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ABSTRACT

Kathmandu the capital of Nepal is a small valley with an area of 899 sq km. The rapid urbanization
of the capital city without proper town planning has added problem to the collection, transfer and
management of city wastes. The valley produces 600 tons of municipal wastes/day. Management of
city wastes has been always a political issue because of the lack of proper dumping sites. If the bulk
of the wastes could be reduced at the generation site itself, there would be considerable reduction in
the problem of solid waste management. One of the best ways of managing the wastes is to recycle
domestic wastes at the source of itself by vermicomposting into valuable organic fertilizers. A red
worm Eisenia foetida consumes about half of its body weight per day of organic wastes. One pound
or 1000 red worms can convert 3 to 4 pounds of organic matter into castings each week. So the
population of worms directly affects the conversion of wastes into fertilizers. In the present research,
Eisenia foetida were fed with different combinations of agricultural and kitchen wastes for a period of
ten weeks. Observations showed that the rate of vermicomposting was found to be highest in fruit
wastes, followed by green vegetables, combination of fruit and green vegetables, potatoes, and
paper wastes. Meat waste was found to be worthless for vermicomposting as the number of the
earthworms declined as well as the rate of vermicomposting also was found to be almost nil because
of the rapid proliferation of insects. The microflora analysis showed that bacteria predominated
followed by fungi and actinomycetes in vermi compost.
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INTRODUCTION

Eighty-one percent of Nepalese population depends on
agriculture for their livelihood. Introduction of modern
day agriculture requires among other things heavy input
of chemical fertilizers, pesticides, fungicides and
herbicides. However, Nepal has to import all these
chemicals from abroad. Traditionally, farmers have
been using composts since time immemorial but the
quality is never taken into consideration for the
improvement of crop production. Therefore, it is
essential for Nepal to develop alternate ways of
fertilizing the cultivating land. ‘As there is growing
awareness about harmful effects of chemicals used in
the form of either fertilizers or pesticides and herbicides
on soil as well as human health, organic farming is
gaining popularity all over the world. Organic farming
helps to increase the organic matter content of soil,

Table 1: Types of treatments

thus reducing the bulk density of organic wastes and
decreasing compactness of soil.

There is an increasing trend of mass migration of
population in urban areas especially in Kathmandu,
the capital of Nepal since 1995. Along with
urbanization, the increase in solid waste is creating
both environmental and sanitary problems in Nepal.
Kathmandu valley alone produces 600 tons of
municipal wastes/day. It has been estimated that 83%
of the waste dumps is municipal, 11% agricultural
and 6% industrial. On an average one person produces
0.22 to 0.50 kg of wastes in one day. There is no
definite landfill site in operation and no waste
treatment facility. The response of municipality to this
problem is simply sweep and dump. Solid waste
management is always in controversy because of the
public and political intervention. The key management

Treatment TPypes afsubstrates nsed No. of earthworms Quantity of substrate
no. used (gram)
1 Fruit and green vegetable waste 50 100
200
2 Green vegetable waste 50 100
3 Potato waste 50 100
4 Fruit waste 50 200
5 Newspaper waste 50 100
6 Cooked meat bones 50 100
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problems are lack of organizational structure, high
capital and operating costs and insufficient market
development for compost.

Waste is not a problem if itis considered as a resource.
The reduction of wastes at the generation site will
not only help in the disposal system but also save the
cost of transportation and land filling. Recycling of
wastes could be one of the solutions of such problem
that helps to maintain a cleaner environment and a
healthier habitat to live in. One of such recycling
processes is composting of wastes by worms the
process called vermicomposting. Compared to
conventional microbial composting, vermicomposting
produces a product that is more or less homogenous,
with desirable aesthetics and reduced level of
contaminants that tends to hold more nutrients over
a long period without any adverse effects on the
environment. In Vermicomposting, earthworms
harness beneficial microflora to convert worthless
wastes into high value biofertilizers for sustainable
agriculture. For this process, worms are fed with
organic matter that will pass through the earthworm
gut, undergo physical and chemical breakdown
through the muscular gizzard where the materials are
ground to particle size of 1 — 2 micrometers. When
vermicomposted organic residues are applied to soil,
a large number of beneficial microorganisms is
introduced in the soil some of which can function as
biocontrol agents by suppressing soil borne plant
pathogens through their competitive and antagonistic
activities.

The main objectives of this research were to study
vermicomposting in solid waste management,
determine the rate of vermicomposting with various
organic substrates and analyse microflora of the
vermicompost.

MATERIALS AND METHODS

Experiment set up :

Plastic buckets of ten liters capacity were taken and
three small holes at the bottom and several holes around
the sides were made to allow aeration and avoid
excessive liquid. Agricultural wastes such as straw and
dry tree leaves were cut into 4 cm pieces and used as
bedding. 500gm of cowdung flakes and 500 gm of
garden soil were sprinkled on top of the 6 cm bedding.
Water was sprinkled on top of the bedding just to keep
it moist. Fifty Eisenia foetida earthworms were placed
in each bucket.

Vermicomposting

Altogether six types of substrate treatments were done
using different kitchen wastes and paper waste. Each
treatment had three replicates. The substrates used were
as shown it (Table 1).
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The substrates were added in the quantity as mentioned
above in the respective buckets twice a week for about
a month.

During vermicomposting, the content of the bucket was
turned carefully without disturbing the red earthworms
after every twenty days. The buckets were kept closed
throughout to avoid direct sunlight and rain for eight
weeks.

Chemical analysis

Three samples each of vermicompost & local compost
were collected from vermicompost buckets and the local
farmers. Chemical analysis of these samples was done
to check total nitrogen, available phosphorus, available
potassium and moisture content at the Division of Soil
Science, Nepal Agricultural Research Council (NARC)
by the following methods:

- Total Nitrogen (N)
- Available Phosphorus (P)

by Kjeldhal method
by modified Olsen’s
Bicarbonate method
by Flame Photometer
method

- Available Potassium (K)

Microbial analysis

For Microbial analysis, vermicompost samples were
collected from vermicompost buckets. Cast samples
were collected by placing few earthworms on a sterilized
filter paper placed inside petriplates for at least 42
hours.

Isolation & identification of micro flora

Nitrogen fixing microorganisms

Jensen’s Nitrogen free medium was used for the
isolation of free living Nitrogen fixing bacteria from
the gut, cast and vermicompost samples.

Cellulolytic microorganisms

Cellulolytic microorganisms were isolated by
enrichment method in Mineral Base broth containing
piece of sterilized cellulose strip. Cellulolytic organisms
producing colonies surrounded by zones of clearing
were identified morphologically and by biochemical
tests.

Phosphate solubilizing microorganisms

Phosphate solubilizing organisms were isolated from
the colonies showing clear zone in medium containing
calcium triphosphate as sole phosphorus source. They
were also identified morphologically and by
biochemical tests.

Bacteria and actinomycetes were identified according
to latest edition of Bergey’s Manual of Determinative
Bacteriology. Actinomycetes were identified by their
delayed appearance of dry, firm and tenacious colonies
(Cross, 1976). Morphologically, they were identified
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by cover slip culture method (Kawato and Shinobu,
1959). Further identification was done by biochemical
tests (Collins ez al., 1989). Fungal colonies were
identified on the basis of colony morphology, hyphae,
asexual spores and sexual spores by cellophane tape
method and cotton blue staining method (Aneja, 1993).

RESULTS AND DISCUSSIONS

The vermicompost samples were blackish moist and
highly porous with the smell of earth. The chemical
analysis of the vermicompost samples showed average
Nitrogen % 2.79, average P,0, 1.97 kg/ha and average
K,O 6.92 kg/ha. All the plant nutrients nitrogen,
phosphorus and potassium are present in higher
concentration in vermicompost samples than in local
compost samples. (Table 2)

Table 2. Chemical analysis of vermicompost and
local compost samples:

Nitrogen P,0s K,0

Sample number %g . kg/ha ke/ha
Vermicompost 1. 3.96 2.07 8.28
Vermicompost 2. 1.88 1.75 5.24
Vermicompost 3. 2.55 2.10 7.25
Average 2.79 1.97 6.92
Local compost 1. 0.77 0.75 6.07
Local compost 2. 0.45 0.52 3.78
Local compost 3. 0.68 0.34 2.02
Average 0.63 0.54 3.96

Lake & Supak, 1996 have reported that vermicasts have
readily available nutrients and minerals for plants and
contain 50% more humus than what is normally found
in the topsoil. Castings contain 5 times the available
nitrogen, 7 times the available potash and 1.5 times
more calcium than that found in 15 cm topsoil (Worm
Watch, Education Department of South Australia,
1992).

The completion of the vermicomposting process by
Eisenia foetida with different types of substrate
treatments showed that the most suitable substrate for
the earthworms among all the six treatments was found
to be green vegetables waste followed by, potato waste,
(Table 3). Between the fruit waste and green vegetables,
the former waste decomposed more quickly. This was
also found in the study of Simko J., 2000. But in the
study of Pradhan et al. 1997, the green grass
decomposed faster than the kitchen waste. The
newspaper was found to be a very slowly decomposable
substrate, which was also true in the study of Pradhan
et al., 1997. The cooked meat waste was the worst
substrate. The meat portion was putrified rapidly but
flies, larvae and eggs of insects, and foul odor were
noticed in the treatment with cooked meat waste. There
was no multiplication of the earthworms in this
treatment. There is a general saying that potato waste
should not be used in vermicomposting but we found

that only the thin layer of potato pills remained while
earthworms consumed rest of the potato left over.

Table 3: Time taken for the utilization of the
substrate by Eisenia foetida

“S(; Substrate used Time taken
1 Fruit wastes 7 weeks
2 Green vegetable wastes 8 weeks
3 Fruits and green vegetable 8 weeks
wastes
Potato waste 9 weeks
5  Newspaper waste 12 weeks (after
addition of fruits)

6  Cooked meat and bones Not decomposed

The chemical analyses of the vermicomposts formed
by the red worms after the utilization of added substrates
were done and the result was shown in Table 3.

Table 4: Chemical properties of the prepared composts

Total  Available Available
Treatments Nitrogen Phosphorus Potassium
(%) (P10s %) (K;0 %)
Control 0.45 0.3 3.8
Fruit wastes 1.5 1.6 5.2
Green vegetable wastes 1.7 2.7 6.9
Fruit & Green 139 2.5 43
vegetable wastes
Potato waste 2.1 2.6 5:5
Newspaper waste 14 1.4 2.2

Vermicompost thus prepared from the organic solid
waste is a nutrient-rich biofertilizer, which contains
higher amount NPK necessary for plant growth and
development.

Total nitrogen percentage was maximum (2.1%) in
vermicompost prepared from potato wastes. Nitrogen
content was least in vermicompost prepared from the
paper or fruit wastes and then fruit only. The nitrogen
content of the compost (0.45%) was the less than any
other vermicompost (range 1.4 to 2.1%). Subler et
al.(1998) compared compost and vermicompost and
found that vermicompost contained higher nitrogen
concentration.

Available phosphorus and potassium were high in
vermicompost prepared from green vegetable wastes
(Table 3). Fruits, though decomposed fast, contained
less quantity of available phosphorus and potassium.
The low nutritional value of fruit waste vermicompost
was perhaps due to low phosphorus and nitrogen
contents in the fruits.

In addition to the nutrients, a biofertilizer should also
contain the biological agents that help in nitrogen
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fixation, decomposition of the cellulosic materials and
solubization of phosphate present in soil in soluble form
that can’t be taken up by plants. Thus, the study also
included the isolation of nitrogen fixing, cellulolytic
and phosphate solubilizing microorganisms. The
presence of these types of microorganisms would be
useful in evaluating the quality of the vermicompost to
be used as a biofertilizer.

The microflera analysis of vermicompost shared 68%
Bacteria, 18% Fungi and 14% actinomyucetes.

Three different species of nitrogen fixing organisms
viz. Azotobacter, Beijerinckia and Derxia have been
isolated. The slime produced by these organisms help
in forming soil aggregates. Inoculation of Azotobacter
species in vermicompost causes decrease in C: N ratio
and increases nitrogen content significantly (Singh et
al., 2000).

Higher number of cellulolytic fungi were isolated than
cellulolytic bacteria. Fungi isolated were Alternaria
humicola, Fusarium species and Aspergillus niger
whereas B. circulans, Cellulomonas uda and
Micrococcus roseus were the isolated bacteria. The
hydrolysis of cellulose by cellulolytic microorganisms
occurs mainly through the concentrated action of
several hydrolytic enzymes (Coughlan, 1985). Cellulase
enzyme complex decomposes cellulose into
disaccharide cellobiase, which is hydrolyzed by enzyme
cellobiose to glucose that can easily be assimilated as
the carbon source.

Soil phosphates are rendered available either by plant
roots or by soil microorganisms through the secretion
of organic acids. Both bacteria and fungi were found
to be responsible for solubilization of phosphate but
the number of fungi was higher than that of bacteria.
Aspergillus niger, A. ochraceous, Fusarium species and
Geotrichum candidum were the phosphate solubilizing
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fungi whereas Micrococcus luteus, Pseudomonas
mendocina and Bacillus megaterium were the
phosphate solubilizing bacteria isolated.

CONCLUSION

Vermiculture biotechnology could be widely used for
the management and recycling of agricultural wastes
and domestic wastes reducing the bulk and level of
pollution at the generation site itself. As the nitrogen,
phosphorus and potash contents of the vermicompost
are significantly high, it could be the best organic
fertilizer for producing organic vegetables, organic
fruits and ornamental plants. Since vermicompost
produces high population of beneficial microflora its
application to the cultivated land will also increase the
microflora population increasing ultimate the fertility
of the soil.
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