of Earthworm

Earthworm apart from their use in producing bio-humus, bait, live food for rearing frog and fish, fish hatcheries,
zoos and biology class teachers, earthworm can be dried and grind into powder and use as food additive to
provide nutritional balance in animal and poultry feed production as well as in rabbitry feed production. The
powdery food additive some times are equally used in hamburger and other minced meat products. For the
pharmaceuticals, collagen can be extracted from the worm, antibiotics can also be produced from earthworm
body fluid made up of different nutrients and respiratory gases. For the medicinal purposes though in this area
their efficacy requires proper scientific study, they are used in the treatment of many illnesses like jaundice,
fever, rheumatism, bladder stones and impotency since ancient times in Asia, Latin and north America (Waldon
1978, Ramsay and Hills, 1978).

Earthworm multiplication and cast production
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Earthworms are the most numerous and major inhabitant of soil in productive ecosystem. Though they do not
live in isolation with other soil organisms but their influence in organic matter degradation, nutrient recycling,
water holding capacity and infiltration, modification of the soil structure and bio-physicochemical properties are
of paramount importance to soil dwellers and agriculture. They survive on a wide variety of temperature 13-
25°C and moist environment which should be as damp as a wrung-out sponge. While moisture is vital, so is
oxygen. earthworm body is photosensitive and therefore they require a dark environment. They prefer a slightly
acidic to neutral pH level for maximum activity. Earthworms are voracious feeder of different organic residues
that influence greatly their multiplication, population and growth. They feed on materials such as kitchen and
compound wastes, fruits wastes, crop wastes, vegetable wastes, urban wastes, animal wastes, industrial wastes,
grasses etc. They consume limited amount of citrus wastes due to limonene, a chemical compound found in
citrus toxic to the worms, hence it is best to avoid feeding them with the material. Earthworms have no teeth, so
any food they eat must be small enough to swallow or soft enough for them to bite, so in the case of grass diet,
it need to be chopped into pieces and fermented for some weeks before using it to feed the worms. Some foods
which may not soft enough initially for them to consume are quickly degrade so that the worm can consume
them. Oily food is not palatable to worm nor advisable to feed them with such, due to their potential odour on
degradation and pests problem attraction to the worms. In most sterile soil to avoid introduction of foreign
organism a grit in their bedding are required for them to pick up and use in gizzard to grind food. The most used
in earthworm bins is rock dust, oyster flour that is ground oyster shell. Not with standing their voracious feed on
wide variety of organic materials, earthworms utilize only a small portion of these organic waste for their
multiplication and growth and excrete a large portion of the waste consumed in a half-digested worm-casts.
Worm casts contain about 40% more humus than the top 6 inches of soil in which the worms live. An
investigation in USA showed that fresh earthworm cast is 5,7, and 11 times richer in N, PO4, and available K
respectively than the surrounding upper 6 inches of soil (Mollison (1988). And that by sliding in their tunnel’s
earthworms act as an innumerable army of pistons pumping air in and out of the soil on a 24 hours cycle, but
more rapidly at night. Thus, the earthworm not only create passages for air and water to traverse, but is itself a
vital component in the living biosystem that is healthy soil. Numerous organic residues have been evaluated for
reproduction and growth of earthworms these materials directly affect their efficiency in casts, multiplication
and vermicompost production. Zagore and Sidor (1999) evaluated and compared various non-standard feed
materials for the preparation of vermicompost. Their studies found out that the mixture of cotton waste with
cattle manure in the ratio of 1:5 was the best for earthworm growth and vermicompost production. The use of
grape cake alone increased earthworm weight slightly. Tobacco (Nicotiana tobacum) waste, used as feed
increased earthworm, but failed to reproduce, while a mixture of tobacco waste with rabbit manure in the ratio
of 1:5 was observed to be lethal to the worm. The suitability of olive cake, municipal bio-solid and cattle dung
as substrate were evaluated by Nogales et al. (1999). They reported in their study large weights of newly hatched
earthworms in substrate containing dry olive cake. In another study conducted by Manna et al. (1997), maize
straw was found to be the most suitable feed material for tropical epigeic earthworm multiplication and
vermicompost production relative to soybean (Glycine max) straw, wheat straw, chicken pea (Cicer arientinum)
straw and city refuse. In a multiplication trial conducted at the International Crop Research Institute for the Semi-
Arid Tropics (ICRISAT) with three different earthworm cultures (Eudrilus eugenae, Esenia fetida and Perionyx
excavatus) using wheat straw, chickpea straw, tree leaves, peltophorum spp and parthanium mixed with cow
dung as feed material showed desirable results. The study showed increased earthworm population and size
during incubation for 90days. In the same station the three types of earthworm multiplied 12-18 times relative
to initial population when grown individually using legume tree leaves and cow dung moistures as raw materials.
Further studies on earthworm multiplication conducted at ICRISAT using tree leaves and Glinicidia stem mixed
with cow dung as feed material showed that earthworm population decreased when grown in mixtures of
Glinicidia and cow dung (Nagavallemma et al., 2004). The result of their studies simple suggest that Glinicidia
is not a good feed material to use for multiplication of earthworms. The bark of Glinicidia is noted to possess
toxic properties as it is used as rat poisoning bait. In another study at ICRISAT, there was maximum increase in
earthworm population (570%) and weight (109%) when grown on a feed material containing tree leaves (3kg)
and cow dung (6kg), while mortality rate of earthworms (about 7-22%) was recorded by growing them in a feed
material containing soil (Nagavellemma, 2006). The summary of their studies is that Glinicidia and tobacco
leaves are not suitable for multiplication of earthworms. The alkaloids and other principal compounds present
in these leaves, perhaps may have affected the survival of the earthworms. Thus, indicating that leaves or plant
parts containing alkaloids may not be suitable feed materials for earthworm multiplication and reproduction.
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Findings from their studies equally indicated that mixing earthworm feed with rabbit manure and soil may not
be ideal.

Table 2. Consumptive rate of earthworm on substrate (food) devoid of soil

Earthworm specie Diet Consumptive rate mgg™ | Reference

Octolasion tyrtaecum Maize 8.8 Pandey et al. 2006
Grass 11.7
wheat 15.9

Eudrilus eugenae Onion waste 30-35 Mishra et al. 2009

Eisenia fetida Garlic waste 30-35

Pheretima elongata Potato peel 375-700 Munnoli, 1998

Eudrilus eugenae Potato peel 300-600

Eisenia fetida Potato peel 300-600

Eudrilus eugenae Cow dung 1000-2000 Munnoli, 2007

Eisenia fetida Cow dung 800-1650

Megascolex megascolex Cow dung 650-1300

Eudrilus eugenae Activated sludge with dead | 2000-5000 Jayshanka, 1994
leaves

Eisenia fetida Activated sludge 10-5000 Mitchell, 1978

2000-20,000 Hartenstein et al. 1979

In Peradeniya in Srilanka, Samaranyake and Wijekoon (2010) studied the multiplication of 3 epigeic
earthworms, Eudrilus eugenae, Eisenia fetida and Perionyx excavatus in 7 different media which are; cow dung,
vegetable refuse, straw, cow dung + vegetable refuse (1:1), cow dung + straw (1:1); vegetable refuse + straw
(1:1) and cow dung + vegetable refuse + straw (1:1:1 ratio). The result of their study showed significant different
in the multiplication rate of the earthworms, cocoon production and vermicompost. Though these parameters
were observed to be high only when cow dung was a component of culture medium inferring the important role
of cow dung in the diet of earthworms. Cow dung contain digestive cellulose and other organic matter and also
provide optimum pH conditions for earthworm activity. Epigeic earthworms generally feed on organic residue
that is nutritionally low, however, Arenda, et al. (1999), noted that partially activated cow dung contains high
nutrients and an optimum C/N ration of 30/1 conducive for earthworm growth. Pandey et al. (2006) studied
earthworm multiplication and cast on litter diet that consist of grass (Cynodon dactylon L), maize leaves (Zea
maize) and wheat (Triticum aestivum spear) leaves. These leaves when chopped into pieces about 1-2cm long
moistened and stored at room temperature in loosely sealed nylon bags and allow to decompose slightly till they
become visible brown with fungal colorization. Decomposition improve feed acceptability of earthworms. The
3 different media were used as substrate to Octonochaeta Tyrtaeum earthworm. Their result findings showed
significant increase in earthworm growth and cast production of which varies with the media. High food
consumption with wheat leaves than grass and maize leaves were observed. This translate to high cast
production, but not in growth and weight of earthworms, as maize which lower amount was ingested by the
worms showed a better growth rate in comparison to the other diets. In studies conducted in Nigeria by different
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researchers using different kinds of diets showed remarkable increase in earthworm production and
vermicompost. Mba, (1981,1996), studied cassava peel and guava leaves culture with or without animal manure
(cow dung) as feed diet for Eudrilus eugenae. The study showed increased earthworm population and humus
production (vermicompost). Nweke, (2013, 2017), Nweke and Nnabuife (2020) and Nweke, et al. (2016,
2020ab), found from their studies significant increase in earthworm multiplication, survival rate, growth length
and vermicompost production in the various kind of diet used in their studies. These evaluated diets range from
grasses such as Bracheria, Andrapogon and Paspalum to Ageratium with or without pig manure, cassava peels
with or without poultry and pig manure, vegetable wastes and fruit wastes respectively. Land use system also
influence earthworm population, growth and cast production. In International Institute of Tropical Agriculture
(IITA), Ibadan, south west, Nigeria, Tian et al. (2000) studied 15 herbaceous shrub and woody species along
with the natural regrowth vegetation (fallow) dominated by chromolaena and continuous maize-cassava
intercropping. Population and biomass of earthworm predominantly Hyperiodrilus africanus and Eudrilus
eugenae show higher number in fallow treatment than in maize-cassava for 65% of the sampling dates. Their
results equally showed positive correlation between soil moisture in the fallow treatments and earthworm
numbers. All fallow treatment supported higher earthworm biomass compare with maize-cassava treatment and
seasonal changes influenced earthworm biomass.

Table 3. Earthworm species used in vermicomposting devoid of soil

Earthworm specie Substrate Reference
Octolasion tyrtaecum Maize Pandey et al., 2006
Grass
wheat

Eudrilus eugenae

Cassava peels

Mba, 1996; Nweke, 2017

Guava leaves

Mba, 1996

Paspalum grass

Nweke et al., 2016

Andropogon grass

Nweke, 2013

Bracharia grass

Nweke et al., 2016; Nweke, 2013

Fruit wastes

Nweke et al., 2020

Vegetable wastes

Nweke et al., 2020

Onion wastes

Mishra et al., 2009

Agricultural wastes

Kale, 1994; Suthar, 2006, 2007

Eisenia fetida

Garlic wastes

Mishra et al., 2009

Canteen waste

Kale, 1994; Narayan, 2000

Paper mill waste

Kaur et al., 2010

Pheretima elongata

Potato peel

Munnoli et al., 2000

Sugar cane waste

Bhawalker, 1995
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Tomato waste Singh, 1997
Perionyx excavates Sericulture waste Gunthilingaraj and Ravignanam, 1996
Tannery waste Shahul et al., 2002
Megascolex mauritii Municipal waste Ravichandran et al., 2003
Eudrilus eugenae and Irridorilus Ageratum species Nweke and Nnabuife, 2020
Eudrilus eugenae/ Perionyx | Municipal solid waste Ranganath Ready et al., 2002
sasibaricus/ Perionyx excavatus
Eisenia fetida Distillery industrial waste Munnoli, 1998
Pheretima elongata Munnoli, 1998
Eudrilus eugenae/Eisenia | Tree  leaves Cow  dung | Nagavellemma et al., 2006
fetida/Perionyx excavatus Glincidia stem
Eudrilus eugenae/Eisenia | Vegetable refuse Straw Cow | Samaranyake and Wijekoon, 2010
fetida/Perionyx excavatus dung

Earthworm vermicomposting

Vermicomposting is a biotechnological process of using live earthworm to compost or degrade organic material
into useful product called vermicompost, also known as bio humus, worm cast, vermicast or worm manure.
Certain species of earthworm such as epigeic and endogenic are used in this process of waste conversion to a
better product. Earthworm vermicomposting is a non-thermophilic, but mesophilic (characterize by bacteria and
fungi) bio-oxidation of organic waste into vermicompost through the interaction of micro-organisms. Although
micro-organism is mainly responsible for biochemical decomposition of OM, earthworm play an important role
in the process by fragmenting and conditioning the substrate, increasing the surface area for growth of micro-
organism and altering its biological activities. The process is very much active at about 10-35°C and faster than
other compositing techniques. As the materials passes through the earthworm gut a significant transformation
takes place to the extent that the resulting vermicompost or earthworm cast are very rich in plant nutrients and
microbial activities. Several enzymes, intestinal mucus and antibiotics in earthworm intestinal tract play an
important role in the breakdown of organic macromolecules. Vermicomposting quickens the OM decomposition
process and conversion of the waste into valuable bio fertilizer (vermicompost) of which is more homogenous
material compare to thermophilic composting. Vermicomposting increase the ash concentration, thus
accelerating rate of mineralization which is oxidation of chemical compounds in the OM into forms that could
be easily available and assimilated by crops. Earthworms are voracious feeders and consume various kinds of
organic wastes and reduce their volume by 40-60%. Each mature worm weigh about 0.5- 1.05g, eat waste
equivalent to its body weight and produces cast equivalent to about 50% of the waste it consumes in a day.
Vermicomposting is a very useful method of converting solid organic wastes into vermicompost. The
vermicomposting is an efficient nutrient recycling process that provide for the use of earthworm as versatile
material bioreactor for cost-effective and eco-friendly waste management. Earthworms has the efficiency to
consume all types of organic rich waste material that include but not limited to fruit wastes, vegetable wastes,
crop wastes, fermented grasses, tea wastes, industrial wastes, leaf litter wastes, dairy farm wastes, garden wastes,
paper mill wastes, sugar mill wastes, slaughter house wastes, hatchery wastes, urban or municipal wastes, deep
litter wastes etc. (Nagavallema et al., 2004; Ghosh, 2004; Zambare et al., 2008; Asha Aalok et al., 2008; Karim
etal., 2011; Jayakuma et al., 2012; Nweke, 2013; Pigares and Lakshmi Prabha, 2014, Nweke, et al., 2020ab).

Vermiculture
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The art of producing, rearing and raising earthworms of which requires large amount of organic material with
which to feed the worms is termed vermiculture. Industries where large quantities of organic wastes are
generated such as sewage sludge companies, paper mill companies, slaughter houses, sugar industries, canneries
and breweries vermiculture could easily be integrated for easy management of the wastes, earthworm and
vermicompost production. Through vermiculture many of these organic wastes including urban waste could be
recycled thus solving many of our present problems in respect to solid waste disposal and water pollution
management. For example, some of the rabbit farmers have found out that earthworms placed under hutches are
very effective in controlling odour from rabbit droppings and provide extra income if the worms are sold. This
can as well be incorporated by livestock farmers to manage the wastes and odour generated from animal
droppings/dung. It will also make the droppings/dung richer in plant nutrients, increase the surface area and
weight reduction for easy evacuation. These worms can be sold to fish hatcheries, zoos, fishermen, poultry
farmers and biology classroom teachers. The earthworm mostly used for breeding are Eisenia Fetida, and
Eudrilus eugenae they can effectively thrive in culture devoid of soil. They are adapted to the special condition
in rotting vegetal manure piles. In addition, vermiculture host many other organisms such as molds, insects etc.
and these organisms play role in the composting processes, where earthworm is the major catalyst for the
composting process.

Vermicompost/vermiwash/vermiTea/Leachate

Vermicompost is the product made by earthworms. The term vermi is from Latin word that means a worm.
Vermicompost is fully stabilized organic material with low carbon-nitrogen ratio. It has high microbial capacity
and activities and enzymatic diversity and content. Vermicompost contain mucus that helps prevent nutrients
from washing away. A very fine particulate structure, good moisture-holding capacity and contain all substances
or nutrient in forms readily available to plants. Also rich in plant growth factors such as indole acetic acid
(IAAS), kinetin or gibberellins associated with humic and fulvic acids acting as plant growth regulators. The
plant hormone produced become adsorbed on to the vermicompost are released gradually into soil when used as
soil amendment to promote plant growth over several growing season. A very excellent soil conditioner, nutrient
rich bio-fertilizer and contain water-soluble nutrients. Vermicompost contain reduced level of contaminants and
a higher saturation of nutrients. For vermicompost liquids, there are few terms that can be found in describing
vermicomposting  derived  liquids. They are vermiwash, vermicompost tea, vermicompost
leachate/vermileachate, worm bed leachate and vermicompost extract. All these are essentially bio liquid extract
of vermicompost consisting mainly of colloidal materials or particles of vermicompost in suspension. This makes
them easy to be applied as foliar spray in fertilization. These agqueous vermicompost extract, tea, or leachates are
much easier to transport and apply to plants than the solid vermicompost materials. They can replicate most of
the benefits of vermicompost when applied to the same plants. These aqueous extracts are produced using a wide
array of production methods. It is assumed that microbial biomass activity and plants nutrients can be transferred
from vermicompost into the leachate or tea. While the variety of methods are used to make the leachate or tea
all start by mixing solid vermicompost with water. The ratio of solid vermicompost to water can range from 1:3
to 1:200. Some processes are aerated and others are not, sometimes supplementary nutrient sources including
molasses, algal powders or yeast extracts are added to the teas in expectation that they will increase their
microbial activity and effects. The aqueous extracts of vermicompost can as well be extracted by employing
non-aerated or aerated techniques. Non-aerated (passive) extraction extract was by placing vermicompost into a
fix amount of volume of water with occasional stirring and allowed to sit for 3 days. For aerated extraction air
will be pumped and O level need to be maintained 4-5mgl™ or above. Often products such as sugar, grain, fish
emulsion, humid acid and other products are added during the process to further enhance the microbial activity
of the end product. The chemical free method preparation of these liquids is in favour as an approach of
producing environmentally friendly bio-fertilizer. One of the advantages of vermicomposting derived liquids is
that nutrients present are completely soluble in water due to its preparation method. Thus, potential to be used
as foliar fertilizer. To be used as foliar, the nutrients should be water soluble and salt concentration in it should
not be too high to cause scorching on leaves when sprayed.

Studies carried out with this vermicomposting derived liquid (Tea, extract, vermiwash etc.) showed that these
bio-fertilizers have profound results in various dilutions indicating potential use of vermicomposting derived
liquids as foliar fertilizer. On the other hand, foliar fertilizing compensates the loss of fertilizing effect of
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conventional soil applied fertilizer through the prevention of leaching. Rate of leaching is different with different
composition of soil. For example, higher composition of clay in the soil will have lower leaching rate. Certain
nutrients such as Na and Mg are more prone to leaching losses in soil with high clay concentration. Though
water holding capacity will also determine the significance of leaching losses. Soil composition and texture play
vital role in rate of leaching. Leaching cause ground water pollution, nutrient such as NOs and PO4 cause
eutrophication to water body. Vermicompost derived liquids may be added to irrigation water system to provide
extra nutrients to plant through fertigation which is a method of combining fertilizer and irrigation water.
Nutrients that are completely soluble in water will have no risk of clogging up the sprayer. Available plant
nutrients that are present in these liquids are variable and have the potential to be used as nutrients solution in
hydroponics culture. Hydroponics culture has the advantage of being carried out in a space limited area (Urban
centres). Hydroponics culture is a soilless cultivation method which is a contribution for crop production in area
where lands are not available (like in cities) or inadequate for crop production. Also, very good for green house
production. Hydroponics is a good media for mushroom and vegetable production. By using these plant nutrients
rich vermicomposting derived liquids in hydroponics culture, soil borne diseases and pests can easily be
controlled. However, the downside of these liquids is that the nutrient contents of end product strongly depends
on the substrate that were used. Thus, substrate high in heavy metal content may produce liquids that contain
high value of heavy metals. So, one of the concerns of these bio-fertilizers is the type of substrate the liquid
extract is derived from as it directly affects the nutrient nature and content of the products. The nutrient content
present in these liquids may be high but may not be completely enough to effect increased crop yield, hence
chemical fertilizer sometimes may have to be added for better yield. In all, vermicomposting derived liquids
contain valuable nutrients that promote crop growth and yield (Ramsay and Hills, 1978; Waldon, 1978;
Bhatnagar and Palta, 1996; Ismail, 1997; Edwards, 1998; Beetz, 1999; Nagavallema et al., 2004; Dominquez,
2004; Dominquez and Edwards, 2004; Aranco et al., 2006, 2007; Edwards et al., 2007; Lesinsky and Veverka,
2008; Roberto Carlos et al., 2008; Asha Aalok et al., 2008; Pant et al., 2009; Theunissen et al., 2010; Gutierrez-
Miceli et al., 2011; Quaik and Ibrahim, 2013; Pigares and Lakshmi Prabha, 2014; homelycappers.com;
vermontworms.com).

Vermitechnology Methods

Vermicomposting technology is one of the environmentally friendly techniques of using earthworm for waste
management, that wastes from agricultural activities, industries and wastes from other sources can effectively
be managed and transferred into a wonderful product. Vermitechnology comprises three main processes;

e Vermiculture -- breeding and rearing of earthworms
e Vermicomposting — decomposition of waste materials using earthworms

e Vermi-reclamation — using vermicompost and/or earthworms to reclaim, sustain, and manage marginal
degraded, and wastes lands

The benefit of vermitechnology, therefore range from waste biomass management, waste land conversion and
reclamation, abatement of organic pollution, animal protein production, earthworm worked manure to improves
soil fertility and crop production. There are several methods that can be employed in vermicomposting
technology to produce vermicompost (worm manure cast), raising and rearing of earthworm that can be sold out
to fish or poultry farmers and their likes. In chosen any method, the type and quality of feed materials need to
be taken in to account as the nutrient content of the vermicompost is dependent on the material fed to the
earthworms. So, earthworms should be fed with materials high in nutrient content to have very good quality
vermicompost. It is also preferable to select a vermicomposting site in the upland and on elevated land to enhance
reaction, maintain moisture content and prevent water stagnation during rains especially with regards to pit
method in much humid areas. Water management is very important in vermiculture and vermicompost
production. Less water kills the earthworm, while too much water chases the earthworm away from the culture.
Watering of the culture continued till the compost or earthworm is ready to harvest. The appearance of the
cocoon (earthworm egg) and juvenile earthworms in the culture signifies healthy of the culture. Vermitechnology
eliminates pathogens, does not produce odour and heavy machinery is not required or needed. The various
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methods and designs that can be used for earthworm and vermicompost production based on the topography,
type of soil and amount of water are discussed below

Pit method

The pit method depends much on the type of soil as sandy and silt soils are not advisable especially in humid
areas like Nigeria and regions with rain fall intensity of about 2500 - 4000mmy*. The pit is dug below ground
in region with moderate rains. Many pits under a common roof to prevent rain and water stagnation in pit can be
built with different dimensions for the individual requirements. The pits made for vermiculture and composting
are 1m deep and 1.5m wide, though this varies with the individual peculiarities’ in terms of cost, land available,
feed materials and quantity of worms at one’s disposal. The drawback to the pit method varies from rats, soldier
ants, centipedes and indeed other predators that prey on the earthworms to the moving out of the earthworm
from the pit if they obtain favourable moisture outside the pit. It is always difficult to take any measure to tackle
such predators. Thus, pit method is not suitable for period harvesting, more so there is no guarantee that pit and
culture will stand till maturity as the pit may close by itself with soil or ground water. More so biodegradation
of wastes is not fast enough as compared to methods like heap method, probably due to limitation in space for
turning of the wastes in the pit. Navellema et al., (2004) studied the efficacy of pit and heap methods of preparing
vermicompost under field study and they found out that heap method was better than the pit method, earthworm
population was high with 20 fold increase in Eudrilus eugenae for heap as against 17 fold increase in the pit
method, biomass production was 46 fold increase in heap as against 31 fold in pit, while vermicompost produced
was 51 kg in heap compared to 40 kg obtained from the pit method.

Heap Method

In this method polythene sheet or jut sheet is spread on the ground and then waste materials are spread on them.
This is specifically suitable for vermicomposting to produce vermicompost (casts or worm manure) and can be
done indoor or outdoor. Many heap rows are possible in this method depending on the space available. The
method is good for large scale vermicomposting production under greenhouse reserved specially for the purpose
only. Field farm house or shed can equally be used for the production. This method increases waste degradation
high earthworm production, biomass production and consequent vermicompost production. If the method is
carried outdoors, constant inspection is necessary to prevent predators and much heat development that might
Kill the worms.

Tank method above the ground

Tanks of various sizes and shape can be made with different materials such as blocks, hollow blocks or asbestos
sheets. It can be constructed with dimensions suitable for operators. Tanks method can only be adopted for
internal (indoor) vermicomposting with full roofing material cover. Note blocks used in setting up the tank may
wear out, collapse, absorb moisture from compost and become weak. This structure may not be suitable and
efficient, wet materials exert horizontal pressure on walls. Holes can serve as an entry to predators and
earthworm move out of the system. Hence thick concrete wall with plaster with many units under common roof
for protection against rain is ideal as this prevent the above shortcomings. The thick wall with plaster has long
lasting life and permanent in nature, safe guards the worms against predators. The structure is completely
sustainable and continuous economic resources for the users or operators. It is very good for research work using
surface dwellers and deep burrower earthworm species on various type of wastes with period harvesting. Note
that vermicomposting can equally be carried out inside old poultry house, old fish pond or cow/sheep and goat
sheds protected with a thatch roof, bamboo roof (where obtainable) or zinc roof (where affordable) for protection
from adverse weather and predators.

Old tyre method

Used vehicle tyres are cheap, litter the streets and can constitute environmental problem. The used vehicle tyre
can be useful when converted to vermicomposting material (as introduced and proved in Nweke, 2013) to
enhance its environmental management. Tyre containers are made from old vehicle tyre, one side of the tyre
should be covered and sewed with fibre sack so that it can have bottom. The tyres depending on the number used
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(about four is okay to make the four tyres wormer) should be stacked together that is place the tyres on top of
each other in one frame and the foot of the frame stand inside a container or cup containing condemned engine
oil. The culture should be covered with polythene sheet to prevent light from getting into the culture and to
prevent the culture from drying out. The essence of the oil will be to protect the vermiculture and earthworm
from predators and parasites like ants, beetles, centipedes etc. Adequate moisture is maintained and uncovering
(removal of the polythene sheet) the culture every day to ensure fresh air circulation in the culture and minimize
CO2 build up and at the same time monitor the earthworm activities. After about 7- 8 hours, the culture is later
covered. The activity continued until the culture is matured and ready for harvest and sale.

Mosquito net method

Vermicomposting and earthworm rearing can be achieved using old mosquito net (introduced and proved in
Nweke et at., 2020). The mosquito net needs to be soaked in water for 24hours and washed properly before been
used. Sacks are made from the mosquito net of which the size and dimension depends on the production capacity
needed or desired. Net sacks work well and can be watered directly without untying the sacks. The net is airing
and convenient for small scale farmers or gardeners especially if the gardener lives in an apartment in cities
where space is very limited. It can be placed in open space or indoors, hence ideal for both indoor and outdoor
vermicomposting and can easily be monitored against predators. The holes in the net are so tiny thus the exit of
worms is restricted.

Other Methods

There are many other methods that can be employed in vermicomposting. They include air tight container of
which the cover will be removed 9-12 hours every day till maturity to allow for fresh air circulation and reduction
of CO2 build up that will be detrimental to the worms. Also ideal since light limit earthworm activities and air
tight container protect the worms against the known predators. Plastic buckets or boater, wooden box or worm
bin, metal containers, Styrofoam etc. can also be used for vermicomposting. Though wood may eventually be
eaten or decay and need to be replaced and plastics crack easily, some people prefer wooden compost worm bins
because worms may breathe better and absorb excess moisture which can be hazardous to the worms. However
chemically treated woods should be avoided as it can be dangerous to the worms and leach harmful chemicals
into the vermicompost. Styrofoam have been found to release toxins in to the earthworm environment, while
metal containers often conduct heat too readily, are prone to rusting and may release heavy metals into the
vermicompost. Also, some woods like red wood and cedar sp. contain resinous oils that may harm worms in
culture. Plastics and metal containers need holes in the bottom for excess liquid to drain into tray or cups provided
for collection. In vermicomposting the liquids collected from the holes are vermiwash or leachate which are
water percolated through the column of earthworm action will collect excretory products and mucus secretions
of worms and nutrients from soil organic molecules. The liquid wash away the valuable plant nutrients and
microorganisms present in drilosphere. Drilosphere as explained by Brown et al. (2000), is the environment
made up of microenvironment in earthworm gut, surface that earthworm is in contact with soil surface and below
ground of the vermicompost, middens, burrows and diapause chambers. The liquid can be used again to water
the culture or used as liquid fertilizer or foliar spray for gardeners. The earthworm should be well ventilated and
protected for maximum production. As in any livestock enterprise it is critical to maintain optimal conditions.
Moisture and aerobic condition in the growing medium must be maintained to ensure healthy growing worm
populations. Profitable production depends on both growth and reproduction rates of worms and choice of a
suitable species for the food stuff available. Different species have preferred ranges of temperature and moisture
conditions. African species of earthworm like Eudrilus eugenae indigenous to Nigeria and Eisenia fetida are
ideal for the preparation of vermicompost and after completion of the vermicomposting process, the
vermicompost should be removed and replaced by fresh waste material (Earthworm-Wikipedia).

Substrate or materials for vermicomposting
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Substrates for vermicomposting are bound (many) and can be rated based on physical and chemical
characteristics. The various substrates use for vermiculture are livestock wastes (dairy, poultry, pig, sheep and
goat etc.), agricultural wastes, industrial wastes, leaves of crops and trees, vegetable wastes, grasses, weed plants
before flowering, municipal solid wastes, food industry wastes, biogas sludge, sewage sludge, sugar cane factory
wastes, paper mill wastes, fibre from coconut etc. Agricultural wastes have been tested extensively in
combination with an easily biodegradable substrate such as cow dung, pig and poultry manure respectively.
Addition of neem cake/leaves if available in vermiculture can boost earthworm biomass production and very
significant in the establishment of the microflora and deterrent to disease causing organism like fungus.
However, not all earthworms’ species are tolerant to the additive material but Eudrilus eugenae tolerates 1.6 -
6.4% concentration of neem cake in the culture medium. The addition has positive effect on the worm activity
and production. Also, rock phosphate powder if available can be sprinkled on waste materials to be used for
vermicomposting. This will help to improve the nutritional quality of the vermicompost (Kale et al., 1986; Sailaja
et al., 2002; Nweke and Chukwuma, 2023).

Factors governing vermiculture/vermicomposting Technology
Climate and Temperature

The most commonly used earthworm in vermicomposting process feed rapidly at temperature of 15-35°C or 59-
77°F. They can as well survive at temperature 50°F or 10°C, however, temperature above 87°F or 35°C may
hamper the worms’ activity and limit biomass production. This temperature ranges simply means that indoor
vermicomposting with Eudrilus eugenae and Eisenia fetida in all is suitable especially in tropical climates like
Nigeria, while worms like Perionyx excavatus are suitable and adapted for warmer climates. Thus, if the worm
culture is kept outside it should be placed in shelter position to keep it away from direct sunlight and insulated
against frost in winter for temperate climates. It is necessary to monitor the temperature of the worm culture as
the feed stocks used can decompose, heating up the worm bin or structure as they decay and kill the worms.
Temperature effectively control the activity, metabolism, growth, respiration and reproduction, fecundity and
growth period from hatching to sexual maturity of earthworm. Cocoons hatch sooner at high temperatures.
Improper temperature can increase pests and predators though this depends on the type of feed stuff used

Soil Type

Light and medium loam soils are the most ideal soil for earthworm production as compared to the use of heavy
clay, gravely sand and alluvial soils. Silt and clayey sand, clay loam and sandy loam may be suitable for
vermicomposting process. Soil type influence the impact of earthworm on microbial respiration of which its
increase varies with soil type. It may be higher in clay loam and silt clay loam soils but decreased in sandy loam.
Naik et al. (2007) recorded high population of earthworm in light and medium loams soils relative to heavier
clays, gravelly sands and alluvial soils, while microbial respiration of L. terresteris decreased in sandy loam soil
but increased in clay and silt clay loam soil (Shaw and Pawluk, 1986)

Feed materials

Earthworm feed on a wide variety of organic feed stocks and extract sufficient nourishment from them to survive.
The type and amount of feed available to the worms influence the size, population of the worms, species present,
rate of growth and fecundity. Feed quality and type also influence soil microbial activity and biomass and yield
of earthworm species. It is the rich microbial life that converts nutrients already present in the soil into plant
available form. While worm mucus produces in cause of vermicomposting help to prevent nutrients from
washing away with the first watering and held moisture better than plain soil. The microbial activity of compost
may be greater if it is aerated. The dark brown waste liquid or leachate that drains into the bottom of some
vermicomposting systems as water rich food break down is best applied back to the system when added moisture
is needed due to the possibility of phytotoxic content and organic acid that may be toxic to plants. A varied
mixture of feed stocks influences as well the N, K and P content of the resulting vermicompost. Having worms
escape from the feed culture medium is most observable in vermicomposting process. Generally, they stay in
the system, but may try to leave the vermicomposting when first introduce to the feed culture or often after a
rain storm when outside humidity is high. Maintaining adequate conditions in the vermicomposting system and
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putting light over the system when first introducing earthworms will eliminate or minimize the problem.
Predators, flies and odour are attracted by certain feed materials such as meat or dairy products and kitchen
wastes. So, avoiding the use of these kind of feed materials in vermicomposting will decrease the possibility of
odour and pests.

Moisture Content

Earthworm body weight constitute about 70-90% water. Therefore, prevention of water loss in vermicomposting
process is a major factor in successful vermi reactors, especially when the system is outdoor. In a natural soil
earthworm interaction, the worms tend to move to a safer area with moisture, when there is a less soil moisture
in particular area of habitat. In extreme condition when the whole area is dry worms adjust themselves and
survive by losing large water about 70-75 from their body to the surrounding. However, they become active
when favourable soil moisture conditions are regained. Moisture conditions influence all earthworm activities,
biomass production, growth, cocoon production and juveniles. Juveniles sometimes tolerate low moisture
especially when transferred to new environment with favourable moisture, adjust faster than adult worms.
Moisture level is a significant factor in the setup of a vermiculture/vermicomposting system. Therefore,
vermicomposting system need to be carefully designed to hold water without causing water logging. Note that
the use of food with high moisture content and inadequate watering can make the culture to become anaerobic
and kill the worms or make them to escape from the culture. To restore healthy conditions and prevent the worms
from dying the excess water should be removed and the system returned to the normal moisture level.

pH

The pH of the vermiculture varies with the input fed to the worms. The pH of the waste or soil can be a factor
that limit the distribution, population and species of earthworm. Earthworms thrive most on pH level of 6.0-7.0
for maximizing the productivity in organic waste management. Earthworms can equally thrive in soils of pH
5.40, because there are some species of earthworm that are acid tolerant (Dendrobaena rubida, D. octaedra)
while some were acid-intolerant (Allolobophora calignose, A. nocturna, A. longa). Species like lumbricus
terretris are not sensitive to pH levels while Perionyx excavates can effectively perform well in a wide range of
food waste pH levels (Guild, 1951; Satchell, 1955; Singh et al., 2005).

Benefits of earthworm activities and vermicompost for agricultural sustainability and environmental
management

Soil

Earthworm through their burrowing activities mix different layers of soil, facilitate flow of water through the
soil profile and aerate the soil. They break down and mineralize and incorporate OM deeper into the soil profile.
Earthworm by burrowing bring soil from deep layer on to the surface layer which after long period of time,
change the mineralogy of the surface soil. They feed on the surface layer litter and mix them thoroughly through
the surface mineral soil. Increase rates of nutrient transformation and uptake by crops, improves soil aggregation
and porosity and enhances water infiltrations and solute transport. Increase mineralization of soil carbon, but can
as well decrease the mineralization of carbon by contributing to the formation of stable soil aggregates in which
carbon is protected from further breakdown. Increased rates of water infiltration into the soil, thus reduce the
amount of nutrients lost in the surface runoff. Earthworm enhances N content of soil through their cast
production. Earthworm modify the character, productivity and structural properties of soil. Studies on
vermicompost showed that it increases macro pore space ranging from 50-500um resulting in improved air water
relationship in the soil which favourably affect plant growth (Marinari, et al., 2000). Vermicompost favourably
affects soil pH, microbial population and soil enzyme activities (Maheswarappa et al. 1999, Nweke, 2017).
Vermicompost enrich the soil with microorganism and enzymes such as cellulose, phosphatase etc. as well as
vitamins and hormones macro and micro elements. The findings of Orozo et al. (1996), Edwards, (1999) and
Nweke, (2013) showed that vermicompost contain nutrients such as nitrates, exchangeable phosphorous, soluble
K, Ca and Mg in plant available form. Vermicompost increase soil microbial biomass activity and thus strong
retention of nutrients (Nweke, 2016). Vermicompost contribute to the biological fertility of the soil by adding
beneficial microbes to the soil. The mucus excreted through the earthworm digestive canal, stimulates
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antagonism and competition between diverse microbial populations. Thus, resulting in the production of some
antibiotics and hormones, auxins, gibberellic acid like biochemicals that can boost plant growth. It enriches the
soil with favourable pH, a soil conditioner and slow release biofertilizer. Vermicompost contains in plant
available form macro and secondary elements and nutrients such as Ca, K, S, Mg, NOgz, POy etc. and sufficient
microelements. Vermicompost contains a high proportion of humic substances such as fulvic acid and humic
acids etc. which provides site for chemical reactions and biological activities. Nitrogen is a significant factor in
photosynthesis, cell division and differentiation, chlorophyll content, growth and somatic embryogenesis,
electron transport, anthocyanin production and an important component of protein required for the metabolic
process that take place during plant growth. Phosphorous plays a role in increasing water use efficiency, an
important factor in crop production in arid climates, improves leaf expansion, axillary bud growth and shoot
canopy, improved photosynthetic surface area and carbohydrate utilization. Potassium play a role in the
maintenance of plan water balance and protein synthesis (Vance, 2001; Ahloowalia et al. 2004; Witennayer and
Merbach, 2005; Theunissen et al., 2010). Liming the soil especially with limestone and some nitrogenous
fertilizer in marginal or nutrient deficient soils or poor soils may increase earthworm population. While chemical
fertilizers kill worms and, in some cases, depending on the concentrations have little or no effect on populations.
Synthetic chemicals though not all are toxic to earthworms affect their productive activities as well as their
influence in the use for natural biological control of pests. According to studies Raw (1962) showed that
earthworms play useful role in the control of apple scab caused by fungus venturia inequalis which overwinters
on fallen leaves and twigs. The disease fungus can be controlled by burning the disease materials in the fall by
use of CuSO4 but dangerous to earthworm so the cheap and less expensive is to introduce earthworm especially
L. terrresteris into the orchard soils. They take the fallen leaves and twig into their burrows where they
decompose them and increase the OM content of the soil. Hence the leaves and twig cease to be the source of
the disease but rather source of mineral elements to the orchard (Raw, 1962).

Plant

Earthworm increase the growth and yield of crops through increase nutrients and water availability and
stimulation of microbes that enhance mineralization of plant nutrients. Earthworms through direct production of
plant growth promoting hormones enhance plant growth and yield. They also increase the phosphorous
availability in the soil in the soluble form so that plants can pick up the available nutrient. Vermicompost play
an important role in improving growth and yield of different field crops, vegetable and fruit crops. Vermicompost
provide important macro-elements such as N, P, K, Ca, Mg etc. and micronutrients like Fe, Cu, Zn, Mn, Mo, B
that enhance crop growth and production in different capacities. Priya and Santha (2014) in comparison of two
composts made by two different earthworms observed increased growth of Amaranthus plant in Lampito mauritii
compost while increased macro nutrient N, P, K and micronutrients Fe, Mn, Zn and Cu were recorded in Eudrilus
eugenae compost. Calcium play an important role in ethylene adjustment in plants (Zang et al., 2002), while Mg
activates more enzymes than any other mineral nutrient and thus important and significant element in plant
growth and development (Epstein and Bloom, 2004). The micronutrients are very much involving in
photosynthesis and chlorophyll production, cell division and growth, carbohydrate formation and enzyme system
maintenance. Photosynthesis though a complex process sensitive to macro and micro element is a process that
provides energy necessary for plant growth and reproduction while chlorophyll is principal class of pigment
responsible for light absorption and photosynthesis. Thus, when vermicompost is used as soil conditioner or
foliar application has the capacity to supply both macro and micro nutrients for optimum plant growth.
Vermicompost through the humic acid content increase the accumulation and assimilation of the plant nutrient
elements. The higher content of oxygen containing functional groups (OH, COOH) in the humic acids create an
important avenue for the interaction with both macro and micro elements (Senesi, et al., 1992). The plant
nutrients in vermicompost are in readily available forms for plant uptake. Plants fertilized with vermicompost
show higher ability to assimilate plant nutrients that will enhance plant roots development and proliferation
(Aranco, et al., 2006) and increase phenolic substances of plant. These phenolic substances such as flavonoids
and anthocyanins compounds in many fruits and vegetable provide natural pigmentation (colour), taste, aroma
and possess a wide range of antioxidant and therapeutic properties benefit to human health, such as
anticarcinogenic, anti-inflammatory, cardio protective, neuroprotective (Heber, 2004, Hu, 2003, Dathie et al.,
2003). Phenolic properties are very much important in consumer acceptability and marketability of the crop.
Clearly there is a huge potential in the use of vermicompost as it can play major roles not only in soil or plants

Page 2772
www.rsisinternational.org



http://www.rsisinternational.org/
https://rsisinternational.org/journals/ijrias
https://rsisinternational.org/journals/ijrias
http://www.rsisinternational.org/

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN APPLIED SCIENCE (I1JRIAS)
ISSN No. 2454-6194 | DOI: 10.51584/1JRIAS [Volume XI Issue VI June 2026

but also for the benefit of human health. Iron (Fe) play an important role in chlorophyll biosynthesis by
influencing chlorophyll precursor S-aminolevulinic acid, while copper is part of plastocyanin protein responsible
for electron transmission during photosynthesis process (Pustinik and Miller, 1989, Ayala and Sandmann, 1989).
Phosphorous and K are essential in several biochemical activities in plants and nitrogenous compound that
provide the basis for the reaction in the chloroplast that include enzymes, proteins and chlorophyll required for
the photosynthesis. Soil application of vermicompost has potential for improving optimum plant growth and
development which is important for greater dry matter and yield. Vermicompost make soil more productive over
a long period of time, thus improving their potential to support plant growth development, root initiation and
biomass, crop yields and microorganisms essentially for vigorous plant growth.

Vermicompost as bio-fertilizer enhance microbial and antagonistic activity and due to its extraordinary nutrient
status, when used as a media supplement enhance seedling growth and development and increased productivity
of wide variety of crops. The presence of microbial metabolites in vermicompost cause stimulation of root,
internode elongation and precociousness of flowering, this enhance plant metabolism growth and development.
Soil application of vermicompost and its use as alternative media in crop production can drastically reduce
phonological disorders such as albinism, fruit malformation and occurrence of grey mold in some agricultural
crops. Thus, reducing nutrient related disorders thereby increasing the marketability of crops. Earthworm
processed waste called vermicompost is of high-quality bio-fertilizer in the sense that it is completely harmless
in any concentration or quantity and on any soil type or class, strengthen immunity in plants, does not contain
salts of heavy metals nor contain any pathogenic microflora and eggs of helminth.

Disease and pest management

The content of phenolic compounds in vermicompost makes plant that grow under vermicompost have better
resistance to diseases and limited attacks by anthropoid pests. Phytochemicals form part of the natural plant
defense mechanism against infections and microbial invasions (Edward et al., 2009; Makoi and Ndakideni,
2007). There is greater potential in the use of vermicompost in crop production as it can play good roles on the
natural plant defense system. Soil with low organic matter attract low microbial activity and have good
environment for crop disease development. But the application of vermicompost can effectively increase the
OM and microbial activity of the soil and effectively suppress soil and foliar transmitted plant diseases
(verticillum, plectosporium, phythium, rhizoctonia) development. Non- thermophilic compost such as
vermicompost are source of microbial diversity and activity as such it contains a wide variety of antagonistic
microbes that can efficiently act as biocontrol agents in suppressing soil-borne diseases such disease caused by
phytopathogenic fungi. Earthworm feeding activities can reduce the survival of plant pathogens and root
diseases in crops. Vermicompost can suppress or reduce the incidence of sucking pests under field and green
house conditions, damage cause by spider mite (Tetranychus spp), aphid, mealy bug (Pseudococcus spp), beetles
(Acalynna vittatum), white caterpillars (Pieris braesicae L.) etc. These pests attack wide range of agricultural
crops. And suppression of these pests’ gains importance because some of them like aphid are key vectors in
transmission of plant viruses. Thrips (Scintothrips dorsalos), larva horn worms (Manduca quinque maculata)
and mites (Polyphago tarsonenus latus) activities and effect can be suppressed with vermicompost. The uptake
of phenolic compounds in plant system by these pests affect their rate of reproduction and survival. The
application of vermicompost also can decrease the population of plant parasitic organisms like nematodes, their
gall and egg sacs under field and green house conditions through the stimulation of bacterial and fungal
antagonists of nematode such as Trichoderma spp, Chitinolytic bacteria and Pasteunia penetrans, Pseudomonas
spp etc. Vermicompost can increase fungi population capable of trapping nematode and destroying their cysts,
increase plant growth promoting rhizobacteria which produce enzymes toxic to plant parasitic nematode
(Siddiqui and Mahmood, 1999). Thus, increase the population of fungivorous and bacterivorous nematodes.
Disease suppression of vermicompost has been due to activities of competitive or antagonistic microorganisms
including actinomycetes that reduce the loses from phytonematode infestation in crop plants. Vermicompost
induce reduction in the number and aggressiveness of pathogenic microbes that affect plants and animal diseases
(Ramesh, 2000; Aranco et al., 2007; Edwards et al., 2007; Edwards et al., 2009; Pandey and Kalra, 2010; Pathma
and Sakthivel, 2012; Chime et al., 2019)

Seed Dispersal
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Earthworm burrowing activity may store seeds underground in caches aerates and mix the soil as well as degrade
OM content. In the process of these activities’ earthworms help to disperse weed seeds. Aneceic earthworms
have been recognized as important plant seed dispersers. Through their ingestion and digestion of litter and plant
seeds and passage through their gut, their cast modify plant seed germination. Thus, they impact much on the
soil seed bank and plant community through direct and indirect on the plant seeds. The dispersal of seeds in
earthworm burrows may increase seed survival and contribute to the success of the seed. Earthworm equally
facilitates the dispersal of soil microbes through their burrowing, feeding and casting activity. Earthworm have
been reported to have buried over 90% Ambrosia trifida seeds at a rate 8-fold faster than abiotic seed burial
when place on the soil surface and capable of storing seeds underground to the tune of 127 seeds/burrow. Thus
indicating that earthworm burrows can increase secondary dispersal and survival of seed dispersed (Grant, 1983;
Willems and Huijsmans, 1994; Jimenez and Decaens, 2004; Zailer and Saxler, 2007; FSD, 2010;
www.cbd.int/2010).

Bioremediation and Pollution management

Bioremediation is waste management technique that involve the use of organisms to neutralize or remove
pollutants from contaminated field rendering the pollutants harmless and ensure environmental health.
Earthworm can be used to remove or neutralize pollutants from a contaminated field. So, bioremediation is
simply the use of a naturally occurring organism in this case earthworm to break down hazardous substances
into less toxic or non-toxic substances or compounds free from harm to the environment. This technology can
be employed or applied in situ or ex situ. In the in situ, bioremediation involves the use of earthworm directly to
treat contaminated field, while ex situ deals with removal of the contaminated material and treat with earthworm
elsewhere. Earthworms are bioremediators, they can efficiently store toxic materials and heavy metals in their
tissue including those heavy metals like lead and cadmium that cannot readily be absorbed by microorganisms.
Hence, they can be regarded as bio-concentrators of heavy metals and toxic materials. Through this way,
earthworm help to detoxify polluted soil and environment. The resinous substances excreted by earthworm and
vermicompost production encourage growth of conglomerates of enzymes and microbes that are pollution eating
microorganism within the medium (polluted field or material). The addition of vermicompost on the
contaminated field can as well encourage and enhance the resident microorganism populations ability to break
down contaminants. These autochthonous microbial communities’ resident in the contaminated field are capable
when stimulated through vermicompost addition to degrade aromatic hydrocarbon common in petroleum
contaminated field, like oil spillage commonly found in oil drilling areas. Vermicompost addition favourably
affect soil microbial population and enzyme activities and decrease the production of water-soluble chemicals
that may cause possible environmental hazard contamination. Vermicompost has the potential to ameliorate
damage caused by excess nutrients by its efficient buffering capability. In such manner nutrients which may
otherwise cause phytotoxic and environmental problem are removed. During vermicomposting the heavy metals
form complex, aggregates with humic acids and other polymerized organic fractions. Hence it reduces the
availability of the phytotoxic ions like heavy metal ions to the plants and indirectly to animals and man.
Earthworms accumulate and influence the solubility of heavy metals and other toxic substances rendering them
ineffective or non-existence in the soil environment. Earthworms are not affected by Sulphur oxidation of which
its reduced compounds are toxic to plants and animals. This indicates that earthworm can mobilize microelement
in the extraction of toxic elements from polluted substrates and in the control of contamination of soils. The
increased ash content during vermicomposting increased mineralization and O content and removal of H2S, this
makes the vermicompost odourless. Thus, the released S-compounds which would have been toxic and
dangerous to the environment are removed in the process.

Earthworms feed on partially fermented or decomposed organic materials an indication that there is a synergy
between earthworm, fungi and bacteria in organic waste decomposition. Fungi major role in ecosystem is
decomposition performed by the fungi mycelium. Mycelium secretes acids and extracellular enzymes that breaks
down complex polysaccharides like cellulose and lignin which are compounds composed of long chains of
carbon and hydrogen that are structurally similar to many organic pollutants. The synergy between these
organisms makes the use of earthworm and its vermicompost (rich in bacteria and fungi) to be more effective in
bioremediation and pollution management compared to any other method. Because mycoremediation is equally
incorporated in the process. Meaning that any pollutant that cannot be neutralized by bacteria can be removed
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by fungi and vice versa. Mycoremediation is the use of fungal mycelia in bioremediation to remove organic
pollution or decontaminate affected site or land area. It is important to give serious thought to utilize this
organism for man’s benefit.

High infiltration rates and water holding capacity enhanced by earthworm burrowing activity, shredding of litter,
mixing of soil and casting both on soil surface and in tunnel help to prevent NOz and pesticides pollution by
minimizing runoff erosion and chemical transport to surface waters. The earthworm burrows are also lined with
OM that can adsorb many potential pollutants from the infiltrating water. Through this manner, earthworm help
to minimize pollution of surface water by improving infiltration rates and decreasing runoff. The use of
vermicompost in agriculture will ensure and enhance productivity and sustainability by keeping the soil fertile,
reduce pollution and preserve ecological balance. Earthworms are capable of detoxifying cyanide content in crop
waste like cassava peel (rind), lethal to soil invertebrates and can inhibit root growth, but rich in plant nutrients.
Earthworm proliferates on these wastes and transform them into valuable harmless and odourless vermicompost.
Odourless do not attract flies, pests and rodents. Vermicompost addition also proves positive impacts in the
remediation of hydrocarbon contaminated soil and improve microbial activity in such soil. There is successful
improvement in the structural development and nutrient recycling and productivity in a reclaimed peat and
mining sites when earthworms were introduced to the sites (Krivolusky et al., 1980; Waugh and Mitchell, 1981;
Ma, 1982; Martirucci, et al., 1983; Garrec and Plebin, 1984; Mba, 1996; Mann et al., 1996; Edwards and Bohlen,
1996; O’Loughlin, et al., 2000; Meagher, 2000; Lovley, 2003; Rattty and Hutha, 2004; Sins, 2006; Lesinsky and
Veverka, 2008; Nweke, 2016, 2017; Wikipedia)

Ecological Management

Earthworm cast become dry minutes after release and through this can initiate stable soil aggregates in degraded
lands. Cast production together with their burrowing activity promote water infiltration, hence reduce surface
erosion. The enhancement of beneficial microflora by earthworm activity and the enrichment of the
vermicompost (worm cast) with microbial enzymes can speed up soil reclamation process in degraded land and
make it more productive. Earthworms having the ability to feed on various types of organic rich materials
transforming them into vermicompost provides the use of them as natural bioreactors and eco-friendly and cost-
effective waste management. Introducing earthworm or vermicompost addition in reclaimed degraded land like
mining land or oil drilling land can increase the rate of soil improvement and the genesis of the soil structure of
the reclaimed land. The reclamation process in degraded land can be quickened by increasing the earthworm
population and activity by liming especially with limestone and lesser percentage of urea fertilizer. Earthworms
influenced ecosystem, having the ability to moderate the availability of resources directly or indirectly to other
organisms in the ecosystem. This they do by causing physical changes on the resource material in abiotic or
biotic. Earthworm burrow through the soil taken along its feed of which some of them are lined up or adhere to
the wall of tunnel or channel enable the organism to build through residue decomposition organic-mineral
structures with specific physical, chemical and biological properties. The structures are usually called bioorganic
structures otherwise known as casts. Thus, earthworms are ecosystem engineers. In tropical environment
earthworms can be describe as the strongest ecosystem managers as they are capable of influencing organic
residues breakdown, soil microbes, plant growth, nutrient recycling and change in the soil structure
characteristics in productive ecosystems. Earthworms alters soil properties in ways that are beneficial to plant
nutrition and water transmission and enhance favourable microenvironment for microorganism activity. They
help to close the metabolic gab when used to recycle waste on site. Their use in bio-waste conversion can reduce
waste flow and contamination of other recyclable wastes. When efficiently managed help to create a clean and
odourless environment free of pollution. Hence healthy and harmonious ecosystem or environment. On the
economic aspect, this can create low skill job when employed at the local or urban centres in the transformation
of organic wastes into valuable product like vermicompost. The technology is simple and does not require huge
amount to set up. The technology can make vermicomposting and rearing of earthworm practical for crop, fish
and poultry farmers (Edwards and Bohlen, 1996; Gonzalez et al., 2003; Ratty and Hutha, 2004; Amner et al.,
2005; Amador et al., 2006; Kooch and Javlilvand, 2008)

Threats to Earthworms
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Some agricultural activities are harmful to earthworms and reduce their populations in an agricultural field.
Application of chemicals in the form of mineral fertilizers, pesticides, herbicides, dust and sprays have disastrous
effect on earthworm populations. Chemical fertilizer kills worms but may not have deleterious effect on the
productivity if the concentration is mild or low, while herbicides, insecticides, pesticides, nematicides,
fungicides etc. influence much of their productivity cycle and their use in natural control of pest. For example,
nitrogenous fertilizers tend to create acid conditions in soils which are fatal to the worms. Often dead worms are
found on the surface of the soil following the application of substances like DDT, lime Sulphur, herbicides, lead
arsenate and superphosphate. On the other hand, even if they are not totally killed, they can accumulate the
pollutants such as lead, cadmium, DDT and dioxins at levels up to about 10-20 times higher than the soil, of
which in turn are passed on at lethal dosage to organisms which feed on them such as moles, birds and foxes.
Therefore, the most reliable way to maintain or increase the levels of earthworm population in the soil is to avoid
the application of artificial chemicals as well as adding organic matter as surface mulch on a regular basis. This
will provide them with their food and nutrient requirements and create the optimum conditions of heat and
moisture to stimulate their activity.

Earthworm vermicompost, traditional compost and chemical (inorganic) fertilizer compared
The essence of comparison of the three different manures that farmers use in their soil is for the farmers and the
users alike to know the impact each create in the soil’s life especially when continuously used. This is itemized
using bullet point for easy understanding and digest.
Earthworm vermicompost

e Product of earthworm activity and organic fertilizer.

e It can bring life back to the degraded and marginal land and increase its fertility.

e It contains humic acids, humin, fulvo acids, amino acids, enzymes, vitamins and other active substances.

e Its positive effect in soil can last up to 3-5 years depending on the dosage applied

e It does not contain pathogenic microflora, egg of helminth and salts of heavy metals. Hence cannot cause
soil pollution nor ill health to plants and animals.

e Itis completely harmless on any soil applied and, in any quantity, or concentration.
e It strengthens immunity of a plant against disease causing organisms.

e It can be used as soil on its own for greenhouse crops and farmers.

e Itisabout 10-15 times more effective than any known organic fertilizers.

e It can be used in natural soil mixers.

e Itis anon-polluting organic fertilizer.

e It suppresses pathogenic microflora and their likes.

e It surpasses compost and other manure types in about 4 —10 times in terms of humus content and on
efficiency of action. This is practically the main advantage against all manures.

e There are no seeds of weed plants in its structure.
e It enhances seed germination, accelerates plant growth and increase crop yield.

e The decomposition is faster than any other methods of composting.
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It can be done at smaller or large scales.

Any organic waste can be used as feed mixture.

It contains macro and micro elements in their sufficient quantities.

Improves soil texture, structure and water holding capacity of soil.

It controls soil acidity, salinity and alkalinity.

The humus contains high OC content. Thus, ensure high nutrients storage and release.
There is sufficient quantity of plant growth hormones.

It can sustain crop production on sustainable basis, thus ensure food security.

The microbial activity is 15-20 times higher than in the soil.

It contains about 50 — 60% more humus than the soil.

The production reduces greenhouse gas emission e.g. CHs, NO, NOo.

Traditional Compost

Organic fertilizer and product of active thermophilic microbes.
Improve soil structure, soften hard soil and give the soil black to dark brown color

Enriched the soil with C compounds and this will increase the activities of microorganisms and other soil
organisms.

Release plant nutrients slowly and its effect can last in soil 2-3 years.

Better utilization of refuse/wastes to enhance the serenity of the environment.
It can limit the disease and pest attack on plants

Increase the growth of healthier plant and crop yield.

Improves nutrient and water holding capacity, infiltration capacity and aeration of the soil and reduce
surface run —off erosion.

It regulates soil temperature and buffers soil chemical reaction (pH)

It contains many macro and micro elements for plant development.

It may increase the heavy metal content of the soil to the tune that might be detrimental to plant, soil
organisms’ and animals alike. Thus, it pollutes the soil environment and therefore care should be taken
while using compost whether from agricultural, animal, sewage or industrial wastes compost.

Through composting some soil pathogens and even some beneficial microbes are destroyed.

In many of the drier savannas materials to be composted are not always available.

Labour intensive and time-consuming process and equipment for large scale composting is not present
in tropical country like Nigeria.
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Total amount of nutrients in compost is lower compared to its equivalent in weight in earthworm
vermicompost or chemical fertilizer, meaning that large volume is required and that can be a problem
and hence not easily adaptable for use on a large area of land.

Increase the soil OM content, thus conserve plant nutrients

Its low analysis reduces its competitive economic value

Its decomposition produces organic acids and COo.

It helps to dissolve minerals like K making it more available to growing plant.

Provide energy for heterotrophic organisms that decompose OM as their source of carbon.

Reduce evaporation of water when used as mulch.

Reduce alkalinity and acidity in soils

Supply food for all microbes and earthworm and their likes in soil.

No worm mucus to prevent the washing away of nutrients from the first rain.

Chemical (inorganic) fertilizer

It contains 1- 3 nutrients in any one type chemical fertilizer e.g. Urea, NPK etc.
It does not contain secondary macro nutrient elements (e.g. S, Ca, Mg).
Its addition in soils creates acidity, salinity and alkalinity conditions.

It contains no OC content and with this limitation the productivity of the soil is challenged and moisture
retention capacity of the soil is reduced.

It cannot bring back to life the degraded land rather it increases further the degradation of the land.

It creates imbalance in the soil electrical conductivity (EC). This affects greatly microbial activity, plant
nutrients transmission and assimilation.

The activities of some beneficial soil organisms are reduced; such as N-fixing and phosphate (PO4)
solubilizing bacteria thus, the fertility of the soil is impaired.

It does not contain plant growth hormones.
It reduces aeration and damage soil aggregation and structural stability properties of the soil.
Crop production on sustainable basis cannot be achieved.

It causes soil degradation, distort soil biodiversity and create imbalance in ecological system.

Types of chemical fertilizers include;

Calcium cyanide: CaCN>

Basic slag.

Nitrogenous fertilizer:
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Ammonium sulphate (NH4)2S0Oa.
Ammonium nitrate: NHsNO3

Nitrate of potash: KNO3

Nitrate soda or sodium nitrate: NaNOs
Phosphate fertilizer:

single super phosphate CaHPO4; Cax(POs)s.
Ammoniated super phosphate: NHsH2PO4; (NH4)2PO4
Triple super phosphate: CaCH2PO4; CaHPO4
Calcium meta phosphate: Ca (PO2) "

Mono ammonium phosphate: NHsH2PO4
Rock phosphate: (CaO)sP20s

Potassium fertilizer:

Muriate of potash: KCI.

Sulphate of potash: K>SO4
CONCLUSION

The production of degradable organic wastes increases in all the cities across Nigeria and their safe disposal
becomes major problem. Meanwhile the rejuvenation of degraded soils by protecting top soil and sustainability
of productive soils should be a major concern to the policy makers. Provision of a sustainable environment of
the soil by ameliorating with good quality organic material like vermicompost enhances nutrient supply and
water holding capacity of soil as well as development of resistance in plant diseases and pests. The utilization of
earthworm and vermicompost is of immense benefit to farmers, industries, environment and national economy.
Vermicompost is an excellent bio-fertilizer that its addition to soil improves soil physicochemical and
microbiological properties of agricultural soil, amplifies the population and diversity of microbial communities.
The ecological characteristics and beneficial effect of earthworms have been clearly demonstrated. Their
activities influence the rate of soil turn over, mineralization and humification of organic matter. Because
earthworms gut provides a conducive environment for the development of bacteria colonies and their cast contain
higher number of bacteria than the surrounding soil. They improve soil productivity, remediate contaminated
soils among others. Vermicomposting is not a popular technology in Nigeria, in fact the technology does not
exist in Nigeria to the best of our knowledge. Hence in Nigeria, the agriculture-based industries and farmers are
yet to know and embrace the potential application of vermitechnology and vermicomposting. Thus, this is our
little contribution in educating and convincing people to adopt this technology.
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