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Abstract

Biochar is a carbon-rich material produced from organic biomass through the process of pyrolysis
under limited oxygen conditions. It has emerged as an effective and sustainable solution for
improving soil fertility and supporting environmentally friendly agriculture. Biochar enhances soil
physical properties by increasing water holding capacity, improving soil structure, and reducing
erosion. It also improves chemical properties by increasing nutrient retention, regulating soil pH,
and reducing nutrient leaching. In addition, biochar promotes biological activity by providing a
favourable environment for beneficial soil microorganisms. The application of biochar in agriculture
helps increase crop productivity while reducing dependence on chemical fertilizers. Biochar
contributes to environmental protection through carbon sequestration and reduction of greenhouse
gas emissions. Despite challenges such as production cost and lack of awareness, biochar has great
potential in sustainable farming and soil management. Its adoption can help achieve long-term
agricultural productivity and environmental sustainability.
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. Introduction management  techniques. One  such

promising solution is biochar.
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Soil fertility is one of the most important
factors in agricultural productivity and
environmental sustainability. Healthy soil
supports plant growth by supplying
essential nutrients, retaining water, and
maintaining biological activity. However,
modern farming practices, deforestation,
excessive chemical fertilizer use, and
climate change have caused severe soil
degradation across the world. To overcome
these challenges, scientists and farmers are
increasingly exploring sustainable soil

Biochar is a carbon-rich material produced
through the heating of organic biomass
under limited oxygen conditions, a process
known as pyrolysis. It has gained global
attention because of its ability to improve
soil fertility, increase crop yield, reduce
greenhouse gas emissions, and promote
sustainable agriculture. Biochar acts not
only as a soil conditioner but also as a long-
term carbon storage system, helping to
combat climate change.
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2. Meaning and Concept of Biochar

The word “biochar” is derived from two
terms: “biomass” and “charcoal.” Biochar
is created by converting organic materials
such as crop residues, wood chips, animal
manure, and agricultural waste into a stable
form of carbon.

Unlike ordinary charcoal, biochar is mainly
used for agricultural and environmental
purposes. It contains a porous structure that
improves the physical, chemical, and
biological properties of soil. The concept of
biochar is inspired by the ancient
Amazonian “Terra Preta” soils, which were
highly fertile due to the addition of charred
organic matter centuries ago. Biochar
remains stable in soil for hundreds or even
thousands of years, making it an effective
method for long-term soil improvement and
carbon sequestration.

3. Production of Biochar

A. Raw Materials Used

Various organic materials can be used for
biochar production, including:

1. Crop residues
Rice husk
Coconut shells
Wood waste
Animal manure
Sawdust

Sugarcane bagasse

© N kR

Forest residues

These materials are commonly known as
feedstocks.
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Feedstock Production and Functional

Impacts and Benefits
Properties

i Resiliency to
i drought and climate
] change

High porosity

Improved soil
function
including

aeration, water
holding

capacity, and
infiltration

Biochar

i Pyrolysis at i
S > 200 - 1250°C
) Feedstock type, pyrolysis ]
time, heating rate, and
temperature impact
biochar properties

organic matter
content

s Enhanced

vws‘imcn b;:;h
aromaticity
B. Pyrolysis Process

Biochar is produced through pyrolysis,
where biomass is heated at temperatures
ranging from 300°C to 700°C in the
absence or limited supply of oxygen.
During this process:

e Moisture is removed.
e Volatile gases are released.

e Carbon-rich solid material is

formed.
Inputs Process Outputs
Agro-industrial Pyrolysis
residues 5 Bio-gas

Urban wastes
~7 l. [ Bio-oil

Crop J | \ Biochar

residues
Heat (300-700 °C) in *

(Forest and agriculture)
e & i the absence of oxygen

The pyrolysis process also produces bio-oil

and syngas, which can be used as renewable

energy sources.
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C. Types of Pyroiysis
I.  Slow Pyrolysis

e Produces high amounts of biochar.

o Takes place at lower temperatures.

e Commonly used for soil
applications.

I1. Fast Pyrolysis
e Produces more bio-oil.
e Requires high temperatures.
e Generates less biochar.
III.  Gasification
e Produces mainly combustible gases.
e Biochar is obtained as a by-product.
4. Characteristics of Biochar

Biochar possesses unique properties that
make it highly beneficial for soil fertility.

A. High Carbon Content

Biochar contains a large amount of stable
carbon, which improves soil organic matter
and supports long-term fertility.

B. Porous Structure

The porous nature of biochar increases soil
aeration and water retention capacity. These
pores also provide habitat for beneficial
microorganisms.

C. Large Surface Area
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Its high surface area allows biochar to
absorb nutrients and prevent nutrient loss
through leaching.

D. Alkaline Nature

Many biochar’s are alkaline, helping to
neutralize acidic soils and improve soil pH
balance.

E. Stability

Biochar decomposes very slowly, allowing
it to remain in soil for a long period.

5. Role of Biochar in Soil Fertility
Enhancement

Biochar contributes  significantly to
improving soil fertility through physical,
chemical, and biological mechanisms.

A. Improvement of Soil Physical
Properties

a. Enhanced Water Holding Capacity

Biochar acts like a sponge, absorbing and
retaining water within its pores. This
property is especially useful in sandy soils
and drought-prone regions. Crops grown in
biochar-amended soils often  show
improved resistance to water stress.

b. Better Soil Structure

The addition of biochar improves soil
aggregation and reduces compaction.
Improved soil structure promotes root
penetration and enhances plant growth.

c. Increased Soil Aeration

The porous structure of biochar improves
air circulation in soil, ensuring adequate
oxygen supply to plant roots and
microorganisms.

d. Reduction of Soil Erosion

Biochar helps stabilize soil particles and
reduces erosion caused by wind and water.
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When combined with fertilizers, biochar
improves nutrient use efficiency and
reduces fertilizer requirements.
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B. Improvement of Soil Chemical

Properties

| t of il Biological

i. Increased Nutrient Retention ¢ m[.)rovemen of Soi tologica
Properties

Biochar has a high cation exchange

. P ti f Microbial Activit
capacity (CEC), which allows it to hold a romotion of Microbial Activity

essential nutrients such as nitrogen, Biochar provides shelter and habitat for
potassium, calcium, and magnesium. This beneficial soil microorganisms. Increased
prevents nutrient leaching and increases microbial activity improves nutrient
nutrient availability to plants. cycling and organic matter decomposition.
ii. Soil pH Regulation b. Enhanced Symbiotic Relationships
Acidic soils negatively affect crop growth. Biochar supports mycorrhizal fungi, which
Biochar helps neutralize soil acidity and help plants absorb nutrients more
creates a more favourable environment for effectively.

plants.

c. Increased Soil Biodiversity

ili. Reduction of Toxic Elements . . .
The improved soil environment encourages

Biochar can absorb harmful substances the growth of earthworms and beneficial
such as heavy metals and pesticides, microbes, contributing to overall soil
reducing their toxicity in soil. health.

iv. Enhanced Fertilizer Efficiency

Table: Role of Biochar in Soil Fertility Enhancement

1\?(; Category Aspect/Property Role of Biochar Benefit/Outcome
Water Holding Retains moisture in Reduces drought
Capacity soil stress
. I il
Soil Structure FIpTOves S0t Enhances root growth
aggregation
1 Physical Soil Aeration Creates pore spaces Improves oxygen
supply
Bulk Density Reduces §011 Makes s01liloose and
compaction fertile
Soil Erosion Stablh‘zes soil Prevents nutrient loss
particles
2 Chemical Nutrient Retention Holds e.ssentlal ImproYes gqtnent
nutrients availability
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Neutralizes acidic

Soil pH
Cation Exchange
Capacity

Toxic Substance
Reduction

Organic Carbon
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Promotes healthy crop

soils growth
Enhances nutrient Increases fertilizer
exchange efficiency
Adsorbs heav . ..
Y Reduces soil toxicity
metals

Enhances long-term

Increases soil
fertility

carbon

Content
. . . Provides shelter for | Increases microbial
Microbial Habitat vide .
microbes activity
Encourages Improves soil
Soil Biodiversity beneficial P
. ecosystem
organisms
Biological . . Enhances Better nutrient
Nutrient Cycling . o
decomposition availability

Root Development

Earthworm Activity

Carbon
Sequestration

Greenhouse Gas
Emission

Environmental = Waste Management
Water Quality
Land Restoration
Crop Yield
Fertilizer Use

Agricultural

Soil Moisture

microbe interaction

Improves plant

Supports root-
growth

Creates favourable
conditions

Enhances soil fertility

Reduces climate

Stores carbon in
change

soil

Lowers methane
and nitrous oxide

Cleaner environment

Utilizes
agricultural waste

Reduces pollution

Prevents water

Reduces nutrient
contamination

runoff

Supports sustainable

Improves degraded
land use

soils

Higher agricultural

Enhances plant
output

productivity
Reduces chemical

Improves fertilizer
fertilizer need

efficiency

Conserves water in
soil

Better crop survival
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Sustainable
Farming

Promotes eco-

friendly practices Long-term soil health

Soil Fertility

Improves overall
soil properties

Enhanced agricultural
sustainability

6. Benefits of Biochar in Agriculture
A. Increased Crop Yield

Several studies have shown that biochar
application improves crop productivity,
especially in degraded soils.

B. Reduced Dependence on Chemical
Fertilizers

Biochar enhances nutrient retention,
reducing the need for excessive chemical
fertilizer application.

C. Climate Change Mitigation

Biochar stores carbon in soil for long
periods, reducing atmospheric carbon
dioxide levels.

D. Waste Management Solution

Agricultural and organic wastes can be
converted into useful biochar instead of
being burned or discarded.

E. Sustainable Farming Practice

Biochar supports eco-friendly agriculture
and contributes to long-term  soil
sustainability.
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7. Environmental Importance of Biochar

Biochar not only improves soil fertility but
also offers several environmental benefits.

A. Carbon Sequestration

Biochar captures carbon from biomass and
stores it in soil, helping reduce greenhouse
gas emissions.

B. Reduction of Greenhouse Gases

Biochar application reduces emissions of
methane and nitrous oxide from agricultural
soils.

C. Improvement of Water Quality

Biochar reduces nutrient runoff and
prevents water pollution caused by
fertilizers and pesticides.

D. Restoration of Degraded Lands

Biochar helps restore infertile and degraded
soils by improving soil structure and
nutrient status.

SEM Image
of Biochar

8. Limitations and Challenges of Biochar

Despite its many advantages, biochar also
has certain limitations.

A. High Production Cost
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The installation  of
equipment and  biochar
processes can be expensive.

pyrolysis
production

B. Lack of Awareness

Many farmers are unaware of biochar
technology and its benefits.

C. Variation in Biochar Quality

The quality of biochar depends on
feedstock type and production conditions.

D. Limited Research in Some Regions

Further studies are needed to determine the
long-term effects of biochar under different
climatic and soil conditions.

9. Future of Biochar

Biochar has tremendous potential for future
sustainable agriculture and environmental
management. Governments, researchers,
and  agricultural  organizations  are
promoting biochar technology as part of
climate-smart agriculture.

Future developments may include:

1. Large-scale biochar production systems

2. Integration with organic farming

3. Improved biochar production
technologies

4. Greater farmer awareness and training
programs

5. Use of biochar in urban gardening and
forestry

With increasing concern about food
security and climate change, biochar is
expected to become an important tool for
sustainable land management.

Conclusion

Biochar is a sustainable soil amendment
that improves soil fertility by enhancing
water retention, nutrient availability, and
microbial activity. It supports higher crop

productivity, = reduces  environmental
pollution, and helps in  carbon
sequestration. Despite some challenges,
biochar promotes sustainable agriculture
and contributes to healthier soils and long-
term environmental sustainability.
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