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ABSTRACT 
In the present study, the use of bioinoculants (Azotobacter chroococcum, Penicillium chrysogenum and P. funiculosum) in vermicom-
posting using an epigeic earthworm, Eisenia fetida, to transform the organic fraction of municipal solid waste (MSW) into valuable 
vermicompost, was explored. The organic fraction of MSW, when mixed with leaf litter (4:1), was treated with bioinoculants and 
processed for use as a vermicompost. Various biochemical parameters such as total organic carbon (TOC), total Kjeldhal nitrogen (TKN), 
EC, pH, available phosphorus (P), available potassium (K), cellulose, hemicelluloses and lignin were analyzed. The number of earth-
worms and the percentage nitrogen, P and K in vermicompost increased while pH and TOC declined as a function of the vermicomposting 
period. A 14-60% increase in TKN was observed in different microbial combinations at the end of the vermicomposting period. Available 
P increased 1.4- to 9.5-fold in different feed mixtures in comparison to the control. TOC was most reduced in the E. fetida treatment 
inoculated with a combination of Azotobacter chroococcum and Penicillium chrysogenum (37.2%) followed by A. chroococcum (36.1%) 
and A. chroococcum + P. funiculosum (33.8%). Analysis of three enzymes (�-glucosidase, phosphatase and urease) also showed better 
results in the E. fetida treatment together with all microbial combination than the control. �-glucosidase showed a significant increase 
(51%) while urease decreased sharply during the process. Vermicomposting using E. fetida + bioinoculants (A. chroococcum + P. chryso-
genum) is a suitable technology for the decomposition of different types of organic wastes (domestic and industrial) into value-added 
material. 
_____________________________________________________________________________________________________________ 
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INTRODUCTION 
 
Urban populations are increasing worldwide with a conco-
mitant increase in waste. In India, there are few landfill 
sites and the most common method of disposing such 
wastes is to haphazardously dump them in low-lying areas 
on the outskirts of towns. This has serious environmental 
impacts: Soil and water pollution, emission of methane, 
communicable diseases and creation of obnoxious and un-
hygienic conditions (Rao and Shantaram 1996). Biological 
contaminants are also found in municipal solid waste 
(MSW) and pathogens are likely to come from dirty dis-
carded cloth, faeces of domestic animals, sanitary tissue 
papers or putrifying food (Pehren and Clark 1987). In ad-
dition, the use of chemical fertilizers and pesticides in 
agriculture deplete soils of indigenous nutrients and organic 
matter, and result in wide-scale surface and groundwater 
contamination (DeLuca and DeLuca 1997; Fauziah and 
Agamuthu 2009). Nonetheless, the loss of soil organic 
matter due to intensive agricultural practices is responsible 
for a decrease in soil fertility (Rasmunsen and Collins 1991; 
Adi and Noor 2009). The most common practice to pre-
serve and/or restore soil fertility is to add organic matter 
(Costa et al. 1991), which preferentially, should be suffici-
ently stabilized – biochemically – to produce beneficial 
effects (Gallardo and Nogales 1987; Mathur et al. 1993). In 
India, MSW is composed of about 43.95% vegetative matter 
(paper, fruits and vegetables waste, food waste, etc.) and is 
generally termed compostable MSW (CPCB 2000). Thus, 

to obtain sufficient organic soil amendments, considerable 
research efforts have been made in recent years to investi-
gate and develop various processes of organic matter sta-
bilization and management. 

Vermicomposting is well known for stabilizing different 
natural and anthropogenic wastes (Kale et al. 1982; Elvira 
et al. 1996; Edwards 1998; Singh and Sharma 2002). It is 
an aerobic, bio-oxidative, stabilizing, non-thermophilic pro-
cess of organic waste decomposition that employs earth-
worms to fragment, mix and promote microbial activity 
(Gaundi et al. 2003). Although microbes are responsible for 
the biochemical degradation of organic matter, earthworms 
are the important drivers of the process, conditioning the 
substrate and altering its biological activity. The earthworm 
gut, which serves as a bioreactor, provides a suitable envi-
ronment for the multiplication of microbes. Earthworms 
transform energy-rich and complex organic substances into 
a stabilized humus-like product called vermicompost which 
contains most nutrients in plant-available forms as well as 
plant growth-promoting substances like cytokinins and 
auxins (Krishnamoorthy and Vajrabhiah 1986) and consis-
tently promote biological activity for germination, plant 
growth, flowering and better yield. However, there is an in-
herent risk in the use of unhygienic compost prepared from 
the organic fraction of MSW (Engeli et al. 1993; Arancon et 
al. 2005). 

Lignin is the most recalcitrant material present in or-
ganic wastes and hardest to degrade in the composting pro-
cess (Manna et al. 2003). However, some higher fungi have 
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the ability to degrade lignin; Phanerochaete chrysosporium 
is considered to be the most effective lignin-decomposing 
white-rot fungus (Chahal 1994). Moreover, earthworms 
necessarily have to feed on microbes, particularly fungi, for 
their protein/nitrogen (N) requirements in reproduction and 
growth (Parthasarthi and Ranganathan 1999). Trichoderma 
viridae, which produces cellulase and has copper-bio-
accumulating ability (Anand et al. 2006), is also considered 
to be a consistently effective inoculant for composting 
(Bhardwaj and Gaur 1985). Singh and Sharma (2002, 2003) 
reported that the inoculation of N-fixing bacteria during 
composting increased the N content of a stabilized product 
but the N-fixing ability of bacteria depended on the organic 
waste used (Beauchamp et al. 2006). Some fungi may be 
able to solubilise phosphate and can improve the phos-
phorous (P) nutrition of plants and thus stimulate plant 
growth. Penicillium radicum, a phosphate-solubilising fun-
gus has shown promise in promoting plant growth (White-
law et al. 1999). All the microbes present in organic wastes 
are not killed during passage through the earthworm gut 
(Hendrikson 1990); in fact, the microbial population in-
creases in the ejected material (Fischer et al. 1997). There-
fore, microorganisms could be used as inoculants in vermi-
composting. The total amount of bacteria in linings and 
earthworm casts is higher than in surrounding bulk soil (Ed-
wards and Fletcher 1988; Fisher et al. 1995). Vermiculture 
beds with the bacterium Acinetobacter calcoaceticus stimu-
lated earthworm growth and the consumption of cow slurry 
(Hand et al. 1988). 

Hence, the quality of a vermicompost depends on vari-
ous factors, but mainly on the nature of the substrate (or-
ganic residue), the earthworm species used and the role and 
efficiency of dominating microorganisms in the process 
(Singh and Sharma 2003; Sharma et al. 2005). Therefore, it 
is necessary to evaluate the efficacy of biocontrol agents 
like Penicillium sp. not only in accelerating the decomposi-
tion process but also in obtaining pathogen-free quality 
compost. The quality of the final product (i.e., vermicom-
post) can be ascertained by assessing its enzymatic activity 
and specific chemical and microbial characteristics such as 
total organic carbon (TOC), total Kjeldahl nitrogen (TKN), 
C:N ratio, P and potassium (K) content, cellulose, hemicel-
luloses and lignin content, humic acid content, etc. It would 
also help by understanding the dynamics of vermicom-
posting. Biochemical parameters, especially enzymatic acti-
vity, are indicators of the advancement of the composting 
process (Benitez et al. 2005; Pramanik and Chung 2010). 
However, literature on their evaluation during vermicom-
posting is still scanty. The application of vermicompost 
enhances the microbial and enzymatic activity of soils (Aira 
et al. 2007). Syers and Springett (1984) found that an in-
crease in the number of bacteria and actinomycetes resulted 
in enhanced phosphatase activity in earthworm (Lumbrici-
dae) casts. Extracellular enzyme activity may increase 
during vermicomposting of wastes due to the continuous 
accumulation of cell-released (extracellular) enzymes in 
humic matter, which become stabilized and resistant to phy-
sical and microbial degradation (Benitez et al. 2000; Singh 
and Sharma 2003; Sharma et al. 2005). 

Thus, the aim of this study was to investigate the effect 
of bioinoculants on earthworms and subsequently on the 
quality of vermicompost and on enzymatic activities during 
the vermicomposting of compostable MSW. 

 
MATERIALS AND METHODS 
 
Experimental layout 
 
The MSW from the residential and hostel areas of IIT Delhi was 
first collected at a waste collection site and then segregated manu-
ally into recyclable and organic fraction/compostable fractions. In 
this study, only the compostable fraction was used in experiments. 
The organic fraction of MSW, together with a mixture of leaf litter 
(4: 1), was selected as a substrate. The leaf litter included the dry 
leaves of Leucaena leucocephala and Morus alba. Penicillium 

funiculosum and P. chrysogenum were cultured and then sub-
cultured on potato dextrose agar (PDA) at 28°C for 7 days then 
transferred to potato dextrose broth and grown at the same con-
ditions. Azotobacter chroococcum was cultured on Jensson’s agar 
at 28°C for 24 h then transferred to Jensson’s broth and incubated. 
7-days-old P. funiculosum, P. chrysogenum and 24-h-old A. chroo-
coccum were inoculated in each treatment combination using 50 
mL of each broth culture/kg of organic wastes. These pot bioreac-
tors were maintained in this state for 10 days. Each treatment was 
repeated three times. 

The most widely used earthworms for vermicomposting in 
India, Eisenia fetida, were obtained from an earthworm culture pit 
in Micromodel, IIT Delhi, where they had been cultured for the 
last 5 years. Initially, the species was collected from the culture 
bank of Gandhi Krishi Vignana Kendra, Bangalore. 

The experiments were conducted in bioreactors (plant pots), 
each with a capacity of 1 kg of waste with a small hole at the 
bottom. One kg of organic MSW was placed in each pot and 10 
healthy earthworms of the same size, each weighing 0.6-0.7 g, 
were introduced to the vermicomposting substrates. The treat-
ments tested were: T1: Ef (Eisenia fetida); T2: Ef+Pf (E. fetida + 
Penicillium funiculosum); T3: Ef+Pc (E. fetida + Penicillium 
chrysogenum); T4: EF+Ac (E. fetida + Azotobacter chroococ-
cum); T5: Ef+Ac+Pf (E. fetida + A. chroococcum + P. funiculo-
sum); T6: Ef+Ac+Pc (E. fetida + A. chroococcum + P. chryso-
genum). 

The moisture content of the substrates was maintained 
between 70 and 80% throughout the vermicomposting period and 
the pots were maintained in darkness at room temperature. The 
ambient temperature recorded was between 28 and 35°C during 
the experimental period. During the vermicomposting period (60 
days), the number of earthworms was counted every 20 days. The 
substrate in the bioreactors was removed, earthworms were selec-
ted by hand, counted and the mean of three replicates was used to 
express the results. After properly mixing of the content in the 
treatments, a sample of organic substrates was removed for analy-
sis every 20 days. Then, all earthworms and substrates were re-
turned to the bioreactor. Substrate samples collected during the 
vermicomposting period and at the end of the experimental period 
were stored in plastic vials at 40°C until chemical and biochemical 
analyses. 

 
Chemical analysis 
 
The chemical analysis of substrates and vermicompost samples, 
collected after every 20 days, was performed: TOC (Walkey and 
Black 1934); TKN (Singh and Pradhan 1981); cellulose, hemicel-
lulose and lignin content (Dutta 1981). EC and pH were analysed 
by an EC and pH meter (2004 model, Scientific Systems), respec-
tively. Available K was estimated by using ammonium acetate in a 
flame photometer (128, Systronics) while available P was deter-
mined using ammonium molybdate with a spectrophotometer 
(UV–160 A, Shimadzu) (Bray and Kurtz 1945). 

 
Biochemical analysis 
 
The activity of hydrolases (�-glucosidase, phosphatase and urease) 
was determined using a spectrophotometer (UV–160 A, Shi-
madzu) as described by Thimmaiah (2004). �- glucosidase (EC 
3.2.1.21) activity was assessed by measuring the amount of aglo-
cone. Folin-Ciocalteu reagent specifically reacts with the phenol 
moiety and in the presence of sodium carbonate, forms a chro-
matic complex which was measured by a spectrophotometer at 
650 nm. Urease (EC 3.5.1.5) activity was determined by mea-
suring the amount of NH3 formed, which was measured by a spec-
trophotometer at 630 nm after the formation of indophenol blue. 
Phosphatase (EC 3.1.3.1) activity was measured by using the sub-
strate p-nitrophenol phosphatase and by measuring the amount of 
p-nitrophenol formed by hydrolytic activity of the enzyme spectro-
photometrically at 450 nm and pH 8. 
 
Statistical analysis 
 
All the reported data are the means of three replicates with stan-
dard deviations. Significant differences among the means of dif-
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ferent bioinoculants inoculated for vermicomposting were esti-
mated using Duncan’s multiple range test (DMRT) at P < 0.05 
using SPSS ver 16.0. 
 
RESULTS AND DISCUSSION 
 
In view of the results obtained from previously lab-level 
trials and culture experiments related to the compatibility of 
efficient microbes with earthworms, these studies on the 
vermicomposting of compostable MSW were initiated. 
Various parameters to assess vermicomposting efficiency 
were analyzed. 

 
Physiochemical characteristics of the substrate 
used for vermicomposting 
 
The substrate, comprising of an organic fraction of MSW 
and leaf litter in a 4:1 ratio, was prepared and analyzed for 
its physico-chemical properties before the earthworms and 
bioinculants were introduced into it. The percentage of TOC, 
TKN, P and K was found to be 31.3, 1.23, 0.21 and 0.32%, 
respectively. The organic waste was highly lignocellulosic 
because of the higher percentage of cellulose (33.1%), 
hemicellulose (28.4%) and lignin (18.4%). The waste was 
slightly acidic (pH 6.1) in nature with a suitable moisture 
content (65.3%) (Table 1). 

 
Earthworm development 
 
The effect of bioinoculants on growth of E. fetida during 60 
days’ vermicomposting of compostable MSW is shown in 
Table 2. In some cases mortality of earthworms was ob-
served after 20 days. The non-homogenous nature and pre-
sence of some toxic metals in MSW (Garcia et al. 1993a) 
might not have supported earthworm growth in the sub-
strates initially and caused mortality. The maximum number 
of E. fetida (59.3) was observed in the substrates inoculated 
with A. chroococcum. The presence of A. chroococcum in 
these substrates might be a reason for their survival. These 
results are supported by initial studies by Kaviraj and 
Sharma (2003) which suggested that a higher number of 
earthworms when inoculated with A. chroococcum in the 
substrate. There is evidence that some earthworms utilize 
microorganisms in their gut as a source of food (Edwards 
and Bohlen 1996; Edwards 1998) and that microorganisms 
provide a source of nutrients for earthworms with fungi as a 
major source and bacteria as a minor source (Edwards and 
Fletcher 1988). Earthworms necessarily have to feed on 
microbes, particularly fungi, for their protein/nitrogen re-
quirement and for their reproduction and growth (Partha-
sarathi and Ranganathan 2000; Pattnaik and Reddy 2009). 

 
Total organic carbon 

 
The data pertaining to the role of different combinations of 
bioinoculants in vermicomposting on reduction of TOC in 
substrates is provided in Table 3. The loss in TOC in all 
substrates using bioinoculants was significantly higher (P < 
0.05) than the control (without bioinoculants). Maximum 
reduction in the percentage of TOC (16.7%) was observed 
in the substrate inoculated with A. chroococcum and P. 
chrysogenum along with E. fetida, i.e., T6. Here, a higher 
rate of mineralization might have been related to the higher 
number of earthworms in these substrates since earthworms 
are reported to increase the rate of mineralization of organic 
substrates (Singh and Sharma 2002; Kaviraj and Sharma 
2003). When organic waste passes through the intestine of 
an earthworm, suitable conditions for a microorganism’s 
growth results in microbial degradation of organic matter 
(Munnoli et al. 2000; Suthar 2009). 

Many researchers have already reported the loss of or-
ganic matter (TOC) in terms of CO2 in the process of aero-
bic fermentation and respiratory activity of earthworms and 
microorganisms (Senapati et al. 1980; Elvira et al. 1998). 
Our results corroborate those of Vinceslas and Loquet 

(1997), who reported a loss in TOC from 26 to 45% during 
vermicomposting. In the present study, the loss in TOC was 
approximately 45% in the final vemicompost. 

 
Total Kjeldahl nitrogen 
 
The loss of dry mass (organic carbon) in terms of CO2 as 
well as water loss by evaporation during mineralization of 
organic matter (Viel et al. 1987) might have determined the 
relative increase in the percentage of TKN in the substrate 
during vermicomposting (Fig. 1A). The maximum increase 
of N (3.35%) was observed in the substrate inoculated with 
A. chroococcum and P. chrysogenum along with E. fetida 
(T6). The inoculation of Azotobacter in these combinations 
might have been a reason for the significant (P < 0.05) en-
hancement in percentage of N over other treatments (with-
out bioinoculant). The inoculation of individual bioincu-
lants was less effective than the combinations in terms of 
the percentage decrease of TOC and increase in NPK res-
pective to the treatment with earthworms (i.e., T2). 

Many studies have reported accelerated decomposition 
and improved N content in compost due to inoculation of 
Azotobacter (Singh and Sharma 2002, 2003; Edwards 2004; 
Saha et al. 2008). However, in general, the final N content 
in vermicompost is dependent on initial N present in the 
waste and the extent of decomposition (Crawford 1983; 
Gaur and Singh 1995; Suthar and Singh 2008) but also on 
the addition of N in the form of mucus, nitrogenous excre-

Table 1 Characterization of the substrate used for vermicomposting. 
Parameters Values (%) 
TOC 31.3 ± 2.1 
TKN 1.23 ± 0.12 
P 0.21 ± 0.02 
K 0.32 ± 0.04 
Cellulose 33.1 ± 3.2 
Hemicellulose 28.4 ± 1.3 
Lignin 18.4 ± 1.5 
pH 6.1 ± 0.4 
EC 1.23 ± 0 

Moisture 65.3 ± 2.0 
All values are in percentage except EC (ms/cm) and pH 

 
Table 2 Effect of various bioinoculants on number of earthworms (juve-
niles) in municipal solid waste as substrate. 

Number of earthworms Bioinoculant
Day 0 
(earthworms
introduced)

20th day 40th day 60th day 

Ef 10 9.3 ± 0.4 b 23.1 ± 3.6 b 51.3 ± 8.4 b
Ef+Pf 10 9.6 ± 0.2 b 22.3 ± 4.2 b 52.6 ± 5.4 b
Ef+Pc 10 9.0 ± 0.6 b 23.3 ± 1.4 b 53.3 ± 4.6 b
Ef+Ac 10 10.0 ± 2.2 a 26.3 ± 2.4 a 59.3 ± 3.4 a
Ef+Ac+Pf 10 9.6 ± 0.4 b 24.4 ± 4.1 b 58.0 ± 6.2 a
Ef+Ac+Pc 10 9.6 ± 0.6 b 28.2 ± 3.1 a 58.0 ± 2.2 a

Ef – E. fetida; Pf – P. funiculosum; Pc – P. chrysogenum; Ac – A. chroococcum. 
All values are mean ± SD of three replicates; Different letters within a column 
denote significant differences at P < 0.05 according to DMRT. 
 

Table 3 Effect of bioinoculants on percentage of TOC in vermicompost. 
Total Organic Carbon (%) Bioinoculant

Day 0 
(earthworms
introduced)

20th day 40th day 60th day 

Ef 10 28.7 ± 1.3 b 24.1 ± 1.1 b 20.0 ± 2.2 b
Ef+Pf 10 27.2 ± 0.2 a 24.4 ± 1.7 b 20.7 ± 3.2 c
Ef+Pc 10 27.4 ± 3.5 a 24.8 ± 0.5 b 18.2 ± 0.8 a
Ef+Ac 10 27.1 ± 1.2 a 22.2 ± 3.7 a 17.3 ± 1.2 a
Ef+Ac+Pf 10 26.6 ± 4.1 a 22.4 ± 2.7 a 17.6 ± 2.6 a
Ef+Ac+Pc 10 26.6 ± 3.1 a 23.2 ± 1.4 b 16.7 ± 2.1 a

Ef – E. fetida; Pf – P. funiculosum; Pc – P. chrysogenum; Ac – A. chroococcum. 
All values are mean ± SD of three replicates; Different letters within a column 
denote significant differences at P < 0.05 according to DMRT. 

 

91



Dynamic Soil, Dynamic Plant 6 (Special Issue 1), 89-95 ©2012 Global Science Books 

 

tory substances, growth-stimulating hormones and enzymes 
from earthworms (Tripathi and Bhardwaj 2004). These N-
rich biochemical substances were not already present in the 
substrate hence they may also have acted as additional 
amendment to enhance the N level. Senapati et al. (1980) 
also reported an enhanced level of N in a closed vermicom-
posting system. 

 
Available phosphorus and potassium 
 
The combination of A. chroococcum and P. chrysogenum 
(T6) when inoculated into substrate increased the percen-
tage of P as a consequence of the loss in TOC in the cor-
responding substrate (Fig. 1B). The inoculation of phos-
phate-solubilizing fungi P. funiculosum and P. chrysogenum 
into these substrates might have acted on the organic P and 
solubilized it into plant-available forms which might have 
led to enhanced P content. 

The existence of soil microorganisms capable of trans-
forming soil P to forms available to the plant has been re-
corded by many investigators (Kucey et al. 1989; Lazcano 
et al. 2008). Furthermore, inoculation of N-fixing bacteria 
(A. chroococcum), besides fixing N, could have possibly 
solubilized P due to production of organic acids and en-
zymes (Kumar and Narula 1999; Saha et al. 2008) and 
might have contributed to enhancing the P percentage. 
Laboratory studies, reviewed by Stevenson (1967), Kucey 
et al. (1989) and Bar-Yosef (1991), have shown that the 
solubilisation of soil phosphates is due to the excretion of 
organic acids by certain fungi. Fungi secrete organic acids 
and hence are reported to solubilise phosphate either by de-
creasing the pH or by complexing the cation which is bound 
to P. Moreover, there is also a rise in the P content during 
vermicomposting because of mineralization and mobiliza-
tion of P which is due to bacterial and faecal phosphatase 
activity of earthworms (Krishnamoorthy 1990; Bijaya et al. 
2007). Herein inoculation of A. chroococcum into these 
substrates increased the number of earthworms and sub-
sequently increased the rate of mineralization and also con-
tributed to a higher percentage of P. 

A remarkable increase in P (51%) and K (38%) content 
in P. excavatus-worked vermicompost of sugarcane trash 
and cow dung substrate, compared to the control, was re-
ported by Ramalingam and Thilagar (2000). The microflora 
influenced the level of available K and acid production by 
the micro-organisms, and is the major mechanism for solu-
bilizing insoluble K during vermicomposting (Fig. 1C). A 
maximum increase in exchangeable K (1.92%) was achieved 
in the substrate inoculated with A. chroococcum with P. 
chrysogenum along with E. fetida (T6). The enhanced num-
ber of microflora present in the gut of earthworms might 
have played an important role in the mineralization of K 
and increased K2O more than the control (Parthasarathi and 
Ranganathan 2000a). 

 
Effect of bioinoculants on the enzymatic activity 
during vermicomposting 
 
1. �-glucosidase activity 
 
�-glucosidase activity changed throughout the vermicom-
posting period (Table 4). After 40 days, the enzymatic 
activity in the substrates inoculated with bioinoculant com-
bination (A. chroococcum and P. chrysogenum (T6), A. 
chroococcum and P. funiculosum (T5), and A. chroococcum 
alone (T4)), showed almost complete stabilization of the 
substrates because much less enzymatic activity in these 
substrates was noted during the latter days i.e. after 60 days 
of experiment. 

Increasing enzyme activity reflects rapid mineralization 
by high microbial metabolism. The presence of a high 
percentage of degradable organic compounds, available in 
the organic fraction of MSW, might have stimulated en-
zyme synthesis (Ceccanti and Garcia 1994; Pramanik et al. 
2007; Pramanik and Chung 2010). �-glucosidase, which is a 

hydrolytic enzyme involved in the C cycle, showed a sharp 
increase during first 40 days in all substrates inoculated 
with bioinoculants. However, the enzymatic activity, after 
40 days, was highest in the substrate inoculated with A. 
chroococcum and P. chrysogenum along with E. fetida (T6) 
(213.6 μmol PNP/g/h). This suggests that �-glucosidase is 
synthesised and released during vermicomposting. This is 
probably related to an increase in �-glucosidase-inducing 

Table 4 Effect of bioinoculants on �-glucosidase activity during vermi-
composting. 

�-glucosidase μmol PNP g-1h-1 (135.6)* Bioinoculant
Day 0 
(earthworms 
introduced)

20th day 40th day 60th day 

Ef 10 145.4 ± 5.7 b 150.5 ± 7.8 a 149.1 ± 6.7 a
Ef+Pf 10 150.6 ± 9.4 b 185.6 ± 3.8 b 184.0 ± 3.8 b
Ef+Pc 10 151.2 ± 5.8 b 191.6 ± 6.6 b 190.3 ± 3.2 b
Ef+Ac 10 162.5 ± 8.9 c 194.5 ± 3.5 b 192.8 ± 2.3 b
Ef+Ac+Pf 10 171.3 ± 8.0 d 205.3 ± 8.9 c 201.5 ± 1.6 c
Ef+Ac+Pc 10 170.4 ± 8.5 d 215.4 ± 6.5 d 212.9 ± 2.7 d

Ef – E. fetida; Pf – P. funiculosum; Pc – P. chrysogenum; Ac – A. chroococcum. 
All values are mean ± SD of three replicates; Different letters within a column 
denote significant differences at P < 0.05 according to DMRT. 

Fig. 1 Effect of bioinoculants on percentage of TKN (A), P (B) and K (C) 
in vermicompost. Ef – E. fetida; Pf – P. funiculosum; Pc – P. chryso- 
genum; Ac – A. chroococcum. All values are mean ± SD of three rep-
licates. 
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substrates released during the biodegradation of these 
wastes and/or an increase in microbial growth that produces 
an increase in enzyme synthesis (Eivazi and Tabatabai 
1990; Pramanik et al. 2007; Lazcano et al. 2008). 

�-glucosidase activity decreased slightly after 60 days, 
indicating that there was a decrease in microbial growth as 
a consequence of a decrease in organic matter (Garcia et al. 
1993a, 1993b) and/or that microorganisms reduced enzyme 
synthesis due to decomposition of available substrates. 
However, the possibility that enzyme synthesis is repressed 
by particular metabolites or heavy metals, present in MSW, 
should not be ignored (Burns 1978). 

 
2. Phosphatase activity 
 
The inoculation of microorganisms into the substrates has-
tened the enzymatic activity of phosphatase and maximum 
activity (390.7 μmol PNP/g/h), observed with the inocula-
tion of A. chroococcum and P. funiculosum along with E. 
fetida (T6) (Table 5). Phosphatases are enzymes with rela-
tively broad specificity, capable of hydrolyzing various 
organic phosphate esters. The faster rise in phosphatase ac-
tivity between 20 and 40 days, in two substrates i.e. com-
postable MSW with A. chroococcum with P. chrysogenum 
(T6) and compostable MSW with A. chroococcum and P. 
funiculosum (T5), might have been due to the increase of 
earthworm total biomass which stimulated microbial meta-
bolism. Microbes, when entering earthworm guts, consume 
nitrogenous compounds of the mucus (Zhang et al. 2000), 
which largely increase their activity, which in turn enables 
them to contribute enzymes in the digestive processes of the 
earthworms. 

 Our results are corroborated by those of Benitez et al. 
(2005), who reported similar pattern of phosphatase activity 
during vermicomposting of sewage sludge employing E. 
fetida. Extracellular phosphatase activity increased until 40 
days of vermicomposting, coinciding with the beginning of 
the depletion of earthworm biomass (Benitez et al. 2002). 
This suggests that earthworms and microorganisms had 
consumed the main P-cycle metabolizable substrates, indi-
cating a relationship between the increase in microbial acti-
vity and the accumulation of phosphatase enzyme in the 
compost processing. After that, phosphatase activity de-
creased, showing similar values at the initial and final sta-
ges of vermicomposting. 

 
3. Urease activity 
 
The activity of urease, which catalyses the hydrolysis of 
urea to CO2 and NH4

+, decreased very rapidly until 40 days 

then remained more or less stable in the bioinoculated sub-
strates (Table 6). After 60 days, minimum urease activity 
(50.7 μmol NH3/g/h) was observed in the substrate inocu-
lated with A. chroococcum and P. funiculosum (T5), fol-
lowed by A. chroococcum and P. chrysogenum (T6) (53.1 
μmol NH3/g/h), which are significantly (P < 0.05) less than 
the control. Syers and Springett (1984) reported that urease 
activity was correlated to the initial TOC in the substrates. 
The fastest reduction was observed from the substrate ino-
culated by A. chroococcum with P. chrysogenum (T6) fol-
lowed by A. chroococcum with P. funiculosum (T5). There 
was a sharp decrease in urease extracellular activity during 
vermicomposting, suggesting that N-substrates were con-
sumed during the first few months of the degradation pro-
cess (Benitez et al. 2005). The pattern was similar to that 
reported by Ceccanti and Garcia (1994) for a composting 
process in which proteinases transformed proteins into 
smaller N-compounds and ammonia (Nannipieri et al. 
1990). 
 
CONCLUSIONS 
 
Vermicomposting can be a suitable alternative for environ-
mentally safe stabilization of a final product (vermicom-
post), which could serve as excellent soil amendment in 
agriculture. MSW and a consortia of bioinoculants along 
with earthworms enhance the rate of biodegradation of the 
organic fraction of MSW mixed with leaf litter (4: 1) and 
improve the quality of vermicompost. The consortia of E. 
fetida + A. chroococcum + P. chrysogenum proved was the 
best combination of bioinoculants for making rapid and 
high quality vermicompost, in terms of available NPK, 
from the organic fraction of MSW. The enzymatic activity 
of �-glucosidase, phosphatase and urease in the vermicom-
posting substrate treated with bioinoculants suggested better 
quality and quantity compost than substrates without bio-
inoculants. 
 
REFERENCES 
 
Adi AJ, Noor ZM (2009) Waste recycling: Utilization of coffee grounds and 

kitchen waste in vermicomposting. Bioresource Technology 100, 1027-1030 
Anand P, Isar J, Saran S, Saxena RK (2006) Bioaccumulation of copper by 

Trichoderma viride. Bioresource Technology 97, 1018-1025 
Aira M, Monroy F, Domínguez J (2007) Earthworms strongly modify micro-

bial biomass and activity triggering enzymatic activities during vermicom-
posting independently of the application rates of pig slurry. Science of the 
Total Environment 385, 252-261 

Arancon NQ, Edwards CA, Bierman P, Metzger JD, Lucht C (2005) Effects 
of vermicomposts produced from cattle manure, food waste and paper waste 
on the growth and yield of peppers in the field. Pedobiologia 49, 297-306 

Table 5 Effect of bioinoculants on phosphatase activity during vermicomposting. 
Phosphatase μmol PNP g-1h-1 (334.4)* Bioinoculant 

Day 0 (earthworm introduced) 20th day 40th day 60th day 
Ef 10 355.5 ± 7.8 ab 370.3 ± 14.5 b 356.3 ± 12.3 ab 
Ef+Pf 10 357.6 ± 6.7 ab 372.5 ± 14.5 b 359.3 ± 8.9 ab 
Ef+Pc 10 355.2 ± 9.4 b 371.0 ± 12.9 b 356.6 ± 6.7 b 
Ef+Ac 10 360.2 ± 4.5 ac 380.4 ± 6.7 c 362.0 ± 8.3 c 
Ef+Ac+Pf 10 367.5 ± 8.4 d 390.7 ± 12.4 d 367.2 ± 12.3 d 
Ef+Ac+Pc 10 369.3 ± 9.4 d 389.9 ± 16.4 d 370.1 ± 6.2 d 

Ef – E. fetida; Pf – P. funiculosum; Pc – P. chrysogenum; Ac – A. chroococcum. 
All values are mean ± SD of three replicates; Different letters within a column denote significant differences at P < 0.05 according to DMRT. 
 

Table 6 Effect of bioinoculants on urease activity during vermicomposting. 
Urease μmol NH3 g1h1 (478.8)* Bioinoculant 

Day 0 (earthworm introduced) 20th day 40th day 60th day 
Ef 10 401.5 ± 21.3 c 154.5 ± 12.3 e 71.4 ± 6.7 d 
Ef+Pf 10 386.4 ± 22.3 b 167.4 ± 6.7 e 68.6 ± 3.4 b 
Ef+Pc 10 379.4 ± 24.5 b 162.3 ± 13.7 e 65.8 ± 5.4 b 
Ef+Ac 10 323.1 ± 10.6 a 134.5 ± 5.9 d 64.5 ± 6.7 b 
Ef+Ac+Pf 10 311.4 ± 13.4 a 102.3 ± 8.6 a 50.7 ± 4.9 a 
Ef+Ac+Pc 10 306.9 ± 13.4 a 96.7 ± 3.9 a 53.1 ± 5.7 a 

Ef – E. fetida; Pf – P. funiculosum; Pc – P. chrysogenum; Ac – A. chroococcum. 
All values are mean ± SD of three replicates; Different letters within a column denote significant differences at P < 0.05 according to DMRT. 

 

93



Dynamic Soil, Dynamic Plant 6 (Special Issue 1), 89-95 ©2012 Global Science Books 

 

Benitez E, Nogales R, Masciandraro G, Ceccanti B (2000) Isolation of iso-
electric focusing of humic-urease complexes from earthworm (Eisenia 
fetida)-processed sewage sludges. Biology and Fertility of Soils 31, 489-493 

Ben�tez E, Sainz H, Nogales R (2005) Hydrolytic enzyme activities of extrac-
ted humic substances during the vermicomposting of a lignocellulosic olive 
waste. Bioresource Technology 96, 785-790 

Bar-Yosef B (1991) Root excretions and their environmental effects: Influence 
on availability of phosphorus. In: Waisel Y, Eshel A, Kafka U (Eds) Plant 
Roots: The Hidden Half, Marcel Dekker, New York, pp 529-557 

Beauchamp CJ, Levesque G, Prevost D, Chalifour FP (2006) Isolation of 
free living nitrogen-fixing bacteria and their activity in compost containing 
de-inking paper sludge. Bioresource Technology 97, 1002-1011 

Benitez E, Sainz H, Melgar R, Nogales R (2002) Vermicomposting of a lingo-
cellulosic waste from olive oil industry: A pilot scale study. Waste Manage-
ment and Research 20, 134-142 

Benitez E, Sainz H, Nogales R (2005) Hydrolytic enzymatic activities of ex-
tracted humic substances during the vermicomposting of a lignocellulosic 
olive waste. Bioresource Technology 96, 785-790 

Bhardwaj KKR, Gaur AC (1985) Recycling of Organic Wastes, Indian Coun-
cil of Agricultural Research, New Delhi, pp 54-58 

Bijaya K, Adhikari, Barrington S, Martínez J, King S (2007) Characteriza-
tion of food waste and bulking agents for composting. Journal of Waste 
Management 28 (5), 795-804 

Bray RH, Kurtz LT (1945) Determination of total, organic, and available 
forms of phosphorus in soils. Soil Science 59, 39-45 

Burns RG (Ed) (1978) Enzyme activity in soil: Some theoretical and practical 
consideration. In: Soil Enzymes, Academic Press, London, 295 pp 

Ceccanti B, Garcia C (1994) Coupled chemical and biochemical methodolo-
gies to characterize a composting process and humic substances. In: Senesi N, 
Miano TM (Eds) Humic Substances in Global Environment and Implications 
on Human Health, Elsevier, Amsterdam, pp 1279-1284 

Chahal DS (1994) Biological disposal of lignocellulosic wastes and alleviation 
of their toxic effluents. In: Chaudhary GR (Ed) Biological Degradation and 
Bioremediation of Toxic Chemicals, Chapman and Hall, London, pp 364-365 

Costa F, García C, Hernández T, Polo A (1991) Residuos organicos urbanos. 
In: Manejo y Utilizacion, CSIC, Murcia, Spain, pp 1-181 

CPCB (Central Pollution Control Board) (2000) Management of Municipal 
Solid Waste, Delhi Centre Pollution Control Board. Available online: 
www.cpcb.nic.in 

Crawford JH (1983) Review of composting. Process Biochemistry 18, 14-15 
Datta R (1981) Acidogenic fermentation of lignocellulosic acid yield and con-

version of components. Biotechnology and Bioengineering 23, 61 
DeLuca TH, DeLuca DK (1997) Composting for feedlot manure management 

and soil quality. Journal of Production Agriculture 10 (2), 235-241 
Diaz-Burgos MA, Ceccanti B, Polo A (1992) Monitoring biochemical activity 

during sewage sludge composting. Biology and Fertility Soils 16, 145-150 
Edwards CA (1988) Breakdown of animal, vegetable and industrial organic 

wastes by earthworms. In: Edwards CA, Neuhaser EF (Eds) Earthworms in 
Waste and Environment Management, Academic Press, The Hague, pp 21-31 

Edwards CA (Ed) (2004) The use of earthworms in processing organic waste 
into plant-growth media and animal feed protein. In: Earthworm Ecology, 
CRC Press/Lewis Publ., Boca Raton, FL, pp 327-354 

Edwards CA, Bohlen PJ (1996) Biology and Ecology of Earthworms, Chap-
man & Hall, London, 433 pp 

Edwards CA, Fletcher KE (1988) Interactions between earthworms and 
microorganisms in organic matter break down. Agriculture, Ecosystems and 
Environment 24, 235-247 

Elvira C, Goicoechea M, Sampdro L, Mato S, Nogales R (1996) Bioconver-
sion of solid paper-pulp mill sludge by earthworms. Bioresource Technology 
75, 173-177 

Elvira C, Sampedro L, Benitez E, Nogales R (1998) Vermicomposting of 
sludges from paper mill and dairy industries with Eisenia andrei: A pilot 
scale study. Bioresource Technology 63, 205-211 

Engeli H, Edelmann W, Fuchs J, Rottermann K (1993) Survival of plant 
pathogens and weed seeds during anaerobic digestion. Water Science and 
Technology 27 (2), 69-76 

Eivazi F, Tabatabai MA (1990) Factors affecting glucosidases and galactosi-
dases activities in soils. Soil Biology and Biochemistry 22, 891-897 

Fauziah SH, Agamuthu P (2009) Sustainable household organic waste manage-
ment via vermicomposting. Malaysian Journal of Science 28 (2), 135-142 

Fischer K, Hahn D, Honerlage W, Zeyer J (1997) Effect of passage through 
the gut of earthworm Lumbricus terrestris L. on Bacillus megaterium studied 
by whole cell hybridization. Soil Biology and Biochemistry 29, 1149-1152 

Gallardo-Lara F, Nogales R (1987) Effect of the application of town refuse 
compost on the soil–plant system: A review. Biological Wastes 19, 35-62 

Garcia C, Hernandez T, Costa F, Ceccanti B, Masciandaro G, Ciardi C 
(1993) A study of biochemical parameters of composted and fresh municipal 
wastes. Bioresource Technology 44, 17-23 

Garcia C, Ceccanti C, Masciandaro G, Hernández T (1995) Phosphatase and 
�-glucosidase activities in humic substances from animal wastes. Bioresource 
Technology 53, 79-87 

Gaur AC, Singh G (1995) Recycling of rural and urban waste through conven-
tional methods and vermicomposting. In: Tandon HLS (Ed) Recycling of 

Crop, Animal Human and Industrial Waste in Agriculture, Fertiliser Develop-
ment and Consultation Organization, New Delhi, pp 31-49 

Gunadi B, Edwards CA (2003) The effect of multiple applications of different 
organic wastes on the growth, fecundity and survival of Eisenia foetida 
(Savigny) (Lumbricidae). Pedobiology 47 (4), 321-330 

Hand P, Haye WA, Frankland JC, Satchell JE (1988) The vermicomposting 
of cow slurry. Pedobiology 31, 199-209 

Hendrikson NB (1990) Leaf litter selection by detritivore and geophagous 
earthworms. Biology of Fertile Soils 10, 17-21 

Kale RD, Bano K, Krishnamoorthy RV (1982) Potential of Perionyx exca-
vatus for utilizing organic wastes. Pedobiology 23, 419-425 

Kaviraj S, Sharma S (2003) Municipal solid waste management through 
vermicomposting employing exotic and local species of earthworms. Bio-
resource Technology 90, 169-173 

Krishnamoorthy RV (1990) Mineralization of phosphorus by faecal phospha-
tases of some earthworms of Indian tropics. Proceedings of the Indian Aca-
demy of Sciences (Animal Sciences) 99, 509-518 

Krishnamoorthy RV, Vajrabhiah SN (1986) Biological activity of earthworm 
casts: An assessment of plant growth promoter levels in casts. Proceedings of 
the Indian Academy of Sciences (Animal Sciences) 95, 341-351 

Kucey RMN, Janzen HH, Leggett ME (1989) Microbially mediated increases 
in plant-available phosphorus. Advances in Agronomy 42, 199-228 

Kumar V, Narula N (1999) Solubilization of inorganic phosphates and growth 
emergence of wheat as affected by A. chroococcum. Biology and Fertility of 
Soils 28, 301-305 

Lavelle P, Martin A (1992) Small-scale and large-scale effects of endogeic 
earthworms on soil organic matter dynamics in soils of the humic-tropics. 
Soil Biology and Biochemistry 12, 149-153 

Lazcano C, Brandon MG, Domínguez J (2008) Comparison of the effective-
ness of composting and vermicomposting for the biological stabilization of 
cattle manure. Chemosphere 72, 1013-1019 

Mathur SP, Owen G, Dinel H, Schnitzer M (1993) Determination of compost 
biomaturity. I. Literature review. Biology, Agriculture and Horticulture 10, 
65-85 

Manna MC, Jha S, Ghosh PK, Acharya CL (2003) Comparative efficacy of 
three epigeic earthworms under different deciduous forest litters decomposi-
tion. Bioresource Technology 88, 197-206 

Ministry of Urban Affairs and Development, Delhi (2000) Manual of Muni-
cipal Solid Waste Management, 663 pp 

Munnoli PM, Arora JK, Sharma SK (2000) Organic solid waste management 
through vermiculture – A case study of Pepsi Foods Ltd., Punjab. In: Jana BB, 
Banerjee R D, Guterstam B, Heeb J (Eds) Waste Resource Recycling in 
the Developing World, University of Kalyani, India and International Ecolo-
gical Engineering Society, Switzerland, pp 203-208 

Nannipieri P, Grego S, Ceccanti B (1990) Ecological significance of the bio-
logical activities in soil. Soil Biology and Biochemistry 10, 143-147 

Parthasarathi K, Ranganathan LS (1999) Longevity of microbial and 
enzyme activity and their influence on P, K, content in pressmud vermicast. 
European Journal of Soil Biology 35, 107-113 

Parthasarathi K, Ranganathan LS (2000) Chemical characteristics of mono 
and poly cultured soil worms casts by tropical earthworms. Environment and 
Ecology 18, 742-746 

Pehren HR, Clark CS (1987) Microorganisms in municipal solid waste and 
public health implications. Critical Reviews in Environmental Control 17 (3), 
187-228 

Pramanik P, Ghosh GK, Ghosal PK, Banik P (2007) Changes in organic – C, 
N, P and K and enzyme activities in vermicompost of biodegradable organic 
wastes under liming and microbial inoculants. Bioresource Technology 98 
(13), 2485-2494 

Pramanik P, Chung YR (2010) Efficacy of vermicomposting for recycling 
organic portion of hospital wastes using Eisenia fetida: Standardization of 
cow manure proportion to increase enzymatic activities and fungal biomass. 
Environmentalist 30, 267-272 

Pattnaik S, Reddy MV (2010) Nutrient status of vermicompost of urban 
greenwaste processed by three earthworm species – Eisenia fetida, Eudrilus 
eugeniae, and Perionyx excavatus. Applied and Environmental Soil Science 
2010, 1-13 

Rasmussen PE, Collins HP (1991) Long term impact of tillage, fertilizer and 
crop residue on soil organic matter in temperate semi-arid regions. Advances 
in Agronomy 45, 93-134 

Ramalingam R, Thilagar M (2000) Bio-conversion of agro-waste sugarcane 
trash using an Indian epigeic earthworm, Perionyx excavatus (Perrier). Indian 
Journal of Environmental Ecoplan 3, 447-452 

Rao KJ, Shantaram MV (1996) Soil pollution due to disposal of urban solid 
wastes at landfill site, Hyderabad. Indian Journal of Environment Protection 
16 (5), 373-385 

Senapati BK, Dash MC, Rane AK, Panda BK (1980) Observation on the ef-
fect of earthworms in the decomposition process in soil under laboratory con-
ditions. Comparative Physiology and Ecology 5, 140-142 

Sharma S, Pradhan K, Satya S, Vasudevan P (2005) Potentiality of earth-
worms for waste management and in other uses – A review. The Journal of 
American Science 1 (1), 4-13 

Singh A, Sharma S (2002) Composting of a crop residue through treatment 

94



Vermicomposting of MSW employing Eisenia fetida and Penicillium sp. and Azotobacter as bioinoculants. Kaviraj et al. 

 

with microorganisms and subsequent vermicomposting. Bioresource Technol-
ogy 85, 107-111 

Singh A, Sharma S (2003) Effect of microbial inocula on mixed solid waste 
composting, vermicomposting and plant response. Compost Science and Uti-
lization 11, 190-199 

Singh R, Pradhan K (1981) Determination of nitrogen and protein by Kjeldahl 
method. In: Forage Evaluation, Science Publishers Pvt. Ltd., New Delhi, 23 
pp 

Saha S, Kaviraj P, Sharma S, Alappat BJ (2008) Compost production from 
municipal solid waste (MSW) employing bioinoculants. International Jour-
nal of Environment and Waste Management 2 (6), 572-583 

Suthar S, Singh S (2008) Vermicomposting of domestic waste by using two 
epigeic earthworms (Perionyx excavatus and Perionyx sansibaricus). Inter-
national Journal of Environment Science and Technology 5 (1), 99-106 

Suthar S (2009) Vermicomposting of vegetable-market solid waste using Eise-
nia fetida: Impact of bulking material on earthworm growth and decompo-
sition rate. Ecological Engineering 35, 914-920 

Stevenson FJ (1967) Organic acids in soil. In: McLaren AD, Peterson GH 
(Eds) Soil Biochemistry, Marcel Dekker, New York, pp 130-146 

Syers JK, Springett JA (1984) Earthworm and soil fertility. Plant and Soil 76, 
93-104 

Timmaiah SR (2004) Standard Methods of Biochemical Analysis, Kalyani Pub-
lishers, New Delhi, pp 190-228 

Tripathi G, Bhardwaj P (2004) Decomposition of kitchen waste amended with 
cow manure using an epigeic species (Eisenia fetida) and an anecic species 
(Lampito mauritii). Bioresource Technology 92, 215-218 

Viel M, Sayag D, Andre L (1987) Optimisation of agricultural, industrial waste 
management through in-vessel composting. In: de Bertoldi M (Ed) Compost: 
Production, Quality and Use, Elsevier Applied Science, Essex, pp 230-237 

Vinceslas-Akpa M, Loquet M (1997) Organic matter transformations in lingo-
cellulosic waste products composted or vermicomposted (Eisenia fetida 
andrei): Chemical analysis and 13C CPMAS NMR spectroscopy. Soil Biology 
and Biochemistry 29, 751-758 

Walkey JA, Black JA (1934) Estimation of organic carbon by the chromic acid 
titration method. Soil Science 37, 29-31 

Whitelaw MA, Harden TJ, Helyar KR (1999) Phosphate solubilisation in 
solution culture by the soil fungus Penicillium radicum. Soil Biology and 
Biochemistry 31, 655-665 

Zhang BG, Li GT, Shen TS, Wang JK, Sun Z (2000) Changes in microbial 
biomass C, N and P and enzyme activities in soil incubated with the earth-
worm Metaphire guillelmi or Eisenia fetida. Soil Biology and Biochemistry 
32, 2055-2062 

 
 

95


