International Journal of Recycling of Organic Waste in Agriculture (2022)11: 165-175
Doi: 10.30486/IJROWA.2021.1922034.1196

ORIGINAL RESEARCH

Biotransformation of sludges from dairy and sugarcane industries
through vermicomposting using the epigeic earthworm Eisenia fetida

Dayanand Sharma'?*, Rajnikant Prasad?, Bhavesh Patel*, Chintak Kamalesh Parashar®

Received: 29 January 2021 / Accepted: 23 July 2021 / Published online: 09 March 2022

Abstract

Purpose In India, the global contribution of milk and sugarcane production are 21% and 12 to 15%. Dairy and
sugarcane industries produce end products as sludge which is directly dumped in open land which pollute the land
and groundwater of the nearby areas. The present study was aimed to utilize the vermicomposting technique to
treat the sludge generated from these two industries.

Method The dairy sludge, sugarcane press mud were homogenously mixed with cattle manure to form five differ-
ent proportions of waste mixture M1, M2, M3, M4, and M5. The waste mixtures were kept in reactors for 15 days
for pre-composting. Once the pre-composting temperature reached to 25 °C, fifty adults Eisenia fetida earthworms
with an average weight of 0.4 to 0.5 gram each was introduced into each reactor.

Results The highest production of earthworm cocoons was studied in the combinations of M4 and M5. The higher
growth of earthworm was observed in M5 (39%) followed by M3 (34%). The germination index and carbon to
nitrogen ratio were found to be 100 to 121% and 9 to 11, respectively, along with the negligible carbon dioxide
evolution in every combination that revealed the maturity and stability of vermicomposting.

Conclusion The vermicompost obtained from the combination of dairy (milk processing unit) and sugarcane indus-
tries press mud sludge was rich in nutrients and suitable to utilize as nutrients (fertilizer) for the crops. Vermicom-
posting can solve the issue of sludge management from these two industries with the utilization of end products
as vermicompost.
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50% of industrial pollution (Singh et al. 2015; Kumar et
al. 2010). Small scale industries are usually associated

Introduction

In India, small and medium enterprises contribute to the ~ with various processes, namely, textile, foundries, food

US $5 billion, constituting about 80% of total indus- processing, chemical, manufacturing, dyeing, printing,

trial enterprises (Singh et al. 2015). Among that, small
scale industries (around 3 million) contribute 30 to 35%
of industrial production and contribute approximately
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distilleries, etc. In general, in India, small scale indus-
tries are usually outside the regulatory measures and
use conventional/outdated technologies, thus generat-
ing excessive pollution which aggravates environmen-
tal issues.

Gujarat is the sixth largest state of India by area
(195,984 square kilometer). It is situated between
20°01° to 24°07’ north latitudes and 68°04” to 74°04°
cast longitude. Gujarat is well- known for the sugar-
cane and dairy industry with 40 milk processing (dairy
industries) and 22 sugarcane industries with advanced
technology. The waste generated from these two indus-
tries are problematic due to the lack of adequate waste
treatment, and disposal facility (Singh et al. 2015).
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Sugarcane industries produce a considerable quantity
of sugarcane bagasse, dry leaves, sugar cane press mud
(SPM), and molasses apart from sugar (Kumar et al.
2010). The generation of press mud is approximately
around 30 to 40 kg from 1 ton of crushed sugarcane.
The dairy industry also produces sludge, and the gen-
eration of sludge varies according to the capacity of the
milk processing industry (Ashekuzzaman et al. 2019).
The traditional disposal methods such as open dump-
ing and/ or landfilling of dairy sludge and sugarcane
press mud are not only increasingly expensive, but
impractical as open space becomes limited (Suthar et
al. 2012). The open dumping and landfilling of these
dumped waste material will generate leachate which
will responsible for contamination of soils, and pollute
nearby ground water (Suthar et al. 2012). The emission
of greenhouse gas (GHGs) from open waste dumping/
landfilling site is a main issue of prime concern. On the
other hand, the sugarcane press mud and dairy sludge
contain macro nutrients (Mg, K, P, Na, Ca and N) and
micro nutrients (Zn, Fe, Mn and Cu) which are wasted.
However, the stabilization of such sludge prior to use
of disposal should reduce the environmental problems
associated with its open dumping.

The global need for the recycling of solid waste us-
ing sustainable environment-friendly techniques is in-
creasing rapidly. Nowadays, vermicomposting emerg-
es as a promising option in solid waste disposal as it
has greater socio-economic benefits to the nation. Ver-
micomposting stabilizes the organic material through
the combined process exerted by microorganisms and
earthworms. In vermicomposting, the microbes influ-
ence the biochemical degradation process of organic
matter. On the other hand, earthworms typically do
the conditioning of surface on which organism lives
(substrate) and change the process’s biological activ-
ities (Dominguez et al. 2000; Ghasemi et al. 2019).
Many researchers have processed the different indus-
trial wastes into vermicompost to form nutrient-rich
manure. In the past decade, several industrial waste/
sludge has cited namely textile mill sludge (Kaushik
and Garg 2003; Yadav and Garg 2011), sugar industry
sludge (Suthar et al. 2012), distillery sludge (Singh et
al. 2014; Suthar and Singh 2008), paper waste (Singh et
al. 2014), agro-industrial sludge (Lim et al. 2014), bev-
erage industry sludge (Singh et al. 2010) and primary
sewage sludge (Gupta and Garg 2008).

In recent literature, organic wastes, namely, ani-
mal manure, crop residues, sewage sludge, and indus-

trial refuse are cited that are effectively consumed by
earthworms (Atiyeh et al. 2000; Garg and Gupta 2011).
Earthworms break the waste substrate and aggravate
the decomposition rate of organic matter. As a result,
the composting effect takes place, and organic matter
gets stabilized. After the process, the final vermicom-
post contains much more nutrients (per kg weight)
compared to the organic substrate from which it orig-
inates (Chauhan and Singh 2015). The transfer of nu-
trients for plant growth has facilitated by the biological
activities of earthworm, which provides nutrient-rich
compost (Ansari 2008).

As comprehended from the literature, the present
study was aimed to stabilize the dairy sludge and sug-
arcane press mud (SPM) with cattle manure in different
combinations using the epigeic earthworm Eisenia fet-
ida. The different ratio of dairy sludge, SPM and cattle
manure were tested under vermicomposting process in
order to find out the appropriate waste combinations for
optimizing the activity of earthworm.

Materials and methods

The specimens of earthworm species Eisenia fetida
were taken from a reared stock culture. Freshly depos-
ited sludge and sugarcane press mud were collected
from the local dairy milk processing wastewater treat-
ed sludge and local sugarcane industry, respectively.
The collected wet sludge usually contains 70 to 80%
moisture content, which was further kept in sunlight
for three days to remove the excess moisture content.
Subsequently, the turns were prepared at regular in-
terval to minimize the characteristic smell of putres-
cible elements and bio-toxic compounds existing in
sludge,which usually come across due to the anaerobic
reaction. Later, partly dried sludge lump solids were
homogenized by turning and shredding before using in
experimental vermibeds. Fresh cattle manure was then
collected from the cattle farm, Ahmedabad, India. The
volume of the vermicomposting reactor was 0.3 m?.
Appropriate quantities of industrial sludge and cattle
manure are mixed in the reactor to form the combina-
tions of mixture called pre-composting.

Different pre-composting combinations were pre-
pared using a different proportion of feed material
(sludge and cattle manure). Various trials of different
waste mixture combinations were performed for the
vermicomposting process, and the best results obtained
were selected for the present study. Table 1 shows the
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initial physico-chemical properties of waste mixtures
and it also gives the details of waste mixture combi-
nations of dairy and sugarcane industries sludge with
cattle manure mixture.

The set of two identical vermicomposting reactors
for a particular pre-composting combination would
be available for analysis. Each pre-composting (feed
mixture) combination was thoroughly mixed for uni-
formity and kept for fifteen days in the reactor (called
the pre-composting phase). After the pre-composting
phase and once the pre-composting temperature was
recorded 25 °C, fifty adults Eisenia fetida earthworms
with an average weight of 0.4 to 0.5 gram each were
introduced in each reactor. The top surface of each re-
actor exposed to the atmosphere was closed with gun-
ny bags and was kept in a dark place with controlled
maintained temperature of 25 °C. The day when earth-
worms were introduced into the reactor was marked as
0™ day and keeping O™ day as the starting event of the
vermicomposting process, subsequent days of analysis
were planned. Each feed material combination was then
analysed at fifteen days’ interval on the 0™, 15", 30™,
45% 60™, 75" and 90" day. Physico-chemical param-

eters, namely, pH, total nitrogen, C/N ratio, electrical
conductivity, total organic carbon, phosphorus, K*, Na*
and carbon dioxide (CO,) evolution rate, etc. were ex-
amined in each feed material. To determine the electri-
cal conductivity and pH, fresh sample was used in the
analysis. Initially, moisture content was recorded, and
then the dried sample from the oven was grinded and
sieved using a 0.1 mm sieve size. Further, this sieved
sample was analysed to determine the total organic car-
bon, total nitrogen, phosphorus, Na*, and K*, along with
C:N ratio. Germination index test was performed after
every seven days’ interval. Fifty-gram sample was tak-
en and mixed with 100 mL distilled water and shaking
in rotary shaker for six hours for the complete mixing
of sample and water. After shaking sample was cen-
trifuged at 8000 rpm for 20 minutes. The centrifuged
sample of 5 mL quantity was put into each Petri dish,
and for controlling, 5 mL deionized water was put into
the Petri dish. Ten radish seeds were sown in each petri
dish with three replicates of each treatment. The petri
dish was kept in dark mode in incubator at 25 °C for 72
hours. Seed germinated in each petri dish was counted
after seven days and the equation (1) and (2) were used

Table 1 Characteristics of initial physico-chemical properties of waste mixtures and combinations of waste mixtures

Parameters Unit Sugarcane press mud  Cattle manure Dairy sludge
Total organic carbon g/kg 365.9+1.07 381.07 £ 1.47 402.98 +1.82
pH 6.98 +0.09 7.1+0.09 6.72+0.8
Total nitrogen g/kg 20.03 £0.08 24.09 +0.64 19.09 = 0.09
Moisture content % 80.05 +0.95 79.85+2.9 15.84 £0.68
C:N ratio 19+0.44 16 +£0.90 21+2.79
Electrical conductivity mS/cm 5.40 +0.09 3.45+0.08 5.87+0.8
Calcium (Ca) g/kg 5.08+£0.92 8.32+0.83 5.60 +0.89
Copper (Cu) mg/kg 32.98 +0.55 34.67+0.19 36.08 = 0.84
Potassium (K) g/kg 4.02 £0.69 9.21+0.71 3.07 +£0.67
Iron (Fe) g/kg 1.03 +0.57 0.98 +0.57 0.77 +0.71
Manganese (Mn) mg/kg 98.98 + 0.81 26.09 +1.75 91.09 +1.78
Magnesium (Mg) g/kg 1.45+0.08 4.83 £0.08 1.93 £0.09
Sodium (Na) g/kg 0.95+0.09 1.98 +0.09 1.84+0.07
Zinc (Zn) g/kg 115.87+1.94 178.98 + 1.70 165.09 + 1.87
Total phosphorous g/kg 3.73+0.07 2.39+£0.09 3.92 +0.07
i‘;‘t‘:i::ﬁons of waste Unit Sugarcane press mud  Cattle manure Dairy sludge

M1 % 20 80 -

M2 % 30 70 -

M3 % - 80 20

M4 % - 70 30

M5 % 20 60 20
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to calculate the relative seed germination and germina-
tion index (GI) similar to Sharma and Yadav (2018).

Number of seeds germinated extrax100 (l)

Number of seeds germinated in control
(Relative seed germination) X (Relative root growth) 100 (2)

100

Relative seed germination (%) =

GI (%) =

Statistical analysis

One-way ANOVA was used to evaluate significant dif-
ference (P < 0.05) of the physicochemical parameter
among different combinations throughout the compost-
ing period utilizing SPSS 13.0 version statistical pack-
age.

Results and discussion

pH, Electrical conductivity (EC), Total organic car-
bon (TOC) and Total nitrogen

pH is a critical parameter and influences the vermi-
composting process. The range of pH from 6 to 8 is
suitable for the vermicomposting process (Chauhan
and Singh 2013; Garg and Kaushik 2005; Sharma and
Yadav 2017). The variations of pH for the different mix
combinations have shown in Fig. la. The initial pH
values for the composting combinations recorded 6.4
+ 0.09 (M1), 6.5 = 0.08 (M2), 6.8 £ 0.09 (M3), 6.9 +
0.10 (M4) and 6.9 = 0.13 (M5) increased to 7.87 £0.13,
7.28 £ 0.07, 7.98 + 0.14, 7.9 + 0.11 and 7.9 + 0.15,
respectively. The onset of the trend depicted that the
pH range is neutral, with pH value nearer to 7. The pH
value in all vermireactor increased slightly and reached
the pH value nearer to 8. It is observed that with minor
increment, the pH tended to be alkaline across all the
vermireactors. Earthworms and microorganisms have
the capabilities to alter the pH of soil. The degrada-
tion of organic and nitrogen compound to ammonium
(NH,") ions and humic acid are also responsible due
to earthworms and microorganisms (Alavi et al. 2017;
Ramnarain et al. 2019). Ammonium ions are responsi-
ble for the increase in the pH. Moreover, humic acid is
responsible for the reduction in the pH. The presence
of both could be responsible for the reduction of pH in
vermicompost makes the value of pH neutral (Sharma
and Yadav 2017).

Electrical conductivity is usually used for maturity
and reveals salinity in the vermicompost process (Garg
and Kaushik 2005; Suthar et al. 2012). Electrical con-
ductivity is widely used to check the plant’s phytotox-

icity effects when vermicompost is mixed with the soil.
Fig. 1b shows the variations of electrical conductivity.
The variation of electrical conductivity into vermireac-
tor (M1 to M5) was from 5.1 to 5.9 mS/cm, which was
decreased to 4.2 to 3.1 mS/cm. During the degradation
of organics, the combined action of earthworms and mi-
croorganisms releases the soluble salt which further de-
creases the EC. Further, the increasing content of min-
eral salt due to continuous loss of organic matter leads
to a decrease in EC. The decrease in value of EC is due
to the ammonia precipitation and production of mineral
salt converted from initially present salt (Dominguez et
al. 2000; Reza and Singh 2010). The previous research-
er observed similar, decreasing trends of electrical con-
ductivity during the vermicomposting of sewage sludge
and textile sludge (Ansari 2008; Dominguez et al. 2000;
Garg and Kaushik 2005).

Total organic carbon is a parameter to determine the
maturity of the parameter. During the vermicompost-
ing process other than an earthworm, carbon is used by
microbes as an energy source and nitrogen for build-
ing the cell structure. It may be noted that during the
vermicomposting process, some part of carbon was lost
as CO,. Initially, the presences of total organic carbon
into combinations were 382 + 1.27, 401 + 1.14, 365 +
2.02, 395 £2.12,432 + 2.54 g/kg and decreased to 300
+2.31, 285 + 1.87, 287 + 1.89, 265 + 2.76 and 267+
2.35 g/kg, respectively in M1, M2, M3, M4 and M5
(Fig. 1c). The highest reduction in TOC was observed
in combination M5 (38%) followed by M4 (32%), M2
(28%), M1 (21%) and M3 (21%). It was observed that
the mineralization of carbon into the vermicompost-
ing process was directly related to the combinations
of waste mixtures. The vermibeds, which contain less
sludge and high cattle manure, were observed to have a
higher reduction in total organic carbon.

Along with the fungal stains, a larger microbe’s
population, namely, bacteria, nematodes, fungi, proto-
zoa, and actinomycetes are present in cattle manure. In
vermibeds, such microbes provide additional cellular
enzymes during organic decomposition. The concen-
tration of total nitrogen into all the vermireactor was
observed as increased significantly. The total nitrogen
availability in vermicomposted feedstock material was
in the range of 19 to 22 g/kg (Fig. 1d). The initial con-
centration of total nitrogen in all the combinations was
204+ 1.98,224+0.98,19+0.09, 18 £ 1.54 and 21 £ 0.97
g/kg, which increased from 26 to 28 g/kg, respectively
in M1, M2, M3, M4, and M5. The rate of increment of
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total nitrogen in the vermireactor was arranged in the
sequence: M4 > M1 > M3 > M5 > M2. The increasing
rate of nitrogen concentration slightly varied among all
the vermibeds. In substrate, the nitrogen rate increas-
es due to the excretion of the earthworm body, present
in organic matter for a longer time (Muthukumaravel
et al. 2008; Sharma and Yadav 2018). The mucus, a

polysaccharide excretion by earthworm, changes the
climatic conditions of vermibeds leading to microbial
inhabitants and enhances the nitrogen fixers leading to
nitrogen enrichment in the material of vermicompost.
ANOVA showed that pH, EC, TOC and total nitrogen
significantly varied between vermicomposting days (P
< 0.0001) and different mix proportions (P = 0.0001).
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Fig. 1 Variations of time of vermicomposting vs. observation parameters (pH, electrical conductivity, total organic

carbon and total nitrogen)

co, evolution rate, C:N ratio, Oxygen uptake rate,
and Germination index (GlI)

The compost stability can be determined by a parame-
ter named CO, evolution, which involves oxygen and
releases carbon dioxide to produce cellular energy (aer-
obic respiration). CO, evolution rate was widely used
to measure the microbial activity and respiration and
shows the compost’s stability (Chauhan and Singh
2015; Sharma et al. 2018). In the present analysis, the
decreasing trend was observed for CO, evolution rate
with the vermicomposting time. The presence of initial
CO, evolution concentration into all combinations was
6.97 +1.34,7.97 £1.23,7.63 £ 1.45,7.01 + 1.67 and
6.87 £ 0.96 mg/g VS/day which decreased to 0.21 +
0.82, 0.1 =0.78, 0.34 + 0.76, 0.02 £+ 0.87 and 0.001 +
0.73 mg/g.VS/day (Fig. 2a). Also, the decreasing CO,

evolution rate was observed due to the mineralization
of present carbon. For mature and stable vermicompost,
the permissible range of CO, evolution rate is cited ap-
proximately between 0.001 to 3 mg/g.VS/day (Sharma
and Yadav 2018). In the present analysis for the dairy
and sugarcane press mud sludge, the results obtained
in a range of 0.001 to 0.21 mg/g.VS/day are within the
cited permissible limit.

Oxygen uptake rate shows the compost maturity
(Ansari 2008; Garg and Kaushik 2005). Initially, more
microorganisms were present during the vermicom-
posting process due to the higher degradation rate of
sludge, resulting in a higher concentration of oxygen
uptake rate. During the vermicomposting process, the
oxygen uptake rate decreased with time, as the number
of microorganisms decreased due to food unavailabili-
ty. The oxygen uptake rate into all combinations on the
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initial day was 10.98 + 1.24, 12.09 = 0.98, 9.87 = 1.54,
10.98 + 0.87, and 11.87 £+ 1.43 mg/g.VS/day which re-
duced to 2.09 = 0.74, 1.54 = 0.54, 1.23 + 0.64, 1.98
+ 0.32 and 0.98 + 0.24 mg/g.VS/day at the end of the
vermicomposting process (Fig. 2b). Similar decreasing
trends of oxygen uptake rate was observed by Nayak
et al. (2013) during the vermicomposting of sewage
sludge waste.

C:N ratio is widely used to check the maturity of com-
post/ vermicompost, and it influences the microbial activ-
ity (Reza and Singh 2010; Singh et al. 2014). The active
microbial degradation process is assured by maintaining
an appropriate ratio of carbon to nitrogen ratio. Initial C:N
ratio for the present combination was 19+ 1.25, 18 + 1.53,
18+ 1.62,21 + 1.81 and 20 + 0.98, which decreased from
11 to 9, respectively in M1 to M5 combinations (Fig. 2¢).
In the present analysis, the C:N ratio is obtained within the
permissible range reported for agronomic use of compost,
below 20 (acceptable maturity) to <15 (preferable) (Faisal
et al. 2019; Lim et al. 2014).

Germination index is used to check the phytotox-
icity effect and maturity of the vermicompost. Ver-
micompost having rich concentration of heavy met-
als harmfully affects the growth of the plant during
the vermicompost process. In the present study, the
initial concentration of germination index was 72 +
0.76, 71 £0.87, 81 + 0.56, 79 + 0.63 and 83 + 0.93%
which increased to 100 + 0.35, 110 £ 0.65, 119 +
0.73, 112 £ 0.63 and 121 + 0.33%, respectively in
combinations M1 to M5 (Fig. 2d). A previous re-
searcher considered the suitability of vermicompost
if the germination index was more than 80% (Singh
et al. 2014; Thi et al. 2018). In the present study, the
germination index was more than 100% in all trial,
which was applicable to use for agriculture purposes.
ANOVA showed that CO, evolution rate, C:N ratio,
oxygen uptake rate and GI significantly varied be-
tween vermicomposting days (P < 0.0001) and dif-
ferent mix proportions (P = 0.0001).
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Micro and macro nutrients

Micro and macronutrients are essential elements that
help to increase the fertility of the soil. The fertility of
the soil is an important factor to increase the yield of the
crops. To protect the plant from drought and diseases,
the availability of nutrients into the soil is essential. Mi-
cro and macro nutrients availability can be maintained
within the soil with the addition of vermicompost ob-
tained from the treated sludge of sugarcane and dairy
sludge. The concentration of calcium, potassium, phos-
phorus, and sodium increased during the vermicom-
posting cycle (initial day to final day). Moreover, the
concentration of Na and Ca increased gradually, which

Table 2 Presence of nutrients into the vermicompost

reports a net loss of dry mass. This loss was incurred
due to organic matter degradation and the CO, release,
NH,, and H,S during the vermicomposting process/cy-
cle (Gupta and Garg 2008; Sharma and Yadav 2018).
The initial concentration of sodium into combination
M1 to M5 is shown in Table 2 as 1.09 + 0.14, 1.03 +
0.25, 1.63 + 0.13, 1.16 = 0.11 and 1.39 + 0.13 g/kg
which were improved to 4.76 = 0.21, 2.01 £ 0.21, 3.91
+0.16,2.65+0.15 and 3.07 £ 0.17 g/kg, respectively at
the end of the vermicomposting process. The increases
in sodium concentration in the final compost are bene-
ficial for the plants as sodium helps in the metabolism
and synthesis of chlorophyll (Singh et al. 2014; Sharma
et al. 2021).

Elements Day M1 M2 M3 M4 M5

Total nitrogen 0 20.32 +0.34 22.88+£0.16 19.88 +0.12 18.77 £ 0.18 21.98 £0.17
(g/kg) 90 29.21+0.14 27.84+0.15 26.88 £0.11 28.9+0.16 28.88 £0.15
Na 0 1.09 +0.14 1.03 +0.25 1.63+0.13 1.16 +0.11 1.39£0.13
(g/kg) 90 476+0.21 2.01+0.21 3.91£0.16 2.65+0.15 3.07+0.17
K 0 14.80 £ 1.15 12.35+1.87 14.68 + 1.39 12.68 + 1.44 14.75+1.27
(g/kg) 90 16.21 +1.10 17.11 + 1.49 19.21 + 1.40 18.45+ 132 2222+ 1.41
Ca 0 5.69 + 1.40 6.02 £ 1.20 5.67+132 6.40 + 1.41 6.68 = 1.37
(g/kg) 90 13.42 £1.23 12.05 + 1.37 9.05+1.38 11.09 + 1.34 1234+ 1.42
P 0 4.07+0.59 4.08 +0.59 4.14+0.72 3.52+0.68 431+0.59
(g/kg) 90 6.93 £0.62 6.88 = 0.68 6.70 £ 0.71 6.48 £0.57 6.48 £ 0.62
Mg 0 1.08 £0.36 1.68 +0.20 1.99 £ 0.29 2.56+0.24 3.86+0.23
(g/kg) 90 5.12+0.32 4.19+0.17 4.42 £0.30 5324022 5.96 +0.08
Fe 0 0.83 £0.69 0.98 + 0.62 0.89 + 0.68 1.05 £ 0.58 1.12£0.59
(g/kg) 90 6.15+0.77 6.21 +0.68 531+0.71 5.68 £0.55 6.22 £0.54
Mn 0 9137+ 1.65 10225+ 1.25 99.07 + 1.42 102.09 + 1.58 112.11 £ 1.65
(mg/kg) 90 112.31 +1.95 121.64 + 1.43 116.75 + 1.37 124.42 + 1.66 136.12 + 1.42
7n 0 115.45 +0.98 120.54 +0.79 122.85+0.78 132.02 +0.80 134.61 +1.32
(mg/kg) 90 134.12 + 0.84 136.21 +0.76 14421 +0.80 159.05+0.71 165.87 + 0.69
Cu 0 36.52 £0.42 36.12 £ 0.42 39.88 £0.39 38.32+£0.29 4431 +0.29
(mg/kg) 90 46.45+0.53 49.21 +0.43 52.35+0.42 56.11 +0.49 59.01 +0.39

The initial presence of calcium was 5.69 + 1.40, 6.02
+1.20, 5.67 + 1.32, 6.40 + 1.41 and 6.68 + 1.37 g/kg
which were improved to 13.42 +1.23,12.05+ 1.37,9.05
+1.38, 11.09 + 1.34 and 12.34 + 1.42 g/kg, respectively
in combination M1, M2, M3 M4, and M5. When calcium
present in compost is mixed with soil calcium, it pro-
vides useful nutrition and helps to maintain the growth
of plants as well as cell wall deposition. The presence of
calcium in the compost maintains the chemical balance
of the soil mixture, helps to reduce the salinity of the

soil and also helps in improving the penetration of water
(Al-Najar et al. 2016; Dominguez et al. 2000).

The increasing potassium rate in combinations M1
to M5 was 22, 54, 45.24, 68, and 53% after 90 days.
The high, increasing rate of potassium was observed in
combination with C5. Nitrogen, phosphorous and po-
tassium, the important nutrients for plant growth, are
used to evaluate the maturity of vermicompost and its
quality as bio-fertilizer (Garg and Kaushik 2005; He et
al. 2016). The initial concentration of phosphorous in
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M1 to M5 was 4.07 + 0.59, 4.08 + 0.59, 4.14 + 0.72,
3.52 £ 0.68 and 4.31 £+ 0.59 g/kg, which increased to
6.93 £ 0.62, 6.88 + 0.68, 6.70 = 0.71, 6.48 + 0.57 and
6.48 + 0.62 g/kg after completion of the vermicompost-
ing period. After the composting period, the increased
content of non-volatile phosphorous and potassium was
measured from the compost mass losses incurred due to
organic matter biodegradation (Dominguez et al. 2000;
He et al. 2016). The initial concentration of magnesium
was 1.08 + 0.36, 1.68 + 0.20, 1.99 + 0.29, 2.56 + 0.24,
and 3.86 + 0.23 g/kg, which increased to 5.12 + 0.32,
4.19 +0.17, 4.42 £ 0.30, 5.32 + 0.22, and 5.96 + 0.08
g/kg after 90 days. The presences of magnesium in the
plants are significant because magnesium is the pow-
erhouse behind the photosynthesis activity in plants. If
the soil has less magnesium concentration, chlorophyll
cannot capture the solar energy needed for photosyn-
thesis (Sharma et al. 2018; Thi et al. 2018). The initial
concentration of iron in combination M1 to M5 was
0.83 + 0.69, 0.98 + 0.62, 0.89 + 0.68, 1.05 + 0.58 and
1.12+0.59 g/kg, which increased to 6.15 + 0.77, 6.21 +
0.68,5.31 +0.71, 5.68 £ 0.55 and 6.22 = 0.54 g/kg after
vermicomposting. The role of iron concentration in the
plant is that without iron, a plant cannot produce chlo-
rophyll (Ghasemi et al. 2019; Lim et al. 2014). Hence,
the presence of iron concentration in the compost pro-
tects from chlorosis disease in the plant. In each com-
bination, the presence of manganese was 91.37 + 1.65,
102.25 +1.25,99.07 + 1.42, 102.09 + 1.58 and 112.11
+ 1.65 mg/kg, which increased to 112.31 +1.95, 121.64
+1.43,116.75+ 1.37£1.65, 124.42 + 1.66, and 136.12
+ 1.42 mg/kg at the end of vermicomposting periods. It
is noted that manganese helps the plant for photosyn-
thesis and protects the leaves from the disease called
chlorosis (Reza and Singh 2010; Singh et al. 2010). The
increase percentage of zinc in combination M1 to M5
was 13, 11, 14, 16, and 18%, respectively at the end of
the vermicomposting period. Similarly increasing the
rate of copper in combination M1 to M5 was 21, 26,
23, 31, and 24% at the end of vermicomposting peri-
od. Singh et al. (2010) reported that the presence of a
concentration of zinc and copper in compost is used for
the plants for the formation of auxins, which help with
growth regulation and stem elongation.

Growth of earthworm

During the experiment, the cocoons were produced
by FEisenia fetida in all the vermibeds. The maximum

production of cocoons was observed in M5 (100 + 3.0)
followed by M3 (74.0 £ 4.0), M4 (69 + 2), M2 (65 +
3.0), M1 (61 + 2.2) (Fig. 3a). It may be noted that in
the waste mixture, the cocoon production was respon-
sible for the quality of the feedstock. Fig. 3b shows the
growth of hatchlings during the vermicomposting pro-
cess. The earthworm growth in vermibeds is directly
affected by the waste proportion of feedstock. On the
other hand, microbes greatly influenced the diet of the
earthworm and were directly responsible for the propor-
tion of substance which slowed down the growth rate in
earthworm feed (Muthukumaravel et al. 2008; Nayak
AK et al. 2013; Sharma and Yadav 2017). In the present
analysis, earthworms’ regeneration is better in bedding
having an acceptable ratio of bulking agents. It is cited
in the literature that the rate of cocoon production in
composting earthworms is enriched due to the higher
nitrogen fraction of decomposing waste (Dominguez et
al. 2000; Singh et al. 2014). In earthworms, the cocoon
production patterns have been reliant on waste quali-
ty during the vermicomposting (Al-Najar et al. 2016;
Gupta and Garg 2008; Thi et al. 2018).

Significant growth of earthworm was observed
during the vermicomposting cycle or process, which
results in a high growth rate of earthworm biomass.
The mortality of earthworm was substantial in the last
two weeks of the vermicomposting cycle. The suitabil-
ity of waste to earthworm is an analysing factor that
is usually observed through cocoon production and
continuous growth in vermibeds. As shown in Fig. 3c,
the maximum increase/growth of individual earthworm
recorded was about 83 + 2 in M5 followed by 76 + 3
(M2), 70 + 4 (M1), 67 + 3 (M4), 62 = 3 (M4). The
reported improvement in results was observed due to
the different chemical composition in the earthworm
feeding rate. Moreover, the gain of earthworm biomass
was different in each vermibeds due to feeding compo-
sition difference and palatability (Suthar et al. 2012). It
is worth noting that the earthworm diet is significant-
ly dependent on the richness of the substrate microbi-
al activities. Further, microbial activities, along with
the feedstock quality and nutrient pools, availability
in vermibeds, affect the earthworm feeding rate. The
earthworm biomass after the vermicomposting process
was observed less than the maximum separate biomass
reported during 60 to 75 days. It shows the loss in in-
oculated earthworms biomass due to the conversion of
used substrate into vermicompost known as substrate
material ageing (Atiyeh et al. 2000; Gupta and Garg
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2008; Sharma and Yadav 2017). The ageing of substrate
material usually restricts the earthworms growth during

the vermicomposting (Dominguez et al. 2000; Singh et
al. 2014).

Conclusion

Vermicomposting is emerged as an effective methodol-
ogy for producing quality crop nutrients from organic
matters/residues. In the present analysis, cattle manure
along with the sugarcane press mud and dairy sludge
have been considered, and the various mixture combi-
nations were formed and used as feed during the ver-
micomposting process. The best combination for the
dairy sludge was M2 and for the SPM was M4. The
waste mixture of SPM, dairy sludge with cattle manure
(MS5) was the best combinations among all proportions
of waste mixtures. C:N ratio and germination index

were found to be 11 to 13, 105 to 129%, respectively,
along with the appropriate concentration of oxygen up-
take rate. The vermicompost obtained from the dairy
and sugarcane press mud was rich in nutrient content
and suitable for agricultural use. The determination of
greenhouse gas (GHGs) generation during pre-com-
posting and microbial activity during vermicomposting
of dairy sludge and SPM is the recommendation for the
further research.
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