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Introduction and Scope of study




1.0 INTRODUCTION AND SCOPE OF STUDY

1.1 Introduction: The major causes of environmental degradation are liquid, gaseous
and solid [Wastes] pollutants generated by human activities. Until date, both developed
and developing countries have been focusing more on management of liquid and gaseous
pollutants. However, the large quantities of wastes being brought in by the increase in
population, industrialization, urbanization with modern packaging materials and
agricultural practices have recently become a cause of concern for the Government,
environmentalists, researchers and general public.

The biodegradable matters present in the wastes contribute profoundly towards the
environmental degradation as it has resv.'llted in:

Communicable diseases spread by unmanaged solid wastes. Human and animal excreta
mixed with industrial wastes can spread diseases like typhoid, cholera, dysentery etc.
hookworm infections, skin infections, and infective hepatitis etc. Biological wastes
containing pathogens be disinfected, to safe guard the community against the outbreak of
diseases.

Co-disposal of hospital wastes and Municipal wastes has created sites with infectious
diseases. The dumpsites create obnoxious and unhygienic conditions.

Damage to the aesthetics of land and water as the wastes are openly dumped on the
ground and allowing the natural environment to deteriorate with foul smell etc. in turn
affecting  the quality of life of the proximate residents. Mixing municipal  and
industrial solid wastes causes toxicity and handling of wastes is further, made a

difficult task. Ground water pollution due to flow of leachates reaching the ground



water sources like wells, nallas, rivers etc., and further due to overload of nutrients in the
water bodies, leads to eutrophication. Organic pollution of soil ecosystem dissolves the

soil minerals leading to ground water pollution.

Plaée of habitat for pathogens / rodents, pests, insects like flies and mosquitoes breed in
organic wastes, cause nuisance and act as a disease spreading agents. Proximate habitats
get affected; in turn act as pollution transfer agents. Space goes wasted by piling up
wastes. Treated solid sludge’s, fly ash of thermal power plants, slag from metal industries
occupy more and more scares space around the industry.

Therefore, there is an urgent need for the design of proper disposal methodologies to treat
municipal and industrial solid wastes. Even though there is governmental efforts to.
enhance the existing waste disposal facilities with a view to cope up with the alarming
increase in quantum of solid wastes, however due to dearth of appropriate
disposal/management technologies, it is clear that the air- soil -ecosystem is not able to
respond in its natural way, leading to greater environmental degradation.

The Government of India has set up the National waste management council [NWMC]
vide circular no. 170(1)-870/PL. HMSD dated 25.1.1990 to render special advice to
government on all matters concern with disposal and utilization of wastes NWMC
emphasizes on the need for efforts to be taken up for conversion of solid wastes into
usable materials.

1.2 Problem definition: India is a agro based country, hence there is an all time effort
by the government to improve the agricultural practices to increase the crop

production with the advent of major, minor and lift irrigation systems. The farmers have



accepted the challenge of growing commercial crops like sugar cane, paddy, wheat,
cotton etc., This has necessitated the setting up of more and more agro based industries
like sugar factories, food/vegetable processing industries.

As on today there are about 566 sugar industries in India generating a huge quantity of
solid wastes, of the order 43.13 MTY 'baggasse, 5.SMT/Y™" press mud [NWMC,1992]
which are organic in nature. These waste though rich in organic matter are presently
being disposed on land creating environmental problems.

In this context the study of press mud (PM) [Filter mud] of the Sanjeevani Sugar Factory
Dayanand Nagar Goa is included for carrying out lab scale as well as field
experimentation in assessing the amenability of press mud to vermi processing, and to
ascertain what is the role of microorganisms in the complete process of vermiculture
system. A visual on present disposal method presented in Annexure I.

1.3 Rationale

With the advent of industrialization, treatment of industrial wastes has become an
essential part of life in all the developed and developing countries. The unsystematic and
hazardous way of management of these wastes however, leads to serious environmental
degradation. As mentioned earlier the NWMC addresses the below mentioned issues.

i]  Identification of wastes

[ii] To suggest alternative technologies for reduction/reuse/recycling and R&D,

[iii] To determine categories of areas where specific measures be needed

[iv] To formulate action plans concerning taxes, legislation and incentives.



The sugar industry belongs to the most important processing industries in India.
According to the Indian Directorate of Economics & Statistics, India produces on average
270 million tonne’s of sugar cane per year. During the production process, considerable
amounts of by-products such as bagasse (b), press mud (p), and trash (t) are produced.
Part of these byproducts are utilized for the production of molasses and alcohol; however,
there remains a considerable amount of waste products to be disposed of.

The recovery of nutrients by modifications of these huge quantities of solid wastes is
becoming increasingly important in order to result in its judicial management and make
these industries more viable to comply with strict rules of pollution control.

The use of chemical fertilizer has no doubt revitalizes the crop production, which is also

associated with the fallowing ill effects.

I. Soil Compaction and destruction of soil.
[I. Low organic matter in soil leads to soil erosion.
I1I. Poor water holding capacity.
IV. Increase salinity.
V. Poor quality product
VI. Excess/residual fertilizes are pollutants.
VII. Induce residual toxicity.
VIIL. Increased hazard and outbreak of pests & diseases and weeds
Further, with the ill effects of modern agriculture, increase in cost of chemical fertilizers
and their deleterious environmental impacts, the production of bio fertilizers out of
wastes generated from food/agro industries, agricultural residues and biomass considered

as a simple and economically viable solution.



Agro industrial and food /vegetable wastes are recalcitrant to biodegradation due to
presence of complex natured polymeric constituents such as lignocellulose’s (Nand,
1995). The mechanism of recalcitrant or resistance to biodegradation is yet a new field
for researchers (Madhu Arora, 1998).

The mechanical and chemical energy supply are the major concern in the industrial era. The
biotechnological era is thg present day focus. This is the time for us to rethink about our .
biological resources and processes. The soil -plant -air -water ecosystems needs to be focus
of study with their interrelationships. There has been a rise in the studies of relationships
between invertebrate, micro-organisms and plant/soil development (Edwards et al., 1988;
Crossley et al.,1991) .Earthworms are the important component of soil ecosystem and there
has been works reported by Edwards and lofty(1977), Lee and Foster,(1995) and
Stephenson(1930).

The research work aims at demonstrating the use of the by-products of sugar cane
processing as ideal substrates for breeding/rearing of ganhworms and microorganisms.
Preliminary studies have shown that earthworms are capable of converting the waste
material into organic manure, which is rich in calcium, nitrogen, phosphorous, potassium,
humus, and humic- acids.

Earthworms are the natural bioreactors, which proliferate, growth of microorganisms and
provide required conditions for the continuous sustenance of microorganisms in turn
leading to biodegradation of these wastes through microbial activity. Vermi-culturé
biotechnology, which involves use of earthworms for biodegradation is tried for the
treatment of the press mud .The laboratory and field trials for the treatment of press mud

of Sanjeevini Sakhar Kharkhana are selected.



Within the frame, this project the application of earthworms (vermi- cultures) for the
production of vermi-compost by using surface feeder species Eudrilus eugenae, Eisenia
fetida and the deep burrower species of earthworm Megacolex megasecolex shall be
optimized and standardized.

Further, to know the water holding capacity, aeration, porosity, air content, bulk density,
dry density, degree of saturation and other soil aggregation characteristics laboratory
experiments be conducted on the vermicompost prepared form the press mud with deep
burrower and surface feeder species. The relation between these geo technical parameters
and their relation to microorganisms in terms of required necessary conditions for the
growth of microorganisms will be evaluated.

The vermi composts of filter mud and soil be subjected to microbiological and
physicochemical analysis during and after vermi-processing. The microorganisms will be
isolated from the vermi composts and subjected to various enzyme activities. The filter
mud are treated with consortia of cellulose degrading microorganisms. The soil
microorganism’s relation ship with respect to aggregation is studied with a focus to give
solutions to soil pollution problems. Moreover, the effects of vermi-compost produced
from press mud sugar cane residues on the growth of garden plants (e.g. Diffen bachia

and Aglonima) be studied at laboratory scale.



1.4 Objectives and Scope of work:
The fallowing are the objectives of the study
e To analyze and select, suitable soil cow dung proportion for vermi-processing.
o To éelect efficient earthworm species for soil cow dung vermi composting.
e To determine the time required for the conversion of press mud to vermi compost.
e Microbiological and physicochemical analysis of press mud and soil during and
after vermi processing
e Isolation, purification, identification and characterization of microorganisms
associated with earthworm and vermi compost of press mud
e To demonstrate the role of microbes (bacteria) in biodegradation of filter mud
with and without earthworms and soil aggregation.
e Design a process package for the treatment of press mud.
Scope of the study
e Laboratory tests to characterize the organic solid wastes
e Laboratory study to find the suitable proportion of cow dung and soil
proportion for surface feeder and deep burrower species
e Laboratory biodegradation study to find bioconversion time of press mud,
with selected species of earthworms.
e Site investigations and collection of soil samples to check suitability of
bed soil for vermi-processing.
e Study properties of bed soil for its suitability.
e Feeding trials with selected species of earthworms, select the efficient

species for the treatment of filter mud.



e Laboratory study for analysis of microbiological and physicochemical

changes during and after vermi-processing.

e Isolation, purification, and identification of earthworm-skin-adheared and
vermi compost microorganisms.

e Prepare consortiums of cellulose degrading organisms. The same is used
to study the extent of biodegradation

e To study the role of microorganisms on bioconversion of press mud,
[Filter mud] and aggregation of soil, and odor problems.

e Design of vermi-compost bins for the industries

e To study the impact of vermi-compost on salinity characteristics and plant

growth and soil aggregation.

The scope of study is of inter disciplinary nature involving microbiology,
ecology, environment, biology of earthworms, biotechnology and civil
engineering etc.

Keeping these objectives the work was initiated with a preliminary literature
survey on generation of wastes, technologies for the treatment, and with
special reference to vermi-culture biotechnology. The literature information
available on the role played by microorganisms and its enzyme activities etc.,

are collected, complied and presented in the next chapter.



CHAPTER 1

REVIEW OF LITERATURE




1. Review of literature:

1.1 Introduction:

Recognizing the world is finite and that the continued pollution of our environment, if
uncontrolled, will .be difficult to rectify in the future, the subject of solid waste
management is both timely and important. The overall ijective of solid waste
management is to minimize the adverse environmental effects caused by the
indiscriminate disposal of solid wastes [Pevey et al., 1985].

The ideal objectives of integrated solid management can be defined as the selection and
application of suitable techniques, technologies and management programmes to achieve
specific objective of waste management (Tchabanglous et al., 1993). Waste disposal
using earthworms is one of the sustainable technologies to upgrade the value of original
waste materials so that, the product be sold as useful materials, to provide the upgraded
materials in situ and to obtain final product, free of chemical of biological pollutants
(Bouch, 1979)

In the last twenty years, our mother earth has been forced to come under furious threat
due to environmental pollution caused by population pressure, urbanization and
industrialization, greater mechanized agricultural activities. The attention has been
focussed on the solid wastes developed by the urban areas and industrial activities by the
environmentalists, scientists, and public in general. Treatment of solid wastes has become
an essential part of life in almost all over the world, as the environmental problems due to

solid waste disposal are complex in nature, and disturbs the ecosystem.
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Even though there are governmental efforts to tackle the problems of solid wastes, the
alarming increase in solid waste quantity, and the mixing of biodegradable and non
biodegradable wastes at the generation point, and making the complication, to handle
these wastes with the limited available resources.

To assess the mmageﬁmt possibilities and feasibility, for this waste {Resource], the
literature pertaining to the total industrial solid waste generation and its management
/treatment, the literature with respect to various available technologies along with
detailed information with respect to vermi-culture biotechnology have been reviewed.

A special attempt has been made to collect the literature on microorganisms associated
with earthworm casts.

Lignocelluloses are the most abundant organic compounds in biosphere,
approximately accounting to 50% of the in the world. The annual production is
estimated to be of the order of 10 to 50 x 10° ton’s arises out of agricultural, forestry and
fruit and vegetable wastes. Large quantities of biomass in the form of wastes
accumulate every year causing environmental degradation and loss of potentially
valuable resources. A significant contribution could be made to overall problem of
biomass recycling and conservation.

Biomass in the form of cellulose, hemi cellulose and lignin provides a means of
col_lecting and storing solar energy and hence represents an important energy and material
resource (Khuhed and Singh., 1993). It has also been reported that the waste lignin

derived from the pulp and paper industry is of the order of 30 to 50 x 10° tons/year.
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The organic matter decomposition of lignin, the structure of which is three-carbon side
chain unlike starche, cellulose, protein, and lignin is not formed by specific enzyme,
rather, by the poly condensation of the phenolic precursors of this compound in a
chemical reaction that includes free radicals. The structure involves many multi
dimensional linkages as well as C-O-C (ether) linkages. These together with high
aromaticity make the structure very difficult to decompose/biodegrade hence
recalcitrance (Madhu Arora, 1998). Similarly, humus formed by poly condensation of
free radicals with amino acids contain nitrogen, whereas lignin usually does not contain
nitrogen ,is recalcitrant due to presence of different types of bonds, its aromaticity, three
dimensional configuration which makes it to decompose slowly.

The total annual availability of saw dust in India has beén estimated to be 2.1x10° t (Roy,
1989). Composting of woody materials as reported by Saha et al., (2000) requires a lot of
time if traditional composting is followed because of its high lignin and cellulose content.
Two step composting technique as a noble solution for utilization of woody materials,

and studied the decomposition of soft wood simul wood dust by selected lignolytic fungi.

There has been a significant increase in Municipal Solid Waste (MSW) generatidn in
India in the last few decades. This is largely because of rapid growth and economic
development in the country. The per capita of MSW generated daily in India ranges
about 100g in small town to 500g in large towns and the industrial sector generates
about 100 MTY! of non-hazardous solid waste. The growth of MSW in urban centers
has out placed the population growth in recent years (CPCB, 2000). Food and fruit

processing industries, hotels, pilgrim house, hostels, housing colonies, community
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kitchens, vegetable markets, etc. generate large amounts of organic waste containing
cooked food remains, raw fruit and vegetables, fruit peels, etc. Management and disposal
of these wastes have becomes a problem for them and the concerned authorities. The
TEAM (TERI enhanced acidification and methanation) process shows a useful way to

turn that waste in to wealth (Rajeshwari, 1998).

The quantity of MSW generation was estimated to be 40 million tones per year in the
year (Alone et al, 2002). India generates annually 25 MT of saw dust ,325 MT of
agricultural residues, 210-270 MT of cattle manure, 3.3 MT of poultry manure and
proper utilization of thee wastes improves land ,water, air environment along with quality
of human life (Ramaswam,1998,2002;Surekha, 2007). Growing urbanization and
industrialization have led to generation of large quantities of wastes, which can be
broadly classified as MSW (municipal solid waste) and ISW (industrial solid waste). In
India, the daily per ‘capita solid waste generation ranges from about 100 g in small towns
to 500 g in large towns. It is estimated that the industrial sector generates about 100

million tonnes of non-hazardous solid waste in a year.

The SWM by vermi-composting has been suggested by many workers/scientists. In the
recent years, earthworms have been used to convert sugarcane trash into manure.

(Ramalingam and Thilagar 2000; Abbasi and Ramaswamy, 2001)

The composition of MSW in a locality in Goa has revealed that 65% to 75% of the total
solid waste is mainly arising from vegetable wastes (garbage) which are of driver
category [Dutta & Mahendra, 1997] and a major contribution is conveying from market

vegetable wastes which are in consumable or not sold due to a variety of reasons.

14



The present consumption rate is standing at less than 25 gm per hand against the
minimum consumption 280g.

According to Daliwal et al.,(1996) at least 50% of total solid biomass are dumped over
the soil or water bodi_e_s uncovered, and become breeding ground for harmful organisms
like flies, mosquitoes, worms etc. Also abcording to Patra, (1997) the méjor source of soil
pollution is the unscientific disposal of solid waste on land.

Adding to this Seasonal population structure of earthworm was significantly influenced
by seasonal pattern in soil salinity and other chemical and physical factors in semi arid
tropical grassland soils (Reddy and Pasha, 1993). Earlier, Kale and Krishnamurthy
(1978) reported that soil moisture, salinity and organic matter concentration were the
principal factors controlling the distribution and bionomic of earthworm population
around Bangalore. Barley (1961) repbrted that the underlying un productive soil
undergoes biochemical changes and brought to the surface as a fertile soil.

Inoculation of earthworms with organic manures and heavy mulching of organic wastes
can be used successfully for improving saline soils. Bhawalkar (1992) reported a case
study of vegetable farmer who grew successfully, tondali- vegetable crop on saline soils
with saline irrigation water by adopting in situ vermiculture biotechnology. They also
reported good results in sugarcane grown on saline soil with saline ground water
irrigation and in situ vermi-éulture.

On the industrial front there is no reliable data available on the solid waste generated in
various industries, (Nand 1995) has reported that about 18550 food processing industries.

with a total production capacity of 171.49 lakh tones resulting in a waste generation of
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55.9 lakh tones, with emphasis that these wastes are recalcitrant to bio degradation
Madhu (1998). By nature, the fruits and vegetables are susceptible to infection by
bacteria, fungi and viruses. Microbial invasion of plant tissue can occur during various
stages of fruit and vegetable development and hence, to the extent the tissues are invaded,
the likelihood of spoilage increases, contributing to solid waste before reaching the
industry Pelzar (1993). There is an added solid waste due to mechanical handling
producing breaks in tissues, which facilitates invasion by microorganisms.

Also sugar industries have been reported to produce 43.13 MT per year of baggasse, 5.5
MT per year of press mud (NWMC 1992) and some agro industries are producing 28.3
MT per year of waste in the form of rice husk, willow dust, molasses, saw dust etc.
(Singh, 1997). The conversion of distillery sludge into organic manure has been reported
by Senappa et al., 1995. Kalpana,(1978) reported the possibility of mixing sewage sludge
and other industrial waste materials like paper pup sludge or lignin rich wastes and
composting the mixture by earthworms.

Taken on annual basis the sugar industries are producing filter mud 9mty™, Food and
food processing solid wastes 4.5mty”, Dairy wastes 60 MLD™, and agricultural residues
350mty”. These estimated recyclable waste presently available for organic farming
(Selvaraj et al., 2005; Ramanathan, 2006) can be efficiently be used for treatment through
microbial technologies

Bhattacharya (2007) reported the use of agro industrial by products oil cakes, paddy husk
and barn, bagasse, filter mud, saw dust, fruit and vegetable wastes, cotton wastes from

plantations crops such astea, coffee, cocoa, spices, and grapes and malt wastes from
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brewing industries. It has been estimated that the total available nutrient value of organic
resources in India is 12.796 mt and trapped amount is 8.953 mt and present utilization is
3.75 mt approximately and agro industrial wastes for organic farming is also reported by
Surekha (2007) and Kitturmath (2007).

The potential for using paper mill sludge enhanced with spent yeast, from brewery
industry as a feedstock for soil dwelling earthworms was investigated using L ferristris,
with 66:1 proportion of wet paper mill sludge: dry east extract (Butt 1993).

The bioconversion of pulp mill sludge’s and primary sewage sludge, mixed with
nitrogenous materials, dairy sludge’s by E andrei was reported by Elvira et al., (1995,
1996, 1997, and 1998).

Treatment of paper mill solid waste by using Eisenia fetida, bioaccumulation of any
metal was not observed in the body of thé earthworms hence no harm in using earthworm
from treatment units for fish bait. The metal content in vermi-compost was well within
the permissible limits (Deolkar 2005).

There are reports on distillery waste using suitable substrate by earthworms; L mauritii
used to treat sugar industry distillery effluent in a two tier filter unit consisting of gravel
sand and soil by using decreasing organic carbon load of effluent Sundervadivel er al.,
(1995). Delvi and Seenappa (2000) also studied the distillery effluent by sing earthworms
and concluded that 4.3 Kg of earthworm biomass is required to convert 300 liters of
distillery effluent which will produce 90 kg of vermi-compost.

Bhawalkar and Bhawalkar (1992) used different residues viz., sugarcane trash, .press

mud, sugar wastewater, boiler ash, bagasse and spent wash from sugarcane processing
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activities. These were vermi stabilized into vermi-castings and applied to the field for
triggering the soil biology. However, they did not mention the superiority of any residue
in the biodegradation and biomass production process.

Jambhekar, (1992) investigated on recycling of sugar industry by-products like press mud
and bagasse and mycelia and assessed the ability of earthworms Eisenia fetida , Eudrilus
eugeniae and Prionyx arboricola to biodegrade the wastes . The results revealed that
earthworms could be efficiently used for producing humus with the help of some
indu‘sarial solid wastes and agricultural wastes.

Aqu\i;lo et al, (1994) studies the earthworm reproduction in manure and sugarcane
bagasse. Two experiments were conducted to evaluate the reproductively of adult
earthworms. The first experiment was conducted with manure and chopped bagasse at
different ratios and second experiment was conducted in litter pot using manure and
chopped bagasse at different ratios. The highest numbers of earthworms were found at 1:
1 and 3: 1 ratios, for chopped bagasse. No mortality was found for the ground bagasse
treatment.

Hedge (1995) investigated the suitability of different crop residues along with sugar
industry wastes like press mud and bagasse for earthworms E. eugeniae under laboratory
condition. Cow dung and paddy straw were proved most suitable food materials for
worm’s multiplication, biomass and vérmicompost production. Press mud and sunflower
stalk were the next best wastes fallowed by vegetable waste, wheat straw, jowar stalk,
maize stalk and bagasse. However, potato plant waste was found to be least suitable for

earthworms.
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Sugar industry by-products such as press mud and surplus bagasse were composted
through vermi-composting technique into valuable organic rich vermi-compost. This was
tested as carrier for bio-fertilizers. The maintenance of bacterial population was better in
vermi-compost than lignite a widely used carrier for bacteria Muthukumarasamy et al.,
(1997).

Giraddi (2002) suggested a combined integrated approach to sugar industry wastes
including attached distillery effluents using, composting, vermi-composting, bio gas
sprinkling of spent wash on windrows, proper leachate management system etc.
Mala et al., (1998) described a procedure for obtaining a valuable bio-compost, based on
sugar industry by-products. In a clean pit of size 31 * 11 * 3 ft was placed a mixture of 6
t. press mud, 1. 5 t. coir pith and 1. 5 t. fly ash, 5 doses of 250 lit. Of vinasse were
incorporated at intervals of 10 days, plus 3 Kg bio inoculums, local species of earthworm
(Lampito mauritii, 500 / t) were introduced. Physical and chemical characteristics of the
finished product were assessed.

Total microbial population and enzyme activity in the press mud and press mud
vermicomposts L. mauritii and E. eugeniae (fresh, 15 and 30 days old) had been
determined. The fresh press mud vermicasts of both worms showed relatively higher
microbial population and activity than un ingested press mud (Parthasarathi and
Ranganathan, 2000). |

Giraddi and Tippannavar, (2000) reported the bioconversion of ‘sugar industry by-
products using earthworms. It was evident that press mud was completely degraded in 85
days while bagasse could not be degraded completely even after 90 days. Sugarcane

trash, which was fully accepted by the earthworms, recorded maximum number of

19



earthworms and collected of vermi-compost. They suggested that for biodegradation of
press mud and bagasse using earthworms, sugarcane trash is to be mixed in order to
reduce the period of degradation and to harvest higher quantity of vermi-compost.

Use of synthetic fertilizers and other agro-chemicals has many limitations such as loss of
top soil due to the indiscriminate use of fertilizers and pesticides has an ecological and
economic implications, viz. Biomagniﬁcations of chemicals in food chains and food web,
environmental pollution, pest and disease outbreak and increased cost of fertilizers.
Therefore, the need of the hour is to popularize organic manures, the production of which
would be cost effective and environmental friendly.

Therefore the recovery of nutrients by modification of this huge quantum of organic solid
wastes is becoming increasingly important in order to result in proper waste management
system, and make the municipalities/industries more viable and comply with strict
government regulations

The production of organic manure out of the waste generated from municipalities,
industries, production, agriculture and animal residues and biomass available is being
considered as simple and economically viable solution to compete with tﬁe increasing
cost of chemical fertilizers and their deleterious impacts.

1.2 Process Recovery Options:

Processing and recovery are interrelated terms. Some of the processing techniques
are used to improve the solid waste management system, while other are used to recover
materials from solid waste or to convert solid waste to products of value. Depending

upon the type of solid waste, source, quantity generated, availability of recoverable
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materials in solid state, final processihg and recovery technique should be tested, but
before deciding the final system their merits and demerits should be properly evaluated
(Trivedi and Raj, 1992) |

The Andhra Pradesh State Pollution Control Board adopted the three broad
approaches which emerged with cleaner production technologies and waste minimization
techniques for industrial productions.

e Applying waste minimization technologies involving raw material
substitution, process enhances, improved house keeping, and equipment
redesign and product reformation.

e “End of the pipe” treatment options involving recovery, of raw materials,
water, energy and marketable by-products.

e Waste utilization technologies involving reclamation and utilization of
wastes as secondary raw materials in other industrial units Surya Prasad
and Raghavendra Rao, (2007).

1.3 Categories of treatment processes for organic solid waste management:

The fallowing are the different catégories of treatment processes for organic solid
waste.
(1) Physical process (ii) Biochemical process (iii) Thermal Process
Organic solid waste depending upon their carbon content can be used to make fuel pellets
through pelletization process. Based on the calorific value they can have a good substitute
for wood and coal (Jain and Garg, 1997; Tchbanoglous ef al., 1993)
Indian sugar and General Engineering Corporation Yamuna Nagar has already developed

agro waste plant/ briqueeting machinery (Anonymous, 1994). Solid waste
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of food-processing industries at pilot or full-scale methane generation has not been
extensively studied except for few reports.

Constant et al., 1989 have reported that potato peeling in potato chips factory in Finland
are utilized for Biogas generation in 10°M° plug flow digesters and the gas produced is
directly used in a boiler as a substitute for energy.

Food processing and other organic solid waste has not been extensively tried for
biogas generation. Lane, (1979) has attempted to utilize fruit and vegetable processing
waste, especially citrus, at laboratory and bench scales. It has been reported that the
loading rate of four Percent of citrus processing solid waste could be used for methane
generation and higher level of it would result in a failure of anaerobic digestion (Lane,
1984)

Fruit and vegetable waste are seasonal and are available only for a short period
2 to 3 months. During this period, varieties of wastes are generated in the processing
industry. It is, therefore, necessary to operate the digester with the waste available in this
season. Viswanath et al., (1992) studied the effect of feeding different fruit and vegetable
waste in a 601-biogas digester.

Jackshe, (1995) and Nand, (1995) reported that organic wastes of food processing
industries can be treated by anaerobic waste digester process to derive energy from
renewable resources. |
The Biomethanisation of industrial effluents, of agro based industries, municipal solid
wastes, sewage, and agro-residues accounted to 80% of global waste which are being
treated to generate methane rich (60%) gas. Use of water hyacinth has been used to

generate methane by many countries Nair (1995).
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Organic wastes from food processing/municipalities can also be treated through a

technology called ceirich—technology which adopts microbial aerobic fermentation

(Anonymous 1994).

Solid wastes rich in organic wastes could also be converted into organic fertilizer/manure

through composting which is a biological process for conversion of solid organic wastes

to humus like products (Jain et al., 1997; Trivedi and Raj, 1997)

Zuccani and Betrodi (1986) have studied composting of vﬁrious raw materials like waste

water sludge’s, industrial sludge’s, industrial wastes and residues, food processing wastes

and agricultural residues.

Composting of solid wastes effectively reduces the waste volume by about 40-60 percent

depending on the content of compost-able materials contained in the wastes. (Gotass,

1962)

Bhoyar and Bhi_de (1983) have suggested C: N ratio takes an important controlling factor

in composting. Lower C/N ratio have been reported to expedite the composting process.
It has been reported that large quantity of cattle dung is burnt in the field to

prepare it for the next crop cultivation. (Sinha, 2000)

The total annual availability of sawdust in India has been estimated to be 2.1x10° tonnes

(Roy, 1989) 196.8x106t cereal straw. Total organic matter available is 1.3569 x 10°

tonnes.

- If only 10.20% of the organic is recycled, it will contribute significantly in solving food

crisis enhancing soil productivity and in controlling soil pollution Nagaraj (1981).
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The water hyacinth, weed has tremendous reproduction potential under ideal conditions it
is a prolific multiplier. A single plant could produce the incredible number of 24800
daughter plants I just 90 days at a growth rate of 0.5 tonnes per day per hectare.
Eradication of this weed will provide a new source of energy. (Nair1995)

Use of industrial effluents dairy and distillery was tried along with municipal solid wastes
which has shown an increase in micro and macro nutrient with earthworm inoculums
Eudrilus eugeniae Hemalatha, (2006).

Soil Pollution by.metals is known to have detrimental effects on soil macro invertebrates.
Most of the eco-toxicity tests or field studies have shown negative effects on metals on
feeding activity, biomass .and reproduction of earthworms. [Nahamani, 2005; Nahamani,
2002; Karmaz, 2000; Khalil et al., 1996]

The effect of pesticides, when used in used in soil,u]timately intérfere with soil microbes
and microbiological processes like soil respiration, nitrification, phosphate solubilisation
etc., and inhibit the normal activities( Kalam et al., 2004).

Earthworms have the. capability of scavenging several heavy metals/pesticides and
accumulate them. Therefore it is advised to avoid sites of heavy metal concentration -
affected with excess chemical fertilizers/pesticides (Singh and Sinha, 2001)

1.4 Technologies for Organic Solid waste treatment / Management:

The biotechnological exploitation of microbes is becoming more and more important
both for industrial purposes and in the treatment and utilization of solid organic waste
materials. Agricultural and industrial organic residues contain substantial amounts of
cellulose and have the potential of serving as growth substrates for either ruminants or

microorganisms Chang (2005).
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1.4.1 Development of biodigestible environment friendly seed pots:

Bio-digestable environment friendly seed pots and blocks are made out of cocoput pith,
an agro waste duly processed, and waste paper for extensive use in agro horticulture field.
The co-co pith/waste paper pulp mix is vaccume formed into different product needs.
Pulpers, molding machines, moulds, drier and vacuums /pricumatics are needed besides
other facilities. Mechanical Assembly Systems (India) Pvt. Ltd., Charthala, Alleppey

Dist. Kerala State, India (Anonymous, 1994), has developed this.

1.4.2 Celrich Technology:

Converting organic waste into soil enrichers, from fiotech Constorium India, New Delhi
adopts microbial aerobic fermentation. Waste from municipalities/food processing
industries is heaped in rows and inoculated with a slurry containing microbes. The
temperature of heap gradually rises to 60 to 80c within a week. The heap is turned
mechanically alter 11 days. After three cycles of 11 days each (i.e. one week). The
volume of heap is reduced to one third. The heap is then silted and graded into bio-

organic soil enrichers.

Advantages to this technology are: Converts wasteland fills material into useful bio
fertilizers; cost alternative and economical process which is not labor intensive (a 100

TPD plant costs approx 1 crore effectively masks obnoxious odors in five hours.

Areas in application of this technology are heterogeneous municipality garbage;

food/vegetable/fruit Industrial waste (Anonymous, 1994).
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1.4.3 Agro — waste Briquette Plant/Machinery:

Agro waste materials have proved to be good non conventional renewable sources of
energy. Indian Sugar and General Engineering Corporation, Yamane Nagar, India has
developed a agro-waste briquette plant/machinery for processing agro-waste material. It
is a binder less process. The briquetteing achieved by the application of pressure and
process heap. As a non-conventional renewable source of energy, it converts agro waste
material into desired fuel briquettes for easy transportation and storage. It can be applied

in small and medium capacity gate type industrial boilers and rural household.

(Anonymous, 1994).
1.4.4 Microbial composting technology:

Composting is the process of converting organic residues of plant and animal origin into
manure, rich in humus and plant nutrients. It is largely a microbiological process based
upon the activities of a host of bacteria, actinomycetes, and fungi. All kind of organic
residues amenable to the enzymatic activities of the microorganism can be converted into
compost by providing optimum conditions for biodegradation. Unless strictly controlled,

composting employs the activities of both aerobic and anaerobic microorganisms.

Effective harnessing of the great biochemical activities of microorganisms for
bioconversion processes has become more imperative today as modern societies are
generating huge quantities of wastes. Unless these waste are prudently managed and
recycled, not only will the dwindling resources become further scare, but environmental
quality will also deteriorate to an intolerable level. In this background, conversion of
organic wastes into value-added products through microbial technologies appears to be

an extremely useful approach.
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Recycling of organic residues through composting is an age-old practice. Yet,
tremendous renewed interest has been shown in this process of late. In developed
countries, practicable technologies have now been worked out for the composting of
troublesome wastes such as sewage sludge. Rapid composting processes based upon
specific engineering designs have been proposed. Even patented composting methods and
apparatuses have been designed. In developing countries, investigators have been
engaged in improving conventional technologies of rural composting by ceﬁain mineral
and microbial inputs. Widespread interest is been shown in evaluating the role of
earthworms in composting. Furthermore, some commercially available microbial starters
have to be found to be useful in the composting of industrial wastes. In view of these
noticeable developments in composting Methodologies, it is pertinent to make an
appraisal of existing status of the technology of composting with particular emphasis on

the microbiological aspects of the process.

1.5 Methods of composting:

Any system or design that ensures efficient decomposition of organic matter can
constitute a composting method. However, some methods, worked out long ago, have
been in vogue over the past several years with a little or no modification. These methods
are based upon simple maxlipulations of the raw materials and conditions of composting,
and are being followed in most practical situations. Conventionaliy two methods of

composting are known in India. A brief description of these methods is given below.
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1.5.1 Indore Method:

This method is worked out by Sir Albert Howard, a British agronomist in India, at
Indore in Madhya Pradesh during 1924-30. It is a systemaﬁzation of the traditional
composting practices being followed in China and India for centuries. The Indore method
is an aerobic process and hence precludes adequate supply of -oxygen during the
decomposition process. Waste organic materials such as straw, garbage, leaves, and plant
clippings are laid in a heap or pit in alternat'ei layers with animal manure and soil.
Accordingly, a 15cm thick and 1.5-12.0m wide layer of organic materials to be composed
is placed on a hard upland place. This is followed by a 4-5cm layer of animal manufe
(dung), which is in turn covered by a sprinkling of surface soil mixed with a small
quantity of lime or wood ashes, about 30mm in all. The layers are repeated until the heap
reaches a height of 1.5-2.0 m. The final layer should be of the compostable material
covered by a thick layer of soil, about 60mm. To provide optimum moisture (60-70%),
water is sprinkled over each layer. The same procedure is followed if composting is
carried out in pits of about 1 m deep. 1.5-2.0m wide, and of suitable length. The heap is
turned thoroughly at intervals of 3, 6, and 12 weeks the finished compost is ready in
about three months if the materials are properly shredded and layered. Generally it takes
about 4 months for the compost to be ready (Refer figure 1.1). The Indore method has the
disadvantage that it demands considerable labor in construction of the heap, turning of
material, and maintenance of adequate moisture. Loss of nitrogen as ammonia gas also
takes place, which can be considerably reduced. Economy in use of water is also possible

if composting is carried out in pits instead of heaps. (Abbasi and Ramaswamy, 2001)

28



CoOwW DUNG
B85 8P THICOK |

SHREDDED AND LAYERED

CRGANIC MATTER
ITRAW | BARBACE,
GARDEN GRASS, LEAVES
15CM™

Fig. 1.1 Indore method composting
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1.5.2 Bangalore Method [Hot fermentation Method]:

This method was firstly worked out, firstly to overcome some of the disadvantages of the
Indoor method, and secondly to process night soil and city refuse. In fact before the
method was developed, the disposal o.f night soil collected from dry latrines in Indian
towns was a real problem. Although it was known as an aerobic method, in reality, it is
aerobic to start with followed by aerobic decomposition later. This method is also known
as hot fermentation method, as heat loss during decomposition is considerably reduced.
Though initially worked out for towns, it can be used for compost — making from
conveniently available organic materials. Under rural conditions, animal dung can be

used to substitute night soil, for night sail is generally not collected in rural areas.

To carry on composting by the Bangalore method, trenches of about 1m depth, 1.5-2.5m
width, and of any length are made at an appropriate place, generally on the outskirts of
the city. If material is limited, one can go in for pits of Im depth, 1.5 m width, and 3-4 m
length. The compost-able refuse \is dumped into the trench or pit and spread out with
rakes or forked shovels to make a layer of about 1.5cm thick. Night soil or dung is then
placed over the refuse in a layer of about 5 cm the process is repeated until the trench or
pit is filled up to about 30cm above the ground level and a final layer of compost able
material is placed on the top. At each layering, water is sprinkled over the material to
make it optimally moist. The above ground material is made into a dome shape and

covered with about 2.5 cm mud-plaster (Fig.1.2).
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If all operations are properly carried out, the compost is ready in about five to six months,
a period of about one-and-a half times longer than that for aerobic composting by the

Indore method (Abbasi and Ramaswamy, 2001).

1.6 Anaerobic-Waste Digestion

Fully enclosed systems are used for digestion, odor emission are minimal. Digestion as
an element of biological waste management has grown along with the concept of energy
made from renewable resources. Digestion works self sufficiently and unlike composting
is independent of the structure of the material. This is especially advantageous in seasons
(winter, spring) where mainly wet organic material are collected liquid manure or other
industrial (eg. Food processing industry) biodegradable inputs can also be treated

(Jaksche, 1995).

1.7 Vermiculture Bio-technology

Vermi means earthworms and culture means rearing or forming of earthworms
essentially, every specialized farming (fish farming, poultry farming etc.) involves the
following steps, procuring seed stocks/ culture of paper variety and providing optimum
conditions of food, moisture, air and temperature. Accordingly vermiculture has started
gaining attention as a specialized technology called vermiculture biotechnology.
Vermicomposting involves biooxidation and stabilization of organic material through the
intel;actions between earthworms and microorganisms. Although microorganisms are

mainly responsible for the biochemical degradation of organic matter, earthworms play
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an important role in the process by fragmenting and conditioning the substrate, increasing
surface area for growth of microorganisms, and altering its biological activity
(Dominguez, 2004; Dominguez and Edwards, 2004).

Earthworms are well known as soil inhabiting animals, having cylindrical body and well
masked external and internal metaeneric segmentation. They do not have any apandages
or suckers but have a few hook like chaetae for gaining hold on the substratum. Hence
they are called Oligochaeta oligo, few chetae — hair a group of phylum annelida to which
they belong. Earthworms are hermophorodifies and sexually matured. Worms have a
distinctive epidermal ring shapes called clitellum, which has gland cells that secrete
materials to form the cocoon. Earthworms are major components of the soil faunain a
Wide variety of soils and climates and are involved directly or indirectly in organic
matter decomposition and stabilization, nutrient turnover, and modification of soil
physical properties (Edwards and Bohlen, 1996; Lavelle and Spain, 2001).

The production of bio-fertilizers through vermi-culture has a bright future in India and
the world. However, it is very essential to select suitable species of earthworms capable
of consuming rich organic matter, stress resistant, efficient decomposers, sustaining
adverse environmental conditions, and having high fecundity rates Mohammad, (1993);
Edwards and Lofty, (1977).

More than 4200 speéies of oligichaetes are known in the world, of these, 280 are
microdrili and about 3200 belong to Megadrili (earthworms). In the Indian subcontinent
earth-worms also form the bulk of the oligichaeta fauna. They are represented by 509

species and 67 genera, indicating a high degree of diversity in this region as compared to
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other areas. Though majority of the forms have specific habitat preference, a few
ubiquitous species also occur. It is important to critically assess existing diversity in
Indian earthworms and their ecological requirements for evolving suitable
vermicomposting techniques. As per Bouch, (1977) earthworms are classified as Epigies:
Litter or dung dwellers characterized as high rate of cocoon production and short life
cycle. Endoges: Dwellers of top organo-mineral soil, tolerant to disturbances moderate to
high rate of cocoon production, intermediate life cycle, and small to large body size with
weakly pigmented. Aneciques: deep burrower ,construct burrows, lay cast at surface,
move in night in search of organic material, intolerant to disturbance, low rate of cocoon
production and long life cycle, large body size; pigmented at anterior and posterior ends.
Commonly adopted worms in vermiculture are Bimastos parvus, Dendrobeana rubida,
Eisenia fetida, Eisenia hortensis belonging to the family Lumbricidae.

FEudrilus eugeniae family Eudrilidae, Amnthus diffringes, Lampiito mauritii, Metaphire
anomala, Metaphire brimania, perinyx excavatus, Perionyx sansibaricus, Megascolex
megasclex, notoscolex etc., belonging to family Megasclecidae. Many mentioned above
and other species available in the sub continent are yet to be explored for their potential
use in vermi-culture Julka (1993).

The’other species reported are Drawida willis, Dichogaster boloui, Lumbricus rebellus
by (Dash and Senapati, 1985; Singh, 1997). The deep borrower Pheritima elongate has
been used for industrial wastes as reported by Singh (1997).

Gautém Bhattacharjee (2002) reported seven species of earthworms, viz.Perionyx .

excavatus Perrier,Lampito mauritii Kinberg, Polypheretima elongata (Perrier),
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Pontoscolex corethrurus (Muller), Eutyphoeus gammiei (Beddard),Dichogaster
modiglianii (Rosa) and Drawida nepalensis Michaelsen are presented. The peregrine
earthworms such as Perionyx excavatus, Pontoscolex corethrurus, Dichogaster
modiglianii, and Polypheretima elongata are considered to e continuous breeders with
high fecundity. Native Lampito mauritii and Drawida nepalensis are semi-continuous
and Eutyphoeus gammiei discrete breeders! High rate of cocoon production, short
development time with high hatching success, as well as continuous breeding strategies
in the epigeic species Perionyx excavatus and Dichogaster modiglianii and the top soil
endogeic species, Pontoscolex corethrurus, Drawida nepalensis andLampito mauritii,
indicate their possible usefulness in vermiculture. The giant anecic worm, Eutyphoeus
gammiei, which has a very long cocoon development time, discrete breeding strategy and
very low rate of cocoon production, is not a suitable species for vermiculture.

Earthworms vary greatly in size though not in shape. In India, some peregrine species
like microscolix phosphorus (Drugs), Dichogaster Saliens (Beddard) and Bimastos
parvus (Eisen) are even less than 20mm long, while some endemic geophagus forms,
such as Drawida nilamburensis (Bourne) and Drawide grondis (Bourne) may reach upto
one meter in length. Mgascolides acestralis (mclor) from Australia is reported to attain a
length of over 4m and the worm Microchaetus microchaetus (Rapp) found to attain a

length of seven meters (Mohammad, 1993).
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The information available on consumption rates of few of the earthworms in India and
world as studied by a number of workers (Table 1.1) (Van-Rhee, 1967; Satchell, 1983;

Marinissen and Bouch, 1992; Miyo and Grinval, (1997).

It is of importance to note that the utilization of all the types of species is not reliable
until and unless the suitability with specific substrates is studied. The species good for
one region may not necessarily be good in any other regions especially the deep
burrowers which require more time to acclimatize to new environment. As such deep
burrowers undergo diapose when subjected to shocks of vibrations, therefore it is
advisable to transport the vermi-compost containing earthworms and then transfer with
vermin- compost itself in the new environment. In case of surface feeders, the biomass of

earthworms or even cocoons can be easily transported, placed in new environment.
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Table 1.1: Consumption rate of earthworms

Source: Thomas Sonia, (2002)

Earthworm species Consumption Food substrate Reference
rate mgg-1

Allolobophora caliginosa 80 Dung Bareley,(1961)
Allolobophora caliginosa 200-300 Soil Bareley,(1961)
Allolobophora longa 20 Soil Satchel, (1967)
Eisenia fetida 10-5000 Activated sludge Mitchell,(1978)
Eisenia fetida 200-20000 Activated sludge Hartenstein et al.,(1979)
Eudrilus eugeniae 2000-5000 Activateed sludge with deasd Jaashankar,(1994)

leaves
Eudrilus eugenae 3000-7000 Activated  siudge Balaji,(1994)

along with sludge
Lampito mauritii 700-2800 Soil Dash et al., (1980)
Lmbricus rubellus 27 Litter Fronz and

Leitenberger,(1948)
Lumbricus terristris 27-80 Elm leaves Neetham1957)
Lumbricus terristris 10-30 Soil Satchell,(1967)
" Millsonia anomala(adult) 4000-7000 Soil Level et al., (1980)

Millsonia anomala (young) 6000-18000 Soil Level et al.(1980)
Octolasium sp 29 Soil Cross et al ,(1971)

37



The management of organic solid wastes through composting is time consuming. The
vermiculture biotechnology utilizes earthworms as the versatile natural bio-reactors to
convert organic waste into value added products the Vermi-casts (EPK, 1980) at a faster
rate and can be applied to industries producing organic wastes (Bhawalkar, 1995; Singh
1997 Surekha and Mahadev Kumar,2007: Bhattacharya,(2007). The vermi-culture
biotechnology in its true form is the synergistic effect of microorganisms and earthworm
which falls under the distinction of biotechnology given by Spinks, 1980, [Roig, 1993] as
application of organisms, systems or biological processes in the manufacturing, industrial
and services.

Vermiculture, which began in the United States in 1930’s, developed in Italy only from
the second half of 1970’s. The treatment of organic wastes was realized in late 1970’s in
USA. In India the importance in organic waste management has been

realized only in the last 15-20 years.(Piccone et al., 1986, Raganathan, 1996).
Biotechnology which has entered the domestic and industrial marketing in the countries
of Canada, the USA, Italy, Japan, (Senapati, 1985).

In the year 1995, the community rural vermi-composting have been initiated by Punjab
State Council for Science and Technology and in Goa by Agnel Chérities, a NGO
working in the rural development has undertaken vermicomposting in rural areas of
South Goa in the year 2003.

Methods of setting vermicompost units.

i)  Circular Vermi-composting Unit.

ii) Rectangular Vermi-composting Unit.

iii) Strip Method.
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The first two methods require a complete roof so that no direct sunlight enters the vermi

beds, covered with jute bags to enhance reaction and maintain moisture.

The advantages of organic farming are many to increases the soil fertility level, water
holding capacity, and aeration.This technology eliminates pathogens, does not produce
odor and also heavy machinery not required. The general health of soil increases. No

- chemical sprays are required and the vermi-compost itself is insect resistant.

The various designs adopted based on the topography, type of soil and amount of rainfall

for vermiculture are given below.

171 Pit method:

Features

e Below ground level

e Depends on type of soil

Advantages

e Lowcost

e Pits of different dimensions can be chosen as per the individual requirements

Disadvantages

e Open at ground level makes entry of predators. easy like rats, benit cakes, ants
centipedes

e Difficult to take any measures to tackle predator

e Direct entry of ground moisture

e Worms can move out if they get favorable moisture

e Not suitable for periodic harvesting
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Sustainability
e No Sustainability as the pit may close by itself by ground water/ soil.
e Inturn disturbs worms/micro flora
" Suitability/ Remarks
e Sﬁitable only where moderate rains, with many pits under common roof
e Not advisable for Goa, Sandy silt soils and rain intensity of 3000 mm per year.
1.7.2 10 cm thick rectangular tank with holes left:
Features
e Above ground level.
e Brick measure has to be carried with skilled labor.
Advantages
e It will be low cost in other regions where cost of transport is not there
e Under a common roof many can be built
Disadvantages
e Holes serves an entry predators
e Also the worms move out of the system
e Constraint is also not effective
e [tis not a stable structure
e Wet materials exert horizontal thrust on walls
e Short life
Sustainability

e 10 cm thick wall building or open spaces does not give any stability



e Only can be adopted for internal vermi-composting with full roofing material cover.
Against heavy coastal rains efflorescence is the main problem, wear out, collapse

e Bricks will absorb moisture from compost and become weak

Suitability/ Remarks

s Not suitable for Goa, in open field.

e Very good for research work with a common glass and Asbestos sheet roofing with
sides protected from predators

e Not practicable for villages

1.7.3 10 cm thick complete wall without plaster:

Features

e above ground level

e skilled labor is required

Advantages

e low cost if bricks are locally available

e under common roof many can be built

Disadvantages

e 10 cm thick is not a stable structure against horizontal liquid pressure of wet
materials.

Sustainability

e 10 cm thick wall building on open spaces does not give any stability

e If protection from rain with roof cover

e Even 20 cm thick is not suitable if absorbs moisture.

Suitable/Remarks
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e Not suitable for Goa for outside composting

1.7.4 20 cm thick laterite masonry:

Features

e Above ground level.

e Masonry has to be carried out with skilled labor.

Advantages

e As compared to wire cut bricks this is low cost in Goa.

e Suitable for individuals.

o Safe against predators.

e Longlife.

e Permanent in nature

e Can be continuous economic resource for farmers

¢ Good for the research on agricultural residues.

e Very good for periodical harvesting.

¢ Withstands liquid pressure

; Temporary roof with locally available materials is suitable.

D‘isadvantages

e Cost is on higher side but cannot be compared against various advantages it is
offering and break even can be achieved within six months.

Sustainability

e Structure is completely sustainable

e Very good for both periodical as well as one time harvesting
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e Even watering- of beds is missed by farmers. Vermi-bed can sustain by itself more
days as compared any oiher types.

e Sustainability through retraining is possible.

Suitability/ Remarks

e Suitable for any region with heavy rains

e Suitable for Silty-Sands and loamy soils.

1.7.5 Heap method:

Features

e It should be completely indoors for protection purpose.

Advantages

¢ Depending on the space inside many heap rows are possible

e Very good for large scale production under green glass house.

Disadvantages

e Rooms should be reserved for this sole purpose only.

e Dispersal of earthworm.

e Asitisinside Red ant will be a problem.

Sustainability

e It is sustainable for rich farmers, but not for marginal/land less farmers

Suitable/Remarks

e Suitable for field farm houses/sheds.

1.7.6 Indoor vermi-composting:

The whole system completely protected with a thatch or bamboo roof or carried out

inside the existing cowsheds.
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A full proof in vessel composting made up of high-density polythene material of capacity
50 liters. A small aerator arranged through a central pipette to give the airflow for the
biodegradation of the wastes. The exhaust gas carbon dioxide comes out of perforations
provided at both the ends of the drum Haug et al,, (1993).

1.7.7 Industrial vermi-composting:

Depending on the quantity, type, rainfall, soil type any one of the suitable method with
modification to suite the local requirements has to be adopted.

Experiments with worms have successfully been conducted for recycling the utilizable
organic wastes arising out of household garbage, city refusé, and sewage industries
(Mitchell and Horner, 1980)

Sharma, (2002) has reported that MSW and MSW with cow dung were treated with
Eudrilus Euginiae showed a degradation time of 40 days, with substrate preference of
MSW plus cow dung and MSW.

A similar experiment was carried out with plerotus harvested spent straw and spent straw
with cow dung alone with, Eudrilus eugniae. The waste material with cow dung showed
preference as compared without cow-dung and showed a degradation time of 40 days
with both Eudrilus eugniae species.

Earthworms vary greatly in size though not in shape. In India some peregrine species like
Microscolix phosphorus (Drugs), Dichogaster saliens (Beddard) and Bimastos parvus
(Eisen) are even less than 20mm long, while some endemic geophagus forms, such as
Drawida nilambﬁrensis (Bourne) and Drawide grondis (Bourne) may reach upto one

meter in length. Mgascolides acestralis (mclor) from Australia is reported to attain a
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length of over 4m. The world’s largest known worm Microchaetus microchaetus (Rapp)
which is found in South Africa has a length of seven meters (Mohammad, 1993).

It has been a well-established and reported fact that earthworms are used as living
plough and regarded as safe cheap and tireless farmhands (Darwin, 1881).
Earthworms upturn the soil and provide much needed air to microorganisms aﬁd roots.
Through their constant borrowing, mixing and digesting, earthworms significantly
improve the composition of soil.

Guild (1948) found that light and medium loams had higher populations of earthworms than
did clays or gxavelly sand, but that these extreme soils had different species compositions.
In the U.S.A., Hopp, (1973) speculated that sandy soils contained fewer earthworms than
clay soils. El-Duweini and Ghabbour, (1965) surveyed a wide area in Egypt and concluded
that populations decreased with increasing sand content, this they related to soil moisture
rather than soil texture. Vernon et al., (1981) observed higher populations in wet loam and

wet clay and lowest in dry loam.

It is observed that only after three days of earthworm’s action, test soil beds had over
50% larger aggregates, clumps of silt, clay and sand, particles, which form in earthworms
gut, these aggregates, are an essential component of productilve soil which remains
aerated and resists erosion.

Their body exudates improve the water holding capacity of soil and promote the

establishment of micro-organisms. (Kale, 1994 Trivedy, 2002)
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Due to earthworm activity extensive burrows are termed, which resulted in loose and
porous soil, these macro pores improves the water absorption, drainage, aeration for roots
and propagation. (Nobel ef al., 1970Earthworm burrows up t a depth of 1 m was reported
for the species 4 Calignosa,in unpolluted zones of soil Nahamani (2005). ; Bahl, 1950;
Baig, 2003; KOzolovskaya, 1961).Bareley (1961) showed that earthworms trans locates
the sub soil to top layers. This unproductive subsoil undergoes chronicle changes during
its passage alimentary canal of earthworm and it is immediately available for crop growth
Kretzschmar (1991).

1.8 Species, borrowing, nutrients of vermicasts:

There are about 509 species of earthworm fauna placed in 67 genera and 10 families were
reported in Indian subcontinent (Julka, 1993).

The species Perionyx excavatus has been used for the treatment of tahnery waste. It is
available in India and Tamil Nadu commonly and adaptable to organic wastes like sugar
cane trash coir waste, paper pulp, faecal matters, cow, sheep, horse activated sludge, and
Biogas sludge of poultry droppings. (Govindan, 1998; Shahul Hameed, 2002;
Ramalingam, 2000)

Ranganath Reddy (2002) has reported the consortium of earthworms namely Eudrilus
eugeniae, Perionyx excavatus and Perionyx sonsiboricus solid urban waste after
preliminary decomposition for 20-30 days involving macerating or mixing

The earthworm species are Perionyx excavatus, Lamito maurtie, Octocraetana servuta,
Fisenia fetida, Eudrilus eugeniae as reported by Senthil Kumar, (2000); Bhatacharya,

(2007) has reported the species of earthworms Eisenia fetida, Eudrilus eugeniae,
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Perionyx excavatus, Denadrobaena veneta for industrial solid waste treatment.

The species identified for economic multiplication of earthworms and vermi-composting
are i) Esenia fetida — Europeon worm, ii) Eudrilus eugeniae - African worm, iii) Perionyx
excavatus - indigenous are prolific breeder, high multiplication rate, voracious feeders,
easy to handle, having one to three years longevity, survive under aberrant weather
conditions possibility of household waste treatment Kale and Sunita, (1992).

Ghatenkar (1999) has suggested the following species of earthworms Lumbricus rebellos,
Eudrilus eugeniae, Eisenia fetida, Pheritima posthume.

Trivedy (2002) has reported 3000 species in the world. About 385 species have been
recorded in India out of the total 4500 species. 280 are called Microdrilli (small in size).
Reported species are, Eudrilus Eugeniae, Eisenia fetida, Pheritima posthume, Lumbricus
rebellus, Drawid Willsi, lampito Mauritii, Octochaetara Serrato  Species in Indian
climate are lampito Mauritii, Dichogaster boloai, Dravida Willsi, and Perionyx
excavatus (Dash and Senapati, 1985, Singh,1997). where as Subba Rao(1979) reports
3000 species of earthworms in the world and about 500 in India alone. He also reported
the species L rubellus and Eisenia fetida are thermo tolerant.

Roy (1990) has reported a total of seven thousand identified species requiring a PH range
of 5.0-8.4 for their best survival.He also reported borrowing species (up to a depth of 6
meters,20 feet) of Lumbricus terrstris, Aporrectodea caliginosa which have been

successfuily tried for the treatment of board mill sludge
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Narayan (1999) in his studies concluded that the exotic species Eudrilus euginae has

shown better results as compared to local worms and control. As given in Tablel.2.

Table 1.2 Biodegradation of kitchen waste using Eudrilus eugeniae.

Exotic Local Control
pH 7.4 6.8 6.4
Minerals 0.3 0.14 0.11
Organic Carbon 10 0.25 0.10
N 5 3 1
P 32 32 14
k 130 170 100

In case of tannery waste which consists of salt, hair, flesh, myrob dust, buffing dust and
trimmed waste, the studies conducted by Shahul Hameed (2002) in Tamilnadu reported

the nutrient values of vermicompost using Peronyx excavatus (Tabie 1.3)
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Table 1.3 Chemical characteristics of vermi-compost of tannery waste

Parameter Vermi-compost (Tannery waste)
pH 74
Ec (mho cm-1) 0.79
Organic carbon (%) 17.6
Nitrogen (%) 1.42
Phosphorus (%) 1.28
Potassium (%) 0.33
Iron(pap) 18.2
Manganese(pap) 16.5
Zinc(pap) 10.7
Copper(pap) 4.9
C/N ratio 12:1

Jeevan Rao and Rama Lakshmi (2002) have reported nutrient values for a good
- vermicompost based on their study on urban wastes Table 1.4.

Table 1.4 A good quality vermicompost will have the fallowing composition.

- Parameter Vermi-compost
pH 7-8.5
Organic carbon (%) 20-30
Nitrogen (%) 1.5-2.0
Phosphorus (%) 1-2
Potassium (%) 1-2
Calcium (%) 1-3
Manganese(pap) 1-2
Sculpture (%) <1
Moisture (%) 15-20
C/N ratio 15-20:1
Micronutrients(pap) 200
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It is estimated that earthworms feed 4.5 times of their own body weight daily. In other
words, earthworm decomposes approximately 4.5 kg of organic waste in 24 hours.

(Venkateswarah, 1995)

Due to earthworms activity extensive borrows are formed, which result in loose and
porous soil. These macro pores improve the water absorption, drainage, aeration for roots
and root propagation (Nobel et al.,1970).

Experiments have shown that degraded soils with earthworms alone, or in combination with
plants, can develop decreased bulk density and enlarged porosity and structural stability
(McColl et al., 1982; Aina, 1984; Shaw & Pawluk, 1986; Stewart ef al. 1988; Springett et
al., 1992; Zhang & Schrader, 1993).

Abbasi and Ramaswamy (2001) have reported the brrowing activity of L.ferristris and
Alolobophora nocturna up to a depth of 150-240 cms showed that the earthworms
translate the subsoil to the top layers. The unproductive subsoil undergoes chemical
changes during its passage through alimentary canal of earthworm and it is immediately
available for crop growth.

According to Edwards & Tomson (1973) earthworms can act as bio concentrates for
heavy metals and toxic materials. These toxic materials are stored in the tissues of
earthworms, which help in detoxification of pollﬁted soil.

The resinous substances excretéd by earthworms together with humus produced, helps in
increasing water-retaining capacity of soils. Besides bulk density of soil was reduced to
the extent of 30% and which shows vast internal spaces for accommodation of air and
moisture and enormous surface upon which hydrolytic and oxidative catalyses can be

affected by soil micro-organisms, enzymes and humid substances (Kolher, 1995).
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A decrease in bulk density from 1.60 to 1.34 , Ec from 0.32 to 0.22 when soil is treated
with 100% NPK + 20 THa-1+ 10 Kg Ha-1 is being reportgd by Neeraj Kumar ef al.,
(2007).

Ranganath Reddy, 2002, has reported the increase in N, P, K decline in organic carbon,
C/N ratio over time. The results are similar to the findings of (Edwards, C.A.1995 and
Kale, 1993)

The materials ingested by earthworms undergo biochemical changes in the digestive
track and in the ejected cast, the plant nutrients and growth substances are rendered in
plant assemeable form. The fertility is attributed to enzymatic -activity and microbial
activity that associated with earthworms. (Kale ef al., 1987)

Loquet ez al., (1977) reported that the earthworm burrows lined with earthworm costs are
excellent media for harboring and fixing bacteria.

bAccording to Kale et al., (1992) significantly higher number of microbes was observed in
experimental plots treated with vermi-compost. Nitrogen fixing bacteria are also higher in
vermi-compost applied plot after harvesting of the crop. Higher microbial load was also .
observed in paddy applied with vermi-compost.

The castes also contain enzymes such as protease, amylases, lipases, celluloses, chitinase
as 10 to 20 times high microbial activity as compared to the soil and organic matter the
worm ingest and cast contents more micronutrients, like N, P, K, S, Fe, Man, Cu, Zn,

Molybdenum, more boron (Trivedy,2002).
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Prabhakar et al., (2006) in his studies on enrichment of soil has reported the increase in
N,P K by using Octochaetona serrata when treated in experimental pots with orga;nic
wastes like potato, tomato, mixed vegetables and cow dung.

Bhawalkar, (1989) in his study included that the waste could be gradually bio-processed
by earthworms, into balanced plant nutrients. He further stated that the earthworms
biosystems enrich the growth of beneficial bacteria and actinomycetes in its
surroundings.

According to Roy (2006) in vermi-composting the effect of micro organisms along with
earthworms are the prime work force to process organic wastes. These are 10 times faster
in their work as compared to the process of composting. The grain and malt quality and
grain yield of barley was also increased greatly with application of vermi compost.
Bhattacharya et al, (2000) has reported the comparison of various techniques of
compost. The vermi-compost prepared by using Eisenia fetida as on predigested

traditions compost and samples drawn after 84 days shows

Decreasein PH 8 to 7.5
Org C. 2344 to 16.43
Increasein N 064 to 1.0
Decrease in  CL2 37.74 to 10.43

Ismail (1993 and 1997) in his study suggested that the waste converted to organic

manure will have a long term impact for sustainable agriculture by improving the soil
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fertility. He stated that the earthworm’s casts contained a good percentage of available
putrients.

According to Bano et al.,, (1987a) the nutrient status in the vermi-compost found to be
rich in all minerals. And the same is supported by Choudhary et al., (1993) for sericulture
farm waste vermi-compost. Where as the comparisons made by Pawar (1996) between
farm yard manure and vrmicompost showed higher nutrients in vermi-compost.

Asha gupta,( 1997) reported higher nutrient in vermi-composts prepared out of vegetable
waste, cow dung, leaf litter , cloth, grass and leaves of neem and mango showed higher
micro and macro nuuie;xts. At the same time the studies carried out by Jayabal and
Kuppuswamy (1997) and Muthukumarswamy et al., (1997) showed higher nutrients in
vermi-composts prepared from coir pith press mud, water hyacinth, cow dung and press
mud, bagasse respectively.

A report from Kale and Bano,(1988) cultured earthworms by using gram bran and wheat
braﬁ with cow dung in 3:1 proportion showed increase biomass and hastened the growth
of the worms.

Balaji (1994) reported that the vermi-compost obtained from garbage, neem waste wasin
good nutrients content and the vermi-compost supported luxuriant growth of Amaranthus
plants

Ramesh baba (1995) reported that apart from the available nutrients, the plants growth
promoter substances are found in the worm casts. Tamil Selvi (1998), from her study
conciuded that the high percentage of NPK in utilizable form and the requi;ed amount of

caicium and magnesium were found in vermi-compost obtained from garbage, coir piih
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and pongumea leaf litter. High nutritive value vermi-compost was prepared from
different solid wastes by Ravichandran et al,, (2001).

Shweta and Mamta (2001) studied a qualitative variation of vermi-compost prepared
from different substrates and by different earthworms. Cow dung, Kitchen waste, leaf
litter were used individually and / or in combination utilizing two different types of
earthworms Eisenia fetida and L mauritii The analysis showed the vermicompost
prepared by Eisenia fetida from cow dung had more .organic C, K and Fe.On the other
hand the vermi-compost prepared by L mauritii from cow dung had more K.P and Zn and
that fro leaf litter had more Cu.

Senthil Kumar (2002) has reported that plenty of agriculture waste, consisting of crop
straw, husk, and sugarcane trash; groundnut shell, animal remains etc. amounting to
nearly 320 million tones. Annually, of which sugarcane waste alone amounts for 27
million tones, dung and poultry droppings constitute 4 million tones. Of 60% of this
tremendous waste is composting using earthworms, 210 million tones

Sundararajan et al, (1996) have reported that a two-phase anaerobic digester of 20L
capacity of each phase was operated at room temperature using kitchen — refuse from a
student’s hostel as feed stock material at 24=70C. The maximum biogas produced was
0.324m3_/kg VS added / day in summer at the loading rate of 3.2 kg VS/m3 of digester
per day, and minimum volume of biogas of 0.156 m3/kg VS added per day at the loading
rate of 2.0 Kg VS/m3 of digester per day was obtained in winter.

Adejvyigbe, (2006) has reported the biodegradation / decomposition and release of N, P,

o~

K, Ca and Mg for the litter released followed the fallowing order with microorthoprods
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and éarthworms> with earthworms > with microorthopods. No faunal addition.

According to Reaganold (Washington State University), organic matter plays a major role
in maintaining soil quality. It improves soil quality and productivity by enhancing their
granulation, porosity, water holding capacity nutrient supply rate and activity of soil
biota. Also improves soil texture, structure and proliferate useful microorganisms. Sengar
and Salini Gupta, (2006). It is a well-known fact that endogenic anecic earthworms
influence soil macro porosity and aggregation Lee and Foster, (1991).

Improved productivity of soils in many environments are reported by (Edwards and Lofty,
1977, Satchell, 1983; Lee, 1985; Kretzschmar, 1992).

Population and behavior study of Aporrectodea calignosa and Lumbricus terristris

has been reported as a negative with board ﬁll sludge both in laboratory and field

trials Kevin et al., (2005).

Allen (1957) reported the enumeration of total C/W, bacteria, actinomycetes and fungi
and found to be higher in vermi-composts.

The loamy soil (sand) with different substrates/habitats like vegetable garden, flower
~ garden, grassland in Benghazi, Libya, have shown abundance of the fallowing type of
earthworm species namely  Allolobophora caliginosa , Allolobophora rosea ,
microscolex dubis (Achuthan Nair, 2005). He also reported the soil loamy sand has
almost a neutrai pH vaiue in case of grass lands where as it is 7.7 -7.5 in case of

vegetabie garden and fiower garden.
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1.8.1 Feeding additives for better management of wastes:

Kale et al., (1986) reported the suitability of neem cake as an additive in earthworms feed
and its significance in the influence in the establishment of micro flora. Earthworm,
Eudrilus eugenae was found to be tolerant to the neem cake in the culture medium up to a
concentration of 6.4 %. 4 to 1.6 % neem cakes in the medium had positive effect on
earthworm biomass.production.

The earthworm E.eugenae was mass cutured on six different feed formulae prepared by
mixing cow dung, sheep and horse with other organic waste such as rice polish, wheat
barn, and green gram bran vegetable waste and eggshell powder in various combinations.
The worm casts obtained from six different feeds were analyzed for pH, Ec, organic C,
N.Pand K. all casts recorded slightly acidic to neutral pH. The percentage nitrogen
remained the same more or less in all the casts. However, Ec, organic C, P,Os and KO
contents varied greatly Bano et al., (1987b).

A laboratory scale study was conducted to assess the suitability of powdered rubber leaf
litter as vermi-culture substrate for P. excavatus, E.eugeniae, E fetida. The earthworm

mortality, biomass production and reproduction were measured during investigation.

Singh Kumar (2001) cultured the earthworm Eisenia fetida by mixing cow dung with
wheat bran, rice bran and gram bran in pits of different depth and the casts were analyzed

for nutrient status.

The number of earthworms in Park Grass, a perement pasture fertilizer experiment was
three times greater in plots receiving 35tha™ of dung than in unmanured plots. Where as

in Barn field, an arable cerement growing mangolds, there were about fifteen times more
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earthworms in plots receiving dung annually than in unmanured plots Edwards and Lofty

Q9.

Satchell (1955) and Edwards and Lofty (1977) reported an increase in number of

earthworms in Barn field Rothemsted (Grass land) and Park grass Rothemsted (Arable

land) as given in table 1.5

Table 1.5: Increase in number of earthworms.

Species Grass land Arable Land
Park grass Rothemsted Barn field Rothemsted
Unmanured Dung Unmanured Dung
L. terristris 13.1 225 023 10.8
L. castaneus 16.0 596 000 = e
A. caliginosa 29 8.0 0.8 15.4
A. chlorotica 16 0 e 3.2 44.6
A. rosea 10 213 e 0.23
A. longa —_— e 0.46 1.8
A. nocturna 1.3 18.9 - -
O. cyaneum 6.9 24.5 — e
Total 51.8 154.8 4.69 72.83
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1.9 Earthworm Gut Morphelogy and contents:

The earthworm gut is basically a straight tube extending from the mouth to the
anus, its different region are a muscular pharynx, oesophagus, intestine and
associated digestive glands. The oesophagus may be further differentiated into two
bulbous chambers a muscular gizzard and a thin wallet crop. There may be more
than one gizzard depending upon the species. Various modifications in the
digestive system in different worms depending upon the food taken by them.
Gizzard is generally absent or rudimentary in earthworms, which thrive on liquid
or semi liquid diet. Litter feeding species lack a typhlosole whereas it is well

developed in soil feeding worms. (Senapati, 1993)

The gut contents usually comprise mucus, organic and mineral matter and organismal
components (micro flora and micro founa). A variety of digestive enzymes have been
also reported from the alimentary canal of the earthworms. Their enzymes are usually co-
related to the preferred diet of the organism. (Wallwork, 1984)

Analysis of gut contents in earthworm has revealed the occurrence of different kinds of
symbiont like microfungi, bacteria, protozoans etc. maximum numbers of micro fungal
species are found in the foregut, gradually decreasing in number in the mid and hind gut
| with a minimum number of freshly laid casts. (Dash et al., 1985)

It is well established that the earthworm gut provides suitable conditions for the
development of bacterial colonies since earthworm cast contained significantly higher
counts of bacteria than in the surrounding soil. Microorganisms may constitute an
important part of the diet of earthworms, which can feed on them selectively (Edwards

2004; Moody et ai., 1995).

58



The analysis of gut content of earthworms has revealed the occurrence of different kinds
of symbiotic micro fungi, bacteria, protozoa’s etc. Fold increase of 13.76, 572.96 times
in actinomycetes and 700.8, 927.78 times bacteria in the mid gut and Hindgut as
compared with fore gut r_espectivel has been reported Parle (1959).

The presence of digestive enzymes like amylase, cellulase, protease, lipase, chitinase and
lichenase in the intestine signifies digestive ability of earthworms, these enzymes operate
in a medium with remarkable stable pH ranging between 6.3 and 7.3 (Wallwork, 1984)
Zhang (1993) reported the presence of enzyme activities and the strongest enzyme
activities were located in the fore gut and mid gut. The activity of lichenin, cellulase,
starch, glucomannan and glactomannan are found to be predominant. He also concluded
that cellulase and mannase activities are mainly due to microorganisms.

Dash and Senapati (1986) have also reported the gut enzymes of the earthworms as given

in Table 1.6
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Table 1.6: Gut enzymes of earthworms.

Earthworm species Gut enzymes
Amylase | Cellulase | Chitinase Protease Urease

Dichiogaster boaiui + + - + +
Drawida calebi + + - + +
Drawida willsi + + - + T
Eutyphoeus sp - - - + +
Lampito mauritii + + - + +
Dendrobaena octoedra - + - - -
Eisenia fetida - - - + -
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1.10 Application of vermicomnost and microbial pepulation:

Soil microorganisms play an important role in improving soil fertility and crop
productivity due to their capability to fix atmospheric nitrogen, soluble insoluble
phosphate and decompose farm wastes resulting in release of plant nutrient (Tewatia et
al., 2007). Owing to the importance of soil microorganisms and the advantage of adding
vermi-compost brings in the benefits of soil fertility in terms of nutrients and microbial
population, in the following paragraphs the reports available on the same are presented.
Teotia (1950) reported a bacterial fold increase of 3.4 to 5.4 times as compared to
surrounding soil. Where as Atlavinyte and Lugauskas (1971) reported a five-fold increase
in microorganisms in earthworm introduced pot tests. Ghilarov (1963) has reported in his
study on number of microorganisms in earthworm casts and soil and the fold increase is
1.64,1.35,1.97 times in three different fields namely oak forest, Rye field and Grass field
respectively. The moisture content of vermi-compost becomes an essential environmental
condition for survival of the beneficial micro | organisms, Irrespective whether
earthworms continue to live or not. The decrease in moisture content will bring down the '
(colony forming units) cfu. Organic carbon,(Scheu, 1987: Parthasarathi and Rang Nathan,

2001; Parthasarathi, 2006).

The study on microbgs in the gut of earthworm reveals the increase in number of bacteria,
actinomycetes as compared to those in soil, follow exponential law (Parle, 1957). The
above literature survey showed that the increase in microorganisms in the gut and vermi-
casts of earthworms contain higher number of microorganisms is taken as the one of the

measure to evaluate the vermi-composts.
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It also enables us to say that earthworms are important in inoculating the soil and their
casts are the foci for dissemination of soil microorganisms, which will elevate the overall
fertility of the soil.

Atlavinyte and Lugauskes (1971) have reported that earthworm increases the number of
microorganisms in soil as much as five times. Earthworms are therefore important in
inoculating the soil with microorganisms and their casts are foci for dissemination of soil
microbes.

Monson et al., (2007) has reported the increase in nutrient of vermi-compost of kitchen
waste by using Eudrilus eugeniae the increase in N from 1.31% t02.12%; P from 0.121%
t0.7%; K from 0.45t0 0.48% and C/N ratio decreased from 32.45 t013.66%.

A significant higher number of microbes were observed in experimental plots treated
with vermi-compost. Nitrogen fixing bacteria was also higher in vermi-compost applied
plot after harvest of the crop. Higher microbial load was also observed in paddy, applied

with vermi-compost (Kale et al., 1992).

The effect of vermi-compost on microbial population in soil environment is reported to
be best with vermi-compost prepared out of the combination of leaf litter, straw, grass
and water hyacinth (VC1) as'compared to vermi-compost of leaf litter (VC2), Home
garbage (VC3) and partially decomposed cow dung VC4 when applied at the rate of
5%(w/w). The fold increase is 2.16,1.83,1.71,1.69 in bacteria,1.49,1.30,1.52,1.40 in
actinomycetes, 2.89,2.76,2.38,2.47 in fungi for VC1,VC2,VC3,VC4 respectively(Sahu,
et.al., 2000).

Loquet et al., (1977) reported that the earthworm borrows lined with earthworm

casts are excellent medium for harboring nitrogen fixing bacteria
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Bhattacharrya ( 2000) has reported an increase of microbial count of Vermi

Compost as compared to traditional compost.

Traditional compost Vermi Compost
Bacteria 143 x10"7 ¢! 16729 x 10" g
| Fungi 39.61x10° g 96.25x 10° ¢!
Actinomycetes 365.27 x 10% g 419.62x 10° ¢!
PP solution 195.61x10° g 168.20x10° g
N, fixing bacteria 92.58x10° g 96.62x 10° g
Thio Sulphate oxidizer ~ 315.38x10° g 569.29x10° g’!

Polysaccharide content of earthworms cast was much higher than the soil but did
not vary with changes with stability of total and mineral nitrogen. Major part of inorganic
nitrogen occurred as ammonia, which was rapidly converted to nitrate (Parle, 1963)

Santhil Kumar (2002) reported the following vermi-compost contents.

Humus 30 to 50%
N 0.72 %

K 0.74%
Carbon 40-57%

' Hydrogen 4-8%

Oxygen 33-54%
pH 4t09
C/N 20
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Water halding capacity of soil was increased due to increase in colloidal materials like
earthworm mucus, a good absorbing agent in vermicompost. Earthworms increased
water-holding capacity of New Zealand soils by about 17% (Stockdrill and lossens, 1966)
Sahu et al.,(2000) has reported that the improvement in soil environment was best with
vermi-compost prepared out of the combination of leaf, straw, grass and water hyacinth
(VC1) as compared to vermi-compost of leaf litter (VC2), home garbage (VC3) and
partially decomposed cow dung (VC4) is applied at the rate of 5% (W/W) in soil were
investigated. The vermin composts recorede ratio of carbon to nitrogen VCI1 was highest
followed by VC2 VC3 and VC4 corroborated the earlier reports of Fragoso et al., (1993)
‘Castings of Eisenia fetida from sheep manure alone and mixed with cotton wastes were
analyzed for their properties and chemical composition every 2 week for 3 months and
compared with the same manure without earthworms. The results showed that
earthworms accelerated the mineralization rate and gave castings with higher nutritional
value and degree of humification, suggesting that this kind of industrial waste can be
used in the vermi-composting (Albanell, et al, 1988).Similarly accelerated
mineralization and humification of solid paper pulp mill sludge with earthworms in
comparison to without earthworms was reported by Elvira et al., (1996).

Athanasopoulos (1993) used of earthworm biotechnology for the management of
an-acrobically stabilized effluents of dried vine fruit industry were successfully treated in
earthworm filters using L rubellus. The COD removal was 95% with loading 0.1 and 0.15

Kg COD/m-2d.
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Bird and Hale (1982) undertook work on sludge contaminated with heavy metals from
industrial sources and found the increase in heavy metal concentration in vermi-compost
applied soil above the prescribed limits. They suggested that vermicomposting of waste
contaminated with much less glass, metai etc. The best results of cotton waste with cattle
manure is being reported by Zajonc and Sidor, (1990).Where as Edwards and Bater
(1992) tried vermi composting using urban and industrial sources. Madhukeshwar et al.,
1996) says any kind of organic waste generated in an agro based industry or
biotechnology unit would be a resourceful vermi-compost when it is treated with
earthworm activity.
In Columbia, more than one m.t of coffee pulp produced every year is treated by
composting method by turned piles led to low quality compost. When started treating
with Eisenia fetida in vermin composting process resulted in increase of P.Ca, and Mg
and decreased K (Orozco et al., 1996).
Giraddi and Tippannavar (2000) studied the techniques of biodegradation of organic solid
wastes using earthworms. Waste from fruit pulp, biscuit industry and sugar industry are
bio-degradable in field designs using Eudrilus eugeniae, Eisenia fetida, and P excavatus
Jor the waste management. The wastes were bio-converted to compost in 40-90 days. The
quality of the compost obtained had increase micro and macronutrients.
Waste from olive oil industry alone or mixed with cattle manure is a suitable substrate for
vermicompost Moreno ef al., (2000).
There are some reports on pulp and dairy industries, Kalpana, (1978) reporied ihe

possibiiity of mixing sewage siudge and other maieriais iike puip paper siudge or lignin
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rich waste and inoculating earthworms for biodegradation. Butt, (1993) explored the
possibility of treating paper mill sludge with spent yeast from brewery industry using the
earthworm species L terrestris. Where as the same industrial waste was treated with

E Andrei Elvira et al., (1998) They also investigated the vermi-composting of sludge’s
from paper mill and dairy industry mixed with cattle manure using E 4ndrei in six month
pilot scale experiment. The number of earthworms and bio mass increased significantly.
The vermi-composts were rich in N, P, and K and had good structure, low level of heavy
metals, lower conductivity, high humic acid contents and good stability and maturity.
They also reported the growth study of E andrie by using paper mill and dairy mill
sludge’s in pure waste by mixing with different proportion of cattle manure Elvira ar al.,
(1999). Studies of posSible usage of paper and dairy mill sludge’s during vermi-
composting confirmed that such a material might be a valuable component of breeding
medium for Eisenia fetida earthworms. , But the contents of mineral nitrogen and total

potassium were low.

1.11 Organic Agriculture:

Organic agriculture started in the year 1920. The growth over last seventy years is
classified into three eras 1924 — 1970 period of struggle, 1970 — 1980 period of organic
symbols and 1980 onwards acceptance of organic agriculture. (Kamalabai, 2000)

Press mud though a good organic amendment contains an appreciable amount of

toxicants, heavy metals as their constituents use of this waste in agriculture though have
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some nutrient enhancement / or beneficial effects on soil physico chemical characteristics
but the danger of toxicant built up is always there , and needs constant monitoring
(Pagaria,2007). The use of bio fertilizer prepared from filter mud will have beneficial
effects on soil without any build up of toxicants.
The following are the renowned personalities in ﬁe ﬁéld of organic farming
1)  Rdolf Steiner from Austria [1861 — 1925] first person to start organic education
informs of biodynamic agriculture.
2) Hans Multer [1891 — 1988] from German. Swiss importance is given to micro-
organisms and their key role in improving soil fertility
3) Lady Eve balfour from Britan [899-1990] based on the principle that health of soil
and health of man are inseparable
4) J. 1. Rodale first to publish organic farm ideas & initiate to start organic farming
in USA. |

5) Masanobu Fukuoka his well known book is “One straw revolution”

1.12 Economic impertance:
Organic matter identified, ingested by the worms is pulverized in their alimentary canal,
and excreted as colloidal humus, which is rich in plant nutrients.
In addition, a large number of worm’s die during unfavorable periods when the chemical
demand in the soil is maximum due to growing pianis. The microbiai decomposiiion of
dead worms reieases considerabie amount of iocked up nitrogen and thereby making it

avaiiabie 10 the pianis.
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The global problem of increased quantity of organic wastes due to human activities in
rural and urban areas and industries is a serious constraint in the maintenance of clean
and healthy environment. Earthworms are most useful converters of these wastes.
Experiments have been successfully conducted for recycling the organic wastes
Michell & Horner, 1980, Singh 1997)
The bio fertilizer prepared out of organic wastes provides the fallowing advantages
» The general fertilility level of the farm/garden is gréatly improved.
Increased water holding capacity
It makes ease of cultivation
Eliminates valuable waiting time
It reduces soil erosion and reduces flood hazards
Increase the soil layer thickness every year
It multiplies the microbial population
Land can safely be plowed more deeply
Hard pans will not form
Heavy machinery not required
The soil has greater aeration
Soil made darker by humus absorbs heat more quickly and effectively.
Dry Weather advantage
It will actually improve rain conditions.

It transpires less water through the leaves

v Vv Vv VYV Vv Vv VYV V V ¥V V V V V V

Continuous application of vermicompost reduces the further requirement of

manures year by year.
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It has residual no effects
Aesthetically farms look better
- It is weed resistant
Less risk of crop failure
It is much more immune to plant resistant
The insect menace is reduced to minimum
Very few poison sprays are required
No chemical treatment are needed to seeds
Farm animals fed on organically produced feeds are healthier

Food tastes better when it is raised organically.

YV V V V V V V V YV V Vv

Earthworms have high nutritional value to be used as medicine

1.13 National Status:

Work on organic solid waste management in India was initiated on late 1980’s. Research
and development on this technology is undertaken by many institutions and agricultural
universities, and different aspects of this technology are being studied. The vermiculture
biotechnology is still under development process. Sufficient published literature on this
technology in context with India is not available; however some published literature is
presented here.

Sharma (2002) and Madan et al., (1988) and reported that crop residues, cattle dung,
urine, poultry waste, sawdust, household refuse, and night soil can be used for
vermicomposting

Kavian and Ghatnekar, (1991) reported that Red American earthworm’s L. rebellus could

be used for recycling of dairy sludge. They found that, the sludge cake can support
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earthworms without processing to compost and‘ when supplemehted with cellulose
material, such as cow dung. L. rebellus produced cocoons 10 days after being transferred
to the sludge cake feed, and hatching appeared in 30 days. They also found that the
organic matter/ash ratio of the sludge cake feed decreased during the experimental period
from 4.5 to 2 at 120 days a similar level that observed in national compost.

Some species of epigeic earthworm have been reported to work very well in nitrogen rich
organic matter such as household litter, agricultural wastes, plant residues, sugarcane
thrash, weeds, and hedge cuttings, dung of cattle, sheep, horse and pig.

Silkworm castings, saw dust husk and choir waste, paper pulp and slurry of cow-dung
after its use in biogas plants at University of Agricultural Sciences. Bangalore (Kale,
1994)

Bhiday (1994) suggested that biogas plant, in association with the earthworm
compost/culture, could be used for treatment of urban, ordinary, industrial, agricultural
and food production waste. He recommended that pre treatment of wastes is essential
before feeding to earthworms.

Bhawalkar (1995) has developed process for poultry residues, soya residues, city
garbage, and onion residues as well as swage treatment process through vermiculture. He
strongly recommends use of deep burrowing earthworm phereteina elangata instead of
using E. fedida, L. rubellus etc for vermiculture.

Kavian et al, 1996 studied bio management of paper mill sledge in different

concentrations using culture of Red American earthworms (L. rubellus) and reported that
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25 % concentration of sludge was ideal giving the highest microbial count and
reproduction rate of earthworms.
Dubey et al., (1996) has also suggested Vermiculture as the possible alternative to reduce

municipal garbage and industrial wastes.

1.14 Status in Indian Institutions:

Indian Institute of Technology, Bombay has taken up a DBT sponsored project on
vermiculture bioconversion of solid residues. Chemical engineering department of this
institute has set up a demonstration plant processing 1 to 1.5 ton food waste ;)f hostel.
The plant is operated since May, 1990 |

Bhawalkar Earthworm Research Institute (BERI) Pune in collaboration with Biotech
Consortium India Ltd. set up by DBT is actively engaged in promotion of vermiculture
biotechnology. The institute has standardized technology packages for veﬁrﬁculture
treatment of diverse organic wastes.

Department of Zoology, University of Agricultural Science, Bangalore, using selected
tropical species of earthworms has undertaken considerable research work on
vermiculture biotechnology.

National Environmental Engineering Research Institute, (NEERI) Nagpur. Solid waste
division has conducted laboratory studies on vermiculture treatment of food wastes from
food processing industries. This division however, is suggesiing the use of surface
feeding worms rather than deep burrowing types.

Investigations on vermicuiture are being carried out by Tamiinadu Agricuiiural

University, Karnataka University and University of Agricuiturai Science Dharwad, and
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Department of environmental Science, Bangalore University, Indian Cardomon Research

Institute Myladumpara, Research Institutes attached to coffee and Rubber Board, Various

scientists working in colleges in the city of Chennai, Vivekananda Mission Centers and

private entrepreneurs.

Punjab state council for science and technology has done pioneering work for promotion

of vermiculture biotechnology in the state and following programme has been undertaken

in this regard.

i) Providing assistance to Brooke Bond Lipton India Ltd. Zahura Distt. Hoshiarpur
to se up a vermi processing plant for treatment of tomato skin seed waste.

ii) The setting up of vermi processing units in more organic waste generating
industries of Punjab in progress.

iii)  The council has assisted a military unit of army cantonment at patiala to set up a
community vermi processihg plant to treat municipal solid waste.

iv)  The setting up of vermi-processing plant for treatment of 10 times per day
municipal solid waste has been included in “Satlej River Action Plan”

V) Initiations taken to undertake work on vermi-culture for agro based industries in
Punjab.

Department of Agriculture, Punjab is promoting vermiculture biotechnology for live

stock waste management.

A vermi processing plant near Kharar has been setting up by the depariment and if also

sians 10 set up piiot vermiprocessing pianis in every disirici for demonsiraiion to farmers.
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At LLT. Bombay, a project sponsored by the Govt. of India’s Department of
Biotechnology is undertaken where in 4 tons of garbage, mostly canteen waste from the
hostel an .1.T. campus are fed fo earthworms everyday.

In Bombay’s Jal darshan Housing Society at Nepean Secroad, A group of
environmentally conscious youngsters have similar plans to treat the building waste. Such
efforts at the community level, they feed, will go a long way in convincing the public and
the civil authorities about the feasibility of this technology. (Staff reporter 1992)

In Goa University the department of microbiology and Zoology undertake the research
and community oriented projects.

Project on implementation of vermicomposting by Agnel Charities through department of
civil engineering Agnel Polytechnic Verna Goa was a success story, funded by CAPART
(2001-2003).

1.15 International Status:

Cuba’s Nation wide experiment has established the utility of vermicasting in realizing
higher yields. New Cuba is having 172 full fledged vermi composting centers capable of
launching the increase generating scheme (Nayak & Rath 96)

Many developed countries like USA, England, & Japan have made extensive studies and
deveioped techniques by iarge scaie manufaciure oi vermicomposi irom agricultural,
domestic and industrial organic wastes on commerciali bases (Ranganaihan &

Christopher, 1990).
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Riggle (1998) Almost vigorous programs of research in earthworm ecology,
vermiculture, and vermi-composting in the US today can be found at Ohio State
University Coloumbus, Ohio.

In Austrelia, Green waste Technology Unit established in University of New south Wales
Sydney under takes research on earthworm technology and Promoting Medium, large
scale vermi-composting. In addition, in New-zeland vermi-culture was implemented from
home worm bins to large scale composting units, which are becoming popular in
treatment of food trimmings as reported by Applehof et al., (1996).

Taiwan and Philippines also have adopted the treatment of organic wastes [Staff reporter
TOI, 1992]

Abbott,J.and Atkins,f(l997) reported the waste streams for treatment through
vermiculture , with specific example of meat processing plant and description of
vermiculture facility design options for the waste streams.

Where as biochemical production from agriculture and food processing industries by
different microbial strains; like xylitol a sweetener obtained from sugar industry effluents
by using Pichiaguillermondiib and biomass protein starch from waste stream of starch
industry used as a feed by wusing Micro-fungi (rhizoopus). Similarly
Polyhydroxylalkanates a bio-plastic obtained from waste stream of food processing
industry by using Ralstonia eutrophac is being reported by Raghunandan,(2007).

The review of literature has revealed that the earthworms are playing an important role in
the organic matter decompositions and soil metabolism. The ;:ontribution is mainly

through physical participation by feeding, fragmentation, aeration, turnover, and
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dispersion, chemical participation by digestive organic substrate and contributing to
participation by grazing over micro-flora. There is a need for pin pointing experiments
for biodegradation/ bioconversion studies of different organic wastes with locally
available species of earthworms. The literature survey does not give any work of using
microbes alone for the treatment of solid wastes. Hence, there is an urgent need to
develop technologies dependent only on microbes in order to undertake solid waste
treatments at a faster rate and in an economically feasible way to bring profits and
sustainability to industries.

Further the available information with respect to operational vermi processing plants in
the industrial sector is being placed in the Appendix A2 .also a careful selection of the
major waste producing industries will be of great help in targeting the waste management
plans and specific strategies with microbial technologies more realistically,. In this
regard, a WHO report provides a list industries in the food manufacture along with their
UN classification codes is given in appendix A3. The opportunities for waste
minimization as given by Khanna, (1996) given in appendix A4. Which shows the food
processing industry with moderate opportunity for waste minimization? Meaning there is
a lot of scope to work with these industries makes them comply with the requirement of
the Government by providing new technological solutions and technical guidance at the

same time bringing sustainability and profits to the industries.
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_The literature survey revealed that there is a substantial work in the field of vermi-culture

biotechnology from égxiculuual residue point of view. Where as there needs a lot of work

is yet to be carried out in the field of industries producing huge quantities of organic
wastes. There are few or no pin pointing experimentation conducted with respect to
industrial wastes. Therefore, it was felt that the work on vermi-culture and associated
microbes has got tremendous scope in the field of waste management. Thérefore, the
work undertaken to standardize the vermi-culture with different proportion of soil cow

dung and their experimental results are presented in the next chapter.
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Chapter II: Characteristics of raw materials used for vermi composting and

optimization of soil cow dung proportion:

2.0. Introduction:

The vermi-composting, a system which consists of inputs [organic wastes], outputs
[vermi-compost], and utilizing activities of earthworm and microorganisms along with
soil processes. The microbial activity is governed by the presence of earthworms and
vice-versa, which show a symbiotic relationship. The earthworms play an important role
in forming bacteria by providing the necessary environmental conditions like pH,
temperature and air circulation. The only other condition to be satisfied is moisture
requirement. If moisture level of 70 -80 % maintained in the vermi beds depending on the
external temperature, the earthworms will survive and multiply in number by feeding on
the food substrate provided. Hence, the increase in number of earthworms and juvenile
predominance are of significance in measuring substrate preference and biodegradation.
The dynamics of earthworm- soil relationship and the physicochemical conditions in the
soil environment will have a significant effect on the survival and growth of earthworms.
To initiate the vermi-processing it is always advisable to start with cow dung as a
substrate for earthworms and then slowly switch over to the selected substrates. Cow
dung is an easily biodegradable substrate used for vermi-composting along with several
agricultural residues and other substrates from industrial processes. To know the extent to
which cow dung is being mixed with the soil is of importance because it gives an

indicator of growth of earthworms. The earthworms live in soil with little or no organic
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matter. They tend to move to a safe region of soil with organic matter. The collection of
earthworms resorted by sprinkling of c(;w dung water continuously for three to four days
and then dig the ground to pick the worms also indicates the liking of cow dung as a
substrate. The vermi-composting of press mud was initiated using Eisenia fetida,
Eudrilus eugeniae[surface feeders], Megascolex megascolex|deep burrower]. Physico
chemical and microbiological analysis required were determined for the raw materials,
and proportion of soil cow dung to be mixed highest number of earthworms in a given
time by setting experiment with different proportions of soil and cow dung. The soil
obtained from the proposed vermi-processing site of the industry was sieved through 850-
micron sieve.

2.1: Materials and Methods:

2.1.1: Raw Materials for vermi-composting.

A) Press mud solid waste from sugar factory:

Samples of fresh solid wastes, viz. Press mud [Filter mud] were obtained from

Sanjeevani Sakhar Kharkhana Dayanand Nagar Goa. (Flow diagram of manufacturing
process and Stages of solid waste genefation of the industry are depicted shown in
Appendix A5 and A6.

Seven days old cow-dung was procured from local farmer for the laboratory study and

from a local dairy during the field trials in the industry.
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B) Earthworms:

The earthworm inoculums surface feeder species Eisenia fetida and Eudrilus eugeniae
procured from Indian Natural Organic Agriculture [INORA], Pune and University of
Agricultural Science, Dharwad where as deep burrower species Megascolex megascolex
is procured from local cashew plantation farm in Verna Goa. Rectangular plastic tanks of
size 60 cm x 45 cm x 45 cm were used for maintaining the cultures of surface feeders, at
the bottom of the tank dry leaves were spread to a thickness of Scm above which Scm
thick layer of industry soil was spread, followed by Scm layer of cow dung. This system
was kept at moisture level of 70 % by sprinkling water every day. There is report
available on moisture content to optimize the cocoon production by Eisenia anderi at
85% Geset et al., (1992). The Perionyx exavatus in cattle manure highest juveniles and
ciitellite worms at moisture content 75 to 85%. Similarly Muyima et al., (1994) reported
a moisture range of 67 to 84% for Dendrobaena veneta, 85% is reported by Hallatt et al.,
(1992). The cow dung was applied to these beds as food substrates every alternate day.
These boxes maintained the earthworm cultures.

2.1.2: Physicochemical characteristics of press mud and soil:

The physicochemical analysis were carried out according to the methods outlined in the
Indian standard code of practice for soils, IS: 1948-1970, and agricultural methods by
Iswaran (1980). |

The moisture contents of the soil and compost samples were determined by the oven dry
method. The loose bulk density was determined by using a standard core cutter of known

volume,
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Determination of Total solids, Organic carbon, Ash con tent, and Volatile solids was
carried out using the method of oven drying and ashing (Iswaran, 1980).The detailed
procedure is given in Appendix B.

pH was determined by using a digital pH meter.

The Nitrogen content was determined by Kjeldhal method, phosphorus by
Vanadomolybdate method and potassium by flame photometry method (Appendix B)
2.1.4 Characterization of soil samples:

1. Collection of Soil Samples:

Soil Samples were collected from proposed vermi-processing plant site of Sanjecvani
Sugar Factory Dayananad Nagar Goa. In order to collect soil samples, three different
points were marked on the ground at each selected point, excavation to a depﬂl of 60 cm
and diameter of 60 cm was made. The excavated soil is thoroughly mixed and the
representative sample was taken in a fresh plastic container. The three samples coflected
were used for further work.

Analysis of soil for particle size distribution, Identification of soil was done in
accordance with IS: 2720- Indian Standard Methods of Test for soils (Part 1, 11, III, and
v).

pH test was carried out in accordance with IS Code (Part 2720) _1987 Using digital pH
meter. 30 gms of soil were mixed with 100 ml of distilled water kept stirred continuously

and the pH meter readings were taken after 30 minutes.

81



2.1.5 Total microbiological counts:

The total bacterial count in filter mud, soil samples collected from industry site
determined by dilution and spread plate method using different Medias. Nutrient agar for
bacteria, sabaroud’s agar for fungi, and wickerhams agar for yeasts.

1g of filter mud or soil was suspended in 10 ml of normal saline. The suspension was
vortexed and serial dilutions prepared in normal saline, one ml of each dilution was
transferred using a sterile pipette on plate containing the required medium, and spread
using the sterile glass rod spreader. The plates were incubated for 24 hrs for 7 days and
the colonies of bacteria, fungi, yeasts formed were counted.

2.1.6 Optimization of soil cow dung proportion and selection of earthworm species.
The experimental set up fdr choosing the best proportion of soil +cow dung was a trial
with four different proportions 1:6, 1:4, 1:3, 1:2. The selected proportion was added in
different culture boxes of size 30 cm X 15 cm and in each 10 carthworms of Eisenia
Jfetida, Eudrilus eugeniae, and Megascolx megascolex were added, the experimental set
up was covered with gunny bag and an average of water content of 70 % was maintained
for a period of six months (Plate 2.1). The observation of counting of number of
earthworms was done at the end of 32 days, and soil ag,gregation‘ properties were assessed

after six months.
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Fig.2.1 Details of soil cow dung proportion and earthworm species.
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2.3: Results and discussion:

The present disposal method of open dumping on the ground fallowed by the industry‘has

created huge dump sites in the vicinity of the industry. The solid waste disposal methods

are presented in Appendix A.

The waste materials characterized at source for the parameters as per procedures outlined

in Appendix B and the results are presented in Table 2.1, 2.2.A visual of filter mud is

presented in Plate 2.2.

2. Physicochemical characterization

Table 2.1 Physicochemical characterization of Press mud obtained from

Sanjeevani sakhar kharkhana

Feel when touched Soft

Appearance Spongy

Texture Bulky and Amorphous
Color Blackish Brown

Storage Openly dumped on ground
Loose Bulk Density | 450 Kg/ m’ [Variable]

Moisture Content

60 — 70% fresh sample

pH 8.6
Specific Gravity 0.5-0.7
Organic Carbon 20- 35%
Nitrogen [N] 1.2%
Phosphorus [P] 2.25%
Potassium {K] 0.8%

85



Plate 2.2: Fresh sample of press mud / filter mud
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The filter mud openly stored on the ground was found to be soft, spongy ,with loose bulk
density of 450 Kg/ m®, and moisture content of 60-70%, with pH 8.6 , organic carbon
was found to be ranging from 20-35%, indicating its suitability for use as a substrate for
vermi-processing.

The waste pH was varying from 7.0 to 8.6. Therefore the need for any pretreatment and
neutralization was not required and the waste could be directly fed to the laboratory and
field trial vermi-beds. To support the idea of use of substrates with varying pH values
several workers have reported a pH values of 5.0-9.0 by (Edwards and Lofty, 1977,
Singh, 1997). The initial moisture was found to be varying between the range of 60- 70%
with a temperature of around 100°C. It was therefore important to have an initial open
storage of 3-4 days before adding to vermi-beds to bring down the temperature.

However the vermi-processing of filter mud is reported by Bano (1987a) Parthasarathy
(2006) and Singh (1997). The suitability of board mill studge with pH 7.81 , organic
carbon 42.06 % as a substrate for vermi-processing using Aporrectodea caliginosa and
Lumbricus terristris is reported by Kevin et.al., (2005). The Initial pH of 6.5, N 1.06%, P
2.06%, K 1.35% is reported by Kitturmath (2002) for press mud obtained from M.K
Hubli sugar factory Kamataka.

The use of surface feeder species for the treatment is reported by many workers
Ghatenkar, (1995); Giraddi, (2002); Arora, (1997).

Therefore, the use of the indigenous species of earthworm Megascoloex megascolex the
deep burrower variety was used for the study. This had ensbled us to give the

comparative study of the species and composts.
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The specific gravity of the press-mud ranged from 0.5 -0.7 being light in weight and
bulkiness it was posing problems to handle huge quantity.

The variation in the initial values N, P, and K are are attributed to the origin of the
sugarcane arriving from different areas of cultivation and variations in nutrient values as
reported by Kale, (1993); Giraddi and Tippannavar (2000).

The geotechnical properties of the raw material were determined and the results are
presented in Table 2.2 which reveals that the press mud is porous in nature with 93% air
voids. The bulk density suggests the large volume for lesser weight makes it more
complicated to be handled and needs to be timely disposed, other wise growth of fungus

(as depicted in Plate 2.1) makes it still difficult to handle. The water content recorded for
this representative sample was 24.3%. A higher water contents and temperature were
observed for fresh out falling samples. The characteristics presented in Table 2.1 and 2.2

together makes press muds an idle substrate for the vermi composting.
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Table 2.2: Geotechnical properties of press mud

Parameter Notation | Value

Specific Gravity G 0.5
Water Content w % 243
Voids ratio |e 1
Porosity n 0.5
Bulk Density N 0.32
Dry Density V4 0.25
Saturated density Veat 0.75
Degree of saturation | S; 0.14
Air Content ac 0.86
% air voids n, % 93.9
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2.5: Microbiological counts
The source of press mud being generated from an industry and collected from ground
storage of the factory possibly would be having microorganisms associated with it.
Especially the press mud is rich in organic carbon which supports the growth of
microorganisms. It is therefore of interest to determine the total viable count of different
groups of heterotrophic microorganisms such as fungi, yeast and bacteria as depicted in
Table 2.4, It is interesting to note that the counts of bacteria were higher to the order of
2.4X10° as compared to fungi(3.6 x 108) and Yeasts ( 9x106). The presence of such high
number of microorganisms reflects the easy biodegradability of the substrate. However
the requirements of other growth nutrients such as nitrogen, and the temperature of the
press mud would be the factor which restricts the growth of desired microorganisms. It is
therefore intended to develop the process which would support an easy biodegradability
of the solid waste as well as the growth of the desired microorganisms.

Similarly the count of the soil samples were also showed higher number of bacteria
which would also contribute significantly to vermi- composting.

Other significant soil characteristics observed during the collection of soil samples that
the presence of native earthworms which suggest the suitability of soil character for
vermi-processing.

The cow dung obtained for the soil cow dung experimentation, were characterized for its

total colony forming units and the results are presented in Table 2.4
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Table2.3: Microbiological counts of press mud and industry soil

Microorganisms Press mud soil

Fungi Cfu/g [3 day observation] 3.6x 10° 11x10°
Yeast Cfu/g [3 day observation] 9.0 x 10° 6 x10°
Bacteria Cfu/g [24 hr observation] 24x10° 1.28 x 10’

Table 2.4: Fold increase/ decrease in micro organisms due to

supplementation of cow dung.

Ingesta (cfu) Egesta (cfu) Fold increase

(7 day old cow dung) Vermicompost after 30 days

200X 107 377 x 10’ 1.68
Eisenia fetida

200X 10’ 440 x 10’ 2.23
Eisenia+ Eudrilus

200X 10’ 490 x 10’ 2.45
Eudrilus eugeniae

200X 10’ 490 x 10’ 2.05
Megascolex megascolex

\
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2.6 Selection of earthworms for vermi-compost

Surface feeder Eisenia fetida, Eudrilus eugeniae and deep burrower Megascolex
megascolex were procured and maintained in cow dung. These were then inoculated on
different proportions of soil cow dung. It was interesting to note that the earthworms
grew in all the proportions with highest being in 1:3 proportion for all the three species of
(Fig 2.2, 2.3, 2.4). Significantly the weight and length of the organisms in different
proportions showed marginal increase.

Based on the results shown graphically in the figures 2.2, 2.3, 2.4, the best proportion of
soil + cow dung is 1:3 for culturing of earthworms as this proportion has shown highest
number of earthworm hand sorted in all the three cases, Eisenia fetida, Eudrilus
eugeniae, Megascolex megascolex. Whereas out of these three FEeudrilus eugeniae
showed highest number of earthworms after 32 days as compared to Megasclex
megascolex which was also found higher than Eisenia fetida. '

As depicted in figure 2.5., 1:3 proportion has‘shown a higher number of worms recorded
in each of the selected species of earthworm and the highest being 35 in case of Eudrilus

eugeniae , 32 in case of Megacolex megascolex and 20 in case of Eisenia fetida.
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Fig. 2.5: Increa'se in number of earthworms for 1:3 proportion of soil + cow dung.
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The pH values of the vermi-composts for 60 days are being observed to be marginally
decreasing in the culture boxes E. fetida, 6.7 to 6.1; E.eugeniae, 6.7 to 6.0; and M.
megascolex, 6.7 to 6.4. . However several workers have reported a decrease in pH and
which was a significant parameter for the fecundity of earthworms in the pot experiments
and field trials. Edwards and Lofty ,(1977) Doeksen, 1964 ; Sahu,(2000);
Barely(1961);Ranganathan V Christopher(1996);Raut et al.,( 1997).

Percentage soil retained for vermi-compost with Eisenia fetida Eudrilus eugeniae and
Megascolex megascolex are placed in figures 2.6,2.7,2.8and the cumulative percentage
retained on 850 micron sieve is presented in figure 2,9

it is evident that 50.06% of soil has been retained above 850 u (Fig.2.9) which indicates
the aggregation of soil particles with Eisenia fetida, 45.23 % of soil has been retained in
case of Eudrilus eugeniae and 54.85 % has been retained in case of Megascolex
megascolex(Fig.2.9). There fore it is evident that the aggregation is more in Megascolex
megascolex> Eisenia fetida > Eudrilus eugeniae which is also depicted in the graph of
particle size distribution as presented in figure 2.10.

Further the graph also clearly indicates the particle size distribution order, Press mud>
industry soil > Vermicompost of Megascolex megascolex> Vermicompost of Eisenia
Setida > Vermicompost of Eudrilus eugeniae (Fig.2.10).

The comparison of press mud particle size distribution to those of vermi-composts
reveals that earthworms are responsible for grinding of the substrate, which makes the
particle size distribution finer. The grinding capabilities of Eudrilus eugeniae> Eisenia

fetida> Megascolex megascolex
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The comparison of particle size distribution of soil and vermi-composts showed the
grinding of soil for the initial period and later on especially for Megascolex megasclex it
is aggregation, as the particle size shifts beyond the industry soil particle size distribution.
The same is the case with Eisenia fetida and Eudrilus eugeniae but far later as compared
to Megascolex megascolex. The Megascolex megascolex has highest aggregation
capabilities as compared to other two species.

The soil type ascertained was SW, well graded (Punmia, 2000). The results of
aggregation of soil by earthworm activity reported by using Pheritima elongata supports
our findings Arora, (2002) Similar results on aggregation is being reported
Stevenson,(1957) by the pigmented species L terrstris, L rubellus, L costenus, D octaedra
and B eiseni, no aggregation in unpigmented species D. cyaneum, O lactum, A.calignosa,
A.longa . The aggregation by deep burrower (Singh, 1957) and earthworms been reported’

Nijhawan (1952); Kale, (1993).
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Fig. 2.6: Percentage soil-manure retained for vermi-compost with Eisenia fetida
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Fig. 2.7:- Percentage soil retained for vermicompost with Eudrilus eugeniae
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Table 2.5: Cumulative percent finer for soil, press mud and vermi-composts

Soil Press mud

Cumulative | Cumulative
IS Sieve % % Eisenia Eudrilus Megascolex
Size Finer (N) Finer (N) | fetida eugeniae megascolex

83.50% 64% 76.2% 74.40% 69.1%
4.75 mm

66.50% 50% 69.24% 70.83% 53.82%
2.36 mm

52.00% 38% 59.84% 66.07% 49.77%
1.40 mm

46.00% 32.5% e -
1.18 mm

39.00% 20.5% 49.94% 54.77% 45.15%
850 p '

27.00% 13.5% —_— e e
600 n

11.00% 12% | -—=--- - -—
425 n

9.50% 4.5% | -—-- e
300 n

1.50% 1.5% | -—-- —_— | -
150

0.50% 0 0 0 0
90 p

0 0 0 0 0
70 n
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2.8 The significant points of study

» The filter mud had shown an organic carbon varying from 17 to 35 %, aloﬁg with
varying specific gravity of 0.5 to 0.7.

» The soil cow dung proportion showed the best results of earthworm production in
1: 3 soil Cow dung proportion.

» The order of highest number of earthworms recorded in soil cow dung proportion
is Eudrilus eugeniae > Megascolex megascolex > FEisenia fetida.

» The industrial soil designated as SW Well graded sand is suitable for vermi-
processing without any amendments in it.

» The particle size distribution of filter mud is higher than that of the industry soil.

» The substrate preference (Cow dung-soil) for grinding qapabilities is Eudrilus
eugeniae> Eisenia fetida> Megascolex megascolex .

» The order of aggregation of vermi-compost of 1:3 soil cow-dung is Megascolex
megascolex> Eisinea fetida> Eudrilus eugeniae.

» The aggregation is more in the soil with 90y sieve size.

» The fold increase due to supplementation of cow dﬁng, varied from 1.68,2,23,
2.45, 2.05 times in casé of Eisenia fetida, Co culture of Eisenia and Fudrilus

eugenae, Eudrilus eugeniae, Megascolex megascolex respectively
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The results obtained on the physico chemical characteristics of the raw.materials has
revealed that the press mud is having an organic carbon of 20-35 % and temperature
100°C needs to be maintained in open storage prior to subjecting for vermiprocessing.
The industrial soil designated as SW (well Graded) showed native earthworms during soil
sampling is suitable for vermi-processing without any soil amendments along with
optimum proportion of 1:3. Three earthworm inoculums were used surface feeder Eisenia
fetida and Eudrilus eugenae including a native worm Megascolex megascolex, deep
burrower. The results have shown substrate preference of Fudrilus eugeniae> Eisenia
fetida> Megascolex megascolex have the aggregation of vermicomposts of 1:3 proportion
as Megascolex megascolecx™> Eisenia fetida> Eudrilus eugeniae.

It was therefore, envisaged to study further the composting of press mud with the
optimized soil cow dung proportion in the laboratory as well as field trials. The
experimental lay out and data on composts obtained including the isolation of
microorganisms their identification, Enzyme activities are presented in the fallowing

chapter.
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CHAPTER 111

Laboratory and field trials for vermi-
composting of press mud and
characteristics of composts




Chapter 3.0: Laboratory and field trials for vermi-composting of press
mud and characteristics of composts

3.1 Introduction:

The sugar industries generating filter mud has become a cause of concern in the present
day contents due to the problems faced by its haphazard disposal. The industries have a
disjointed approach to take up the waste management as an integral part of industrial
process. The need of appropriate technologies with pin pointing experimentation is of
great importance in arriving at standard procedures to be followed to adopt the waste
management practice. Therefore, in the present chapter the filter mud as a substrate
subjected to three varieties of worms with the optimized soil cow (iung proportion. The
laboratory as well as field trials was undertaken keeping in view bringing sustainability in
vermi-composting.

3.2 Materials and methods:

A) Preparation of culture box vermibeds for laboratory studies

Glass culture box of size 42 cm x 42 cm x 20 cm were fed with brick bats for 1 cm thick,
there after soil and cow dung in 1:3 proportion (wet weight basis) was laid to give a
thickness of 5 cm and maintained at 70% water content. Hundred worms of each variety
were introduced in the culture box.

The filter mud was fed to the vermi beds and the observations for, juvenile predominance

is recorded. (Plate 3.1)
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B) Vermi beds field trial at the Sanjeevani sugar factory site:

For deep borrower species, the beds were prepared on a tank of 1m x 1m x 0.6 m height.
Initially 2.5 cm thick brickbats were spread evenly on this cow dung and about seven
days old (easily biodegradable substrate) having neutral pH was spread in the tank.
Inoculums, at the rate of 100 earthworms per tank were introduced. This was covered
with cow-dung of 5 cm thick.

For surface feeder species a layer of bedding material (grass) was laid to a thickness of
about 5 cm at the bottom of beds (1x1x 0.6m dimension). Above this a cow-dung layer of
5 cm thick (7 days old) was evenly spread. There after the hundred worms were
introduced in to the beds. The worms developed within 2 to 3 weeks and the beds were
used for further experimental purposes. The beds were covered with paddy and jute bags.
A wire mesh and jute bag on top of the tank was kept to minimize evaporation. The
moisture level was maintained at 60-70 %. The plates of vermi-composting of filter mud
field trials were presented in plate 3.2 to 3.5.

Feeding details of these beds were further loaded with uniform thickness of 5cm for
vermi-processing.

3.3 Analysis of composts

A periodical measurement of juvenile predominance, pH, and temperature was carried
out for lab and field trial samples during the period of 45 days. The moisture level of 60-
70% was maintained in the vermibeds,throughout theexperiment.

A) Physico chemical and Geotechnical characteristics: The compost samples were
analyzed for total solids, organic carbon, nutrient value, and water hoiding capacity,

geotechnical properties using standard methods as detailed in Appendix B.
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C) Microbiological analysis: Total viable count of bacteria, fungi, and yeasts in the
composts were determined by spread plate method on the respective media, plates were
incubated for 24 to 72 hrs and the colony forming units were counted.
3.4 Results and discussion:
3.4.1 Vermicompost of filter mud:
The press mud laid with uniform thickness was regularly monitored for changes with
regards to visual observations for biodegradation.
The biodegradation of filter mud was observed at regular intervals in the laboratory and
field trials the results presented in Table 3.1and 3.2. The pH maintained in the beds was
nearly neutral 6.7- 6.8 and the moisture level 50-70%. The conversion of filter mud to
vermi-compost recorded for laboratofy set up showed a time of 45 days for Eisenia
fetida, 40 days for Eudrilus eugenae, co culture of Eisenia fetida and Eudrilus eugeniae ,
Megascolex megascolex. The conversion of filter mud to vermi-compost recorded for
field set up showed a similar time of 40 days for Eisenia fetida, Eudrilus eugenae, co
culture of Eisenia fetida and Eudrilus eugeniae, and 35 days for Megascolex megascolex
It is interesting to note that the bioconversion of filter mud with Eisenia fetida has taken
more than 45 days and the rest of the species showed complete conversion at 40 days.
Uniform appearance of cast everywhere was observed in the bed with odor completely
removed. The order of increase in number of earthworms by hand sorting showed the
number of Eudrilus eugeniae and Megascolex megascolex> that of Eisenia fetida and
Eudrilus eugeniae and Eisenia fetida for both field and labarotary trials. The highest
number recorded for Megascolex megascolex (490) for field trial and fallowed by

Eudrilus eugeniae (390, 380) for field and laboratory trials.
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There are few reports on biodegradation of filter mud. Jambekar (1992) reported

biodegradation of industrial waste filter mud using Fisenia fetida, Eudrilus eugeniae. and
Perionyx arboricla and suggested efﬁéient use of these species. Where as Mala et al.,
(1998) adopted Limpitto mauritii for her study in press mud. The report of Giraddi and
Tippanavar (2000) showed a bioconversion time of 85 days, which is almost the double
of our findings for filter mud bioconversion using Eudrilus eugeniae. The difference
could be due to the rate and thickness of organic lbading. The report of Singh (1997)
fully justifies our bioconversion time varying from 35 to 40 days using deep burrower

species Pheritima elongata.
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Table 3.1: Biodegradation study of filter mud:

Parameter Esienia fetida | Eudrilus E fetida Megascolex
eugeniae | + E eugeniae | megascolex

Number 100 100 50+50 100

Soil + Cow 1:3 1:3 1:3 1:3

dung Praportion

Av. Length cm 6.8 6.8 6.8 8-10

Av. Weight gm 80-90 85-90 85-95 85-100

pH 6.8 6.8 6.8 6.7

Moisture % 60-70 60-70 60-70 60-70

Bio conversion 45 40 40 40

Time [Days]

Increase in 2.9 times 3.8 times 3.10 times 3.8 times

Number
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Table 3.2: Field trial of filter mud biodegradation:

Tpes of species

Co culture
of E fetida
. Eudrilus and E Megascolex
Parameters Esenia fetida  euginiae eugeniae _megascolex
No. of worms 100 100 100 100
- Soil+cowdung Proportion 1:3 1:3 1:3 1.3
Average Length 6-8 cms 6-8 cms 6-8 cms 8-10 cms
Average Weight 80-90 gms 85-95 gms 80-95 gms  85-100 gms
pH 6.7 6.7 6.7 6.7
Moisture 60-70 60-70 60-70 60-70
Time required 45 days 40 days 40 days 35 days
No. of worms 290 390 310 490
Average Length 10-12 - 10-12 10-12 15-20
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Plate 3.5: Field trials showing ready vermi-compost
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3.4.2 Juvenile predominance:

The energy demand of small immature juvenile earthworms is greater than that of large
non-clitellate earthworms. Juveniles have accordingly been reported to consume more
food (Geeta and Reddy, 1997; Edwards and Bater, 1992; Edwards et.al, 1998).

Hatchlings and juveniles increase in biomass faster, process waste by body weight than
adults. Juvenile predominance has therefore been taken as a criterion for assessment of
substrate preference. Observations were madder on the surface of the beds along with
removal of compost up to full depth and hand sorting juveniles was resorted for recording
jlivenile predominance.

The physical observations with regards to juvenile predominance for laboratory and field
trials presented in Table 3.3 revealed that at zero day the earthWOrmS added produced
juveniles. The 20 days observation showed the highest juveniles in Megascolex
megascolex as compared with the other two. While at 30™ day Megascolex megascolex
still showed higher number of juveniles where as the Eudrilus eugeniae produced more
juveniles as compared to FEisenia fetida. Juveniles are the indicators of energy
transformation and hence biodegradation indicating the species preférences of substrates.

The plates 3.6 and 3.7 show the vermi-composts in polythene bags immediately taken
after adding to the bags and after keeping the bags in refrigerator for 15 minutes
respectively. The bags after 15 minutes showed juveniles move from the compost to
radial outward. The plate 3.6 and 3.7 also show the movement of juveniles clearly with
order of juveniles greater with Megasclex megascolex > Eudrilus eugeniae> Eisenia
fetida. This along with observations personally made together the results of juvenile

predominance are gauged and recorded.
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The juvenile predominance of the 'field trials also showed similar results as that of
laboratory studies. The order of juvenile predominance, wlﬁch is a measure of substrate
preference, remains the same. Megascolex. megascolex > Eudrlus eugeniae > FEisenia
fetida. The co culture produced the same number of juveniles as that of Fudrius eugeniae
alone.

The bags again kept for continuous observations at every 2 day intervals. The good
earthy smell indicates 6r no smell of the original material indicates the compost is stable
and be harvested. This was used as one of the indicators of production of stable compost

and bioconversion time recording (Rodale, 1967; Giraddi and Tippanavar,2000).
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Table 3.3: Visual observations for juvenile predominance:

Species Observations in days

0" day 20" day 40®

| day

{ Lab Field Lab Field Lab Field
Eisenia fetida | ------ | ----- X X XXX | Xxx
Eudrilus eugenae | ------- - XX XX XXXX | XXXX
Eisenia fetida + T X X XX XX XX | XXXX
Eudrilus eugenae :
Megascolex | ~=- | cemme- XXX XXX XXX XX | XXXXXX
megascolex

-Nil, x = Poor, x x = Good ,x x x = Very good, x x x x = Excellent
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Eisenia foetida

5 gm vermicompost placed
in Polythene bags

Megascolex megascolex

Plate 3.6: Fresh compost sealed in polythene bags
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b' _ - Juveniles

EiseniaFetida

Eudrilus eugenae

Juvenile predominance
Megascolex> Eudrilus eugenae>eisenia

fetida

Photographs Taken after storage

:{In cold room/Refrigerator for 15 Minutes

Plate 3.7: Juveniles seen moving away
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Values of pH

Decrease in value of pH during vermi-processing of
Filter mud

®0

H20
040
060

Eisenia fetida Eudrilus eugeniae Megascolex
megascolex

Time in days

Fig. 3.1: Variation in pH during Field trials.

122



3.4.3. Variation in pH during vermi-processing:

The decrease in pH values. of the vermi-composts for 60 days is being represented
graphically in figure 60 The soil cow dung proportion chosen was 1':3 for all the three
cases. The reduction in pH values from 6.7 to 6.1, 6.7 t6 6.0, and 6.7 to 6.4 in the case of
composts prepared from Eisenia fetida, Eudrilus eugeniae, and Megascolex megascolex.
A decrease in pH from 9.0 tb ‘8.3 of alkaline soils in. pot experiment on vermiculture is
reported by Barely (1961). Earthworms are sensitive to the hydrogen ion concentration,
so it is observed that pH is a significant factor that limits the distribution, number of
earthworms and species of earthworm in a particular type of soil.

These findings are almost similar to the results obtained during the soil cow dung
proportion study (Edwards and Lofty, 1977; Petrov, 1946; Richardson, 1938; Edwards,
1985; Singh, 1997).

A calignosa is reported to be in diapose with a pH of 6.4 and less Doeksen, 1964;
Edwards and Lofty, (1977). For increasing the productivity of bioconversion a pH range
bf 5.5 to | 9.0 is being suggested for Indian
soils(Edwards,1985;Munnoli,2000;Gajalakshmi 2004; Ranganathan,1996).The decrease
in pH from 7.7 to 8.8, 6.5,7.0 is reported in the vermi compost’s prepared from leaf,
grass, straw and water hyacinth; Leaf litter and home garbage respectively Sahu,(2000).
The decrease in pH will also helps in deciding whether the soil of the industry needs any

amendments or not before setting up of the vermi-composting unit.
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Makeschin,(1991) report says liming and gypsum fertilization in acid forest soils
increased the earthworm activity due to increased pH, Such application are found to be
of great help in amending the soil suitably for waste land development.

Where as Dendrobaena madeirensis, Dendrobaena octaedra, Dendrobaena pygmae,
Eisenia eisenia and Allolobophora oliveirae preffered acid organic soils, with low
calcium and magnesium contents and high aluminum content, as reported by Briones et
al., (1992). There fore soil pH is a factor to be noticed for the successful setting up of
vermin-compost units. It is therefore evident that the growth and survival of earthworms
is adverseiy affected in extreme acidic and alkaline conditions. For majority of the

species a neutral pH of soil is found to be suitable for maximizing the efficiency in waste

management.
3.4.5 Vermi-compost samples:
The visuals on vermi-composts of filter mud obtained from the field trials are presented

in Plate 3.13. The visuals appear to have higher size particles in case of Megacolex

megascolex > Eudrilus eugeniae> Eisenia fetida.
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3.4.6 Total solids and organic carbon:

The comparison of decrease in organic carbon in ingesté aﬁd egesta presented in Fig 3.5
The variations in total solids for all the three cases of Eisenia fetida, Eudrilus eugeniae,
Megascolex megascolex have shown increasing trend (Figs 3.2, 3.3, 3.4) depicting
conversion ‘of organic matter to hums like substances also indicates the utilization of
substrate by the earthworms. The increase was found to be 51.85%, 23.65%, 13.94 % in
case of Eisenia foetida, Eudrius eugeniae, and Megascolex megascolex respectively. A
marginal increase in total solidé during vermin processing of industrial wastes is reported
by Singh, (1997), where as vermi-composting of potato waste had shown 2.25 times
increase in total solids Munnoli, (2000).

- The organic carbon has shown a decreasing trend in vermi compost samples of all the
three earthworm species depicting continuous utilization of substrates with release of
carbon dioxide and final conversion of wastes to composts. The decrease inorganic
carbon and increase in total solids as seen with composting using three species confirm
the efficiency of seleéted species of worms. The decrease in organic carbon 56.25%,
49.79%, 47.9% clearly shows the superiority of Eudrilus eugeniae as compared with
other earthworms: Therefbre the order of gra;iing the vermicomposts based on decrease
in organic carbon is Eudrilus eugeniae > Megascolex megascolex > Eisenia fetida.

It is evident that the extent of biodegradation with Eudrilus eugeniae and Eisenia fetida is

achieved in 40 days where as the same trend is achieved in 35 days with Megascolex

megacolex.
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The marked selectivity of earthworms towards substrate preference is been reported by
Ramachandran (1997) and influence on worm population and cocoon production of filter
mud when used in combination with cow dung has been reported by Giraddi (2002).

The food processing waste in general have been reported to be the best substrates for
vermi-processing Piccone et al., (1986); Singh (1997).
'A similar decrease in organic carbon of 41 to 28 % being reported by Morgan and
Morgan (1992) in case of organic wastes with Lumbricus terristris and Approctodea
longa.

A decrease of 28 to 5.5 % in case of ingesta and egesta by singh, (1997) by using
Pheritima elongate species. Studies on potato and distillery sludge waste reported a
decrease of 87..07% and 81.8%; 39.43% and 32.12 % in ingesta and egesta when treated

with Pheritima elongata. (Munnoli, 2000, Singh, 1997)
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Fig. 3.2: Total solids and organic carbon during vermi-processing by Megascolex

megascolex.
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Variation in organic carbon and total solids,
Eudrilus eugenae Vermi compost
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Fig. 3.3: Total solids and organic carbon during vermi-processing by Eudrilus

eugenae
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Fig. 3.4: Total solids and organic carbon during vermi-processing by Eisenia fetida
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3.4.7: Particle size distribution:

The particle size distribution for industry soil and oven dried vermin composts of press
mud is presented in a standard graph in Table 3.4 & Fig.3.6 which shows that the particle
size of the filter mud is much higher than the industry soil. Our experimental study
regards to species s_e-l?&_:tion using cow dung as substrate With industry soil < 850 p had
shown

Both aggregation and fragmentation (grinding) activity of earthworms. The soil under
went bio-changes and about 50.06% with Eisenia fetida, 45.23 % Eudrilus euegniae,and
54.85 % in case of Megascolex megascolex aggregation is achieved. It concludes that
aggregation is more in Megascolex megascolex> Eisenia fetida > Eudrilus eugeniae.
This was represented graphically in Fig. 2.10.Indicating vermi-composts of cow dung
alone showed an order of particle size distribution ie., Filter mud > Industry soil>
Megascolex megascolex> Eisenia fetida > Eudrilus eugeniae.

The same could be compared with the vermi-compost of filter mud the particle size
distribution which almost remains the same as both the graphs are showing identical
distribution. One interesting thing is that‘ Megascolex megascolex vermi-compost is
leading in aggrégation as compared with the other two vermi-composts as there is a
particle size distribution shown which shifts beyond the particle size distribution of filter
mud. This had not happened in case of vermin compost of cow dung. This clearly depicts
the functional role of deep burrower earthworms in building the soil. This is of interest
for harnessing this property to develop degraded lands.

In totality the aggregation order is Megascolex megascolex>Eisinea fetida>FEudrilus

eugeniae which is supported by the aggregation from visuals presented in plate 3.9
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Table 3.4: Cumulative percentage finer of vermi-composts

IS Sieve | Eiseniafetida  Eudrilus eugeniae Megasclex
Size/Particle Cumulative Cumulative megascolex -

size(mm) %Finer %Finer - Cumulative %Finer
4.75 81.2 81.82 95.46
2.36 67.54 | 69.73 58.65
1.18 52.45 54.01 44.11
850 p 46.17 49.29 26.84
600 pu 37.75 40.93 21.39
300 p 18.04 20.66 15.94
90 pn 3.66 4.57 231
70 1.72 0 0
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The comparison of press mud particle size distribution to those of vermi-composts
reveals that earthworms are responsible for grinding of the substrate, which makes the
particle size distribution finer. The grinding capabilities of Eudrilus eugeniae> Eisenia
fe’tida> Megascolex megascolex.

The soil type is SW, well graded (Fig 3.7). The vermi composts have shown the same
pattern as shown by the selected species of earthworms, with regards to grinding of soil,
more in surface feeder where as aggregation is more in deep burrower and vice versa.
Where as the industry soil and vermi- composts have shown smaller size particles
indicating reduction in particle size at the start of the vermi processing i.e. grinding of the
substrates. But once the vermin beds have stabilized aggregation takes place markedly as
shown on the graph by Megascolex megascolex with initial grinding and followed by
aggregation.

Both the grinding and aggregation are the natural soil processes in a soil eco system. The
role of earthworms in building the soil is been reported by Guild (1948), Edwards and
Lofty, (1977)

Th_e results of aggregation of soil by earthworm activity reported by using Pheritima
elongata suppdrts our findings (Munnoli, | 2000; Singh, 1997). Similar results on
aggregation is being reported by Sevenson, (1957) by the pigmented species L terrstris ,
L rubellus, L costenus,D octaedra and B eiseni, There is no aggregation in unpigmented
species D. cyaneum, O lactum, A.calignosa, A.longa . The aggregation by deep burrower

earthworms has been reported by Kale, (1993) and Singh, (1997).
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3.4.8: Nutrient in filter mud vermi composts:

The results of the nutrient values obtained and their variations in nutrients are presented
in Fig 3.8.

A maximum nitrogen is obtained in vermin compost with Megascolex megascolex. The
fold increase in Nitrogen is 2.07, 2.21, and 2.48 in case of Eisenia fetida, Eudrilus
eugeniae and Megasclex megascolex.

The variation in phosphorus is of increasing order 1.11, 1.20 times in case of Eudrilus
eugenae and Megascolex megascolex respectively where as it has decreaéed by 0.75
times in case of Eisenia fetida. The variations in potassium are of continuous decreasing
order 0.46, 0.7 and 0.54 times in case of Eisenia fetido, Eudrilus eugeniae and Megasclex
megascolex.

The studies on enﬁchmeﬁt of soil report’s the increase in N,P,K by using
Octochaetona serrata when treated in experimental pots with organic wastes like potato,
Tomato, mixed vegetable and cow dung (Prabhakar et al, 2006). Lunt and Jacobson
(1944) established tﬁat worm casts are enriched in N, P, K, Ca and Mg. A similér report on
increase in nitrogen and phosphorus in sericulture waste was reported by Gunthilingaraj

(1996).
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3.4.9 Geotechnical properties:

The geotechnical properties worked out for all the three composts with soil cow dung as
control are presented in Table 3.5.

The increase in water contents of the vermi composts measured at the same time is due
the nature of the composts and the soluble aggregates, retention of water on the skin of
the earthworm etc., anf varied from 225%, 301% and 323% for E fetida, E eugenae and
M Megascolex respectively.

The order of water contents of vermicomposts is found to be Megascolex megascolex>
Eudrilus eugenae >Eisenia fetida. All other geotechnical properties of the composts
make it better for holding moisture hygroscopic ally within the compost solids.

The moisture content of the vermin beds has to be maintained depending upon the initial
moisture contents of the ;ubsuates. For instance the moisture content of filter mud 60-
70% is less than that of potato waste which ranges up to 90-94%, therefore additional
moister has to be given in case of filter mud as compare to the water required for the
treatment of potato waste.

The parameters dry density and bulk density, and their deérease indicates amorphous
nature of compost; lesser is the dry densities greater is the softness of the compost. In the
present situation vermicompost of Megascolex megascolex is having least dry density as
compared to other composts. Therefore the order of amorphous nature is, vermicompost
of Megascolex megascolex is > Eudrilus eugeniae >Eisenia fetida > Cow dung +soil

(1:3) respectively.
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Table 3.5: Geo Technical parameters of Vermi-composts of press mud

Parameter Seil + Eisenia Eudrilus Megascolex
Cow dung fetida eugeniae megascolex

Water Content 1 2.25 3.01 3.23

Voids Ratio (e) 1.43 5.09 6.81 7.16

Porosity (n) 0.58 0.84 0.87 0.88

Bulk Density (V) 0.97 0.72 0.64 0.60

Dry Density  (Vd) 048 0.22 0.16 0.14

Saturate density Vsat)  1.07 1.05 1.05 1.01

Degree of Saturation 0.82 0.59 0.55 0.52

Sn)-
Air Content (ac) 0.12 041 0.45 0.48
Percentage Air Voids 10% 34 % 40% 42%

(na)
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The percent saturation is highest in control, (Soil + cow dung 1:3), and there is no
measurable difference in the degree of saturation With vermicomposts prepared from
- Eisenia fetida, Eudrilys eugeniae and Megascolex megascolex.

Higher the air content more will be the space for air circulation and survival of aerobic
microorganisms. The air content of vermicompost of Megascolex megascolex > Eudrilus
eugeniae > Eisenia fetida > cow dung +soil (1:3) The Megascolex megascolex is a deep
burrower which has larger length and movement in the soil at greater depth , leaves large
holes behind its movement, this could be the reason as to have higher air content.

The air voids of Megascolex megascolex >Eudrilus eugeniae> Eeisenia fetida > cow
dung +soil (1:3). Another measure to demonstrate the aerobic nature of vermicomosting
process, which ultimately is responsible for removal of odor of substrates.

According to Edwards and Lofty, (1977); Tewatia, (2007) organic matter plays a
major role in maintaining soil quality. It improves soil quality and productivity by
enhancing their granulation, porosity, water holding capacity nutrient supply rate and
activity of soil biota. Also improves soil texture, structure and proliferate useful
microorganisms (Sengar,2006) It is a well known fact that endogenic anecgic
eaﬁhWoms influence soil macro porosity and aggregation Lee(1991).

The beneficial effects of the ubiquitous earthworm have been clearly reported. Earthworm
activities influence rates of soil tﬁrnover, mineralization and humification of soil organic
matter and improvements in consistency of soil texture with concomitant increases in

porosity, (Sengar and Salini Gupta 2006) infiltration and soil-water retention characteristics
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have also been measured for worm-worked soils (Kale, 1993; Nijhawan S D and Kanwar,

1952; Kolher, 1995).

3.6.11 Water holding capacity:

The results of the compaction experiment using vermin-composts presented in Fig 3.9.
The press’ rﬁud soil combination showed optimum dry denéity above 1.6 and
corresponding water content 34%, which almost resembles a compaction curve for soil.
The experiment further revealed that when compacted by adding verrn'icomposts the
density observed for the first set of reading 0.86, 0.8 for Eisenia fetida, Eudrilus

eugeniae and Megascolex megascolex respectively. The experiment further carried out
with addition of vermicomposts showed a continuous decreaseing trend in dry density, in
other words they showed increasing water voids. The water holding recorded for
Megascolex megascolex is about 200% whereas the for Eudrilus eugeniae and FEisenia

Jetida it is 170% (Stockdill and Lossens,1996).

The increased wéter hblding capacity of the earthworm composts is due to the presence
of soluble colloidal particles, and mucus of earthworm which is a good absorbing agent.
Added to this the water holding and movement of water is due to the increased voids and
porosity of composts dur'ing vermi processing. Similar increase in water holding is being
reported Kavian (1996). A 30% decrease in bulk density is being repo;'ted (Kolher1995),
which intern helps in water holding capacity. Soluble aggregates are responsible for

increased water holding capacity (Edwards and Lofty, 1977).
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The various advantages mentioned above will definitely suggest us to advocate the use of
this technology especially for industries generating organic wastes.

3.7 Bacterial count of vermi composts:

The total microbial populations are determined in the ejected cast of press mud harvested
(by using Eisenia fetida, Eudrilus eugeniae and Megascolex megascolex) zero day, and
40" days and of the industrial soil samples collected are determined. The results
presented in Table 3.6. A visual showing dilution of the vermicomposts is placed in plate
3.10. The comparison of colony forming units is placed in Fig.3.10.

There is a remarkable increase in the bacterial count of the vermi composts of the press
mud as compared to the industry soil sample and zero day sample (Table 3.6, Fig 3.10).
The increase is 16, 6.4; 42.7, 17.1; 41.6, 16.6 times in case of vermi-compost with
Eisenia fetida, Eudrilus eugeniae, and Megascolex megascolex, as compared to industry
soil and zero day sample respectively. The size of microbial population in worms casts

mainly depends on the type and quality of ingested soil and substrate (Edwards and
Bohlen, 1996). |
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Table 3.6: bacterial count of ilidustry soil and vermi -composts per gram of the

sample.
Fold Fold increase
Vermi- increase as As compared to
Industry zero day composts 40 compared to Zero day sample
soil sample day sample industry soil
180x10°  450x10° 2900 x10° 16x10° 6.4x10°
Eisenia fetida
7700 x 10°
180x10°  450x10° Eudrilus 42.7x10° 17.1x10°
eugeniae
7500x 10°
180x10° 450x10° Megascolex 41.6x10° 16.6x10°
: megascolex
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Plate 3.10: Dilutions of vermi- compost samples.
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As the cow dung was used in the experiment of bioconversion of press mud, the
additional micro flora the cow dung is giving to the vermi composting system table 2.4
(Chapter 2) presents the data on fold increase due to supplementation of cow dung. The
fold increase varies from 1.68, 2, 23, 2.45, 2.05 times in case of Eisenfa fetida, Coculture

of Eisenia and Edrlus eugenae, Eudruilus eugenae, Megascolex megascolex respectively.

Treatment of filter mud using Pheritima elongata, Eudrilus eugeniae, Esienia fetida had
significantly enhanced the micro and macro nutrients (Singh1997; Parthasarathi. and
Ranganathan, 2000).

During the vermi-composting process organic wastes pass through the gut of earthworms.
The wastes undergo physical, chemical and biochemical changes. The combined effect of
microbial, earthworm and soil processes simultaneously taking place al.ong with the
micro flora of the waste itself is responsible for biodegradation of organic wastes. The
role of these processes is to release of nutrient to the plants. The worm casts, compared to
soil without worms /organic wastes have shown increased microbial/enzyme/micro and
macronutrients. (Jambekar.1992; Bano,et.al 1987; Parthasarathi,2006).The fold increase
of 2.42,1.15,1.17 times in fungi, actionmycetes, and bacteria is reported by Bhattacharrya
(2000 ) in vermi- compost as compared with the traditional compost.

The analysis of gut content of earthworms has revealed the occurrence of different kinds
of syrhbiotic micro fungi, bacteria, protozoa’s etc. Maximum numbers of micro fungai
species aré found in the .fore' gﬁt, gradually decreasing in number in the mid gut and hind

gut with ‘a minimum number of freshly laid casts (Dash et.al, 1985).
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Whereas Parle (1959) has reported 13.76, 572.96 times increase of actinomycetes and
700.8, 927.78 times of bacteria in the mid gut and Hindgut as compared with fore gut
actinomycetes and bacteria respectively.

A significant higher number of microbes were observed in experimental plots treated
with vermi-compost and nitrogen fixing bacteria after harvest of the crop. Higher

microbial load was also observed in paddy, applied with vermi-compost. (Kale et al,

1992).

The effect Qf vermi-compost on microbial population in soil environment is reported to
be best with vermi-compost brepared out of the combination of leaf litter, straw, grass
and water hyacinth(VC,) as compared to vermi-compost of leaf litter (VC,), H.ome
garbage(VCs) and partially decomposed cow dung VC, when applied at the rate of
5%(w/w). The 2.16,1.83,1.71,1.69 increase in bacteria,1.49,1.30,1.52,1.40 in
actinomycetes, 2.89,2.76,2.38,2.47 in fungi for VC,;,VC,,VC;,VC, respectively,(Sahu,
etal., 2000).

Teotia (1950) rep.orted. 3.4 to 5.4 time’s bacterial increase as compared to surrounding
soil. Where as Atlavinyte and Lugauskas, (1971) reported a five fold increase in
microorganisms in earthworm introduced pot tests. Ghilarov (1963) has reported in his
study the number of microorganisms in earthworm casts and soil , and, the fold increase
is 1.64,1.35,1.97 times in three different fields namely oak forest, Rye field and Grass
field respectively. The moisture content of vermi-compost becomes an essential
environmental condition for survival of the beneficial micro organisms, Irrespective

whether earthworms continue to live or not. The decrease in moisture content will bring
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down the colony forming units and Organic carbon, (Scheu, 1987; Parthasarathi and

Rang Nathan, 2001;Parthasarathi,2006).

The study on microbes in the gut of earthworm revealed the increase in number of
bacteria, actinomycetes as compared to those in soil, follow exponential law (Parle, 1959;
Meenatachi, 2007). The above literature survey showed that the increase in
microorganisms in the gut vand verfni-casts of earthworms contain higher number of
microorganisms is taken as the one of the measure to evaluate the vermi-composts. It also
enables us to say that earthworms are important in inoculating the soil and their casts are
the foci for dissemination of soil microorganisms, which will elevate the overall fertility
of the soil (Tewatia, 2007).

Microbial biomass was found to be more in vermi-casts as compared with the
surrounding soil. Similar results have been reported by Singh, 1997 and Munnoli,
(2002). The remarkable increase in total bacterial coﬁnt is being reported by Allevi, et.al. |
1987., Kavian et.al.,(1996). The greater microbial population and activity of microbes is
believed to be caused by selective food substrate consumption (Scheu, 1987; Lavelle and -
Martin, 1992; Pederson and Henderiksen, 1993, Parhthsarathi, 2006). Morgan and
Morgan, (1992), réport remarkable significance of selectivity of substrates. Our results
are also inline with the report made by Ghabbour, (1966)

In the present study, the oreder of higher number of microbes is Eudrilus eugeniae >
Mehgascolex megascolex > Eisenia fetida for press mud vermi-cast. Our study showed
the decrease in population of fungi and increase in the population of total microbes

(fungi+bacteria+actinomycetes).' This is in full conformity of the results reported on press
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mud vermi-casts as the hot spots of fungi. (Parthasarathi and Ranganathan,1998).
Therefore, such a biomass rich in microbes will enrich the soil and supply balanced plant
nutrients. Bhawalakar, (1989) also agrees upon this in his studies, that the wastes bio-
processed by earthwérms in to plant nutrients and enhance the growth of bacteria,
actinomycetes in surrounding soil.

The total microbial population of filter mud vermicomposting taken at start, 20, and 40
days for all the three speciés of eérthwonns. The population of fungi, yeasts, bacteria are
being experimentally found and presented in Table 3.7. These findings are subjected to
Analysis of variance (ANOVA) as detailed by Indrajit Singh, (1990) and shows

significant at p<0.05.Table 3.8.
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Table: 3.7 Microbial population of vermi-casts using Eisenia fetida, Eudrilus eugeniae
» Megascolex megascolex.

Moisture of vermi-composts 70%

Microbial Press Megascolex
population mud | Eisenia fetida Eudrilus eugeniae | megascolex
20day |40day |20days |40 days | 20 days | 40 days
108 17 11 37 24 55 30
Fungi x 10*g?!
35 65 85 110 138 86 56
Yeasts xlO“g'1
70 1700 2900 5400 7700 5100 | - 7500
Bacteria x10g™ _
Total x 10°g" | 71.73 | 1700.82 | 2900.96 | 5401.47 | 7701.62 | 5101.41 | 7500.86
(Fungi+
yeasts+Bacteria)

The fold decrease in fungi, 9.81; 4.5;. 3.6, yeast, 2.43; 3.94; 1.6; and increase in bacteria

41.4; 110; 107 for vermicomposts of Eisenia fetida, Eudrilus euegeniae, and Megasclex

megascolex respectively

Table 3.8ANOVA (p<0.05)

Sum of squares | df Sum of squares Mean sum  of | F ratio
squares

Between 7-1=6 169346424 28224404

within 20-7=13 33693783 2591829.462 10.88
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CFU of earthworm adheared microrganisms

Series1

Eisinea fetida

Megascolewx  Eudrilus eugeniae
megascolex

Earthworm species

Fig. 3.11: Earthworm adheared microorganisms of selected earthworm

Species (cfu)
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3.7.1 Earthworm organisms of selected earthworm species.

The comparison of population of earthworm organisms presented in 'ﬁgure 3.11 has
revealed the highest number of earthworm skin adhered organisms in Eudrilus eugeniae
as compared to Megascolex megascolex which is also higher in number as compared to
Eisenia fetida. The trends of increasing skin organisms observed here, is same with the
total microbial population for these species.

The microorganisms of skin (surface of the earthworm body) and cast of Apporrectodea
" calignosa, Lumbricus rubellus in comparison with surrounding soil showed the increase
in nitrogenase activity indicating the presence of N - fixing bacteria, due to the increase
activity of burrowing and feeding activity of earthworms (Bhattachaya ,2000;Smick and
Pizl, 1989). |

An increase of 10-20 times in microbial activity is being reported with worm ingested
soil and organic matter (Sonia Thomas, 2002). The significant increase in the bacterial
count during vermi-processing is reported by Kavian et.al. (1998) Alllevi et.al.,(1987),

Bhattachrya, (2000) has reported increase in microbial content of vermi compost as
compared to traditional composts.

The materials ingested by earthwormé undergo biochemical changes in the digestive
track and in the ejected cast, the plant nutrients and growth substances are rendered in
plant assiméable form. The fertility is also attributed to enzymatic activity and microbial
activity that associated with earthworms. (Kale et.al.1987)

Atlavinyté and Lugauskes (1971) have repoﬁed earthworm increases the number of
microorganisms in soil as much as five times. Earthworms aré therefore important in

inoculating the soil with microorganisms and their casts are foci for dissemination of soil

microbes.
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The data presented in the Tai)le 3.8 indicates that there is a decrease in the fungi, increase -
in bacteria and yeasts in. all the species of earthworms (p<0.05). The decrease in fungi
could be attributed to the type of substrate, which is acted upon, by the soil and the
earthworm intestine micro flora. The bacterial digestive enzyme activities like protease,
cellulose, amylase, chitinase and lipase that continue to disintegrate organic matter. The
enzyme activities are the processes §f microorganisms; the greater the population of the
vermi cast indicates the role played by them in organic matter decomposition. .The
increase in bacteria is due to consumption and selectivity food substrates. There is a
marginal increase in yeasts in case of Megascolex megascolex. '
Therefore, the increase in number of microorganisms during the process of vermi-
cbmposting is a greater significance of synergy of microorganisms and earthworms.

Such biomasses when added to the wastelands, the nutrient and bacterial mass will be
added to the soil, leading to recovery of the wastelands. Which i; a need of the day? |

The role of microbes in the industrial applications is a known fact, for production of
bread, cheese, beers, wines, antibiotics, vitamins etc. The use of earthworm and
‘microorganisms in the field of organic waste management of industries remains as a new

area yet to be accepted and adopted by the industries.
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3.8: Significant points of study:

>

The higher decrease in organic carbon is obtained in case of vermicompost of
press "mud with Megascolex megascolex>Eudrilus eugenae> Eisenia foetida
respectively. |

The higher aggregation of soil finer than 850 micron is 54.85 %, 50.26 %, 45.23
% in case of Megascolex megascolex >Eisemia foetida > Eudrilus eugenae
respectively. |

The order of aggregation in case of composts is also the same

Grinding Capabilities is in the order of Eudrilus eugenae>Eisinea fetida>
Megascolex megaa;colex.

The press mud has shown larger size particle size distribution than the industry
soil

Larger size particle size distribution is shown by Megascolex megascqlex,

The Megascolex meascolex vermi-comopsost has shown its superiority in all the
Geotechncal properties as compared to Eudrilus eugenae and Eisenia fetida,

The higher nutrient values of N, P, K is shown by Megascolex megascolex.

There is a remarkable increase in the bacterial count of the vermi composts of the
press mud as compared to the industry soil sample and zero day samples. The fold
increase is 16, 6.4; 42.7, 17.1; 41.6, 16.6 times in case of vermi-compost with
Eisenia fetida, Eudrilus eugenae, and Megascolex megascolex, as compared to

industry. soil and zero day sample respectively
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The vermi compost of press mud undertaken in the laboratory and field trials showed
successful degradation of press mud. The compost obtained as a product was also of
higher nutrient value showing sufficient moisture holding capacity. The variation in the
compost obtained from the soil and cow dung 1:3 and with press mud , The vermi-
composts of press mud showed better performance in the all the geotechnical properties
as compared to the CO—I;I-;OSt obtained with 1:3 soil cow dung. It reflects that the press
mud is a substrate, which is sufficiently biodegradable, and could support the growth of
bacteria. It was therefore envisaged that the composting process would also involve the
activities of bacteria associated with the earthworms and those present in the composts.

The studies on such bacteria were important to understand the effect of microofganisms
on the composting process and the final product obtained. To understand this bacterial
isolates from the composts need to be made available as inoculums along with
earthworm. The bacteria were therefore isolated from the composts of press mud, Their
biodegradable ability and characteristics was undertaken and the consortium of the
potential isolates was prepared for use as inoculums in ‘vermi-composts. These results

presented in the next chapter.
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CHAPTER IV

Isolation, purification, Identification
and Characterization of vermi-

compost microorganisms (Bacteria)




Chapter 4.0: Isolation, purification, Identification and characterization of vermi-

compost microorganisms (bacteria)

4.1 Introduction: In the previous chapter, it is evident from the viable counts (cfu) of
vermi-composts obtained form field and laboratory trials harbor a vide variety of
heterotrophic microorganisms like Bacteria, yeast, fungi etc. These organisms play an
important role in nutrient turn over, formation of humus, which is based on degrading
abilities. Nutrient éycling is one of the important basic processes which regulates soil
fertility through weathering of soil minerals and decomposition of organic matters by
microorganisms bacteria, fungi etc., along with soil animals (Marinissen and
Ruiter,1993). Symbiotic relation between microorganisms and earthworms exist in
breaking down and fragmentation of organic matter progressively (Bhawalkar and
Bhawalkar,1992).

The decreasing trends in fungi and yeasts and increr;tsing trend in bacteria seems
to be of greater significance in the vermi-composting system indicating the major
supportive role-played will be of bacteria. Therefore, it as envisaged that the work of
isolation of bacferia could be of great help in understanding the role-played in
bioconversion. But it was interesting to note here that the vermi-compost derived from
the worms and the bacteria adhered to skin of the worms together will give better
understanding of the microbes present in the vermi-composting system. Kale et al,
(1989, 1992) reported the increase in bacteria in worm and higher number of N fixers
even though the total populétibn was unaffected. Whereas Bano et al.,, (1987) reported

that vermicompost obtained from culturing of Eudrilus eugenae showed large number of
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humus forming bacteria, fungi, acthomycetes and N fixers. Similarly worm soils have

been reported to have shown increased microbial populations (Edwards and Loft, 1977,

Tiwari, 1989; Singh, 1997).

4.2 Materials and Methods:
The vermi-composts obtained from the field trials was further utilized for plating out and
the three species of earthworm’s viz. FEisenia fetida, Eudrilus eugenae, Megascolex

megascolex were picked up from the respective vermicompoting units of the field trials

4.2.1 Isolation of vermi-compost and earthworm microorganisms (Bacteria)

The respective vermi-composts were serially diluted and spread plated on nutrient agar
plates. Following a incubation of 18-24 hrs the plates Were observed for the growth of
organisms(bacteria)and the colony characteristics viz. size, shape, consistency, color,
opacity, margin, elevaﬁon were recorded. Further the plates with count between 30 -300
were preserved for isolations. These selected organisms were purified mechanically by
streaking on respective media, the growth for well developed colonies were picked up
and was designated with a alphanumerical nufnber and transferred aseptically to- slants in

duplicate for further study.
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Plate 4.1: Earthworm in saline for isolation of skin microorganisms
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An individual of selected species of earthworms namely Eudrilus eugenae, Eisenia
fetida, and Megascolex megascolex, was picked up and washed in distilled water,
transferred aseptically to a conical flask containing 10 ml normal saline(Plate 4.1). The
conical flasks was kept on shaker for 10 minutes, the earthworm removed from the
conical flasks and replaced them back in respective composts. This saline was serially
diluted and was spread plated on nutrient agar plates for determining the population

of earthworms. The same plates were incubated and the colonies formed were counted.
The colony characteristic’s of the individual colony was studied and the isolates purified

on respective media and preserved.

4.2.2 Maintenance of microorganisms

The isolates were maintained on nutrient agar slants / plates and designated with
alphanumerical number and maintained through out the experiment. The cultures
maintained in duplicate one for regular experimentation and the other for stock, which
was sub cultured periodically. The day to day experimentation was carried out with
cultures maintained on plates.

4.2.3 Purification of microorganisms

The colony’s showing discrete natures were picked up and streaked on respective agar
plates for purification. Following the incubation, single colony developed at the end of
streaks was picked up on a nutrient agar slant and plates, sealed with paraffin tape and
preserved in the cold room at 4°C. The isolates were periodically checked for purity. The

sub culturing carried out at every month.
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3.3.5: Morphological characteristics
Grams staining was carried out using the strains Crystal violet, Grams iodine, Counter
stain safranin and endo-spore staining and using malachite green as per the standard

procedure given in Appendix C.

4.2.4: Identification tests:

4.2.5: Biochemical tests for identification of microorganisms:

The below mentioned biochemical tests were carried out as per the procedures given in
the Laboratory manual in General Microbiology By Kannan,(1996);Satish Gupte,(1998).
The list of biochemical tests performed is given below.

i)Hughlifeson test for aerobic and anaerobic, ii)Triple sugar Iron Test iii)Hydrogen
sulfide and motility iv)Motility v)Sugar fermentation vi)Urea's test vii)Methyl Red
Viii)Vogas pauskér ix)Catalase x)Oxidase xi)Geletin Liquefaction xii)Citrate
utilization xiii)indole production xiv) Deaminase Phenylanine Deamanise Test
xvi)Nitrate reduction xvii)Maltonate utilize. The details of media compositions for each
tests presented in Appendix C (1 to 27). Tests were performed on fresh cultures in the
exponential stage; controls were kept for each test for noting the test result the test results

presented in section 4.3.2.
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4.2.6: Enzyme activities:

The Amylase, protease, cellulose, lipase geletinase, and chitinase activities were
determined by spot inoculating on respective agar medias and incubated for 24 hrs. The
colonies formed were checked for enzyme activity by flooding the plates with respective

reagents. The detailed procedures are presented in appendix C.

4.2.7: Preparation of consortia

A) Consortium of Vermi-compost Microorganisms

The consortium of the vermi-compost microorganisms prepared by transferring
aseptically a loop full of pure cultures in 6ml normal saline. The O.D was adjusted until it
attained a value of 1.0. Two ml of this preparation was transferred to 100 m! of nutrient
broth aseptically and kept on a shaker for 24 hrs. The growth of cultures is noticed buy
the turbidity of the broth. The nutrient broth is centrifuged for 10 minutes with at 7000
rpm. The. pallet farmed at the bottom is transferred to the 20 ml of saline and the
preparation is kept in cold room. The \}iable couht found by serial dilution and spread
plate method. Required volume of 40ml of the inoculums is prepared fresh and added to
the experimental culture box |

B) Consortium of cellulose degrading microorganisms.

The major constituents of filter mud are cellulose 25%: hemi Cellulose 27%. The micro
organisms isolated from skin and vermi compost showing maximum cellulose enzyme
activity. The organisms were designated as Peu9, Peul4, Sef4, SefS, Smel2, and Smel6.

A single colony of each is picked up in a 6ml saline aseptically the OD was adjusted to
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0.5. Three ml of this was transferred to 100ml of nutrient broth and kept on a shaker for
24 hrs. The cultured nutrient broth was centrifuged at 7000 rpm and the pellet was taken

in 20 ml of saline and preserved in conical flasks. The viable count was measured by

dilution and spread plate method

4.3 Results and discussion:

4.3.1 Bacterial Isolates:

Bacterial isolates obtained from the vermi-composts of filter mud from field trials using
Fisenia fetida, Fudrikus eugenae, Megasclex megascolex and the bacteria isolated from
skin of Eisenia fetida, Eudrikus eugeniae, and Megasclex megascolex are presented in
Table 4.1. The plates 4.2 to 4.5 present the isolated single colony on nutrient agar. Sneh

Goyal (2005) has reported the increase activity of microbes during composting process.

The number of isolates obtained from vermi-composts shows Fudrilus
eugenae>Megascolex megascolex>Eisenia fetida. Where as the skin organisms showed
number of isolate order as Eisenia fetida>Megascolex megascolex>Eudrilu$ eugenae.
The order of highest number of microorganisrﬁs in vermicomposts and skin of earthworm

species as bacteria> fungi# yeasts.
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Plate 4.3: Purification of microorganisms
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Plate 4.5: Purification of microorganisms
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Table 4.1 Microbes in vermi-compost system and isolates.

Inputs Process out puts

Earthworm activity |
Press mud Skin Organismsri Vermicasts CFU/ml/g
Fungi 108 x 10* [CFU/ml/g] Eisenia fetida
Yeasts 35 x 10* Eisenia fetida 19 x 10° Fungi 11 x 10°
Bacteria 7 x 10* 7 Isolates Yeast 85 x 10

Eudrilus eugenae27 x 1 0’

3 Isolates

Megascolex megascolex
21 x 10°

6 Isolates

Soil processes

Fungi 11 x 10°

Yeast 6x 10*

Bacteria 1.28 x 10’

Bacteria 29 x 10°
6 Isolates
Eudrilus eugenae
Fungi 24 x 10*
Yeast 138 x 10°
Bacteria 77 x 10°
23 Isolates
Megascolex megascolex
Fungi 30 x 10*
Yeast 56 x 10°
Bacteria 82x 107
8 Isolates

0 Isolates

Total 16 Isolates

37 isolates
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4.3.2 Identification of microorganisms:

The purified microorganisms subjected to various biochemical tests are presented in
Table 4.2, 4.3 and 4.4. The isolated organisms subjected to Grams staining and endo-
spore staining. The results of these tests revealed that the out of the 37 isolates 35 isolates
were gram positive. Out of these 35 isolates 7 were non sporulating and the remaining 28
sporulating. Following the biochemical tests the comparison of organisms with the
Bergy’s Manuel for determinative bacteriology revealed the occurrence of organisms
belongingrto Bacillus. The identified bacteria presented in Table 4.2, 4.3, and 4.4.

Fifty organisms isolated from alimentary canal of the Lumbricus terristris were same as
those from surrounding soil Basslik, (1913).The same was confirmed for three different
species of earthworms Parele, (1963). Zhdannikova,(1961) reported The comparison
microbial composition of two species of earthworms guts namely Octolasium lacteum
and Lumbricus rubillus and surrounding soil , the density of microorganisms observed is
the same in gut and surrounding soil. There ﬁWere more spore forming bacteria and
actinomycetes and few fluorescing bacteria in the gut of O.lectium than in the
surrounding soil. |

Where as the L rubellus showed 10 times more microorganisms in cast than surrounding
soil. The casts of these two species contain more fungi, actinomycetes, butyric acid
forming bacteria of Clostridium type, and cellulose decomposing bacteria.

He also reported the microorganisms in soil differed from those in casts, the spore

forming bacteria and actinomybetes were predominant in worm casts. The number of
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Bascillus idosus and Bascillus cerus were greate in casts than in soil. Ponomavera, (1953)
also stated tilat therg is increase in number of actinomycetes, pigmented bacteria and
other bacteria of biscillus cerus group. Pranamélik, 2007 has reported application of lime
(5 g/kg) and inoculation of microorganisms increased the nutrient content in vermi-
compost and also phosphatases and ﬁrease activities. Bacillus polymyxa, the free-living

N-fixer, increased N-content of vermi-compost significantly.
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Table 4.2: Filter mud vermi-compost microorganisms (Bacteria)
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Table 4.3: Filter mud vermi-compost microorganisins (Bacteria)
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Table 4.4 Identification of earthworm microorganisms (Bacteria)
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4.3.3 Enzyme activities:

The test results of the enzyme a(;tivities of the earthworm microrgénisms presented in
table 4.5 and the comparison of enzyme activities presented in figure 4.1

The enzyme activi‘ty‘results reveal that the earthworm organisms of Eisenia fetida are
showing all the enzyme activities. The skin organisms of Eudrilus eugenae show all the
activities except for geletinase and the same is true with Megascolex megascolex out one
of the organism designated Sme 6 shows geletinase. Therefore, the Eisenia fetida takes
vthe top list in producing enzyme activities. Based on the total number of isolates in each
species and number of organisms showing enzyme activities it evident that 77%, 75%,
62.5%, of Eisenia fetida, Megascolex megascolex are showing selected enzyme activities
respectively. Therefore the order f preference of earthworm species based n the enzyme
activity of earthworm microorganisms (bactéria) is Eisenia - fetida> Megascolex

megacolex > Eudrilus eugeniae.
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Table 4.5 Zone of clearance of enzyme activity for the earthworm adheared
bacterial islates

Clear zone dia in mm
Culture
Designation Amylase | Protease | Cellulose | Lipase | Chitinase | Geletinase
Sefl 20 5 3 4 -
Sef2 6 S 1 3 12 2 13
Sef3 2 3 8 5 - 8
Sef4 8 20 6 - 2 -
SefS 2 4 20 5 2 8
Seft 12 4 4 7 8 6
Sef7 5 2 3 3 - -
Sef8 - 5 - - 4 -
Seud 3 2 4 2 2 -
Seul0 - 4 - - 4 -
Seull 12 3 - 2 - -
Seul2 6 10 8 2 8 -
Smel3 4 6 2 5 8 -
Smel4 8 - 4 4 12 - -
Smel$ 3 - 2 3 12 -
Smel6 12 - 10 8 6 15
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Enzyme Activity of bacteria on the earthworm

B Eudrilus eugenae

® Megascolex megascolex

O Eisinia foetida

Number of Isolates

Amylase Protease Cellulase Lipase Chitinase
Enzyme Activities

Geletinase

Fig. 4.1 Comparison of enzyme activity of bacteria on the earthworm

.
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Table: 4.6 Zone of clearance for enzyme activities of the bacterial isolates of press

mud vermi-compost.

Culture designation | Amylase | Protease | Cellulase | Lipase | Chitinase | Geletinase
Peul - 4 4 8 10 13
Peu2 6 4 4 10 8 7
Peu3 - 3 - 10 8 -
Peud 10 10 10 10 12 4
Peu5 8 25 - . 25 - 8 14
Peu6 - 4 4 - 8 10
Peu7 8 - 3 6 12 6
Peu8 4 5 5 - - 8
Peu9 8 10 10 10 - 10

Peul0 - 4 12 10 7
Peul 1 8 4 6 8 10 8
Peul?2 14 6 8 4 12 -
Peul3 8 4 4 13 12 14
Peul4 6 6 6 8 6 9

~ Peul5 8 6 6 4 12 8
Peul6 6 6 6 2 12 10
Peul7 8 6 6 - 12 8
Peul8 - 6 6 4 14 6
Peul9 6 6 - - 18
Peu20 - - - - -
Peu21 - - - - - -
Peu22 - - - - 8 -
Peu23 - - - - 8 -
Pme24 20 - - - 8 14
Pme25 - 4 4 - 8 16
Pme26 - 6 4 2 6 -

~ Pme27 - - - - - -
Pme28 - - - 3 - 8
Pme29 12 6 6 - 8 14
Pme30 - - - 8 8 16
Pme31 10 -+ - 6 8 16
Pef32 - - - - 8 14
Pef33 - 10 10 4 6 -
Pef34 - - - 4 6 8
Pef35 10 10 10 -6 8 8
Pef36 - 10 10 - - 6
Pef37 6 10 10 10 8 8
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Enzyme Activities

Eudrilus eugenae
B Megascolex megascolex
O Eisinia foetida

20

18

16

14

12

10 -

Number of Isolates

Amylase

Protease  Cellulase Lipase
Enzyme Activities

Chitinase Geletinase

Fig. 4.2 Comparison of enzyme activity of vermi-compost microorganisms

(Bacteria)
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Based on the number of isolates showing the enzyme activity(Table 4.6) it is evident that
the Eudrilus eugenae stand as superior as compared to other two and the order of
preference is given as Eudrilus eugeniae>Megascolex megascolex> Eisenia fetida.

Based on the individual enzyme activities recorded by each organisms the species of
earthworms rank showing enzyme activity .as 68.11%,66.66%,52% for Eudrilus
eugeniae, Eisenia fetida> Megascolex megascolex. The comparison of enzyme activity is
presented in figure 4.2. The visuals enzyme activities presented in plates 4.6, 4.7, 4.8, 4.9,
and 4.10.

The presence of active enzymes amylase, cellulase, protease, chitinase, lipase and
lichenase in earthworm gut signifies the digestive ability of the eatrtheworms. These
enzymes reported to operate in a stable pH range of 6.3 to 7.3 through out the length of
the intestine which encourages the growth of bacterial colonies as reported by Senapati
(1993).

Our experiment has demonslxated that the earthworm Eisenia fetida has shown its
cellulase enzyme activity in skin and vermi-compost organisms. The results are in
accordance with the findings of Whiston, (1998) that Eisenia fetida has shown the
carboxymethyl cellulose activity. The report of Trivedy, (2002) indicates the vermi castes
also contain enzymes such as protease, amylases, lipases, cellulases, chitinase has 10 to
20 times higher microbial activity as compared to the soil and organic matter of worm
ingest. The occurrence of lichenase in the digestive track of invertebrates, the earthworm
species Helodrilus caliginosus showed lichenase and enzyme activity, Jowell and Lewis,
(1917). Our findings go parellel to the findings of the Tracy (1951) for tﬁe presence of

the amylase, protease, cellulase, and chitinase, lipase produced by the earthworms and
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possibly the cellulose and chitinase by gut microorganisms, whereas the report of Ross
and Cairns,(1982) supports our findings of presence of enzyme activities in earthworm
casts and an increase phosphatase, dehydrogenase, protease and nitrigenase enzyme
activity due to earthworm influence Weiss and Trespendorfer,(1993). Sneh Goyal, (2005)
Changes in activities of cellulase, xylanase and protease, and microbial population were
determined during composting of different organic wastes such as mixture of sugarcane
trash and cattle dung, press mud, poultry waste and water hyacinth biomass. The
activities of cellulase, xylanase and protease were maximum between 30 and 60 days of
composting in various wastes. Eisenia fetida, Perionyx excavatus, E. eugeniae were used
to study on the biodegradation of some community wastes and they were found to secrete
enzymes such as proteases, lipases, amylases, cellulases and chitinases which bring about
rapid biochemical conversion of the cellulosic and the proteinaceous materials in the
variety of organic wastes. E. eugeniae was found to have higher feeding, growth and
biodegradation capacity compared to other two species and within 5 to 6 weeks, 95-100

percent degradation of all cellulosic materials was achieved as reported by Sinha, (2002).
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Amylase
Vermi-compost microorganisms

Zone of clearence

Plate 4.6: Amylase enzyme activity
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Plate 4.7: Protease enzyme activity:
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Zones of
hwélearance

Plate 4.8: Cellulase enzyme activity (Vermi compost microorganism)
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Control Plates flooded with Mercury Chloride
Zones of clearance

Plate 4.9: Geletinase Enzyme activity
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Plate 4.10: Chitinase activity
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4.3.4 Consortiums

Consortium of all the compost bacteria was prepared and maintained having a of viable
count 168 x 10° /ml. The viable count of cellulose degrading organisms measured 270 x
10° cfu/ml.

Consortium of cellulose degrading microorganisms presented in Table 4.4

Table 4.7: Consortium of cellulose degrading organisms

Designation Tentative identification

Peu9 - B.marinus

Peuld B.mycoides

Peul6 B.baldius
Sefd B.sphaericus
SefS B.megaterium

Smel2 B.thuringiensis

Smel6 B.larve
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3.8: Significant points of study:
» Following the biochemical tests as per Bergy’s Manuel for determinative

bacteriology revealed the occurrence of organisms belonging to Bacillus group.

» The order of preference of earthworm species based on the enzyme activity of
earthworm organisms is Eisenia fetida> Megascolex megacolex > Eudrilus

eugenae.

> Based on the number of isolates showing the enzyme activity it is evident that the
Eudrilus eugenae stand as superior as compared to other two and the order of

preference is given as Eudrilus eugenae>Megascolex megascolex> Eisenia

Jetida.

» Based on the individual enzyme activities recorded by each organisms the species
of earthworms rank showing enzyme activity as 68.11%,66.66%,52% for

Eudrilus eugenae, Eisenia fetida> Megascolex megascolex.
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The study of isolation of bacteria and there tests on utilization of various carbon sources
indicates their degradability and the capability in reducing the carbon.contents of the
substrates. In addition to strengthen this bacteria subjected to various enzyme activities
which showed there specific degradability capabilities. As such, these properties were
utilized to prepére consortium of cellulose degrading organisms. Therefore it is of
importance to set up experiments on the chosen substrate press mud first with
earthworms, and with earthworms and inoculums and further with inoculums only. This
will give a better understanding of the role of microbes in vermi-composting system as a
whole and the role of bacteria in composting press mud along with aggregation of soil.

These experiments and results compiled and presented in the next chapter.
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CHAPTER YV

Role of microbes in biodegradation of

Press mud and soil aggregation




Chapter V: Role of bacteria in biodegradation of press mud

And soil aggregation

5.0 Introduction: The vermi-composting system studied for the treatment of filter mud
in the earlier chapters by using earthworm species Eisenia fetida, Eudrilus eugeniae,
Megascolex megascolex revealed the symbiotic role of bacteria. The bacteria
predominated by increase in the number of isolates with varied enzyme activities utilizing
the substrates. It was therefore envisaged to further study the role of bacteria on the bio
degradation of press mud. As the major constituents of press mud are cellulosic
compounds derived from plant materials with organic matter, organic carbon up 24-to
36% it was felt that effect of the cellulose degrading bacteria on degradation of press mud
could be assessed and optimized.

Further the study on treatment of filter mud using the isolated organisms with varied
enzyme activities is of importance in increasing the efficiency of bioconversion yielding
bio-fertilizers at the faster rate. In order to study the effect of bacteria on the efficiency of
vermin compost system a bacterial consortium was prepared using the bacteria isolated
from the vermin-composts. The effect of this consortium on vermin- composting was also
studied and the geotechnical properties of the compost along with their role on soil

aggregation was determined.
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5.1 Materials and methods:
Studies to demonstrate the role of bacteria in composting of industrial waste (Press
mud) using consortium of bacterial isolates

5.1.1 Preparation of bacterial consortium
The micro organisms isolated from earthworms and vermi compost designated as Peu9,
Peuld, peul6, Sef4, Sef5, Smel2, Smel6, showing good growth on cellulose medium
were used to prepare the consortium of cellulose degrading bacteria. The selected isolates
were grown on nutrient agar plates for 24 hrs, loop full of each was picked up from Petri
plate and suspended in one test-tube containing normal saline and the absorbance
adjusted to 1.0 at 480 nm. This suspension of bacteria was further used as inoculum for
preparing the consortium.
One hundred of nutrient broth in conical flask was inoculated with 2 ml of above
suspension and incubated on shaker for 24 hrs. The culture broth was centrifuged at 7000
rpm for 10 minutes and the pellet obtained was suspended in 20 ml of normal saline.

This consortium designated as (BC) was used as inoculum for the press mud.

Bacterial cultures 37 in number isolated from vermin composts were grown on nutrient

agar plates for 24 hrs, and used as inoculum for preparing the consortium as above.This

consortium designated as (BM) was used as inoculum for the vermi beds.
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5.1.2 Effect of consortium of cellulose degrading bacteria on press mud

A) Preliminary study:

Ten g of press mud was taken in Petri Plates and 20 ml of the consortium (BC)
comprising of cellulose degrading bacteria (240 X 10’ /ml cfu) was added, and the

compost was analyzed after 20 days.

B) Optimization of inoculum for composting

Ten g of filter mud was taken in Petri Plates and inoculated with the consortium of
cellulose degrading organism (BC) with a viable count of 240 X 107 cfu. The inoculations
were done in proportions of the press mud weight taken as 1:1; 1:2; 1:3; 1:4. (10ml;
20ml; 30ml; 40ml) The samples were drawn in ten days interval upto 30 days and
analyzed for compost characteristics. Further the optimum inoculum was used in culture

boxes and the compost formed was analyzed.

5.1.3: Study of effect of mixed bacterial consortium (BM) on composting of
press mud: |

Two identical culture boxes of size 15cm x 20 cm x 30cm were set up as presented in
plate 5.1. Culture boxes containing a few brickbats which were introduced to facilitate
water-hoiding capacity and 25 earthworm species of Eudrilus eugenae, were inoculated
with 40 ml of 24 hrs old bacterial conéortium and with a consortium of cellulose
degrading bacteria.

The experimental and control culture boxes were maintained at the laboratory at 70 %

moisture. The visual observations were catried out every day for the spread of vermi-
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casts on the beds. Filter mud obtained from the sanjeevani sugar factory was fed on the
beds to give a thickness of 5 cms. (Plate 5.2) The beds were further observed for visual
bioconversion and the samples were drawn at regular intervals for physicochemical,
geotechnical characters and microbiological counts.

A control of each culture box with 5 cms filter mud without earthworms and microbial

consortium was also maintained and analyzed.

5.1.4 Analysis of compost

The total viable count was determined by plating on nutrient agar. Total solids organic
carbon, volatile solids and ash content, were determined as per the procedures outlined in
the Appendix B

Earthworms were measured by hand sorting from the samples drawn in the core cutter

and complete culture box.

5.1.5 Study of soil aggregation using bacterial consortium (BM).

Petri plates containing 100 g of industry soil passed through 420 and 850 sieves were
inoculated with 10 ml, 20ml, and 30 ml of bacterial consortium with a total viable count of
168 x 10°/ml (Plate 5.13, 5.14). The plates were incubated for 30 days at room temperature, the
soil in each Petri plate was sieved by using IS sieves, and the weight retained on 425 p and 850u

sieves was recorded. Control plates without inoculum were also analyzed for soil aggregation.
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Plate 5.1: Study the effect of bacterial consortium on biodegradation of
press mud
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Control Press mud inoculated with
Bactrial consortium (BM)

Plate 5.2: Organic loading of Press mud
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5.2 Results and discussion:

Consortium of microorganisms performing the biological tasks under controlled
conditions has been found to be of immense use in industrial applications (Alex Lye,
1994, Sharma Alka, 2000.) Keeping in view the application of consortium in the
industrial organic solid waste management the bacterial consortium were prepared and

used for the present experiments.

5.2.1 Biodegradation of filter mud with cellulose degrading organisms

A) Preliminary studies

The Petri plates inoculated with cellulose degrading organisms having viable count 270 x
10°, gave compost after 20 days almost similar to that of press mud with earthworm in the field
trials. Further the dilutions of bress mud and this compost (plate 5.3) showed that the press
mud floated in the test tube whereas the compost settled at the bottom of the test tube. This
demonstrated the change in the particle size of the filter mud and its specific gravity. Such a
change in specific gravity becomes an essential factor in handling large volumes of industrial

wastes in a given time.
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Cellulose
janisms

Changes in Specific Gravity

Plate 5.3: 20 Day dilutions of filter mud compost with Cellulose degrading
Bacteria (BC)
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The analysis of the compost on subjecting to oven drying and ashing in muffle furnace
showed the decrease of organic carbon 34.14% within 20 days, confirming the role of
microorganisms in bioconversion, mainly the consortium of cellulose degrading bacteria.
This gave a new direction in which the industrial solid waste management could be
looked upon using microbial consortium to achieve desired level of bioconversion in a
specified time period.

The proportions of press mud and the consortium (plate 5.4 and 5.5) showed variation in
the changes occurring in the chemical parameters The total solids showed decrease for
all the proportions especially for 1:1.1:3 (fig.5.1) with a steady decrease shown by the 1:
2 proportion The proportion 1:2 and 1:3 showed ( 5.4 to 5.5) a decrease in organic carbon
of 13.7%, 41.64%in 10, 20 days respectively The ash values are of interest because each
proportion has shown decrease up to 10 days after which the increase is seen from 10 to

20 days (fig.5.4).

The density bottle experiment (plate 5.6, fig 5.5) revealed that the proportion 1: 2
increased the specific gravity as compared with the other proportions. The order of
increase in specific gravity was 1:2>1:3 aﬁd 1:4. The specific gravity is an important
parameter to be considered for handling the large volumes of filter mud: produced by the
sugar industries. The cumulative data on compost showed that the 1:2 proportions gave
consistent gradual changes with significant ash content after 20 days therefore this

proportion was used for culture box studies.
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B) Bio degradation of press mud with optimized proportion (1:2) using BC

The changes in geotechnical properties of press mud subjected to cellulose degrading
bacterial consortiua are presented in Table 5.3. The specific gravity of the filter mud was
found to be (Table 5.2) far less as compared to the compost -obtained from cellulose
degrading organisms Which also had higher water content (Table 5.2). This is based on
one time inoculation after that no additional water was added to the .experiment at any
stage of experiment. This facilitated in controlling the compost formation without
regularly maintaining the moisture as was required in vermi-compost system.

The voids ratio and porosity (Table 5.2) was much higher as compared to the filter mud
values showing the amorphous compost without earthworms

The densities have shown increasing trend in bulk and saturated densities by 0.22 and
0.27, where as the dry density remains almost the same with a marginal variation of
decrease of 0.016.

The air content-recorded (Table 5.2) in-case of filter mud cdmpost treated with cellulose
degrading organisms is 61 %, which was found to be higher than what is recorded, with
control (48% )and experimental culture (38%) boxes with Eudrilus eugenae . This
suggests that the treatment with bacteria alone provides better geotechnical properties as
compared with that of earthworm experiments. The same is true in case of degree of
saturation.

The air voids recorded( Table 5.2) in case of filter mud treated with cellulose degrading
organisms as 48% is comparable with the air voids obtained from control and

experimental culture boxes which showed similar results.
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The total solids, organic carbon, volatile solids, ash content etc are présented in the fig.
5.6.The total solid of the sample due to the addition of inoculum showed the decreasing
trend in 10, 20 day and 30-day samples. Whereas, comparison with the experiment with
earthworms the trend is increasing in total solids. The same is true with volatile solids.
The organic carbon (Fig. 5.6) showed a decreasing trend up to 20 days there after for 30
days it showed a higher value. This indicates the experiment is contributing to additional
organic carbon due to inoculum. Therefore, it was concluded that the bioconversion
reached its maximum up to 20 days and thereafter further increase in organic carbon
suggests that the compost could be harvested after 20 days. The volatile solids have
shown decreasing trend, where as ash showed increasing trend for 20 days and decrease
for 30 days findings.

The total solids, organic carbon, volatile solids, ash content etc are presented in the Fig.
5.6. The total solid of the sample due to the inoculums showed the decreased in 10, 20
day and 30-day samples. Whereas, comparison with the experiment with earthworms
the trend is increasing in total solids. The same is true with volatile solids.

The particle size distribution of filter mud alone and its COmposf with cellulose degrading
microorganisms are presented in Fig. 5.7. It is evident from the graph that the finer
particles less than 425 p have aggregated with the bioconversion where as the higher size
aggregates > 425 p has decreased in the particle size. The particle size is more of uniform

distribution and is almost parallel to the filter mud distribution
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5.2.2 Role of mﬁed bacterial (BM) consortium on vermicomposting system:

A) Biodegradation of press mud:

The studies carried out on role of bacteria on vermi-composting system and on press mud
biodegradation showed significant observations. For this study the earthworm used was
Eudrilus eugenae along with consortia for the vermiculure system. As the number of
isolates showing enzyme activity was found to be maximum, it was evident that the
Eudrilus eugeniae was most viable as compared to other two.

The consortia of vermicompost microorganisms showed viable count 168 x 10° /ml
having 37 vermi-compost microorganisms isolated from the vermi-composts of press
mud from field trials using FEudrilus eugeniae, Eisenia fetida, and Megascolex
megascolex |

The appearance of the casts on the top surface of the vermi-beds after 10 days showed
(Plate 5.7) better earthworm activity in the test culture box with uniform distribution of
vermi cast the observations indicated that the beds were ready to receive the organic load
of selected substrate, in the present case the press mud. . The total viable count on

nutrient agar was found to range from 10 to 10
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system with bacterial inoculum

Control vermi composting
system

Plate 5.7: Top views of culture boxes after 10 days of introducing earthworms.
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Edwards and lofty (1977), reported the large amounts of soil from deeper layers was
brought to the surface and deposited as casts and the casts deposited ranged from 2 to 250
tonnes per hectare. This amounts to bringing up 1mm to 5cm thick, to the surface every
year. At the same time major part of the casts are also deposited as either subsurface casts
or within burrows, so that the total soil turnover is even greater. Barley (1961) reported
that earthworms trans-located the subsoil to the top layers and thus unproductive subsoil
undergoes biochemical changes during its passage through the alimentary canal of
earthworms and turns productive for growing plants.

In the present experiment, the turn over in the experimental culture box was found more
than the control experiment with more fine casts deposited uniformly all over the surface.
This demonstrates that either adding vermi-casts to the soil not only increase the fertility
but also microbial population, which in turn contributes to greater earthworm activity
leading to formation of soil layers.

It was observed that after ten days partial biodegradation of press-mud occurs in control
culture box whereas biodegradation is more and uniform in the test culture box. The top
surface of experimental culture box showed more amount of soil brought as cast on the
surface depicting increased earthworm activity (Fig 5.8). This also suggests that the
press-mud and soil can be easily blended together to upgrade the value of the compost for

addition in the fields.
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Plate 5.8: Culture boxes inoculated with microorganisms
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The visual show that the complete bioconversion of the filter mud has taken place in case
of experimental culture box where as in control culture box a small portion was yet to

under go bioconversion. (Plate 5.9)

Based on the observations it was evident that the experimental culture box had shown a
bioconversion time of 25 days. However the control culture box required additional time
for complete bioconversion to occur of 5 to 10 days.

Singh (1997); Munnoli,(2002), have reported that bioconversion of industrial waste with
Pheritima elongate using substrates press mud and potato peel as 35 and 40 days
respectively. There are fewer reports on conversion time with microorganisms added to
vermi-composting system. In our earlier chapter the press mud bioconversion time in
field trials was found to be of 45; 40 and 35 days with Eisenia fetida, Eudrilus eugeniae

and Megascolex megascolex respectively.

The size of the worm cast isolated from the experimental culture box with Eudrilus
eugenae varied from 2 mm to 6 mm in length and 3 mm in diameter and the temperature
recorded during experimentation varied from 28 °C to 36°C. Also worm cast and cocoon
production (5.10 and 5.11) was high in experimental culture box

Gates, (1961) reported that Notoscolex earthworm in Burma produced large tower shaped
casts up to 20-25 cm weighing 1.6 Kg. where as Madge, (1969) reported that H africanus

also produced similar casts from 2.5 cm to 8.0cm length and 1.0 to 2.0 cm in diameter.
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Top View 25 day control culture box Top View of experimental
still unutilized substrate is visible culture box 25 days showing
complete bioconversion

Plate 5.9: Control and experimental culture boxes top views after 25 days

Plate 5.10 (Fresh cocoons) Plate 5.11 (Dry cocoons)

Plate 5.10 and 5.11 Cocoons of Eudrilus eugeniae
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The efficiency of worms for effective waste management in the given environmental
conditions is to their full potential and produce maximum cast in any period of the year.
Gates (1961) reported that earthworms in India are active mainly in the four to six
months of the rainy season between May and October. Therefore, castings by tropical
earthworms are limited to wet season Madge (1969) and Gates (1969). Our field trials
conducted on filter mud as substrate through out the year showed successful breeding of

Eisenia fetida, Eudrilus eugeniae, Megascolex megascolex.

The observations of the dilutions of vermi-compost samples[1g vermi-compost in 10 ml
normal saline] drawn from control and experimental culture box( Plate 5.12.) revealed
that there are more suspended particles of composts and juveniles of Eudrilus eugeniae in
the experimental culture box as compared with the control culture box.

There are reports that fresh moist cast is 26 to 41 percent more dispersible than un
ingested moist soil and ageing reduces the dispensability of moist casts to 49 per cent
than uningested soil (Shipitalo and Protz, 1988).

The total viable count (VC) of samples from control culture box showed increasing trend
from 10 to 20 days and remain same up to 30 days ranging from 10° to 10%. Where as
experimental culture box also showed increase in VC from 10 to 30 days with the cast
ranging from 10° to 10'". The symbiotic relationship between the microorganisms and
earthworms, which has resulted in many fold increases in the number of microorganisms
in both control and experimental box (Fig.5.8). However the increase in total viable count

of experimental sample was 100 fold more than the control sample.
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30 Day Sample Dilution

Plate: 5.12 Dilutions of vermi-compost samples from control and experimental

culture box after vortexes.
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The samples drawn in the core cutter when removed showed increased earthworms in the
experimental culture box. Perhaps the earthworms and the microorganisms, helping each
other with nutrients to survive. The results presented in the Fig. 5.9 showed increase in
number of earthworms in the experimental box.

Edwards and Lofty,(1977) reported an A increase of earthworms
1.71;3.72:2.75;2.1;0.77;14.5;3.56 times L.terristris; L.castenus ; A.calignosa; A rosea;A
nacturna ; O cyaneum respectively in grass land experiment with and without cow dung
supplementation. Where as L terristris; A.calignosa; A chlorotica;, a longa: showed
46.96; 19.25; 13.93; 3.91 times increase in Aerable land.

The changes in total solids, organic carbon, volatile solids and ash content are presented
in Fig. 5.10, to 5.13. The total solids have increased in both the culture boxes up to 20
days. The control culture box sample shows further increase in total solids depicting that
the process of conversion of substrate to humus is still continuing. Where as the sample
form experimental culture box shows increasing trend in total solids up to 20 days and
suddenly falls before 25 days. These shows the microorganisms have utilized all the
substrate available.

The samples drawn from the control and experimental culture boxes showed a decrease t
in organic carbon (Fig.5.12) up to 20 days in both the culture boxes. Further, there was a
decrease in organic carbon in control sample even up to 30 days and the process of
bioconversion was continuing. Where as if you see the experimental sample graph from
20 to 30 days it has reached its minimum value around 25 days and indicating that the

bioconversion time for press mud was 25 days. The organic carbon, volatile solids have

215



decreased where as ash content increased (Fig 5.13. and 5.14)up to 20 days and further

increase in control sample and sudden decrease in case of experimental sample.

The decrease in pH values was seen in both the culture boxes from 7.2 to 7.0 and 7.2 to
6.7 for control and experimental samples respectively. The decrease was up to 20 days in
case of control sample and further decrease up to 30 days is seen only in case of
experimental sample. A wide range of decrease from 9 to 4.5 is being reported by
Edwards (1995).and Singh (1997).Such decrease in pH values are useful in the amending

the alkaline soils and bring the pH to nearly neutral value.

The geotechnical properties presented in the (Table 5.2) reveals that the characteristics of
the experimental culture box sample are showing better results in all the selected

parameters.

The specific gravity (Table 5.2) of the samples showed higher specific gravity as
compared with the specific gravity of the filter mud itself. The comparison of the specific
gravities between these two samples showed that the sample drawn from experiential
culture box is (1.15) is more amorphous and lighter in weight than control sample(1.275)

This is further conformed with weight of sample ( Table 5.2) in core cutter .

216



—— Control Culture Box
—=— Experimental Culture Bax

Total Solids

0.35

SN

Total Solids %
<
N
A\
\

0.15

0.1

0.05

0 T T T T T T
0 5 10 15 20 25 30 35

Time In days

Fig. 5.10: Changes in total solids, with consortium of cellulose bacteria (BM)

Organic Carbon —&— Control Culture Box

—=— Experimental Culture

0.1 Box-
0.09
0.08
0.07
0.06T——
0.05 +——
0.04
0.03
0.02
0.01

.

Organic Carbon %

0 5 10 15 20 25 30 35

Time in Days

Fig. 5.11: Changes in organic carbon with consortium of cellulose bacteria (BM)

217



Total Volatile Solids —+— Control culture Box

—s— Experimental Culture Box

0.2
0.18

0.16 k\

0.14

\w> —

0.12

0.1
0.08
0.06
0.04
0.02

0 T T T i T T
0 5 10 15 20 25 30 35

Time In days

Volatile solids %

Fig. 5.12: Changes in volatile solids with consortium of cellulose bacteria (BM)

218



02
0.18
0.16
0.14

.12

0.1

<
0.08
0.06
0.04

Ash Content

—*— Control Culture Box
—s— Experimental Culture

Box

T ~__—

VAN
[ o

0.02

10 15 20 25 30
Time in Days

35

Fig. 5.13: Changes in ash content with consortium of cellulose bacteria (BM)

219



The water content, voids ratio and porosity (Table 5.2) are showing negative difference
indicating the experimental vermi-compost has more water content, voids ratio and
porosity as compared to the control culture box reports by Shaw & Pawluk (1986);
Stewart et al. (1988); Zhang & Schrader (1993). Accordingly, the degraded soils with
earthworms alone, or in combination with plants, can develop decreased bulk density and
enlarged porosity and structural stability. The positive differences in all the densities show
the superiority of vermi-compost from experimental culture box as compared with the
control cqlture box. The experimental culture box vermi-compost had shown 39.03 %
increase in degree of saturation as compared to the control culture box samples. The air
content is the highest in control box as compared to experimental culture box; this is
because of the degree of saturation, which is more in experimental culture box. Table 5.2
represents higher percentage air voids in experimental culture box as compared to control

culture box.

The particle size distribution and sieve anaiysis of sample drawn from control and
experimental culture boxes presented in Fig. 5.14. The cumulative percent finer of the
two samples appear to be same in the results (Table 5.1) .while plot drawn with these
readings is showing a clear interpretation that, the sample with inoculum has undergone a
change in particle size from bigger to smaller depicting the role of biodegradation by

microorganisms.
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A marginal aggregation of particles has also taken place from 400p to 2mm.Bothe .
samples control and experimental have shown a lesser particle size distribution (Table
5.2) as compared to particle size of filter mud alone.

There fore these two graphs figure 5.14 indicate the combine role of éarthworms and
microorganisms. The plot of experimental sample indicates the difference which is due to

the additional inoculums of bacteria.
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TableS.1: Sieve analysis of oven dried sample (Cumulative percent finer)

Cumulative % Cumulative %
IS Sieve Particle Finer (N) Control  Finer (N) Experimental
Size Size sample(479 g) sample(573 g)
100%
100 mm 100 mm 100%
100%
63 mm. 63 mm 100%
100%
20 mm 20 mm 100%
100%
10 mm 10 mm 100%
97.03%
4.75 mm 4.75 mm 97.20%
93.02%
2.36 mm 2.36 mm 94.49%
87.26%
1.18 mm 1.18 mm 86.97%
71.20%
600p 600 70.27%
38.91%
300 300u 39.79%
11.68%
150p 150p 13.69%
26.00%
90u 90un 4.72%
0.00%
700 70 0.00%
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Table 5.2: Comparison of geotechnical properties of compost in control and test

with cellulose degrading organisms

Filter
Parameters mud
Specific
Gravity 0.5

Water Content  24.3
Voids ratio 1
Porosity 0.5
Bulk Density  0.32

Dry Density 0.25
Saturated

density 0.75
Degree of
saturation 0.14

Air Content 0.86

% air voids 939

Control and test

experiment
Control
compost

1.28
1.385
1.98
0.66
1.02
0.43
1.09
0.52
0.48

0.07

Test
compost

1.15
1.44
2.29
0.7
0.853
0.35
1.046
0.723
0.38

0.2

variation

10.156

-3.971

-15.66

-6.06

16.373

18.6

4.0366

-39.04

20.833

-185.7

Experiment with cellulose
degrading organisms

Filter mud
compost * Variation
1.06 -0.56

107.2
131.5

-2.53
3.53

-0.28
0.78

-0.22
0.54

0.016
0.23
1.02 -0.27
0.393 -0.253
0.61 0.25
0.48 0.459

* Filter mud compost obtained from experiment with cellulose degrading organisms
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B) Studies on Soil Aggregation using BM

The results of the soil aggregations by bacterial inoculums alone on soil passed through
425 p and 850 showed aggregation in Plates (Plate 1> Plate 2> Plate) 3 after 30 days
indicating for a given particle size of the soil there is a increase in the aggregation by
increasing the amount of jnoculums of the same population (Plate 5.13 ,5.14).

The weight retained (Table 5.3) indicates that for a given weight of soil sample there is
an increase in the aggregation of soil by bacterial inoculum having viable count of 168 X
10°/ml/g. The aggregation in both 425 and 850 p showed increased pattern as the
inoculum proportion increased. The aggregation for soil sample out of the 100g taken in
each plate 49.13 %, 45.72%, 51.67% aggregated soil passing through 425 p. The
remaining soil got aggregated and automatically falls in the category from 425 p 850 p.
The cumulative aggregation on 425-p sieve increased.

The comparison of soil aggregation passing through 425 p and 850 p are presented in
Table 5.3. & 5.4. ThlS depicts that even though both showed an increasing trend the
aggregation of particles of size 425 p was more predominant than the 850-u size
particles. The comparison of 425 p sieves of the two experiments indicates that the one
which conducted exclusively with 425 p size particles having greater aggregation with 15
ml and 20 ml inoculums. The fact that revealed from this experiment that the
microorganisms aggregate finer fraction of soil particles more as compared to the larger
size particles. One of the reasons could be the specific surface of a circular particle as it is
easier to microorganisms to bring biochemical changes in finer particles as compared to

the larges size particles.
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bacteria consortium (BM) [168 x 10°/ml]
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Plate S.14: Soil aggregation in 850 p soils with different proportion of inoculums of
bacteria consortium (BM) [168 x 10°/ml]
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Table 5.3: Weight retained for 425-p soil

10 ml Inoculums 15 ml inoculums 20 ml inoculums
IS sieve size 425 p 425 425u
Soil retained 0 0 0
30 days soil retained | 26.02 % 48.12 % 68.97 %
Table 5.4: Weight retained for 850-p soil
IS sieve Weight retained (%) | Weight retained (%) | Weight retained (%)
10 ml inoculums 15 ml inoculums 20 ml inoculums
850 p 8.1 31.1 4452
425u 49.13 45.72 51.67
Pan 42.77 23.18 3.81
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The effect of earthworm activity influences the physical structure of the soil the
proportion of the water stable aggregates and formation of burrows. There is evidence
that presence of coarse sand in the worm cast than the surrounding soil. (Shrikhande and
pathak, 1951 Zhang and Schrader, 1993; Chan and Hena 1995)

One of the important effects of the earthworm activity is its influence on the crumb
structure of fertile mull soils.In several studies, worm casts were found more water stable
aggregates than non cast soil (Teotia et al., 1950; Nijhawan and Kanwar, 1952; Hamilton
and Dindal, 1989a; Chan and Heena, 1995)

Zhang and Scharder, 1993 compared the effect of earthworms (Lumbricus terristris,
Alotobophora longa and Apporrectodea calignosa) on stabilization of soil aggregates
from casts and burrow wall with those of the natural soil. The results revealed that the
total content of polysaccharides increased by 35 to 87 per cent for casts and 33 to 46 per
cent for the burrow wall material which had the strongest effect on the inter-particle
bonding of the reformed aggregates in terms of tensile strength and water holding.
Bhandari et al., (1967) reported that the soil particles in the worm casts were stabilized
by polysaccharide gums produced by bacteria present in the intestine of earthworms,
there by in general, entry of water I to soil. was enhanced and reduced soil erosions
Earthworms also helped in increasing the rate of infiltration due to construction of

cemented macro pores.
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5.17 Significant points of study

Just after 20 days the press mud resembles the appearance of vermi-compost.

There is a 34.14 decrease in organic carbon indicating the role of cellulose

degrading organisms.

The effect of 1:2 proportions of inoculum showed better performance. The
specific gravity of the 1:2 and 1:3 prbportions had increased as compared to other

two with press mud

The visuals on biodegradation of filter mud in the experimental culture box with
inoculums of additional bacteria showed higher rate of earthworm activity in
terms of bringing the soil to top surface, distribution of vermi-cast, earthworm

activity, and bioconversion.

The samples showed highest number of earthworms in core cutter after 30 days

and vermin reactors with inoculum.

Dilutions of samples showed highest juveniles, population of microbes, solids
settled at bottom in case of experimental culture box with inoculums.

The organic carbon and ash content have decreased. There is a decrease in pH in

both the culture boxes

The geotechnical properties have shown the superiority in all the parameters for

the compost of experimental culture box.
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There is a higher specific gravity shown by the compost from experimental
culture box. Higher water content, porosity, voids ratio, Increasing densities,

Degree of saturation, Air content. Decreased air voids.

The finer particles less than 425 p have aggregated with the bioconversion where
as the higher size aggregates > 425 p has decreased in the particle size. The
particle size is more of uniform distribution and is almost parallel to the filter mud

distribution.

The 100g taken in each plate 49.13 %, 45.72%, 51.67% aggregated soil passing
through 425 p. The remaining soil automatically got aggregated and falls in the
category from 425 p 850 p. The cumulative aggregation on 425-p sieve shows the

increasing trend.
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The study on press mud with inoculums of vermi compost bacteria has clearly
demonstrated the role of microorganisms in bringing down the organic carbon and the
time of bioconversion to 20 days. Further the vermicompost of press mud with inoculum
of BM in presence of earthworm Eudrilus eugeniae requires about 25 days for full
bioconversion. It is of interest to note here that the experiment with earthworms with
additional inoculums of bacteria could be easily converted to a suitable industrial vermi-
composting unit.

Therefore, it is envisaged that the work in this direction should continue and presently a
process package using earthworms and inoculums in the form of vermi-compost
suspensions is expected to solve the solid waste disposal problem in sugar industry.

The process package designed keeping in mind the local environmental conditions and

bringing sustainability is presented separately.
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Design of process package

For Sanjeevani co-operative Sakhar

Kharkhana Dayanand Nagar goa.




Process Package for Sanjeevani Co-operative Sakhar Kharkhana

Dayanand Nagar, Goa

Introduction:

Sugar industry occupies an important place in the Indian economy. It is the second largest
agro based industry in India. Sugar is one of the commercially valuable products of India
for a very long time. There is a definite link between sugar industry and the rural
development and farm sector. A direct employment of the tune of four lakh and about 40
lakh people connected with industry indirectly. It sﬁstains about 400 lakh sugar cane
growers which represent more than 7% of rural population. Therefore, the present study
on design of process package is of importance in bringing the environmental
sustainability and profits by way of waste recycling. This leads to the sustainable groth
of the rural development.

1) Sanjeevani sugar factory

It was felt on the similar lines of growth of rural development in Maharashtra and Uttar
Pradesh, Karnataka; Goa will also cultivate and process sugarcane for rapid rural
development. The factory started its first operation in the year 1972, with a capacity 1700
tones / day. The factory struggled to achieve the optimum capacity utilization right from
day one due to reasons of i] Inadequate production of cane in Goa.ii] No proper
incentives to farmers to undertake cane cultivation. This forced overwhelming

dependence on sugarcane to be procured from Karnataka. The factory requires about 1 to

234



8 lakh tones per annum in order to run profitably. This target cannot be achieved due to
local cane production of 60,000 tones /a from an area of 1170 hectares.

The fact that the sugar recovery in Goa is 8.5% coupled with low yields per
hectare 52 tones/hec has made the situation worse. Goa’s climate is disadvantages
to achieve higher recovery whereas the recovery rate in neighboring states is
10.5%. As a fesult the factory has to pay higher price for gate cane

The factory hés a higher social acceptance, employ’s about 250 people during off-season,
and 550 people during crushing season. About 1500 farmers and their families depend on
it.

2 Present Practices of waste disposal of filter mud.
The industry is disposing the solid wastes like Baggasse and press mud openly in the
fields which are creating a disposal problem. (Present disposal are placed in Plate 1 to 4).
The problems caused by disposing press mud are not only related to the volume to be
handled. It has potential* of source of pollution in the form of bad odors and toxic effects
due to growth of fungus. The large number of insects such as house flies. The industry
generates about 1200 t/day of press mud, which is presently disposed in open fields along
with furnace ash. This has created bad odors in the premises and in the vicinity, along
with aesthetic disturbance of land. Annexure I

Even though the press mud finds its uses in various forms, the use of press mud as an
animal feed and fertilizer is yet to be given authenticity by competent authority because
of presence of agricultural wax and sulfur coming from sulphitation process.

Recently farmers are also reluctant to lift the press mud because of the cost of transport.

Steam generation from press mud cake by burning along with bagasse in a definite
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proportion for generating power supply is slowly gaining momentum. Press mud cake for
bio-gas from press mud also is a better option for the rural set up. Use of press mud as a
cementing building material is studied by Central Building research Institute by mixing

lime.

The sugar industry under consideration is situated neat Tisk Goa on NH 4 A. This has a
crushing capacity of 1200 tons per day. The factory is a seasonél one and works for a
period of 6 to 8 months depending on the locally available cane and sugar cane received
from the neighboring states. The process of package has been designed keeping in view
the benefits the industry is gong to derive. The advantages the technology is offering are
multifold 1] it is a win win situation for the industry 2] the industry earns profit by way of
selling the value added product 3] benefits of cleaner house keeping increases the overall
productivity.4] fulfills the. pollution board regulations. 5] involvement of stake holders
like sugar cane supplying farmers and encouraging them to use the organic bio-fertilizers
saves the partially cost of chemical fertilizers. The industry can have a MOU with mine
owners to supply assured supply of organic fertilizers for the development of mining

wastelands.

There are reports stating the increase in yield of sugar cane wherein vermi-compost of
cow dung along with agricultural residues is applied to the tune of 80 tones per acre
where as the neighbors harvested around 50-55 tones per acre [Laxmanan, 2006]

Out of all the options available to use the solid waste [press mud] as a resource, the

conversion of it as a bio-fertilizer in a given time within the premises of the industry itself
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will be of great advantage because the benefit’s derived will go directly to the industry
itself. Therefore, in the process of design an attempt was made to bring down the
bioconversion time to a minimum at the same timeto supply quality biofertilizer to
farmers.

Our study on role of microbes in the vermi-culture as system has brought down the

bioconversion time to 25 days against 40 days in a normal vermi-culture system.

The application of vermi-culture and supplying additional microorganisms to the vermi
beds was suggested to bring down the bioconversion time to around 25 days. The bio-
fertilizer obtained by recycling press mud is sold back to farmers proportionately to the
extent they are supplying the cane will not only solve the problem of marketing but also
brings additional revenue to the industry.
3) Waste Generation:
i) The total waste generated in 2003-04 days

= 230 x crushing capacity /day x Rate of waste generated /day

=230x 1200t x 3.5/100

= 9660 tonnes.
ii) Average waste generated per day =42 tones.

As the quantity of waste generated per day is large, the greater area of vermi bed will be

required. Therefore 10% of total waste generated per day is taken for process design.
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The said industry and the other industries that have more area available can utilize the total
waste generated for vermi processing. The process package presented here can be extended
even on open field with availability of water.

Storage: the waste cannot be stored for a long period as it starts decomposing with foul odor
and fungal growth. Therefore a suggested time of storage before it is taken to vermin beds is 4

days.

4) Waste characteristic:
1. Solid waste to be treated per day = 4.2 tonnes

2. Particle characteristics = Fine powdered

3. Bulk density 500 -600 Kg/ m3

4. Moisture = 70%

5. pH | =64

6. Temperature =38-45°C

7. Soil Type . = Well graded

8. observation on excavation pit = Native earthworms found at the factory site
5) Process Design

i) Area of bins:

The waste will be applied to the beds in Scm thick as a top feeding after storage of 4 days. The
waste will be spread in the bins after a gap of 20 days thus the total number of vermin bins
required is 21 including one bin for storage.

Area of bin required = [4.2 x 1000] / [610 x 0.05] = 137.37 Sq m.
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ii) Design of bins:

Area required per day = 137.7 Sgm.

Adopting a size of =20mx7m
Area provided =140 Sqm.
Total number of bins =21

iii) Other requirements

1) Vermicompost @ 10 Kg/m? =20x7x21x 10 Kg/m3
= 29,400
2) Cow dung 5 cm thick  =20x7x0.05x 21
=150m3
3) Bricks 5 cm thick = 147~150m3
4) Irrigation = Sprinkler system

5) Source of water supply and sprinkler system along with pump and control value.
6) Roof: Of the treatment, process is to continue in rainy season, a temporary bamboo shed and

thatch roof is recommended.

6) Preparation of vermiculture beds:

Vermibeds for fields trails testing of press mud conversion were prepared as mentioned Below.
i) Deep borrower species:

The beds were prepared on a tank of 1m x 1m x 0.6m budget. Initially 2.5cm thick brickbats

were spread everywhere above. This cow dung about seven days old (easily biodegradable
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substrate) having pH nearly neutral was spread in the tank. Inculumm at the rate of 10- 15
kg/sqm. .wefe spread over it. This was covered with cow dung of 5 cm thick. Finally the beds
were covered with paddy and jute bag on top. The tank was covered by a wire mash and jute
on the top to minimum evaporation; regular sprinkling of water was done to maintain moisture
level of 60-70%. The earthworm hatched out is nearly 20-25 days. The bed further used for

experimental purpose.

ii) Surface feeder species:

A layer of bedding material (grass) was laid to a thickness of about 5 cm at the bottom of beds
(1 x 1 x 0.06m dimension). Above this a cow dung layer of 5 ¢m thick (7 days old) was evenly
spread. There after the worms were introduced on to the beds. The worms developed within 2
to 3 weeks and the beds were used for further experimental purposes. The bags were covered

with paddy and jute bags to minimize evaporation.

7) Harvesting Vermicompost:

The vermin compost of press mud is harvested after 45 days the last layer is laid. Incase of
harvesting intermediately applying press mud should be stopped and collect it after 45 days.

If the vermi-compost suspension of 1:10 is supplied continuously through a separate pipe line
system as shown in figure the compost will be harvested in 25 days only after the first cycle

with normal 45 days.

8 Cost of the project: The details of the items involved are being presented in the Table 5.6

and the summary of materials presented in Table 5.7
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Table 5.5: Cost of the project

S1 .No | Description of the Item Unit Rate/ Qty. Amount Rs.
unit
1 Excavation in foundation m3 120 190.0 22800.00
2 PCC1:4:8 m3 1400 63.93 89544.00
3 Laterite masonry in cm 1:6 m3 1550 316.8 4,91,040.00
4 12 mm plaster in cm 1:5 m2 80 1270 1,01,600.00
5 vermicast tonnes 5000 30 1,50,000.00
6 Cow dung m3 200 150 30,000.00
7 Pump and sprinkler LS -- 1 1,50,000.00
8 Overhead tank with pipe line { LS - 1 30,000.00
TOTAL = 1064984.00
= Rs 10.64 lakh
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9 Summary of the materials/works/ Manpower

Table 5.6: Summary of materials/other requirements

1.Material
[i] Vermi casting 30 tonnes
[ii] Sﬁrface feeder inoculums 1 10Kg
[iii] Cow dung 150m3
2. Total Area 4257 m2
3.Earth work in foundation 190 m3
4P.C.C[1:4:8] 63.93 m3
5. Laterite Masonry in cm 1:6 316 m3
6. 12 mm thick cement plaster 1270 m2
7. Source of water along with sprinkler 1 No
8. Source of electricity 1 No
9. Man power 1 skilled
10. Tools and equipments 1 No
11. Pump set 1 No
Running Cost (Monthly) (Rs)
1. Salary of skilled labor = 6000.00
1. Salary of two unskilled labor = 6000.00
2. Electricity and water supply = 2500.00
3. Miscellaneous including maintenance = 16500.00
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10) Payback Quality of the project.
The project can generate revenue of Rs 25, 00, 000/- per year by marketing vermi-compost
of press mud at 5000/t. The industry will achieve the break even in the first ear itself.

11) Lay out of embeds:

The complete lay out of vermin-beds along with water supply line and sprinkler system is

presented in Fig.5.28
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12 Significant points of the design

The industry can opt for either of the species.

The species Eudrilus eugeniae will give superior quality compost. The
composting time can be reduced by supplying vermi compost suspension in each
bed.

The species Megascolex megascolex besides yielding effective waste management
also can give better management of soil both from pollution point and fertility
point of view because of its superiority in water holding capacity, infiltration,
aggregation and geotechnical properties.

Deviced a market mechanism for sale of vermi-compost with its registered
farmers who supply sugar cane.

Vermi compost to develop mining waste lands.

Openness to industrial waste managemént brings in enabling ecosystem culture in
the industry.

A sugar industry with its own Effluent treatment plant, solid waste management
system, proper house keeping and green belt will be looked upon as an

environmental friendly enterprise.
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CHAPTER VI

Application of vermin-compost for soil

aggregation and growth of garden

plants on saline soils




6.0 Introduction:

The soil salinity has become a major problem due to irrigation practices, water logging
and excess application of chemical fertilizers etc., Salinity results from the accumulation
of free salts to an extent that causes degradation of vegetation and soils (Krishnamurthy,
1978). When salinity has affected a landscape, warning signs appear. These include sick
or dying trees, declining vegetation, the appearance of salt-tolerant weed-like plants such
as sea barley grass and spiny rush, salty bare patches where all of the vegetation has died,
and saline pools in creek beds. As salinity affects any remaining native vegetation and
the wildlife that depends on it for survival, the loss of biodiversity escalates (Reddy and
Pasha, (1993). Salinity also reduces the productivity of crops and the susté.inability of
agriculture and population of earthworms.

It is therefore important that salinity of these soils be reduced by technology means, one
of the technologies could be to use irrigation methodologies and the other could be the
application of bio-fertilizers. However, application of water and bio-fertilizer will always
be together in a planned way to reduce considerably the salinity. Therefore, a study on
application of vermi-compost derived from the industrial waste (press mud) being tried

on saline soils for the salinity parameter and growth of garden plants.
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6.1 Materials and methods:

6.1.1 Soil aggregation using vermi-compost.

The vermi compost of press mud with Eudrilus eugenae and bacterial inoculums was
used for the experiment (Chapter V).

1g of this vermin compost is placed in the Petri dish and by taking a sterilized straight
wire the vermi-compost was spread around the plate as shown in photograph.

20 g of industry soil passing through 90 micron was spread above the vermi-compost.
The plates observed at every 2 hr interval. The plates 6.1 and 6.2 taken after 10 hrs, in
vertical and inverted positions presented in section

TheProcedure for sieve analysis carried out is outlined in appendix B.

6.1.2 Selection of saline soil:

The saline soil was obtained from a village Jayashingpur near Miraj, Maharashtra and the

same was maintained in the laboratory.

6.1.3 Soil Characterization:

The saline soil obtained was characterized for the visual parameters like color, texture.
The salinity was measured in terms of electrical éonductivity by using salinity meter with
1:2 suspensions. Nitrogen, Phosphorus, was and Potassium determined as per procedure

given in Appendix B.
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6.1.4 Pot Experiments on saline soils using garden plants Dieffenbachia and
Aglonima.

The experimental pots (h 21 cms, d 16.5 cm) were filled with 2 Kg. saline soils + 2 Kg.
press mud vermi-compost and % Kg. sand(2:2;1) ratio. The mixture laid in the pot above
2 cm thick river pebbles and coarse sand. The controls were filled 'with 1 Kg. of saline
soil and ¥ Kg. of sand (4:1) ratio.

Indoor plant Dieffenbachia and Aglonima having complete green color with one shoot
and height 24 cm were planted in control and experimental pot respectively.

The pots were kept and growth of plants was being monitored (Plate 6.3, 6.4)
Vermi-compost of press mud obtained by using Eudrilus eugenae from the field trials
was used in the experimentation.

6.2 Results .and discussion

6.2.1 Soil aggregation

Soil flora and fauna cause aggregation due to mechanical binding by mycelia fungi and
actinomycetes and cementation products of decomposition and synthesis by bacteria
(amino-plyuronides and polysaccharides). The extent of aggregation depends upon the
nature of organisms, the amount of growth produced and the nature of substrate (Martin
and Waxman, 1940). It is observed that only after three days of earthworm’s action, test
soil beds had over 50 % larger aggregates, clumps of silt, clay and sand, particleswhich
form in earthwoem guts. These aggregates are essential components of productive soil

which remains aerated and resists erosion (Kale, 1994: Noble et al., 1970)
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In this study the Petri plate with 20 g of soil and 1 g of vermi-compost of filter mud using
FEudrilus eugenae showed soil binding capacity. The vertical and inverted positions show
cohesive nature of forces brought in by inoculating 1 g of vermi-compost (Plate 6.3, 6.4).
This property of formation of aggregation of soil also reduces the soil erosion in the field.
(Bhandari et al., 1967).The important property of vermi-compost was to retasin the water
holding capacity and release of water in drought conditions could maintaining the health
of the soil for longer periods. The bacteria in 1g of vermi-compost with cfu 100 x 10°
/ml/g could hold 20 g of soil in position, As water from vermi-compost gets released
when dried conditions prevail in the environment, The sporulationg bacilli will survive in
adverse conditions, when the moisture levels in the soil are regained in the rains, the
Bacteria will become active and continue their metabolic activities. (Edwards and Lofty,
1977)

This experiment also demonstrates the tensile strength added to the soil by vermi-
compost, which is held freely when the Petri plate is inverted (Plate 5)... The results of
the sieve analysis presented in Table 6.1, Fig. 6.1 shows the diagrammatic presentation of
aggregation of soil which is found to be74.10% retained on 90 p sieve. The reason could
be attributed to the smaller particle size have more surface area available for the bacteria
to act upon. And the binding by polysaccharides is easier.

In the earlier chapter it is evident that the vermi-culture system as a whole provides a
complete answer to soil processes which has also been proved that by using Eudrilus

eugenae, Eisenia fetida, and Megascolex megascolex. Our comparative study revealed
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that the deep burrower showed highest aggregation of soil as compared to. the surface
feeder species. Also there is a experimental evidence that Pheritima elongate when

used with potato peel waste in open vermi beds leads to aggregation of soil. (Munnoli,
2000, 2002).Similar aggregation property of vermicomposts was rteported by
Guild,(1951) Kale et al., (1981) Bhawalkar, (1992) Singh, (1998). The aggregation of soil
becomes an important factor as far as the percolation of water and water holding capacity
of soil is concerned. The vermi-cast is rich in the micro and macronutrients therefore the
aggregation of soil with vermicast also helps in storage of nutrients, which will be
available for plants. The stability of aggregates depends upon cementation of domains by
organic and inorganic cements or microbial films (Ghildyal and Gupta, 2002).

The more realistic answer to soil aggregation can be given by theory of soil structure
genesis. The aggregation by humus absorbed on soil particles was reported by (Ghildyal
and Gupta, 2002). Baver (1935) says aggregation was more in soils containing, 25% clay,
where as (Pearlkamp, 1950) increase in granulation occurs after addition of organic
matter and which decreases with time. Edwards and Bremner (1967) linked the role of
organic matter and polyvanal metals and found that, the basic structural units in soil of
high base is fine sand and silt size micro aggregates consisting largely of C-P-OM ( Clay-
Polyvynal Metal- Organic Matter) complex. The earthworm casts wefe formed by
cementation of soil particles(Bhatkin and Plsky,1950) and also by calcium humate in

intestine of earthworm are found to be quite stable.
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It is noted that soil colloids clay particles, organic and inorganic compounds have high
electro kinetic potential and repel each other in colloidal suspensions but flocculate when
potential is lowered significantly with stable aggregation formation(Hopp &
Hopkins, 1946 :Dawsan, 1997). However, this further requires cementation or binding
together of primary and flocculated particles so that they are held firmly and do not

dispense in water (Ghildyal and Gupta, 2002).
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Plate 6.2: Soil held vertical and inverted in position in Petri plates.
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Table: 6.1: Weight retained on sieve 90p

Particle size Weight retained | % Retained | Cumulative | Cumulative%
Yretained | finer(N)

90p 0 1 0.00 0.00 100%

90p 14.82 74.10 74.10 25.9

90y Particle size sieve

@ 30 Days Soil Retained %
@ 30 Days Soil passing

Fig. 6.1: Pie diagram of sieve analysis
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6.2.2 Study of growth of garden plants on saline soil
Soil characteristics:

| The soil characteristics with the selected parameters are placed in Table 6.2. The décrease
in salinity are placed in Table 6.3, Fig 6.2 and Table 6.5 Fig.6.5 where as the decrease in
pH are presented in Table 6.4 and 6.6,the parameters of plant growth height and number
of leaves are placed in Fig 6.3, 6.4 and Fig. 6.6,6.7 for Dieffenbachia and Aglonima
respectively. The variations in nutrient values with respect to N, K& P placed in Fig 6.8,

6.9 for control and experimental pots with Dieffenbachia and Aglonima respectively.
The soil obtained from the Jayashingpur village showed blackish color with medium

texture with a pH range of 7.8 to 8.0. The electrical conductivity measured was 2.5

indicating the soil is saline and growth resistant for salt resistant plants.
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Table 6.2: Characteristics of saline soil

IRemark

As the electrical conductivity is > 2.0

The soil is saline and growth resistant

for salt resistant plants.

Parameter studied fobservation
Color Blackish
Texture Medium
pH 7.8-8.0

Ec mmhos/cm 2.5

N Kg/ha 1.24

P Kg/ha 77.48

K Kg/ha 184.8
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Table 6.3: Pot culture experiment with Dieffenbachia and Aglonima in saline soli

Observation in | Dieffenbachia Aglonima
days Soil Soil +VC Soil EC Soil +VC
EC mmhos/cm | EC rﬁmhos/cm mmhos/cm EC
mmbhos/cm

0 2.70 2.70 2.70 2.70

30 2.40 2.00 2.14 2.01

60 1.95 1.41 1.62 1.14

90 1.01 0.55 1.05 0.69

i20 0.41 0.30 0.49 0.35

150 0.26 0.20 0.30 0.22

VC =Vermi compost
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Fig. 6.2: Variations in salinity in experiment and control pots
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Table 6.4: Variations in Soil pH values for control and experimental pots

Time in days Dieffenbachia Aglonima
pH pH
Control pot Expt .pot Control pot Expt. pot

0 8.0 7.8 8.0 7.8
30 7.9 7.7 7.9 7.5
60 7.7 7.2 7.8 7.3
90 7.5 7.0 7.4 7.1
120 7.2 6.6 7.2 6.9
150 7.0 6.4 7.1 6.6

Table 6.5: Analysis of variance applied to salinity observations.

Table ANOVA (P<0.05)
sum of | Mean sum of
Square of variance df squares | squares F ratio
Between Individual
observations 4-1=3 0.33 0.11
within individual
observations 23-3=20 19.826 | 0.9913 9.01
Total 24-1=23
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Table 6.6: Comparison of soil characters with Diffenbachia and Aglonima

Dieffenbachia Aglonima

Parameter Control Pot  |Exit .Pot Control Pot xpt. Pot

+studied Soil HSoil+sand+VC Soil + Sand[1:1/4]|Soil+sand+VC
Sand[1:1/4]

pH 8.0 7.9 8.0 7.9

[Ec mmhos/cm [0.25 0.20 0.33 0.26

N kg/ha 10.8 2.1 0.93 2.1

P Kg/ha 33.9 169.7 38.74 121

K Kg/ha 308 464.8 352.8 873.6
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i) Growth of garden plants:

The change in height of Diffenbachia and Aglonima observed for 150 days in control and
experimental pots(Fig.6.3 and 6.6) showed that, the increase was comparable up to 60
days thereafter the increase in height was significant in the experimental pots for
Difffenbachia. Whereas, the Aglonima plant growth was slower and showed similar trend
with marginal increase in height in experimental pots. The increase in height was 3.5, 3.0
and 2.75, 2.5 times in experimental and control pot as compared with the original height

for Diffenbachia and Aglonima respectively.

The observations recorded for the number of leaves up to 150 days (Fig.6.4and 6.7)
showed that for Diffenbachia the number remained the same up to sixty days, after this
there was increase in one leave in both pots up to 150 days, there was a weeding of one
leave after 150 days, where as the results obtained on Aglonima plant for number of
leaves showed no change up to 90 days. The experimental pots gained 4 leaves against 4
losses in control pot. The 20™ day record showed weeding of two and three leaves for
control and experimental pots. Further, there was a weeding of one leave in céntrol pot
against a gain of two leaves in experimental pots after 150 days.

There are several reports on application of vermicompost for the increased growth and
yield of banana is reported by Barve,1992, Gubbuck et a/,1993 Ushakumari,1997, Athani
et al, 1999 where as on grape by Barve,1992, Venkatesh,1995 and Custard apple
Patnaik,(1992).The application of vermin compost on the growth of sugar cane was

reported by (Katharissan,1991:Virendra kumar,1991;Varamali,1993;Laxman,2006).
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ii) pH: The pH values for pot soils drawn at regular intervals ispresented in Table 6.4.
The vermiculture system has revealed that there is always a decline in pH values of soils
in the vermi beds as well as vermi compost applied beds. Our results in the earlier
chapters showed a decline in pH values and was supported with experimental results by
Kale et al.,1986; Bhawalkar, 1992;Raut,1997;Singh,1998;Munnoli,2002).

iii) Salinity:

The results of the ANOVA analysis following the procedure given by Indrajit
Singh,(1990) and Mahajan,(1997) are presented in Table 6.5, which showed that there ws
not much variation in between the individual observations of the salinity, where as there
was a greater variance within the individuals. (For P<0.05, F ratio 9.01) was highly
significant.

It was clear from the salinity decrease that even though the individual did not show the
variations, the decrease within itself of great significance to show the application of
vermi-compost in bringing down the salinity which is of a great importance in solving
the problems of salinity of agricultural lands and wasteland development especially the
salt affected soils.

The decrease in salinity in vermi compost used pots is 12.27, 11.36 times with
Dieffenbachia and Aglonima plant species respectively, whereas the pots without plant
species i.e. controls have shown a decrease of 10.38, 8.33 times respectively as compared

with original salinity value. Indicating the fields with saline soil can be well recovered
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with both irrigation methods or by applying vermi composting prepared out of press mud.

According to Kale and Krishnamurthy (1978) and Grant (1995) reported that soil
nioisture, pH, salinity and organic matter were the principle factors controlling the
distribution and bionomic of earthworm population around Bangalore. Significant
influence on earthworm population, seasonal pattern of soii salinity was reported Reddy
and Pasha (1993).

Our work clearly demonstrates the decrease in pH values, salinity by using vermi-
compost of press mud. There is a conformity report from Bhawalkar and Bhawalkar,
(1992) successfully improved saline soils by inoculating earthworms with organic
manures, and heavy mulching. They also reported good yield of tondli a vegetable crop in
saline soil and sugar cane grown on saline soils with saline ground water irrigation. A
reduction of salinity from 1.15 to1.0 and 1.15 to 0.9 mmhos/cm, in case of press mud
treated with cow dung 25% and 50% by weight Giraddi and Kitturmath, (2002).
Nutrients:

The sample soils drawn after 150 days were analyzed for nutrients and the results
presented in Table 6.7 and Fig. 6.8, 6.9. The results showed more left over nutrients in
~ both the experimental pots as compared to control pots with Dieffenbachia and Aglonima
respectively.Bhoovireddy and Kanamadi (2003) and Athani et .al., (2000) had reported
that effect of vermi compost on nutrient status of leaf and ield in banana Cv Rajapuri.The
application of vermi-composts has brought the significant growth of garden plants at the

same time solving the salinity problems. .
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Therefore, to conclude the study on application of vermi-compost of industrial wastes has
got a greater potential to be undertaken as a priority be all the sugar industries and food
processing industries and harvest the benefits derived from vermi-compost either by

selling or by utilizing it for its own consumption.

6.3 Significant points of study

Out of hundred grams of soil 74.10g of soil passing through 90u aggregated. 1 g of
vermi-compost of filter mud prepared by using Eudrilus eugenae holds 20 g of 90p soil
The decrease in salinity in vermi compost used Pots is 12.27, 11.36 times with
Dieffenbachia and Aglonima plant species respectively, whereas the pots without plant
species i.e. controls have shown a decrease of 10.38, 8.33 times respectively as corﬂpared
with original salinity value.

There is availabilty of nutrients for the growth of plants after 150 days.

The property of vermi-compost to hold water and in turn reduce salinity of soils will be

of great help in recovery of salinity-affected lands.
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CHAPTER VII

Summary and Future Scope




SUMMARY

Investigations were carried out on biodegradation of filter mud as an agro industrial
waste using Eisenia fetida, FEudrilus eugeniae, Megascolex megascolex, both at
laboratory and field trials. The influence of cow dung as additive on the degradation
process was also studied. The compost samples subjected to analysis of geotechnical
propérties. The isolation and identification of microorganisms isolated from vermi-
composts and skin of earthworm species were also checked for the enzyme activity. The
experiments were also conducted with and without additional inoculums of bacteria
isolated from vermi-composts in two identical vermi-compost systems couture boxes to
assess the role of microorganisms. The consortium of cellulose degrading
microorganisms inoculated on filter mud showed a decrease of organic carbon of 34.14%.
Further the geotechnical properties of filter mud compost with inoculation of cellulose
degrading organisms determined. The demonstration of aggregation of soil by bacteria

carried out with 100g of soil inoculated with vermi-compost microorganisms.

The filter mud with specific gravity 0.5 to 0.7, showed an organic carbon ranging from
17-35 % and microbiological counts of fungi, yeast, bacteria (cfu) 3.6 x 108, 9.0 x 10°,
2.4 x 10° respectively. The same is tried for vermin processing. Initial experimentation of
species selection with different proportions of soil cow dung showed 1:3 proportion gave
better results in terms of juveniles and number of earthworms. The industry soil used
passed through 850u in the above experiment designated as (SW) Well graded sand is

suitable for vermi-processing without any amendments in it.
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The microbiological counts of fungi, yeasts, and bacteria 11 x 10,6 x10%, and 1.28 x 10’
respectively. The order of increase in number of earthworms is Eudrilus eugeniiae >
Megascolex megascolex > Eisenia fetida. The particle size distribution of filter mud is
higher than that of industry soil.

The substrate preference (Cow dung-soil), grinding capabilities of Eudrilus eugeniae>
Eisenia fetida> Megascolex megascolex. The order of aggregation of vermi-compost of
1:3 soil cow-dung is Megascolex megascolex>FEisenia Fetida>Eudrilus eugenae. The
aggregation is more in the soil with 90psieve

Using this optimized proportion as the base the laboratory and filed trials were taken in
culture boxes and field units respectively. The results showed the order of biodegradation
is Megascolex megascolex > Eudrilus eugeniae > Eisenia fetida.

The optimum temperature up to 38 °C, moisture 70-80% and pH range 5-9 will be
suitable for setting up vermi-processing units. The higher decrease in organic carbon is
obtained in case of vermi-compost of press mud with Megascolex megascolex>Eudrilus
eugenae> Eisenia fetida. The higher aggregation of soil finer than 850 micron is 54.85%,
50.26, 45.23 in case of Megascolex megascolex >Eisenia fetida > Eudrilus eugeniae.
The order of aggregation in case of compqsts is also the same. Grinding Capabilities
Eudrilus eugeniae> Eisenia fetida> Megascolex megascolex.

The press mud has shown larger size particle size distribution > industry soil. Larger size
particle distribution is shown by Megascolex megascolex. The Megascolex megascolex
vermi-compost has shown its superiority in all the geotechnical properties as
compared to vermi-composts of Eudrilus eugeniae and Eisenia fetida, the higher nutrient

values of N, P, and K is shown by Megascolex megascolex.
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There is a remarkable increase in the bacterial count of the vermi composts of the press mud as
compared to the industry soil sample and zero day samples. The many fold increase is 16, 6.4;
42.7,17.1; 41.6, 16.6 times in case of vermi-compost with Eisenia fetida, Eudrilus eugeniae, and
Megascolex megascolex, as compared to industry soil and zero day samples respectively.

The many fold increase due to supplementation of cow dung, varied from 1.68,2,23, 2.45,
2.05 times in case of Eisenia fetida, Co culture of Eisenia and FEudrilus eugeniae,
Eudrilus eugeniae, Megascolex megascolex respectively.

Following the biochemical tests the comparison of organisms with the Bergy’s Manuel
for determinative bacteriology revealed the occurrence of organisms belonging to
Bacillus .group. The order of preference of earthworm species based on the enzyme
activity of skin organisms is Eisenia fetida> Megascolex megascolex > Eudrilus
eugeniae.

Based on the number of isolates showing the enzyme activity it is evident that the
Eudrilus eugenae stand as superior as compared to other two and the order of preference
is given as Eudrilus eugeniae>Megascolex megascolex> Eisenia fetida.

Based on the individual enzyme activities recorded by each organisms the species of
earthworms rank showing enzyme activity as 68.11%,66.66%,52% for Eudrilus
eugeniae, Eisenia fetida> Megascolex megascolex.

The biodegradation of filter mud in the experimental culture box with inoculums of
additional bacteria showed the higher rate of earthworm activity in terms of bringing soil

to top surface, distribution of vermicast, earthworm activity, and bioconversion.
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The samples showed highest number of earthworms in core cutter and after 30 days and
the dilutions of samples showed highest juveniles, microbial population, solids settled at
bottom in case of experimental culture box with inoculums.

The organic carbon and ash content have shown decreasing trend. There is a decreasing
trend of pH in both the culture boxes. The geotechnical properties have shown the
superiority in all the parameters for the compost of experimental culture box.

The enzyme activities have shown a increased amylase activity up to 20 days and the
values have shown decrease in trend incase of protease and cellulase activity indicating
complete utilization The organic carbon and ash content have shown decreasing trend.
Just after 20 days, the filter mud resembles the appearance of vermi compost.

There is a 34.14 decrease in organic carbon indicating the role of cellulose dégrading
organisms. There is a higher specific gravity shown by the compost from experimental
culture box. Higher water content, porosity, voids ratio, Increasing densities, Degree of
saturation, Air content. Decreased air voids.

The finer particles less than 425 p have aggregated with the bioconversion where as the
higher size aggregates > 425 p has decreased in the particle size. The particle size is more
of uniform distribution and is almost parallel to the filter mud distribution.

74.10g of soil passing through 90u Iaggregated. 1 g of vermi-compost of filter mud
prepared by using Co culture of Eisenia fetida and Fudrilus eugenae holds 20 g of 90u

soil.
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The 100g taken in each plate 49.13 %, 45.72%, 51.67% aggregated soil passing through
425 p. The remaining soil automatically got aggregated and falls in the category from
425 p 850 u. The cumulative aggregation on 425-p sieve shows the increasing trend as in
figure 68.

The proportion 1:2 and 1:3 has shown a decrease in organic carbon of 13, 7%, 41.64%in
10, 20 days respectively. The experimentation with varied proportions, showihg a
decrease in total solids from 0 to 10 days and then increasing from 10 to 20 days.

The density bottle experiment has reveled that the proportion 1: 2 has shown increase in
specific gravity as compared with the other proportions. The order of increase in specific
gravity is 1:2>1:3 and 1:4.

The decrease in salinity in Vermi compost used Pots is 12.27, 11.36 times with
Dieffenbachia and Aglonima plant species respectively, whereas the pots without plant
species i.e. controls have shown a decrease of 10.38, 8.33 times respectively as compared

with original salinity value.

Further Scope

> From the results of the present study, it can be conclusively stated tha£ the
microbes are playing a greater role in the field of industrial organic solid waste
management. The synergetic role of earthworms in maintaining the pH, moisture,
aefation makes it more interesting to study the different indigenous species of

earthworms in treatment of filter mud and other industrial solid wastes.
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The filter mud composting process standardized for its bioconversion time and
concerning quality in terms of nutrient values by using earthworms and only
bacteria to make the product available to the end users.

The study on the microbes isolated from skin and vermi-composts with distinct
characteristic with enzyme activities has revealed that the same could be used for
treatment of other industrial wastes depending on the major constituent of the
waste.

There fore the research in waste management using microbes should aim towards
studies on enzyme activities such as xylanase, cellulose, lipase, amylase, protease
etc. for the potential uses in organic waste treatment and wastewater treatments.
As the industrial waste management field is new there is a larger scope for new
experiment design and setting pin pointing experiments to get a realistic answer to
the process of biodegradation using bacteria, fungi, yeasts, atinomycetes etc or in
combination of these in a definite proportion.

The measures have to be taken to maximize the efficiency of the waste
management system and make the industry to realize the value addition in terms
of environmental management and at the same time earn profits.

Gathering data from various food processing industries itself will be a great task
and make these industries realize about the resource uti_lization. A team effort and
in house R& D facilities within the industries will bring greater sustainability in

the industrial development.
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CHAPTER VIII

APPENDICES




APPENDIX A: Sugar industry manufacturing, waste generation,

disposal and vermi-composting practices.

APPENDIX Al: Present disposai of solid and liquid wastes.

Plate A2: Open dumping of furnace ash.
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APPENDIX A2: Vermi-processing in industrial units

Table Al: List of on going vermi processing of industrial wastes:

SLNo | Type of industry Waste/generation rate/state | Earthworm References/Re
: _ inoculums marks
1 Tanning Salt,haur,likme, Perionyx exavatus | Shahul Hameed
fleshmyrobdust,buffing et.al, (2000)
dust and trimmed waste.
2 Pepsi Foods | Potato Peels Pheritima elongata | Arora ,1998
Ltd.Channo.,Punjab B ,
3 Doaba Co operative | Press mud Pheritima elongata | Singh , 1997
Sugar Punjab
4 Indian Aluminiam | Canteen solid waste *NA White ,1996
Company Belgaum
5 Citric India Ltd Citric acid effluent *NA White,1996
6 DWM bauxite Waste land developement | *NA Jamble, 1996
mines -
7 FDC,Ltd., Roha Soya Residue 3tons/day Singh, 1997
8 Marmgoa Potrt Canteen waste Eisenia foetida
Trust
9 Hindustan Motors NA Singh,1997
Ltd., Indore ,
10 Hindustan Lever Tomato skin seed Pheritima elongata | Singh,1997
Ltd., Zahura Ltd
11 MICO Bangalore *NA *NA Nayak and
: : Rath,1996
12 HMT Bangalore *NA *NA Nayak and
, Rath,1996
13 Military Dairy *NA *NA Nayak and
Farm Bangalore Rath,1996
14 Orient vegetexp Onion residue *NA White, 1996
Ltd., Nasik
15 Sakthi Sugar Ltd., | Bio methanisation of *NA Singh ,1996
, , distillery spent wash
16 Sesa Goa Ltd., Canteen waste/ Land Eisenia fetida Singh,1997
reclamation
17 Venkateshwara Poultry residue4 tons/day | *NA White, 1996
Hatcheries Pune
18 VST Industries *NA *NA Singh,1997
Hyderabad
19 Thermax Ltd., Pune | Canteen Waste Singh,1997
20 Spice Board a *NA *NA Nayak and
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Rath,1996

Central Govt. Org.,
21 Oceanic Distillaries | Vermi filter for utilization | *NA White, 1996
Mumbai of distillery spent wash
22 JagatJit Industries | Distillery Sludge Pheritima elongata | Singh,1997
,Punjab '
23 Electronic Division | Processing Canteen Waste | *NA Jamble and
Nanjangud Mannivannan, 1
996
24 M P Glychem Soya Residue *NA Singh,1996
Industries Ltd.,
Indore
25 Paper mills Punjab, Ropar *NA Sudhir
Shimoga Karnataka Ghatnekar,1999
26 Soyabean Oil Soya Residue *NA Sudhir
E#xtractin Plants Ghatnekar,1999
Dewas M.P
27 Naptha Based *NA Sudhir
Organo Chemicals Ghatnekar,1999
Thane Mumbai
28 Dairy and Chese Dairy waste *NA Sudhir
: Manufacturing ‘ Ghatnekar,1999
29 Food and vegetable | Nasik Maharashtra, Valsad | *NA Sudhir
processing Gujarat Ghatnekar,1999
industries
30 Slaughter Huse Slaughter waste *NA Sudhir
, Ghatnekar,1999
31 Coir processing Tenkasi Tamilnadu *NA Sudhir
waste . Ghatnekar,1999
32 Dye ndustry Maharashtra *NA Sudhir
,Chiplun Ghatnekar,1999
33 Oil Refinery Kerals *NA Sudhir
Trivendrum Ghatnekar,1999
34 Paper /board mill Board mill sludge Finland | *Lumbricus Kevian,(2005)
sludge terristris

*NA: Details not available
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Appendix A3: Organic waste producing industries
Table A2: List of Important Organic Waste Producing Industries with United

Nations Classification Codes.

Sr. | Type of industry ~ | UN eclassification
No. : codes

1. Slaughter houses 3111a

2. Packing houses 3111b

3. Poultry processing 3111c

4. Dairy products 3112

5. Caﬁning of fruits and vegetables 3113

6. Canning of fish 3114
7. Olive oil extraction 3115a |
8. Vegetable oil refining ' 311 S‘b
9. Grain mills 3116
10 | Cane sugar factories ~ | 3118a
IT1. | Beet sugar manufacturing 3118b

12. | Starch and sugar manufacturing 3121a

13. | Yeast manufacturing 3121b

WHO Report, 1992
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Appendix A4: Waste minimization opportunities

Table A3: Waste minimization opportunities in various Industrial sectors

Industrial Sector Clean Production | Recycling Waste
through EOP | Utilization
Treatment
Iron And Steel B B A
Metal Planting A B C
Non-ferrous Metals | B c A
Pulp and Paper A A A
Textile A B A
Tannery B B B
Fertilizer B B C
Distiller B B A
Food Processing B 1B B
Thermal Power | C B A

A:High B: Moderate C: Low

Source: Khanna, (1996) ; EOP; End of pipe
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Appendix AS: Flow diagram for process of sugar manufacturing

Figure Al: Flow Diagram for Sugar Manufacturing
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Appendix A6: Sanjeevani sugar factory Dayanand Nagr Goa:

The sugar industry under consideration is the only one in Goa situated near Tisk Goa on

NH 4 A. This has a crushing capacity of 1200 tons per day. Generates about 45 ty”. The

disposes the solid wastes openly on land creating environmental problems of odor, huge

dump waste, aesthetics’ flow diagram of solid waste generation and combined effluents

presented in figure

Figure A2: Solid waste generation and combined effluents

f,ggSESR SLUDGE WASTE (PRESSMUD/
o FILTER MUD
CANE CANE CANE CLARIFIER EVAPORATOR VACCUME CRYSTELISER
SUPPLY [ | MILLHOUS [{ JUICER [~ o | PANS | CENTRIFUGE [
GREAVE FILTER BO COOLING MOLASES
TRAP CLOTH - TOWER OF STORES
WASHING SPRAY POND
1
A B C D - E
COMBINED EFFLUENT

A — Washing of filter cloth, B — Boiler House leakage etc, C — Excess condensed water.

D — Pond Overflow, E — Spill over and handling losses

Source : Munnoli,2002*
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APPENDIX B: Physicochemical characteristics and Geotechnical

properties

B1: Determination of moisture Content

The moisture contents of the soil and compost samplesb were determined by the oven
drying method. A known weight W1of the sample was taken. The sample is kept in the
oven for 24 hrs at 100 °C and weighs W2. The difference in weight gives the water

evaporated (w).

Water Content = [W1 ~-W2] /W2 x100

B2: Determination of Lose bulk density
The waste procured s n taken in a container of known volume. The container filled with
waste and the empty containers were weighed.
Weight of the container =X gms
Weight container with waste =Y gms
. Volume of the container =Vece

Loose bulk density =[Y-X]/V

B3: Determination of Total solids
Clean silica crucible was heated at 100 %C for one hour in a hot air oven, it was cooled in
a desiccator’s and weighed. Then weigh about 10 Gms of sample in the silica crucible. It

was dried in a hot air hot air oven at 1000C to a constant weight for overnight, cooled in

desiccators and weighed again

Weight of empty silica crucible = A gms

Weight of crucible + sample = Bgms

Weight of crucible + sample after drying at 100 % =¢C gms

Moisture (%) = [C- B]/ [B-A] X 100
Total Solids =[C-A}/[B-A] X 100

The dried samples were retained for further estimations
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B4: Determination of organic carbon

Empty and clean silica crucible is heated at 550 °C for 3 hours in a muffle furnace, and
then cooled in a desiccators and weigh. Accurately weigh about 2-4g of sample in a silica
crucible. The sample was dried in an oven as described above cooled in desiccators and
weighed. The érucible is transferred in to a muffle furnace and the sample is ignited at
550 + 50 0C for 3 hours. There after the same is cooled and weighed.

Weight of empty silica crucible = A gms

Weight of crucible + sample = Bgms

Weight of crucible + sample after drying at 103 to 105 0C up to constant weight = C gms
Weight of crucible and ash after ignition = D gms

C-D D-A
Total volatile solids (%) =  -=—---mmm- X100  and Ash Content = ------=---
B-A B-A
Organic Carbon is calculated as:
Volatile solids
Organic Carbon (%) = 50 %
Total solids

BS: Determination of pH
About 5g of sample is placed in 100 ml distilled water and shaken vigorously. The

sample is allowed to settle down for 1 hour. These solutions were used for determination -

of pH using a digital pH meter.
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B6: Water content determination

W1 = empty wt of container

W2 = empty wt of container + Vermi-compost
W3 = empty wt of container + Vermicompost + after oven
drying for 24 hrs @ 100 °C
W3- W,
Water content (w)=_______ x 100 Expressed as %
W; - W1

B7: Determination of nitrogen in press mud sample
Principle:
Nitrogen content of plant is converted into (NH4), SO, by digesting with conc. Hy SOs.
The acid digest is distilled for NH; by using 40% NaOH. The distilled NHj3 is trapped in
boric acid is mixed indicator solution. The amount of ammonia trapped is estimated by
titrating against standard acid.
Reagents

1. Conc. H,SO,
Digestion mixture —NaySO4 or K;SO;4 : CuSOs: selenium powder in 50:10:1ratio.
40%NaOH
2% or 4% Boric acid |

0.0IN H,SO4

AN

Mixed indicator (Bromeresol green (0.1g) + Methyl red (0.07g) in 100 ml of 95%
ethanol. '

Transfer 15 ml of mixed indicator to 1 liter of boric acid. Adjust the boric acid +
mixed indicator solution to the bluish purple mid-color at pH 4.5 by using dil HCL or
NaOH (0.1N) to get sharp endpoint. This indicator is pink at pH 4.2, bluish purple
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mid-color at pH 4.5 and bluish green as the pH rises to 4.9 or above when ammonia is

trapped.

Procedure:

1. Transfer 0.5 g powdered dried plant sample to Kjeldhal flask.

2. Add 10ml of conc. H,SO4and 0.2 to 0.3g digestion \ catalytic mixture (Na,SO4 or
K5S804 helps in increasing boiling point, Cu;SO4 and se- powder act as catalysts in
quick conversion of organic- N to inorganic N).

3. Digest on low flame initiallyl for 10-15 minutes until frothing stops, pre-digestion
is necessary for oil seed crops or seeds.

4. Then digest at high flame (temp.) for 1-1 1\ 2 hours till the contents of Kjeldhal
flask become clear

5. Cool the flask and transfer the contents of ﬂask quantitatively to 50ml volumetric
flask and make up the volume by adding distilled water. This dilution may be
necessary when micro Kjeldhal method is followed (The capacity of distillation
flask is about 20ml. therefore, the volume of digested material + 40%NaOH
should be around 20ml. Moreover when sample handled is less, the loss of NHj is
avoided.

6. Pipette out 10ml of acid digest énd transfer to micro Kjeldhal distillation
assembly.

7. Add sufficient quantity (about 10-15ml) of 40% NaOH to make the contents
distinctly alkaline.

Before adding NaOH, boric acid —mixed indicator solution should be kept ready at

“the receiving end (Better to use higher concentration (4%) and lower volume about
20m] boric acid).However, neither the volume nor the strength of boric acid is
important.

9. Carry out the distillation even after the color changes from bluish purple to bluish

green. Continue for some more time to trap all the NHj released (Don’t take out

immediately after the color change).

Litmus test: Test with red litmus after giving sufficient time after color changes (5-

10min). No change in the color of red litmus indicates complete distillation.
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10. After the distillation is over, estimate the quantity of NHj distilled (trapped in
boric acid) by titrating against 0.01 N- H, SO till color changes to purple.

Reactions

During distillation .
H;BO;3 + NH; NH4H,BO; NH4+ +H;BOs3
Boric acid (Ammonium borate)
(Color changes to bluish green)
During titration
H,BO;- +H H3BO;
OR '
| NH4H,BO; + H (from std. H>SO4) H3BO; + NH,4 +
Calculations

% N = Titre value X N H,S0,X 0.014 X dil . Factor (if any)* 100
Wt. of pl. sample (g)

B8.: Determination of Phosphorus in plant Sample

Principle: Orthophosphate (phosphorus) present in the plant digest when reacts with
vanadate and molybdate gives a yellow colored complex i.e. phosphovanadomolybdate in
acid solution. The yellow color is due to the substitution of oxyvanadium and
oxymolybdenum radicals for oxygen of PO4 to give a heteropoly compound. The

intensity of yellow color is measured calorimetrically at 400- 490 nm using

spectrophotometer.

Reagents:

1. Vanadomolybdate reagent (Ammonium molybdate — ammonium vanadate in nitric
acid). ‘
Preparation: Solution A: Dissolve 1.25g ammonium metavanadate in 300ml of

boiling water. Cool and add 250ml conc. HNO3 and again cool to room

temperature.
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Solution B: Dissolve 25g ammonium molybdate in 400ml of distilled water pour
solution A to Solution B mix well and make up the volume to 1 litre with distilled

water.
2. Phosphorus standard solution v

Preparation: Prepare 100ppm of P standard stock solution by dissolving 0.2195g of

pure KH,PO4 in 500ml of distilled water.

Working standards of P : Transfer 0,1,2.5,5,7.5 and 10ml of 100ppm P- stock

solution into separate 50 ml \;olumetric flasks to get 0,2,5,10,15,and 20 ppm of P-

working standards. '

Procedure:

1. Transfer 5 ml aliquot of plant digest (Triacid or diacid digested plant samples)
into 50 ml volumetric flask.

2. Add 10 ml of vanadomolybdate reagent to samples and to each standards and
mix thoroughly and make up the volume to 50ml with distilled water.

3. After 30 minutes of color development read the intensity of yellow color on a
spectrophotometer at 470nm (i.e. between 400 — 490nm )

4. Draw the calibration curve (standard graph) of P standard by plotting the P-
absorbance against P- concentration.

5. Find out the P- content in‘ plant digest sample by referring to the standard

curve.

Calculations

% in plant sample = Graph ppm * Vol. of dilution made x Vol of PL. digest * 100
106 Aliquot Wt. of PL. sample

B9: Determination of potassium: | .

Principle: In flame photometry, also known as flame emission or flame atomic emission,
the sample in solution is sprayed in to flame to vaporize, atomize, and exite the sample.
The exited atoms of the element of interest emit light at certain discrete wavelengths,

which are characteristic of that element. Light of the wavelength of interest is separated

292



from remainder of emitted radiations and its intensity is measured. The intensity
measurement can be related directly to the concentration of the element of interest
usually by comparing with the intensities, of standard or series of standards.

Reagents:

1. Potassium standard 100 ppm of K: Dissolve 0.191 g of KCl in some volume of
distilled water and then make up the volume to one liter.

Materials reqtﬁred Flame photometer, pipette, volumetric flask, etc.

Procedure:

Preparation of standard curve:

Take 0, 1,2,3,4 and 5ml of 100-ppm K solution in a separate 50 ml volumetric flasks,
make up the volume to 50 ml with distilled water and mix well: After adjusting needie of
flame photometer to zero by feeding blank, adjust the needle to 100 By feeding maximum
concentrated K solution. Then feed the standards to record the flame photometer

readings. Plot flame photometer readings verses concentrations of standards and draw the
standard curve.

Sample:

Feed the digested sample solution to the flame photometer and record the reading (if
dilution is required one should do the dilution before feeding to the instrument). Compare
the unknown sample reading with the standard curve to determine the percentage k in the
sample

Calculations:

Graph ppm x Volume of digested sample
%K =

10° X Weight of sample
For diluted solutions:

Graph ppm x Volume of digested sample x Volume made up
%K=

10% X Weight of sample x Aliquot taken for dilution

293



B10: Determination of geotechnical properties.

A steel cylindrical core cutter of size 10 cm height and 2.8 cm internal diameter
immersed in the compost for taking known weight of vermi-compost from the culture
box to evaluate geotechnical properties.

B10.1 Determination of Specific gravit by density bottle

M1 = empty wt. of density bottle
M2 = empty wt + Vermi compost
M3 = empty wt + Vermi éompost + Water
M4 = empty wt + Water |
{M2 -M;}
G =

(M2-My) - (M3 - My

B10.2: Determination of bulk density of vermicompost:

A core cutter of known volume is taken; the core cutter is immersed in a vermi bed
slowly until it is completely filled with the vermi-compost. The photograph showing
different core cutters for the experimentation is placed in photograph 2.1.

V = Volume of core cutter

W1 = empty weight of core cutter

W2 = empty weight of core cutter + vermi compost

W = Weight of vermi compost in the core cutter = W1 — W2

Bulk density=y=W/V

B10.3 Determination of dry density:

The dry density a4 is determined by the relation
d= vy/(1+w)

Where ¢y = Bulk density

W = water content
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Core cutters used to draw samples of
vermi compost

N

Plate B1: Core cutters
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B10.4 Voids ratio ‘e’: The voids ratio e is calculated from the fallowing relation if the

Specific gravity G is known.
e = {G*vyy/ydy.1
Where e = voids ratio

G = Specific gravity
I'w = Density of water
Yd = Dry density

B10.5 Porosity n is obtained by the relation
n=1- v4/[G* yy] Saturate density:

B10.6 saturated density is obtained by the relation

Vsat = [&'_e.l_tlﬂ
[1+ €]

B10.7 Degree of saturation Sr is obtained from the relation
S, =[W*Gl/e

B10.8: Aircontenta, = 1 - S;
B10.9: Percentage air voids n,

Ny, = 1-[yvd * (1+WG)]
G*yw

296



B11 Characterization of soils:

Analysis of soil was done in accordance with 1S:2720- Indian Standard Methods of Test
for soils.

B11.1 Liquid Limit : _
Liquid limit test was conducted by the cone penetration method as per 1S:2720 (Part V) -
1985. |

B11.2 Plastic Limit:
This test was also carried out as per the procedure outlined in IS 272(Part V) -1985.

B11.3 Particle Size Distribution:

Particle size distribution of the soil was determined in accordance with IS: 2720(part IV)
- 1985 Using standard set of IS Sieves, Samples were machine sieved and percentage

assign in various sieves was obtained.

Based on the test results, a graph representing particle size distribution prepared on a
semi log graph paper. | .
B11.4 Identification of soil type:

Identification of soil type based on the samples obtained from the industry was carried
out as per IS: 1498-1970. At first visual examination of soil was made to determine
whether it is highly organic, coarse grained or fine grained. There after type of soil was

ascertained by running sieve analysis and plotting grain size distribution curve.
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B11.5 Determination of permeability:

The test was performed following the method in accordance with IS Code 2720(Part17) -
1986.Constant head method is performed on the soil samples and coefficient of
permeability (K) is calculated as

K = Q /Ait
Kr Vr
Ky = —
Var
Where

er

Kr = Permiabiity at temperature T 0C
Q = Quantity of water
A

= Area of specimen
i =  Hydraulic gradient
t =  Time
Vr = Coefficient of viscosity at T 0C
V,; = Coefficient of viscosity at 27 0C

B11.6 Determination of pH

The test was carried out in accordahce with IS Code (Part 2720 ) 1987 Using digital pH
meter. 30g of soil was mixed with 100 ml of distilled water kept stirred continuously and
recorded the pH meter reading after half an hour.

B11.7 Water holding capacity: The three-vermi-composts were subjected to a
compaction test to evaluate the optimum water content and dry densities using a stahdard |
proctor compaction test. A representative soil sample of the industry 3 kg was taken and
added press mud of 200g with 60-70% water coﬁtent and given a compaction of 25 blows
with a standard 2.5 kg hammer. The compaction was carried out in three layers and the
excess soil trimmed off. The bulk density and water content are determined each case.

The experiment repeated with second time 200g of press mud.
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Appendix C: Composition of stains Biochemical Medias

1. Nutrient Agar

Peptone : : 10g

Beef Extract 3g

Sodium Chloride 5¢g

Distilled water 1000ml

Dissolve the ingredients; adjust the pH to 7.2 to 7.4 with 1IN NaOH
Agar 20g

Digest in boiling water bath for % hr Dispense in flasks and sterilize at 121°C ,
151b for 20 min.

For ready made 28%/ liter.

2. Nutrient Broth
Same as Nutrient Agar but without agar

3. Sabaraud’s Agar

Peptone 10g
Sodium Chloride Traces
Glucose 40% 100ml
D/W 900ml
pH : 7.6
agar 29-30 g

Glucose should be sterilized separately and added to the melted sterilized medium before
use (40g in 100 ml D/W)

4. Wicker hams Agar (Yeasts)

Peptone 5g
Malt Extract 3g
Yeast Extract 3g
Glucose 100ml
D/W 900ml
pH _ 5.5
Agar 30g

Glucose 10% sterilize separately
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5. Normal saline:

0.85 g in 100 ml distilled water and sterilized

~ 6. Skimmed Milk Agar test (protease) »
Inoculate milk agar plates and incubated at R.T for 24-48 h. Then examine the plates for
the presence or absence of a clear area around the organism. A clear area around the

bacterial growth was indicative of positive proteolysis. Un-inoculated agar plate served as
the control.

KHQ PO4 0.1 g
MgSO4 0.02¢g
Agar 20g
Milk 20ml
D/wW 80ml
pH 7.0

7. Carboxyl methyl Cellulose agar test (CMC)

Inoéulate CMC agar plates and incubated at R.T for 24-48 h. Then examine the plates for
the pfesence or absence of a clear area around the organism. Then flooded the plates with
0.1 % Congo red for 15 min and then rinsed with 1Nacl for15 min and poured off excess
of stain. A clear area around the bacterial growth was indicative of positive cellulose

activity. Un-inoculated agar plate served as

Peptone 5¢g
Yeast Extract 05¢g
KH,PO4 lg
MgS0O4 002¢g
Agar 2g
CMC 10g
D/w ‘ 90ml
pH 7.0
Cango red: lg
D/w 100ml
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8. Starch Agar (Amylase test) , ,
Inoculated starch agar plates incubated the plates at R.T. for 24 to 48 h. Then flooded the
plates with Grams iodine forl min and poured off excess of stain. Clear zone surrounding

the organism was a positive test. Un-inoculated agar plate served as the control.

Peptone 0.5g

Beef extract 0.3g

Agar 2g

Starch 10ml

D/w 90ml -

pH 7.0

Grams iodine solution: Iodine -1g

Potassium Jodide -2g
Distilled water -300ml

9. Chitinase activity

Crude chitin of 10g is taken in a concentrated hydrochloric acid kept at 4°C overnight.
Tis preparation is filtered through a glass wool and centrifuged at 7000 rpm and washed
with distilled water.

Inoculated chitin agar pates with fresh cultures incubated at R.T for 24-48 h. Fallowing

the incubation the clear zones shown taken as positive.

Peptone 5g
Beef extract 30¢g
Chitin , 10¢g
pH 7.2
Agar 20g
Distilled water 1000ml
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10. Lipase test
Inoculated coconut agar by means of spot inoculation and incubated for 24-48 h at R.T.
Fallowing the incubation, observed the plates for presence or absence of growth and a

clear zone around the organisms. Un inoculated tubes serves as control.

Peptone 10g
Sodium chloride 5.0
Coconut oil 2 ml (g)
Agar 10g o
Distilled water 1000 ml
pH 7.4

Sterilization 121 °C, 15 minutes .

11. Citrate utilization test
Inoculated Simmon’s citrate agar slants by means of stab and streak inoculation and
incubated for 24-48 h at R.T. Fallowing the incubation, observed the slant for presence

or absence of growth. Citrate utilizes were indicated by the presence of growth(bue color)

on the slants. Un inoculated tubes serves as control.

Ammonium di-hydrogen phosphate g
Potassium di-hydrogen phosphate g
Sodium chloride 5¢
Magnesium Sulphate 0.2¢g
Sodium Citrate 5¢g
Distilled water 1000 ml
agar 10g
Bromothymolblue(0.2%) 0.2g

pH 7.4

Sterilization 121 °C, 15 minutes .

12. Oxidase test
Test reagent: 1 % aqueous solution of tetra methyl — p- phenylenediamine hydrochloride.
Streak the inoculums from slants on what-man filter paper soaked in test reagent. Purple

in  5-10 seconds indicated positive test result.
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13. Catalase. test
Test reagent: hydrogen peroxide
Place 1 ml of hydrogen peroxide in a test tube and add 1 ml broth culture .

Effervescences, was observerd indicated positive test result.

14.H,S production and motility test

Hydrogen sulphide production was checked in SIM agar tubes by stab inoculating the
organism and then incubating at R.T. for 24-48 h. After incubation, it was observed for
black insoluble ferrous sulphide for a positive indication of test. . Fallowing incubation
Motile cultures showed diffused growth where as non motile cultures grew only along the
line.Un inoculated tubes. served as the.control.

Peptone 5g
Beef extract 3g
Ferrous ammonium sulphate 0.2g
sodium thiosulphate 0.025¢g
Agar 10g
Distilled water : 1000ml
pH 74

Dispense 5ml in tubes and sterilize 20 minutes at 121 °C by autoclaving,

15.Carbohydrate utilization test

Inoculated sugar broth containing a carbohydrate source with phenol red indicator.
Incubate the tubes at R.T for 24-48 h. Then examine the tubes for change in color and
presence or absence of gas bubble. Positive reaction is indicated by change in color (red-

yellow) of the indicator and appearance of air bubble in the Durham tube.

Peptone 10g
Sodium chloride 5g
Carbohydrate solution 10% 0.5 ml
(Sterilized and added separately)

Distilled water o 900 ml
pH 7.3
Phenol red 50 ml

Tube the medium (5 ml), put inverted Durham’s tube before sterilization and

Autoclaved at 120 and 15 1bs for 20 minutes .

Phenol red preparation 1 g phenol red + 10 ml 0 . 1 n naoh + 20 ml distilled water , gentle
heating + 10 m1,0 . 1 HCl make 500 ml by distilled water .
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16.Hugh and leifson’s medium.

Inoculated young cultures in the medium dispensed into two tubes. After inoculation, the
medium of one tube overlaid with sterile liquid paraffin. Growth and color change of
indicator was noted in the two tubes. Strict aerobes grow only in aerobic conditions.
Facultative anaerobes grow in both aerobic and anaerobic conditions. The anaerobic

organisms grow only in anaerobic conditions. Un inoculated tubes served as the control.

Peptone 2.0 g

Sodium chloride 5.0 g

Dipotassium hydrogen phosphate 0.3 ¢

bromothymol blue (1 %) 0.01g in water 0 . 3 ml
Distilled water - 1000 ml

pH 7.1

glucose 10 % ( sterile separately )

sterilization 121 ¢, 15 1bs
0 . 5 ml of glucose solution was added in each tube. Sterilized paraffin was added to
Study the fermentative pathway of carbohydrate utilization.

17. Indole production test

Indole production was checked in SIM agar tubes by stab inoculating the organism

and then incubating at R.T. for 24-48 h. After incubation,10 drops of Kovac’s reagent
were added and it was observed for coloration. The red reagent layer was a positive

indication of indole production. Un inoculated tubes served as the control.

Peptone 5g

Beef extract 3g

Ferrous ammonium sulphate 0.2¢g

sodium thiosulphate 0.025¢g ;
Agar 10g

Distilled water 1000mi

pH 74

Dispense Sml in tubes and sterilize by autoclaving,
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kovac’s reagent

Amy] or isoamy] alcohol 150ml
p-dimethyl — amino benzaldehyde ' - 10g
Conc. hydrochloric acid 50ml

18. Gelatin hydrolysis test
Inoculated gelatin deep tubes and incubated at R.T. for 24-48h. Following the growth the
tubes were refrigerated for 30 minutes and the medium was observed. Liquid medium

after refrigeration was positive. Un inoculated tube served as cntrol.

Nutrient broth 1000ml
Gelatin 150¢g
pH 7.4

Digest dispense in small suspension tubes and sterilize (5ml) by intermittent sterilization
at 100 °c for % hr for 3 consecutive days.

Spot inoculated the gelatin agar plates incubated at R.T for 24-48 h. fallowing the
incubation flood the plates with gelatin precipitating agent. A clear zone around the

colony indicates positive result.

Nutrient agar 100nﬂ

Gelatin 0.4% ,
Gelatin precipitating agent 15% HgCl, in 20% (vol/vol) concentrated HCI1
19. Urease test

Inoculated test culture heavily over the entire slope surface of urea agar slant tubes and
incubated at R.T. for 24-48h. Following the growth, a positive test indicated by change in
color from yellow to purple. Un inoculated tube served as control.

Peptorie lg
Sodium chloride 5g
Potassium dihydroge3n phosphate 2g
Phenol red 0.2% 6ml
Glucose 10 % ' 10ml
Distilled water 1000ml
Agar 20g

ph 6.8-6.9

digest/ dispense in 5 ml in tubes sterelize by autoclaving
sterelize 10% glucose separately.
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20. The activity of a deaminase-phenylalanine deaminase test
Inoculated phenylalanine deaminase deep slant tubes and incubated at R.T. for 24-48h. -
Following the growth, allow few drops of 10% ferric chloride solution to trickle down
the surface of the slant. green color developed in the fluid in the sope is positive test
activity of deaminase. Un inoculated tube served as control.

Medium composition

yeast extract : .3g
dl- phenylalanine 2g
[or 1- phenylalanine g
di sodium hydrogen phosphate 1g
Sodium chloride S5g
Agar 15g

Distilled water 1000ml.adjust the ph to 7.4 distribute in test tubes and sterilize by
autoclaving at 121 ¢ for 15 minutes. Allow to solidify in tubes as long slopes.

21. Maltonate utilization
Inoculated Sodium maltonate medium tubes by means of stab inoculation and incubated
for 48 h at ‘R.T. Fallowing the incubation, observed the culture positive results are

indicated by change in color of the indicator from green to blue. Un inoculated tubes
serves.-as.control..

Yeast extract 1g

Ammonium sulphate 2g

Dipotassium hydrogen phosphate  0.6g
Potassium dihydrogen phosphate ~ 0.4g

Sodium chloride 2g
Sodium maltonate 3g
bromothymol blue 0.025¢g
distilled water 1000ml..
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23. Triple sugar iron agar medium composition

Inoculated the slants of TSI agar using a straight needle first stab the butt down to the
bottom, then streak the surface of the slant. Incubate at 370 for 18-24 hrs. The Yello butt
red slant shows glucose has fermented but not lactose and sucrose. Yellow butt —yellow
slant is taken as. lactose and/ or sucrose has been fermented. Red butt red slant —neither
glucose, lactose or sucrose has been fermented. Bubbles in butt/broken agar/ indicated

gas production. Blackening of the butt indicates Hydrogen sulphide production.

Beef extract 3g
East extracts ' 3g
Peptone 15g
Protease peptone 5g
Lactose 10g
Sucrose : 10g
Glucose g
Ferrous sulphide 0.2g
Sodium chloride ' 5g
Sodium thiosulfate 0.3g
Agar 15¢g
Distilled water 1000ml.
pH 7.4

Adjust ph to 7.4 if necessary, sterilize by autoclaving at 121 % for 15 minutes.

24. Methyl red test
Inoculated MR-VP broth and incubated at room temperature. Then added 5-6 drops of

methyl red indicator and observed for the color change. A bright red color was indicative

of a positive test. Un inoculated tubes served as control.

Peptone 5g
Di potassium hydrogen phosphate ~ 5g
Glucose 5g
pH 7.0

Dispense Sml in tubes sterilize glucose separately put 0.25 ml of 10% glucose in each
tube.
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25. Voges Proskauer
Inoculated MR-VP broth and incubated at R.T. for 24-48 hrs. Fallowing the incubation
added 1 ml of 40% potassium hydroxide and 3 ml of 5%solution of alpha-napthol in

absolute ethanol. A pink color was indicative of positive result. Un inoculated tubes

served as control.

Peptone 5g
Di-potassium hydrogen phosphate Sg
Glucose 10% solution (sterilize separately) 50 ml
Distilled water 1000 ml
26. Mortality medium

Inoculated nutrient broth and incubated at R.T for 24-48 hrs. Fallowing incubation Motile

cultures showed diffused growth where as non motile cultures grew only along the line.

Peptone 10g

Beef extract 3g

Sodium chloride  Sg

Distilled water  1000ml

Agar 4g

Dispense 5Sml in tubes and sterilize.

27. Nitrate reduction test
Inoculated nitrate broth and incubated at R.T for 24-48 hrs. Fallowing incubation, added
5 drops of sulfanilic acid and then 5 drops of alpha- napthylamine. Red coloration

indicated a positive test while in negative test, red color observed after addition of Smg of

Zinc. Un inoculated tubes served as. control.

Beef extract 3g
Peptone 5g
sodium chloride - 5¢g
Potassium nitrate lg
Distilled water 1000 ml
pH 7.2

Dispense in tubes ( 5 ml ) of autoclave
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28. Grams staining:

Reagents
Crystal violet solution: Crystal violet 5g
) Distilled water 100 ml
Grams iodine solution: Iodine Ig
Potassium Iodide 2g
Distilled water 300ml
Counter stain Safranin 2.5% (wt/vol) in 95% Vol/Vol ethanol. 10 ml
Distilled water 1000ml, Filtered through Whatman filter
paper No.1.
Decolorizing agent Ethanol 95% vol/ vol.
Procedure.
1. Prepare a heat fixed smear from an 18-24 hour culture.

B R A i g

Stain with crystal violet solution for 1-2 minutes.

wash the smear in gentle and direct stream of tap water for 2 seconds
Rinse with Grams iodine solution and allow the iodine to. set for 1 minute.
Wash the smear in gentle and indirect stream of tap water for 2 seconds.
Blot the smear dry with absorbent paper.

Flood with 95% ethanol for 30 seconds with gentle agitation.

Counter stain with safranin for 2 minutes

Wash the smear until in gentle and indirect stream of water until no color appears.

10. Blot or air dry the slide.

11. Observe / examine under the microscope.

29 Endo-spore staining( Schaeffer and Fulton’s method)

1.
2.

Air dry or heat fix the bacterial smear with minimum flaming.

Place the slide over a beaker of boiling water with the bacterial film on the upper
side.

. Flood the slide with 5% aqueous solution of malachite green and leave it to act for

1 minute, while the water continues to boil.

Wash in cold water.
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5. Treat with 0.5%. safranin.

Endospres appeared green with cells colored red

Enzyme activities .

30: Amylase :

The Amylase activity is determined by using starch agar plates. The microorganisms
inocﬁlated aseptically kept for incubation for 24 hrs. Following incubation the plates are
flooded with grams iodine. The organism showing clear zones were recorded along with
zong. diameter.

Grams I.odine

31. Protease:

The protease activity is determined by using skimmed milk agar plates. The organisms
inoculated aseptically kept for 24 hr incubation. Following the incubation, the plates
observed for clear zone formation and the zone diameter recorded.

32 Cellulase:

The cellulose activity is determined by using carboxyl methylcellulose agar plates; the
organisms were inoculated aséptically kept for 24 hrs incubation. The plates were flooded

with cango-red and the observation for clear zones and the zone diameter were recorded.

Cango red g

Distilled water 100ml
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33 Lipase:

The lipase activity is determines by using the coconut oil agar plates. Fgllowing_, the

incubation the plates‘ observed for halos, the diameters were recorded.

34 Gelatinase :

The gelatinase activity is determined by using 12.5% gelatin in nutrient agar media.

This preparation is autoclaved successively for three consecutive days and then the plates

are poured. The organisms are inoculated aseptically , hallowing, the incubatin for 24 hrs

the piates were observed for clear zones by adding gelatin precipitatin agent.

ie. 15 .5 Hg; Cly in 20 % ( vol/vol) concentrated HCI

35 : Chitinase:

10 g of Crude chitin is kept in 50 ml of concentrated HCL filtered through glass wool and

over night in the refrigerator. This preparation centrifuged at 7000 rpm for 10 minutes.

The pallet formed is purified by centrifuging with distilled water .Out of this 1g is taken
and added to the 100ml media preparation as detailed in appendix V. Fallowing

incubation for 24 hrs the clear zones are recorded for their diameters. (Kannan, 1996;

Wilkie, 1998 ; Plummer, 1988)
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