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ABSTRACT

Vermiculture has been receiving considerable attention globally due to its potential role in organic farming
and sustainable development. As characterizing microbial communities and enzyme activities during
vermicomposting can provide vital information regarding the evolution of the process, the present study
was undertaken in Eudrilus eugeniae using various vermicomposts. Among the various vermicompost, the
mixture containing cow dung, press mud and poultry waste (1:1:1 ratio) recorded maximal microbial
population. Among the individual vermicomposts, poultry waste recorded the highest microbial count.
Among the various enzymes, dehydrogenase activity was the highest in all vermicomposts. Nevertheless,
other enzymatic activities (cellulase, protease and phosphatase) also showed increased activity in
vermicomposts after vermicomposting. The present study suggests that a combination of vermicomposting
mixtures are more efficient than individual vermicomposts.
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Introduction

Soil is the soul of the infinite life that promotes di-
verse microflora (Esakkiammal et al., 2015). Soil
biota plays an important role in supporting nutrient
cycling as well as creating and stablising soil struc-
ture (Thangaraj, 2015). Earthworms are extremely
important in soil formation principally through
their activities in consuming organic matter, frag-
menting and mixing it infinitely with mineral par-
ticles to form aggregates (Muthukumaravel et al.,
2008). During their feeding, earthworms promote
microbial activity greatly which in turn accelerates
the breakdown of organic matter and stabilization
of soil aggregates.

Vermiculture has been receiving considerable
attention in the recent years globally for its potential
role in organic farming and sustainable develop-
ment (Kale and Bano, 1986) as disposal of solid
waste has become a major problem due to shortage
of dumping sites and strict environmental laws.
Various studies have shown that vermicomposting
of organic wastes accelerates organic matter stabili-
zation (Neuhauser et al., 1988; Frederickson et al.,
1997) and gives a product rich in chelating and
phytohormonal elements (Tomati and Galli, 1995)
which has a high content of microbial agents and
stabilized humic substances (Ferruzi, 1986).

Knowledge about the food requirement and di-
gestive capability of the earthworms is essential to
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understand the decomposition process during
vermicomposting. The enzymes and the enzyme
activity in the gut of earthworms and in the casts are
extremely important since they are responsible for
the degradation of organic materials and to make
the nutrients in available form for the plants (Devi
and Prakash, 2015). As characterizing microbial
communities and enzyme activities during
vermicomposting process can provide valuable in-
formation regarding the evolution of the process,
the rate of biodegradation and the maturity of the
product, the present study was undertaken in the
earthworm Eudrilus eugeniae using various
vermicomposts.

Materials and Methods

Organic waste and earthworm species

Poultry waste (PW) droppings was collected from
Indian feeds farm, Namakkal district, Tamil Nadu,
India. Press mud (PM) was obtained from effluent
treatment plant of E.I.D. parry Sugar Mill located at
Pettavaithalai, Tamil Nadu, India. Fresh cow dung
(CD) was collected from the agricultural farm,
Musiri, Tamil Nadu, India. The earthworm species
Eudrilus eugeniae of different age groups were cul-
tured and developed outside the laboratory on par-
tially degraded cow dung as feed, respectively.
Earthworm E. eugeniae (25-30 days) were randomly
picked from the culture and used for the purpose of
this experiment.

Experimental design

Six vermicomposters (cement tank) were estab-
lished having 4 kg of feed mixture each containing
Cow dung, Press mud and Poultry waste alone
(control) and cow dung (CD), Fresh mud (FM)
mixed with Poultry waste (PW) in different rations
(Table 1). Each vermicomposter was established in
triplicate. The feed mixtures were turned manually
every day for 14 days Fiftyspecies of worms were
introduced in each vermicomposter separately. The
moisture content was maintained at 65-75% during
the experiment. The vermicomposter were covered
with moist jute to prevent moisture loss. The 0 day
(Initial) refers to the day of inoculation of earth-
worms after stabilization of 14 days. Samples (initial
substrate and vermicompost) for periodical analysis
were taken before inoculating earthworms and at
the end of experimentation.

Determination of total microbial populations and
activity

The different microbial colonies developing on the
plates were estimated by counting. Microbial biom-
ass was analyzed by the chloroform fumigation –
extraction method (Vance et al. (1987). The number
of colony forming unit (CFU) on the surface on the
media was counted and expressed as CFUx106g-1,
according to the method described by Baron et al.
(1994) to determine the microbial activity (in terms
of all the vermicomposters and worm gut.) Dehy-
drogenase activity was according to the method
described by Stevenson, (1959). Cellulse, protease,
urease and phosphatase activities were calculated
according to the method described by Garcia et al.
(1994).

Results and Discussion

The various vermicomposters used for the present
study are presented in Table 1, while Table 2 records
the total microbial population during the initial
stages in various vermicomposters along with the
gut microbial count in the earthworm. As evident
from the table, the total microbial population was
found to differ in all the vermicomposters with the
highest being recorded in the mixture containing
cow dung + press mud + poultry waste (1:1:1 ratio),
followed by a mixture containing press mud + poul-
try waste (1:1 ratio) and cow dung + press mud (1:1
ratio). When a comparison between individual com-
binations are taken, poultry waste recorded the
highest microbial count followed by fresh mud and
cow dung respectively. A perusal of literature re-
veals that Meharaj and Mannivannan (2015) while
studying the vermicomposting ability of E. eugeniae
also reported maximum microbial content in a mix-
ture containing cow dung, press mud and pig ma-
nure. Pramanik et al. (2009) suggested that microbes
are the key factor in nutrient transformation and
addition of bulking material in initial inorganic
waste resulted in enrichment in the nutrient status
of vermicomposts. Fracchia et al. (2006) proposed
that there was a symbiotic relationship between the
earthworms and their gut flora which enhanced the
nutrient content of vermicomposts. In the present
study, the increased microbial levels and enhanced
activity in the final product could be due to the
higher nutrient concentration in the initial substrate
material and vermicompost, multiplication of mi-
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crobes while passing through gut of earthworm,
optimal moisture and large surface area of casts ide-
ally suited for better feeding, multiplication and ac-
tivity of microbes as suggested by Meharaj and
Manivannan (2015). It appears that among the vari-
ous vermicomposts, the mixture ofcowdung, fresh
mud and poultry waste provided the above condi-
tions better resulting in increased microbial popula-
tion.

The various enzymatic activities during
vermicomposting of various combinations are re-
corded in Tables 3 and 4. Wong and Fang (2002) and
Sen and Chandra (2009) reported that dehydroge-
nase activity is considered as a parameter for micro-
bial activity which is related to a group of enzymes

that catalyze metabolic reactions producing ATP
through the oxidation of organic matter and has
been often used to monitor the biological activity of
composting and vermicomposting process. Results
of the present study clearly shows that the combina-
tion containing cow dung + press mud + poultry
waste recorded the maximum dehydrogenase activ-
ity followed by the mixture containing press mud +
poultry waste and cow dung + press mud. Among
the individual combinations, the vermicompost con-
taining poultry waste recorded maximum dehydro-
genase activity followed by fresh mud and cow
dung.

Meharaj and Manivannan (2015) while studying
the vermicomposting ability of E.eugeniae also re-

Table 1. Description of Vermicompost used for experimentation of the present study.

S. No. Vermicompost Ratio Description

1. Control (CD) - 100% Cow Dung
2. Fresh Mud (FM) - 100% Fresh Mud
3. Poultry Waste (PW) - 100% Poultry Waste
4. Control+ Fresh Mud 1:1 1 Part Cow Dung + 1 Part Fresh Mud
5. Fresh Mud + Poultry Waste 1:1 1 Part Fresh Mud + 1 Part Poultry Waste
6. Control + Fresh Mud + Poultry Waste 1:1:1 1 Part Cow Dung + 1 Part Fresh Mud + 1 Part

Poultry Waste

Table 2. Total Microbial Population Count (CFU/106–6) in initial Substrate, Gut of worms and Vermicompost of Dif-
ferent Vermicomposter of Poultry Waste amends with different organic waste

S. Vermicomposter Initial Eudrilus eugeniae
No. Substrate Gut Worms Vermicompost

1. Cow dung (CD) 4.2 ± 0.26 5.8 ± 0.64 5.6 ± 0.67
2. Fresh mud (FM) 5.6 ± 0.52 5.2 ± 0.28 5.8 ± 0.64
3. Poultry waste (PW) 2.8 ± 0.64 6.2 ± 0.28 6.2 ± 0.58
4. Control + Fresh Mud (1:1 ratio) 4.6 ± 0.26 6.8 ± 0.34 6.4  ± 0.5
5. Fresh Mud + Poultry Waste (1:1 ratio) 4.3 ± 0.28 6.7 ± 0.26 7.0 ± 0.64
6. Control + Fresh Mud + Poultry Waste (1:1:1 ratio) 4.2 ± 0.42 8.6 ± 0.64 8.4 ± 0.24

Table 3. Cellulase and Protease during Vermicompost of Poultry-waste with different Organic-waste using Eudrilus
eugeniae

S. Vermicomposter Cellulase (24 hr) Protease (24 hr)
No. Initial Vermicompost Initial Vermicompost

substrate substrate

1. Cow dung (CD) 5.2 ± 0.72 6.4 ± 0.32 4.8 ± 0.62 5.3 ± 0.48
2. Fresh mud (FM) 5.6 ± 0.64 6.8 ± 0.28 5.2 ± 0.28 6.3 ± 0.56
3. Poultry waste (PW) 5.8 ± 0.72 7.0 ± 0.28 4.8 ± 0.32 6.4 ± 0.64
4. Control + Fresh Mud (1:1 ratio) 4.8 ± 0.28 7.2 ± 0.34 3.8 ± 0.36 7.2 ± 0.72
5. Fresh Mud + Poultry Waste (1:1 ratio) 5.2 ± 0.34 7.4 ± 0.64 4.9 ± 0.62 8.0 ± 0.64
6. Control + Fresh Mud + Poultry Waste 5.8 ± 0.64 7.8 ± 0.52 5.2 ± 0.24 8.6 ± 0.72

(1:1:1 ratio)
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ported highest dehydrogenase activity in both the
worms. This is in line with the present observation.
However, Devi and Prakash (2017) while studying
the vermicomposting ability of E.eugeniae recorded
invertase as the enzyme which showed maximal
activity which was followed by dehydrogenase. In
the present study invertase activity has not been
assessed.

A comparison of other enzymatic activities (cellu-
lase, protease and phosphatase) also suggests an
increase in their activities in all the vermicomposts
after vermicomposting. Similar results were also
obtained by Devi and Prakash (2015) and Meharaj
and Manivannan, (2015) while working on other
earthworms. The reasons for the increased enzy-
matic activities in the casts could be due to greater
consumption rate,  enhanced gut microbial popula-
tion (Parthasarathi, 1997; Parthasarathi and
Renganathan, 2002; Parthasarathi et al., 2007), en-
hanced microbial population in the casts, availabil-
ity of adequate oxygen, moisture, temperature, pH,
the quantity and quality of organic matter and the
amount of elemental nutrients essential for micro-
bial growth and activity during vermicomposting
(Oleink and Byzov, 2008). Hence it can be suggested
that the specific environment in vermicomposting,
organic matter composition and earthworm gut
condition as well as selective effects of the earth-
worm gut fluid and surface excreta are the major
dynamic forces for the observed pattern of microbial
community and enzyme activity in the
vermicomposts as already reported by Neuhauser et
al. (1980); Byzov et al. (2007) and Meharaj and
Manivannan (2015). Results of the present study
further suggest that combination of mixtures is
more efficient than individual vermicomposts.

Table 4. Phosphatase and Dehydrogenase activity during Vermicompost of Poultry-waste amended with different or-
ganic-waste using Eudrilus eugeniae

S. Vermicomposter Phosphatase (mL/5 g substrate) Protease (mL/5 g substrate)
No. Initial Vermicompost Initial Vermicompost

substrate substrate

1. Cow dung (CD) 3.2 ± 0.36 4.9± 0.64 8.6± 0.26 14.4 ± 0.82
2. Fresh mud (FM) 2.6 ± 0.46 3.6 ± 0.34 8.9± 0.72 16.7± 0.42
3. Poultry waste (PW) 3.2± 0.38 3.8± 0.28 8.2± 0.64 17.2± 0.24
4. Control + Fresh Mud (1:1 ratio) 3.6± 0.64 4.4± 0.82 8.8± 0.62 17.4± 0.42
5. Fresh Mud + Poultry Waste (1:1 ratio) 3.4± 0.28 4.8 ± 0.26 8.9± 0.28 18.6± 0.64
6. Control + Fresh Mud + Poultry Waste 3.6± 0.39 5.2± 0.26 9.2± 0.64 19.6± 0.26

(1:1:1 ratio)
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