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Abstract:	 Epigeic earthworms are known to convert variety of organic wastes into useful products such as 
vermicompost, worm biomass and vermiwash. The present study was undertaken to know the potentiality of 
epigeic earthworms (Eudrilus	eugeniae, Eisenia	fetida and Perionyx	excavatus) in bio-processing of organic wastes 
for the production of worm biomass and vermicompost. Observations were made with respect to initial and final 
biomass of worms, biomass ratio, fold increase in worm number, per cent compost and vermicompost at various 
time intervals (30, 60 and 90 days) produced out of three epigeic earthworms. The gross biomass, biomass ratio 
and fold increase in worm number significantly (P< 0.05) varies with respect to different earthworms and at 30, 60 
and 90days time intervals. As the days increases (30, 60 and 90 days), the gross biomass, biomass ratio, fold 
increase in worm number, per cent compost and vermicompost were also increased over the time in all three 
species. The maximum worm biomass, fold increase in worm number and per cent vermicompost were noticed in 
cultures of E.	eugeniae followed by E.	fetida and P.	excavatus. The per cent vermicompost produced was directly 
proportional and positively correlated with gross biomass and fold increase in worm number over the time from 30, 
60 and 90 days in all three species. Hence, all three variety of epigeic earthworms can effectively be used in the 
production of quantity and quality worm biomass and vermicompost for pharmaceutical use and sustainable 
agricultural practices, respectively.
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______________________________________________________________________________________________________________

Introduction

Earthworms contribute significantly in 
managing various organic wastes for the 
production of useful products like 

vermicompost and worm biomass. Effective 
recycling of different organic wastes is a novel 
work towards organic waste management and 
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tackling many environmental problems 
(Ansari and Hanief, 2015). Earthworm’s 
transfers unavailable nutrients present in the 
organic matter of wastes into available forms 
necessary for plant growth through the 
process of mineralization by the help of 
saprophytic microorganisms present in the 
gut of earthworms (Ansari and Hanief, 2015). 

Vermitechnology is one of the valuable 
methods of converting organic wastes into 
useful products like vermicompost, worm 
biomass and vermiwash by using specialized 
epigeic and anecic earthworm species. The 
production of vermicompost and worm 
biomass varies with respect to different types 
of earthworms, food type and prevailing 
environmental conditions etc. 

Vermicomposting by different species of 
earthworms have been undertaken by various 
researchers using different organic wastes 
such as sewage sludge (Mitchell, 1977), pig 
manure (Chan and Griffiths, 1988), cotton 
industrial wastes (Albanell et	 al., 1988), 
industrial and vegetable wastes (Bano et	 al., 
1987) and paper mill wastes (Butt, 1993) etc. 
Vermicomposting is not only used as an 
alternative source of production of organic 
fertilizers, but it also provides economical 
animal feed protein in the form of worm 
biomass for fish and poultry industries 
(Edwards, 1985; Kale, 2000). 

The organic wastes generated in 
agricultural fields and gardens are abundant 
that are creating serious disposal problems 
and are the major sources of environmental 
pollution (Inbar et	al., 1993). All these wastes 
can be utilized as raw materials in 
vermitechnology for the production of 
vermicompost as well as worm biomass. 
Hence, the present study was undertaken to 

know the potentiality of different epigeic 
earthworms in production of worm biomass 
and per cent vermicompost cultured in cattle 
manure at various time intervals in 
uncontrolled room environmental conditions.

Materials	and	Methods

Collection	 of	 food	 and	 preparation	 of	 culture	
beds:	

Sufficient quantity of urine free cattle manure 
(CM) was brought, sun dried, powdered and is 
used for experimental purpose. The powdered 
cattle manure (CM) was sprayed with tap 
water in order to get moisture content of 
about 75-80% and kept it for a week for 
initiation of microbial degradation. 

Selection	of	suitable	earthworm	species:	

The selection of appropriate species of 
earthworm for vermicomposting is very 
important based on the adaptability to waste, 
minimal gut transit time, fast growth rate and 
high reproductive potential rate are some of 
the important qualities which must be present 
in earthworm species. At present, Eudrilus	
eugeniae (EE), Eisenia	fetida (EF) and Perionyx	
excavatus (PE) earthworms are used in our 
studies as these worms are voracious feeder 
and breeder throughout the year, extensively 
used for biodegradation of organic wastes and 
its management so as to produce valuable 
vermicompost and worm biomass for further 
use for different purposes.

Eudrilus	eugeniae
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Eisenia	fetida

Perionyx	excavatus

Inoculation	of	earthworms:	

Five sexually matured all three epigeic 
earthworms were isolated separately from 
stock culture and inoculated in each 
experimental culture pots after noting their 
weight. Simultaneously, to know the role of 
earthworms in vermicomposting, another set 
without earthworms served as control 
(compost) was maintained and per cent 
compost was also calculated at 30, 60 and 90 
days time intervals.

All culture containers of composts and 
vermicomposts of three different earthworm 
species at 30, 60 and 90 days time intervals in 
triplicates were maintained with sufficient 
food with daily sprinkling of required amount 
of tap water to import 70-75% moisture in 
uncontrolled room environmental conditions. 

Termination	of	experiments:	

All the experiments were terminated after 30, 
60 and 90 days time intervals. Observations 
were made with respect to number of old and 
new adult worms, subclitellets, juveniles, 
cocoons and their weight to determine the

worm biomass, biomass ratio and fold 
increase in worm number.

Gross biomass was calculated by adding 
weight of all new individuals of different 
stages including cocoons at the end of 
experiment gained by initial five inoculated 
adult worms. Biomass ratio increased from 
initial weight to final weight and fold increase 
in worm number from initial worms were also 
calculated. Per cent compost and 
vermicompost produced at the end of each 
experiments (30, 60 and 90 days) were also 
calculated by isolating degraded materials 
with the help of 0.2 mm sieve.

Statistical	analysis:	

Statistical analysis of the data and correlation 
co-efficient were carried out through ANOVA 
and Pearson’s correlation test, respectively by 
SPSS programme.

Results and	Discussion

Results of the present study with respect to 
production of gross biomass, biomass ratio, 
fold increase in worm number, per cent 
compost and vermicompost produced by 
three different epigeic earthworm species at 
30, 60 and 90 days time intervals were 
represented in the Table 1.

1.	Worm	biomass:

The gross biomass, biomass ratio and fold 
increase in worm number of all three species 
increased drastically from 30, 60 and 90 days 
time intervals (Table 1). There is a positive 
correlation with increase in gross biomass, 
biomass ratio and fold increase in worm with 
number  of days (30,60 and 90 days) as the 
number of days increases, the gross biomass, 
fold increase in worm number also increases 
from 30 to 90 days periods. The mean gross 
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biomass of Eudrilus	 eugeniae,	 Eisenia	 fetida
and Perionyx	 excavatus	 are 7.47±0.17, 
13.75±0.66, 18.34±0.30; 3.95±0.00, 8.57±0.33, 
11.39±0.48 and 1.39±0.04, 2.78±0.03 and 
4.79±0.32 at 30, 60 and 90 days, respectively 
(Table 1; Fig. 1). Similarly, the biomass ratio is 
1:1.79±0.30, 1:3.29±0.14 and 1:4.60±0.16; 
1:1.97±0.00, 1:4.18±0.15 and 1:5.32±0.21 and 
1:1.42±0.04, 1:2.97±0.02 and 1:5.13±0.38 
from initial weight to final weight (Table 1; 
Fig. 2). There is a drastic increase in 
fold increase in worm number from initially 
inoculated earthworms at 30, 60 and 90 
days which are 8.66±0.33, 21.00±0.57 and

39.33±1.76; 5.66±0.33, 13.00±0.57 and 
26.00±1.76 and 2.66±0.33, 11.66±0.57 and 
19.33±2.18 in Eudrilus	eugeniae,	Eisenia	fetida
and Perionyx	excavatus, respectively (Table 1; 
Fig. 3). The maximum gross biomass and fold 
increase in worm number are noticed in 
Eudrilus	 eugeniae	 (18.34±0.30 and 
39.33±1.76) followed by Eisenia	 fetida	
(11.39±0.48 and 26.00±1.76) and Perionyx	
excavatus	 (4.79±0.32 and 19.33±2.18), 
whereas biomass ratio is more in 
EF (1:5.32±0.21) followed by PE 
(1:5.13±0.38) and EE (1: 4.60±0.16) cultured 
in cattle manure at 90 days period.

Table 1: Gross biomass, biomass ratio, fold increase in worm number and per cent compost and vermicompost 
produced by three epigeic earthworms at various time intervals (30,60, and 90 days) cultured in cattle manure 
and their significant value (P<0.05) among different species

Data are in Mean± SE
IW: Initial weight, GBW: Gross biomass weight, FIWN: Fold increase in worm number 

SI.	
No.

Earthworm	
species

Periods		
(days)

Parameters
Gross	

biomass
Biomass	
ratio

(IW:GBW)

FIWN %	
Vermicompost

%	
Compost

1 Eudrilus	
eugeniae

30 7.47±0.17 1:1.79±0.03 8.66±0.33 61.66±1.66 24.50±0.28

60 13.75±0.66 1:3.29±0.14 21.00±0.57 100±0.00 33.83±1.01

90 18.34±0.30 1:4.60±0.16 39.33±1.76 100±0.00 53.50±0.76

2 Eisenia	
fetida

30 3.95±0.00 1:1.97±0.00 5.66±0.33 43.33±1.66 24.50±0.28

60 8.57±0.33 1:4.18±0.15 13.00±0.57 68.33±1.66 33.83±1.01

90 11.39±0.48 1:5.32±0.21 26.00±1.76 90.00±0.00 53.50±0.76

3 Perionyx	
excavatus

30 1.39±0.04 1:1.42±0.04 2.66±0.33 35.00±0.00 24.50±0.28

60 2.78±0.03 1:2.97±0.02 11.66±0.57 65.00±0.00 33.83±1.01

90 4.79±0.32 1:5.13±0.38 19.33±2.18 75.00±0.00 53.50±0.76

4 F-value F=274.14 F=73.19 F=97.18 F=573.83 F=388.00

5 P-value P=0.00 P=0.00 P=0.00 P=0.00 P=0.00
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Fig. 1: Gross biomass (Mean ± SE) produced by different epigeic earthworms at various time intervals (30, 60 
and 90 days)

Fig. 2: Biomass ratio (Mean ± SE) observed in different epigeic earthworms at various time intervals (30, 60 and 
90 days)
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Fig. 3: Fold increase in worm number (FIWN) by different epigeic earthworms at various time intervals 
(30, 60 and 90 days)

Results revealed that there is a significant 
difference in gross biomass, biomass ratio and 
fold increase in worm number among all three 
species at different time intervals (30, 60, 90 
days) (Table 1). There is no significant 
variation in gross biomass between 30 days 
EF and 90 days PE and between 30 and 60 
days PE (Table 2). Similarly, there is no 
significant difference in biomass ratio 
between 30 and 90 days EE and 30 and 60 
days EF, respectively. Whereas no significant 
variation is observed in FIWN between 30 
days EE and EF and 30 and 60 days of EE and 
60 and 90 days PE,  respectively and also 
between 30 and 60 days EF and 30 and 60 
days PE, respectively (Table 2).

There is a drastic variation in the gross 
biomass, biomass ratio and fold increase in 
worm number between different epigeic 
earthworm species at various time intervals 
(30, 60 and 90 days). It was more in EE 
followed by EF and PE, this variation may be 
due to difference in their feeding and breeding 
habit, growth pattern, life cycle, adjustment to 
available food materials, individual 

reproductive capability and congenial 
environmental conditions etc.

Reinecke et	 al. (1992) and Viljoen and 
Reinecke (1994) have noticed variations in 
growth rate and cocoon production with 
respect to different earthworm species and 
also with different organic wastes, EE, EF and 
PE cultured in cow dung for a total period of 
one year increased at the rate of 12 
mg/worm/day, 7 mg/worm/day and 3.5 
mg/worm/day, respectively. Kale and 
Krishnamoorthy (1981) have reported that 
the nature of available food source influences 
worm activity. Likewise, Reinecke and Venter 
(1985) have also noticed increase in worm 
biomass with the feeding activities of the 
worms. Suthar (2011) studied biomass 
growth pattern in Allolobophora	 parva	 and
noticed that there is a consistent trend of 
rapid biomass increase up to 13th weeks, 
thereafter a marked gradual decline in 
individual biomass.

The quality and palatability of food 
directly affect the survival, growth rate 
and reproductive potentiality of earthworms 
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Table 2: Significant variation (P<0.05) between gross biomass, biomass ratio, fold increase in worm number 
and % compost and vermicompost produced by different epigeic earthworms cultured in cattle manure at 
various time intervals (30,60 and 90 days)

1.	Gross		biomass:

Earthworm  species Eudrilus	eugeniae Eisenia	fetida Perionyx	excavatus

Time 30 60 90 30 60 90 30 60 90

Eudrilus	eugeniae 30 - 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00

60 0.00 - 0.00 0.00 0.00 0.00 0.00 0.00 0.00

90 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 0.00

Eisenia	fetida

30 0.00 0.00 0.00 - 0.00 0.00 0.00 0.02 0.09

60 0.03 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00

90 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00

Perionyx	excavatus

30 0.00 0.00 0.00 0.00 0.00 0.00 - 0.09 0.00

60 0.00 0.00 0.00 0.02 0.00 0.00 0.09 - 0.00

90 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.00 -

2.	Biomass	ratio:

Earthworm species Eudrilus	eugeniae Eisenia	fetida Perionyx	excavatus

Time 30 60 90 30 60 90 30 60 90

Eudrilus	eugeniae

30 - 0.00 0.00 0.47 0.00 0.00 0.14 0.00 0.00

60 0.00 - 0.00 0.00 0.00 0.00 0.00 0.20 0.00

90 0.00 0.00 - 0.00 0.10 0.00 0.00 0.00 0.04

Eisenia	fetida

30 0.47 0.00 0.00 - 0.00 0.00 0.03 0.00 0.00

60 0.00 0.00 0.10 0.00 - 0.00 0.00 0.00 0.00

90 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.46

Perionyx	excavatus

30 0.14 0.00 0.00 0.03 0.00 0.00 - 0.00 0.00

60 0.00 0.20 0.00 0.00 0.00 0.00 0.00 - 0.00

90 0.00 0.00 0.04 0.00 0.00 0.46 0.00 0.00 -
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3. Fold	increase	in	worm	number	(FIWN):

Earthworm species Eudrilus	eugeniae Eisenia	fetida Perionyx	excavatus

Time 30 60 90 30 60 90 30 60 90

Eudrilus	eugeniae

30 - 0.00 0.00 0.08 0.01 0.00 0.00 0.17 0.00

60 0.00 - 0.00 0.00 0.00 0.00 0.00 0.00 0.32

90 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 0.00

Eisenia	fetida

30 0.08 0.00 0.00 - 0.00 0.00 0.08 0.00 0.00

60 0.01 0.00 0.00 0.00 - 0.00 0.00 0.24 0.00

90 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00

Perionyx	excavatus

30 0.00 0.00 0.00 0.08 0.00 0.00 - 0.00 0.00

60 0.17 0.00 0.00 0.00 0.24 0.00 0.00 - 0.00

90 0.00 0.32 0.00 0.00 0.00 0.00 0.00 0.00 -

4. Per	cent	compost	and	vermicompost:

Earthworm 
species

Eudrilus	eugeniae Eisenia	fetida Perionyx	excavatus Compost

Time 30 60 90 30 60 90 30 60 90 30 60 90

Eudrilus	
eugeniae

30 - 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00

60 0.00 - 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

90 0.00 1.00 - 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Eisenia	
fetida

30 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

60 0.00 0.00 0.00 0.00 - 0.00 0.00 0.02 0.00 0.00 0.00 0.00

90 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 0.00

Perionyx	
excavatus

30 0.00 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.38 0.00

60 0.02 0.00 0.00 0.00 0.02 0.00 0.00 - 0.00 0.00 0.00 0.00

90 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00
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(Suthar, 2009, 2010). Kale and 
Krishnamoorthy (1978) have also reported 
that each species of earthworms have 
different preferences towards organic matter 
among various wastes. The cocoon production 
was affected by various food sources as the 
cumulative cocoon number was increased in 
Perionyx	 excavatus with the increase in the 
age of food substrates (Birundha et	al., 2013).

Swatti and Vikram Reddy (2010) have 
observed that the net individual weight and 
the total biomass gain were higher in PE 
compared to that of EF and EE in Market 
waste (MW) and Floral waste (FW). 
Ranganathan and Parthasarathi (1999) 
reported that the kind and amount of food 
materials available will influence the size of 
the earthworm population, species diversity, 
growth and fecundity. They also mentioned 
that earthworms require food rich in nitrogen, 
cellulose and microorganisms for their growth 
and reproduction.

2.	Per	cent	compost	and	vermicompost:

The per cent compost and vermicompost 
produced were gradually increased from 30, 
60 and 90 days time intervals in all the 
experimental sets. The per cent compost 
produced at 30, 60 and 90 days is 24.50%, 
33.83% and 53.50%, respectively. Likewise, 
per cent vermicompost produced by Eudrilus	
eugeniae,	Eisenia	fetida and Perionyx	excavatus
are 61.66, 100 and 100; 43.33, 68.33 and 
90.00% and 35.00, 65.00 and 75.00%, 
respectively. 

There is a significant variation between 
and among normal per cent compost and 
vermicompost produced by different epigeic 
earthworms (Table 1, Fig. 4) at various time 
intervals. Among per cent vermicompost, 

there is no significant difference between 60 
and 90 days of EE and between 30 days PE-VC 
and 60 days normal compost (Table 2). 

The % vermicompost produced was 
positively correlated or directly proportional 
with gross biomass of worms and fold 
increase in worm number over the time from 
30, 60, and 90 day’s time intervals cultured in 
cattle manure as this is known to be the best 
food for epigeic earthworms (Table 3).

Vermicomposting is a process of 
stabilization of organic material involving the 
joint action of earthworms and 
microorganisms, wherein microbes are 
responsible for biochemical degradation of 
organic matter, while, earthworms are 
important drivers of vermicomposting 
process, conditioning the substrate and 
altering the biological activity (Aira et	 al., 
2002)

Production of per cent vermicompost was 
comparatively more in all three epigeic 
earthworm species than that of normal per 
cent compost at different time intervals; this 
may be due to the presence of earthworms 
and their feeding activities. Feeding activities 
of earthworms and microorganisms present in 
the gut may decrease the time of stabilization 
of organic wastes and produced value added 
vermicompost in the form of organic fertilizer.

Vermicomposting through earthworms is 
an eco-biotechnological process that 
transforms energy rich and complex organic 
substance into a stabilized end product called 
vermicompost (Benitez et	al., 2000). Gosh et	
al. (1999) expressed the usage of epigeic 
earthworms in vermicomposting process 
and it has increased the production of a better 
quality of vermicompost significantly as 



94

Table 3: Pearson’s correlation co-efficient between gross biomass (GB) and fold increase in worm number 
(FIWN) and per cent vermicompost (VC) produced by different epigeic earthworms

Particulars EE-VC EF-VC PE-VC

EE-GB +0.907 - -

EF-GB - +0.995 -

PE-GB - - +0.919

EE-FIWN +0.805 - -

EF-FIWN - +0.994 -

PE-FIWN - - +0.973

GB-Gross biomass, FIWN-Fold increase in worm number, VC: vermicompost

Fig. 4: Per cent compost and vermicompost produced by different epigeic earthworms at various time intervals 
(30, 60 and 90 days)
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compared with those produced  through 
traditional composting methods.

Compost and vermicompost are the end 
products of aerobic composting and 
vermicomposting process, among these, 
vermicompost possess higher and more 
soluble level of major nutrients (Bansal and 
Kapoor, 2000; Singh and Sharma, 2002; Reddy 
and Okhura, 2004).

Swatti and Vikram Reddy (2010) have 
recorded composting and vermicomposting of 
two wastes MW (Market waste) and 
FW(Floral waste), higher mass reduction of 
MW in the vermicompost processed by EE 
(75%) followed by EF (63%) and PE (50%) as 
compared to that of compost (26%), whereas 
in FW the mass reduction was higher (83%) in 
vermicompost produced by EE, 67% by  EF, 
56% in PE and only 30% in sole compost was 
observed.

The cow dung used as an inoculants in the 
vermicomposting process that enhances the 
quality of feeding resources by attracting 
earthworms and accelerated the breakdown 
of organic wastes resulting in the decrease of 
C:N ratio by increasing certain nutrients 
(Kitturmath et	 al., 2007; Gupta and Garg, 
2009).

Conclusion

Disposal and management of organic waste 
materials including dung is a serious issue in 
our country and the fertilizer values are not 
properly utilized resulting in the loss of many 
more nutrients. Vermitechnology is an eco-
biotechnological process used to convert wide 
variety of organic wastes including animal 
dung through recycling and reutilization of 
precious organic wastes bringing about 

bioconversion and bio-vitalization of natural 
resources and would lead to aero waste 
technology. 
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