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Abstract

Vermicomposting is the bio-oxidation and stabilization of organic matter involving the action of earthworm and
microorganism, turning waste into a valuable soil amendment called vermicompost. Vermicomposting is an ecofriendly
process that converts organic substrates into value added vermicompost with the help of earthworms and microflora. In this
study, the sugar industrial byproduct, sugarcane bagasse was vermicomposted in combination with cow dung (1:1) in addition
to the green manure plant Gliricidia sepium as amendment material employing the earthworm, Eudrilus eugeniae. Prior to
vermicomposting, the substrate combinations were predecomposed for 15 days by inoculating Pleurotus sajor-caju spawn.
Results showed that pH and electrical conductivity declined from the initial stage, total Kjeldahl nitrogen, sodium, total
phosphorus, total potassium, magnesium, calcium, zinc, copper and iron levels were highly increased. Based on the present
study findings, it is recommended that the sugarcane bagasse+cow dung combination amended with the green manure plant,
G. sepium in 2:1:1 ratio is suitable for producing nutrient rich vermicomposting utilizing the epigeic earthworm, E. eugeniae.
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Introduction

The soil invertebrates of the Lumbricidae family, which
include earthworms, are prevalent in both temperate and
tropical regions. Although self-fertilization is rare,
earthworms are hermaphrodites, meaning they have both
male and female reproductive organs. Earthworms grow a
unique ring-shaped area of epidermis known as the clitellum
when they achieve sexual maturity. This zone is home to
specific glands that produce a variety of materials used to
form the viscous, girdle-like structures known as cocoons.
Although earthworm cocoons appear to be quite little, their
real sizes can vary significantly depending on the species.
Furthermore, when earthworms transition from their freshly
laid stage to their hatching stage, their cocoons undergo
periodic color changes (Stephenson, 1930) 7],

The great scientist (Romanes, 1881) [ completed and
releasing his final scientific book, which was titled "The
formation of vegetable mould through the action of worms
with observations on their habits". The gizzards of
earthworms are responsible for the grinding process, which
allows them to eat a substantial quantity of organic materials
and digestive tract of earthworms can aid in the
fragmentation of big particles. However, the function of the
calciferous glands related to earthworms is not adequately
explained. Recent investigations clearly indicated that these
glands (calciferous) could probably play a significant role in
maintaining the earthworm's water balance (Morgan et al.,
2002) %, After a many years, a number of studies -e.g.,
(Ferriére, 1980; Judas, 1992; Lavelle, 1978; Mariani et al.,
2001; Ponomaryova, 1950) [16: 2L 28, 29,341 haye been done on
the intestinal content of earthworms. It has been strongly
recommended by these investigations that the intake of soil
particles is significantly different depending on the feeding
habits and biological group of the earthworm species.
Because they transform waste materials into vermicompost,
which has the consistency of humus and a black, odorless
color, earthworms are crucial to the vermicomposting
process. (Samal et al., 2018; Suthar and Singh, 2008) % 501,
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Furthermore, the vermicomposting process helps to remove
a number of gasses that are linked to global warming.
Vermicompost eventually has far smaller particles than raw
garbage. Vermiculture is the sporadic process of providing
earthworms with organic waste to aid in their growth or
development (Xie et al., 2016) B8, The vermicomposting
process is being successfully used in the modern day to
manage sugarcane wastes, leaf litter, and sewage sludge.
When the right circumstances are met in terms of
temperature, pH, and moisture content, earthworms may
efficiently consume a wide range of organic wastes and
produce homogenous material known as cast or vermicast
(Samal et al., 2019) [“?I, the vermicast has a greater capacity
to hold water, a wide range of microbial communities,
nutritional components, and a variety of ionic elements
(Elvira et al., 1998) %1, Vermicomposting can be performed
on any size, from the intimate setting of a bench to an
industrial operation. In addition, there are a variety of
physical, chemical, and biological characteristics that can be
used to determine that vermicompost has reached its
maturity. Earthworms have pores in their skin that allow
them to breathe. The earthworm's body is cylindrical in
shape, long and bilaterally symmetrical, and has a thin
cuticle layer surrounding them. Furthermore, the worm gut
is divided into three sections, namely the foregut, midgut,
and hindgut, and is linked to various digestive glands
(Kaushik and Garg, 2004) [?31,

According to previous studies, lysine-rich protein makes up
65% of the dry weight of the earthworms' bodies. The
juvenile earthworms have between 100 and 150 distinct
segments, and each of these segments is capable of
independently contracting and relaxing. In addition,
earthworm bodies are devoid of bones, and each segment is
composed of bristles known as setae. These setae
considerably regulate earthworm mobility in the soil (Hait
and Tare, 2012; Reinecke and Venter, 1987) [1% 3 The
natural state of earthworms is that they are hermaphrodites,
and the appearance of a clitellum indicates that they have
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reached sexual maturity. The two most frequent methods of
reproduction are copulation and cross-fertilization.
Earthworms lay their eggs in a small spherical-shaped
capsule called a cocoon, which incubates for 3-6 weeks
(Aira et al., 2002; Brown et al., 2000; Dominguez, 2004) [
% M The earthworm's ability to reproduce is directly
proportional to the amount of readily available organic food
material in the local environment. Different kinds of
earthworms have diverse life spans, habitats, and
agroecosystems. Earthworms frequently live a variety of
soils, organic compost, and areas close to water sources. In
addition, the distribution of earthworm species is
determined by the soil's pH level, temperature, level of
moisture, and C:N ratio (Dlamini and Haynes, 2004) 31,
The vast majority of earthworms are only found in
organically rich soil systems; they are absent from sandy
soil, soil with a high clay content, soil with an acidic pH,
and coarse-textured soil. The average daily feeding rate of
different species of earthworms ranges from 100 to 300
mg/g of worm body weight (Garg and Gupta, 2011) 1271,

Though there are several species of earthworms available
naturally in soil, only the epigeic category of earthworms is
found to be efficient in the bioconversion of organic wastes
in the vermicomposting system. The earthworm species like
Eisenia fetida, Eudrilus eugeniae, Perionyx ceylanensis, and
Perionyx excavatus are some of the examples of epigeic
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earthworms (Biruntha et al., 2020; Karmegam et al., 2019;
Paul et al., 2020) & 24 33 |n the present study, Eudrilus
eugeniae - a voracious feeder of organic materials have been
used for the vermiconversion of sugarcane bagasse and cow
dung amended with leafy green manure plant, Gliricidia
sepium. Hence, the present study has been aimed to amend
the green manure plant along with the vermicomposting
substrate (sugarcane bagasse + cow dung combinations)
using the epigeic earthworm, E. eugeniae and to evaluate
the dynamics of physico-chemical characteristics during the
vermicomposting of sugarcane bagasse amended with cow
dung and G. sepium.

Materials and methods

Collection of sugarcane bagasse, cow dung and G.
sepium

Sugarcane bagasse was procured from a private sugar mill
near Chidambaram. The cow dung was collected from
nearby cattle farm in fresh condition and allowed to stabilize
for one week and used for the study. The leaves of the green
manure plant, G. sepium was collected from the peri-urban
region of Chidambaram town, Tamil Nadu, India, dried
under shade for a week and used for vermicomposting and
worm growth studies.

Experimental design and vermicomposting

Table 1: Combination of vermibed substrates (1:1)

Treatment Substrate combination (v/v) 1kg Ratio
Sugarcane bagasse (SCB) Cow dung (CD) | Leaves of Gliricidia sepium (GSL)

VCT1 50% 50% - 1:1:0

VCT2 66.67% 16.67% 16.67% 4:1:1

VCT3 60% 20% 20% 311

VCT4 50% 25% 25% 2:1:1

VCT5 50% - 50% 1:0:1

The substrate, sugarcane bagasse was collected from the
nearby sugar industry and transported to the laboratory. The
sugarcane bagasse was chopped into 3-4 cm pieces and
shade dried for a week. Fresh cow dung was procured from
adjacent cattle shed and shade dried for a week and used for
the study. The leafy biomass of the green manure plant, G.
sepium was collected from nearby village for the
amendment to the vermicomposting substrate. The
mushroom spawn (Pleurotus sajor-caju) was obtained from
local market. Different combinations of the substrates were
prepared and used for vermicomposting trial to select
suitable combination for producing enriched vermicompost
(Table 1). For precomposting, each combination of
substrates was filled alternatively with the layer (2 g/layer)
of mushroom spawn in plastic containers and 50-60%
moisture content was maintained for 15 days under dark
condition (Balachandar et al., 2021) I,

The precomposted substrate mixtures were filled in uniform
plastic containers and watered to hold 70-80% moisture and
allowed for 24 h stabilization. Then, 20 mature cli tellate
earthworms (E. eugeniae) were added to each experimental
set-up. For each experimental set-up, triplicates were
maintained. The experimental sets were kept in a dark room
with a temperature of 27 + 2 °C. The moisture content in the
substrates was maintained by adding water when needed
until the end of the vermicomposting, i.e., 50 days. A
separate experimental set for each treatment without
earthworms was maintained as a control.
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Physicochemical analysis of vermibed substrates

The pH of the sample was determined by the method of
Jackson (1973) 2 using pH meter with a combined
electrode (Elico Model LI-120 pH meter). The electrical
conductivity of the sample was determined by the method of
Jackson (1973) % using the Conductivity Bridge (Type
CM-82T). The determination of organic carbon in the
samples was carried out as per the procedure of Walkley
and Black (1934) 2 method. The total nitrogen content of
the sample was estimated by the Micro Kjeldahl method and
phosporous by colorimetric method. Total potassium
content of the sample was determined by flame photometric
method. Sodium, calcium and magnesium content of the
sample was determined as per the procedure of Tandon
(1993) B4,

Total sulphur was normally estimated by wet ashing of plant
tissue sample (as described under phosphorus — diacid
digestion) and the sulphate content in the digest was then
determined by barium sulphate turbidimetry method. Zinc
and Copper content were estimated using Atomic
Absorption Spectrophotometer (AAS) according to the
procedure outlined by Tandon (1993) BY. The iron
concentration was estimated using spectrophotometer
(Model CL-27) as per the procedure outlined by Jackson
(1973) %, The Mn concentration was estimated using
spectrophotometer (Model CL-27) as per the procedure
described by Chopra and Kanwar (1991) 2. The ratio of
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the percentage of carbon to that of nitrogen i.e., C:N ratio
was calculated by dividing the percentage of carbon
estimated for the sample with the percentage of nitrogen
estimated for the same sample. The ratio of the percentage
of carbon to that of phosphorous i.e., C/P ratio was
calculated by dividing the percentage of carbon estimated
for the sample with the percentage of phosphorus estimated
for the same sample in the present investigation. The
percentage increase/decrease of various physico-chemical
parameters over the worm-unworked substrates were
calculated as hereunder (Ramalingam and Ranganathan,
2001) 71,

Results and discussion

Initial and final physicochemical characteristics of vermibed
substrates, dynamics of physicochemical characteristics
during vermicomposting of sugarcane bagasse + cow dung
(1:1) amended with leafy green manure plant, G. sepium (50
days), percentage increase/decrease of physicochemical
characteristics of vermicompost over initial substrates.

Dynamics of pH, electrical conductivity, total Kjeldahl
nitrogen, phosphorus and potassium

pH

In most of the treatments, the pH showed reduction in final
vermicompost except VCT3 which exhibited slight increase
from the initial values (Table 2; Fig. 1A). The overall pH
change reflected a reduction from the initial substrates,
however, the difference between the initial and the final pH
change between treatments was not significant (P>0.05).
The dynamics of pH values in most of the treatments
followed similar patterns. For instance, the dynamics of pH
during vermicomposting of sugarcane bagasse substrates
were 7.91, 7.85, 7.66, 7.56, 7.40 and 7.28 in VCT1
treatment while it was 7.32, 7.19, 7.22, 7.21, 7.15 and 7.11
in VCT4 respectively on 0, 10, 20, 30, 40 and 50 days of
vermicomposting duration.

The basic requirements during the process of
vermicomposting include suitable bedding, food source,
adequate moisture and aeration, suitable temperature and
pH. Vermicomposting of various organic wastes has been
shown to produce a product rich in chelating and
phytohormonal substances (Prakash and Karmegam, 2010a;
Singh et al., 2020; Yuvaraj et al., 2021) 35 45 %41 The range
of pH in vermicompost was well within the desired range of
7.0-8.5 for agricultural use (Aulinas Mas6 and Bonmati
Blasi, 2008) ™. The reduction of pH during
vermicomposting has been reported by various
vermicomposting studies with and without biochar addition
(Biruntha et al., 2020; Paul et al., 2020; Suthar et al., 2012)
833,491 Cai et al. (2020) [*Y evaluated the pH values shows
near to neutral (7.1-7.6) at the final vermicomposts. pH
value was decreased in soybean meal: sugarcane bagasse
mixtures with an increasing sugarcane bagasse percentage.
But, there is no significant results of pH were identified
between vermicompost and compost with 100% of
sugarcane bagasse (Cai et al., 2022) 119,

Bhat et al. (2017) [ reported the pH values showed
significant changes (p < 0.05) with different concentration
of pressmud and bagasse waste mixture. The
vermicomposting reveales the increase in pH was reported
in all the final results of pressmud and bagasse mixtures in
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120 days, which ranged from 8.71 to 9.15 in the final feed
mixtures. Pressmud from sugar industry waste combined
with cow dung and employed an epigeic earthworm E.
fetida. The pH value was decreased during
vermicomposting, it is due to the transformation of the
minerals of nitrogen and phosphorus into nitrites, nitrates,
and orthophosphates as well as the bioconversion of the
organic material into intermediate forms of organic acids
(Sangwan et al., 2010) 431,

The formation of organic and phenolic chemicals as a result
of the breakdown of organic materials may have been the
cause of the pH decrease. (Gusain and Suthar, 2020; Paul et
al., 2020) [& 31 The pH value of the noteworthy
vermicomposting process utilizing sugarcane bagasse and
the earthworm E. eugeniae tended toward neutrality
(Bhandarkar et al., 2014) Bl. Using E. eugeniae and green
manure plants, the pressmud vermicompost process was
carried out. After 50 days of treatment, the pH values
decreased, as reported by (Balachandar et al., 2020) [,

Electrical conductivity (EC)

Electrical conductivity was used to evaluate the quantity of
soluble salts in organic substrates and is an important
parameter to assess the quality and maturity of final
vermicompost for agricultural application. The electrical
conductivity (EC) showed increase from the initial levels
with significant variation between treatments (F = 11.385;
P<0.05) (Table 2; Fig. 2B). The range of initial EC values
was 0.81 + 0.05 - 1.23 + 0.07 dS/m whereas, it was 1.05 *
0.06 - 1.62 + 0.10 dS/m in the final vermicompost harvested
on 50" day of vermicomposting. A maximum of 1.62 + 0.10
dS/m EC was recorded in VCT4 followed by VCT3 (1.38 +
0.08 dS/m). The EC change in VCT3 vermibed substrate
was 1.18, 1.20, 1.22, 1.10, 1.31 and 1.38 dS/m on 0, 10, 20,
30, 40 and 50™ day while it was 1.23, 1.27, 1.30, 1.46, 1.55
and 1.62 dS/m with a maximum EC value of 1.62 dS/m in
VCT4 vermicompost. Overall, the level of enhancement of
EC was higher in earthworm introduced and green manure
amended treatments than the treatments without green
manure.

The increase of EC could be attributed to the presence of
mineral salts in available form. The range of pH and organic
carbon varied greatly between different vermicomposts is
due to the physicochemical nature of organic substrates.
Here, the variation is also accompanied by the amendment
materials added along with organic wastes. Earlier reports
on the changes in pH and EC are in line with the findings of
the present study (Karmegam et al., 2021; Paul et al., 2020)
(23, 331 Bhat et al. (2017) [ evaluated the enhancement of
press-mud wastes and sugarcane bagasse wastes by the
vermicomposting earthworm E. fetida. It indicates the
decline in EC of the vermiconversion final ratios (p<0.05).
Below the standard value of 4 mS cm, the final EC value
of feed mixtures ranged from 2.13 to 3.76 mS cm¥,
confirming the vermicompost's ability to be utilized as
excellent manure.

Vermicomposting using sugarcane bagasse with the
earthworm E. eugeniae, shows the increase in EC was
significantly different (p < 0.01). EC was increased in all the
concentrations of bagasse. The maximum increase in EC
was in B100 (102.02%) reported by (Bhat et al., 2015) ["],
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EC was decreased 1.02 to 0.87 % it is because of loss of
weight in organic manure and the release of various mineral
salts through nitrogen fixation (Pandit and Maheshwari,
2012) B, Effective vermicompost was prepared using the
earthworm E. eugeniae showed the increase of EC and it
was 1.86-2.90 dS m™* (Balachandar et al., 2020; Cai et al.,
2022) [3. 101,

Total Kjeldahl nitrogen (TKN)

The TKN contents in initial vermibed substrates of all
treatment exhibited increase towards the progression of
vermicomposting days (Table 2; Fig. 1C). The initial TKN
content in the treatments, VCT1, VCT2, VCT3, VCT4 and
VCT5 was 1.14 + 0.07, 1.44 £ 0.09, 1.50 + 0.10, 1.55 + 0.10
and 1.61 + 0.11% respectively which rose to 1.32 + 0.08,
1.72 £ 0.10, 1.95 + 0.12, 2.42 £ 0.15 and 1.79 £ 0.11% in
respective treatments after 50 days of vermicomposting. A
higher TKN content of 2.42% was observed in VCT4 (2:1:1
ratio) followed by VCT3- (3:1:1 ratio) and VCT5 (1:0:1
ratio). The change of TKN content in the vermicomposting
treatments from initial levels to final elevated levels was
significantly different (F = 22.135; P<0.01). However, the
dynamics of TKN during vermicomposting sugarcane
bagasse+cow dung amended with the green manure plant,
G. sepium exhibited variation between treatments. The
dynamics of TKN during vermicomposting in VCT4 was
1.53, 1.79, 1.86, 1.92, 2.21 and 2.42% on day 0, 10, 20, 30,
40 and 50 respectively. The change of TKN in VCT 5
substrates without cow dung was 1.61, 1.80, 1.75, 1.79, 1.80
and 1.79% on day 0, 10, 20, 30, 40 and 50 respectively.
Similar trend of TKN dynamics was observed for the rest of
the treatments, VCT1, VCT2 and VCT3 with a significant
variation in the final TKN.

The increase in total N content was higher in vermicomposts
than composts, where CD increment resulted in increased
nutrient contents. Many authors reported that losses in
organic carbon might be responsible for N upgrading. Also,
the addition of N in the form of mucous, excretory
substances which were not initially present in feed
substrates has been reported (Karmegam and Daniel, 2009;
Sangwan et al., 2008) [22 441, The higher percent increase of
EC and NPK in vermicompost produced by P. ceylanensis
than in the compost in this study may be attributed to the
mineralization process caused by earthworm action along
with microorganisms on organic materials.

The addition of N in the form of mucous, excretory
substances which were not initially present in feed
substrates has been reported (Balachandar et al., 2021; Rini
et al., 2020; Singh et al., 2020) [+ 3% 41, The higher percent
increase of NPK in vermicompost produced by E. eugeniae
than in the control in this study might be attributed to the
mineralization process caused by earthworm action, along
with micro-organisms on organic materials due to the
presence of cow dung and nutrient conservation in presence
of biochar (Paul et al., 2020; Yuvaraj et al., 2021) [33 54,
Nitrogen is one of the most important nutrients for growth
and development of plants and its enrichment during the
bioconversion process specifies the beneficial role of
earthworms in nitrogen enhancement of waste mixtures.
Kumar et al. (2010) 27 evaluated the nitrogen content using
the sugarcane bagasse through treatment  with
microorganisms and employed with Drawida willsi
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earthworm, it reveals during initial pre-decomposition
nitrogen content increased in all treatments after that there is
no significant increase of TKN. During vermicomposting
process, nitrogen content was declined due to
ammonification, NH3 volatilization and denitrification.

Bhat et al. (2017) [ reported that TKN highly increased in
the final products of ratios and it ranges from 0.55 to 1.72%.
The maximum increase in percentage of TKN was in (1:1)
ratio of press-mud and bagasse wastes and it showed
48.57%. TKN was highly increased in the bagasse wastes
significantly (p <0.01). The maximum increase in TKN was
in 100% bagasse waste which exhibited 230.76%. TKN
increased from initial levels in almost all the mixtures of
bagasse wastes. Here, earthworms are responsible for the
enhancement of the nitrogen content of vermicomposts
(Bhat et al., 2015) [l, The final total nitrogen increase is
attributed to the earthworms which enrich the nitrogen
content of vermicompost with the help of microorganisms

through nitrogen fixation (Pandit and Maheshwari, 2012)
[31],

Total phosphorus (TP)

The TP contents were elevated in final vermicompost in
comparison with that of the initial values (Table 2; Fig. 1D).
The overall TP change reflects enhancement from the initial
substrates and the difference between the initial and the final
TP contents was statistically significant (F = 8.2006;
P<0.05). The dynamics of TP contents were in most of the
treatments followed similar pattern of increment. For
instance, the dynamics of TP during vermicomposting of
sugarcane bagasse substrates in VCT2 treatment were 0.94,
0.96, 0.99, 1.19, 1.24 and 1.26% while it was 1.19, 1.22,
1.30, 1.45, 1.48 and 1.54% in VVCT4 treatment respectively
on 0, 10, 20, 30, 40 and 50 days of vermicomposting
intervals.

Krishnamoorthy (1990) [?1 reported that the rise in the level
of P content during vermicomposting is probably due to
mineralization and mobilization of P due to bacterial and
faecal phosphatase activity of earthworms. The elevated
level of Zn and Fe in vermicompost indicates accelerated
mineralization with selective feeding by earthworms on
materials containing these metals. The increased level of
macro and micronutrients in the vermicomposts were in
conformity with the results of earlier works (Parthasarathi
and Ranganathan, 1999; Suthar, 2007) [32. 48],

Total potassium (TK)

The TK contents were also elevated in the final
vermicompost of most of all the treatments in comparison
with that of the initial values. The overall TK change
reflects enhancement from the initial substrates and the
difference between the initial and the final TK contents was
statistically highly significant (F = 46.151; P<0.001) (Table
2; Fig. 1E). The dynamics of TK contents were in most of
the treatments followed similar pattern of increment. For
instance, the dynamics of TK during vermicomposting of
sugarcane bagasse substrates in VCT3 treatment were 0.94,
0.92, 0.99, 1.17, 1.29 and 1.35% while it was 0.91, 0.91,
1.01, 1.20, 1.32 and 1.40% in VVCT4 treatment respectively
on 0, 10, 20, 30, 40 and 50 days of vermicomposting
intervals.
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Fig. 1: Dynamics of (A) pH, (B) electrical conductivity, (C) total Kjeldahl nitrogen, (D) total phosphorus, and (E) total potassium during
vermicomposting of sugarcane bagasse + cow dung (1:1) amended with leafy green manure plant, Gliricidia sepium (50 days).
[Vermibed combination (Sugarcane bagasse:Cowdung:Gliricidia): VCT1 - 1:1:0; VCT2 -

4:1:1; VCT3 - 3:1:1; VCT4 - 2:1:1; VCT5 - 1:0:1].

Dynamics of total calcium, sodium, magnesium, and
sulphur during the vermicomposting of sugarcane
bagasse vermibed substrates

Calcium (Ca)

In most of the treatments, the Ca contents showed increment
in the final vermicompost from the initial values. The
overall Ca content change reflected increase from the initial
substrates, with a difference between initial and final Ca
change between treatments (F = 8.272; P<0.05). The
dynamics of total Ca contents in most of the treatments
followed similar pattern. For instance, the dynamics of
calcium during vermicomposting of sugarcane bagasse
substrates were 0.70, 0.72, 0.76, 0.72, 0.79 and 0.73% in
VCT1 treatment while it was 0.88, 0.91, 0.98, 1.01, 1.13 and
1.16% in VCT4 respectively on 0, 10, 20, 30, 40 and 50
days of vermicomposting treatments (Table 3; Fig. 2A).

Ca is a dynamic plant nutrient required for growth and
development of plants. Total calcium content was
significantly increased in different ratios of waste materials.
The initial total calcium content in the different ratios ranges
from 2.41 to 3.23%, while the final total calcium content
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was increased between 2.99 and 6.83%. Here, earthworm E.
fetida enhanced the calcium content in the final mixtures
through enriching the mineralization process and
decomposition during vermicomposting. The enrichment of
nutrient content in the final product is mainly due to the
presence of earthworms and microorganisms which reduces
the waste (Bhat et al., 2017) [6,

The Ca content is higher in the final compost than initial
substrates. Ca content was increased from 1.56 to 2.27%
during the vermicomposting period (Sangwan et al., 2010)
43It explains that gut process associated with Ca
metabolism are primarily responsible for improvement of
inorganic calcium content in E. fetida (Pandit and
Maheshwari, 2012) 311,

Sodium (Na)

The Na contents showed increase from the initial levels with
a highly significant variation between treatments (F =
31.129; P<0.001). The initial Na levels was 0.41 + 0.02,
0.29 £ 0.01, 0.31 + 0.02, 0.34 = 0.03 and 0.40 £ 0.04%
respectively in VCT1, VCT2, VCT3, VCT4 and VCTS5,
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while it was 0.46 + 0.02, 0.50 = 0.04, 0.54 + 0.03, 0.57
0.05, and 0.53 + 0.03% in the final vermicompost harvested
on 50" day of vermicomposting. A maximum of 0.57% of
Na was recorded in VCT4 followed by VCT3 (0.54%). The
Na contents change in VCT3 vermibed substrate was 0.31,
0.33, 0.39, 0.43, 0.51 and 0.54% on 0, 10, 20, 30, 40 and
50" day while it was 0.34, 0.35, 0.41, 0.47, 0.54 and 0.57%
with a maximum Na content of 057% in VCT4
vermicompost (Table 3; Fig. 2B).

Magnesium (Mg)

The Mg contents in initial vermibed substrates of all
treatment exhibited increase towards the progression of
vermicomposting days. However, the dynamics of Mg
during vermicomposting sugarcane bagasse +c ow dung
amended with the green manure plant, G. sepium exhibited
variation between treatments. The initial Mg content in the
treatments, VCT1, VCT2, VCT3, VCT4 and VCT5 was
0.42 £0.01, 0.35+0.03,0.39 + 0.02, 0.41 + 0.04 and 0.40 +
0.01% respectively which rose to 0.47 + 0.02, 0.54 £ 0.03,
0.56 + 0.04, 0.58 £+ 0.03 and 0.50 + 0.02% in respective
treatments after 50 days of vermicomposting. A higher Mg
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content of 0.58% was observed in VCT4 (2:1:1 ratio)
followed by VCT3 (3:1:1 ratio) and VCT2 (4:1:1 ratio). The
change of Mg content in the vermicomposting treatments
from initial levels to final elevated levels was highly
significantly different (F = 33.875; P<0.001) (Table 2; Fig.
2C).

Sulphur

The sulphur contents were elevated in final vermicompost in
comparison with that of the initial values. The overall
sulphur content change reflected enhancement from the
initial substrates and the difference between the initial and
the final sulphur contents was statistically significant (F =
37.818; P<0.001). The dynamics of sulphur contents in most
of the treatments followed similar pattern of increment. For
instance, the dynamics of sulphur during vermicomposting
of sugarcane bagasse in VCT2 treatment were 0.21, 0.21,
0.24, 0.26, 0.31 and 0.30% while it was 0.22, 0.24, 0.29,
0.32, 0.36 and 0.36% in VCT4 treatment respectively on 0,
10, 20, 30, 40 and 50 days of vermicomposting intervals

(Fig. 2).
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Fig. 2: Dynamics of (A) total calcium, (B) sodium, (C) magnesium, and (D) sulphur during vermicomposting of sugarcane bagasse + cow
dung (1:1) amended with leafy green manure plant, Gliricidia sepium (50 days).
[Vermibed combination (Sugarcane bagasse:Cowdung:Gliricidia): VCT1 - 1:1:0; VCT2 - 4:1:1; VCT3 - 3:1:1; VCT4 - 2:1:1; VCT5 -
1:0:1].

Dynamics of manganese, copper, iron and zinc during
the vermicomposting of sugarcane bagasse vermibed
substrates

Manganese (Mn)

The contents of Mn showed increment in the final
vermicompost from the initial values. The overall Mn
content change reflected increase from the initial substrates,
with a difference between initial and final Mn change (F =

97

14.480; P<0.01). For instance, the dynamics of Mn during
vermicomposting of sugarcane bagasse substrates were
16.92, 17.41, 18.01, 18.31, 18.51 and 18.61 ppm in VCT1
treatment while it was 16.92 17.01,17.11,17.71,
17.91 and 18.71 ppm in VCT4 respectively on 0, 10, 20, 30,
40 and 50 days of vermicomposting treatments (Table 4;
Fig. 3A).
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Copper (Cu)

The Cu contents in the vermicompost showed increase from
the initial levels with a highly significant variation (F =
21.910; P<0.01) (Table 4; Fig. 3B). The initial Cu levels
was 10.95 + 0.66, 11.94 + 0.72, 12.24 + 0.73, 12.64 + 0.76
and 13.03 £ 0.78 ppm respectively in VCT1, VCT2, VCT3,
VCT4 and VCT5, while it was 14.43 £ 0.87, 13.83 + 0.83,
14.29 + 0.86, 14.77 + 0.89, and 13.43 = 0.81 ppm in the
final  vermicompost harvested on 50" day of
vermicomposting. A maximum of 14.77 ppm of copper was
recorded in VCT4 followed by VCT1 (14.43 ppm). The Cu
contents change in VCT3 vermibed substrate was 12.24,
12.74, 13.13, 13.83, 14.03, and 14.29 ppm on 0, 10, 20, 30,
40 and 50" day while it 12.64, 12.94, 14.43, 13.73, 14.33
and 14.77 ppm with a maximum Cu content of 14.77 ppm in
VCT4 vermicompost.

Iron (Fe)

The change of Fe content in the vermicomposting
treatments from initial levels to final elevated levels was not
significantly different (F = 3.7208; P>0.05). However, the
dynamics of Fe during vermicomposting sugarcane
bagasse+cow dung amended with the green manure plant,
G. sepium exhibited variation between treatments (Table 4;
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Fig. 3C). The dynamics of Fe during vermicomposting in
VCT3 was 126.96, 127.36, 132.34, 134.82, 137.71 and
138.31 ppm on day 0, 10, 20, 30, 40 and 50 respectively.
The change of Fe in VCT 5 substrates without cow dung
was 130.64, 123.88, 125.97, 126.46, 129.36 and 130.44 ppm
on day 0, 10, 20, 30, 40 and 50 respectively. Similar trend of
Fe dynamics was observed for the rest of the treatments,
VCT1, VCT2 and VCT4 with a non-significant variation in
the final Fe content.

Zinc (Zn)

The contents of Zn were elevated in final vermicompost in
comparison with that of the initial values. The overall Zn
content change reflected enhancement from the initial
substrates and the difference between the initial and the final
Zn contents was not statistically significant (F = 0.7194;
P>0.05) (Table 4; Fig. 3D). The dynamics of Zn contents in
most of the treatments followed similar pattern of
increment. For instance, the dynamics of Zn during
vermicomposting of sugarcane bagasse in VCT2 treatment
were 37.81, 39.20, 40.99, 41.91, 42.79 and 42.69 ppm while
it was 38.81, 39.20, 38.51, 40.50, 40.59 and 40.80 ppm in
VCT4 treatment respectively on 0, 10, 20, 30, 40 and 50
days of vermicomposting intervals.
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Fig 3: Dynamics of (A) manganese, (B) copper, (C) iron, and (D) zinc during vermicomposting of sugarcane bagasse + cow dung (1:1)
amended with leafy green manure plant, Gliricidia sepium (50 days).
[Vermibed combination (Sugarcane bagasse:Cowdung:Gliricidia): VCT1 - 1:1:0; VCT2 - 4:1:1; VCT3 - 3:1:1; VCT4 - 2:1:1; VCT5 -
1:0:1].

CIN ratio

The TOC contents, C/N ratio and C/P ratio showed decline
from the initial levels in all the treatments (Table 5; Fig. 4).
The C/N ratio of the vermicompost declined from the initial
levels with a highly significant variation (F = 19.7885;
P<0.01). The initial C/N ratio was 35.65 + 1.23, 31.03 +
1.40, 30.75 + 1.38, 2793 + 1.26 and 2821 + 141
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respectively in VCT1, VCT2, VCT3, VCT4 and VCT5,
while it was 25.11 + 1.13, 21.10 £ 0.74, 19.23 £ 0.75, 15.06
+ 0.68 and 23.44 + 1.06 in the final vermicompost recovered
from vermibeds on 50" day of vermicomposting. A
narrowed C/N ratio of 15.06 was recorded in VCT4
followed by VCT3 (19.23). The C/N ratio change in VCT3
vermibed substrate was 30.75, 29.94, 27.11, 24.07, 20.96



International Journal of Entomology Research

and 19.23 on 0, 10, 20, 30, 40 and 50" day while it was
27.93, 25.00, 22.26, 20.10, 16.85 and 15.06 with a lower
C/N ratio of 15.06 £ 0.68 in VCT4 vermicompost. Due to
the steady decline in TOC, and TP increment, the C/P ratio
also showed similar results.

The C:N ratio is used for the determination of the maturity
of final product, i.e., vermicompost for its agricultural
utility. C:N ratio of <20 indicates maturity and stability of
wastes and is beneficial for agricultural use. Pressmud and
bagasse wastes have been used in the vermiremediation
process. Cattle dung was added to the wastes in different
ratios with the earthworm E. fetida which is used to evaluate
the C:N ratio from initial in all the final ratios was decreased
significantly which initially ranges from 36.6 to 58.8 and it
is reduced in finally from 22.5 to 31.4. the maximum
reduction of C:N ratio is seen in pressmud and bagasse
wastes with (1:1) ratio (Bhat et al., 2017) 1,

Sangwan et al. (2010) ®! reported that press mud combined
with cow dung and employed with E. fetida shows
significant decrease of C:N ratio. Initial treatment of
vermicomposting shows C:N ratios were ranges from 22-42
and finally C:N ratios were reduced, ranges from 14-16.
This reduction is due to the loss of C as CO; in the
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respiration process and level of nitrogen is enhanced
through nitrogen fixation. Bhat et al. (2015) [l evaluated the
maximum decrease in C: N ratio was found in (1:1) ratio
mixture is 73.35%. Decline of C:N ratio may be due to loss
of C through respiration in the form of CO, and also with an
increase of nitrogen and stabilization of press mud waste by
the action of E. fetida.

Vermicomposting of press-mud with E. fetida, E. eugeniae,
Lampito mauritii, and P. ceylanensis showed significant
decrease of C:N ratio reveals the decline of organic carbon
due to the respiratory activity of different types of
earthworm and microorganisms, and mineralization process
(Prakash and Karmegam, 2010b) 1. C:N ratio was initially
715.71% and after 45 days highly reduced to 54.44% using
the sugarcane bagasse waste with E. eugeniae earthworm in
the vermicomposting (Bhandarkar et al., 2014) Bl
Balachandar et al. (2020) ! reported Sugarcane press-mud
with cow dung and nitrogenous green manures was used to
prepare composting and it is employed with the earthworm
E. eugeniae which reveals initial C:N ratio ranged between
22.25 and 28.76%, reduced finally 12 and 16.66 for
vermicomposts (Balachandar et al., 2020) %1,
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Fig 4: Dynamics of (A) total organic carbon, (B) C/N ratio, and (C) C/P ratio during vermicomposting of sugarcane bagasse + cow dung
(2:1) amended with leafy green manure plant, Gliricidia sepium (50 days).
[Vermibed combination (Sugarcane bagasse:Cowdung:Gliricidia): VCT1 - 1:1:0; VCT2 - 4:1:1; VCT3 - 3:1:1; VCT4 - 2:1:1; VCT5 -
1:0:1].

Percentage increase/decrease of  physicochemical
parameters in initial substrates over final vermicompost
The overall trend of decrease of pH, TOC, C/N ratio and
C/P ratio was invariably observed in most of the treatments
while the other parameters showed increase over initial
vermibed substrates. The pH in the vermicomposts recorded
a decrease of 7.91, 3.97, 2.77 and 1.30% from the initial
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levels in VCT1, VCT3, VCT4, and VCT5 respectively
while VCT2 showed slight increase (1.81%). The increase
percentage of EC was 36.91, 17.96, 17.52, 31.54 and
30.94% respectively in the vermicomposts of the treatments,
VCT1, VCT2, VCT3, VCT4, and VCT5 with a maximum
increment in VCT1 followed by VCT5. The TKN content
recorded a maximum increase of 58.03% in the
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vermicompost of VCT4 over the initial substrate while it
was 40.38% for TP in VCT3 and 54.95% for TK in VCTA4.
The increase of Ca was 32.95% in VCT4 vermicompost
over initial substrate which was followed by VCT2 and
VCT3. The Na change percentage in vermicompost was
from initial values 74.19% in VCT3 treatment followed by
VCT2 and VCT4, whereas it was 52.49% for Mg in VCT2.
The range of sulphur increase percentage was from 40.00 —
63.64% with a higher increase in VCT4. The maximum
percentage of Mn, Cu, iron and Zn was 26.67, 31.82, 8.39
and 12.89% respectively in VCT2, VCT1, VCT3 and VCT2
vermicomposts over initial contents. The decline percentage
of TOC, C/N ratio and C/P ratio in vermicompost over
initial values were 24.69% (VCT4), 46.08% (VCT4), and
45.75% (VCT3). The decrease of C/N ratio was 29.56,
32.02, 37.44, 46.08 and 16.90% in the vermicomposts of
VCT1, VCT2, VCT3, VCT4 and VCTS5 respectively over
the initial levels.

Conclusions

The present research has been aimed to bioconvert the sugar
industrial waste, sugarcane bagasse with cow dung through
the amendment of leafy green manure plant, G. sepium
employing the epigeic earthworm, E. eugeniae to produce
enriched vermicompost. For this, different combination of
vermibed materials were prepared and predecomposed using
mushroom spawn (Pleurotus sajor-caju) for 15 days and
then the earthworms were inoculated. The vermicomposting
setup was maintained for 50 days. The vermibed
combinations used were sugarcane bagasse + cow dung + G.
sepium in the order of following treatment combinations:
VCT1 - 1:1:0; VCT2 - 4:1:1; VCT3 - 3:1:1; VCT4 - 2:1:1;
VCT5 - 1:0:1. During vermicomposting, the vermibed
samples were taken on O (initial), 10, 20, 30, 40 and 50 days
intervals and subjected to the analyses of physico-chemical
characteristics. Overall findings revealed that the vermibed
combination, VCT4 - 2:1:1 is found to be superior in
nutrient contents.
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