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Abstract

Biochar can improve soil health and fix CO, by altering soil microenvironment, thus impacting the global carbon
cycle and the change of soil ecological environment. Recent studies show that cotton byproduct-derived bio-

charis a potential effective amendment for soil improvement so that it could play an important role in agricultural
and environmental conservation. In this work, research topics on cotton byproduct-derived biochar in soil in last
decade and so are systematically reviewed for better understanding of the progresses of cotton byproduct-derived
biochar in (i) the morphologic and physicochemical characterization, (i) latest research hotspots and trends, (iii)

the roles in soil reclamation, and (iv) relevant carbon sequestration mechanisms. Finally, the future research directions
regarding cotton byproduct-derived biochar mingled to soil environment are discussed. Insight derived from this
work would provide scientific basis for promoting more applications of cotton byproduct-derived biochar in soil eco-
logical restoration and carbon fixation.
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Introduction

Biochar, a recalcitrant, carbon (C)-enriched solid prod-
uct from the pyrolytic treatment of biomass materi-
als, has demonstrated a promising soil amendment for
enhancing soil health, carbon sequestration, and con-
tamination remediation [1-3]. Globally, natural soil is
the largest terrestrial carbon pool, sequestering more
than 3.5 x 10'2 tons of carbon in the form of soil organic
matter. The amount of carbon stored in soil is approxi-
mately three times of that found in the atmosphere
(primarily as CO,) and five times of that preserved in
all the terrestrial plants [4]. Soil carbon sequestra-
tion is recognized as an essential and effective method
within the broad spectrum of climate change mitiga-
tion strategies [5]. In response, a recent global initiative
has set an ambitious objective to annually increase the
global soil organic matter content by 0.4%, a measure
that significantly contributes to mitigating greenhouse

gas emissions [6]. Therefore, in the face of increasingly
serious global issues such as climate change, environ-
mental pollution, and soil erosion, using biochar for
soil remediation and carbon sequestration presents a
highly promising approach [7-11]. Since 2010, there
has been a rapid increase in the publication of biochar
research [12]. Over this time and in trial bases, biochar
has been extensively used in various. The main areas of
research focus on biochar production [13], its impact
on global climate change [14], soil quality and plant
growth [15], organic pollutant removal [16], and heavy
metal immobilization [17]. More recently, biochar has
gained special attention for composting organic solid
waste [18—20]. Additionally, research has also been on
improved pyrolytic reactors such as microwave reac-
tors, fixed-bed reactors, screw-feeding reactors, bub-
bling fluidized bed reactors, and technologies like solar
pyrolysis, the Thermo-Catalytic Reforming process,



Tao et al. Environmental Sciences Europe (2024) 36:79

and liquefaction technology. These are being exten-
sively studied for their efficiency in energy production
and the modification of biochar for environmental
remediation [21].

Cotton (Gossypium spp.) is a global crop grown pri-
marily for fiber used in the textile industry [22]. In
addition to the target product fiber, cotton produc-
tion also results in a number of biomass byproducts
including cotton stalk, cotton husks, cotton gin waste
(trash), cottonseed, cottonseed hulls, and cottonseed
meal [23-26]. Cotton byproduct-derived biochar has
several advantages, including increased crop yields
and reduced fertilizer requirements [27], soil carbon
sequestration [28], and soil remediation [29]. Recent
studies have led to the development of a porous and
multifunctional biochar from medical waste cotton
using an acid—base modification method [30]. Adding
the biochar into an acrylate-based hydrogel through
free radical polymerization created a composite mate-
rial featuring chitosan and ethylenediaminetetraacetic
acid (CS/EDTA/CBC). This technique enhanced both
the adsorption capacity of cotton waste-derived bio-
char and the structural stability of the hydrogel. Studies
have shown that this composite material is highly effec-
tive in adsorbing pollutants like Pb*", Cu**, and meth-
ylene blue, outperforming many known adsorbents
[30]. Moreover, research on applying biochar made
from cotton waste to cotton fabrics has revealed that
this method improves fabric performance, enhances
moisture transfer and drying properties, and effec-
tively masks odors [31]. This innovative method dem-
onstrates a sustainable way to recycle cotton waste. So
far substantial research has been conducted to develop
functional biochars from cotton byproducts and assess
the potentials of cotton byproducts-derived biochar
as a soil amendment for enhancing carbon sequestra-
tion and soil contamination remediation. This article
aims to review the related research findings and pro-
vide guidelines for better valorizing cotton byproducts
through specialty biochar development.

This review focuses on cotton byproduct-derived bio-
char and its efficacy on soil remediation and carbon
sequestration for agricultural and environmental appli-
cations. Four aspects were highlighted: (i) surface mor-
phology and physicochemical characteristics of cotton
byproduct-derived biochars, (ii) research hotspots and
development trends of cotton byproduct-derived bio-
char products in recent years, (iii) the roles of cotton
byproducts-derived biochar in soil reclamation, and (iv)
the mechanisms of cotton byproduct-derived biochar
for facilitating soil carbon sequestration. Future research
directions regarding cotton byproduct-derived biochar in
soil environments were also outlooked.
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Data acquisition and methods

CiteSpace (Version 6.2) was used to procure the litera-
ture information. The software, renowned for uncover-
ing emerging trends in scientific research, encompasses a
broad spectrum of functions, such as analyzing coopera-
tion networks across authors, institutions, or countries,
examining the co-occurrence of keywords or Web of Sci-
ence categories, and delving into co-citation analysis of
both literature and authors [32, 33].

A total of 311 scientific articles were retrieved from
the Web of Science (WOS) Core Collection. The search
topic was “Cotton stalk biochar OR Cotton seed biochar
OR Cotton derived biochar OR Cotton based biochar OR
Cotton waste biochar OR Cotton residue biochar” The
data were considered valid if it appears in the following
three fields including abstract, keywords, and the title of
a downloaded record.

Characteristics and hotspot analysis of cotton
byproduct-derived biochar

The earliest study on cotton byproduct-derived biochar
was published in 2010. This research confirmed that soil
amendment with cotton stalk-derived biochar may be
applied as an in situ remediation technique to minimize
pesticide residues in agricultural produce from con-
taminated soils [34]. As shown in Fig. 1, the number of
publications and citations retrieved from the WOS core
collection exhibited a rapid growth from 2010 to 2023.
The total number of publications on cotton byproduct-
derived biochar increased from only one in 2010 to 68 in
2022. This increase corresponds to the rising interest in
biochar as a research subject in the scientific community,
a trend further highlighted by the total citations reaching
2056 in 2022 [21].

According to the analysis of WOS search results,
research on the cotton byproducts-derived biochar is dis-
tributed in 55 countries or regions. Cotton is a cash crop
globally cultivated, with four main cultivated species
including Gossypium herbaceum, Gossypium arboreum,
Gossypium hirsutum, and Gossypium barbadense [35]. As
shown in Fig. 2, China has published 179 papers, rank-
ing first in terms of publication volume, accounting for
57.56% of the total publication volume, indicating that
China played a significant role in cotton byproduct-
derived biochar research. That might be attributed to
the fact that China is a large agricultural country, where
agriculture has an important and strategic position [36].
In 2018, China’s cotton yield reached 6.013 million tons,
generating a direct annual revenue of 9.574 billion Chi-
nese yuan (~ US$1.5 billion) [37]. Research indicates that,
based on the STIRPAT model’s predictions, China’s cot-
ton production could reduce nitrogen emissions by as
much as 54,430 metric tons by 2050 compared to 2018
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Fig. 1 Citations and publications of articles on cotton byproduct-derived biochar from 2010 to 2023
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Fig. 2 World map of publication volume by country

levels, reducing fertilizer input and improving fertilizer = 12.54% of the total publication volume. The USA follows
utilization are the main measures for China’s cotton to  closely behind in third place with 30 publications, con-
achieve low nitrogen production [38]. Pakistan secures tributing 9.65% to the overall publication volume. India,
the second position with 39 publications, constituting
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Saudi Arabia, Brazil, Egypt, Australia, Canada, Turkey,
and others followed.

China has played an important role in the coopera-
tion network and has close cooperation most with other
countries. By comparing intermediary centrality, it is
found that China (centrality of 0.72) ranks highest in cen-
trality, followed by Pakistan (centrality of 0.41), the USA
(centrality of 0.27), indicating that these countries have
made significant contributions to research in this field.

There were 311 articles published about cotton
byproduct-derived biochar during 2010-2023. Figure 3
describes the network of the main keywords. Some nodes
have purple rings around their outer edge indicating the
high betweenness centrality of this field. Based on the
analysis of the literature, the frequent occurrence of these
keywords highlights significant trends and focal points in
current environmental science research. In the network
map of cotton byproduct-derived biochar, the five most
frequently occurring terms in descending order are bio-
char, biomass, adsorption, cotton stalk, and carbon.

The term “biochar” is an abbreviation of “biochar coal”
and was officially coined and adopted at the first Inter-
national Biochar Conference held in Australia in 2007
[21]. Biomass represents a renewable resource that is
gaining attention for its potential to be transformed into
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value-added products, especially for reducing reliance
on fossil fuels and promoting a circular economy [39].
Adsorption technology is pivotal for purifying water and
soil by removing toxic heavy metals and organic pol-
lutants. The extensive research into adsorption reflects
a continuous demand for improving the efficiency of
adsorbents and for developing new materials [27, 40].
Cotton stalk, as an abundant agricultural waste, are being
researched for conversion into biochar, indicating an
exploration into value-added utilization of agricultural
byproducts [41]. Carbon, due to its superior adsorption
capacity, making it central to environmental engineering
applications [8].

Figures 4 and 5 show a clustering knowledge graph
based on keyword co-occurrence, with the clustering
algorithm being Log-likelihood rate (LLR). The clusters
identified within the field delineate key directions of
research. Cluster #1 “Cotton byproduct-derived Biochar”
and Cluster #0 “Biochar Yield” underscore the focus on
the sources and production of biochar. Cluster #2 “Soil
Remediation” demonstrates the application of biochar
in soil health and restoration, while Clusters #3 “Modi-
fied Biochar” and #5 “Adsorption Mechanism” reflect
researchers’ efforts to enhance the functionality of bio-
char, particularly its adsorptive capacity and catalytic
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Fig. 3 Network map of cotton byproduct-derived biochar research during 2010-2023
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roles as indicated by Cluster #4 “Catalytic Efficiency”
Cluster #6 “Carbon Sequestration” and #9 “Environmen-
tal Benefits” highlight the potential of biochar in con-
tributing to climate change mitigation, especially in its
relevance to the carbon cycle and the reduction of green-
house gas emissions. Cluster #7 “Biochar Morphology”
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emphasizes the importance of investigating the physical
properties of biochar, crucial for its application in envi-
ronmental management. Cluster #8 “Moisture Regula-
tion” suggests the practical value of biochar in managing
soil moisture and its use in agricultural applications.
In summary, the keyword clustering map not only
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Fig. 6 Double-map superposition of documents

demonstrates the multidisciplinary nature of biochar
research but also accentuates its potential applications in
the domain of environmental science and engineering.

Discipline correlation analysis is a crucial step in cor-
relating cited literature with the appropriate discipline.
This process not only facilitates the identification of the
development trajectory of a discipline but also enables
scholars to comprehensively comprehend the citation
patterns [42]. The double-map overlay presented in Fig. 6,
generated using CiteSpace, demonstrates the interdisci-
plinary nature of biochar research, particularly showing
strong connections between various scientific disciplines.
In this image, prominent citation pathways from jour-
nals in disciplines such as “Veterinary, Animal, Science”
and “Ecology, Earth, Marine” to foundational research
in “Environmental, Toxicology, Nutrition” and “Molecu-
lar, Biology, Genetics” are evident. This indicates a rich
exchange of knowledge across these fields, reflecting the
role of biochar in bridging environmental strategies with
the biological and chemical sciences.

Cotton byproduct-derived biochar surface
morphology

Analysis of the morphology of cotton byproduct-derived
biochar

Pyrolysis is a thermochemical processing technique used
predominantly to convert biomass byproducts into bio-
char. Typically, slow pyrolysis yields more biochar, while
fast pyrolysis generates more pyrolysis bio-oil as the tar-
get product [43, 44]. In addition to the modes of pyroly-
sis, temperature is also a key factor influencing the yield
and physicochemical properties of the biochar prod-
ucts [45, 46]. Studies have shown that the morphologi-
cal characteristics of cotton byproduct-derived biochar
play a crucial role in determining its functionality across

7. Psvcygkggﬁomygézmﬁ&?%mm

a range of applications, such as soil health enhance-
ment, pollutant removal, and carbon sequestration [47].
Researchers have found that the porosity and the specific
surface area are vital attributes determining the effec-
tiveness of biochar for achieving environmental benefits.
The porous structure of cotton stalk biochar, as identi-
fied by scanning electron microscopy (SEM) techniques,
enhances its adsorption capacity for gases and molecular
contaminants [48]. Further studies using SEM techniques
have revealed detailed information about the internal
structure of cotton byproducts-derived cotton, includ-
ing the identification of micro and macropores crucial for
its functionality. The distribution and size of these pores,
along with the surface roughness, significantly impact the
adsorption efficiency of biochar in specific applications
[49]. For instance, in soil amendment, the microstructure
of biochar influences its interaction with soil microbes
and plant roots, affecting its efficacy on enhancing soil
health [50]. Additionally, SEM combined with Energy-
Dispersive X-ray Spectroscopy (EDX) provides a compre-
hensive understanding of the elemental composition of
cotton byproducts-derived biochar. This analysis is cru-
cial for assessing its suitability in applications like heavy
metal adsorption from contaminated soils or in improv-
ing soil nutrients [51]. In conclusion, understanding the
intricate morphology of cotton byproduct-derived bio-
char through SEM analysis is fundamental to optimizing
its application in environmental and agricultural settings.
The insights gained from these studies underscore the
material’s versatility and potential in sustainable environ-
mental practices.

The morphological characteristics of cotton byprod-
ucts-derived biochar have profound implications for
its applications in both environmental and agricul-
tural fields. A recent study demonstrated the efficacy
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of cotton byproduct-derived biochar for soil remedia-
tion, linking its success to its unique morphological
traits [52]. The study emphasizes the importance of
porous structure of biochar, surface area, and chemical
composition in enhancing soil fertility and structure,
as well as in its capacity to adsorb pollutants. The high
surface area and porosity of biochar make it an excel-
lent material for capturing and storing atmospheric
carbon, thus contributing significantly to mitigating
the impacts of climate change. This study highlights
the role of biochar in sustainable environmental prac-
tices, showcasing its versatility in addressing both soil
health and carbon storage challenges. Furthermore, the
application of biochar in agriculture extends beyond
soil amendment. Studies have shown that biochar can
improve water retention, nutrient availability, and even
serve as a habitat for beneficial soil microorganisms
[53, 54]. These attributes, as revealed through SEM
analysis, contribute to the ability of biochar to promote
plant growth and increase crop yields. The illustration
demonstrates how the physical and chemical properties
of biochar, tailored through specific production pro-
cesses, can be optimized to meet the diverse needs of
agricultural applications [26].
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Analysis of the morphology of cottonseed biochar
Mill-scale produced cottonseed meal was provided by
Cotton, Inc. (Cary, NC, USA) and was used as the bio-
mass material for pyrolysis. The cottonseed meal was
converted to biochar and bio-oil using a custom-made
benchtop pyrolyzer consisting of a furnace, a pyroly-
sis reactor (a 3.78-L iron container with a side vent and
movable lid), a condenser, and a bio-oil collector. For the
conversion of cottonseed meal to biochar, a slow pyroly-
sis process was utilized, achieving a peak temperature of
600 °C [55].

Figure 7 shows a sample of cottonseed meal that has
not undergone high-temperature pyrolysis, featuring
distinct fibers and shell-like substances. However, there
is an absence of micro-pores or striated structures typi-
cal of biochar, and no surface fragmentation is observed.
Figure 8 presents a biochar derived from the cottonseed
meal through 600 °C slow pyrolysis, where dense pore
channels with a diameter of approximately 50 pm are
clearly visible in both cross-section and profile views,
with notable surface fragmentation in some areas.

The cottonseed meal samples distinctly exhibit the
original microstructure of the biomass. As they have
not been subjected to pyrolytic degradation, their sur-
faces are predominantly rough and dense biomass shells
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Fig. 7 SEM images of defatted cottonseed meal powder (Feng et al. unpublished data). Refer to Ref. [55] for the composition information

of the meal sample
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Fig. 8 SEM image of defatted cottonseed meal biochar products (Feng et al. unpublished data). Refer to Refs. [58, 59] for the preparation of these
biochar products
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without regular microstructures. The surface of the
derived biochar displays evident continuous pore chan-
nels. This not only preserves the original framework
but also significantly increases the specific surface area
of the biomass. This could potentially enhance adsorp-
tion capabilities and provide space for the attachment
of microorganisms, which may be beneficial for studies
in environmental microbiology. A significant correlation
was seen between surface area and total pore volume
[56]. Generally, a high surface area is considered benefi-
cial for biochar when used for soil amendments. Previous
studies have reported high surface areas and porosities in
coconut shell biochar, suggesting its strong water reten-
tion properties and potential as a habitat for microbial
communities [57]. However, the higher pyrolysis tem-
perature leads to severe surface fragmentation in certain
areas of the derived biochar, suggesting the potential for
optimizing pyrolysis temperature conditions to achieve
better outcomes.

As presented in Table 1, cottonseed hull biochar and
cotton stalk biochar exhibit significant physicochemi-
cal property changes at different pyrolysis temperatures.
With the increase in temperature, the yield of both types
of biochar gradually decreases, a result that is corrobo-
rated by findings in other studies [60, 61]. Additionally,
biochar surface roughness and pore structure character-
istics were significantly influenced by the pyrolysis tem-
perature. Simultaneously, the carbon content rises with
temperature, reflecting the volatilization of non-carbon
elements and an increase in the degree of carboniza-
tion during the pyrolysis process [62]. Furthermore, the
decrease in H/C and O/C ratios suggests that the struc-
ture of biochar is evolving towards increased stability and
aromatization [63]. The increase in surface area indicates
a significant improvement in the porous structure of the
biochar as the pyrolysis temperature increases, which
may positively impact its application performance [64].
Opverall, these changes reflect the significant influence of
temperature on the characteristics of biochar, providing
guidance for optimizing the production and application
of biochar.

The role of cotton byproduct-derived biochar

in soil reclamation

Research has indicated various significant roles of cot-
ton byproducts-derived biochar in agricultural and envi-
ronmental conservation. Scholars explored the impact
of cotton stalk-derived biochar on plant growth and
the microbial activity in soils contaminated with PVC
microplastics [67]. Their findings demonstrated that
biochar addition significantly increased the dry matter
production of plants and effectively reduced the nega-
tive impacts of PVC microplastics on soil enzymes and
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microbial communities, aiding in maintaining soil micro-
bial function stability [67].

Further, a new study revealed that cotton stalk-derived
biochar, when used as a soil amendment, is instrumen-
tal in enhancing soil restoration. It primarily functions by
elevating the levels of key nutrients like organic carbon,
available phosphorus, and potassium in the soil. Despite
the minimal impact of cotton stalk-derived biochar on
soil water retention, its application has demonstrated
overall positive effects on soil quality and cotton growth
[68]. Investigations through field experiments assessed
the impact of cotton stalk and the derived biochar on
cotton yield and the transformation of nitrogen fertiliz-
ers into soil organic nitrogen components. Their studies
revealed that biochar amendment was more effective for
increasing soil total nitrogen, apparent nitrogen recovery
rate, and cotton yield as compared to raw cotton stalk.
Long-term biochar application notably enhanced the
nitrogen utilization efficiency and cotton yield, facili-
tating the conversion of nitrogen fertilizer into organic
nitrogen in the soil and improving its stability in drip-
irrigated cotton fields [69].

Research focused on converting cotton waste from the
textile industry to phosphorus-doped biochar for remov-
ing dyes from textile wastewater and recycling the used
biochar as a soil amendment. Their findings indicated
that compost made from cotton-derived biochar effec-
tively aids soil reclamation and promotes plant growth.
The recycled biochar displayed a carbon content of
83.6%. After 45 days, a compost product stable in pH,
electrical conductivity, C/N ratio, and ammonium nitro-
gen content was harvested. The developed compost,
when used as a soil conditioner, significantly enhanced
the growth of tomato plants [70]. A study emphasized
the potential of cotton-derived biochar as a soil amend-
ment in dryland agriculture. Their research indicated that
the effects of biochar on plant growth, root development,
and nitrogen-fixing nodulation varied depending on fac-
tors such as plant species, soil type, moisture conditions,
and application rate. Particularly in sandy soils, biochar
moderately improved soil water retention [71].

Furthermore, the utility of cotton byproduct-derived
biochar extends to soil remediation, especially in contexts
contaminated with heavy metals. It has been found that
biochar produced from waste cotton effectively remedies
soils contaminated with heavy metals, offering a feasible
method to mitigate heavy metal threats to crops [72].
In addition, findings suggest that biochar derived from
cotton stalks considerably lowers the availability of Cd
in contaminated alkaline soils, assisting in reducing the
negative impacts of heavy metals on cotton crops [73].
Moreover, research indicates that biochar made from
sewage sludge and cotton stalks effectively immobilizes
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Pb, Cu, and Zn in sandy loam soils, lessening their avail-
ability to plants [74].

In conclusion, these studies collectively showcase the
vast potential of cotton-derived biochar for enhancing
agricultural productivity and environmental protection,
highlighting its role as an efficient soil amendment and
its contribution to the principles of circular economy and
sustainable development.

Benefits and mechanisms of carbon sequestration
by biochar

In the realm of sustainable agriculture and environmen-
tal conservation, extensive research has been conducted
to explore the multifaceted benefits of biochar. This sec-
tion summarizes key findings from several studies, high-
lighting the diverse applications and impacts of biochar
on soil properties, including improvement in soil struc-
ture and fertility [75], enhancement of root development
and yield in plants [76], and mitigation of climate change
through carbon sequestration [77].

Some studies focused on the effects of pyrolysis tem-
perature on the physicochemical properties of biochar
and its subsequent application in soil. It was observed
that biochar produced at different pyrolysis temperatures
exhibit varied effects on soil improvement [78]. Notably,
the study found that these variations in biochar proper-
ties significantly contribute to soil carbon sequestration,
thereby enhancing the ability of soil to capture and store
carbon effectively. This finding underscores the impor-
tance of optimizing pyrolysis conditions to maximize
environmental benefits of biochar. Another significant
piece of research examined the impact of biochar amend-
ment on the physical and chemical properties of saline
soils, as well as on rice growth. The use of cotton stalk-
modified biochar resulted in enhancing both the physical
and chemical properties of soil through improvements
in Electrical Conductivity (EC), Exchangeable Sodium
Percentage (ESP), Cation Exchange Capacity (CEC),
Soil Organic Carbon (SOC), Bulk Density (BD), and soil
porosity. Data showed significant increases in grain/straw
yield with cotton stalk-modified biochar amendments,
with maize showing increases of 34.15% and 29.82%, and
wheat showing increases of 25.11% and 15.03%, respec-
tively, compared to the control. Moreover, biochar not
only promotes rice growth in these challenging condi-
tions but also aids in carbon sequestration within the
soil, making it a viable strategy for enhancing agricultural
productivity while also contributing to environmental
protection [41].

Further research [76] evaluated the effects of differ-
ent biochars on seed germination and seedling growth
of wheat. This study demonstrated that the application
of biochar can markedly enhance the growth of wheat,
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from germination through to the seedling stage. Addi-
tionally, the study pointed out the positive role of bio-
char in soil carbon sequestration, suggesting that its
use in wheat cultivation could be an effective approach
for both improving crop yields and mitigating cli-
mate change impacts [76]. In a study focusing on cot-
ton straw-derived materials, researchers investigated
their impact on native soil carbon mineralization. The
findings were significant, showing that these cotton
straw-derived biochar could slow down the carbon
mineralization process in the soil. This ability to hinder
carbon mineralization is crucial for carbon sequestra-
tion, as it prevents the rapid release of carbon back into
the atmosphere, thereby contributing to long-term car-
bon storage in soils [27].

Lastly, the prospects of cotton byproduct-derived bio-
char for sustainable agriculture and mitigating climate
change were thoroughly explored in a comprehensive
study. This research highlighted that the role of biochar
extends far beyond just improving soil quality. It empha-
sized the significant contributions of biochar to carbon
sequestration and its potential to reduce greenhouse gas
emissions. This study valorized cotton biomass com-
ponents in making biochars for sustainable agricultural
practices and its potential as a key player in efforts to
combat climate change [79].

According to existing research on evaluating the car-
bon sequestration potential of biochars, the method
calculates the amount of carbon from the feedstock
expected to remain in the soil long-term after conversion
to biochar and its addition to the soil [80]. This calcula-
tion is achieved through an equation that incorporates
several key parameters: the mass of the feedstock (M)
in grams, the yield of biochar (C;) as a percentage of the
original mass, the carbon content of the produced bio-
char (CC,), the recalcitrance index (Rs,) assessing the
biochar’s stability or resistance to decomposition, and
the carbon content of the feedstock (CF). Slow pyrolysis
at 600 °C was undertaken to determine how yields and
characteristics of biochars differ when produced from
different agricultural residues.

As shown in Table 2, the carbon content in the raw
material of cotton stalk biochar is 46.0%, which increases
to 83.2% in the biochar after pyrolysis, showing a car-
bon sequestration potential of 23.8%. This indicates that
cotton stalk biochar has a stronger carbon sequestra-
tion potential compared to straw biochar. The carbon
sequestration potential of rice husk biochar is 26.0%, and
coconut shell biochar shows the best performance with a
potential of 28.7%; suggesting that different types of bio-
chars may have better carbon sequestration capabilities.
Therefore, it is meaningful to explore cotton byproduct-
derived biochar in future research.
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Biochar type Biochar Oil yield (%) Gas yield (%) C (%)-biochar C (%)-feedstock Rs Carbon
yield (%) sequestration
potential (%)
Cotton stalk 28.0 536 184 83.2 46.0 0.50 238
wheat straw 30.3 50.0 17.6 753 48.1 046 213
Coconut fibre 30.8 47.8 25.1 82.6 447 049 26.8
Rice husk 39.0 335 218 54.5 425 0.54 26.0
Coconut shell 28.2 437 28.1 93.9 526 0.59 28.7

In conclusion, these studies collectively illustrate the
diverse applications and benefits of biochar in agricul-
ture and environmental conservation. Ability of these
biochars to improve soil quality, enhance plant growth,
and contribute to carbon sequestration and greenhouse
gas reduction highlights its potential as a multifunctional
tool for sustainable agriculture and a viable solution for
climate change mitigation.

Conclusion and future prospects

Cotton byproduct-derived biochar is a new research
field in the recent decade. There is considerable poten-
tial to use this material for soil restoration and carbon
sequestration. Previous reports concentrate on charac-
terizing cotton byproducts-derived biochar and evalu-
ating the effects of biochar amendments on soil health
and plant growth. Worldwide, the production and use
of cotton byproducts-derived biochar and its contribu-
tion to carbon sequestration are still at the fledging stage.
Meanwhile, the environmental functions and benefits of
cotton byproducts-derived biochar have not been fully
understood. Therefore, further research and field trials
are required to improve application techniques, identify
potential drawbacks, and optimize its utilization in vari-
ous agricultural and environmental settings. Ongoing
research is imperative to comprehensively understanding
its potential advantages, environmental implications, and
optimal application methods.

Future research challenges and considerations encom-
pass studies on the bioavailability of nutrients in cot-
ton byproduct-derived biochar and its effects on plant
growth. Additionally, there is a need for long-term inves-
tigations to validate the impact of biochar application on
soil health, plant productivity, and carbon sequestration.
Furthermore, assessing the environmental consequences
of large-scale biochar production and application, includ-
ing energy inputs and associated emissions, is crucial.

It is suggested to study the whole supply chain of cot-
ton byproducts-derived biochar, its effects on soil, crops
and carbon cycle, and the functioning mechanisms. It is
critical to form a systematic and comprehensive cotton

byproducts-derived biochar research system to guide
the commercial production and field application of
this specialty soil amendment. Furthermore, it is sug-
gested to establish a physicochemical property param-
eter database of cotton byproducts-derived biochar to
compare the effects and differences of other types of
biochar on soil remediation and carbon sequestration,
which may provide guidance for the study of detailed
parameters of biochar and the formulation of relevant
standards. Finally, future research may have highlights
on strengthening the selection and combination of dif-
ferent raw materials, improving the target properties of
cotton byproduct-derived biochar, forming a series of
products, achieving the maximum utilization of cotton
byproduct-derived biochar efficacy, helping soil ecolog-
ical restoration, and promoting global carbon reduction
and carbon fixation synergies.
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