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Abstract

Vermicomposting is the traditional method of biodegradation of organic compound into
nutrient humus that helps in plant growth Pressmud is one of the waste products of the
sugarcane industry with a rich organic composition. In this study, the pressmud is sub-
jected to vermitransformation integrated with biochar. The biochar is amended at varied
concentrations (0,2, 4 and 6%) with Pressmud and cow dung in three different composi-
tions (1:1, 2:1 and 3:1) using Eudrlius eugeniae to generate an enhanced vermicompost.
In the vermicompost combinations supplemented with biochar, there was increased
growth and biomass of earthworms with the maximum observed in C7 (PM+CD (2:1)
amended with 4% Biochar and C4 (PM+CD (1:1) amended with 6% biochar respectively.
Microbial and Enzyme level analysis showed that a combination supplemented with bi-
ochar showed better results than the combinations without biochar. Overall Combination
C3 (PM+CD (2:1) amended with 4% Biochar showed the best result in Microbial and
enzyme analysis with the maximum achieved in 45 " day. Humification was also better
in the biochar-supplemented combinations with the lowest humification index observed
in C3 (0.6820 = 0.027) and C4 (0.6912+0.031) pressmud+cow dung amended with 4%
and 6% respectively in the final sample. This study shows that amendment of biochar at
concentrations of 4% and 6% with pressmud as substrate showed better activity in the
growth and reproduction of earthworms. The humification activity of the substrate was
also maximum in the combination of C3 and C4 supplemented with 4% and 6% biochar
respectively.
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1. Introduction

India occupies an important position in the world's sugar economy and has surpassed
Brazil as the leading sugar importer [1]. The juice is separated during sugar production
from sugarcane and leads to the formation of waste. This waste is referred to as
pressmud or filter cake. It has been widely known for its value as a plant organic ferti-
lizer, containing a lot of plant nutrients. It not only improves soil quality but also pro-
vides organic nutrients that enhance crop growth. This byproduct poses disposal and
impurity challenges and requires control measures and hygiene practices. According to
Singh et al [2], the main rudiments of pressmud are humidity, fibre, raw wax, sugar,
crude protein and nitrogen. The immeasurable by-product sourced from sugarcane re-
finement is traditionally discarded through either burning or burying.

Vermicomposting is a fantastic technology to convert the waste product of the
sugar industry into valuable manure. The waste is consumed, digested, and transformed
by earthworms under stringent microbial and earthworm activities into a finer moist
more amenable microbial soil. Vermicomposting is a technique that transforms
pressmud into a lucrative biofertilizer [3]. The earthworms break down the organic
waste and get enriched with nutrients and growth-promoting agents through the pro-
cess. This makes it an eco-friendly, socially responsible and economically viable ap-
proach. Earthworms help to convert the waste to compost which can improve plant
growth and establish a sustainable agricultural system. [4]. Selecting the appropriate
earthworm species is vital for successful vermicomposting. Eudrilus eugeniae is an ef-
fective choice [5] due to its characteristics like rapid growth, high reproduction rate and
forbearance to diverse temperatures. Hence this study employed Eudrilus eugeniae for
vermicomposting.

The recent utilization of biochar as a soil amendment has attracted considerable
interest. A multitude of studies highlights the critical role of biochar in improving soil
fertility and mitigating climate change. Biochar is noted for its efficient performance,
stability, and generally alkaline characteristics, consisting of a carbon-rich solid pro-
duced through the slow pyrolysis of organic materials at high temperatures [6]. Ver-
micompost was treated with biochar to check its efficiency in the present study.

Earthworm reproduction, biomass production and survival are the main com-
ponents of the vermicomposting process as reported by Bhat et al [7]. The different
environmental factors which cause variation in the performance, numbers and distribu-
tion of earthworm in the environment. Parameters in the present study include the num-
ber and biomass of earthworms, number of cocoons and the amount of vermicompost
produced.

The worm’s digestive system contains bacterial microorganisms, nitrogen-
fixing bacteria, enzymes and so on [8]. Earthworms help prepare natural materials for
microbial decomposition and surface area for microbial activity. Bacteria, actinomy-
cetes and fungi are the main microorganisms in vermicomposting [6]. Earthworms and



6 V. K. Rekha et al.

microbes produce enzymes which mineralize the organic matter through the vermicom-
posting process. Microbes play an important role in the fertilizer industry [9]. There-
fore, it is not surprising that, just like earthworms, the enzymatic and microbial activity
during vermicomposting is a good indicator of ecosystem health and soil fertility [10].
The present research focuses on the enzymes generated by earthworms and microor-
ganisms throughout the vermicomposting process.

2. Materials and Procedures

2.1 Collection of raw material

For this study, the following materials were obtained. Pressmud gathered from Kallaku-
rich Co-operative sugar mill in Moongithuraipattu, Thiruvannamalai, Tamil Nadu.
Earthworm, Eudrlius eugeniae collected from VST natural farm in Kundumaranapalli,
Hosur, Tamilnadu. Fresh cow dung sourced from a nearby animal farmhouse. Biochar
procured from Greenfield Eco Solution.

2.2 Precomposting of pressmud

The press mud was laid out on a floor open to sunlight for five days. Then it was trans-
ferred to compost bags for precomposting which allows materials to decompose aero-
bically. This mixture was precomposed for 30 days to make it consumable for earth-
worms. Water was sprinkled periodically to maintain moisture content.

2.3 Vermicomposting of substrate

To study (Table 1) the impact of different combinations of the substrate (C1 to C12)
with pressmud (PM), Cow Dung (CD) and Biochar (BC), 12 variations were examined.
Each grow bag had a 5Kg capacity and contained various compositions of sugarcane
trash, Press mud, cow manure and biochar. A random selection of 20 clitellated earth-
worms, Eudrilus eugeniae were placed into each of the 36 grow bags [11]. These earth-
worms were used to break down the organic matter and create vermicompost in a con-
trolled environment, composting bags were kept at a constant temperature of 25+3° C
and left undisturbed to optimize vermicomposting. Moisture levels were maintained
between 60-70% by regularly adding water. At the end of the study, earthworm counts,
weight and cocoon numbers were recorded. The vermicompost was dried, sieved and
stored for further analysis and characterization [7].
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2.4 Overview of vermicompost

The production and growth of biomass were measured in this study using the number
and bio mass of earthworms, and the number of cocoons as an indicator of reproductive
success. To determine each earthworm’s unique biomass gain and cocoon susceptibil-
ity, the worms were carefully separated from the various worms cleaned with tap water
and weighed using a digital electronic scale. Fig (1) represents the total number of
earthworms in each of the 12-treatment group after the study.

2.5 Microbial analysis

Using the standard plate count method, the total colony forming units (CFU) of bacte-
ria, fungi and actinomycetes in the vermibed materials was enumerated for the first and
last sample [12,13]. The particulars can be found in Table 2. The gut contents of Eu-
drilus eugeniae were added to individual flask, which contained 99ml of sterile distilled
water blanks. Subsequent serial dilutions were performed using 9 ml sterile distilled
water as blanks [14]. Following the serial dilution process, 0.1 ml aliquots from the
appropriate dilutions were spread onto serile nutrient agar plates. These plates were
then incubated for a duration of 48 to 72 hours at a temperature of 37°C. Petri dishes
exhibiting between 30 to 300 bacterial colonies were selected for the enumeration of
the bacterial population. The bacterial population was quantified as colony-forming
units (CFU) per gram of the sample [15].
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A gram of each sample was placed in a sterile conical flask with nine milli-
liters of distilled water and subjected to shaking in a vortex mixer for a duration of 30
minutes [15]. The resulting stock was used to prepare multiple dilutions ranging from
107! to 10-7 using sterile distilled water. One ml of each diluted sample was then spread
onto petri plates containing specific media for bacteria, fungi and actinomycetes. To
ensure accuracy, each observation was repeated in three times.

Table 2. Media used to count the number of bacteria, fungi and actinomycetes in vari-
ous vermibed substrates

Micro- Media used Dilution of the Incubation in
organism sample day(s)
Bacteria Nutrient Agar 106 1
Media
Fungi Martin’s Rose 103 3
Bengal
Agar Media
1033
Actino- Kenknight’s 10+ 7
mycetes Media

2.6 Enzymatic analysis

The vermicompost was collected at the time intervals of 15 days (0", 15th, 30th, 45th,
60th, and 75th) and was subjected to enzymatic analysis. The activities of dehydrogen-
ase and urease were assessed following the methodologies established by Cassida et al
[16] and Tabatabai and Bremner [17]. Dehydrogenase activity was determined by
measuring the formation of 2,3,5-triphenyl formazan (TPF) resulting from the reaction
with 2,3,5-triphenyl tetrazolium chloride, and the results were expressed as ugTPF g!
h™'. Meanwhile, urease activity was evaluated by quantifying the ammonia released
during the hydrolysis of urease, with results reported as mg NH** g dw h™'[18].

2.7 Statistical analysis

The results of the research on vermicompost characteristics and earthworm growth fac-
tors were presented as the average of three replicates, shown as mean + S.D. Enzymatic
and microbial parameters were analyzed on days 0,15,30,45,60 and 75 using SPSS soft-
ware for Analysis of Variance at a 5% significance level, comparing treatment param-
eters initial and final values.
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3. Result and discussion
3.1 Number, Biomass, reproduction of earthworm

The total amount of earthworms in all 12 treatment groups after the completion of the
study is shown in (Fig.1a). In all groups, 10 earthworms were added. The number of
worms in a vermicomposting mixture is influenced by the mixtures’ fertility, the growth
of the worms in the food environment and the worm’s ability to adapt to the nutrients.
The number of worms found in a 1:1 combination of press mud in the descending order
is C3>C4>C1>C2. In the 2:1 combination, the specified order is C7>C8>C6>C5. In
the 3:1 combination, the order is C11>C12>C10>C9. The highest quantity of earth-
worm population in press mud was C7 (225) and the lowest quantity was C11 (104).
The significant increase in biomass can be attributed to the synergistic effects of organic
waste, cow manure and nutrient additives, which enhance the palability and digestibil-
ity of the feed, leading to weight gain in the inoculated worms [19,20,21]. Conversely,
the limited growth may be a result of the feed’s low appeal, slow digestion rate and
high carbon-nitrogen ratio [19].

The high biomass growth can be explained by the combined effects of organic
waste, cow manure and nutrient supplements, which made the feed more palatable and
easier to digest resulting in weight gain for the inoculated worms [19,20]. The weight
of biomass is illustrated in (Fig 1b). The biomass of worms in 1:1 followed the order
C3>C4>C2>C1. However, when the ratio is 2:1, the order becomes C7>C8>C6>C5.
Finally, in a 3:1 ratio, the biomass pattern is C11>C12>C10>C9. The maximum bio-
mass of earthworm in pressmud exhibit in C1 (34) and minimum was in C9(22.5).
Karmegam et al [22], indicated that the difference in earthworm populations across
various vermibeds can be linked to the variations in the nutrient composition of the
vermicompost mixtures and C: N ratio. Numerous studies have demonstrated that the
palatability and nutritional quantity of the substrates are essential to the growth and
reproduction of earthworms, leading to discrepancies in earthworm biomass among dif-
ferent vermibeds [15,23,24,21]

The weight of vermicompost varies depending on the combination of materials
used (Figl ¢). Ina 1:1 combination, the decreasing weight trend was C1>C4>C2>C3.In
a 2:1 combination, the decreasing trends were C6>C5>C8>C7. In a 3:1 combination,
the trend was C10>C11>C12>C9. The most significant decline in vermicompost
weight was observed in C7 (53%) while the least decline was observed in C1 (68%).
As the earthworm population expands, it leads to a decrease in the mass of vermicom-
posting substrate through bio-oxidation and organic matter stabilization, which occurs
due to the interaction between earthworm and microorganisms. Microorganisms are
chiefly accountable for the biochemical decomposition of organic material, whereas
earthworms significantly contribute to the fragmentation and conditioning of the sub-
strate. This process enhances the surface area available for microbial proliferation and
modifies its biological activity [25,26].
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In descending order, the number of cocoons in a 1:1 combination of press mud
is C3=C1>C2>C4. The order of C6>C7>C8>CS5 is shown in a 2:1 combination. The
order is C9>C10>C11>C12 in a 3:1 combination. (Fig 1d). The highest cocoon gener-
ation in press mud is observed at C9 (62) and the lowest amount at C4 (39). Cocoon
production rate, cocoon initiation and cocoon weight in E.eugeniae were influenced by
the biochemical properties of the substrate. Differences in cocoon production rates may
be due to the influence of the quality of feed and culture [27,21]. Additionally, Biruntha
et al 2020 [23] observed that decreased cocoon generation in E.eugeniae was caused
by a high C:N ratio in the initial substrate. Based on the current study, adding biochar
to a particular ratio of sugarcane waste and cattle dung significantly affect the growth
and reproduction of earthworm-Eudrilus eugeniae and therefore, biochar addition to
vermicomposting substrate should be provided is elucidated to obtain vermicompost
with sufficient nutrients.

aNo.of earthworm

. Biomass of earthworm
350 =
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d No. of cocoon
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Fig.1. (a). Number of earthworm (b) Biomass of earthworm (c) Weight of vermicom-
post (d) No. of cocoons in various combinations of vermicompost.

3.2 Microbial analysis

The gut microbiome of earthworms consists of microbes which can even decompose
and fix nitrogen that is excreted by nutrients in their vermicast [28]. The biochemical
breakdown of the natural resource is primarily driven by microorganisms, including
bacteria, fungi and actinomycetes [29] and regulate the ecological balance. Besides this,
earthworms improve microbial activities which result in the increase of microbe popu-
lation and its biodiversity. Therefore, the purpose of the current research was to identify
the presence of bacteria, fungi and actinomycetes.
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The fungal concentration (Fig 2a) developed from the beginning day to day 45,
which was due to the abundance of organic material in the earthworm substrate. Sub-
strate decomposition resulted in a shift in the microbial population between days 60 to
day 75. Fungal populations, tending to be the most common composting agents, can
withstand high temperatures and decompose a wide range of organic waste. Research
has shown that earthworms particularly endogeic and epigeic species of earthworms
consume fungi and stunt mycelium growth, causing fungi population and diversity to
decline [30].

The isolation of bacterial strains from vermicompost distinguishes the mi-
crobes that are responsible for boosting soil fertility and allowing crops to grow. This
will make us aware of the fact that bacteria participate in plant development and will
help us to select the ones that are beneficial for vermicompost. The bacterial concen-
tration of the present study (Fig.2b) showed a progressive increase from the initial day
to 45 days. Later, it started declining until the end of the process like fungi. Monroy
[31] conducted a trial which established a more than 75% reduction of total coliforms
after vermicomposting over a period of two weeks employing E. foetida. The study
conducted by Iria Vilar and associates [32] has shown that various kind of bacteria and
fungi have gradually decreased in the entire process of developing compost and ver-
micompost from sewage sludge. Haung et al [33] studied to examine the bacterial and
fungal populations trends during the vermicomposting process of green waste using E.
Foetida and the result was that the decline in the number of fungi and bacteria after
60days in vermicompost production. The result of all these previous studies could be
paralleled with the line of the present study.

Actinomycetes, species non-susceptible bacteria are impartial in destruction
of organic matter in soil and sediments. The presently known species are able to create
substances blocking the development of the detrimental microbes [34,35]. Among mi-
crobes, actinomycetes are the one that is known as the most promising as they enzy-
matically produce many different kinds like protease, amylases, cellulase and some an-
timicrobial substances. The result of the current study (Fig.2c) indicated that actinomy-
cete increased gradually for 45 days and later eventually declined. It proliferates as they
move through the worm’s digestive tract that could be the cause of increased actinomy-
cetes population [29]. When more resistant compounds were deleted at the process, a
decrease in actinomycetes growth was predicted. Incooperating biochar in vermicom-
posting improves the physical, chemical properties of vermicompost and provides a
suitable habitat for microorganisms and earthworms, which has a significant effect on
the decomposition process by releasing microorganisms [36,37].
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Fig 2 (a). Presence of fungi (b) bacteria (¢) Actinomycetes in the vermicompost of
different combinations

3.3 Enzymatic analysis

Microorganism possess the ability to synthesize a variety of enzymes like cellulase,
dehydrogenase, phosphatase, urease etc. [38]. The enzymatic activities serve as indi-
cators of both degradation process, reflection of microbial activity, and provide insights
into maturity of the vermicompost [22,39,40,41]. This study focused on the presence
of dehydrogenase, urease, acid phosphatase and alkaline phosphatase.

An enzyme such as urease, which is synthesized by the microorganisms to
decrease the nutrient and energy holding capacity of the organic substances and nitro-
gen compounds. This enzyme converts urea to CO, and ammonium with its enzymatic
reaction [42]. The urease enzyme turns out to be the vital enzyme that is engaged in
transforming the organic nitrogen into inorganic nitrogen during vermicomposting by
the means of which the plant absorb nitrogen readily. Throughout 75 days (Fig.3.a) of
the study reported an increase in urease activity from the initial day due to low
NH* content in the waste and later dropped from 60 to 75 days as a result of the increase
amount of NH*"content which hinders the urease activity. The use of carbon-based
amendments such as biochar and straw increases urease activity by promoting the pro-
liferation of urease producing microorganisms [41]. Ramalakshmi and colleagues [43]
found out that vermicomposting of vegetable market waste reduced urease activity as
time increased [44].
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Dehydrogenase enzyme activity can be correlated with the metabolic state
of fungal and bacterial population of soil or with maturity of vermicompost products
[45]. In the initial stages of vermicomposting, dehydrogenase levels were high but de-
creased significantly as the decomposition progressed in this study. (Fig 3b). The in-
crease in the microbial concentration of the pressmud, green manure and cow dung
during the 30to 40 days of vermicomposting significantly enhanced the nutritious quan-
tity of the vermicompost and enzymatic activity of dehydrogenase [20]. The corre-
sponding study conducted by Karmegam and his colleagues [22] also showed that there
was an increase in dehydrogenase activity, which was line with rise in the microbial
population on vermicomposting with cow dung, green manure plant. paper mill sludge
etc. and reduced later as the process continues. Decrease of feedstock substrate leads to
decreased production of dehydrogenase [41].

Phosphorous together with nitrogen and potassium is a key macronutrient
required for plant growth and yield. Phosphatase are hydrolases that break the ester
relationship between the phosphate group and organic base of phosphate esters. Based
on the optimum pH for the load, phosphatase is of two types acid and basic. The optimal
effect of acid phosphatase is at an acidic pH around 6 and alkaline phosphatase show
an optimal effect at an alkaline pH of around 11 [46,18]. The present study examined
the presence of alkaline phosphatase and acid phosphatase. Alkaline and acid phospha-
tase enzyme showed high level of presence at the beginning of the process however,
their activities started to decrease towards the end of the process. (Fig 3.c &d). The
phosphatase in vermicompost may be the result of metabolized P-cycle substrates used
by the earthworm and microorganism [44]. In a similar manner, phosphatase enzyme
activities increased at the initial stage and subsequently decreased during the process
of olive waste vermicomposting [47]. In accordance with Gong et al [48] who reported
that biochar facilitates increased cellulose, alkaline phosphatase, dehydrogenase and
urease activity in urban green waste.
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Fig.3. (a) Urease enzyme (b) Dehydrogenase enzyme (c) Acid phosphatase (d) Alkaline
phosphatase present in the vermicompost.

3.4 Humification index

During humification, organic matter decomposes into stable humic substances that pro-
cess is enhanced by addition of biochar [49,50]. Vermicompost maturity was evaluated
through spectroscopic analysis of humification. Microbial enzyme releases humic acid
production during this process [51]. The HI of the vermicompost of all combinations
was analyzed during 0, 15, 30, 45,60 and 75" days of the study and HI decreases in the
final values of the vermicompost when compared to Initial samples (Fig4). The lowest
HI was observed in 75" day vermicompost in Combination C3 (1PM; ICD+4%BC) and
C4 (1PM; ICD+6%BC) with 0.6820 and 0.6912 respectively. The decrease in the hu-
mification index throughout the composting process indicates an increase in aliphatic
carbon in relation to aromatic carbon [51]. The amendment of biochar to the organic
material facilitates its degradation and formation of enriched humus [50].
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Fig.4. Humification index value of biochar amended pressmud and cowdung. Presented
values are mean+S.D.

4. Conclusion

The present study shows that pressmud is an efficient substrate for the vermicompost-
ing process. The addition of Biochar as a supplement with pressmud increased the
growth and reproduction of earthworms in the vermicomposting process. Most of the
combinations supplemented with biochar were shown to contain more earthworms and
higher biomass than the combinations without biochar with the maximum observed in
C7 and C4 respectively. The microbial analysis shows that the presence of analysed
microbes was more in biochar-supplemented combinations and the same was observed
in levels of different enzymes selected for this study. The supplementation of biochar
increased the humification process of pressmud which was inferred from the lower hu-
mification index. This study shows that the amendment of biochar enhances the pro-
duction of vermicompost and also helps in the proliferation of earthworms.

5. Declaration: The authors declare no competing interest.
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