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Abstract

A laboratory studies were conducted on the evaluation of vermicompost obtained from Farm Yard Manure (FYM) and
FYM prepared from the same feedstock by only thermophilic processing. Processing of animal dung at a moisture
content of around 60% consisted of 6 treatments (T1) no earthworms, no moisture, no turning, no microbial culture
(E0M0T0C0), (T2) no earthworms, moisture, weekly turning, no microbial culture (E0M1T1C0), (T3) Eisenia fetida
earthworms, moisture, weekly turning,  no microbial culture (E1M1T1C0), (T4) Eisenia fetida earthworms, moisture, no
turning,  no microbial culture (E1M1T0C0), (T5) no earthworms, moisture, weekly turning, microbial culture added
(E0M1T1C1), (T6) Eisenia fetida earthworms, moisture, weekly turning, microbial culture added (E1M1T1C1). Laboratory
analysis for nutrient composition revealed that there was no appreciable change in nutrient composition in the
vermicompost over FYM. Therefore, composting the animal dung by scientific means is as efficient as
vermicomposting the animal dung.
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Introduction

For centuries, the excreta of animals is being used as
manure to supply nutrients to crops. Even today, the
animal dung and leftover agro-wastes of organic origin,
like fodder are collected and accumulated in manure
heaps on a daily basis. This is left in the open for months
to facilitate composting and during this period, the waste
remains exposed to the vagaries of nature and
experiences nutrient losses through volatilization and
leaching. Though the State Government of Punjab had
allotted a small piece of land to each family in a village for
preparing quality manure, but the farmers continued to
prepare manure by conventional means that leads to the
production of seemingly poor quality manure because we
do not take into consideration the environmental
conditions (like pH, temperature) in which these
decompositions take place. Appropriate disposal involves
both maximum cost-effective recovery of recyclable
constituents and transformation of non-recoverable
material into forms, which do not present environmental
hazards (Kale, 2004).

In India, nearly 2000 million tons (MT) of animal
waste, 300 MT of crop waste besides huge amount of
agro industrial and domestic sewage waste is produced
annually and therefore there is a tremendous scope for
recycling of this waste using vermitechnology so that
quality organic manure can be produced (Ramaswami,
1998; Mishra, 2001); it is becoming increasingly popular
due to the emerging trend of organic farming.
Vermicomposting is an accelerated biotechnological
process of composting of organic wastes that involves
interaction between earthworms and micro-organisms.
Utilization of earthworms for recycling of organic wastes
is an important development in biological sciences and
studies have documented vermicomposting as a low-cost
technology for the processing or treatment of organic
wastes to convert them into value added nutrient rich
compost (Hand et al., 1988; Garg et al., 2006; Suthar,
2006, 2008; Singh et al., 2008).

Vermicomposting is a mesophilic process utilizing
worms and micro-organisms that are active at
temperature range of 10O- 32OC. Micro-organisms are
responsible for the biochemical degradation of organic
matter; the earthworms after passing the organic matter
through their gizzard and gut increased the surface area
for the microbial activity on the fragmented organic
residues (Ndegwa & Thompson, 2001). As a result of this
microbial conversion, both gut associated as well as the
cast associated processes, the nutrients forms are much
more soluble and available to plants than those in parent
compounds.

Vermicompost is considered as an excellent product,
since it is homogenous, has desired aesthetics, has
reduced levels of contaminants and tends to hold more
nutrients over a longer period without impacting the
environment (Benitez et al., 2002; Dhiman, 2003; Suthar
& Singh, 2008; Singh et al., 2007). Also, vermicompost is
considered an inseparable component of sustainable
farming because it promises to promote and sustain crop
yields (Patil, 1995; Reddy & Ohkura, 2004; Sinha &
Herat, 2009) because of increased nutrients content in
the earthworm castings (Garg et al., 2006). Dissemination
of information on organic farming in the country has
enlightened the farmer to engage in and adopt
vermitechnology as a part of organic farming practices
(Kalra et al., 2008).

Research on vermiculture and vermicomposting is
leading towards appreciation of some of the finer and
physical aspects of soil entity as well as adding to the
other benefits derived from agriculture. The closely
related Eisenia fetida and Eisenia andrei species are
most commonly used for the management of organic
wastes by vermicomposting and their biology on animal
dung or sewage sludge, have been investigated
(Hartenstein et al., 1979; Kalpan et al., 1980; Edwards,
1988; Reinecke & Vilijoen, 1990a; Butt, 1993; Elvira et
al., 1996; Dominguez & Edwards, 1997; Dominguez et
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al., 1997; Mitchell, 1997; Dominguez et al., 2000; Bettiol,
2004).

Agricultural substrates and wastes like farm yard
manure (FYM), animal dung, rice straw and plant litter are
potential sources of organic nutrients which if converted
into vermicompost improve soil and water conservation,
sustain crop productivity and enhance crop yields
(Hundal & Zinia, 2009).The present study was therefore,
planned to evaluate the changes in the nutrient
composition of vermicompost from animal dung and
compare them with those of FYM.
Materials and methods

Experiment was carried out on the nutrient evaluation
of vermicompost from FYM and compared it with
farmyard manure (FYM) prepared without adding
earthworms into it. Two consecutive vermicomposting
cycles viz. September-December (C1) and January-April
(C2) were carried out. Fresh dung was obtained from the
dairy farm of Guru Angad Dev Veterinary and Animal
Science University (GADVASU), Ludhiana, India. The
earthworms (Eisenia fetida) were procured from Amritsar
Crown Caps Pvt. Ltd., Jandiala Guru, Amritsar, India.
Microbial culture consisting of Trichoderma ressaie and
Phanerochaeta used as starter material in a treatment
was procured from the Department of Microbiology, PAU,
Ludhiana. Fresh dung was added into the raised
rectangular pits (3.35 X 1.20 X 0.25 m3; length x width x
height) constructed under galvanized iron sheet shed at a
height of 11.5 feet. This provided 4.02 m2 exposed top
surface. The experiment was conducted in an ambient
temperature of 25 ± 5O C. For C1, dung was filled @ 500
kg pit -1 (fresh weight) (146 kg pit -1, dry weight), after
thermophilic stage of decomposition was over and
temperature of the pit came down to 30O C. Earthworms
were introduced @ 1.530 kg pit-1 (live weight)
corresponding to approximately 4308 individuals on the
next day of filling the pits, indicating earthworm stocking
density of 1.522 kg-worms m-3 and feeding rate of 1.22 kg
dung-worm-1 day-1, optimal levels for vermicomposting
(Ndegwa et.al., 2000) in the respective treatments - this
being considered as day 0 of the treatment. At the start of
each cycle, the manure was manually mixed using a
spade, and optimum moisture content (~60%) was
maintained by sprinkling water in all the compost pits.
The day-to-day activity and performance of earthworms
was monitored. From each compost pit, six samples
(each ~500g, fresh weight) were taken using stainless
steel tube (0.32 m long, 1.5 inch i.d.), mixed thoroughly,
screened through sieve (10 mm)  and ~1 kg/ 1000g sub-
sample was transferred to the laboratory after 30, 60 and
78 days of composting period. Thus, each sub-sample
was a representative of six-grab samples taken from top
to the bottom of each compost pit. Throughout the
vermicomposting period, the material in the pits was
turned at 7th, 21st, 36th , 51st and 81st day of composting to
provide aeration and to ensure the homogeneity of the
material inside the pit. Throughout the bioconversion

period, pit moisture was monitored every 2 to 5 days,
depending upon the atmospheric temperature and
moisture loss, by adding enough water to obtain optimum
moisture content.

For the second cycle of vermicomposting (C2) during
January-April, fresh FYM was filled into same pits @ 500
kg pit-1 with same specifications and parameters as for C1

cycle. The everyday activity and performance of
termination of study period were analyzed for chemical
parameters similar for C1 cycle.

The 6 treatments were as follows: (1) no earthworms,
no moisture, no turning, no microbial culture
(E0M0T0C0),which was considered as control (2) no
earthworms,  moisture, weekly turning, no microbial
culture (E0M1T1C0), (3) Eisenia fetida earthworms,
moisture, weekly turning,  no microbial culture
(E1M1T1C0), (4) Eisenia fetida earthworms, moisture, no
turning,  no microbial culture (E1M1T0C0), (5) no
earthworms, moisture, weekly turning, microbial culture
added (E0M1T1C1), (6) Eisenia fetida earthworms,
moisture, weekly turning, microbial culture added
(E1M1T1C1).
Analytical methods

The compost samples were analyzed for total organic
carbon (TOC), total nitrogen (TN), total phosphorus (TP),
total potassium (TK), total sulphur (TS), total zinc (T-Zn),
total copper (T-Cu), total manganese (T-Mn) and total
iron (T-Fe). The TOC was analyzed by dry combustion
method at 500oC (Nelson & Sommers, 1982) and TN was
determined by digestion with concentrated H2SO4

(Bremmer & Mulvaney, 1982). TP was analyzed after
digesting the organics in 3:1 mixture of HNO3: HClO4

followed by calorimetric determination using molybdo-
phosphoric acid method on Milton Roy
spectrophotometer at 470 nm (Nelson & Sommers,
1982). The same extract was used for the TS and TK
analysis of the organics. TS in the extract was determined
by developing turbidity with the help of sodium-acetate
acetic acid buffer and 30-60 mesh Barium Chloride
crystals followed by suspension stabilization with 0.25%
gum Acacia read at 420nm. Total micro-nutrients (Zn, Cu,
Mn & Fe) were determined by means of Atomic
Absorption Spectrophotometer (AAS) using specified
lamp after digesting the samples HNO3:HClO4 (2:1).
Statistical analysis

Statistical analysis of major and micronutrients in the
vermicompost and FYM was carried out by ANOVA.
Mean separation of different treatments was performed
using the least significant difference (LSD) test at 0.05
level of probability.
Results and discussion

Vermicomposting is a method to treat faecal matter
with water contents up to 85% but little is known about
the environmental conditions in which worms treat the
material effectively.  The results have shown an
interaction between different parameters.
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Nutrient content of animal dung
The TOC content of animal dung used for the

experiment was 40.4% and 43.3 % in C1 and C2

composting cycles, respectively (Table 1). Total N was
1.0 and 1.2 %, TP was 0.5 and 0.6 % and TS was 0.60
and 0.53 % that leads to a C: N ratio of 40.4 and 36.1, C:
P ratio of 80.8 and 72.2, and C: S ratio of 67.3 and 81.7
used for C1 and C2 cycle of composting, respectively.
Total K in the animal dung used for C1 and C2 composting
cycles was 2.2 and 1.3 %. Similarly the content of total
Zn, Cu, Mn and Fe in the animal dung used for 1st cycle
was 97, 14, 96 and 2732 µg g-1 and in 2nd cycle was 113,
14, 116 and 3143 µg g-1, respectively. Gupta (1998) and
Hamoda et al. (1998) interpreted that various organic
materials have been successfully composted with C/N
ratio between 17-78, however, a much narrow range of
25 to 35 are desirable indicating optimum initiating
parameters.
Nutrient composition of compost

The average nutrient composition of
vermicompost and FYM have been
shown in Table 2. The content of TOC
varied non-significantly (p≤0.05) among
different treatments during C1 after 78
days of composting. However,
vermicomposting FYM with Eisenia fetida
resulted in significant (p≤0.05) decrease
in TOC from 21.5% in E1M1T1C0 to
17.1% in E0M1T1C1 treatment during C2.
During C2, even the traditional
composting (E0M0T0C0 and E0M1T1C0)
appreciably reduced the TOC content
(Table 2). During C1, TN and TP content
in compost among different treatments
differed non-significantly and TN and TP
content remained near to 1.1 and 1.0%
respectively. Interestingly, TN and TP
content for the two composting cycles

was though non-significant; (p≤0.05) in organics
undergone traditional composting than from organics
vermicomposted using worms. During C2, significantly
(p≤0.05) higher TN content in E0M1T1C0 over E1M1T1C0

treatment was observed. Like TN and TP, other major
and micro nutrients also differed non-significantly
(p≤0.05) among different treatments, for two consecutive
composting cycles (Table 2). Intense microbial activity
can alter the degradation of soil organic matter, resulting
in an accelerated decomposition of indigenous organic
matter (Sikora & Yakovchenko, 1996). Results revealed
that composting the organics by adopting the scientific
methods is equally good as vermicompost as far as
nutrient composition of the organics produced by the two
different procedures is concerned. Our results found
support from the work of other researchers who have
reported T-Fe and T-Mn content of most of the composts
ranged between 3428-9963 and 264-540 mg kg-1,

respectively (Forster et al.,
1993; Kadalli et al., 2000;
Chastain et al., 2006).
Similarly, T-Zn and T-Cu
content in most of the
composts varied from 200-
400 and 60-1200 mg kg-1

in the experiments
reported by Genevini et al.,
(1997), Gies (1997) and
Vogtman et al., (1993),
respectively.

Plant available N in
manures ranges from 40 to
70% of their TN content
(Pratt et al., 1973) and
when the manures are
composted N availability
decreases by as much as
half as a result of

Table.1. Nutrient composition of organic wastes used for vermicomposting

Parameter
Organic wastes

FYM1 FYM2 RSC RS LL FPP BC
C1 C2

Ash (%) 48 52 68 44 93 121 70 40
TOC (%) 40.4 43.3 17.6 30.9 67.4 175 18.6 18.1
TN (%) 1.0 1.2 1.4 1.8 0.6 0.5 0.3 1.2
TP (%) 0.5 0.6 0.6 0.8 0.2 0.1 0.3 1.2
TK (%) 2.2 1.3 1.8 2.1 1.3 0.6 0.5 2.2
TS (%) 0.60 0.53 0.2 0.1 0.1 0.1 0.2 0.5
C:N 40.4 36.1 13.0 18.0 112.3 525 62 11.1
C:P 80.8 72.2 29.3 38.6 337.0 1050 62 15.1
C:S 67.3 81.7 80.0 309.0 518.5 1050 93 36.2
T-Zn (µg g-1) 97 113 88 104 40 46 28 160
T-Cu (µg g-1) 14 14 14 10 2 4 2 20
T-Mn (µg g-1) 96 116 104 216 280 256 84 349
T-Fe (µg g-1) 2723 3143 3336 5238 414 404 312 6438

* Expressed on dry weight basis, FYM1 and FYM2 represents FYM used for first
and second experiment, respectively

Table 2. Average (3 sampling periods) Nutrient composition (dry weight basis, mean of three
samplings) of animal dung manure (FYM1)-vermicompost

Treatment Major-nutrients C:N Micro-nutrients
TOC
(%)

TN
(%)

TP
(%)

TK
(%)

TS
(%)

T-Zn
(µg g-1)

T-Cu
(µg g-1)

T-Mn
(µg g-1)

T-Fe
(µg g-1)

September-December Cycle (C1)
E0M0T0C0 24.4 1.1 2.4 0.6 0.5 22 126 23 190 6373
E0M1T1C0 25.4 1.2 2.5 0.6 0.4 21 114 18 158 6324
E1M1T1C0 23.4 1.0 2.3 0.6 0.5 24 106 20 170 7261
E1M1T0C0 22.6 0.9 2.2 0.5 0.5 23 107 21 165 7146
E0M1T1C1 22.8 1.1 2.1 0.5 0.6 22 103 19 159 7367
E1M1T1C1 24.2 1.1 2.2 0.5 0.5 22 102 19 155 6865
LSD(0.05) NS NS NS 0.2 NS NS NS NS NS NS
January-April Cycle (C2)
E0M0T0C0 19.2 1.5 0.6 1.4 0.6 13 90 15 114 3036
E0M1T1C0 18.0 2.0 0.7 1.5 0.7 9 93 15 119 3466
E1M1T1C0 21.5 1.5 0.7 1.4 0.7 15 94 15 127 3546
E1M1T0C0 20.9 1.6 0.6 1.5 0.6 13 91 13 118 3924
E0M1T1C1 17.1 1.9 0.6 1.5 0.7 9 106 15 107 2706
E1M1T1C1 17.5 1.8 0.7 1.4 0.6 10 86 14 116 3138
LSSD (0.05) 2.4 0.3 NS NS NS 3.0 NS NS NS NS
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immobilization in organic matter, including microbial
biomass, transforming the compost into a slowly available
N source (Eghball & Power, 1999). Usually initial C: N
ratio has been reported as a key factor for controlling N
losses through ammonia within a composting process
(Sikora & Sowers, 1985; Sikora, 1999).  According to
Iglesias–Jimenez and Perez-Garcia (1992), a C: N ratio
lower than 12 indicates a good degree of maturity. Benito
et al. (2003) expressed a value around 30 as more
adequate for pruning waste.

Manna (2004) reported that TN content of the mature
compost should be more than 1.0% and TK between 1.5
to 2.0%. Umrit and Friesen (1994), however, observed P
mineralization from organics with C:P ratio of 227, slightly
greater than the breakout point suggested by others.
Composted organic solid waste contained between 2 to
16% of their TP as rapidly exchangeable inorganic-P,
between 40 and 77% of their TP as slowly exchangeable
or not exchangeable inorganic P, probably in the form of
condensed calcium phosphates and some organic P
(Frossard et. al., 2002). Evidences suggest that manure-
P may be equally or even more available than fertilizer-P
(Gale et al., 2000); therefore these organic wastes have
the potential to meet the partial or complete P
requirement of crops (Singh, 2004; Singh et al., 2010) on
application to the soils.
Compost output and growth rate of earthworms

The compost output varied from 53-76 % during Sep-
Dec cycle and from 39-86 % during Jan- Apr cycle with
minimum output (53% in Sep-Dec cycle and 39 % in Jan-
Apr cycle) from control treatment. On the other hand the
maximum output varies from 76-86% in pits where
earthworms or earthworms along with microbial culture
and moisture were added. The increase in the number
and weight of earthworms was respectively 91% and 39
% in the earthworm treatment and 74% and 28 % in the
treatment where earthworms along with microbial culture
were added. Activity of earthworms started in the 1st week
of March with the rise of temperature to optimize
earthworms’ growth. It was 33 and 45 times in case of
earthworm treatment and 43 and 48 times in case of
earthworm along with microbial culture treatment

The results put forth the concept that no appreciable
change in nutrient composition in the vermicompost over
FYM that is produced by only thermophilic
microorganisms without adding earthworms under similar
conditions. It can be concluded that composting the
animal dung by scientific means is as efficient as
vermicomposting the animal dung.
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