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ABSTRACT

Improper disposal or burning of mulberry residues, contributes to the release of harmful
greenhouse gases like carbon dioxide (CO2) and methane (CH4), exacerbating the global
climate crisis. Biochar is a form of charcoal produced from biomass through a process called
pyrolysis, where the material is heated in limited or no oxygen conditions. It is a highly
beneficial material for enhancing soil fertility, sequestering carbon, and providing various
other advantages. Converting organic waste, such as mulberry residues, into biochar through
pyrolysis process holds great potential for increasing carbon sequestration, minimizing
agricultural waste, and enhancing soil quality.

INTRODUCTION

ulberry, known for its silkworm of residues from mulberry cultivation,
rearing utility, provide a variety of particularly those generated during silkworm

biomass resources, such as
branches, shoots, leaves, stalks, and fruits
which makes them prolific producers of
renewable biomass. However, the management
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rearing, finds significant challenges. For
instance, pruned mulberry shoots, leaves, and
disinfectant-laden silkworm bed waste are
often  discarded, Ileading to potential
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These
decompose slowly and can harbour harmful
pathogens, posing a threat to subsequent crop
cycles. According to estimates by the Food

environmental  hazards. materials

and Agriculture Organization (FAO), a single
hectare of mulberry farming generates
approximately 12 metric tons of waste
annually, including leaves, stalks, silkworm
litter, and soft twigs. Farmers used to burn this
waste for accelerating decomposition and
minimize the risk of infections. Unfortunately,
this method not only increases greenhouse gas
emissions but also results in the loss of
essential nutrients and valuable biomass that
could otherwise benefit soil health.

Improper disposal or burning of mulberry
residues, contributes to the release of harmful
greenhouse gases like carbon dioxide (CO2)
and methane (CH4), exacerbating the global
climate crisis. However, innovative waste
management techniques, such as pyrolysis and
anaerobic  digestion, offer = promising
alternatives. These processes not only facilitate
the recovery of energy from waste but also
contribute to the establishment of a complete
nutrient cycle, which supports environmentally
friendly farming practices. Pyrolysis, in
particular, has garnered attention for its ability
to convert biomass into biochar, a stable
carbon-rich product that can be used as a soil
amendment. This process offers a threefold
benefit in addressing climate change: it allows
for the long-term storage of carbon in soils,
reduces CO2 emissions, and mitigates methane

emissions.
Recycling of mulberry stalks

Mulberry stalks and leaves, often discarded as
waste, can be transformed into a valuable
resource, biochar. through pyrolysis. This
process involves heating organic materials in a
low-oxygen environment, resulting in the
formation of biochar, bio-oil, and syngas. The
yield and characteristics of biochar are
influenced by several factors, including the
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feedstock type, pyrolysis temperature, heating
rate, and residence time. Biochar produced at
higher temperatures tends to have a higher
fixed carbon content, greater recalcitrance, and
increased hydrophobicity and aromaticity.
Additionally, the pH of biochar typically
increases with pyrolysis temperature, making
it more alkaline. Conversely, biochar yield,
electrical conductivity, cation exchange
capacity, and the contents of nitrogen,
hydrogen, and oxygen tend to decrease as
pyrolysis temperature rises. These properties
can be tailored to suit specific agricultural or
environmental applications (Chandra et al.,
2019).

Biochar production

Biochar production through pyrolysis involves
heating biomass with minimal or no oxygen,
driving off volatile gases and leaving carbon
behind. This process, historically used to
produce charcoal, includes steps like moisture
loss, conversion to

volatiles, gases, and biochar, followed by a

and volatile matter

slow chemical rearrangement in the biochar.
Pyrolysis temperature, feedstock type, and
residence time significantly influence the
composition of pyrolysis products, including
syngas, bio-oil, and biochar (Lehmann et al.,
2011).

High pyrolysis temperatures reduce biochar
production but increase the gas yield. Thus,

optimizing pyrolysis conditions is highly
essential to control biochar quality and
quantity.  Biochars  produced at low

temperature via slow pyrolysis have low
hydrophobicity and aromaticity, high polarity
and acidity, and increased ash content with
higher pyrolysis temperatures.

The carbon content of biochar is inversely
related to its yield; increasing pyrolysis
temperature from 300 to 800°C decreases
biochar yield from 67% to 26% and increases
carbon content from 56% to 93%. The ash
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proportion in biochar rises with temperature,
from 0.67% to 1.26% between 300°C and
800°C. The stability of biochar depends on the
production procedure; charcoal produced at
400°C shows greater stability against
oxidation by ozone compared to that produced
at 1000°C, despite increased aromaticity at
higher temperatures.

Biochars with high amounts of poly-
condensed aromatic structures, produced at
400 to 700°C, have fewer ion exchange
functional groups, limiting their soil nutrient
retention capacity. Conversely, biochars
produced at lower temperatures (250 to 400°C)
have higher yields and more nutrient exchange
sites due to the presence of C=0O and C-H
functional groups. These biochars also have a
more diverse organic character, making them
suitable substrates for mineralization by soil
bacteria and fungi, which play a crucial role in
nutrient turnover and aggregate formation.

Composition of biochar

Biochar is primarily composed of carbon (65-
90%), with the remaining portion consisting of
volatile matter and mineral matter. The ash
content of biochar varies depending on the
feedstock. For instance, biochar derived from
wood typically has a very low ash content (less
than 2%), whereas biochar from tire- derived
char often exceeds 10% ash content. However,
the exact composition and physical properties
of biochar depend heavily on the source
material used and the conditions employed
during production.

Advantages of biochar

The most significant advantages of biochar is
its ability to improve soil properties over the
long term. Its porous structure allows it to
retain water and nutrients, reducing leaching
and improving the availability of essential
nutrients to plants. This makes biochar a more
reliable nutrient source than other organic soil
amendments, which can degrade rapidly in
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tropical climates. In addition, biochar's high
carbon content, which can reach up to 90%
depending on the feedstock, makes it highly
effective at capturing and storing carbon in the
soil, contributing to carbon sequestration
efforts and helping mitigate climate change
(Mehmood et al., 2017).

Role of mulberry biochar in soil carbon
sequestration

Biochar as a carbon Sink

Biochar has gained recognition as a potent
strategy for carbon sequestration, with
numerous studies highlighting its ability to
enhance soil carbon storage and mitigate CO2
emissions. According to Lehmann et al
(2011), biochar application to soils can
substantially increase carbon sequestration
when compared to simply burning plant
residues or directly adding them to the soil.
When plant residues are converted into biochar

through pyrolysis- a process that subject
biomass to high temperatures in a low-oxygen
environment- carbon becomes stabilized in a
degradation, potentially
remaining in soils for thousands of years.

form that resists

When plant residues decompose rapidly, they
release a significant amount of carbon back
into the atmosphere in the form of CO2.
when the same residues are
transformed into biochar, this carbon is
"locked" into more stable forms like aromatic

structures. These forms are less susceptible to

However,

microbial decomposition, reducing carbon loss
from the soil. Even though some CO2 is
released during pyrolysis, it is much lower
than the amount that would be emitted if the
residues were allowed to decompose naturally.

Impact of pyrolysis temperature on carbon
stability

¢ The temperature used during pyrolysis is

one of the most critical factors
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influencing the quality and stability of
biochar, particularly in terms of its carbon
sequestration potential and its
effectiveness in improving soil properties.

+»  Pyrolysis temperatures determine the
chemical composition of biochar, notably
the balance between aromatic and
aliphatic carbon fractions, as well as the

degree of aromatic carbon condensation.

« Biochar produced at higher temperature,
typically above 400°C, is richer in
aromatic carbon structures. are more

stable, reducing the rate of biochar

degradation in soil, enhances the
biochar’s ability to act as a long- term

carbon sink (Chandra et al., 2019).

« Higher pyrolysis temperatures not only
increase the concentration of aromatic
carbon but also decrease the proportion of
volatile organic compounds and oxygen-
containing functional groups in biochar.

% The
aromatic

condensed
high-
temperature biochar resistant to microbial

presence of highly

structures makes
degradation, allowing it to persist in soils
for centuries to millennia.

« Low-temperature pyrolysis, on the other
hand, produces biochar with a higher
aliphatic carbon content and lower

aromaticity. These biochars are more

susceptible to breakdown and release of
carbon back into the environment

(Yeboah et al., 2020).
CONCLUSION

The biochar helps to stabilize carbon and
reduce its release into the atmosphere which
makes it an essential tool for reducing global
carbon emissions. Furthermore, the specific
impact of mulberry stalk biochar, not yet
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extensively studied, but its use in agriculture
could not only help to sequester carbon but
also improve soil health, water retention, and
nutrient cycling, all of which are vital for
enhancing the sustainability of agricultural
systems.
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