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Abstract: Solid waste management (SWM) is a matter of great concern in the urban areas of 
developing countries. Production of large quantities of organic wastes all over the world poses 
major environmental (offensive odors, contamination of ground water and soil) and disposal 
problems. Therefore, the disposal of different types of wastes has become very important issue to 
maintain the healthy environment. Microorganisms are mainly responsible for the biochemical 
degradation of the organic matter during composting and vermicomposting processes and, in the 
latter, earthworms play a very important role in both microbial activity and diversity. Four 
different compost units were setup with four different wastes (fruits and vegetable waste, leaves 
waste, Paper and plastic waste, molasses). The wastes were allowed to compost for a period of 30 
days with intermittent sprinkling of cow dung. The total microbial count of the soil from different 
compost units before introduction of worm found higher in Group 3. Fungi, actinomycetes and 
phosphate solubilizers were isolated from the soil samples. Worms Red wriggler, Eisenia foetida 
were introduced into the compost units after 30 days, with the even distribution in each compost 
unit. The Vermicompost was collected after a period of 45 days. The compost from different units 
was used for growing the plants green chilly Capsicum frutescens.The compost from compost 
unit 3 and 4 gives the best result. 
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Introduction 
One of the important contemporary environmental problems in urban areas is huge generation of 
municipal solid waste (MSW) (Buenrostro and Bocco, 2003; Pokhrel and Viraraghavan, 2005). 
Rapid urbanization and booming population is leading to generation of massive amount of waste. 
In urban areas, solid waste is generated by domestic households, commercial enterprises, health 
care, and institutional activities as well as on the streets. 

MSW is the used and left-over materials comprising of household garbage including kitchen 
waste, street sweepings, sanitation residues, construction and demolition debris, commercial and 
industrial refuse and also bio-medical solid waste. As per ‘the rules’ (schedule II), "municipal 
solid waste" includes commercial and residential wastes generated in a municipal or notified areas 
in either solid or semi-solid form excluding industrial hazardous wastes but including treated bio-
medical wastes. Urban population growth and economic development are considered vital for 
MSW generation, as these factors not only accelerate consumption rates but also increase its 
generation (Alamgir et al., 2005). The growth of MSW generation has outpaced the growth of 
population in recent years, because of changes in the living standard of the people with increasing 
income levels, changing lifestyles, food habits and consumption patterns with mind-set of ‘use 
and throw’ of products. Solid waste management is one among the basic essential services 
provided by municipal authorities to keep urban centres clean, and there is a need to develop 
appropriate MSW management system in order to prevent future environmental health problems. 

Vermicomposting is a suitable, hygienic and cost effective technique practiced for organic waste 
management. Vermicomposting can be an alternate technology for the management and nutrient 
recovery from municipal solid waste (Kaviraj and Sharma 2003). Vermicomposting is a 
mesophilic process in which biooxidation and stablilization of organic material occurs by the joint 
action of earthworms and microorganisms as well as micro arthropods. 

Microorganisms that play a role in vermicomposting include bacteria, fungi and actinomycetes 
(Edwards, 1998; Tomati et al., 1987). Bacteria metabolize, or break down raw organic material 
and use it as an energy source. Fungi and actinomycetes clean up what the bacteria leave behind. 
They decompose toughest things to break down: starches, cellulose, and proteins. Bacteria and 
fungi secrete enzymes that break down complex organic compounds, and then they absorb the 
simpler compounds into their cells. As organic matter decomposes, nutrients such as nitrogen, 
phosphorus, and potassium are released and recycled in various chemical forms through the 
microorganisms and earthworms that make up the vermicompost food web. In vermicomposting, 
actinomycetes play an important role in degrading complex organic molecules such as cellulose, 
lignin, chitin, and proteins. They do not compete well for the simple carbohydrates that are 
plentiful in the initial stages of composting (Aira et al, 2006).  

In contrast to numerous studies that they have analysed the microbiology of the composting 
processes, the microbiological characterization of finished compost or vermicompost is still in its 
infancy (Fracchia et al., 2006), and a systematic microbiological analysis of products from 
composting facilities is still lacking (Hassen et al., 2001; Tang et al., 2003). The main aim of the 
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present study is to examine and compare microbial characterization in three wastes and their 
respective compost and vermicomposts across different time intervals (at 15 and 60 days interval). 
It also looked at the effect of physico- chemical parameters on microbial biomass to study the 
effect of vermicompost on plant growth.  

Materials & Methods: 

Collection of Municipal Solid Waste from Ennore – Chennai  
Municipal solid wastes were collected from Ennore –Chennai, Tamilnadu. After collection of the 
municipal solid waste they were segregated into four different groups based on the physical 
properties.  

Group I – Vegetable and Fruit waste  

Group II- Leaves waste 

Group III - Paper (75%) and Plastic (25%) 

Group IV- Sugarcane waste – Molasses 

Flow chart for the set up of Compost Unit 

The can was cleaned and holes were made in bottom. 

1st layer of gravels were placed followed by 2nd layer of sand bed. 

The 3rd layer comprises of waste. (4 different waste in 4 different pit) 

Final thin layer of sand is spreaded. 

Application of cow dung to the compost unit: 
After setting up the compost unit water was sprayed to moisten the waste materials and the unit 
was covered with a polythene cover and left undisturbed for a period of 15 days. After 15 days of 
decomposition, cow dung water was sprinkled over the decomposed waste to enhance the 
microbial activity in the decomposed waste. 

Inoculation of Earthworm (Eisenia foetida) into the Compost Unit:  
Earthworm (Eisenia foetida) species were obtained from a commercial supplier- Karthik Manpulu 
Urappannai, Vadipatti taluk, Madurai district. After 15 - 30 days of microbial decomposition, Red 
wriggler (Eisenia foetida) was inoculated into the compost unit. To enhance the production of 
castings the compost unit were wrapped with black polythene sheet. 
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Microbial analysis of Compost Unit: 

Enumeration of microbes by Standard Plate Count Method: 
Soil samples were collected from the compost unit (Group 1 followed by Group 4) before 
introduction of worm and stored at ambient temperature. One gram of soil sample was dissolved 
in 100ml of sterile distilled water.  The   soil sample was serially diluted, from the dilutions (10 -6 

10 -7 and 10-8) 1ml of soil sample were inoculated into the sterilized plate, after inoculating the 
soil sample the plates were poured with sterilized plate count agar . After solidification the plates 
were incubated at 37O C for 24 hrs. After the incubation period results were observed and 
recorded.  

Isolation of Micro flora from the Soil sample: 
0.1 ml of the serially diluted soil sample (10 -8) was inoculated on air dried, sterile Nutrient agar, 
Sabarouds Dextrose agar, Actinomycetes Isolation agar and Pikovskaya medium. After 
inoculation the plates were incubated and the results were recorded  

Isolation and characterization of microorgansism from the gut of 
Earthworm (Eisenia foetida)  

Collection of Earthworm: 
The earthworms were collected from 4 different compost units (Group 1 followed by Group 4) 
and were transferred into a sterile polythene bags. The earthworms were surface sterilized with 
sterile water. Then the worms were kept under refrigeration for three to four hours in order to kill 
them without causing any harm or alteration to the microbial gut content  

Dissection of Earthworm: 
Earthworms were pinned down horizontally on the dissecting wood board with the dorsal part 
downward and the gizzard, intestine and rectum identified. Gut contents were dissected carefully 
and carried for next process.  

Isolation of microbes from the gut: 
One gram of the gut content of the target regions were carefully transferred into 10 ml of sterile 
peptone water and kept it in a shaker for overnight. After incubation one loopful of culture was 
inoculated on air dried sterile Selective Media plates (Salmonella- Shigella agar, Thiosulphate 
citrate bile salt agar, Xylose lysine deoxycholate agar, Pseudomonas isolation agar, Eosin 
methylene blue agar, Mac conkey agar, Sabouraud's dextrose agar, CLED agar and Mannitol Salt 
Agar). After inoculation the plates were incubated and the results were observed and recorded.  

Identification of Microorganisms from the selective agar plates: 
From the selective agar plates, well isolated colonies were picked and stored on sterile nutrient 
agar slants. From this, a loopful was inoculated into sterile nutrient broth, incubated overnight at 
37 OC and used for identification purpose.  
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Nutrient Analysis of the vermicastings  
The castings were checked for its physical and chemical parameters in Shri AMM Murugappa 
Chettiar Research Centre (MCRC) Tharamani, Chennai 

Effect of Vermicasting in Plant Growth  

Plant selected for the study:  
The green chili (Capsicum frutescens) was selected for this experiment. Seeds were collected 
from Ashoka Seeds - a Retail shop in T. Nagar, Chennai.  

Germination Studies: 
Germination study was conducted in the pot filled with 1Kg of soil + 25 gm of vermicompost 
from different groups (Group 1 followed by Group 4) 

Chlorophyll Analysis 

Estimation of chlorophyll content from the experimental plant saplings  
Fresh leaves were collected from all the groups including control. Leaf samples were wash 
thoroughly first in tap water followed by distilled water in the laboratory, kept to dry in room 
temperature (180C) and analyzed for the presence of chlorophylls (Ch-a and Ch-b), carotenoids 
and total chlorophyll content. 

Accurately weighed 0.5g of fresh plant leaf sample was taken, and homogenized in tissue 
homogenizer with 10 ml of Acetone. Homogenised sample mixture was centrifuged for 10,000 
rpm for 15min at 40C. After centrifugation the supernatant was collected. To that 0.5ml of 
supernatant add 4.5ml of the acetone.  The solution mixture was analyzed for Chlorophyll-a, 
Chlorophyll-b, total Chlorophyll and carotenoids content in spectrophotometer (Perkin Elmer).  

Calculation for Chlorophyll content: 
Chlorophyll-a (Ch-a) = 12.25A663.2 – 2.79A646.8 

Chlorophyll-b (Ch-b) = 21.5A646.8 – 5.1A663.2 

Carteniods (Cx+c) = (1000A470 – 1.82Ca –85.02Cb)/198 

Total Chlorophyll = 20.2A655 + 8.02A663 

Structural analysis of vermicasting by FTIR (Fourier-Transform Infrared 

spectroscopy) 
The samples of Compost from leaf waste and Paper/plastic wastes were sent to Sophisticated 
Analytical Instrument facility, IIT Madras for FT-IR analysis using a Perkin Elmer 1600 FTIR 
spectrophotometer. 
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Results:  
Soil samples were collected from four different compost units after 30days of anaerobic 
decomposition and the number of microorganism present in the soil sample were enumerated and 
the result were tabulated in Table 1. Soil microorganisms like bacteria, fungi, Actinomycetes and 
phosphate solubilzers were isolated from the decomposed soil samples. 

Earthworms were dissected and the gut region was checked for the presence of pathogen. 
Maximum bacterial population and less number of fungal populations were found in this study. 
Among the bacterial population more number of gram negative bacteria was found. 
Vermicompost soil from the entire four groups were analysed for its physical and chemical 
properties. Among the four different groups NPK, Total minerals were found to be significant in 
group 3 and 4. The effect of vermicompost on the Plant growth parameters such as height, length 
of the shoot system and root system, leaf area index, number of leaves were determined. Among 
the four different groups including control, excellent growth was observed in Group 3 and 4 
(Table 2 to 6). 

The results of the effect of vermicompost on the photosynthetic pigment contents of Capsicum 
frutescens are presented in table 7. The highest photosynthetic pigment such as chlorophyll a, 
chlorophyll b, total chlorophyll and carotenoid content were recorded in group 4.  

On analysing the FTIR of vermicastings, it is evident that more functional group was present in 
group 3 when compared to the control (Fig 2).  

Table 1 Enumeration of Microorganisms from the Vermicompost Soil  

Total Viable Count – Standard plate count method 

 

 

 

 

 

 

 

 

 

 

S.No Group Dilution Factor Original Duplicate 

1 I 

10¯6 265 180 

10¯7 196 204 

10¯8 96 120 

2 II 

10¯6 271 232 

10¯7 152 129 

10¯8 52 89 

3 III 

10¯6 292 161 

10¯7 252 192 

10¯8 126 94 

4 IV 

10¯6 253 224 

10¯7 183 159 

10¯8 84 72 
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Table 2 Height of the plant (in cm) in 5 different pot culture 

 

 

Table 3 Length of shoot (in cm) in 5 different pot cultures 

Treatment Structure 
Samples 

I II III Average 

Control (Soil)  4.2 3.3 2.6 3.35 

Soil + Vermicompost from Vegetable and Fruit waste  4.3 4.2 4.5 4.33 

Soil + Vermicompost from Leaves waste  4.7 4 3.8 4.17 

Soil + Vermicompost from Paper/plastic waste  4.9 4.4 4.6 4.63 

Soil + Vermicompost from Molasses  5.5 5.3 5.8 5.53 

 

Table 4 Length of root (in cm) in 5 different pot cultures 

Treatment Structure 
Samples 

I II III Average 

Control (Soil)  1.7 1.8 2 1.83 

Soil + Vermicompost from Vegetable and Fruit waste  1.5 2.2 2.5 2.07 

Soil + Vermicompost from Leaves waste  2 1.8 1.6 1.8 

Soil + Vermicompost from Paper/plastic waste  2 2.5 2.9 2.47 

Soil + Vermicompost from Molasses  3.5 4.5 3 3.67 

Treatment Structure 
Samples 

I II III Average 

Control (Soil)  7.5 6 7 6.83 

Soil + Vermicompost from Vegetable and Fruit waste  8.9 7.8 8.1 8.27 

Soil + Vermicompost from Leaves waste  8.7 7.9 6.7 7.77 

Soil + Vermicompost from Paper/plastic waste  9.2 8.6 9.9 9.23 

Soil + Vermicompost from Molasses  11.5 12.5 10.5 11.5 
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Table 5 No. of Leaves in 5 different pot cultures 

Treatment Structure 
Samples 

I II III Average 

Control (Soil)  2 2 2 2 

Soil + Vermicompost from Vegetable and Fruit waste  4 3 2 3 

Soil + Vermicompost from Leaves waste  3 3 2 3 

Soil + Vermicompost from Paper/plastic waste  4 4 3 4 

Soil + Vermicompost from Molasses  4 4 4 4 

 

Table 6 Leaf areas (in cm2) in 5 different pot culture 

Treatment Structure 
SAMPLES 

I II III Average 

Control (Soil)  0.127 0.45 0.52 0.408 

Soil + Vermicompost from Vegetable and Fruit waste  0.105 0.53 0.34 0.325 

Soil + Vermicompost from Leaves waste  0.56 0.67 0.45 0.56 

Soil + Vermicompost from Paper/plastic waste  0.105 0.108 0.77 0.327 

Soil + Vermicompost from Molasses  0.72 0.93 0.68 0.776 

 

Fig 1. Plant growth after 15 days 
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Table 7 Quantification of Chlorophyll a, Chlorophyll b, Total Chlorophyll and Carotenoids (μg/ml) in 

various treatments using chemical solvent Acetone 

 

Fig 2: FTIR Chart of Vermicasting: 
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Chlorophyll 

Treatments 

Control 
(Soil) 

Soil + Compost from 
Vegetable and Fruit 

waste 

Soil + Compost 
from Leave waste 

Soil + Compost from 
Paper/plastic waste 

Soil + Compost 
from Molasses 

Ch-a 0.93 1.52 1.58 1.04 1.38 

Ch-b 3.38 1.97 2.53 2.2 4.27 

Carotenoids 4.79 3.15 3.9 3.19 4.94 

Ctotal 4.7 3.58 3.49 3.96 5.67 



Bio degradation of urban waste through vermicomposting - its effect in the…      17 

INDIAN JOURNAL OF APPLIED MICROBIOLOGY                                      Vol. 20 No. 1 Jan.- Jun. 2017 

Discussions: 
The results of total microbial count obtained from anaerobic decomposed soil produced by 4 
different wastes (Vegetable/fruit, Leaves, Paper/plastic, Molasses) indicated that total number of 
microorganisms were higher in paper/plastic wastes compared to other wastes. It shows that 
microorganism plays a vital role in decomposition process of urban wastes.  

The findings of the present study reinforce the general concept that earthworms use organic 
matter as a source of nutrition but depend on microorganisms such as bacteria and fungi for 
digestion of ingested material as they pass through the worm gut, especially those that the 
earthworm cannot digest by itself. Thus based on the colony morphology and gram staining 
possible organisms in compost were identified. Bacteria present were predicted from Gram 
positive as Bacillus subtilis, Bacillus brevis, Bacillus cevus, Bacillus cereus, Micrococcus species, 
Streptococcus species and Enterococci species and that of Gram negative as Escherichia coli, 
Klebsiella pneumonia, Enterobacter aerogenes, Proteus vulgaris, Vibrio cholera, Pseudomonas 
aeruginosa, Pseudomonas fluorescens, Salmonella typhimurium and Salmonella enterica. The 
Fungi present were predicted as Aspergillus flavus, Aspergillus fumigatus, Alternaria species, 
Mucor species, Rhizopus species and Penicillium species. These results were similar to that of 
findings of Owa et al 2013; and Vijayakumar et al., 2012. 
Application of vermicompost obtained from Molasses increased the germination rate of seeds 
when compared to vegetable and fruits compost, leave and paper compost and control. Several 
researchers have reported that vermicompost enhances seed germination (Zaller, 2007; Arancon et 
al., 2008). Germination is an internally regulated process influenced mainly by genotype although 
external factors such as light period, temperature, moisture, and presence of certain chemical 
compounds can also alter this process either through promotion or inhibition (Kucera et al., 2005) 
and when all these factors are integrated, it is mediated by signaling through multiple hormones 
that either promote or inhibit germination (Finkelstein, 2004). The results shows that application 
of vermicompost obtained from Molasses to the potting media of Capsicum frutescens shows 
increased germination index of the plants compared to other composts. These water-soluble 
bioactive substances and water soluble plant growth regulators or microorganisms present in 
vermicompost are attributed for the increased germination index in Capsicum frutescens seeds. 

Plant growth parameters like plant length, root length, shoot length; number of leaves, leaf area 
was significantly influenced in pots receiving different vermicompost in Capsicum frutescens 
crops. Overall plant growth with vermicompost application has been reported in different studies 
(Zaller 2007; Bachman and Metzger, 2008;. Sinha et al., (2010a) reported better growth in egg 
plant and achieved more than 40% growth over the conventional compost. The different 
vermicompost obtained from 4 different urban wastes shows variation in growth parameters of 
Capsicum frutescens.  

According to Forde and Lorenzo (2001) root growth and branching is favoured in nutrient-rich 
environment and in the presence of hormones like auxins that enable the plant to optimize the 
exploitation of the available resources which are in turn transformed into photo assimilates and 
transported again to the root consequently influencing plant growth and morphology in a systemic 
manner.  
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The results demonstrate that the height of chilli plants grown in soil + vermicompost from 
Molasses was maximum ( 11.5cm) along with length of roots (3.67 cm) and length of shoot 
(5.53cm) as compared to height of chilli plants grown in soil + vermicompost from Paper wastes 
(9.23 cm), length of roots (2.47 cm) and length of shoot (4.63cm) which was further maximum 
than the chilli plants grown in soil + vermicompost from Vegetable/fruit waste  (8.27cm), length 
of roots (2.07cm) which was further maximum than the chilli plants grown in soil + 
vermicompost from Leaves (7.7cm), length of roots (1.8cm) and length of shoot (4.17cm) and the 
chilli plants grown in garden soil (control) ( 6.83cm),length of roots (1.83cm) and length of shoot 
(3.35cm) respectively.  

 Thus it was observed that the vermicompost obtained from Molasses and Paper waste contains 
nutrient content to such an extent that enhance the growth of chili plants at a faster rate in 
comparison to compost obtained from Vegetable/fruit waste, Leave waste and garden soil. 

Vermicompositing appears to be the most promising as high value biofertilizer which not only 
increases the plant growth and productivity by nutrient supply but also is cost effective and 
pollution free. Use of vermicompost promotes soil aggregation and stabilizes soil structure. This 
improves the air-water relationship of soil, thus increasing the water retention capacity and 
encourages extensive development of root system of plants. The mineralization of nutrients is 
observed to be enhanced, therefore results into boosting up of crop productivity. The 
vermicomposts have a higher base exchange capacity and more exchangeable calcium, 
magnesium, potassium than the soil in which worms live (Suthar). 

Thus results of nutrient analysis of four different composts obtained from Vegetable+fruit waste, 
leave waste, paper/plastic waste and Molasses was quiet interesting as each compost is rich in 
some parameters. Compost obtained from Vegetable and fruit wastes shows higher pH, calcium 
and Magnesium content when compared to others. Compost obtained from leave wastes shows 
higher Iron, Manganese, Zinc and sulphate content when compared to others. Compost obtained 
from paper/plastic wastes shows higher Electrical conductivity, Organic carbons, phosphorous, 
potassium and sodium content when compared to others. Compost obtained from Molasses shows 
higher nitrogen, boron and humus content when compared to others. But the overall total mineral 
content was higher in compost from Molasses (333.13kg/acre) followed by compost obtained 
from Paper waste (310.95kg/acre), Leave waste (236.59kg/acre) and Vegetable/fruit waste 
(208.47kg/acre). This shows compost obtained from Molasses has more nutrient content followed 
by compost obtained from Paper waste, Leave waste and Vegetable/fruit waste.   

On comparing the results of 2 samples, PC1 shows more peaks when compared to LC1. This 
reveals that more functional groups are present in PC1. The presence of carboxylic acid, nitriles, 
olefins and tertiary butyl groups were observed in LC1, while PC1 shows presence of secondary 
amine, amides, sp3 hybridized, acetylenes and olefins from zone 1-5. On comparing the 
fingerprint regions of both samples PC1 shows more peaks than LC1, as fingerprint regions are 
major decision in FT-IR analysis it shows clearly the presence of more alcohol, ether, carboxylic 
acids, esters, aromatic rings and bromoalkanes.  

The results confirm that there is more reduction of aromatic structures, aliphatic and 
polysaccharides in the Vermicompost using paper/plastic than the Control. This is associated to 
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organic matter mineralization and it indicates the maturity and stability of the final product when 
compared to the control. 
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