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Abstract A study was carried out to evaluate the efficiency of earthworm (Eisenia foetida) for 

decomposition of different types of organic substances (kitchen waste, garden waste, newspaper, 

hair and eggshell) into valuable vermicompost. It was found that vermicomposting significantly 

modified the nutrient properties (N, P and K) of different waste namely- kitchen waste, garden 

waste, newspaper, eggshell, hair and mixture of them.  The growth patterns of earthworm in 

terms of juvenile, young and mature earthworm’s in different feed mixtures has also been 

affected by types of waste. The study showed that the typical conditions of composting (e.g. pH, 

temperature, moisture) during the study were favorable throughout the period of 

experimentation for the earthworm’s growth. It was also showed that earthworm’s growth 

varies with type as well as nature of feed material. 

The data reveals that vermicomposting (using E. foetida) is a suitable technology for 

decomposition of different types of organic wastes into value added material. 
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Introduction 
 

Over the last few decades, the problem of efficient management and 

disposal of organic solid wastes has become more rigorous due to rapidly 

industrialization, increasing population and intensive agriculture. Among the 

waste leaves, lawn chipping and restaurant food waste have been more 

problematical because of their bulky nature. In India, daily per capita of 

municipal solid waste generated ranges from about 100 g in small towns to 500 

g in large towns (Singhal and Pandey, 2001). It has been estimated that in cities 

and rural area of India nearly 700 million tones of organic waste is generated 
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annually which is either burned or land filled. The municipal authorities spend 

about 5-25% of their budget on solid waste management, which is Rs. 75-250 

per capita per year (Kumar and Gaikwad, 2004). Therefore, the disposal of 

different types of wastes has become very important issue for maintaining 

healthy environment (Senapati and Julka 1993). Various studies have been 

focused on the use of earthworms in the stabilization of organic residues such 

as sewage sludge (Vigueros, and Camperos, 2002), food waste and paper waste 

(Arancon, 2008), municipal solid waste (Kaviraj, and Sharma, 2003), 

Agricultural and industrial waste (Suthar, 2009, 2006) etc.   

Vermicomposting has been identified as one of the potential management 

technology of several waste since it is a natural process, cost effective and only 

shorter duration is required to accomplish; one to two weeks. According to Nair 

et al. (2006), 9-day thermo composting prior to vermicomposting helped in 

mass reduction, moisture content and pathogenic problems. The most 

favourable factor of earthworms performance in the vermicomposting may 

attribute from the substrate aeration, mixing, grinding, fragmentation, 

enzymatic digestion and also microbial decomposition of substrate in intestine 

of earthworms (Hand et al., 1998; Sharma et al., 2005). Under favorable 

conditions, wastes are converted into a homogeneous mass i.e. castings which 

may form a suitable soil conditioner with high nutritional value for plants. In 

addition of providing soil organic carbon and NPK, which composting does, 

vermicompost additionally provides enzymes and hormones which stimulate 

plant growth (Abbasi and Ramasamy, 1999; Atiyeh et al., 2001; 2002; Doube et 

al., 1997; Chaoui et al., 2003).Vermicompost is also believed to be more 

pathogen-free than compost itself (Szczech, 1999; Slocum, 2002).  

Experimental evidence on vermicomposting using animal dung such as 

cow dung (Kale et.al 1982; Reinecke et al. 1992; Edwards et al. 1998), sheep 

dung (Kale et al.  1982), poultry manure (Kale et al 1982) as substrate showed 

efficient conversion of the waste into vermicast. For large scale vermiculture 

practices, the chemical as well as biological composition of the substrate 

material is always of primary importance. Furthermore, as reported by Edwards 

(1998), the quality as well as quantity of organic wastes is a vital role for 

determining the rates of earthworm’s growth. The biological behaviour of the 

earthworm’s species in decomposing organic material is still a priority in recent 

study of vermiculture biotechnology. However, different earthworm species are 

impacted differently by the nutritional status of feeding material (Suthar, 

2007a), but a comprehensive study in scientific literature is still required. 

The objective of the present study was to evaluate potential of Eisenia 

foetida in composting of different types of organic wastes (i.e. kitchen waste, 

garden waste, newspaper, eggshell and hair) that commonly found in India.  
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Thus, the aim of present study was also to find correlation between the 

earthworms growth and organic material quality. 

 

Materials and methods 
 

Collection of Organic wastes 
 

The organic solid waste selected in this study i.e. kitchen waste, garden 

waste, newspaper, eggshell were obtained from the canteen , Pune University 

Campus and hair was from the barber shop around University, while the cow 

dung was obtained from the farmer in Pune. 

 

Collection of earthworms 
 

The earthworms (E. foetida) were obtained from the Institute of Natural 

Organic Agriculture, Pune, India. 

 

Experimental setup 
 

All experiments were conducted in earthen pots of size (21cm height and 

25 cm diameter), with a hole at the bottom. The bedding layer (5-7 cm) of 

coconut coir and 12 cm of dry leaves was taken in each pot to provide initial 

favorable condition for the growth of earthworms (Figure 1). 

 

 
Fig. 1. Example of vermicomposting experimental set-up 
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A total of six vermireactors were maintained having different kinds of 

waste mixed individually with cow dung. One pot was prepared in order to 

mixture of all the wastes prior to transfer to the six vermireactors. In each pot, 

twelve earthworms with different size were introduced.  A 500 g of waste were 

added with a duration of 8 interval days except to hair and eggshell pot due to 

slow degradation. Water was sprinkled daily on all pots to maintain the 

moisture level of 40-60%. All the reactors maintained in triplicate. The duration 

of experiment was conducted up to 100 days. The experimental pots were kept 

under shade at 23-28
0 

C, 70± 10% moisture and covered with the gunny bags to 

avoid direct sunlight on the terrace of the Department of Environmental 

Science, University of Pune.  After 100 days, the earthworms were removed 

manually and the total number and biomass of the earthworms were measured. 

Four days before the determination, all the treatments were not watered to 

make the sifting of the compost easier. All the vermicompost produced were 

taken out from the pots individually and left under room temperature for a 

couple of hours when all the earthworms have moved down the heap. Thus, 

sorting process became easier. 

 

Chemical analysis 
 

The vermicompost and the earthworms were taken out manually at the 

end of the experiment. Carefully total numbers of earthworm in each pot were 

counted. Total nitrogen was estimated by Kjeldhal digestion. Total phosphorus 

was detected using colorimetric method and total potassium was estimated by 

Bray and Krutz method (1945) using Flame emission technique.  

 

Statistical Analysis 
 

The data was collected and analyzed statistically by using statistic 

computer software PSAW (Predictive analysis software) 18. Values of all the 

parameters were presented as the mean. 

 

Results and discussions 
 

Data of N, P and K of different vermicomposted waste has been given in 

Table 1. Vermicomposting significantly modified the nutrient properties (N, P 

and K) of different waste namely- kitchen waste, garden waste, newspaper, 

eggshell, hair and mixture of them.  Result showed that the values of total P 

(TP) and total K (TK) of Kitchen waste were highest, however hair shows the 

lowest P and K percentage (Table 1). The percentage of total P and K were 1.30 

and 0.93, respectively in vermicomposted kitchen waste.  However, the 
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percentage of P and K   in hair was 0.50 and 0.15, respectively. The percent 

total nitrogen (TN) was highest in vermicomposted hair (2.61), whereas it was 

lowest in egg shell. (1.18%) (Table 1). 

 

Table 1. Percentage of Total P, K and N in different types of vermicomposted 

wastes 
 

Different Types of Waste Total P (%) Total K (%) Total N (%) 

Kitchen Waste 1.30 0.93 2.32 

Garden Waste 0.73 0.64 2.49 

Hair 0.50 0.15 2.61 

Eggshell 0.73 0.27 1.18 

Newspaper 0.69 0.28 1.47 

Mixed 0.83 0.46 2.12 

 

The trend of percent total N in vermicomposted waste was Hair > Garden 

Waste > Kitchen Waste > Mixed > Newspaper > Eggshell, respectively (Figure 

2). However, the trend of percent total P in vermicomposted waste was Kitchen 

Waste > Mixed > Garden Waste ≈ Eggshell > Newspaper >Hair, respectively. 

The trend of total K percent in vermicomposted waste was reported to be 

Kitchen Waste > Garden Waste >Mixed > Newspaper > Eggshell >Hair, 

respectively in the present study (Figure 1). Kaushik and Garg (2004) reported 

increase in TKN (2–3.2-fold) in textile mill sludge along with cowdung and 

agricultural residues. Increase in N content in the final vermicomposted product 

in the form of mucus, nitrogenous excretory substances, growth stimulating 

hormones and enzymes from earthworms have also been reported by Tripathi 

and Bhardwaj (2004).  According to Viel et al. (1987) loss in organic C might 

be responsible for nitrogen enhancement.   

 

 
Fig. 2. Percentage of N, P and K in different types of vermicomposted waste 
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According to Atiyeh et al. (2000), earthworms also have an enormous 

impact on nitrogen transformations in manure, by enhancing N mineralization, 

thus allowing mineral nitrogen to be retained in the form of nitrate. Generally, 

the final N content of the composted material is dependent mostly on the initial 

N present in the waste and the extent of its decomposition (Crawford, 1983; 

Gaur and Singh, 1995). Mansell et al. (1981) reported that plant litter contains 

more available P after ingestion by earthworms, which may be due to the 

physical breakdown of the plant material by worms during vermicomposting 

process. An increase of 25% in P of paper waste sludge was also reported by 

Satchell and Martein (1984) due to worm activity. Satchell and Martein (1984) 

attributed this increase in P to direct action of worm gut enzymes and indirectly 

by stimulation of the microflora. According to Edwards and Lofty (1972), 

increase in TP during vermicomposting is probably due to mineralization and 

mobilization of phosphorus as a result of bacterial and faecal phosphatase 

activity of earthworms.  

The presence of large number of microflora in the earthworm’s gut might 

play an important role in increasing P and K content in the process of 

vermicomposting. Higher TK in the final product indicates that the microbial 

flora also influences the level of available potassium. Acid production by the 

microorganisms seems to be prime mechanism for solubilising the insoluble 

potassium (K). According to Kaviraj and Sharma (2003), acid production 

during organic matter decomposition by the microorganisms is the major 

mechanism for solubilisation on insoluble P and K.  Also the presence of large 

number of microflora in the gut of the earthworms might play an important role 

in increasing P and K content in the process of vermicomposting. The same is 

reflected in the results of present study.  

As we know proteins are made up of amino acids, arranged in a linear 

chains, with the general formula of H2NCHRCOOH. Therefore, the hair waste 

which contains ‘Keratin’ as its structural component, showed the highest 

percentage of nitrogen content after vermicomposting. Tripathi and Bharadwaj 

(2004) reported 156%, 41% and 38% increase in nitrogen, phosphorus, and 

potassium as compared to control after 150 days of earthworm (E. foetida) 

inoculation. In addition, the researchers also reported the increase of 102%, 33% 

and 42% in nitrogen, phosphorus and potassium, respectively as compared to 

control after 150 days due to vermicomposting with Lampito mauritii. They 

also reported positive correlations between composting period of E. foetida and 

amounts of N and K. Finding of the present study was found to be similar as 

reported by Tripathi and Bharadwaj (2004).   The increases in amounts of N, P 

and K in the vermicomposts of present study indicated that the enhanced 

mineralization of these elements was due to the microbial and enzyme activity 
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in the gut of the earthworms (Parthasarathi and Ranganathan, 2000). Several 

studies have also reported that earthworm casts contain more carbon and N than 

non-ingested soil (Lee, 1985; Fragoso et al., 1993). This indicates that N is 

localized in worm castings.  

The variations in degree of decomposition and mineralization may be 

because substrate quality also highly influences the decomposition and the 

composition of the decomposer community (Swift et al., 1979). Ponnuraj et al. 

(1998) studied vermicomposting of cow dung, biogas slurry and kitchen waste 

by L. mauritii and P. excavatus. In many western temperate countries, E. 

foetida is the preferred species for vermicomposting and it also preferred by 

Indian researchers for vermicomposting together with E. eugeniae (Kale, 

1997). Earthworm species E. foetida produced a faster change in the kitchen 

waste plus cowdung vermicompost with moderate mineralization and higher 

decomposition rates with moderate breeding (Tripathi and Bharadwaj, 2004). 

This suggests that E. foetida is a better adapted species for arid 

environments. 

The patterns of earthworm growth in terms of juvenile, young and mature 

earthworm’s in different feed mixtures are illustrated in Table 2. Most of the 

waste showed positive results.  The calculated number of young earthworms 

was reached the highest record in Kitchen Waste (115) followed by Newspaper 

waste (108), with the lowest was depicted in Hair Waste (61). Juvenile stage 

was found to be highest in Newspaper followed by Hair, Kitchen Waste, 

Garden Waste, Eggshell and lowest in Mixed Waste. Meanwhile the numbers 

of mature earthworm was found to be highest in Eggshell followed by Garden 

Waste, Mixed waste, Kitchen Waste, Newspaper and lowest in Hair waste.  

 

Table 2. Initial and Final number of Earth worms (Eisenia foetida) in different 

types of waste 
 

Different types of  waste Initial no. of  E.W Final no. of E.W 

Juvenile Young Mature 

Kitchen Waste 12 32 115 35 

Garden Waste 12 30 92 69 

Hair 12 42 61 21 

Eggshell 12 25 64 92 

Newspaper 12 62 108 33 

Mixed 12 16 81 38 

 

Gunadi and Edwards (2003) reported the death of Eisenia foetida after 2 

weeks in the fresh cattle solids although all other growth parameters such as 

moisture content, pH, electrical conductivity, C: N ratio, NH4 
+
 and NO3

 -
 

contents were suitable for the growth of the earthworms. They attributed the 
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deaths of earthworms to the anaerobic conditions which developed after 2 

weeks in fresh cattle solids. Gunadi and Edwards (2003) studied the growth, 

fecundity and mortality of E. foetida in a range of different wastes (cattle manure 

solids, pig manure solids and super market waste) for more than one year. They 

concluded that worms could not survive in fresh cattle solids, pig solids, fruit 

wastes and vegetable wastes. The growth of E. foetida was found faster in pig 

wastes than in cattle waste. The multiple additions of substrates prolonged the 

fecundity of worms, but there was a tendency of decreasing of the weight by 

worms after 60 weeks of the experiment (Gunadi and Edwards, 2003).  

According to Garg et al (2005), the waste materials strongly influenced 

the biology of E. foetida.  Trend in the number of cocoons produced per 

earthworm per day in different animal waste was monitored apparently from 

the most contributor to the lowest one; sheep > cow ≈ horse ≈ goat > cameinl > 

donkey > buffalo. Similarly, in the present study juvenile stage had the trend of 

Newspaper > Hair > Kitchen Waste> Garden Waste> Eggshell > Mixed waste. 

However, mature earthworm followed the trend of Eggshell > Garden Waste > 

Mixed waste > Kitchen Waste > Newspaper > Hair waste. Figure 3 shows that 

the number of juvenile earthworm are more in Newspaper pot rather than the 

others, while the  number of  young earthworms are more in Kitchen waste 

pot ,meanwhile the population of full grown earthworm as in has shown in the 

graph is maximum in eggshell pot. This shows that the conditions (pH, 

temperature, moisture) for the earthworms are favorable throughout the period 

of experimentation. 

 

 
Fig.3. Growth response of earthworm (Eisenia foetida) in different types of vermicomposted 

waste 
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The nitrogen content of the substrate influences the growth patterns of the 

composting earthworms (Edwards, 1998; Suthar, 2007b). Suthar (2007a) 

summarised that the physiochemical and nutrient characteristics of feed stocks 

might be considered as an important factor related to earthworm growth. The 

nitrogen content and/or C:N ratio of the feed stock can influence the earthworm 

growth patterns in vermicomposting system (Suthar, 2007b). Earthworms 

biomass and cocoon production rate is directly related to the type of earthworm 

species as well as nature of worm feedstuff (Suthar and Ram, 2008). 

 

Conclusion 
 

Different types of organic waste showed different ability of degradation 

and producing valuable vermicast. E. foetida showed different ability to 

consume and convert the waste into vermicast. The different types of wastes 

show variation in their final compost characteristics. The hair waste shows the 

highest percentage of Nitrogen and the kitchen waste shows highest percentage 

of P and K. Study also shows that earthworm’s growth is also dependent on 

nature of feed material. Analyzing vermicompost obtained from different 

organic waste clearly indicates that it is a sustainable way for the management 

of biodegradable organic wastes. It helps in reducing the load on the landfill. 

Additionally, vermicomposting has a good potential for the organic farming in 

future. 
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