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Freshwater ecosystems across the world are under threat from numerous invasive
species and especially aggressive types of aquatic weeds. The use of aquatic weed
biochar has many benefits. Biochar derived from aquatic weeds can enhance soil
structure, increase the diversity of soil microbial community, and promote plant growth.
This review presents the development of aquatic weed biochars and their physiochemical
properties. The article also discusses how aquatic weed biochar improves soil physical
structure and aggregation, enhances the diversity and functionality of soil microbial
communities, and increases plant growth, and productivity. Moreover, it considers the
mechanism of biochar—soil-plant interaction, environmental benefits, limitations, and
the need for further research. In addition, aquatic weed biochar contributes to carbon
sequestration, helping mitigate climate change by reducing greenhouse gas emissions
from soils. Its application provides a sustainable method for managing invasive aquatic
weeds, which otherwise threaten freshwater biodiversity. Its use offers a sustainable way
of controlling invasive aquatic weeds which otherwise pose a threat to freshwater
biodiversity. Recent research has shown that biochar made of aquatic weeds enhances
nutrient retention, soil erosion and water-holding capacity, which is especially useful in
degraded or nutrient-deficient soils. The application of aquatic weed biochar to
agricultural and environmental activities is consistent with the principles of the circular
bioeconomy because the waste biomass is transformed into a sustainable amendment of
the soil. Biochars made of aquatic weeds have enormous potential in sustainable and
circular bioeconomy applications and soil management.

1. Introduction

invasion also alters dissolved oxygen dynamics, impedes
navigation and fishery, and aggravates water-quality issues.
Thus, cascading ecological and socio-economic damages are

Aquatic weeds, particularly water hyacinth and duckweed,
are destructive biological stressors in freshwater ecosystems.
These invasive species, such as water lettuce, are also highly
invasive. Another aquatic invasive weed, commonly called
water flower, threatens the growth of other macrophytes. The

reported (Harun et al., 2021; Abba & Sabarinath, 2025). The
infestation quickly comes back due to the aggressive nature
of the organism. Traditional management techniques, such as
mechanical harvesting, herbicide application and biocontrol
operations, can be costly, provide only temporary, relief and
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Aquatic Weed Biochar in Soil-Plant Interactions

sometimes associated with a secondary environmental risk.
Thus, it is necessary to establish circular and value-adding
utilization pathways that mitigate the burden of biomass
disposal while improving sustainability and efficiency.

Aquatic invasive plants can produce biochar. Oxygen-limited
pyrolysis of biomass to rigid biochar can be a waste-to-
resource approach to biomass valorization of aquatic weeds.
Non-native plant species are now considered good biochar
precursors by many researchers. Compared to many
terrestrial plants, aquatic invasive plants show notable
differences in ash and mineral contents as well as surface
functional chemistry. These differences are likely to affect
important characteristics of biochar including alkalinity,
nutrient status, sorption ability, and other soil-conditioning
properties. Biochar derived from aquatic invasive species
(AIS) has potential for different soil environments, which is
worth studying. It has been observed that the inclusion of
water hyacinth biochar helps to mitigate chemical constraints
such as acidity stress and nutrient imbalance while also
improving agronomic responses. This underscores its
potential as a viable amendment for use on acid and/or
degraded soils. Studies show that biochar from another
aquatic invasive, Pistia stratiotes, has high reactivity and
sorption capacity. These characteristics are pertinent not only
to water remediation but also for agroecosystem nutrient
retention (Babatunde et al., 2024). The use of biochar for
agricultural and environmental purposes is an emerging area
of research. Biochar will impact the functioning of soil
microbial life by changing the habitat structure, pH, redox
mechanisms, and substrate availability. These processes
affect the composition, biomass, and diversity of microbes.
Responses of microbes to biochar are not consistent,
according to a recent synthesis. The observed responses
largely depend on site-specific conditions and biochar
properties.

Information from various cropping and remediation contexts,
including biochar-amendment—aquatic biomass ecological
systems, shows further benefits through altered nutrient cycle
and possible reduced uptake of certain nutrients and
contaminants, indicating the multi-functionality of biochars
in soils managed for production (Roy et al., 2024). Studies
conducted between 2020-2025 related to aquatic weed-
derived biochars have therefore been reviewed to show how
feedstock characteristics and production conditions influence
biochar properties and how these properties influence soil
physical qualities, soil microbial community structure and
plant performance. Numerous studies were conducted in the
laboratory, glasshouse, and field. These studies provided
evidence on the limitations, potential, and knowledge gaps.
Moreover, they reveal the application potential of aquatic
weed biochar. In addition, this can serve as upscale approach
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within an integrated weed management system. It can be
helpful for robust agroecosystem design (Figure 1).
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Figure 1. Aquatic Invasive Weeds as feedstock for
biochar production, impact on soil, microbes, and
agroecosystem sustainability.

2. Production and Characteristics of Aquatic Weed
Biochar

2.1 Feedstock Properties of Aquatic Weeds

Aquatic weeds, as compared to terrestrial lignocellulosic
biomass, differ drastically in their physicochemical
properties, which is a major controlling factor in their
pyrolysis behavior and the quality attributes of the produced
biochar (Sharma et al., 2022). Aquatic plants have a high
moisture content which is a noteworthy characteristic. Many
aquatic weeds generally have moisture content greater than
85 per cent (Bhuvaneswari et al., 2021). High inherent
moisture content indicates a reduced density of tissues with a
high growth rate. Determining moisture content is important
for evaluating the drying need and energy balance of these
weeds for the biochar production (Saha et al., 2021). Aquatic
weeds are characterized by high ash content and mineral
loading (Figure 2). These plants steadily collect minerals
from the surrounding water and sediments by continuously
taking them up through their tissues. Calcium, magnesium,
potassium, iron, and silica are among the minerals reported
in high concentrations (Rezania et al., 2020). The presence of
higher minerals increases ash yield and imparts alkaline
properties to the biochar produced from these weeds alkaline.
Moreover, extractable and Dbioavailable minerals are
preferentially concentrated in the biochars produced (Bhatti
et al., 2022). Compared to woody feedstocks, biochars
produced from aquatic weeds have been found to have
consistently greater ash content and a comparatively high
concentration of basic cations (Tripathi et al., 2021). When
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studied together these features establish that aquatic weed is
chemically highly active and a nutritionally rich feedstock for
biochar production.
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Figure 2. Production and Characteristics of Aquatic
Weeds Biochar

2.2 Pyrolysis Conditions and Biochar Properties

The physicochemical properties of aquatic weed biochar are
significantly impacted by the pyrolysis parameters,
especially the temperature and residence time. Biochars
produced at low and intermediate temperatures (300—400 °C)
are rich in volatile matter and oxygen-containing functional
groups. This renders their surfaces polar and enhances ion
exchange behavior (Leng et al., 2021). Biochars produced at
low temperatures usually have greater CEC (cation exchange
capacity) and higher nutrient availability, which may aid
microbial proliferation and the short-term improvement of
soil fertility (Gul et al., 2023). Biochars produced at
temperatures between 500 °C and 700 °C are mainly
constructed of condensed aromatic structures, which help to
increase their surface area, promote pore formation, and
enhance their properties (Sun et al., 2022). According to
Zhang et al. (2023), biochars derived from aquatic weeds
typically have an alkaline pH, highly developed porosity, and
mineral-rich surfaces, regardless of the production
parameters used. The properties of these biochars create
favorable conditions for the growth and activity of microbes
and the adsorption and anchoring of nutrient cations. Recent
synthesis studies demonstrate that non-woody biomass
biochars exhibit a range of different reactivities that can help
tailor soil amendments to local agroecosystem constraints
(Huang et al., 2025).

3. Effects of Aquatic Weed Biochar on Soil Structure
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3.1 Soil Aggregation and Stability

The arrangement of soil particles, or the soil structure is
responsible for soil functioning. Soil structure determines the
ability of soil to allow water infiltration, aeration, root
penetration, and resistance to physical degradation. In
addition, there is increasing evidence that biochar
amendments made from aquatic weeds promote
macroaggregate formation, aggregate stability, and lower soil
bulk density, especially in soils with degraded structure and
coarse texture. (Blanco-Canqui, 2021). The biochar particles
have a unique surface morphology that is porous and uneven.
Such features could act as nuclei for the physical enmeshment
of mineral particles and organic materials, promoting
aggregation (Obia et al., 2020). According to Liang et al.
(2022), biochar can stimulate microbial activities. This can
increase the production of binding agents (e.g., EPS), which
can lead to better aggregates. Biochars derived from aquatic
weeds contain minerals, meaning the ash fraction of these
biochars may enhance cation bridging (e.g., Ca2+ and
Mg2+), which strengthens bonding forces. According to
Peng et al. (2023), this may improve the resistance to
disaggregation due to wetting—drying cycles. It has been
reported that soils infused with biochar derived from aquatic
weed show strong resistance to structural breakdown with
improved tilth.

3.2 Water Holding Capacity and Porosity

Many studies have reported that adding biochar made from
aquatic weeds enhances the soil's ability to hold water. The
hydration behavior of biochar is due to its well-developed
internal pore network and a high specific surface area to mass
ratio. Through water storage and release mechanisms,
biochar particles can uptake water and store it for later. As a
result, biochar derived aquatic weeds can enhance the
moisture retention capability of the soil (Omondi et al.,
2020). Amendments of aquatic weed biochar can change the
total porosity and pore-size distribution of soils. Increases in
soil total porosity occurred following biochar addition and
did not replace the existing pores (Zhang et al., 2021).
Furthermore, an increase was observed in meso— and
micropores due to biochar amendment. Meso- and
micropores primarily retain water against the force of gravity.
If sandy soil becomes wet, water drains rapidly because the
particles’ size is larger and the pore size is large. Sandy soils
are typically low in water holding-capacity and degraded in
nature. Therefore, biochar additions from aquatic weeds
enhance the total moisture availability for plants because they
increase the volume of meso- and micropores. Additionally,
better aggregation indirectly helps to enhance water
retention.

3.3 Soil Erosion Control
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Soil erosion is a serious challenge to the sustainability of
agriculture, especially in intensively managed or degraded
landscapes. The main mechanism that action may reduce
erosion risk is the improvement of soil physical properties.
This occurs through the effect of biochar on soil physical
properties, including bulk density and surface ruggedness
(Doan et al. 2021). Soil particles are less likely to detach
when raindrops hit the soil. As infiltration capacity improves,
surface runoff generation decreases (Busscher et al., 2022).
Soils amended with biochar have been found to show less
sediment loss and greater splash erosion resistance on sloping
or coarse-textured soils (Herath et al., 2023). Increased water
retention and stronger connections between aggregates are
also conducive to prevent crust formation, which is a
significant precursor of runoff erosion (Zhou et al., 2025).
For this reason, biochar from aquatic weeds can be a powerful
amendment for long-term soil erosion control (Figure 3).
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Figure 3. Effect of Biochar on Soil Structure

4. Influence on Soil Microbial Community and Soil Biota
4.1 Microbial Abundance and Diversity

Aquatic weed biochar can alter the composition and structure
of soil microbial communities because it creates suitable
niche microhabitats with protected pore spaces, surfaces for
the sorption of organic substrates and carbon pools with
relatively low physiological reactivity (Figure 4). This also
lessens microbial exposure to predation and environmental
variations while enhancing access to nutrients and energy
supplies (Warnock et al., 2020). A variety of studies have
reported that biochar enhancement resulted in higher MBC
(microbial biomass carbon) and microbial diversity indices,
especially in soils of limited organic matter content or low
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structural quality (Chen et al., 2021). Aquatic weed biochars
can influence soil pH and nutrient availability because of
their high ash content and alkaline properties, which may
indirectly impact community assembly (Feng et al., 2023).
As a result, copiotrophic bacteria with beneficial properties
and diverse microbial communities can be promoted.
Consequently, including biochar increases the richness and
evenness of fungal and bacterial communities (Li et al.,
2022). According to Zhang et al. (2024), microbial resistance
and functional redundancy associated with aquatic biochars
can enhance soil ecological stability over time.
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Figure 4. Influence of Aquatic Weeds Biochar on Soil
Microbial Community and Soil Biota

4.2 Functional Microbial Groups

In addition to the overall abundance and diversity of
microbes, aquatic weed biochar also affects the structure and
activity of key functional microbial groups that are involved
in nutrient cycling. Soil enriched with biochar often fosters
an increase in bacteria that fix nitrogen due to improved
habitat conditions and enhanced availability of mineral
nutrients for diazotrophic metabolism (Rondon et al., 2021).
Biochar can also enhance the phosphate-dissolving bacteria
populations likely due to changes in pH of soil and the
production of organic acids from microbial plant residues
(Gao et al., 2022). Biochar can also benefit from mycorrhizal
fungi by improving soil aggregation, lowering bulk density,
and providing physical refugia for hyphal networks
(Lehmann et al., 2021). These mutually beneficial
interactions improve how plants obtain nutrients, especially
phosphorus, and boost their resilience against abiotic stresses
(Biederman & Harpole, 2023). Alterations in functional
microbial guilds following the application of aquatic weeds
biochar enhance nutrient-use-efficiency and soil fertility.

4.3 Enzyme Activity and Nutrient Cycling
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Soil enzyme activities provide important insights into
microbial metabolism and nutrient cycling. Numerous
researchers have indicated that the application of biochar
increases enzymes activities, such as dehydrogenase, urease,
and phosphatase. This effect has been attributed to the
enhancement of microbial respiration and nutrient
transformation capacity (Sinsabaugh et al., 2021). According
to Xu et al. (2023), biochars—particularly those derived from
aquatic weed species—may enhance enzyme activity through
the combined effects of increased substrate availability,
favorable pH conditions, and physical protection of
extracellular enzymes on biochars surface. The increased
activity of urease promotes nitrogen mineralization, while the
increased activity of phosphatases helps mobilize organic
phosphorus pools, thereby increasing nutrient availability to
plants (Nannipieri et al., 2020). Likewise, increased
dehydrogenase activity indicates heightened microbial
oxidative metabolism and overall soil biological activity
(Kumar et al., 2024). These enzyme-mediated processes
enhance the biogeochemical cycling of carbon, nitrogen, and
phosphorus. Thus, aquatic weed biochar can be an effective
amendment to restore soil biological functioning (Wang et
al., 2025).

5. Effects on Plant Growth and Productivity
5.1 Nutrient Availability and Uptake

Biochar derived from aquatic weeds supplies nutrients to
plants directly through its nutrient content and indirectly by
enhancing nutrient retention and reducing leaching losses
from soil (Figure 5).
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Figure 5. Effect of Aquatic Weed Biochar on Plant
Growth and Productivity

Because of its mineral-rich ash fraction and high surface
reactivity, aquatic weed biochar can increase the availability
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of major macronutrients, especially nitrogen (N), phosphorus
(P), and potassium (K), and enhance nutrient acquisition by
plants (Agegnehu et al., 2021). Biochar has a porous structure
and a high cation exchange capacity, which enhances its
ability to absorb and gradually releases essential nutrients
while minimizing their losses through runoff or percolation.
Thus, biochar can contribute to better nutrient management
(Liu et al., 2020). According to Hossain et al. (2022), soils
enriched with biochar retain the nutrients more effectively,
which enhances the foliar nutrient concentrations and total
uptake in different crops. Moreover, biochar-induced pH
modification can enhance phosphorus solubility and
micronutrients availability in acidic soils, thereby supporting
plant nutrition (Fidel et al., 2023).

5.2 Root Growth and Rhizosphere Interactions

The application of aquatic weed biochar improves soil
structure, soil aeration, and microbial activity, creating a
more favorable environment in the rhizosphere, which
directly impacts root growth and function. Many studies
show that biochar-amended soils generally increase root
length density, root biomass, and root surface area, which
enhances the exploring soil resources (Oladele et al., 2020).
Biochar has the potential to facilitate root-microbe
interaction by enhancing the habitation of beneficial
microorganisms and enabling closer spatial coupling between
roots and microbial consortia (Jaiswal et al., 2021). Improved
associations with plant growth—promoting rhizobacteria and
mycorrhizal fungi may enhance the mobilization of
phosphorus and nitrogen and the efficiency of water uptake.
(Xiang et al., 2024) indicates that the combined interaction of
these microbes enhances plant vigor under poor soil
conditions.

5.3 Crop Yield and Stress Tolerance

Research shows that crops can produce more biomass and
yield when grown in soils amended with aquatic weed
biochar. Cereal, legume, and vegetable crops have all shown
positive responses. Yield improvements have been reported
in rice, maize, mustard, and leafy vegetables, primarily due
to improved nutrient availability, better physical condition of
soil, and enhanced microbial functioning (Gao et al., 2021).
The use of biochar not only increases yield but also enhances
plant tolerance to abiotic stresses such as drought, salinity,
and heavy metals etc. Enhanced water retention and root-
zone moisture aid in drought stress mitigation, whereas
biochar sorption capacity decreases the bioavailability of
toxic metals such as cadmium and arsenic (Haider et al.,
2020). Moreover, the modifications brought about by
biochar in enzyme activity and physiology play a vital role in
stress tolerance and yield stability under adverse conditions
(Ali et al., 2023). The findings suggest that aquatic weed
biochar has the potential to be a multifunctional amendment
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that can improve crop productivity and sustainability in
stressed agroecosystems (Sohi et al., 2024).

6. Environmental and Socioeconomic Benefits

Making biochar from aquatic weeds can be an integrated
solution that reduces environmental problems, mitigates
climate change, and promotes socio-economic development.
The recycling of problematic biomass into a useful soil
improver provides co-benefits over and above agronomic
productivity (Figure 6).
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Figure 6. Environmental and Socioeconomic Benefits
of Aquatic Weeds Biochar

6.1 Sustainable Management of Invasive Aquatic Weeds

The problem of invasive aquatic weeds leads to significant
ecological and economic damage in biophysical and water
systems. Turning harvested aquatic weeds into biochar
provides a sustainable and eco-friendly approach. It can help
to manage weeds in a sustainable manner without the need
for repeated mechanical removal or chemical herbicide
application (Villamagna & Murphy, 2021). This approach
enables the removal of excess nutrients and biomass from
eutrophic water bodies. Furthermore, this prevents secondary
water pollution associated with improper biomass disposal
(Rezania et al., 2020). The production of aquatic weed
biochar aids integrated watershed management and
freshwater ecosystem health (Mashauri et al., 2024).

6.2 Carbon Sequestration and Climate

Mitigation

Change

The creation of biochar effectively preserves a significant
amount of biomass carbon in resilient aromatic structures,
facilitating carbon sequestration in soils for the long term
while helping to mitigate climate change (Woolf et al., 2021).
Biochar made from aquatic weeds is especially beneficial
from a climate perspective, as the feedstock biomass would

Munir et al. | December 2025 | VOLUME 6 | ISSUE 2

otherwise decompose and release greenhouse gases, such as
CO: and CHa4, which originate from rapidly cycling carbon
pools (Carey et al., 2022). Biochar systems based on invasive
biomass could be net in negative greenhouse gases, especially
when applied together with lower fertilizer inputs and
enhanced soil carbon retention (Cowie et al., 2021).
According to Zhang et al. (2022), applying biochar also helps
reduce the emission of nitrous oxide in soil, thereby
contributing to climate change mitigation.

6.3 Reduced Dependence on Chemical Fertilizers

Biochar derived from aquatic weeds helps improve soil
fertility and nutrient use efficiency and thereby reduces
fertilizer application. Biochar applications make soils more
nutrient-efficient, requiring less fertilizer for the same or
improved crop yield (Jeffery et al., 2020). This reduction will
reduce farmers’ production costs and cut down on nutrient
runoff and groundwater pollution resulting from excessive
fertilizer application (Laird et al., 2021). According to
Hansen et al. (2023), using biochar that is locally produced
from aquatic weeds could substitute for some of the imported
fertilizers, thereby improving agricultural self-sufficiency
and insulating smallholder farmers against market variability.

6.4 Circular Economy and Socioeconomic Impacts

The production of biochar from aquatic weeds demonstrates
a circular economic approach, turning an environmental
nuisance into an asset. This waste-to-resource pathway
enables biomass valorization, lowers the costs of disposal,
and opens opportunities to deploy decentralized biochar
production systems (Meyer et al., 2022). The implementation
of such systems could generate rural employment, promote
small-scale enterprises, and build local capacity for
sustainable land management (Kwapong et al., 2024). From
a global perspective, biochar projects based on aquatic weeds
align with several UN Sustainable Development Goals
(SDGs), including SDG 6 (Clean water and Sanitation), SDG
12 (Responsible Consumption and Production), SDG 13
(climate action) and SDG 15 (life on land) (UNEP, 2023).
The aquatic weed biochar is a scalable, low-cost, and socially
inclusive solution for the remediation of the environment
while enhancing agricultural productivity and socioeconomic
benefits.

7. Challenges and Limitations

Biochar produced from aquatic weeds has considerable
agronomic and environmental potential. Several technical,
environmental and knowledge-based limits must be
overcome before it can be applied safely and widely (Figure
7).

7.1 Variability in Feedstock Composition

Aquatic weed biochar faces challenges due to the high
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variability of feedstock composition. This is due to species
differences, growth conditions, water chemistry, and
seasonality (Enders et al., 2020). Aquatic weeds do not have
a standard layering of woody biomass. As a result, they
accumulate nutrients and minerals with different substances
in a heterogeneous manner. The biomass typically produces
biochars which have varied physicochemical properties
(Leng et al., 2021). Due to this variability, soil behaviour
cannot easily be predicted, and agronomic outcomes cannot
be replicated across sites and cropping systems (Wang et al.,
2022).
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Figure 7. Challenges and Limitations of Aquatic
Weeds Biochar

7.2 Potential Contamination and Environmental Risks

Weeds in heavily polluted water bodies may accumulate
harmful elements that are toxic, such as heavy metals
cadmium, lead, arsenic, and chromium. The contaminants
may accumulate in the biochar, which can cause problems
when in agricultural soils (O’Connor et al., 2021). Biochar
can immobilize metals, but the wrong application or long-
term accumulation by the soil could increase the risk of
contamination and transfer to the food chain (Zhao et al.,
2023). As a result, strict screening of feedstock and post-
production quality control is necessary to reduce production
environmental and human health hazards (Bolan et al., 2022).

7.3 Knowledge Gaps in Long-Term Field Performance

Most of the aquatic weed biochar studies have been done in
laboratory, short-term pot, and greenhouse experiments with
limited data from long-term field trials. Consequently, it
remains uncertain how long biochar will influence soil
structure, nutrient cycling, microbial communities, and crop

Plant and Environment
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productivity over multiple seasons (Spokas et al, 2020). The
interactions between biochar, native organic matter, and
practices such as fertilization and irrigation are poorly
defined in the long term (Joseph et al., 2021). As per Luo et
al., (2024) the lack of long-term agricultural studies on trade-
off impacts limits the accuracy of predictions regarding
biochar performance.

7.4 Uncertainty in Optimal Application Rates and
Management

Choosing the optimal biochar application rate remains
challenging, as both plant and soil responses are contex-
dependent. Applications that are too high may cause nutrient
imbalances, excessive alkalinity, or undesirable impacts on
soil microbial functioning. If application rates are too low,
they may not achieve measurable effects (Borchard et al.,
2021). In addition, the complexity of creating universal
application guidelines (Feng et al., 2024) arises from
interactions between biochar, fertilizers, irrigation regimes,
and soil texture. Farmers do not adopt recommendations
without clarity and specificity.

7.5 Need for Standardization and Risk Assessment

The safe use of aquatic weed biochar is limited by the lack of
unavailability of standardized production protocols, quality
specifications, and regulations. According to Singh et al.
(2020), changes in pyrolysis temperature, residence time, and
feedstock processing result in biochars with widely varying
properties and performances. Broad risk assessment
frameworks such as life cycle analysis, ecotoxicological
testing, and long-term soil impact monitoring are key to
ensuring environmental safety and building stakeholder
confidence (Shackley et al., 2021; Hale et al., 2022).

8. Future Research Directions

There is growing evidence supporting the agronomic and
environmental benefits of aquatic weed—derived biochar.
Significant knowledge gaps exist that need to be filled for
consistent and large-scale application. In the future, long-
term field-based studies that assess biochar performance in
diverse soils, climates, and cropping systems need to be
conducted. Research of this nature remains important for
continued monitoring of soil structure improvement, nutrient
cycling, microbial activity, and increased crop productivity,
both during the growing season and over longer-term field
trials. More focused studies should investigate the impact of
aquatic weed biochar in combination with other soil
amendments, especially mineral fertilizers, composts, and
organic residues. Through synergistic combinations, biochar
use and fertilizer input efficiency can be maximized, along
with improvement in soil health benefits. However, these
interactions are very context-specific, and systematic
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assessments are required to optimize the combination of the
amendments and the application strategy for various
agroecosystems. Molecular and omics-based techniques have
advanced enough to assist in clarifying biochar—-microbe—
plant interactions. In the future, metagenomics,
metatranscriptomics, and metabolomics studies can elucidate
how microbial community structure, functional genes, and
the molecular transformation of nutrients are influenced by
aquatic weed biochar. The mechanistic understanding will
improve, and support biochar formulations aimed at specific
soil and crop requirements. Simultaneously, complete life-
cycle evaluation and techno-economic assessments are
required to evaluate the environmental footprint, economic
feasibility, and scalability of biochar production systems
using aquatic weeds. Assessments should consider biomass
harvesting, pre-processing, pyrolysis conditions,
transportation, and application in the field, as well as joint
products and ecosystem services. Recognizing the trade-offs
among costs, carbon impact, and farming practices can help
guide informed policy support and investment decisions. By
working together on this research agenda, we can build a
stronger scientific basis for the use of aquatic weeds in
biochar. We can generate practical guidelines for land
managers and facilitate the transition towards sustainable
agriculture and circular bioeconomy.

9. Conclusion

Biochar derived from aquatic weeds is a multifunctional soil
amendment that improves soil structure, microbial activities,
and plant growth. The use of invasive aquatic biomass for
biochar production may promote soil enhancement and
facilitate ecosystem restoration and circular bioeconomy. In
addition to providing agronomic benefit, it helps sequester
carbon and reduce practical guidelines for land managers.
Nevertheless, standardizing production methods, optimized
application strategies, and long-term field validation are
needed for wider adoption. To discover even more
possibilities of aquatic weed biochar, continuous
interdisciplinary research is essential.
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improvements in soil health and ecosystem stability align
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