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Abstract

The reliance on chemical fertilizers and amount of agricultural waste produced worldwide has been rapidly rising
in recent years. The production of large amounts of lignocellulose-containing wastes poses a serious
environmental contamination risk and soil health challenges because people usually burn this residue. In future
negative impacts may cause global climate changes, depletion of soil nutrients, low agriculture productivity,
increment in respiratory problems and many more. The main objectives of this research are to prepare compost of
different composition i.e. one from lignocellulosic waste like crop residue and another from dung and domestic
waste and evaluate its effect on soil properties in comparison with urea. A soil application experiment was
conducted using different treatments, including lignocellulosic waste compost, domestic waste compost, urea, and
an untreated control. In our study we compared the carbon content, pH, electrical conductivity and nutrient profile
of soil pre and post application of both composts and urea. The results indicated that application of lignocellulosic
waste compost significantly enhanced soil organic carbon content and nutrient availability compared to urea-
treated soils. When compared with domestic waste compost, lignocellulosic waste compost showed superior
performance in improving soil fertility, with the added advantage of lower contamination risk and greater stability.
The study also highlighted reduced nutrient losses in soils amended with lignocellulosic waste compost.
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stability, and agricultural output. In present-day
agriculture, maintaining soil fertility while reducing

1. Introduction

The main source of production is agriculture. The
most significant crops grown in Punjab and Haryana
each year are rice and wheat. During harvesting, a
significant amount of residue known as stubble is
produced in addition to the desired crop.
Additionally,  farmers  often  favour the
straightforward method of burning the waste
produced along with the harvested crop on the fields
themselves because there is so little time between
rice harvest and wheat sowing season.
Consequently, the method is called stubble burning
(Laxmi & Shivhare, 2025). However, it has
numerous detrimental impacts on soil, such as
lowering fertility and organic matter, and it also
pollutes the environment, which is bad for living
beings. It became necessary to control burning of
crop residue (Ansari et al., 2023). A vital natural
resource, soil promotes food security, ecosystem
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environmental degradation has emerged as a
significant concern (Jethva et al., 2019). Chemical
fertilisers, especially nitrogenous fertilisers like
urea, have greatly boosted agricultural yields over
the past few decades. However, their long-term and
careless use has had negative impacts on the
ecosystem and soil health. Continuous urea
application has been connected to soil acidification,
nutritional imbalance, decreased soil organic matter,
and decreased soil microbial diversity, all of which
have an impact on crop yield and soil sustainability
(Savci, 2012). Interest in alternate nutrient
management techniques that support sustainable
agriculture has increased as a result of these worries.

Composting provide a very useful and cost effective

alternative to manage this waste. Composting is the
biological process by which a variety of
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microorganisms, including actinomycetes, bacteria,
and fungus, transform the solid waste of plant and
animal organic materials into a fertile matrix in the
presence of oxygen. A solid waste can be
transformed into compost or a variety of by-
products, such as heat, water, and CO2, by adding a
variety of microorganisms (Zhang et al., 2022).
After the microbiological process, humus is the
stable, solid foundation that may be applied to land
as an organic fertiliser to improve soil fertility and
structure.

2. Composting Stages
2.1 Hot Phase (Mesophilic Phase)

Composting processes undergo four stages:
mesophilic, thermophilic, cooling, and compost
maturation. The composting process begins at room
temperature and reaches 45°C in just a couple of
days or even hours. As different heterogeneous
groups of microorganisms use the nitrogen and
carbon from organic materials for their own body
absorption, their metabolic activity raises the
temperature. When soluble substances like sugars
break down, organic acids are produced, this causes
the pH to decrease (to around 4.0 or 4.5). The
duration of the heat phase is two to eight days
(Wagqas et al., 2023).

2.2 Curing Phase (Thermophilic and
Hygienization Phase)

The mesophilic microorganisms are replaced by
thermophilic microorganisms (mostly thermophilic
bacteria) that can survive at higher temperatures
when the temperature of the parent organic material
reaches 45°C. These thermophilic microbes aid in
the breakdown of cellulose and lignin, two complex
organic materials. The compost pile's pH rises
during this phase as a result of the thermophilic
microorganism’s conversion of nitrogen to
ammonia (FAO, 1980 and 2020). The compost pile's
high temperature during this stage aids in the
destruction of pollutants and germs that come from
faeces, such as Salmonella sp. and Escherichia coli.
This stage is also referred to as the hygienization
phase since it includes helminth cysts and eggs,
phytopathogen fungus spores, weed seeds, etc
(Meena et al., 2021).

At the same time, this stage is highly advantageous
since high temperatures (over 55°C) aid in the
removal of phytopathogen fungus spores, helminth
cysts, weed seeds, and any other dangerous bacteria
that may have been present in the parent material
and produce a hygienic end product (Wagqas et al.,
2023).

2.3 Cooling or Mesophilic Phase 11
The temperature of the pile drops to roughly 40 to
45°C once the carbon and nitrogen sources from the
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composting material have been exhausted. During
the mesophilic phase, cellulose continues to degrade
polymers, and certain fungi that are visible to the
naked eye emerge. Mesophilic organism activity
resumes and the compost pile's pH gradually drops
as the temperature drops below 40°C, while the pH
of the compost pile generally stays slightly alkaline
(Alokika et al., 2023). Certain fungus has the ability
to grow and even create structures that are visible.
This chilling phase, which takes a few weeks, can be
mistaken for the maturation phase (Waqas et al.,
2023).

2.4 Maturation Phase

The compost pile's temperature decreases to room
temperature (20—30°C) during the maturation phase,
which also sees the condensation of carbonaceous
chemicals and polymerisation that aids in the
formation of fulvic and humic acids (Wagqas et al.,
2023).

3. Materials and Methods

3.1 Collection of raw materials

Agriculture waste material like crop residue, green
and dry leaves of plants, fruit and vegetable peels,
rice husk, dung, other domestic waste like rotten
food etc. (Fig.1) were collected from Dighal village,
Jhajjar district, Haryana, India, for preparation of
compost during April 2025. Dung was sun-dried for
2 weeks. Crop residue intended for lignocellulosic
waste compost was pounded and sieved with 60
sieve size mesh to get it in powder form (Arokiyaraj
et al., 2024).

Fig.1 Raw material used for compost preparation

3.2 Compost Preparation

2 wooden bins named A, B (size 76.3cm) were used
for compost preparation and trench of suitable size
of bins were made in soil surface. The composting
trench was made away from trees to reduce the
chance of interruption of roots growing into the
composting material. Bottom of bins was in direct
contact of soil to seep the liquid of decomposing
organic matter and better involvement of microbes.
Aeration holes were made at top of bin to maintain
adequate air supply and to protect compost from
pests and entry of any foreign material. Bin A was
filled with lignocellulosic agricultural waste and bin
B contains biodegradable domestic waste. Only
biodegradable organic materials were used for
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composting whereas non-biodegradable material
such as plastics, bones, dairy products etc. were
excluded (Awasthi et al., 2021).
3.3 Compost Management
During decomposition, the bin were turned over
regularly, in order to keep it well aerate, prevent bad
odour and promote uniform decomposition and
prevent anaerobic conditions. The first turning was
carried out after 2 weeks. The second turning
overtook that after 2 week, followed by third turning
after one week. Thereafter each turning was
performed weekly until compost maturity. Compost
temperature was monitored regularly to ensure
optimum microbial activity and prevent excessive
heating during initial thermophilic phase as it should
start being at normal range as the process is 50%
complete.
During the process, water was sprinkled over the
bin, as or if necessary to maintain optimum moisture
level. The lignocellulosic compost of bin A matured
after approximately 4.2months, where the domestic
waste compost of bin B required approximately
7months for complete decomposition. Mature
compost was dark brown in colour with no
unpleasant odour. However some stalks remained
partially decomposed due to their high lignin content
and can still be seen in bin A (Rich et al., 2018,
Awasthi et al., 2021).
3.4 Experimental Design
The experiment was conducted with four treatments
applied to soil of 4 different equally divided areas
(50 m? each). The treatment consisted of To (No
treatment), T: (Lignocellulosic waste compost), T
(Domestic waste compost), Ts (Urea). The effects of
treatments on soil of selected areas were evaluated
under identical field conditions.
3.5 Soil Analysis
After completion of experiment, soil samples were
collected from each plot for analysis. Soil Organic
Carbon was estimated using the Walkley and Black
titration method (Souza et al., 2025). Soil pH was
measured using a pH meter in a 1:2 soil-water
suspension (Najdenko et al., 2024). Electrical
Conductivity (EC) was measured using a
conductivity meter in the same soil extract prepared
for pH estimation (Senila & Kovacs, 2024). The
concentration of available soil nutrients like
Phosphorus (P), Sulphur (S), Zinc (Zn), Boron (B),
Manganese (Mn), Iron (Fe), Copper (Cu) and
Potassium(K) was analysed using standard soil
analysis methods (El Behairy et al., 2024)
4. Results and discussion
The application of different treatment clearly
demonstrates significant variations in soil properties
under different nutrient management practices. The
results obtained for each treatment are presented and
discussed below.

4.1 Soil organic carbon (SOC)
As shown in Table 1, Domestic waste compost
treatment (T,) adds more organic carbon to soil
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(0.72%) followed by lignocellulosic waste compost
treatment (T; ) which is 0.63%. The control
treatment (To) showed an intermediated value
(0.51%); whereas urea treated soil (T3) recorded the
lowest SOC content(0.24%).

Tablel. Effect of different treatments on SOC, EC

and pH
Sr.no | Treatments | SOC EC(S | pH
%) | mY)
1. To 0.51% | 0.27 8.1
2. T 0.63% | 0.29 7.1
3. T, 0.72% | 0.48 7.6
4. T3 0.24% | 0.68 6.8

Use of urea can improves immediate plant growth,
but does not build carbon reserves in soil. Urea
supplies nitrogen but contains no organic carbon.
Use of domestic waste compost contributes to
enhance soil fertility by improving SOC. These
findings indicate that application of compost in soil
is more effective in improving SOC than urea.
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Fig. 2 Comparative analysis of EC and SOC in
different treatments

4.2 Soil electrical conductivity

As shown in Table 1, the highest soil EC was
recorded in urea treated soil (T3) which is (0.68 dS
m") followed by domestic waste compost treatment
(T2) with a value of 0.48 dS m™!. The lignocellulosic
waste compost treatment (T;) showed a slight
increment (0.29 dS m™") compared with control (Tj)
with a EC value of 0.27 dS m™!. The relatively low
EC observed under control treatment Ty and T,
maintains the most stable and favorable EC levels
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due to its slow nutrient release and low salt content.
Urea causes rapid EC fluctuations, increasing the
risk of osmotic stress, while domestic waste
compost tends to raise EC more substantially due to
its higher soluble salt concentration (Gondek et al.,
2020).

4.3 Soil pH

Table 1 shows that control treatment (To) recorded
the highest pH (8.1), whereas the urea-treated soil
(T5) showed the lowest pH (6.8). The lignocellulosic
waste compost treatment (T:) maintained a near-
neutral pH (7.1), while the domestic waste compost
treatment (T2) resulted in a moderately alkaline pH
(7.6). These findings indicate that lignocellulosic
compost maintained a soil pH closer to neutral than
other treatment which is generally considered
favourable for nutrient availability in soil so it
contribute to soil health.

4.4 Soil nutrient availability

As presented in Table 2, the lignocellulosic waste
compost treatment (T:) recorded the highest
concentrations of available phosphorus (23.6 kg
ha!), potassium (306 kg ha™'), sulphur (23.2 kg
ha™!), zinc (1.14 kg ha™'), boron (0.69 kg ha™'), and
manganese (9.4 kg ha™), indicating its superior
ability to improve soil fertility. The domestic waste
compost treatment (Tz2) also enhanced nutrient
availability compared with the control (To), although
the improvements were lower than those observed
under lignocellulosic compost. The highest
available nitrogen content was recorded in the urea
treatment (Ts; 290 kg ha™), reflecting the rapid
release of inorganic nitrogen from urea. However,
the concentrations of other nutrients remained
comparatively lower than those observed in T; and
T, treatments.

Table 2.Effect of different treatments on soil
nutrient availability

Tre | Pho | Pot | Nit [Su |Z | B | Ma
atm | sph |assi (rog |lp |i | or | nga
ents |[orus (um (en |hu |n |0 | nese
(kg | (kg | (kg |r |c |n |(kg
ha™) | ha™ | ha | (kg | ( | (k | ha™
) D |ha |k g |)
D) g | ha
h |
a

To 13.1 | 188 |22 | 12 0. 6.1
8

Ty 23.6 | 306 |25 | 23. 0. [94

T2 20.3 | 285 |23 | 16. 0. |83
2
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T3 139 | 192 |29 |97 |0.[0. | 64
0 6 | 49
7

This suggests that although urea effectively supplies
nitrogen, it contributes less to the overall
improvement of soil fertility than organic
amendments. The superior performance of
lignocellulosic waste compost may be attributed to
its gradual decomposition, continuous nutrient
release, and improvement of soil organic matter,
which enhances nutrient retention and microbial
activity. These findings indicate that lignocellulosic
waste compost provides a more balanced and
sustainable improvement in soil nutrient status than
domestic waste compost or urea alone.

5. Conclusion

The comparative study clearly indicates that
compost prepared from both lignocellulosic and
domestic waste is more effective than urea in
improving soil pH balance, nutrient quality,
electrical conductivity, and soil organic carbon.
Lignocellulosic waste compost proved superior for
long-term soil carbon enrichment, while domestic
waste compost enhanced immediate nutrient
availability. Domestic waste compost also improved
soil fertility but was less effective than
lignocellulosic compost in maintaining long-term
soil health. Therefore, lignocellulosic waste
compost can be considered a sustainable alternative
to chemical fertilizers for improving soil fertility,
enhancing nutrient availability, and promoting
environmentally  friendly = management  of
agricultural residues. Further long-term field studies
are recommended to evaluate its performance under
different soil and climatic conditions.
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