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Abstract: Enormous mass of organic wastes are produced continuously in the environment. Due to rise in the
population, acute energy crisis and degradation of the environment is taking place. The improvement in the
environment is very important, and it has become an accepted goal worldwide. Now, it is necessary to develop a
relevant technology to recover the energy from these organic wastes because these organic wastes act as a non-
conventional sources and available at no cost. By using the relevant technology million tons of plant nutrients can
be produced out of these wastes. Vermicomposting is one of the best, cheap and environment friendly process by
which the organic wastes can be converted into good manure with the help of earthworms. The aim of the present
study was to investigate the physico-chemical changes of kitchen wastes mixed with different combinations of
animal dung after the processing of earthworm Eutyphoeus waltoni. There was a significant decrease in pH, EC, TOC
and C/N ratio while a significant increase in TKN, TK, TAP and TCa in different combinations of kitchen wastes
mixed with animal dung after the processing of Eutyphoeus waltoni compared to the initial feed mixture. Significant
reduction of organic carbon (56.88-59.40%) and C/N ratio (79.86-82.02%) in all the combinations of buffalo dung
with kitchen waste and significant reduction of organic carbon (50.80-58.57%) and C/N ratio (68.14-72.52%) in all
the combinations of goat dung with kitchen wastes were observed. The result showed that earthworms accelerated
the mineralization rate and converted the manures into castings with a higher nutritional value. Since, these
compost contains a high nutritive value and a low C:N ratio, they are suitable to use in the agricultural fields for
better crop production.
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Introduction

Over anthropogenic activities has increased the  (Prakash and Verma, 2022). Simultaneously,
difficulty of successful disposal and management animals also produce enormous mass of organic
of organic wastes during the last few decades  wastes which creates serious problem to the
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society (Wani and Rao, 2013). Typical methods of
solid waste management such as landfilling, open
dumping or open burning are indefensible due to
its bad odour, production of toxic materials and
gases from the wastes which creates negative
impact on the environment, human health and bio-
diversity (Lee et al, 2012; Perez-Godinez et al,
2017; Verma and Prakash, 2020a). By the
scientific application, organic wastes can be
transformed into the value added product which
cannot only supply nutrients for plant growth but
also improves the physical properties of the soil
(Scotti et al., 2015). In India huge mass of kitchen
wastes are produced every year (Gupta, 2005).
Large amount of food scraps are generated for
disposal in every home kitchen. These scraps
creates odour problem when they are thrown in
the garbage and produce harmful effects on the
health and if they are not
decomposed (Kaviraj and Sharma, 2003). To
dispose these kitchen wastes, garbage disposal is
very convenient, but it also throws away the
potentially valuable resource (Chavan et al., 2017).
Kitchen good material for
vermicomposting as it is a pure organic material
which can be easily decomposed in comparison to
other wastes (Febriyantiningrum et al, 2018).
Million tons of animal dung are produced in India
every year and creates serious environmental
issues as odour problems to the
surrounding areas (Garg et al, 2015). These
wastes like nitrogen,
phosphorus, potassium etc. so they can be used as
feed materials for earthworms.

environment

wastes is a

as well

are rich in minerals

For decomposing organic waste into odour-
free humus like material, vermicomposting
technology has been verified in literatures (Suthar,
2009; Garg et al., 2012; Cestonaro et al, 2017;
Sudkolai and Nourbakhsh, 2017). In the list of
integrated waste management, vermicomposting
is considered as a potential tool which stabilizes
the organic material by the joint
performance of earthworms and micro-organisms.
Though biochemical degradation of organic matter

waste

is carried out by the microbes, earthworms are the
important operators of the process by

conditioning the substrate as well as altering the
biological activity (Aira et al., 2007). It is a bio-
technological process in which organic wastes are
converted into vermicompost by the help of
earthworms. This process is eco-friendly, aerobic
and less (Gunadi et al, 2002).
Earthworms are also helpful in treating waste
water through vermifiltration technology (Singh
and Fatima, 2022). In the agricultural field of
different localities of eastern Uttar Pradesh,
Eutyphoeus waltoni is found abundantly (Singh
and Kumar, 2014). Eutyphoeus waltoni is an anecic
species which is found over a large area in India
and can be a relevant species to use as biomarkers
of soil pollution (Singh and Singh, 2015). Anecic
earthworms are also known as humus formers
and have the capability of organic
consumption which can also modify the structure
of the soil.

expensive

waste

Keeping in view the above facts, the present
study was conducted to evaluate the changes in
physico-chemical composition of waste mixtures
including vegetable wastes and banana peels
mixed with buffalo and goat dung in different
ratios after the processing of the earthworm
Eutyphoeus waltoni.

Materials and Methods

Collection and rearing earthworm

Eutyphoeus waltoni:

of the

The cultured earthworm Eutyphoeus waltoni from
the vermiculture Laboratory, Department of
Zoology, Deen Dayal Upadhyaya, Gorakhpur
University, Gorakhpur used for the
experiment. For this, vermibed were prepared by
using garden litter with cow dung on a cemented
in the
earthworms were used for the experiments.

were

surface laboratory. Young cultured

Collection of animal dung and kitchen wastes:

Animal dung (buffalo and goat) were collected
from the local farm houses of different areas.
Kitchen wastes were procured from the local
residential colonies of the Gorakhpur district.
These organic wastes were spread in a layer and
exposed to sunlight for 10 days to remove various
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harmful organisms and noxious gases and then
used in the experiment (Garg et al., 2005).

Experimental setup:

The experiment was conducted on cemented
surface. According to the method of Nath and
Singh (2009), two kilograms (Kg) of each five
different combinations of buffalo dung i.e. Buffalo
Dung + Vegetable Waste (BD+VW; 1:1), Buffalo
Dung + Vegetable Waste (BD+VW; 2:1), Buffalo
Dung + Banana Peel (BD+BP; 1:1), Buffalo Dung +
Banana Peel (BD+BP; 2:1), Buffalo Dung +
Vegetable Waste + Banana Peel (BD+VW+BP;
1:1:1) and Buffalo Dung (BD) alone as well as goat
dung i.e. Goat Dung + Vegetable Waste (GD+VW;
1:1), Goat Dung + Vegetable Waste (GD+VW; 2:1),
Goat Dung+Banana Peel (GD+BP; 1:1), Goat
Dung+Banana Peel (GD+BP; 2:1), Goat Dung+
Vegetable Waste+ Banana Peel (GD+VW+BP;
1:1:1) and Goat Dung (GD) alone were prepared in
beds of (30 x 30 x10 cm3) at room temperature
(27#2 °C) in the dark. The vermicomposting beds
were turned over manually every 24 h for 2 weeks
in order to eliminate volatile substances. After this
dried sample of each vermibed were collected.
Thereafter 20 young Eutyphoeus waltoni were
inoculated into each bed. In order to provide
optimal environmental conditions for worms, the
moisture of all the treatments were maintained at
60-70% by sprinkling water during the
experiment. After vermicomposting for 90 days,
sample from each vermibed were collected again
and composting was terminated because the
residuals of bedding materials in the treatments
had been eaten up by Eutyphoeus waltoni. The
collected dried and homogenized samples were
grind into fine particles for further analysis. Each
experiment was replicated six times.

Chemical analysis:

The pH and electrical conductivity were
determined by using a double distilled water
suspension of each sample in the ratio of 1:10
(w/v) which had been agitated mechanically for
30 min and filtered through Whatman no. 1 filter

paper; Total Organic Carbon (TOC) was measured

after igniting the sample in a Muffle furnace at 550
°C for 50 min by the method of Nelson and
Sommers (1982). Total Kjeldahl Nitrogen (TKN)
was measured by Micro-Kjeldhal method of
Bremner and Mulvaney (1982) after digesting the
sample in digestion mixture (H2SOs and HCIOs,
9:1 v/v). Total Available Phosphorus (TAP) was
analyzed by using the calorimetric method with
molybdenum in sulphuric and Total
Potassium (TK) was determined after digesting
the sample in diacid mixture conc. Of HNO3.HClO4
(4:1 v/v) using a flame photometer (Garg et al.,
2005).

acid

Statistical analysis:

All the experiments were replicated six times for
the purpose of obtaining consistency in the result
and finding out the mean with standard error.
Analysis of variance was used to analyze the
significant difference between the combinations;
Student t test (significance accepted at P<0.05)
was performed to identify the homogenous type of
bedding with respect to reproduction and growth
from the control.

Results and Discussion

The pH of all the vermibed after the processing of
Eutyphoeus waltoni was significantly decreased
with respect to the initial feed mixture (Tables 1,
5; Figs. 1, 5). The pH of final composted material
of buffalo dung and goat dung with kitchen wastes
by  Eutyphoeus
compared to the initial feed mixture. Maximum
decrease of 25% (8.28 + 0.03 to 6.21 + 0.03) and
minimum decrease of 13.13% (7.85 + 0.03 to 6.82
+ 0.08) were observed in BD+VW (1:1) and
BD+BP+VW (1:1:1), respectively, between all the
combinations of buffalo dung and kitchen wastes.
Among all the combinations of goat dung and

waltoni showed variations

kitchen wastes maximum decrease of 18.35%
(8.45 = 0.07 to 6.90 £ 0.03) in the combination of
GD+VW (1:1) and minimum decrease of 4.37%
(7.11 £ 0.10 to 6.80 £ 0.05) in the combination of
GD+VW+BP (1:1:1) were
researchers have reported similar results during
the processing of wastes by earthworms (Elvira et

recorded. Various
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al., 1998; Garg and Gupta, 2011). These changes in
the pH of various feed material may occurred due
to the degradation of organic solid wastes.
Decrease in pH of different mixtures of feed
material occurred due to the mineralization of
nitrogen and phosphorus into nitrites/nitrates as
well as phosphates (Short et al., 1999; Ndegwa et
al., 2000). Low pH in the final product after the
processing of earthworms may also result due to
the formation of fulvic acid and humic acid
(Chauhan and Singh, 2012).

The final EC (Electrical Conductivity) of all the
vermibed after the processing of Eutyphoeus
waltoni was significantly decreased with respect
to the initial feed mixture (Tables 1, 5; Figs. 1, 5).
The EC of final products of buffalo dung and goat
dung with kitchen wastes showed variations
compared to the initial values. Maximum decrease
of 46.75% (3.23 * 0.09 to 1.72 * 0.01) and
minimum decrease of 41.61% (2.74 + 0.01 to 1.60
+ 0.01) were observed in BD+BP (1:1) and BD+VW
(2:1), respectively, among all the combinations of
buffalo dung and kitchen wastes. In the
experiment the EC of initial feed mixtures of goat
dung with kitchen wastes ranged from 2.15 to 2.65
ds/m, while after the processing of the earthworm
Eutyphoeus waltoni it ranged from 1.16 to 1.38
ds/m which may occurred due to high organic
matter loss and release of mineral salts. Maximum
decrease of 52.42% (2.48 * 0.01 to 1.18 + 0.01)
and minimum decrease of 35.82% (2.15 * 0.01 to
1.38 + 0.01) were observed in the combination of
GD+VW (2:1) and GD alone, respectively. 28% to
46% EC in the final vermicompost had been
reported by previous researchers (Garg et al,
2006). During the management of bio sludge of the
beverage industry, it was reported that EC
significantly declined for about 28.69% in the final
vermicompost (Singh et al., 2010).

The TOC (Total Organic Carbon) content in all
the feed mixture declined after the processing of
Eutyphoeus waltoni (Tables 2, 6; Figs. 2, 6). It has
been reported that earthworms change the
condition of the feed mixture which later enhances
the loss of carbon from the feed mixture by

microbial respiration in the form of CO; (Elvira et
al.,, 1996; Aira et al, 2007; Hait and Tare, 2011).
The TOC of final products of buffalo dung with
kitchen wastes significant decrease
compared to the initial values. Max decrease of
59.40% (543.65 + 0.11 to 220.75 * 0.05) and
minimum decrease of 56.88% (554.40 + 0.69 to
239.09 * 1.06) were observed in the combination
of BD+VW (2:1) and BD+VW (1:1), respectively.
Among all the combinations of goat dung with
kitchen wastes maximum decrease of 58.57%
(441.33 + 0.07 to 182.86 + 0.11) and minimum
decrease of 50.80% (548.39 + 0.47 to 269.85 +
0.63) were observed in GD alone and GD+VW
(1:1), respectively. Wani et al. (2013) reported the
reduction of TOC while doing the vermin-
composting of garden waste, kitchen waste and
cow dung using the earthworm Eisenia fetida at
the end of the process. It was also observed during
vermicomposting of municipal solid waste that a
large fraction of TOC can be degraded to CO:
(Sharma, 2003). In an earlier research the
reduction of TOC from 24% to 60% during the
process of vermicomposting has been observed
(Yadav and Garg, 2010). The TOC content reduced
due to the loss of CO: by the activity of
earthworms (Suthara and Singh, 2008).

showed

TKN content in all the feed mixtures of buffalo
dung and goat dung with kitchen wastes is
illustrated in Tables 2, 6 and Figures 2, 6. A
considerable increase in the TKN content was
observed in all the feed mixtures of buffalo and
goat dung with kitchen wastes. Among all the
combinations of buffalo dung and kitchen wastes
maximum increase of TKN was observed in the
combination of BD+VW (1:1) which is 58.04%
(8.85 * 0.08 to 21.09 * 0.04) and minimum
increase of TKN was observed in the combination
of BD+BP+VW (1:1:1) which is 50.88% (8.41 *
0.03 to 17.12 £ 0.03). The TKN of final products of
goat dung with kitchen wastes after the processing
of Eutyphoeus waltoni showed significant increase
compared to the initial values. Maximum increase
of 37.41% (7.90 + 0.08 to 12.62 * 0.02) and
minimum increase of 33.65% (5.62 + 0.01 to 8.47

+0.01) were observed in the combination of
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Table 1: Concentration of pH and EC in initial feed mixtures and final vermicompost of buffalo dung mixed with
kitchen wastes in different combinations

pH EC (ds/m)
Combinations
IFM VC % IFM VC %
decrease decrease

BD 8.83+0.06 | 6.65+0.03* 24.69 293 +0.01 1.62 £0.01%* 4471
BD+VW (1:1) | 8.28+0.03 | 6.21 £0.03* 25.00 3.29+0.01 1.91 £0.01* 41.95
BD+VW (2:1) | 8.61+0.06 | 6.43 +0.10* 25.32 2.74 +0.01 1.60 £ 0.01* 41.61
BD+BP (1:1) | 7.88+0.07 | 6.48 +0.03* 17.77 3.23+£0.09 1.72 £ 0.01* 46.75
BD+BP (2:1) | 8.01+0.05 | 6.63 £ 0.06* 17.23 2.85+0.01 1.53 £0.01* 46.32
BD+BP+VW | 7.85+0.03 | 6.82 +0.08* 13.13 2.45+0.01 1.31 £ 0.00* 46.54

(1:1:1)

Each value is the mean * SE of six replicates. I[FM = Initial Feed Material, VC = Vermicompost, BD = Buffalo Dung,
BP = Banana peel, VW = Vegetable Waste. *Significant (P < 0.05) between before and after vermicomposting in
30.0x30.0x10.0 cm3 area of vermicompost bed.

Table 2: Concentration of TOC and TKN in initial feed mixtures and final vermicompost of buffalo dung mixed
with kitchen wastes in different combinations

TOC (g/kg) TKN (g/kg)
Combinations
IFM VC % IFM VC %
decrease increase
BD 513.91+0.47 | 209.14 + 0.06* 59.31 6.31+£0.02 | 14.27 £0.03* 55.79
BD+VW 554.40 £ 0.69 | 239.09 +1.06* 56.88 8.85+0.08 | 21.09 £ 0.04* 58.04
(1:1)
BD+VW 543.65+0.11 | 220.75 + 0.05* 59.40 7.97 £0.03 17.45+ 0.03* 54.33
(2:1)
BD+BP (1:1) | 537.35+0.21 | 228,51 +0.07* 57.48 8.10+£0.01 17.10+ 0.02* 52.64
BD+BP (2:1) | 525.84 +0.06 | 217.45 + 0.09* 58.65 7.25+0.03 16.62+ 0.02* 56.38
BD+BP+VW | 523.64+0.06 | 212.92 + 0.09* 59.34 8.41 £ 0.03 17.12+ 0.03* 50.88
(1:1:1)

Each value is the mean * SE of six replicates. IFM = Initial Feed Material, VC = Vermicompost, BD = Buffalo Dung,
BP = Banana peel, VW = Vegetable Waste. *Significant (P < 0.05) between before and after vermicomposting in
30.0x30.0x10.0 cm3 area of vermicompost bed.
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GD+BP (1:1) and GD alone, respectively. It has
been reported earlier that the values of TKN
significantly  increased by 35%  during
vermicomposting of tomato fruits (Manual et al.,
2010; Fernandez-Gomez, 2010). TKN increased in
the final product after the processing of
earthworms may be due to the mineralization and
addition of various by-products or assimilatory
product through the earthworms (Chauhan and
Singh, 2012). It was reported that mineralization
of C- rich matters and action of N-fixing bacteria
present in the feed mixture may also results in the
increase of nitrogen content (Plaza et al., 2008). As
significant portion of worm 1is protein so
degradation of dead worms can also be a reason
for increasing the TKN content (Atiyeh et al,
2000). In comparison to initial waste mixture
nitrogen content was increased 2.16 fold during
the vermicomposting process using kitchen waste,
rotting foliage and cow dung (Mousavi et al,
2017).

One of the highly accepted indicators of
compost maturation is C/N ratio which represents
the mineralization and stabilization of organic
wastes during the process of vermicomposting
(Cardenas and Wang, 1980). The C/N ratio
declined in all the combinations of buffalo and
goat dung with kitchen wastes after the processing
of earthworm Eutyphoeus waltoni (Tables 3, 7;
Figs. 3, 7). This decline of C/N ratio is caused due
to loss of carbon which is accompanied by
addition of nitrogen through the earthworms
during the process (Suthar, 2007; Kaur et al,
2010; Singh et al,, 2010). In all the combinations
of buffalo dung with kitchen wastes the C/N ratio
decreased from (62.22-81.38) to (11.33-13.69).
After the processing of earthworm Eutyphoeus
waltoni the maximum decrease of the C/N ratio
was 83.18% which was observed in BD alone and
minimum decrease of C/N ratio was 79.86%
which was observed in the combination of BD+BP
(1:1). Among all the combinations of goat dung
with kitchen wastes the maximum decrease of C/N
ratio was 72.52% which was observed in GD alone
and minimum decrease of 68.14% was observed
in the combination of GD+VW (1:1). Many studies

have reported that C/N ratio declined sharply
during the process of vermicomposting (Vig et al.,
2011; Malafaia et al, 2015). During
vermicomposting, earthworms promote
acceleration in humification which results in the
decrease of C/N ratio (Suthar, 2006; Dores Silva et
al.,, 2011; Vigetal, 2011).

TK content in all the feed mixtures of buffalo
and goat dung with kitchen wastes has been
shown in Tables 3, 7 and Figures 3, 7. Significant
increase of TK content was observed in all the
combinations of feed mixtures after the processing
of Eutyphoeus waltoni. Among all the combinations
of buffalo dung and kitchen wastes maximum
increase of TK was observed in the combination of
BD+BP (2:1) i.e. 14.90% (6.07 = 0.01 to 7.14 *
0.02) and minimum increase of TK was observed
in the combination of BD+VW (2:1) i.e. 5.43%
(6.97 £ 0.01 to 7.37 + 0.01). Between all the
combinations of goat dung with kitchen wastes
maximum increase of TK was observed in GD+BP
(2:1) i.e. 20.81% (6.32 = 0.04 to 7.98 + 0.01) and
minimum increase was observed in GD alone i.e.
10.62% (6.23 £ 0.03 to 6.97 + 0.01). It was also
reported by Suthar (2007) that TK increased in
the vermibeds after 150 days.

Total available phosphorus is significantly
higher in all the composted feed mixtures of
buffalo dung and goat dung with kitchen wastes
than the initial feed mixtures. Total available
phosphorus content increased from 14.38% to
25.01% in the combination of buffalo dung and
kitchen wastes and 8.50% to 13.67% in the
combination of goat dung with kitchen wastes
(Tables 4, 8; Figs. 4, 8). Among all the
combinations of buffalo dung and kitchen wastes
the maximum increase of TAP was observed in the
combination of BD+BP (2:1) i.e. 25.01% (5.43 +
0.01 to 7.24 £ 0.02) and minimum increase of TAP
was observed in the combination of BD+BP+VW
(1:1:1) i.e. 14.38% (7.21 = 0.01 to 8.42 + 0.02). In
all the combinations of goat dung and kitchen
wastes maximum increase of TAP was observed in
the combination of GD+BP+VW (1:1:1) i.e. 13.67%
(6.32 £0.01 to 7.32 = 0.00) and minimum increase
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Table 3: Concentration of C:N ratio and TK in initial feed mixtures and final vermicompost of buffalo dung
mixed with kitchen wastes in different combinations

C:N ratio TK (g/kg)
Combinations
IFM VC % IFM VC % increase
decrease
BD 81.44 £0.30 | 14.65+0.02* 82.02 4,97+0.01 546 £ 0.01* 8.98
BD+VW 62.64+£0.14 | 11.33+£0.03* 81.92 7.62+0.03 8.55 + 0.00* 10.88
(1:1)
BD+VW 68.21+0.23 | 12.65+0.02* 81.46 6.97 £ 0.01 7.37 £0.01* 5.43
(2:1)
BD+BP (1:1) | 66.33 +0.18 | 13.36 +0.02* 79.86 7.14 +£0.02 8.25+0.01* 13.46
BD+BP (2:1) | 72.52+0.33 | 13.08 +0.01* 81.97 6.07 £0.01 7.14 £ 0.02%* 14.90
BD+BP+VW | 62.26 £+ 0.26 | 12.43 +0.02* 80.04 7.42 +£0.01 8.32+0.01* 10.82
(1:1:1)

Each value is the mean * SE of six replicates. IFM = Initial Feed Material, VC = Vermicompost, BD = Buffalo Dung,
BP = Banana peel, VW = Vegetable Waste. *Significant (P < 0.05) between before and after vermicomposting in
30.0x30.0x10.0 cm3 area of vermicompost bed.

Table 4: Concentration of TAP and TCa in initial feed mixtures and final vermicompost of buffalo dung mixed
with kitchen wastes in different combinations

TAP TCa (g/kg)
Combinations (g/kg)
IFM VC % Increase IFM VC % increase
BD 495+0.01 | 5.92+0.01* 16.39 1.80 £ 0.12 2.39+0.16* 24.69
BD+VW (1:1) | 7.33+0.02 | 8.81+0.01* 16.80 3.30+0.14 3.56 + 0.08* 7.31
BD+VW (2:1) | 6.21+0.01 | 7.93 £ 0.02* 21.69 3.11£0.20 3.28 £ 0.09* 5.19
BD+BP (1:1) 6.92+0.01 | 8.34+0.02* 17.03 2.80£0.17 3.36 £ 0.11* 16.67
BD+BP (2:1) 543 +0.01 | 7.24 £0.02* 25.01 2.38+0.03 3.20+0.16* 25.63
BD+BP+VW 7.21+£0.01 | 8.42+0.02* 14.38 3.15+0.16 3.58 £ 0.14* 12.02
(1:1:1)

Each value is the mean * SE of six replicates. IFM = Initial Feed Material, VC = Vermicompost, BD = Buffalo Dung,
BP = Banana peel, VW = Vegetable Waste. *Significant (P < 0.05) between before and after vermicomposting in
30.0x30.0x10.0 cm3 area of vermicompost bed.
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Table 5: Concentration of pH and EC in initial feed mixtures and final vermicompost of goat dung mixed with
kitchen wastes in different combinations

pH EC (ds/m)
Combinations
IFM VC % decrease IFM VC % decrease
GD 7.70 £0.03 | 7.20 +£0.06* 6.5 2.15+0.01 1.38+0.01% 35.82
GD+VW (1:1) | 845+0.07 | 6.90+0.03* 18.35 2.65£0.01 1.29 £ 0.02* 51.33
GD+VW (2:1) | 7.80+£0.02 | 7.03 £0.04* 9.88 2.48 £0.01 1.18 £0.01* 52.42
GD+BP (1:1) 7.30+£0.03 | 6.82+0.06* 6.58 2.37+£0.02 1.20 £ 0.02* 49.37
GD+BP (2:1) 7.59+£0.03 | 7.10£0.10*% 6.46 2.33£0.00 1.16 £0.01* 50.22
GD+BP+VW | 7.11£0.10 | 6.80£0.05* 4.37 2.26 £0.01 1.19 £0.10* 47.35
(1:1:1)

Each value is the mean * SE of six replicates. IFM = Initial Feed Material, VC = Vermicompost, GD = Goat Dung,
BP = Banana peel, VW = Vegetable Waste. *Significant (P < 0.05) between before and after vermicomposting in
30.0x30.0x10.0 cm3 area of vermicompost bed.

Table 6: Concentration of TOC and TKN in initial feed mixtures and final vermicompost of goat dung mixed with
kitchen wastes in different combinations

TOC (g/ksg) TKN (g/kg)
Combinations
IFM VC % IFM VC % increase
decrease
GD 441.33 +0.07 182.86 + 0.11* 58.57 5.62+0.01 8.47 +0.01* 33.65
GD+VW 548.39 + 0.47 269.85 + 0.63* 50.80 8.63+0.93 | 13.32+0.01* 35.22
(1:1)
GD+VW 535.57 £ 0.08 253.41 + 0.09* 52.69 8.32+0.07 | 12.57 £0.03* 33.82
(2:1)
GD+BP (1:1) 527.00 £ 0.07 255.43 +0.07* 51.54 7.90 + 0.08 12.62 + 0.02* 37.41
GD+BP (2:1) 514.68 £ 0.07 243.05 + 0.05* 52.78 7.42+0.01 | 11.79 £ 0.04* 37.07
GD+BP+VW 525.97 £ 0.08 247.86 + 0.07* 52.88 7.99+0.02 | 12.32+ 0.03* 35.15
(1:1:1)

Each value is the mean * SE of six replicates. IFM = Initial Feed Material, VC = Vermicompost, GD = Goat Dung,
BP = Banana peel, VW = Vegetable Waste. *Significant (P < 0.05) between before and after vermicomposting in
30.0x30.0x10.0 cm3 area of vermicompost bed.
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Table 7: Concentration of C:N ratio and TK in initial feed mixtures and final vermicompost of goat dung mixed
with kitchen wastes in different combinations

C:N ratio TK (g/kg)
Combinations
IFM VC % IFM VC % increase
decrease
GD 78.52 +0.37 | 21.58 +0.02* 72.52 6.23 +0.03 6.97 +0.01* 10.62
GD+VW (1:1) 63.54 £ 0.59 | 20.25 +0.03* 68.14 7.24 + 0.04 8.64 + 0.02* 16.21
GD+VW (2:1) 64.02 £ 0.69 | 20.14 + 0.05* 68.55 6.72 +0.02 8.32+0.01* 19.24
GD+BP (1:1) 67.39+£0.72 | 20.24 +0.03* 69.97 6.84 +0.01 8.19 + 0.02* 16.49
GD+BP (2:1) 69.90 £ 0.61 | 20.60 £ 0.07* 70.53 6.32 £ 0.04 7.98+ 0.01* 20.81
GD+BP+VW 66.13 £0.44 | 20.11 + 0.05* 69.60 7.19 £ 0.02 8.41+0.01* 14.51
(1:1:1)

Each value is the mean * SE of six replicates. [FM = Initial Feed Material, VC = Vermicompost, GD = Goat Dung,
BP = Banana peel, VW = Vegetable Waste. *Significant (P < 0.05) between before and after vermicomposting in
30.0x30.0x10.0 cm3 area of vermicompost bed.

Table 8: Concentration of TAP and TCa in initial feed mixtures and final vermicompost of goat dung mixed with
kitchen wastes in different combinations

TAP (g/kg) TCa (g/kg)
Combinations
IFM VC % increase IFM vC % increase
GD 422+0.37 | 4.82+0.01* 12.45 2.58+0.03 3.38 £ 0.06* 23.67
GD+VW (1:1) | 6.55+0.59 | 7.43+0.00* 11.85 3.28+0.06 4.18 + 0.03* 21.54
GD+VW (2:1) | 5.82+0.69 | 6.36+0.00* 8.50 2.88£0.05 3.78 +0.07* 23.81
GD+BP (1:1) | 6.21+0.72 | 7.16+0.01* 13.27 2.68+0.03 3.18 + 0.04* 15.73
GD+BP (2:1) 547+0.61 | 6.11+0.01* 10.48 2.38+0.04 2.88 £ 0.05* 17.37
GD+BP+VW 6.32+0.44 | 7.32+0.00* 13.67 3.03+£0.06 3.68 £ 0.03* 17.67
(1:1:1)

Each value is the mean * SE of six replicates. IFM = Initial Feed Material, VC = Vermicompost, GD = Goat Dung,
BP = Banana peel, VW = Vegetable Waste. *Significant (P < 0.05) between before and after vermicomposting in
30.0x30.0x10.0 cm3 area of vermicompost bed.
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£33 IpH ( pH in Initial Feed) A
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BD+VW (1:1)
BD+VW (2:1)
BD +BP(1:1)
BD +BP(2:1)
BD +BP + VW (:1:1)

Combinations

Fig. 1: Concentration of pH (A) and EC (B) in initial feed material and the vermicompost of different
combinations of buffalo dung with kitchen wastes by Eutyphoeus waltoni. IpH= pH in initial feed material,
VpH= pH in vermicompost, IEC= electrical conductivity in initial feed material, VEC= electrical conductivity in
vermicompost, BD= buffalo dung, VW= vegetable waste, BP= banana peel.
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Fig. 2: Concentration of TOC (A) and TKN (B) in initial feed material and the vermicompost of different

combinations of buffalo dung with kitchen wastes by Eutyphoeus waltoni. ITOC= total organic carbon in initial
feed material, VTOC= total organic carbon in vermicompost, ITKN= total kjeldahl nitrogen in initial feed
material, VTKN= total kjeldahl nitrogen in vermicompost, BD= buffalo dung, VW= vegetable waste, BP= banana

peel.
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Fig. 3: Concentration of C/N ratio (A) and TK (B) in initial feed material and the vermicompost of different
combinations of buffalo dung with kitchen wastes by Eutyphoeus waltoni. IC/N= carbon to nitrogen ratio in
initial feed material, VC/N= carbon to nitrogen ratio in vermicompost, ITK= total potassium in initial feed
material, VTK= total potassium in vermicompost, BD= buffalo dung, VW= vegetable waste, BP= banana peel.
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Fig. 4: Concentration of TAP (A) and ITCa (B) in initial feed material and the vermicompost of different
combinations of buffalo dung with kitchen wastes by Eutyphoeus waltoni. ITAP= total available phosphorus in
initial feed material, VTAP= total available phosphorus in vermicompost, ITCa= total calcium in initial feed
material, VTCa= total calcium in vermicompost, BD= buffalo dung, VW= vegetable waste, BP= banana peel.
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Fig. 5: Concentration of pH (A) and EC (B) in initial feed material and the vermicompost of different
combinations of goat dung with kitchen wastes by Eutyphoeus waltoni. IpH= pH in initial feed material, VpH=
pH in vermicompost, IEC= electrical conductivity in initial feed material, VEC= electrical conductivity in

vermicompost, GD= goat dung, VW= vegetable Waste, BP= banana peel.
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Fig. 6: Concentration of TOC (A) and TKN (B) in initial feed material and the vermicompost of different
combinations of goat dung with kitchen wastes by Eutyphoeus waltoni. ITOC= total organic carbon in initial feed
material, VTOC= total organic carbon in vermicompost, ITKN= total kjeldahl nitrogen in initial feed material,
VTKN= total kjeldahl nitrogen in vermicompost, GD= goat dung, VW= vegetable waste, BP= banana peel.
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Fig. 7: Concentration of C/N ratio (A) and TK (B) in initial feed material and the vermicompost of different
combinations of goat dung with kitchen wastes by Eutyphoeus waltoni. IC/N= carbon to nitrogen ratio in initial
feed material, VC/N= carbon to nitrogen ratio in vermicompost, ITK= total potassium in initial feed material,
VTK= total potassium in vermicompost, GD= goat dung, VW= vegetable waste, BP= banana peel.
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Fig. 8: Concentration of TAP (A) and ITCa (B) in initial feed material and the vermicompost of different

combinations of goat dung with kitchen wastes by Eutyphoeus waltoni. ITAP= total available phosphorus in
initial feed material, VTAP= total available phosphorus in vermicompost, ITCa= total calcium in initial feed
material, VTCa= total calcium in vermicompost, GD= goat dung, VW= vegetable waste, BP= banana peel.
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was observed in the combination of GD+VW (2:1)
i.e. 8.50% (5.82 + 0.01 to 6.36 £ 0.00). Increase in
TAP is associated to the quality of feed materials,
processing time and worms according to previous
researchers (Hartenstein and Hartenstein, 1981;
Ndegwa et al., 2000). Suthar (2007) reported that
total phosphorus content increased significantly in
the final composted mixture, this may occur due to
phosphorus mineralization during the process. It
has also been reported that earthworm passes
feed material through its gut which can be a
reason for adding some amount of P to worm
excretion which in turns increase the available
phosphorus for plants (Lee, 1985). During the
decomposition of organic matter micro-organisms
produce acid, which solubilize insoluble
phosphorus which later increased the phosphorus
content in the composted mixture by earthworms
(Pramanik et al, 2007). An increase of 25% in
phosphorus content of paper waste sludge after
the activity of earthworms has been reported
(Satchell and Martin, 1984).

Total calcium is significantly higher in all the
final composted mixture compared to the initial
feed mixture of buffalo dung and goat dung with
kitchen wastes (Tables 4, 8; Figs. 4, 8). Maximum
increase of 25.63% of calcium was observed in
BD+BP (2:1) (2.38 + 0.03 to 3.20 + 0.16) and
increase of 23.81% of calcium was observed in
GD+VW (2:1) (2.88 + 0.05 to 3.78 * 0.07).
Minimum increase of 5.19% of calcium was
observed in BP+VW (2:1) (3.11 * 0.20 to 3.28 *
0.09) and 17.37% in GD+BP (2:1) (2.38 = 0.03 to
2.88 * 0.05). Increase of total calcium in the final
composted mixture by earthworms was also
observed by Garg et al. (2006). It has been
reported that the metabolism of calcium in the gut
of earthworms was primarily responsible to
increase the inorganic calcium in worm cast
(Hartenstein and Hartenstein, 1981).

Conclusion

This study clearly revealed the changes in the
physico-chemical properties of buffalo and goat
dung mixed with kitchen wastes in different ratios
after the processing of earthworm Eutyphoeus

waltoni. The result indicated that dung which is
used alone and the dung which are mixed with
kitchen wastes in different ratios had different
effect on the process because of different physico-
chemical properties. Experimental data provide a
sound basis that this technology of using
earthworms is suitable for the conversion of
kitchen wastes and animal dung into organic
fertilizers. This will not only reduce the load of
synthetic fertilizers but will also act as a soil
conditioner and a source of plant nutrients in
agriculture.
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