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Abstract

Purpose: Improper sugarcane trash management, like burning or haphazard disposal, causes environmental
pollution. Composting offers a sustainable solution in tropical environments, but challenges arise from its high
C/N ratio and lignocellulose content, leading to longer processing times and nutrient deficiencies. This study
evaluates co-composting sugarcane trash with indigenous materials to enhance efficiency and nutrient content,
aiming to improve compost quality.

Methods: The research focuses on co-composting sugarcane bagasse with food waste, cow dung, and amritjal
under optimal conditions. Material proportions were adjusted (Trial-1-3 and Control), and small bins were

utilized to determine the ideal mix ratio. Monitoring over 56 days evaluated composting efficiency.
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Results: Trial-2 peaked at 56°C on day 11, while Trial-3 reached 51°C on day 7. Control maintained lower
temperatures. Ammoniacal nitrogen concentration varied, consistently higher in Trial-2. Total volatile solids
decreased, indicating efficient decomposition, particularly in Trial-2. Composting resulted in a decrease in total
organic carbon with an increase in ash content, nitrogen, potassium, and phosphorus. pH varied, with Trial-2
maintaining the highest. Electrical conductivity rose, while CO, production decreased over time. Moisture
content exhibited variability, and germination indices improved in all trials, indicating compost maturity. C/N
ratio decreased, and significant reductions in cellulose, hemicellulose, and lignin demonstrated effective
decomposition.

Conclusion: Co-composting with food waste, cow dung, and amritjal, under optimized conditions, successfully

transforms waste into a valuable agricultural resource, offering a sustainable solution for its management.

Keywords: Composting, Sugarcane, Food waste, C:N ratio, Germination index

Introduction

Globally, sugarcane is a crucial cash crop and a primary source for sugar production, with 1.87 billion tons
produced worldwide in 2020, mostly in tropical areas, with Brazil, India, and China contributing 40%, 20%, and
6%, respectively (Pipitpukdee et al. 2020). In India alone, sugarcane cultivation covered 5.0 million hectares in
2020, yielding 392.80 million tons (Shukla et al. 2022). This cultivation results in significant sugarcane waste,
with global production in 2012-2013 reaching 1.6 billion tons, generating 279 million tons of biomass residues,
including bagasse and leaves (Chandel et al. 2012). The two main stages of sugarcane waste are agricultural and
industrial, with an annual production of 10-12 tons per hectare of dry crop residues, often utilizing green leaves
as fodder (Mishra and Yadav 2021). Open burning is a common practice among farmers worldwide due to labor
scarcity and time constraints (Powar et al. 2022). At the industrial stage, waste such as press mud, bagasse, and
spent wash is generated, with sugar factories commonly burning sugarcane residue for power generation,
although it holds potential as a valuable feedstock for other goods (Rahayu et al. 2022).

Composting of sugarcane waste in tropical environments possess many opportunities and challenges. Tropical
environments generally have higher temperatures and humidity compared to temperate regions. Higher
temperatures can accelerate the composting process by speeding up microbial activity and decomposition of
organic matter while higher humidity can provide the necessary moisture for composting (Azim et al. 2018).
Tropical environments often have rich soil with high levels of organic matter and nutrients. Composting in such
environments may result in nitrogen, phosphorus and potassium rich compost due to the abundance of organic
materials available for decomposition (Craswell and Lefroy 2001). High carbon-to-nitrogen ratio and difficult to
degrade lignocellulosic content in sugarcane waste are some of the challenges in its composting. Some
researchers have investigated composting and co-composting of sugarcane trash (ST) using different methods
and inoculants. The study by Ansari et al. (2021) reported that chemically pretreated bagasse significantly
reduced its lignocellulosic content, transforming it into a humic substance with higher germination index
percentages. Rahayu et al. (2022) highlighted the significant potential of lignocellulolytic bacterial consortia for
decomposing sugarcane waste during processing. Additionally, Soto-Paz et al. (2021) revealed that processing
time, mixing ratio variation, and turning frequency directly impact product quality. However, farmers may face

difficulties in adopting pretreatments due to technological awareness limitations and financial constraints
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(Powar et al. 2022). Previous studies have focused on composting individual components, supplemented with
bulking agents to enhance the process, yet this approach presents challenges like secondary pollution and
increased costs. Moreover, it may not effectively address the diverse agricultural wastes typical in rural areas.
Hence, a multicomponent composting method is proposed, offering advantages such as increased efficiency in
processing various agricultural wastes and yielding superior composting products due to their rich compositions
(Bian et al. 2019). Nonetheless, there is a scarcity of studies on multi-component composting of ST.

The study introduces a novel approach by co-composting sugarcane trash (ST) with food waste (FW), cow dung
(CD), and amritjal (AJ) to improve the efficiency of the composting process. Food waste contains fungi that
facilitate the breakdown of recalcitrant compounds, while cow dung, with its abundant nitrogen content, is
commonly co-composted with materials possessing lower nitrogen content for enhanced decomposition (Guo et
al. 2022; Liu and Zhang 2023). Amritjal is a fermented organic liquid manure or soil conditioner made from
locally available materials such as cow dung, cow urine and jaggery. It contains various beneficial micro-
organisms, macro and micro-nutrients, plant growth promoters, antioxidant and plant protection properties
(Biswas et al. 2023). The use of Amritjal directly as organic manure at large scale is challenging but it can be
used as an inoculating agent in co-composting (Ravisankar et al. 2021). The study aims to experimentally
evaluate the feasibility of co-composting FW and CD with sugarcane trash (ST) using various mixing ratios and

inoculating with amritjal (AJ).

Materials and methods

Study area

The study was conducted at the Sardar Vallabhbhai National Institute of Technology (SVNIT), Solid Waste
Laboratory, Surat from January to March 2020. The temperature at the site ranged from 22°C to 32°C with no

rainfall.

Raw materials

1.5 tons of ST were collected from Shirdi, Gujarat, India, using local transport cargo and brought to the
composting laboratory at SVNIT, Surat. Amritjal (AJ) was prepared at the laboratory by mixing 1 liter of cow
urine, 50 grams of jaggery, 1 kg of cow dung, and 10 liters of water and kept for 4 days in a 15-liter bucket,
covered with cloth, without contact with sunlight. The mixture was mixed daily 3 to 4 times clockwise and
anticlockwise for 4 days until the AJ was ready for use. FW was collected from the three boy’s hostels of
SVNIT and mixed together. Unwanted plastic materials were removed manually. Plastic drums were used to
collect the food waste (FW). Fresh FW was ground using a churner, available in the mess, to reduce the particle
size less than 1 mm, thereby enhancing degradation. Fresh CD was brought from a cow farm which is situated at
Umragaon village near to SVNIT college campus. The Physicochemical characteristics of ST, FW, CD, and AJ

are given in

Table 1.
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Table 1. Characteristics of raw materials used during experiment.

Parameters ST AJ CD FW
Moisture Content (%) 46.38+4.01 98.86+0.95 85.10+4.14 87.46+3.89
pH 7.90+0.21 6.73£0.12 8.10+0.18 5.80+0.21
EC (mS/cm) 0.47240.11 4.11£0.11 4.504£0.21 2.13£0.20
Volatile Solids (%) 84.60+3.89 16.76+1.84 65.66+2.92 76.28+2.98
Total Organic Carbon (%) 47.00+1.26 9.31+1.12 36.48+1.36 42.37+1.76
Nitrogen (%) 0.37£0.02 1.1940.15 1.22+40.10 1.98+0.10
Phosphorous (%) 0.035+0.01 0.18+0.01 0.90+0.10 0.25+0.20
Potassium (%) 0.12+0.10 0.32+0.20 1.14£0.20 0.54+0.23

All values are mean of triplicateststandard deviation

ST= sugarcane trash, AJ= amritjal, CD= cow dung, FW= food waste, EC= electrical conductivity

Methodology

Composting was conducted in cylindrical plastic tubs with a capacity of 0.075 m?, measuring 0.37 m in length
and 0.51 m in diameter. These tubs were closed at the bottom and open at the top, allowing air to enter through
the open top without external aeration. Additionally, a 10 mm hole was provided at the bottom of each tub for
the removal of any generated leachate. Four combination trials of ST and co-composting materials were
established: ST+AJ, ST+FW, ST+CD, and ST+W (control). The quantity of materials added was based on a wet
weight basis, comprising 60% of the dry weight of ST, as optimal operational conditions were observed in this
mixing ratio. All combinations of trials are listed below:

Trial 1 (ST+AJ) Sugarcane Trash (5.5 kg) + Amritjal (3.3 kg)

Trial 2 (ST +FW) Sugarcane Trash (5.5 kg) + Food waste (3.3 kg)

Trial 3 (ST +CD) Sugarcane Trash (5.5 kg) + Cow dung (3.3 kg)

Trial 4 (ST+W) (Control) Sugarcane Trash (5.5 kg) + Water (3.3 kg)

For each trial three replicates of plastic tubs were used. Each trial combination was mixed in a mechanical
mixing vessel before putting in the tubs. Initial 7 days plastic tubs were covered with plastic sheets to avoid heat
loss and the growth of fungi and bacteria. The mixture in plastic tubs were rotated after every 3 days from the 70
day to achieve sufficient mixing and agitation. The temperature was monitored every day by inserting probes at
three different locations in a plastic tub i.e. top, middle and bottom and by taking its average. For other
physicochemical parameters around 120 gram samples were collected from different parts of each reactor and
then mixed to achieve homogeneity. The total duration of the composting experiment was 56 days. The overall

methodology of this study has shown in Figure 1.
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Figure 1. Flow diagram of sugarcane trash/ leaves collection to final conversion into compost

Analysis of physicochemical parameters

Standard methods for determination of physicochemical parameters were used as described in APHA
(2023).Temperature was measured by using a Mextech ST9283B multi-stem thermometer. The temperature was
measured at three points of the tub: the top surface, middle, and bottom. Subsequently, the average value was
reported. To determine the moisture content, a known quantity of sample was oven dried at 70+2°C for 24 hours
and difference in weight was recorded. A 10-gram oven-dried sample was combined with distilled water at a
ratio of 1:10 (w/v). The mixture was subsequently placed on a rotary shaker for two hours. The filtrate obtained
through Whatman filter paper no. 42 was utilized to measure pH and electrical conductivity. The total nitrogen
content was assessed using the Kjeldahl method. For the determination of ammoniacal nitrogen, the KCI
extraction method was employed in conjunction with the phenate method. To calculate the total volatile solids, a
known quantity of an oven-dried sample was placed into a muffle furnace set at 550+5°C for 2 hours. The total
organic carbon was determined by dividing the total volatile solids by a factor of 1.83 (Adhikari et al. 2009;
Nuiiez et al. 2022). To calculate the CO, evolution rate, the soda lime method was utilized following the
approach outlined by (Kalamdhad et al. 2008). For quantifying phosphorus content, the stannous chloride
method was employed. This involved digesting a 0.2 gram sample with a mixture of H,SO4 and HCIO4 at a 5:1
ratio for 2 hours at 300°C. Potassium content was determined using a flame photometer (Jain et al. 2019). To
compute the germination index (GI), a filtrate of 6 hours agitated mixture of sample and distilled water (5:10
w/v) was then placed into a Petri dish with tissue paper as medium. The germination index was calculated using

equation (1) after 72 hours of incubation at 25 °C. Distilled water was used in control (Yang et al. 2021).

. . . Number of seeds germinated extrax 100
Relative seed germination (%) =
Number of seeds germinated in control

(Relative seed germination) X (Relative root growth)
100

GI (%) =

10 D
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To determine the lignin concentration, a powdered sample weighing 3 grams was digested with 72% H,SOs.
The resulting extract was then filtered, and its absorbance at 205 nm was measured. Subsequently, the sample
was filtered again, and the filtrate was dried at 105°C, following the procedure outlined by the National
Renewable Energy Laboratory. To determine the cellulose content, the method of acetic/nitric reagent
extraction, as described by Updegraff (1969). For assessing hemicellulose content, the approach involved

utilizing the variance between natural detergent fiber (NDF) and acid detergent fiber (ADF) (Holtzapple 2003).

Statistical analysis
Significance of variations among all physico-chemical and biological parameters was calculated using one-way
Analysis of Variance (ANOVA) at a level of significance less than 0.05 (p <0.05). For the computation of

variance, SPSS 13.0 software was utilized.

Results and discussions

Variation of compost temperature

Higher ambient temperatures enhance composting efficiency by raising pile temperature, essential for pathogen
and weed seed elimination (Khater 2016; Budihardjo et al. 2018). Figure 2 illustrates the temporal variations of
temperature in compost trials 1-3 and the control. The variation among the treatments was significant (p<0.05)
(Table S1). Trial-1 initiated at 38°C, reaching the thermophilic phase at 47°C by day 7, lasting 9 days. Trial-2
and 3 also entered the thermophilic phase on day 2 at 37°C and 32°C, respectively. Trial-2 peaked at 56°C on
day 11, lasting 20 days, while Trial-3 peaked at 51°C on day 7, lasting 16 days. The control started at 30°C,
reaching 37°C on day 2, with a maximum temperature of 37°C. NH4*-N levels rose with temperature, indicating
mesophilic to thermophilic transition. After 56 days, temperatures stabilized around 32°C, 30°C, 32°C, and

31°C for Trial-1-4 respectively matching with the ambient temperature which shows the attainment of maturity.
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Figure 2. Temporal variations of Temperature.
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Variations of moisture content, pH, electrical conductivity and CO: evolution rate

Compost stability and greenhouse gas emissions are significantly impacted by moisture content (MC)
manipulation and 55-60% considered as an optimum MC (Gurusamy et al. 2021; Ermolaev et al. 2019). Trial-2
begins with the highest MC (76+2%), followed by Trial-1 at 74+3.5%, while Control and Trial-3 have
intermediate initial MC of 72% and 73%, respectively. Over 56 days, Trial-3 consistently decreases in MC to a
final level of 53%, whereas Trial-2 maintains high MC throughout, and Trial-1 shows a less pronounced
decrease. Control exhibits fluctuations but generally maintains moderate MC. Both Control and Trial-3 display
lower variability in MC, while Trial-2 shows moderate variability, and Trial-1 exhibits variability, particularly at
the beginning and end stages as depicted in Figure 3a. However, not significant variation in MC was observed
among all treatments (p>0.05) (Table S1).

The pH level significantly influences microbial respiration and degradation rates in composting, with alkaline
pH crucial for maturity and stability evaluation, while acidic pH can impede microbial activity and degrade
rates. Trial-1 started at pH 7.2, dropping to 6.8 after three days, ending at pH 7.2 after 56 days, while Trial-2 and
Trial-3 reached pH levels of 5.4 and 6.4, respectively (Figure 3b), but the difference was not significant
(p<0.05) (Table S1). The control maintained a pH of 6.7. Trial-2 peaked at pH 7.1 on day 21, while Trial-3
increased from 6.4 to 7.5 within two days, reaching a final pH of 7.6. The control maintained a stable pH,
consistent with Sharma et al. (2018).

Electrical conductivity (EC) reflects concentration of salts generated during composting. Trial-2 began with the
highest EC (3.3£0.009 mS/cm), indicating a higher concentration of dissolved salts, while Control had the
lowest initial EC (2.2+0.002 mS/cm). Throughout the period, Trial-3 and Trial-2 consistently showed EC
increases (4.3+0.006 mS/cm) and (4.2+0.004 mS/cm). Although Trial-1 and Control also experienced rises, their
rates were slower. Trial-2 and Trial-3 exhibited higher EC variability, suggesting fluctuating dissolved salt
concentrations, while Control and Trial-1 showed lower variability. Overall, EC tended to rise over time
significantly (p<0.05) (Table S1), indicating salt accumulation during composting (Figure 3c).

Significant variation of CO, production rate among all treatments was observed (p<0.05) (Table S1) as shown in
Figure 3d. Trial-2 consistently shows the highest CO. production rates throughout the 56 days (22.12+0.7
mg/gVS/day). Trial-3 also maintains relatively high CO, production, especially in the early stages while Trial-1
and Control have lower CO, production rates. Trial-2 and Trial-3 have relatively low variability in CO»
production, indicating consistent rates. Control exhibits variability, especially in the later stages. CO, production
generally decreases over the 56 days in all trials. Trial-2 and Trial-3 maintain higher production rates even at the
later stages. The decrease in CO, production over time may suggest a reduction in microbial activity or the

availability of organic material for decomposition.



Accepted manuscript (author version)

—a— Trial 1 (ST+AJ) —=— Trial 1 (ST+AJ)
85 a)  MOISTURE CONTENT | 1uois (sTFw) o b) pH +— Trial 2 (ST+FW)
—+— Trial 3 (ST+CD) . —+— Trial 3 (ST+CD)
80 + +— Control (ST+W) 8.4 +— Control (ST+W)
. 80
o~ 7.61 /\ I _—
570 7‘2-\0 N —
:‘5:65 EG.S- e N L i
,g 6.4 ,’/ I Y T
= 60 6o 7
55 4 5.6
504 5.2 4 J
4.8+
0 5 10 15 20 25 30 35 40 45 50 655 0 5 10 15 20 25 30 35 40 45 50 55
Days (Number) Days (Number)
—=—Trial 1 (ST+AJ) EVOLUTION RATE —=— Trial 1 (ST+AJ)
5.75 - C) ELECTRICAL CONDUCTIVITY |, Trial 2 (ST+FW) 275+ d) co,EvoluTio «— Trial 2 (ST+FW)
; —+— Trial 3 (ST+CD) —+— Trial 3 (ST+CD)
AT +— Control (ST+W) 20 +— Control (ST+W)
S \/ 2254
B \\ < 2007
\'—‘\:\j Z’ 17.5 4
(=]
> 15.0
E
~ 125
o)
© 100+
7.5
: B " 50 5
1.75 T T T T T T : T T T T 25 T T T T T T T T T T T 1
0 5 10 15 20 25 30 35 40 45 50 55 0 5 10 15 20 25 30 35 40 45 50 55 60

Days (Number) Days (Number)

Figure 3. Temporal variations of a) Moisture b) pH c) Electrical Conductivity and d) CO, production rate.

Variations of total volatile solids, total organic carbon, ash content and ammoniacal nitrogen

Total volatile solids (TVS) are a vital parameter in composting, indicating the organic matter content, excluding
carbon-based inert like plastic, and measured by its combustion at high temperatures (Kumar et al. 2010). TVS
reduction during composting influences physical, chemical, and biological properties, indicating the organic
matter's decomposition. Trial-2 starts with the highest %TVS (83.8 = 2.1%), followed by Control and Trial-1
with relatively high initial %TVS values (82.54 £ 1.2% and 82.4 + 1.8%). Over 56 days, %TVS generally
decreases across all trials, showing volatile solids loss. Significant variation was observed in TVS among all
treatments (p<0.05) (Table S1). Moderate variability is observed in Trial-2 and Trial-3, suggesting organic
matter breakdown during composting (Figure 4a).

Total organic carbon (TOC) within soil organic matter significantly impacts soil characteristics vital for plant
growth and soil health, encompassing color, nutrient retention, turnover, and stability (Murphy 2015). Trial-2
commences with the highest %TOC (46.56x1.17%), followed by Control and Trial-1 with relatively high initial
%TOC values (45.86£0.67%). Over 56 days, %TOC generally declines across all trials (30.72%, 26.72%,
29.28%, and 34.08%, respectively), indicating organic carbon decomposition during composting. Trial-2
maintains a relatively higher %TOC (34.08%) compared to others, while Control and Trial-1 exhibit lower
%TOC variability. Significant variation was observed among all treatments (p<0.05) (Table S1). Moderate
variability was observed in Trial-2 and Trial-3. The decreasing TOC trend denotes organic carbon breakdown
during composting (Figure 4b).

The ash content in compost indicates both mineral elements and organic matter, representing the non-volatile

mineral component crucial for understanding compost composition (Dédina et al. 2022). It offers insights into
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nutrient availability and the compost's impact on soil health and plant growth. Trial-3 begins with the highest
ash content at 20.1%, suggesting a greater initial inorganic material proportion, with Trial-1 and Control also
exhibiting relatively high initial ash content at 17.47% and 17.6%, respectively. Over 56 days, ash content
significantly increases across all trials (p<0.05) (Table S1), with Trial-2 maintaining relatively higher ash
content. Trial-2 and Trial-3 show higher ash content variability, while Control and Trial-1 display moderate
variability. The increasing trend in ash content indicates mineral and inorganic material accumulation during
composting (Figure 4c).

Ammoniacal Nitrogen (NH3-N) is crucial in composting for decomposition and compost quality. It facilitates
nitrogen's return to the soil, benefiting plant growth and soil health by converting nitrogen into a usable form (
Sharma et al. 2022). Trial-2 starts at 152 mg/L NH3-N, Control at 157 mg/L, Trial-1 at 147 mg/L, and Trial-3 at
149 mg/L. NH3-N concentrations fluctuate over 56 days in all trials, with Trial-2 consistently higher and
exhibiting higher variability. Control shows relatively lower variability. These fluctuations reflect dynamic

microbial activity and nitrogen transformations during composting (Figure 4d).
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Figure 4. Temporal variations of a) Total Volatile Solids b) Total Organic Carbon c¢) Ash content and d)

Ammoniacal Nitrogen

Variations of total nitrogen, C/N ratio, phosphorous and potassium

As a measure of the nutrient richness of the compost, the total nitrogen (TN) concentration is important during
the composting process (Sayara et al. 2020). Organic matter breaks down more quickly when there is enough
nitrogen present to encourage microbial activity. Trial-2 starts with the highest concentration of TN 1.92%,

while Control starts with the lowest concentration of 0.3%. Trial-1 and Trial-3 have lower initial concentrations
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of 1.54% and 1.64% respectively. TN concentrations generally show a rise over O to 35 days in all trials. Trial-2
consistently maintains higher concentrations compared to other trials. Control shows relatively lower variability.
A significant rise in TN concentrations among all treatments (p<0.05) (Table S1) was observed as depicted in
Figure 5a indicates microbial metabolism of proteins (Raj and Antil 2011).

Carbon to nitrogen ratio (C/N ratio), often between 25 and 30:1, encourages the proliferation of microorganisms
and aids in the breakdown of organic matter into stable humus (Eiland et al. 2001). Figure 5b shows C/N ratio
variation among all treatments (p<0.05) (Table S1), with Control having the highest ratio of 152.85, compared
to Trial-1, Trial-2, and Trial-3 with ratios of 29.73, 24.12, and 27.07, respectively. Control's high C/N ratio was
due to ST's high fibre content, lacking nitrogen sources (Cifuentes et al. 2013). Trial-1, Trial-2, and Trial-3
show substantial C/N ratio decreases up to 35 days, stabilizing thereafter. Trial-2 has the most significant
decrease due to the ability of FW to foster fungus growth, efficiently degrading lignocellulosic materials with
less nitrogen dependency Singh et al. (2008). Control's ratio does not decrease substantially due to minimal
microbial activity absence (Naher et al. 2018; Singh et al. 2008).

During composting, organic material breakdown increases phosphorus levels as microorganisms utilize
phosphorus for metabolism, and plants absorb it, particularly in the form of hydrogen phosphate ions (Mishra
and Yadav 2021; Sharma and Yadav 2017). As organic matter breaks down, there's a greater carbon loss,
potentially contributing to phosphorus concentration rise during composting. Significant variation was observed
in phosphorus content among all treatments (p<0.05) (Table S1) during composting. Initially, Trial-3 had the
highest phosphorus at 1.37 g/kg, followed by Trial-2 at 1.18 g/kg and Trial-1 at 1.09 g/kg, eventually increasing
to 3.31 g/kg, 2.62 g/kg, and 2.39 g/kg, respectively. Similarly, the Control started at 0.98 g/kg and rose to 2.04
g/kg, the lowest compared to Trials-1, 2, and 3 (Figure 5c). Trial-3's higher increase suggests compost as a
significant phosphorus source.

The initial concentrations of potassium in Trail-1, Trial-2, Trial-3 and control are 4.4, 4.7, 4.7 and 2.2 (g/kg)
respectively, increased significantly (p<0.05) (Table S1) to 6.5, 7.4, 8.5 and 3.38 (g/kg) respectively, at end 56
days composting period (Figure 5d). Trial-3 has the highest increase in potassium content which may be due to
initial higher concentration of potassium in CD as compared to FW and AJ. Microbes absorption and

immobilization of potassium was partially responsible for the rise in potassium concentration in all of the trials.
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Figure 5. Temporal variations of a) Total Nitrogen b) C/N Ratio c) Phosphorus and d) Potassium

Variations of cellulose, hemicellulose, lignin and germination index

Cellulose, present in various organic compounds like plant residues, structures plant cell walls, and acts as a key
carbon source in composting (Eklind and Kirchmann 2000). Figure 6a, illustrates cellulose's temporal variation
significant across all trials (p<0.05) (Table S1), with Trial-2 showing the most significant decrease, dropping by
30.3% from the initial 41.7%. Following Trial-1, Trial-3 experiences a decrease from 41.7% to 32.1%.
Compared to Trial-2 and Trial-3, Trial-1 and Control exhibit lesser reductions, possibly due to FW and CD's
higher capacity to foster fungi and bacteria for organic matter decomposition. Cellulose reduction was more
pronounced in trials with increased availability of hemicellulose compounds alongside cow dung, compost, and
food waste (Mishra and Yadav 2021).

The complex carbohydrate polymer hemicellulose, comprising 25% to 30% of the total dry weight, serves as an
energy source for microorganisms during the composting, with its degradation occurring more rapidly than that
of cellulose as the temperatures rise (Mishra and Yadav 2021). Figure 6b, illustrates the temporal variation of
hemicellulose across all trials which was significantly different (p<0.05) (Table S1), with Trial-2 and Trial-3
experiencing a more substantial reduction in hemicellulose content from 33.4% to 20.3% and 33.7% to 23.7%,
respectively. Trial-1 demonstrates a reduction from 35.7% to 27.1%, surpassing that of the Control. The
maximum rate of hemicellulose degradation was observed within the initial 28 days across all trials, except for
the Control.

The structure of lignin is extremely complex and resistant to microbial degradation (Kamimura et al. 2019).
Lignin content undergoes significant reduction primarily during the thermophilic phase, aided by the action of

various microorganisms. Figure 6¢ depicts the temporal variation of lignin across all trials. Microbial inoculants
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containing fungi, particularly during the thermophilic phase, play a crucial role in breaking down resilient
substances like lignin (Tuomela et al. 2000). Although the variation in lignin content among all treatments was
not significant (p>0.05) (Table S1), Trial-2 achieves a higher reduction from 13.97% to 8.86% compared to
Trial-3 from 13.6% to 9.81% and Trial-1 from 13.73% to 10.54%. Maximum reduction occurs between 7 to 35
days, the thermophilic phase, in all trials except the Control.
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Figure 6. Temporal variations of a) Cellulose b) Hemicellulose c) Lignin and d) Germination Index

In composting, the germination index (GI) indicates phytotoxicity and compost's impact on plant growth (Naher
et al. 2018). A high index suggests compost suitability without hindering seed germination or early plant
growth. According to Mishra and Yadav (2021), a GI exceeding 80% indicates compost that is free from toxins,
stable, and mature. Naher et al. (2018) suggest values from 50% to 80% as safe. Figure 6d shows GI changes
which were significant (p<0.05) (Table S1) across trials. Initially, Trial-1, 2, 3, and Control had indexes of
31£0.56%, 40+0.77%, 34+0.61%, and 152+0.54%, rising to 79+0.58%, 83+0.76%, 81+0.91%, and 35+0.81%,
indicating compost maturity. Values exceeding 80% indicate suitability for agriculture, with all trials except the
control being suitable for soil. Trial-2 exhibited the highest germination rate, followed by Trial-3 and Trial-1,
suggesting a more rapid elimination of phytotoxic compounds. Compost maturity parameters after 45 days of
composting are shown in

Table along with the standards given by The Fertilizer Association of India (FAI 2007), The Test Method for
the Examination of Composting and Compost (TMECC 2002) (Refer Table 2).
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Table 2. Compost Maturity Parameters with FAI (2007), TMECC (2002) standards

Trial 1 Trial 2 Trial 3 Control TMECC
Name of Parameters FAI (2007)

(ST+A)) (ST+FW) (ST+CD) (ST+W) ( )
Moisture (%) 58+2.00 5542.00 53%1.50 5442.00 35-55 35-45
pH 7.20£0.10 7.20+0.12 7.60+0.11 6.30£0.11 6.5-8.5 5.5-8.5
Electrical Conductivity 2-6 >4

3.90+£0.04 4.20+£0.04 4.30+0.06  2.30+0.08
(mS/cm)

Total Volatile Solids (%) 55.30+1.20 48.10£1.70 52.70+1.5 61.34+1.80
Total Organic Carbon (%) 30.72+0.67 26.72+0.94 29.284+0.83 34.08+1.00 >16 -

Total Nitrogen (%) 1.94+0.02 2.27+0.03 2.19+0.02 0.32+0.03  1.0-3.0 -
Carbon/Nitrogen Ratio 15.8440.70 11.7740.70 13.3740.80 106.49+0.30 <25 <25
Phosphorus (g/kg) 2.39+0.13  2.62+0.07 3.3120.04 2.04+£0.03 0.4-1.1 -
Potassium (g/kg) 6.50£0.17  7.40+0.15  8.5+0.09 3.38+0.10  0.6-1.7 >4
Hemicellulose (%) 27.10+0.15 20.30+0.20 23.70+0.20 31.80+0.11 - -
Cellulose (%) 33.10£0.09 26.30 £0.08 32.10+£0.07 37.50+0.11 - -
Lignin (%) 10.54+0.17 8.86x£0.15 9.81+0.10  11.8+0.14 - -
Germination Index (%) 79+0.58 83+0.76 81+0.91 35+0.81 - -

All values are mean of triplicateststandard deviation

Conclusion

The addition of co-composting materials such as amritjal, food waste, and cow dung with sugarcane trash
improved the composting process compared to the control. From the physico-chemical analysis, Trial-2
(ST+FW) showed better results compared to other trials. Trial-2 achieved a maximum temperature of 56°C on
day 11 and lasted for 20 days in the thermophilic phase. It also maintained high moisture content throughout the
process compared to other trials. The CO; evolution rate of Trial-2 was highest at 23.81 mg/gVS/day on the 14™
day of composting, showing a high rate of microbial activity. Trial-2 combination observed the highest
reduction in organic matter, i.e., 42.60%, and ash content increased by more than 200%. In terms of nutrient
availability, Trail-2 compost had the highest nitrogen content of 2.27%, whereas Trial-3 (ST+CD) compost
showed the highest concentration of phosphorus and potassium, i.e., 3.31 g/kg and 8.5 g/kg, respectively. Trail-2
showed the maximum reduction in cellulose, hemicellulose, and lignin by 27.33%, 29.67%, and 36.57%,
respectively. The germination index of Trail-2 was the highest at 83%, indicating that the compost was most

suitable as organic manure compared to other trials.
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Supplementary material

Table S2. One-way ANOVA of physicochemical parameters

Parameters Source of variation Sum of squares  Degree of freedom Mean square F-value  P-value

Temperature Between Groups 1678.715 3 559.572 20.606  0.000%*
Within Groups 5974.175 220 27.155
Total 7652.890 223

Moisture content Between Groups 18.571 3 6.190 0.063 0.979%*
Within Groups 5128.857 52 98.632
Total 5147.429 55

pH Between Groups 1.227 3 0.409 1.766 0.165%**
Within Groups 12.041 52 0.232
Total 13.269 55

Electrical conductivity ~Between Groups 43.871 3 14.624 73.523  0.000%*
Within Groups 10.343 52 0.199
Total 54.214 55

CO2 evolution rate Between Groups 362.721 3 120.907 3.571 0.021*
Within Groups 1625.316 48 33.861
Total 1988.038 51

Total volatile solids Between Groups 1043.821 3 347.940 2.821 0.048*
Within Groups 6413.539 52 123.337
Total 7457.360 55

Total organic carbon Between Groups 322.124 3 107.375 2.821 0.048*
Within Groups 1979.486 52 38.067
Total 2301.610 55

Ash content Between Groups 1043.821 3 347.940 2.821 0.048*
Within Groups 6413.539 52 123.337
Total 7457.360 55

Ammoniacal nitrogen  Between Groups 1030.143 3 343.381 1.770 0.164%*
Within Groups 10089.857 52 194.036
Total 11120.000 55

Total nitrogen Between Groups 30.164 3 10.055 552.968 0.000%*
Within Groups 0.946 52 0.018
Total 31.110 55

C/N ratio Between Groups 55757.992 3 18585.997 462.375 0.000*
Within Groups 2090.232 52 40.197
Total 57848.224 55

Phosphorous Between Groups 11.332 3 3.771 8.600 0.000*
Within Groups 22.839 52 0.439
Total 34.171 55

Potassium Between Groups 92.265 3 30.755 31.171  0.000*
Within Groups 31.573 32 0.987
Total 123.838 35

Hemicellulose Between Groups 288.678 3 96.226 8.609 0.000*
Within Groups 357.682 32 11.178
Total 646.360 35

Cellulose Between Groups 184.856 3 61.619 6.824 0.001*
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Within Groups 288.960
Total 473.816
Lignin Between Groups 13.487
Within Groups 57.911
Total 71.398
Germination index Between Groups 7695.250
Within Groups 6928.750
Total 14624.000

32
35

32
35

28
31

9.030

4.496 2.484
1.810

2565.083 10.366
247.455

0.079%*

0.000%*

*Significant difference between the means of all trials (p<0.05)
**No significant difference between the means of all trials (p>0.05)



