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Abstract  In the realm of sustainable waste manage-
ment, this study delves into the multifaceted potential 
of floral waste through its dual roles as a vermicom-
post and a biosorbent. As environmental challenges 
such as pollution and resource scarcity escalate, 
innovative solutions are imperative. The research 
meticulously explores the sustainable utilization of 
floral debris from diverse sources, recognizing its 
innate ability to serve as a biosorbent by effectively 
absorbing contaminants from various origins. This 
evaluation underscores the economic and sustainable 
viability of floral waste as a biosorbent, emphasizing 
its environmentally friendly attributes and its role in 
reducing soil and water pollutants. Simultaneously, 
the study investigates the vermicomposting process 
of floral waste, shedding light on the intricate micro-
bial interactions and nutrient enrichment essential 
for transforming floral waste into a nutrient-rich 
organic fertilizer. This dual-purpose approach not 
only yields valuable resources for horticultural and 
agricultural applications but also addresses environ-
mental issues stemming from waste management. By 
examining multiple sectors with promising applica-
tions for biosorbents and vermicomposts, the study 
underscores the versatility of this eco-friendly waste 
management strategy. Furthermore, it significantly 

contributes to the discourse on sustainable waste 
management by highlighting the dual environmental 
benefits derived from the utilization of floral waste. 
A comprehensive review of existing studies and prac-
tical implementations underscores the pivotal role 
of floral waste in achieving holistic environmental 
advantages.

Keywords  Floral waste · Sustainable management · 
Biosorbent · Vermicompost · Environmental 
challenges

1  Introduction

A paradigm shift in our approach to waste manage-
ment is required because the complex issues posed 
by trash creation are intertwined with the intricate 
fabric of modern life. Conventional disposal tech-
niques are failing as growing populations and indus-
trial activity continue to increase the amount and 
diversity of waste streams (Elango & Govindasamy, 
2018). Floral waste (FW), often overlooked despite 
its abundance, emerges as a compelling research 
subject and a potential ally in sustainable waste 
management strategies. The extensive impact of 
waste management on resource conservation, eco-
logical equilibrium, and environmental well-being 
has elevated it to a critical global concern. Con-
ventional waste disposal practices, characterized by 
linear and unsustainable designs, have exacerbated 
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environmental degradation, leading to issues such 
as soil and water contamination (Singh et al., 2013). 
This study delves into the multifaceted potential of 
FW, aiming to unravel its dual roles as a vermicom-
post and a biosorbent. FW exhibits promise as a 
cost-effective and environmentally friendly biosorb-
ent, capable of absorbing pollutants from diverse 
sources. Biosorption, involving the passive absorp-
tion of contaminants by biological materials, aligns 
well with FW’s innate absorbent properties, render-
ing it a favorable option in this domain (Singh et al., 
2018).

Various waste disposal techniques are employed 
worldwide, each with its own set of advantages and 
limitations. Conventional landfilling, a prevalent 
method, involves burying waste at designated sites. 
While landfills offer cost-effectiveness, they pose 
environmental challenges such as methane emis-
sions and groundwater contamination. Incineration, 
another common practice, reduces waste volume 
and generates energy but contributes to air pollution 
and climate change through the release of pollutants 
and greenhouse gases. Composting, a mechanical 
and biological process for organic waste breakdown, 
though effective, often requires significant space and 
resources (Sharma et al., 2018). Recycling, a widely 
endorsed strategy, aims to repurpose materials to 
create new products and reduce the demand for raw 
materials. However, challenges related to sorting, 
contamination, and limited recyclability of certain 
materials hinder its efficacy. Advanced technologies 
like pyrolysis and waste-to-energy strive to convert 
waste into valuable byproducts or energy but encoun-
ter technological and financial constraints. Effective 
waste management necessitates a holistic approach 
that explores innovative, eco-friendly alternatives 
while acknowledging the limitations of existing meth-
ods (Dutta and Kumar 2022).

The escalating challenges posed by conventional 
practices underscore the urgency of adopting crea-
tive and sustainable waste management solutions. 
Traditional methods often have adverse impacts on 
human health, the environment, and resource deple-
tion, exacerbated by the escalating waste production 
accompanying population growth. Given the finite 
nature of resources, the global imperative for envi-
ronmental preservation, and the imperative to combat 
climate change, swift adoption of sustainable alterna-
tives is imperative (Yadav et al., 2022).

The adaptability of FW as a biosorbent holds 
promise for addressing a myriad of environmental 
issues beyond waste disposal. This research delves 
into its interactions with pollutants, assessing its effi-
cacy across various contaminants and sources (Chang 
& Li, 2019). Additionally, the study explores FW’s 
potential for vermicomposting, elucidating the intri-
cate microbial dynamics and nutrient enrichment 
mechanisms involved. Vermicomposting, leverag-
ing organic content and utilizing worms to decom-
pose organic waste, offers the opportunity to produce 
nutrient-rich vermicompost. This dual-purpose utili-
zation of FW not only yields valuable materials for 
horticulture and agriculture but also contributes to 
mitigating environmental challenges associated with 
waste management (Srivastav & Kumar, 2021). Sus-
tainable waste management transcends environmental 
science, encompassing considerations of economic 
efficiency, social responsibility, and global efforts 
towards sustainable development objectives. The 
concept of the circular economy, emphasizing waste 
reduction and resource optimization, underscores the 
transformative potential of sustainable waste manage-
ment practices (Sharma et al., 2021). This study posi-
tions FW as a catalyst for positive change within the 
framework of a circular economy (Fig. 1). Leveraging 
FW’s dual functionality, we can address environmen-
tal challenges while propelling a more regenerative 
and sustainable approach to resource management. In 
the context of the circular economy concept, waste is 
viewed as a potential resource, with FW exemplify-
ing this notion by transforming what is traditionally 
considered waste into a valuable asset (Waghmode 
et al., 2018). The study introduces an innovative strat-
egy for managing floral waste from various sources 
by integrating vermicomposting and biosorption 
in a unique manner. While both methods have been 
individually researched in the past, their combined 
application to floral waste represents a distinctive fea-
ture. The biosorption process harnesses FW’s natural 
adsorption capability to eliminate pollutants, offering 
an affordable and environmentally beneficial solution. 
Concurrently, vermicomposting converts the waste 
into nutrient-rich compost, fostering sustainable 
agriculture and nurturing healthy soil. By convert-
ing waste into valuable resources, this dual approach 
not only resolves environmental issues but also aligns 
with the principles of the circular economy. The syn-
ergistic blend of vermicomposting and biosorption 
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presents a holistic and effective strategy for sustain-
able waste management, injecting fresh perspectives 
into the field.

2 � FW as a Biosorbent

By utilizing the natural adsorption properties of bio-
logical materials, biosorption is a sustainable and 
environmentally responsible way to remove pollutants 
from a range of media. Using certain biomaterials 
as biosorbents such as leftover flowers from various 

sources, this approach attracts pollutants to their sur-
faces and immobilizes them. The unique composition 
of these biomaterials, which are characterized by a 
broad range of functional groups and binding sites, 
explains why biosorption is so successful in elimi-
nating contaminants. Because of these biomaterials’ 
high affinity and specificity for certain contaminants, 
they are relevant to the removal of pollutants (Ama-
lina et al., 2022; Bhattacharyya et al., 2014). The pol-
lutant molecules and the active sites on the surface of 
the biosorbent interact chemically and physically to 
initiate the adsorption process. Certain contaminants, 
such as organic chemicals, dyes, and heavy metals, 
can be effectively removed from water and other envi-
ronmental media thanks to this selective binding. A 
few benefits of biosorption are its affordability, ease 
of use, and ability to use biodegradable materials.

By minimising the requirement for artificial 
and non-biodegradable adsorbents, the procedure 
lessens the impact of pollution removal operations 
on the environment. Biosorption is a sustainable 
approach that shows a lot of potential for reduc-
ing pollution and supporting ecologically friendly 
waste management techniques. The results of sev-
eral research that investigate Floral waste’s potential 
as a biosorbent in the removal of different contami-
nants are summarised in Table  1. This table sum-
marizes selected studies investigating the efficacy of 
floral waste as a biosorbent for pollutant removal. 
Included based on relevance, methodological rigor, 
diversity of contaminants studied, and variation in 
experimental approaches, these studies collectively 
support the viability of floral waste in eco-friendly 
pollutant adsorption and waste management appli-
cations. The toxins that are being examined include 
organic dyes, heavy metals, phenolic compounds, 
and aromatic pollutants (Daffalla et al., 2022). The 
experimental configurations range from batch stud-
ies to continuous flow systems, and the details of 
associated biosorbent properties like porosity, sur-
face modification, and particle size are provided. 
The table provides an explanation of the adsorp-
tion processes, which include surface complexa-
tion, ion exchange, and different interactions such 
electrostatic attraction and π-π stacking. Results 
show that there is a constant substantial elimination 
of contaminants, with removal efficiencies varying 
from 75 to 95%, depending on the contaminant. The 
many perspectives offered by this research add to a 

Fig. 1   Dual-Functionality Approach for Sustainable FW Man-
agement
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thorough comprehension of the potential and adapt-
ability of floral waste in applications for long-term 
pollution removal (Hosseini et al., 2022).

It seems that using FW from various sources for 
biosorption is a cost-effective, ecologically friendly, 
and multifunctional solution. Although it is usually 
thought of as a waste product from religious rites, 
the process of biosorption turns it into a resource 
that is good for the environment. This technique 
lessens the harm that burning or dumping of such 
waste in landfills does to the environment. Its natu-
ral composition is influenced by the organic com-
pounds and functional groups present in FW. Its bio-
degradability, which is congruent with the decrease 
in non-biodegradable waste, makes it environmen-
tally benign (Karić et  al., 2022). There are finan-
cial benefits to using from different sources as a 
biosorbent. The raw material is widely available and 
frequently regarded as waste, hence there are huge 
savings in production costs. This offers a chance for 
environmentally sound pollution cleanup, especially 
in areas where budgetary restrictions could prevent 
the use of more costly, traditional methods. It is an 
inexpensive biosorbent that is in line with sustain-
ability principles. It provides communities looking 
for cost-effective and ecologically responsible ways 
to remove pollutants with a workable alternative. 
Hence, FW is a desirable alternative in the field of 
biosorption for sustainable environmental manage-
ment due to its twin benefits of being economical 
and environmentally beneficial (Samuel et al., 2013, 
Shahawy et al., 2022, Osman et al., 2023).

3 � Vermicomposting of FW

Earthworms are used in the natural and environmen-
tally beneficial process of vermicomposting of flower 
waste, which turns organic matter into nutrient-rich 
compost (Singh et  al., 2013). The organic feedstock 
used in this process is FW, which includes flowers 
and other organic materials, as seen in Fig.  2. Earth-
worms—usually belonging to the species Eisenia fet-
ida—are essential in the breakdown of garbage because 
they can consume, digest, and excrete trash. The earth-
worms turn the organic materials into a balanced and 
nutritious compost as they eat the flower debris, excret-
ing nutrient-rich castings that go through microbial 
activity. The efficacy of the vermicomposting pro-
cedure lies in its ability to transform FW from differ-
ent sources into a beneficial soil conditioner (Sharma 
et al., 2021). Earthworms accelerate the decomposition 
process by breaking down complex organic molecules, 
increasing nutrient availability, and improving the 
overall quality of the compost. This nutrient-rich ver-
micompost, also referred to as "black gold," is a potent 
organic fertilizer with enhanced microbial activity and 
water-retention capabilities. Vermicomposting not only 
aids in waste management but also provides a sustain-
able means of recycling organic materials, enhancing 
soil quality, and supporting agricultural and horticul-
tural operations. Because of its simplicity of usage and 
favorable environmental consequences, vermicompost-
ing is an enticing method for managing FW at many 
sources in an inventive and environmentally responsi-
ble manner (Sharma et al., 2021).

Fig. 2   The Vermicomposting Process and Its Advantages for Handling FW
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The intricate microbial dynamics involved in FW 
transformation through processes like composting and 
vermicomposting determine how complex organic 
components break down. Packed with a diverse range 
of organic components, it serves as a substrate for a 
thriving community of microorganisms that collabo-
rate symbiotically to expedite the degradation pro-
cess. Different bacteria break down the proteins and 
simple carbohydrates in the flower waste when the 
breakdown process starts. Mesophilic bacteria, which 
are the first breakers, are most effective in mild tem-
peratures. Enzymes are released in response to their 
activity, which makes it easier for complex chemi-
cal molecules to break down into simpler ones. The 
microbial population changes throughout this phase 
as the temperature rises, with thermophilic bacteria 
becoming more prevalent. These bacteria break down 
the cellulose and lignin components of floral waste at 
higher temperatures, hastening the process of decom-
position (Sharma et  al., 2018). At the same time, 
fungus, especially filamentous ones like Aspergil-
lus and Penicillium, settle within the matrix of floral 
debris. Because they secrete enzymes that effectively 
break down complex organic polymers, fungi aid in 
the breakdown process. Their mycelial networks sift 
through the debris, forming a hyphal architecture that 
improves the absorption of nutrients and facilitates 
the synthesis of humic substances—a crucial com-
ponent of improved soil structure. A key player in 
the transformation of FW are actinomycetes, a kind 
of bacteria that share traits with fungus. They gener-
ate secondary metabolites with antibacterial qualities 
and aid in the breakdown of resistant materials like 
lignin. These substances contribute to the regulation 
of microbial competition in the trash, resulting in a 
dynamic environment that encourages the growth of a 
variety of microorganisms (Kumari et al., 2021).

In the vermicomposting process, the presence 
of earthworms has an additional effect on microbial 
dynamics. When organic material rich in microorgan-
isms is consumed by earthworms and passes through 
their digestive tract, new microbial communities are 
introduced. Enzymatic activity and microbial diver-
sity are increased through a mechanism known as 
gut-associated microbial processing. Microbially 
enhanced earthworm castings are a valuable source 
of beneficial bacteria for composting. The microbial 
succession that is seen during the breakdown of is 
dynamic and changes as the surroundings do. At first, 

the process is dominated by aerobic microbes, which 
produce heat and use oxygen. This stage produces an 
environment that is favourable to thermophilic bacte-
ria (Sharma & Yadav, 2018).

A thorough summary of multiple studies look-
ing at the mechanism of vermicompost as an adsor-
bent for the removal of contaminants is provided in 
Table  2. Through the provision of information on 
experimental setups, vermicompost qualities, ambient 
circumstances, analytical techniques, and significant 
findings from each study, it offers a thorough under-
standing of the myriad aspects of vermicomposting 
in pollution remediation. As the breakdown contin-
ues, the microbial community shifts, becoming more 
facultative anaerobes organisms that can live in both 
aerobic and anaerobic environments. After a while, 
the composting system settles down and mesophilic 
microbes take control again. A broad and well-
balanced microbial population is essential for the 
transformation of FW, as demonstrated by the total 
microbial dynamics involved (He et  al., 2016). This 
variety aids in the effective decomposition of com-
plex organic molecules, producing a final product that 
is high in nutrients. Furthermore, the interaction of 
various microbial communities’ controls gas release, 
temperature changes, and the synthesis of useful 
byproducts like organic acids and enzymes. Compre-
hending and regulating these microbial dynamics is 
essential for maximising the processes of compost-
ing and vermicomposting, guaranteeing the effective 
conversion of FW into a humus-like substance rich in 
resources that promotes soil health and plant develop-
ment (Das & Deka, 2021).

The vermicomposting process involves a struc-
tured decomposition of floral waste through the syn-
ergistic activities of earthworms and microorgan-
isms. This natural process transforms organic waste 
into nutrient-rich vermicompost, which serves as an 
effective organic fertilizer for soil health and plant 
development. The process begins with the introduc-
tion of earthworms into the floral waste, facilitating 
the breakdown of complex organic materials (Sharma 
et  al., 2021). As earthworms consume the organic 
matter, they pass it through their digestive tract, 
enriching it with beneficial microbes. This microbial 
enrichment is crucial for enhancing nutrient bioavail-
ability and promoting the synthesis of enzymes that 
further decompose the waste (Kumari et  al., 2021). 
Inputs to the vermicomposting process include floral 
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waste, earthworms, and microorganisms. The floral 
waste serves as the substrate for decomposition, while 
earthworms play a vital role in stimulating microbial 
activity and nutrient cycling. Microorganisms present 
in the waste and introduced by the earthworms con-
tribute to the breakdown of organic compounds and 
the release of essential nutrients (Verma et al., 2019). 
Outputs of the vermicomposting process include 
nutrient-rich vermicompost with enhanced soil con-
ditioning qualities. The final product is characterized 
by increased nutrient availability, improved soil fertil-
ity, and a balanced microbial population. Vermicom-
post contains elevated concentrations of macro- and 
micronutrients, such as nitrogen, phosphorus, iron, 
manganese, copper, and zinc, which are essential 
for plant growth and development. The process also 
results in a reduction of the carbon-to-nitrogen ratio, 
indicating a more nutrient-rich and balanced product 
(He et al., 2016).

Research has shown that vermicomposting con-
tributes significantly more nutrients than conventional 
composting (Rekha et al., 2018). As an illustration of 
a more effective conversion of organic nitrogen into 
forms that are accessible to plants, researchers discov-
ered that the nitrogen concentration in vermicompost 
was greater than that in standard compost (Joshi et al., 
2013). Vermicomposting has a beneficial effect on 
phosphorus, another essential nutrient. Earthworms 
play a vital function in mineralizing organic phospho-
rus into a form that is more soluble and accessible to 
plants. Another study showed a rise in phosphorus 
levels in vermicompost. Plant growth and develop-
ment are benefited by the increased availability of 
phosphorus in vermicompost (Verma et  al., 2019). 
Enhanced concentrations of micronutrients including 
iron, manganese, copper, and zinc are another attrib-
ute of vermicompost. Plant biochemical activities 
such as photosynthesis, enzyme activity, and disease 
resistance are significantly impacted by these micro-
nutrients. In one of the study, author found that ver-
micompost had higher than average concentrations of 
micronutrients, suggesting that earthworms may allo-
cate and collect these necessary components in a tar-
geted manner. Vermicompost demonstrates enhanced 
nutritional ratios in addition to macro- and micronu-
trient content (Hussain & Abbasi, 2018). Vermicom-
posting tends to reduce the C:N ratio, which indi-
cates a decrease in carbon relative to nitrogen and 
is a key measure of compost stability and maturity. 

This decrease results in a more nutrient-rich and 
balanced product, which is evidence of the micro-
bial breakdown of complex organic molecules. The 
microbial population of vermicompost is influenced 
by the earthworms, which results in increased nutri-
ent bioavailability. Earthworms promote the synthesis 
of enzymes that further decompose organic waste by 
increasing the diversity and activity of microorgan-
isms in the vermicompost. Plant growth-promoting 
chemicals like auxins and cytokinins are released 
because of this microbial activity, which promotes 
root development and general plant vigour. The study 
examples highlight how vermicomposting is a suc-
cessful method for creating an organic fertiliser that 
is rich in nutrients. The resultant vermicompost is a 
useful resource for boosting soil fertility, increasing 
nutrient availability, and encouraging strong plant 
development in agricultural and horticultural uses. It 
also provides a sustainable option for recycling floral 
debris (Hussain & Abbasi, 2018; Joshi et  al., 2013; 
Rekha et al., 2018).

4 � Dual‑Functionality and Synergies

The utilization of floral waste (FW) presents a unique 
opportunity for sustainable waste management prac-
tices, particularly through the dual functions of 
biosorption and vermicomposting processes (Amari 
et  al., 2023). Vermicomposting, a natural process 
facilitated by earthworms that transforms organic 
waste into nutrient-rich compost, and biosorption, 
which focuses on pollutant removal through adsorp-
tion onto biomaterials, synergistically offer a com-
prehensive waste management solution (Hussain 
& Abbasi, 2018). Floral waste, characterized by its 
high organic content and diverse functional groups, 
serves as an effective biomaterial in biosorption pro-
cesses. The porous nature of floral waste provides a 
significant surface area for the adsorption of various 
contaminants, such as organic chemicals, dyes, and 
heavy metals. Numerous research studies have dem-
onstrated the efficacy of floral waste in biosorption 
applications.

Moreover, the specific characteristics and prop-
erties of floral waste in the area further enhance 
its potential as a valuable biomaterial for adsorp-
tion processes and waste management practices. By 
emphasizing the unique attributes of floral waste, 
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including its natural absorbent qualities and diverse 
composition, this waste material emerges as a promis-
ing resource for addressing environmental challenges. 
Integrating information on the specific properties of 
floral waste enriches the understanding of its role in 
waste management strategies, highlighting its capac-
ity to effectively adsorb pollutants and contribute to 
sustainable practices (Samuel et al., 2013). For exam-
ple, Amari et al. study from the previous year showed 
how well organic dyes could be removed from FW, 
highlighting the material’s potential as a sustainable 
and natural adsorbent (Amari et al., 2023).

However, vermicomposting which is made possi-
ble by earthworms helps to change FW organically. 
Earthworms are essential for stimulating microbial 
activity and decomposing complex organic materi-
als. The flower waste turns into nutrient-rich ver-
micompost with enhanced soil conditioning qualities 
because of the vermicomposting process. Research 
has demonstrated the beneficial effects of ver-
micompost on soil nutrient availability, lowering 
the bioavailability of heavy metals and increasing 
soil fertility. The complementary roles that biosorp-
tion and vermicomposting play together make them 
work well together. After being fully saturated with 

contaminants, the leftover biomass from biosorption 
can be fed into the vermicomposting system. Because 
the biosorbed waste is rich in organic matter, earth-
worms find it to be an excellent substrate for breaking 
down the residual organic contaminants and adding 
additional nutrients to the vermicompost. Resource 
recovery is maximised, and waste is reduced with this 
integrated strategy (Shen et al. 2022) (Fig. 3).

Furthermore, the biosorbent’s physicochemical 
characteristics are improved by the vermicompost-
ing process. Earthworm activity causes the mate-
rial to become more aerated, which lowers the bulk 
density and increases porosity. Consequently, this 
improves the material’s ability to biosorb. During the 
vermicomposting process, the interactions between 
earthworms and microorganisms foster the break-
down of contaminants that would have lingered in the 
biosorbed waste (Amari et al., 2023). The combined 
vermicomposting and biosorption method are in line 
with sustainable waste management and the circular 
economy. In addition to addressing the environmen-
tal issues raised by FW from different sources, it 
produces nutrient-rich vermicompost, which is a use-
ful byproduct. The closure of material loops, where 
waste is converted into a resource through a series 

Fig. 3   Conceptual Model of Dual-Functionality and Synergies
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of linked and sequential processes is facilitated by 
this dual functioning. Thus, the mutualistic relation-
ship between the vermicomposting and biosorption 
processes provides a comprehensive and long-term 
approach to the management. By combining these 
procedures, resource recovery, soil fertility, and pol-
lution removal are all improved. Communities may 
adopt a cyclical and ecologically responsible strategy 
to waste management by recognising and utilising the 
synergies between biosorption and vermicomposting. 
This will enable Floral waste to be converted into a 
useful resource for horticultural and agricultural pur-
suits (Shen et al., 2022).

Through an integrated waste management strat-
egy that is sustainable and has synergistic benefits 
for both biosorption and vermicomposting, FW may 
be used to mitigate environmental challenges and 
improve resource recovery. The system becomes 
dynamic and integrated as a result of each process’s 
capabilities being utilized for both goals, improv-
ing overall efficacy. It functions as a proficient and 
organic pollutant adsorbent throughout the biosorp-
tion stage. It is simpler to remove contaminants 
like organic dyes and heavy metals from the trash 
due to its complex makeup, which is rich in organic 
compounds and functional groups. Research like 
the ones done by (Waghmode et  al., 2018) demon-
strate the biosorption capability of FW. They illus-
trate how well the waste can adsorb colours, which 
helps to reduce water pollution. The synergistic shift 
to vermicomposting becomes critical once the floral 
waste’s biosorption capability exceeds a threshold. 
Earthworms find the contaminated leftover bio-
mass from the biosorption process to be the perfect 
food source. In this stage, earthworms especially 
species such as Eisenia fetida have two functions. 
First, through their digestive processes, they aid 
in the breakdown of the residual organic contami-
nants in the biosorbed waste. Together, they lessen 
the number of pollutants and change the waste into 
a form that is less harmful. Moreover, by encour-
aging microbial activity and nutrient cycling, the 
earthworms’ activities improve the vermicompost-
ing process. The FW turns into nutrient-rich ver-
micompost after being enhanced by earthworm cast-
ings. The beneficial effects of vermicompost on soil 
nutrient availability were illustrated by (Rehman 
et  al., 2023), illustrating how this integrated strat-
egy improves soil fertility and offers a useful organic 

amendment. Beyond nutrient enrichment and pollu-
tion removal, there are further synergies. The physi-
cal structure of the biosorbed waste is improved 
during the vermicomposting process. As they go 
through the material, earthworms form holes and 
channels that improve the material’s capacity to 
retain water and allow for aeration. This enhanced 
structure enhances the vermicompost’s overall qual-
ity and elevates it to the status of an outstanding soil 
conditioner. Moreover, the technique of combining 
vermicomposting with biosorption is in line with 
zero-waste programmes and the circular economy. 
The total environmental effect is reduced since the 
trash produced in one process is used as fodder for 
the subsequent one. This integrated system produces 
a valuable resource that has uses in sustainable agri-
culture and horticulture, while also mitigating the 
negative effects of disposing of floral waste from dif-
ferent sources. The decrease in greenhouse gas emis-
sions is another example of the synergistic effects. 
Research has indicated that vermicomposting helps 
to lower methane emissions by increasing microbial 
activity and decreasing the anaerobic breakdown of 
organic materials. The environmental advantages of 
using Floral waste are further enhanced when ver-
micomposting is incorporated into the entire waste 
management plan. These processes are interrelated, 
which not only solves the problems with floral waste 
from different sources but also provides an example 
of a cyclical and regenerative model for handling 
organic waste streams in many religious and cultural 
contexts. This strategy offers a workable and eco-
logically responsible solution that is consistent with 
the larger objectives of sustainable development, as 
demonstrated by earlier research (Shen et al., 2022).

5 � Applications

Horticulture, improving soil health, and agriculture 
are just a few of the many uses for biosorbents from 
FW and vermicompost created by the complementary 
processes of biosorption and vermicomposting. These 
applications stem from the nutrient-rich composition 
of these organic materials, their enhanced ability to 
condition soil, and their capacity to eliminate con-
taminants. In agriculture, the biosorbent derived from 
remaining flowers can be applied as a long-term soil 
addition. Because the biosorbent has a high organic 
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content and a range of functional groups, it increases 
soil fertility by providing crops with the neces-
sary nutrients (Amari et  al., 2023). Furthermore, 
the capacity of the biosorbent to absorb heavy met-
als reduces the possibility of metal buildup in crops, 
guaranteeing the production of clean and safe food. 
An environment that is favourable for plant develop-
ment is fostered by the organic matter in the biosorb-
ent, which also helps to retain water, enhance soil 
structure, and encourage microbial activity. After the 
vermicomposting phase, vermicompost is a powerful 
organic fertiliser with many uses in agriculture. The 
nitrogen, phosphorus, and potassium content of the 
vermicompost promotes the growth and development 
of plants. Vermicompost releases nutrients gradually, 
ensuring a steady supply throughout the crop growing 
season. This promotes balanced nutrition and lessens 
the need for synthetic fertilisers. The organic content 
in the vermicompost also improves soil structure, 
allowing for more root penetration and water infil-
tration (Lazcano & Dominguez, 1970, Ávila-Pozo, 
et al., 2022).

For horticulture, the biosorbent can be utilized in 
potting mixes and substrate formulations. Organic 
material makes an excellent supplement to growth 
media for potted plants due to its high nutritional 
value and capacity to hold water. The ability of the 
biosorbent to capture pollutants and maintain the 
cultivated ornamental plants free of toxins enhances 
their aesthetic appeal. This application supports sus-
tainable horticultural practices by promoting the use 
of ecologically friendly surfaces for plant cultivation. 
Vermicompost is commonly utilized in landscape 
design and ornamental gardening. It is also known as 
"black gold" in horticultural circles. Bright, healthy 
plants flourish because of its high nutritional content 
and microbiological richness. Vermicompost is a per-
fect supplement for attractive gardens and landscapes 
because its humic compounds support root develop-
ment, enhance soil structure, and boost water-holding 
capacity. Furthermore, vermicompost has been shown 
to strengthen plants’ resilience to pests and diseases, 
highlighting its significance in sustainable gardening 
(Lim et al., 2015, Dey et al., 2023).

Table  3 provides an extensive summary of ver-
micompost and biosorbents that have been success-
fully used in real-world situations. The examples 
illustrate how these sustainable techniques may 
be used globally, spanning a variety of geographic 

locales. The use of vermicompost and biosorb-
ent made from FW in agriculture has enhanced soil 
health, raised agricultural yields, and decreased need 
on synthetic fertilisers. In horticulture, the use of ver-
micompost in landscaping and biosorbents in potting 
mixes has led to better plants and a less environmen-
tal footprint. Furthermore, these organic materials’ 
adaptability and efficacy in fostering ecologically 
friendly and regenerative activities are demonstrated 
by the successful remediation of polluted soils and 
the adoption of sustainable soil practises. Vermicom-
post and biosorbent both aid in the establishment 
of resilient and healthy soils in terms of improving 
soil health (Lim et  al., 2015, Rehman et  al., 2023). 
By absorbing contaminants during the biosorption 
phase, the biosorbent contributes to the preserva-
tion of soil quality and helps avoid soil contamina-
tion. By increasing microbial variety and activity, 
its absorption into soil supports biological processes 
in the soil. Because of its well-balanced nutritional 
content, vermicompost adds organic matter and vital 
nutrients to the soil, promoting a healthy soil ecol-
ogy. Therefore, biosorbents made from vermicompost 
and Floral waste have a wide range of potential uses 
in horticulture, soil health enhancement, and agricul-
ture. These organic materials provide long-term fixes 
for soil improvement, pollution removal, and nutrient 
replacement. Their wide range of advantages are con-
sistent with the tenets of regenerative and sustainable 
agriculture, offering practitioners looking to increase 
crop yield, soil fertility, and ecosystem resilience 
more eco-friendly options (Waghmode et  al., 2018, 
Shen et al., 2022).

6 � Challenges and Considerations

The dual-purpose method of utilizing floral debris 
for both biosorption and vermicomposting has disad-
vantages even if it offers a viable substitute for waste 
management. These elements must be acknowledged 
and taken into consideration in order for this sus-
tainable waste management plan to be executed and 
optimized. One of the main challenges is that flower 
debris’s makeup is unpredictable. For the floral gifts, 
a wide variety of materials, including flowers, leaves, 
and other organic and inorganic objects, can be used. 
It is challenging to standardize the vermicompost-
ing and biosorption processes due to the variety of 
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the waste stream (Chang & Li, 2019). The creation 
of a one-size-fits-all solution may be complicated by 
the need for customised ways to maximise pollutant 
removal and organic transformation in various flower 
compositions. The contaminants contained in the 
flower debris determine how well biosorption works. 
Floral debris has shown promise in adsorbing organic 
pollutants and heavy metals, however the kind and 
number of contaminants it may absorb can differ. As 
a result, variations in the biosorption capacity may 
arise, hence requiring regular evaluations of the waste 
stream to guarantee stable levels of pollutant elimina-
tion effectiveness (Dutta & Kumar, 2022).

Furthermore, the scalability of the dual-func-
tional model may give rise to logistical challenges. 
Large-scale vermicomposting plants or biosorp-
tion units require careful planning and infrastruc-
ture because different sources and other religious 
organizations produce FW in varied proportions. 
Ample space, financial resources, and community 
involvement are necessary for this technique to be 
successfully scaled up. The temporal component of 
the dual-functional process is another item to con-
sider. The nature of the waste, the environment, and 
the efficiency of microbial and earthworm activi-
ties are some of the variables that affect the rates 
of pollutant removal and organic transformation in 
biosorption and vermicomposting. These processes 
are also time dependent. It is difficult to strike a 
balance between these processes’ temporal features 
and the constant flow of FW, particularly during 
times of intense activity (Elango & Govindasamy, 
2018). One potential drawback in the vermicompost 
is the persistence of contaminants and their possi-
ble buildup. Some stubborn contaminants might not 
completely decompose throughout the vermicom-
posting process, which would leave them in the 
finished product. Vermicompost quality must be 
carefully monitored and evaluated to guarantee that 
the finished product satisfies safety requirements 
for use in agriculture. Another factor that must be 
considered is the dual-functional approach’s eco-
nomic feasibility. Even though vermicompost is 
a useful final product, it is necessary to determine 
if setting up large-scale vermicomposting plants is 
economically feasible. Weighing the advantages 
against the expenses of personnel, infrastructure, 
and monitoring highlights the significance of cre-
ating cost-effective techniques for broad adoption. Ta
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Participation and awareness of the community are 
essential to the dual-functional approach’s effec-
tiveness (Sharma et  al., 2021). Essential elements 
include clearing up any misunderstandings, educat-
ing the public about the advantages this method has 
for the environment, and promoting active involve-
ment in trash separation at the source. Careful com-
munity participation and information efforts may 
also be necessary to overcome cultural or religious 
sensitivities toward the usage of flower debris in 
these operations (Sharma et al., 2018).

Careful planning is necessary for FW manage-
ment in order to scale up the dual-functional con-
cept and encourage sustainability, community 
involvement, and efficiency. The method can only 
be made scalable if a robust infrastructure capable 
of handling varying FW quantities is built. Modu-
lar solutions that can be adjusted to diverse waste 
compositions and scales are essential to handle the 
erratic nature of offers. For this strategy to scale 
successfully, community involvement and aware-
ness are crucial. Building connections with local 
governments, religious organizations, and waste 
management authorities is essential to gaining sup-
port and promoting trash segregation at the source. 
People can be encouraged to actively participate in 
the separation of FW by participating in commu-
nity outreach activities and educational projects that 
aim to debunk myths and instil a feeling of respon-
sibility (Singh et al., 2018). A consideration of the 
financial side is necessary for the dual-functional 
approach to be adopted more widely. It is crucial to 
evaluate the financial sustainability of large-scale 
vermicomposting operations and biosorption units, 
with an emphasis on maximising the value of final 
products like vermicompost, lowering expenses, and 
maximising resource use. Incentives for communi-
ties and creative finance schemes might improve the 
economic viability of scaling up. In addition, fur-
ther research and development work should be done 
to improve the dual-functional process for the best 
possible removal of pollutants and organic transfor-
mation. It is essential to comprehend the differences 
in pollutant profiles and its compositions found in 
different sources to customise the technique for var-
ious waste streams and geographical areas. It will 
take ongoing observation and flexible thinking to 
overcome obstacles and improve the scalable sys-
tem’s effectiveness (Waghmode et al., 2018).

7 � Future Directions

Future research and development in the subject of 
FW management could go in a number of interest-
ing directions to increase the sustainability and effec-
tiveness of the dual-functional approach. Optimiz-
ing the vermicomposting and biosorption processes 
according to the diverse compositions of floral waste 
from different sources is an important path to take. 
Understanding how variations in flower arrangements 
affect the dual-functional system’s efficacy will make 
it easier to create customized solutions for diverse 
waste streams that ensure flexibility in a variety of 
cultural and geographic contexts. Examining cutting-
edge technologies and innovative methods for pol-
lution analysis in floral debris from various sources 
is another crucial area. Real-time data on pollutant 
concentrations may be obtained by integrating sen-
sors and analytical tools, which enables more accu-
rate biosorption phase monitoring and control. This 
technical breakthrough would improve the dual-func-
tional approach’s overall effectiveness and help pro-
duce more precise pollutant removal estimates. The 
possible uses of biosorbents and vermicompost in 
specialised fields like phytoremediation and environ-
mentally friendly packaging might be the subject of 
future studies. Examining the application of biosorb-
ents as supplements in phytoremediation procedures 
can improve plants’ capacity to draw contaminants 
out of polluted soils. Furthermore, investigating the 
incorporation of waste-based components from flow-
ers into environmentally friendly packaging might 
provide a sustainable substitute and lessen the impact 
of packaging materials on the environment. Future 
studies should examine the creation of community-
based models for FW management, taking socio-
economic factors into account. Examining incentive 
schemes, cooperative structures, and community-led 
projects can promote sustainability and higher levels 
of engagement. Tailoring solutions that align with 
community beliefs and traditions will be made easier 
with an understanding of the socio-cultural aspects 
impacting waste management practises in religious 
organisations. Moreover, a comprehensive strategy 
is provided by investigating the linkages between the 
management of FW and other sustainable activities 
like urban gardening and circular economy projects. 
Examining the potential integration of nutrient-rich 
vermicompost into urban agricultural systems or 
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circular economy loops might enhance the overall, 
linked strategy for sustainable waste management.

The dual-functional approach to FW management 
has important implications for sustainable waste man-
agement on a larger scale. This approach lessens the 
quantity of waste that is dumped in landfills and less-
ens the harm that conventional waste disposal meth-
ods provide to the environment. FW becomes useful 
resources through the processes of biosorption and 
vermicomposting. This method aligns with the prin-
ciples of the circular economy, which view waste as 
a resource rather than a strain on ecosystems. Temple 
practices established a sustainable waste management 
approach that can be applied by international cul-
tural and religious institutions. This method’s guiding 
concepts of resource recovery, waste reduction, and 
community involvement may be applied in a variety 
of contexts to promote a wider change in the direc-
tion of sustainable waste management techniques. 
The creation of culturally aware and situation-specific 
waste management plans that are appealing to com-
munities all over the world can be influenced by the 
lessons learnt from the management of floral waste 
at different sources. Moreover, the dual-functional 
strategy has the capacity to tackle wider environ-
mental issues, especially in metropolitan regions. By 
using the nutrient-rich vermicompost that is created, 
urban agriculture may increase the production of food 
locally and lessen the need for artificial fertilisers. By 
improving food security and bolstering the resilience 
of urban ecosystems, this integration supports the 
objectives of sustainable urban development. The sus-
tainable waste management strategy has the potential 
to open new business and employment possibilities 
from an economic standpoint. Building vermicom-
posting sites and biosorption units can help commu-
nities become more resilient economically by creat-
ing jobs. Furthermore, nutrient-rich vermicompost 
production and sales can boost regional economies by 
lowering the demand for outside inputs in agriculture. 
There are societal benefits to the wider adoption of 
sustainable waste management techniques inspired by 
FW management. As essential elements of the dual-
functional approach, increased community participa-
tion and understanding may help people develop a 
feeling of accountability and environmental steward-
ship. This change in viewpoint has the potential to 
impact communities’ more widespread sustainable 
habits and lifestyles, going beyond trash management. 

This model’s included circular economy, community 
involvement, and resource recovery concepts have the 
potential to greatly aid in the global development of 
comprehensive and sustainable waste management 
systems.

8 � Conclusion

This article highlights the revolutionary potential of 
biosorption and vermicomposting as dual-functional 
techniques for managing FW. Beyond its conventional 
categorization as a byproduct, FW reveals itself to be 
an important and underutilized resource that offers 
innovative solutions to contemporary waste manage-
ment issues. The biosorption phase of this investiga-
tion successfully extracts organic contaminants and 
heavy metals from the waste, demonstrating FW’s 
potential for environmental remediation. Vermicom-
posting is a long-term, sustainable method that pro-
duces nutrient-rich vermicompost from biosorbed 
waste, making it an excellent choice for soil enrich-
ment in horticulture and agriculture. It’s evident how 
adaptable FW is as a valuable resource, demonstrat-
ing how it can address a range of environmental 
problems while increasing agricultural productivity. 
Instead of only using FW as a waste management 
strategy, this study suggests that it could be a sym-
bol of harmony between contemporary ecological 
ideals and cultural legacy. the awareness of FW as 
a multifaceted resource that encourages a shift in 
the way society views and manages waste. It stands 
for more than just cutting waste; it also foresees the 
emergence of an all-encompassing culture that fos-
ters economic growth, environmental preservation, 
and community involvement. The dual-functional 
approach to waste management that is put forward 
here calls for a paradigm shift in how society views 
trash and goes beyond the lab or field. This method 
views trash as a resource for ecosystem regenera-
tion rather than as a burden. This result serves as a 
wake-up call for the implementation of sustainable 
waste management practices, spurred by the lessons 
learned from FW management. Moreover, how soci-
ety views waste management processes is influenced 
by various factors, and by elaborating on these influ-
ences, the explanation is enhanced. Also, it revealed 
the interrelationships between inner structures and 
the external environment, delving into the reasons 
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behind these observations. Using these strategies suc-
cessfully requires teamwork. Communities, political 
institutions, and religious organizations must collabo-
rate in order to adopt and disseminate these sustain-
able practices. By doing this, we support a worldwide 
movement that seeks to build circular economies, 
resilient ecosystems, and a sustainable future. In addi-
tion to addressing the pressing need to conserve the 
environment, this movement aims to respect cultural 
customs. Now is the moment to act. By putting our 
traditions’ knowledge to use, we provide the frame-
work for a more harmonious and long-lasting coexist-
ence with the natural world. By acknowledging that 
floral waste serves two purposes, we set out on a path 
toward environmental equilibrium in which trash pro-
pels advancement and our combined efforts build a 
more connected and sustainable society.
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