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Abstract - Solid waste disposal is a major challenge in
both urban and rural areas worldwide. Effective municipal
solid waste (MSW) management requires solutions that are

economically  viable, technically practical, socially
acceptable, legally compliant, and environmentally
sustainable.  Composting is a  sustainable and

environmentally friendly method of converting organic
waste into a nutrient-rich organic fertilizer through the
action of naturally occurring microorganisms. The present
study evaluated the effectiveness of different additives in
enhancing compost quality, nutrient content, decomposition
rate, and microbial activity during garden waste
composting. A field-scale composting system was established
at Government College of Engineering, Amravati, to assess
the practical feasibility and efficiency of additive-assisted
composting under real environmental conditions. Various
additives, including biochar, rock phosphate, zeolite, and
ferrous sulfate, were incorporated into garden waste at
different proportions, and their effects on the composting
process were investigated. Physicochemical properties were
monitored at regular intervals throughout the composting
period to evaluate the influence of these additives. The
parameters analyzed included pH, temperature, moisture
content, EC, organic carbon, nitrogen,
potassium, and carbon-to-nitrogen (C:N) ratio. Among the

phosphorus,

treatments, compost amended with biochar and rock
phosphate exhibited showing
enhanced nutrient enrichment, improved decomposition
efficiency, and better compost maturity compared to the
control treatment. The results demonstrated that the

superior performance,

incorporation of suitable additives can significantly improve
the composting process and facilitate the production of
high-quality organic fertilizer for sustainable waste
management and agricultural applications.

Key Words: waste composting, Biochar, zeolite, Rock
phosphate, ferrous sulfate, waste management.

1. INTRODUCTION

Composting garden waste is a sustainable and cost-
effective way to handle organic materials like leaves, grass,
and small branches. As urbanization and landscaping

projects continue to increase, the amount of garden waste
produced has grown considerably, creating a significant
challenge for its proper disposal.[1] Poor management and
storage of garden waste cause serious environmental
concerns due to the emission of greenhouse gases such as
carbon dioxide (CO;), methane (CH,), and nitrous oxide
(N20), which contribute to global warming [2]. To
overcome these issues, the use of additives in composting
has received increasing attention in recent years [3]. In
this study, different additives, including biochar, rock
phosphate, zeolite, and ferrous sulfate, were evaluated for
their effects on garden waste composting efficiency and
compost quality [4]. The composting process was carried
out for about 30-60 days, depending on the rate of
decomposition [7]. During the process, temperature was
monitored regularly to observe microbial activity and
composting stages [8]. Initially, the compost entered the
mesophilic phase at temperatures between 25-40°C,
where mesophilic microorganisms rapidly decomposed
easily degradable organic matter such as sugars and
proteins [9]. Among the additives, biochar produced
through biomass pyrolysis was added to improve aeration,
porosity, and microbial habitat [5]. Improved aeration
enhanced oxygen flow and prevented the formation of
anaerobic zones, thereby promoting aerobic microbial
growth and accelerating decomposition [10]. Rock
phosphate underwent gradual solubilization through
microbial activity and the production of organic acids,
converting it into plant-available forms [14]. Its addition
also improved nutrient availability, fertilty, and the
agronomic value of the compost [15]. Certain additives
further helped in maintaining balanced moisture content
by absorbing excess water under wet conditions and
releasing it during dry conditions [21]. In addition, pH
played an important role in regulating microbial activity
and nutrient availability throughout the composting
process [22].

2. MATERIAL AND METHODOLOGY
2.1 Raw Waste and Additives

For the study, garden waste was collected from the
campus of Government College of Engineering, Amravati,
with the assistance of the garden staff. The collected
garden waste mainly consisted of fallen leaves, small
branches, twigs, and other biodegradable plant materials.
The waste was shredded using a garden waste shredder
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machine to reduce particle size and improve
decomposition efficiency. Urea was added as a nitrogen
source to maintain a suitable C/N ratio and enhance
microbial activity during composting. Additives used
during experimental work include Biochar, zeolite, rock
phosphate and ferrous sulfate at different compositions.

2.2 Experimental Setup

The composting bags were designed to ensure efficient
decomposition and optimal process performance. High-
density polyethylene (HDPE) bags of dimensions 12 ft
length, 4 ft width, and 2 ft in depth were used as
composting units. These bags were equipped with
aeration nets to facilitate adequate oxygen supply and
drainage outlets to collect excess leachate, serving as a
sustainable and reusable alternative to conventional
concrete composting tanks. A 1,2-inch layer of surface soil
was placed at the base of each unit to promote microbial
activity and provide a natural habitat for microorganisms.
Urea use as a nitrogen-rich source throughout the
composting process. Shredded garden waste and urea
were layered alternately within the composting beds,
while regular watering was carried out to maintain
suitable moisture conditions. A total of three HDPE bags
were used in triplicate for the experimental study. Each
unit was assigned a different additive treatment, including
biochar (2%), zeolite (2.5%), rock phosphate (4%), and
ferrous sulfate (1%) of the total waste in each bag A
control unit without any additive was also maintained for
comparative evaluation. All additives were thoroughly
mixed with the composting mass to assess their influence
on composting efficiency and final compost quality.

2.3 Physico-Chemical Analysis

Physico-chemical analysis is essential for assessing the
quality, stability, and maturity of compost throughout the
composting process. Temperature was monitored using a
4-in-1 soil tester, while moisture content was determined
with an analogue moisture meter. For pH and electrical
conductivity (EC) analysis, 10 g of finely ground compost
sample was mixed with 100 ml of distilled water and kept
for about 30 minutes. After thorough mixing and settling,
the pH and EC of the supernatant were measured using a
HANNA pH and EC meter. The estimation of key nutrients,
including nitrogen (N), phosphorus (P), potassium (K),
and organic carbon (0C), was performed at Krishi Vigyan
Kendra (KVK), Durgapur, following standard laboratory
methods. All measurements were conducted in triplicate,
and the mean values were calculated using Microsoft
Excel. The results were further presented graphically to
illustrate variations in pH, moisture, temperature,
electrical conductivity, nitrogen, phosphorus, and
potassium during the composting process.

2.4 Raw Waste Characterization

The garden waste was collected and processed using a
waste shredding machine to obtain uniformly sized
particles. The shredded material was then analysed to
determine its initial physicochemical properties, including
pH, electrical conductivity (EC), moisture content, organic
carbon (OC), nitrogen (N), phosphorus (P), potassium (K),
and the carbon-to-nitrogen (C:N) ratio. The results of
these initial chemical parameters of the raw waste are
presented in the table 1.

Table 1. Chemical characterization of dry raw garden

waste
Sr.No. | Chemical parameters Initial Value
1 Moisture 40 %
2 Ph 5.85
3 Electric conductivity (EC) | 481 uS/cm
4 Nitrogen (N) 0.70 %
5 Phosphorus (P) 0.61 %
6 Potassium (P) 0.68 %
7 Organic carbon (0C) 30.12 %
8 C/N Ratio 43.03 %

The shredded garden waste was subjected to
decomposition in the composting unit for a period of 60
days, during which periodic analyses of waste
characteristics were carried out. The results obtained from
these observations are presented in the Results and
Discussion section.

3. RESULT AND DISCUSSION

3.1 Effects of Additives on Change in pH during
Composting

The pH value denotes the loss of nitrogen content. A pH
between 6-7.5 is good for bacterial growth, while a pH
between 5.5-8 is suitable for fungal growth, and when pH
is greater than 7, the nitrogen volatilizes in the form of
ammonia.[14]. All the treatments had pH values in the
range. Among the additives, the highest final pH value was
recorded in rock phosphate 4% (7.17) followed by 1%
ferrous sulfate (6.92), 2% zeolite (6.63) and control unit
(6.59, 2.5% biochar (6.52). The pH values obtained in all
the treatments were near neutral, indicating stabilization
and maturity of compost. pH Decrease might occur due to
mineralization of nitrogen and phosphorus to
nitrites/nitrates and orthophosphates and bioconversion
of organic matter to intermediate species of organic acids
[15]. The variation in pH during composting is shown in
Figure 1.
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Figure 1. Change in pH during Composting Treatment

3.2 Effects of Additives on Change in Moisture
Content during Composting

The optimum moisture content 1is essential for
composting. Maximum moisture content was observed in
biochar 2.5% (68.06) followed by zeolite 2% (60.67), rock
phosphate 4% (58.76), control unit (54.10. Moisture level,
in optimal compost, the moisture level should be around
50-60%. Insufficient moisture hampers the activity of
microorganisms, which slows down the process, while
excessive moisture results in anaerobic conditions that
can produce unpleasant odors and hinder matter
breakdown.[15]. The variation in moisture content during
composting is shown in Figure 2.
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Figure 2. Change in Moisture Content during Composting
Treatment

3.3 Effects of Additives on
Temperature during Composting

Change in

The temperature profile is a key parameter, because
temperature play important role in the destruction of
pathogens. [16,17]. initially the temperature rises up to in

all treatments, this is due to microbial activity and
decomposition of readily biodegradable substrates
resulting in heat generation. After this phase, the
temperature gradually decreased or stabilized due to the
consumption of readily degradable organic substrates,
reducing microbial respiration and heat production. The
highest temperature was recorded in biochar 2.5%
(32.66), followed by rock phosphate 4% (30.91), zeolite
2% (30.90), ferrous sulfate 1% (30.47) and the control
unit (30.60). However, the addition of biochar, zeolite,
jaggery, and polyethylene glycol to compost prepared
from animal manure, food waste, and green waste resulted
in increased temperatures. Similar temperature patterns
have also been reported with the use of biological and
organic additives during composting [18]. Change in
temperature during composting is shown in Figure 3.
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Figure 3. Change in Temperature during Composting
Treatment

3.4 Effects of Additives on Change in Electrical
Conductivity (EC) during Composting

Electrical conductivity (EC) increased gradually in all
treatments during the initial stages of composting. The EC
values recorded in the mature compost remained below
10 dS/m. The reduction in EC during the final stage of
composting may be attributed to the loss of ammonia
through volatilization and the precipitation of soluble
mineral salts, resulting in a lower concentration of
dissolved ions.[19,20], An EC value of less than 4 dS/m is
widely regarded as the recommended limit for compost
intended for agricultural use and soil
amendment.[21,22]At the end of composting, the highest
EC was observed in GW + biochar 2.5% (1409), followed
by the GW+ rock phosphate 4% (1172), GW + ferrous
sulfate 1% (975.9), GW + zeolite 2% (902.4) and the
control unit (876.9). Change in electrical conductivity
during composting is shown in Figure 4.
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Figure 4. Change in Electrical Conductivity during
Composting Treatment

3.5 Effects of Additives on Change in Nitrogen
during Composting

Nitrogen is a vital nutrient for plant growth and a major
component of chlorophyll, which gives plants their green
colour. Compost generally contains sufficient nitrogen to
support healthy plant development.[23]. Total nitrogen
values showed a progressive trend in the composting
period. The maximum value of nitrogen was observed in
2.5% biochar (1.57%) among all the treatments. The
increase in total nitrogen content was attributed to the
decomposition of organic matter and the loss of carbon as
CO, during composting. Additionally, the activity of
nitrogen-fixing bacteria contributed to the enrichment of
nitrogen in the compost. [24]. Change in Nitrogen during
composting is shown in Figure 5

Nitrogen
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Figure 5. Change in Nitrogen during Composting
Treatment

3.6 Effects of Additives on Change in Phosphorus
(P) During Composting

The gradual increase of phosphorous was attributed to the
reduction in dry mass caused by the decomposition of
organic matter and the emission of gases such as CO,, NH3,
and H,S during the composting process.[25] Compost
prepared with 2.5 % of biochar showed the highest
phosphorous content (2.50) among all the treatments.

Change in Phosphorus during vermicomposting is shown
in Figure 6.
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Figure 6. Change in Phosphorous during Composting
Treatment

3.7 Effects of Additives on Change in Potassium
(K) during Composting

Potassium is an essential macronutrient required for
various physiological and biochemical processes in plants.
The lower potassium content in compost may be
attributed to leaching losses, as potassium is highly
soluble in water. The use of adequate aeration and fibrous
bulking materials can help reduce nutrient loss and
improve potassium retention.[26] Compost prepared with
2.5% of biochar showed (1.76) the highest potassium
content among all the treatments. Change in Phosphorus
during vermicomposting is shown in Figure 7.
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Figure 7. Change in Potassium during Composting
Treatment

3.8 Effects of Additives on Change in C/N Ratio
during Composting

The organic carbon content of all treatments of biochar,
zeolite, rock phosphate and ferrous sulfate assisted
composting in the ratio of 25-35 % was within the
acceptable limit of mature and good quality, which is also
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suggested by a previous study [27]. In most composting
systems, a C/N ratio of about 30:1 is regarded as ideal for
microbial growth and effective carbon oxidation. The C/N
ratio is widely used as an indicator of compost stability
and maturity [28]. A C/N ratio near 12 is often considered
characteristic of fully matured compost, while a final C/N
ratio of less than 20 is generally accepted as an indicator
of satisfactory compost maturity [29].

4 CONCLUSION

It can be concluded that composting is an environmentally
friendly and practical method for managing garden waste.
The inclusion of additives accelerates the decomposition
of waste and leads to improved compost quality. Additives
facilitate the rapid breakdown of organic materials. The
compost produced from units using additives was found to
be more nutrient-dense than that from the control unit. A
C/N ratio of 20 or below indicates that the compost is at a
mature stage; therefore, compost derived from GW with
2.5% biochar is considered well-matured, exhibiting the
lowest C/N ratio along with the highest levels of nitrogen,
phosphorus, and potassium compared to other additives.
Compost generated from biochar-treated garden waste
was observed to be more nutrient-rich and possess
advantageous chemical properties.
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