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Abstract:

Purpose: Solid organic waste is a major environmental issue in various parts of the world. Proper management techniques
for disposing of such wastes can reduce health issues as well as contamination of the environment. Modern scientific
techniques in conjugation with traditional practices can manage biowaste in an efficient, economical, and sustainable
manner. This present review highlights the possibilities of utilizing biowastes from various sources for the enhancement of
soil fertility, residue management, crop growth and higher yields.

Methodology: The article is prepared from secondary materials i.e. research and review articles published in different
journals. The review of literature from these articles in terms of soil quality, salinity, impact of salinity on crop production
and possibilities to reclamate saline soil to improve productivity of soil were systematically carried out. A summary of the
present work was developed using the following approach.

Result: Various management practices, in-situ and ex-situ techniques help reduce biowastes and transform them into
useful nutrients that could be applied to soil for alleviating the nutritional deficiency in saline/sodic soil. Composting using
microbes and earthworms has been traditionally practiced for reducing/converting waste into compost and applying them
to agricultural fields to improve soil fertility and crop productivity.

Conclusion: Using waste management techniques and converting biowaste into manure for enhancing agricultural
productivity provides sustainable agriculture practices in addition to pollution reduction.

Keywords: Agriculture; Bioconversion; Organic biowaste; Soil fertility; Sustainability

1. Introduction by Environment Protection Agency, solid wastes are defined
as any unwanted substance (garbage or refused material),
byproducts from treatment plants of wastewater, any other
discarded products from commercial mining, agricultural
practices, or any other community-based sources. Nearly
everything we leave behind forms a kind of waste.
According to the World Bank (2018) every year, the
world generates 2.01 billion tonnes of municipal solid waste
(MSW), of which at least 33%, which is very conservative,
is not carried out in an environmentally sound manner. The
projected waste generation of regions across the globe is
shown in Fig. 1. Globally, on average, 0.74 kg of waste is
generated per person per day, but it varies widely from 0.11
to 4.54 kg. Although high-income countries represent only
16% of the world’s population, they generate about 34% or
683 million tonnes of wastes worldwide (Kaza et al. 2018).

Valorization involves the utilization of biowastes or
biodegradable wastes that are a form of biomass with the
capacity of decomposition under anaerobic or aerobic condi-
tions. Biowastes include agricultural residues, animal waste,
forestry, manure, sewage sludge, food wastes, and house-
hold wastes (kitchen wastes, garden waste, paper, cardboard
as well as natural textiles). Various agricultural activities
including cultivation, harvesting and animal husbandry pro-
duce waste. Sustainable management of solid wastes is of
global concern these days and the implication of unsound
solid waste management is seen in many cities of the world
(India 2022; Das 2020). Urbanization and increasing popu-
lation are the major problems that have increased the burden
of solid wastes (Minakshi 2014). As per the definition given
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Figure 1. Projected waste generation of different continents/subcontinents up to the year 2050, (millions of tonnes/year)

published in WHO Report 2.0 (2015).

About 7 — 10 billion tonnes of solid waste is accounted
for from households, commercial places, industries, and
construction (Wilson et al. 2015). Most of the develop-
ing countries of Africa and Asia with lower-income cities
will double their MSW generation within 15 — 20 years.
In these countries, the disposal of waste is a significant
problem. Dandora, located on the outskirts of Nairobi is
a landfill that has a vast spread of over 53 hectares and
receives 730,000 tonnes of industrial, medical, and agricul-
tural wastes annually. Awotan landfill in Ibadan, Nigeria
has become a breeding ground for diseases, and the biggest
dump in Bekasi, Indonesia, which is Bantar Gebang re-
ceives 230,000 tonnes of waste annually (Buragohain et
al. 2020).

According to various studies and projections, the amount
of waste generated worldwide is expected to increase sig-
nificantly in the coming decades. Specifically, it is esti-
mated that by the year 2050, the global population will have
doubled from its current level, and waste generation also
expected to rise by approximately 3.40 billion tonnes. This
rapid increase in waste generation can be attributed to a
number of factors, including the growth of consumerism
and the trend towards disposable goods, as well as a lack
of infrastructure and resources in many parts of the world
to properly manage and dispose of waste in general, waste
generation and income levels share a direct relationship
(positive or negative). High-income countries are projected
to increase their daily waste generation and per capita by
19% by the year 2050 when compared to the low and middle-
income countries, which are anticipated to grow by about
40 percent or more. It has been seen that in countries with
lowermost levels of income, waste generation initially de-
creases, henceforth, increments at a much faster rate when
income increases, at low levels of income than higher this
happens due to the difference in the per capita income and
gross domestic product (GDP) of the county, lower per
capita income makes the people reduce their purchase ca-
pacity compared to higher per capita income increases the
purchase capacity thereby ultimately increases waste gener-

ation proportion.

India falls under lower middle-income country as per the
World Bank report (2018) and is one of the largest countries
beside China with a 1.27 billion population and contributing
to 17% of the world population. According to the World
Bank report, (2014), the maximum number of people lives
in rural areas as compared to urban areas, but there is a swift
movement towards urban centers. The rapid growth of the
population and unplanned urbanization increase solid waste.
As per the Central Pollution Control Board (CPCB) report,
1.2 million per day of MSW is generated by household,
commercial and industrial activity in India (Board 2012).
All over India, be it the residential area, industrial area, road-
side and slum area, dumping is the most common practice.
Above 2,000 tonnes/day of waste is generated (mpcb.govt.in
2021). The Deonar landfill on the outskirts of Mumbai was
opened in 1927, with a capacity of about 17 million tonnes
of waste. Now, this landfill is closed, but around 5 million
people are living within a 10 km radius of it, where the
landfill is still providing them a source of income through
scrap material recycling (mahenvis.nic.in 2009).

However, there is a long way to go to implement effective
solid waste management. Poor solid waste management
practices like improper collection, transportation in some
areas, and lack of knowledge of advanced technologies af-
fected the management and increased the pollution load
(Nandan et al. 2017). Proper disposal of waste improves the
scenic beauty of the area and quality of life. The main mo-
tive of the solid waste management technique is to eliminate
wastes from the vicinity for a healthy, beautiful environment
and public health.

An integrated system consists of proper waste storage and
processing system, followed by one or more of the following
options: secondary material disposal, biological treatment
of organic products, thermal treatment, and landfill. Biologi-
cal treatment using composting can provide us with valuable
by-products for improving the soil quality and holds poten-
tial to cycle waste into soil and further lay the foundation for
sustainable food production. These solutions are combined
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Figure 2. Elements of an integrated waste management
system and recycling process.

to form an integrated waste management scheme (Fig. 2).
Managing all wastes in an environmentally and economi-
cally safe manner necessitates a variety of these methods
(McDougall et al. 2001).

Bioremediation is the process of utilization of microbes,
their secreted enzymes, and plants for the detoxification of
hazardous environmental contaminants in the soil or any
other polluted environment. The indigenous microorgan-
isms from the contaminated sites play an important role in
this process (Ite and Ibok 2019). The process includes the
concept of biodegradation, which is either partial or some-
times total degradation (breakdown into simpler non-toxic
or less toxic compounds) or detoxification of contaminants
in the environment by microorganisms and flora (Chimote
2019). Bioremediation consists of three main approaches,
namely, natural attenuation (dependence on natural bio-
transformation activities and rates), which is occasionally
called intrinsic bioremediation; bio-stimulation (stimulation
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of rates of natural activities by environmental optimization
enhancing microbial population for higher biodegradation
rates; biological amendments are one of the many ways
to serve this purpose) and bioaugmentation (application of
outsourced microorganisms) to the hydrocarbon-impacted
ecosystem for providing potency to the existing microbial
population. These principles of in-situ biotransformation
have been employed several times at pilot and field-scale lev-
els with varying degrees of success (Asemoloye et al. 2017).
Majority of soil associated problems are addressed through
the application of different chemicals fertilizers and neu-
tralizing agents etc. These chemicals for the long-term use
are having serious environmental effects, which through the
food chains also deteriorate human health. On the other
hand, a large amount of agricultural wastes is generated at
the crop fields which are burnt by farmers due to their higher
processing and transportation charges. Utilizing these or-
ganic wastes or residues for the enhancement of soil fertility
provides the solution for two problems viz. management of
agricultural wastes and soil health restoration without com-
promising environmental issues and human health. There-
fore, this innovative approach can be a practical solution for
ensuring sustainable agriculture (Neeraj et al. 2023).
Further, the soil, contaminants are degraded by bioremedia-
tion using microbial metabolism and this metabolism is also,
considered the most beneficial way to remediate the soil
contaminants (Chimote 2019). Using various techniques for
waste management and converting the waste into manure
for enhancing agricultural productivity provides sustain-
able practice in addition to pollution reduction. This article
highlights the possibilities of utilizing the biowastes from
various sources for enhancement of soil fertility, residue
management, crop growth and higher yields shown in Fig.
3.

Table 1. Different raw material of various organic wastes and their respective sources.

Type of waste

Sources of waste

Crop residues
Kitchen waste
Green waste
Biomass waste from forest
Waste from roadside
Biomass of aquatic plant
Animal dung and urine
Fish waste
Poultry excreta
Sewage and sludge
Sugar and distillery waste
Paper mill industries waste
Fly Ash
Biogas slurry
Sewage and sludge

Crop residues and biomass
Kitchen waste from daily use
Fruits and vegetable waste
Natural forest biomass and by-product
Biomass from roadside weed and invasive plant
Dead remains of plant waste
Domestic animals and dairies waste
Fish waste arises from fish industries
Poultry and layering farm
The industrial and municipal wastewater treatment plant
The effluent of the Sugar mill
The effluent of Paper mill
Thermal power plant and brick kiln generated waste
Waste generated from a byproduct of biogas plant
municipal wastewater treatment plant
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Figure 3. Systematic representation of processes in the organic waste amendment in soil.

2. Utilization of organic biowaste to improve
soil properties

About 6.74 million hectares of India’s total land area are

affected by salinity and sodicity. Uttar Pradesh, Gujarat,

and Andhra Pradesh have largely salt-affected soil (Wicke
et al. 2020). In irrigated areas, salt formation is the main
cause of land degradation. Salt-affected soils mostly occur
in arid or semiarid climates. Also, this type of saline/sodic
soil can also be found in regions where the climate and salt
mobility cause saline waters and saline soils for very short
periods (Shahid et al. 2018). Annual rainfall in arid and
semi-arid regions is insufficient for leaching down the salts
to the deeper portion of the soil (Zhang et al. 2021).

Coupled with it, high evaporation in these areas results
in the accumulation of many salts in the root zone. The

magnitude of accumulation of salts (soil salinization) has
been found to increase with an increase in the dryness of
the area (Nachshon 2018). The salt-affected soils are also
encountered in humid regions, areas subjected to seawater
intrusions, deltaic regions, and other low-lying areas, which
occasionally get inundated by the seawater.

The modern concept of environmental management is based
on the recycling of waste. Composting is a safe form of
treatment of wastes and reclamation of the nutrients con-
tained in them. The wastes generated in our day-to-day life
comprises of different categories; the agricultural wastes
consist of crop residues like stover, straw, husk, scraps of
uncultivated plants and weeds, forest biomass, wastes pro-
duced by animals in the form of dung, urine, carcasses,
wastes from pisciculture and wastes generated by human
activities like garbage, sewage, and sludge, etc. (Table 1).
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As soon as the harvesting season arrives, the crop residues
are generated in plentiful quantity. Once the economic parts
are collected, the plants are dumped as waste residues and
left on the fields. This huge amount of residues when left
unused creates an unpleasant smell as well as dumping is-
sues. Nevertheless, these farm wastes are purely organic
and a good organic carbon source. These farm residues can
be used as a rich and inexpensive source of nutrients. The
vital nutrients required for plant replenishment in crop pro-
duction are decreasing due to the use of expensive synthetic
fertilizers which have been in use for many years. In ad-
dition conventionally chemical fertilizer use in agriculture
which have long-term harmful health effects (Humbal and
Pathak 2023) and the poor efficiency of these chemical fertil-
izers, it has generated the need for the utilization of organic
farm wastes which is important for supplying the essential
nutrients to the soil for its replenishment and good health,
pollution reduction and generating employment which is a
great strategy for crop production in a sustainable manner
(Chatterjee et al. 2017). Various essential properties of soil
like pH, nitrogen content, water holding capacity, cation
exchange capacity and microbial biomass in the soil are
modified by food and other biowastes (Chew et al. 2019).
The physicochemical and biological properties of soil are
positively affected by the organic wastes, thereby stimulat-
ing the growth of the plant and ultimately enhancing crop
production (Hossain et al. 2017).

Mine soil reclamation and management reduce the soluble
salts and ESP (Exchangeable sodium percentage) to the
level ideal for plant growth as well as for productivity as
shown in Fig. 4. Reclamation is the practice to restore the
sodic soil into useful and fertile land for cultivation (Neeraj
et al. 2019).

3. Bioremediation practices for environmental
management/soil health reclamation

Bioremediation techniques are used for the reclamation of
soil and water health for many decades now (Arora 2018).
These techniques use mostly indigenous bacteria, fungi, or
plant species for the development of potential species for
the remediation processes (Azubuike et al. 2016). Biore-
mediation has many advantages over other techniques used
for the remediation of environmental contaminants. Espe-
cially this technique has no side effects on the soil or any
other environmental factor. Plant microbes are a construc-
tive link between the plant and microorganism; they are
very effective in the reclamation of the sodic soil. Rhizo-
spheric bacteria progressively improve the absorption of
the plant nutrients which also encourages plant growth as
well as restore the soil characteristics (Neeraj et al. 2019).
Due to the wider utility of bioremediation, it is used as a
reclamation or remediation technique by many scientists
and researchers as shown in Table 2. Many research works
suggest the wider acceptance of this technique for the re-
mediation of metal, pesticides, sodicity and salinity, etc.
The sites polluted with hydrocarbons is a major threat to
the environment as it degrades the environment and poses
serious health issues to the people residing there, so decon-
tamination, as well as cleaning of these polluted sites is
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essential. The contamination of soil brought about by the
crude oil adversely affects the groundwater thereby dimin-
ishing its use and causing environmental damage, economic
loss and declining the agricultural efficiency of soil. The
category of organic chemicals called polycyclic aromatic
hydrocarbons (PAHs) has natural as well as anthropogenic
origin. The natural processes are forest fires and volcanic
eruptions while human activities like waste incineration,
accidental leak during transportation, petroleum products
usage and disposal, and incomplete combustion of fossil
fuels contribute to PAHs emissions (Asemoloye et al. 2017).

In agriculture, recycling of nutrients and sustaining soil
quality can be achieved by the application of organic wastes.
Soil fertility improvement by solid waste application is doc-
umented by many researchers. Modifications in physical,
chemical, and biological properties are brought about by
the application of biowaste provides ambient conditions for
plant growth. Applications of composted organic wastes
are beneficial for soil and improving plant growth thereby
increasing yields. Organic wastes helped to increase or-
ganic matter and balance the nutrient cycle by enhancing
the microbial population. Reduction of toxic metals and
improvement of soil structure is observed by application
of organic wastes (Hossain et al. 2017). The conversion of
organic wastes to compost helps to improve soil health and
plant growth (Ahmad et al. 2007). In addition to suppress-
ing, plant-pathogens and toxicity of waste materials (Chew
et al. 2019) biotransformed waste have been documented
as the beneficial effects of biowastes as organic fertilizers.
Chatterjee et al. have documented the efficiency of organic
wastes generated from plants, animals, and industrial ac-
tivities for the replenishment of nutrients in the soil and
sustaining the health of vegetation and soil as shown in
Table 3 (Chatterjee et al. 2017).

In the process of decomposition of waste, the organic
matter, under aerobic conditions with the activity of mi-
croorganisms or worms (such as red worms or earthworms)
form compost or vermicompost, resulting in a humus-rich
soil conditioner (Sharma and Garg 2018). Compost made
from biodegradable MSW is an alternative to farm manure
(such as cow manure), which has long been appreciated
for its high microbial content and helps the plant absorb
nutrients from the soil. Additionally, it helps in the restora-
tion of organic matter in the soil, and at the same time also
provides certain special nutrients thereby reducing the need
for chemical fertilizers (Yadav and Garg 2019). Compost-
ing improves the water-holding capacity of the soil and
protects against drought. Requiring less water per crop is
a welcome feature for a water-scarce future (Orlina and
Schaldach 2012).

Through altering soil porosity, compost also increases the
root strength making them more resistant to pests and rot.
India’s agricultural soils are very low in carbon due to the
cultivation of the same crop year after year and the overuse
of urea. In composting, organic materials are controlled
by aerobic in MSW, and many factors are considered for
converting them to compost like the source of waste, the
nature of waste, the time required to mature and compost
processing (Meena et al. 2016). Factors affecting compost
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Figure 4. Various approaches of waste treatment of different type of biowaste for mine degraded soil health reclamation and

their application benefits.

formation are Carbon/Nitrogen (C/N) ratio, temperature,
moisture content and amount of air. Carbon is required as
an energy source and nitrogen for the synthesis of protein. A
high C/N fraction can be rectified by dehydrating mud and a
low ratio can be corrected through the addition of cellulose.
The composting process is influenced by moisture content
because microbes need moisture for their metabolic activity.
However, high temperature prohibits pathogenic organisms.
Above 75°C, the useful microorganisms are eliminated from
the composting process. The optimal temperature for the
process is in the range of 50 — 60°C, and the ideal temper-
ature is 60°C. During composting, proper control of the
aeration value and the amount of air is necessary. If there
is not enough oxygen, the aerobes will begin to die, and
the anaerobes will replace them. Anaerobes are undesirable
as they slow down the process, give off odors and release
methane.

The vermicomposting process developed in the middle of
the 20" century and this process has been adopted by many
countries due to the importance of solid waste manage-
ment and organic farming (Sharma and Garg 2019). The
solid wastes are converted into valuable and useful organic
fertilizer with the help of microbial activity facilitated by
earthworms (Kumar et al. 2018). An earthworm can be

used for the decomposition of waste and produces valuable
vermicompost. Vermicompost can be utilized by farmers
for soil nutrient management. Yadav et al. (2015) stated
that unpleasant weeds, paper wastes can be converted into
organic manure by farmers along with farm waste and avail-
able animal manure within a short period. These benefits
the farmers clean the environment and reduce the utility
of chemical fertilizer. Degradation of the biowaste and
biosolid occurs in aerobic conditions in the environment.
Here, the symbiotic interaction between earthworm and
microorganism promotes the degradation of solid waste
into organic fertilizer (Sharma and Garg 2018). The main
product of vermicomposting is vermicompost or vermicast,
which is a valuable fertilizer with high humus content, suit-
able for use in agriculture. Vermicompost contains high
organic content suitable for organic farming and sustainable
agriculture practices (Siddiqui et al. 2022). However, the
selection of the potential species of an earthworm is essen-
tial for the optimization of the biodegradation process. The
selection of earthworm species is based on factors such as
high productivity, high organic waste consumption and high
resistance to changing environmental conditions. Epigeic
species of earthworm are most suitable in the vermicom-
posting process. Some examples of Epigeic earthworms
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Table 3. The efficiency of different organic wastes for improving growth and crop yield.

Organic waste

Crop

References

Chicken manure compost (CMC)
Sewage sludge

Municipal solid waste (food, yard
and paper) composts and vermicompost’s

Sewage sludge
Municipal sewage sludge

Cow manure Vermicompost + Sewage sludge
Green waste vermicompost (GWV)
MSW
Manure
Agricultural recycling of household
waste by composting
Vegetable waste and agricultural waste
Bio compost, cow dung compost
Municipal solid waste
MSW compost

Municipal wastes compost and Azolla compost
MSW compost
Addition of manure
Manure with triple superphosphate (TSP)
Organic wastes
Farm manure
Sewage sludge and its biochar
Sewage sludge
Household organic waste

Tomato (Lycopersicon esculentum)
Triticale (, Cv Mikham-2001)

Green bean (Phaseolus vulgaris)

Maize crops (Zea mays L.)

Sweet sorghum (GK Csaba, Rona 1,
Sucrosorgo 506) Sorghum bicolor
Rice (Oryza sativa L.) variety Super Basmat
Calendula (Calendula officinalis L.)

spring maize (Zea mays)
Lettuce (Lactuca sativa)
and corn (Zea mays)
fodder maize
Chilly (Capsicum annuum L.)
Maize
Polypogonmon speliensis (L.) Desf.
and Hordeum vulgare L

English Daisy (Bellis perennis)
Spiny chicory
Chenopodium album L.
Rice grain yields
Wheat (Triticum aestivum)
Maize
Maize
Barley
Cherry tomatoes

(Wang et al. 2017)
(Yagmur et al. 2017)

(Soobhany 2018)

(Tejada et al. 2016)
(Kotodziej et al. 2015)

(Riaz et al. 2018)
(Gong et al. 2018)
(Lakhdar et al. 2011)
(Mohsin et al. 2012)
(Mrabet et al. 2012)

(Naikwade et al. 2012)
(Rahman et al. 2012)
(Simeon and Ambah 2013)
(Ouni et al. 2014)

(Ramezanzadeh et al. 2014)
(Papafilippaki et al. 2015)

(Sabir et al. 2019)
(Andriamananjara et al. 2016)
(Debiase et al. 2016)
(Rehman et al. 2016)
(Gwenzi et al. 2016)
(Matichenkov and Bocharnikova 2016)
(Ferreira et al. 2018)

are Eudrilus eugeniae (Kinberg), Perionyx excavates (Per-
rier), Eisenia fetida (Savigny) and Eisenia andrei (Bouche).
The process of vermicomposting or vermicast conversion
of organic waste into valuable forms is carried by the bi-
ological activities of earthworms. The mechanism behind
this involves the role of enzymes present in the gut of the
earthworm which plays an important role in the biotransfor-
mation of organic wastes into the nutritious manure (Ravin-
dran et al. 2016). These enzymes are secreted through
calciferous glands present in foreguts of earthworms which
facilitates the increase in the pH of the soil, thereby which
improves the bacterial, fungal, algal, and trophozoite pop-
ulations (Lemtiri et al. 2014) which ultimately increases
the organic matter absorption. Antibacterial and antifungal
compounds secreted in the midgut help in the prevention
of plant pathogens. The presence of intestinal mucus in the
earthworm’s gut serves as a bioreactor, increasing microbial
activity. The activity of microbes is improved because of
nitrogenous compounds present in the mucus in the earth-
worm gut (Ravindran et al. 2016). Organic matter which
primarily includes cellulose, hemicelluloses, lignin, and pro-
teins is also degraded by microbial activity. Enzymes like
lipase, cellulase, amylase, and chitinase are helped to covert
complex molecules into a simpler form. Vermicompost has
a lot of advantages, including nutritional restoration and

long-term soil stabilization.

4. Reclamation of saline-sodic soil using
biowaste and improving soil quality

The reduction in soil productivity is caused due to
the deflocculating processes and the inaccessibility of
basic cations such as Mg?" and Ca?*, which limits the
general stability, degrades the structure of the soil since
sodium in some species inhibits plant growth. Sodicity
in agricultural soils is influenced by different irrigation
practices, unorganized monitoring of water quality, as well
as the content of bicarbonate, which results in its transfer
to the soil (Fatemi 2021). Sodicity not only affects the
physical structure but also affects the equilibrium of soil
nutrients as shown in Table 4. Sodicity of the soil may
occur by both cultivation practices and environmental
damage caused by the excess runoff and soil erosion. Sodic
soil can be recovered by incorporating organic amendments
(Neeraj et al. 2019). As per the reports of some other
authors, it is found that gypsum doesn’t restore saline-sodic
soil alone as it has a neutral pH hence adding gypsum
to the soil has no evident effects on alteration of pH of
the soil (Tejada et al. 2006), Several studies have shown
that a high application of gypsum to reclaim saline-sodic
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soils increases the removal of excess Na™ from soil and
causes a significant reduction in electrical conductivity
and sodium adsorption ratio within the soil (Hamza and
Anderson 2003) and it does not have much impact on the
saline soil hydraulic conductivity as well as a biological
activity but when is sequentially added with the MSW
or using biowaste the physical, chemical, and biological
characteristics are restored (Hanay et al. 2004; Abdel-Fattah
2012). Gupta et al. found that the combined application of
gypsum and organic amendments in sodic soils improved
soil properties, resulting in decreased soil bulk density,
electrical conductivity (EC), and exchangeable sodium
percentage (ESP), but also in increased soil biological
activity (Gupta et al. 2016). For sodic soil management,
organisms used with organic manure help to promote plant
growth through the improvement of enzymatic activity in
the root zone. Organic compounds like FYM (Farmyard
Manure)/composted coir pith/press mud are found to
improve the physical properties of soil (Yadav and Garg
2019). Researchers have also reported that bulk density
and porosity alter with changes in biowaste amendments.
Various organic wastes demonstrate positive effects on
the germination of pea plants. The use of manure and
vermicompost is very beneficial, cost-effective, sustainable,
and environmentally friendly.

5. Future prospects

Urbanization, rapid industrialization, advancement in tech-
nologies, race of producing agricultural products for feed-
ing an enormously expanding population all resulted in the
generation of a huge amount of wastes that have led to a
situation of its disposal problem. Sustainable management
of solid biowaste will address both the problem viz. proper
disposal and recovery of valuable product out of it. Vermi-
compost is a cleaner and sustainable approach to tackle the
problem of organic waste, still, it faces several hurdles in
its wider acceptance and application. Proper field applica-
tion of the vermicompost is the need of the hour instead of
experimenting with its usage at the lab scale. Lack of aware-
ness and knowledge is a constraint in the field application
of vermicompost by the farmers. The farmers should be
properly trained and guided about the process of vermicom-
posting and the appropriate quantity use of vermicompost
to be applied in their fields. Farmers should be assured that
vermicompost will only do good and is going to benefit their
soil and crops in the long run. Further, in-depth research
is needed to develop such techniques or processes to gain
higher vermicompost in a shorter period and also without
further addition of any material. Also, a great deal of study
is required to ascertain the concentration of vermicompost
under different soil-water-plant-micrometeorology environ-
ments. This will help to popularize the use of vermicompost
for healthy soil as well as crop health and thus, achieving
overall environ-mental sustainability.

6. Conclusion

Human activities produce a huge amount of waste through-
out the globe, but there is a lack of proper management

IJROWA13(2024)-132401 11/15

strategies and hence this unmanaged waste is of utmost
concern at the global level. On the other hand, agriculture
is going through scarcity of proper nutrients and soil health
reduction. Therefore, this unmanaged waste can be a
promising material for addressing these constraints. The
soil health can be improved through managed utilization of
organic wastes coupled with an advanced biotechnological
approach which in turn will increase crop productivity
thereby helping in securing food insecurity at a global
level and resulting in an im-proved economy. The organic
manure produced from the degradable waste release plant
nutrients, and en-hances native microflora and fauna in
applied soil thereby improving soil quality. Biowaste is
an eco-friendly and cost-effective method, therefore, the
best-known remediation method among all. Biowaste plays
a major role in the remediation of the toxic heavy metals
from the soil so that it becomes non-toxic and also to
reduces the bulky waste volume. The valuable properties of
the biowaste make it a remarkable material that could be
used in agriculture for improving soil health for a better
and enhanced crop production.
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