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Biochar has emerged as a promising soil amendment capable of improving soil fertility,
enhancing crop productivity and mitigating climate change through long-term carbon
sequestration. Derived from biomass under limited oxygen conditions, biochar represents a
sustainable approach to agricultural waste management and soil restoration. This article
discusses the science, production methods, properties, agronomic benefits, environmental
significance, limitations and future prospects of biochar in global agriculture. However, its
effectiveness depends on production methods and application practices.

Keywords: Biochar, Soil Fertility, Carbon Sequestration

Introduction

Modern agriculture faces multiple challenges including soil degradation, declining organic

carbon, nutrient imbalance, water scarcity and climate change. Continuous cultivation,

excessive chemical fertilizer use and residue burning have accelerated soil health

deterioration.

+«+ Biochar offers an integrated solution by:

« Recycling agricultural waste « Reducing greenhouse gas emissions

« Enhancing soil quality « Promoting climate-resilient agriculture

+ The idea of biochar comes from the highly fertile black soils known as Terra Preta
found in the Amazon Basin. These soils were created by ancient farmers who mixed
charcoal, organic waste and manure into soil. Even today, these soils remain more fertile
than surrounding soils.

What Is Biochar?

> Biochar is a porous, stable form of carbon produced from organic materials such as
agricultural waste, forestry residues and manure through the process of pyrolysis. Unlike
traditional charcoal, biochar is specifically designed for soil application to improve soil
health and enhance its ecological functions (Spokas et al., 2012).

» ltis different from ordinary charcoal because:

e Itis produced mainly for soil application, not for fuel.

o ltis applied to soil to improve fertility and store carbon.

o It remains stable in soil for hundreds to thousands of years.

» Biochar contains: 60-80% carbon, Small amounts of nutrients (N, P, K), Ash content
(minerals) and very high porosity. Because of its stable carbon structure, biochar
decomposes very slowly in soil.
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Production Technology

«» Pyrolysis Process: Pyrolysis involves heating biomass at temperatures between 300°C
and 600°C in limited oxygen conditions. This prevents complete combustion and
preserves carbon in stable form.

Agri Magazine, 03(03): 55-59 (MAR, 2026)

Pyrolysis

Activated
biochar

iochar
o0 miny Ac“:"‘“‘"‘
e - Ising
astivating
agent)

« Types of Pyrolysis

Slow Pyrolysis — Maximizes biochar yield

Fast Pyrolysis — Produces bio-oil

Gasification — Produces syngas

For agricultural applications, slow pyrolysis is most suitable.

Feedstock Materials: Biochar can be produced from: Crop residues (rice husk, wheat
straw, maize cobs), Sugarcane trash, Cotton stalk, Forestry residues, Poultry litter,
Animal manure

» Feedstock type significantly influences nutrient composition and pH.

‘V...

*

S

Poultry litter Wastewater sludge

Microalgae

(Some feedstock materials for biochar production)

Physico-Chemical Properties Of Biochar
Physical Properties Chemical Properties

Biological Interactions

e High porosity e Increases soil pH in acidic e Biochar provides
enhances water soils. microhabitats for
retention. Enhances CEC. beneficial soil

e Improves soil Reduces nutrient leaching. microorganisms,
aeration. Adsorbs heavy metals and enhancing microbial

e Reduces bulk density pesticide residues. biomass and enzymatic
in compact soils. activity.
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BIOCHAR

Chemical properties

Ash
pH
Hydrophobicity

Physical properties
Particle size

Surface area

Pore size distribution

Toxic compounds

Nutrient availability

Surface heterogeneity Surface functional groups

Porosity Aliphatic and volatile compounds

Microorganisms immobilization

INCREASES: CREATES: SUPPORTS:

Enzyme activity Microbial habitats Soil remediation

Microbial community
structure

|
Cells proliferation I
] Nutrient uptake

[
l l Plant growth
I

|
(
) Cells viability
’

Microbes adhesion H Protection against predators H Suitable agriculture

Agronomic Benefits

1.

Improvement in Soil Fertility: Biochar is one potential amendment to improve soil
properties. It is used as a soil amendment for its well-researched benefits, such as
increasing soil fertility and immobilizing and transforming heavy metals and
contaminants in agricultural soils (Zhu et al., 2017).

Enhanced Water Holding Capacity: Particularly beneficial in Sandy soils, Drought-
prone regions and rainfed agricultural systems

Increased Crop Productivity: Yield improvements of 10-30% have been reported in
degraded soils, depending on soil type and application rate.

Soil Structure Improvement: Biochar promotes aggregation and reduces soil
compaction.

Biochar And Climate Change Mitigation

Biochar plays a critical role in climate mitigation by:

Sequestering stable carbon in soils

Reducing methane (CH,4) and nitrous oxide (N,O) emissions

Preventing open-field residue burning

Soil enriched with biochar improves soil fertility and to mitigate climate change by
reducing emissions of greenhouse gases from cultivated soils (Rogovska and Fleming,
2011).

Application Guidelines

>

>

The application rate of biochar varies depending on soil condition, cropping system and
climatic factors

2-5 (t/ha) for moderately fertile soils:

Suitable for soils that already have acceptable organic matter levels but require
improvement in nutrient retention and water holding capacity.

5-10 (t/ha) for degraded soils:

Recommended for soils with low organic carbon, poor structure, salinity problems,
acidity issues or severe nutrient depletion.

Higher doses may be required in extremely degraded or sandy soils; however, economic
feasibility and local research recommendations should always be considered.
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Pre-pyrolysis Post-pyrolysis
Direct
treatment A e Prinies
Semuee Sludges [ Whether granulated, impregnation gﬂoif:ur::iog;galnisms 3
pelletized, or neither Oxides s
Compost ’ MgO Bio-waste
Agae  odEm | 090909090900 R GEsw Fce;% zl Acid (organlc or
Mushroom : x, inorganic) or bases
bstrat bt
substrate : Enrichment Wastewater
Manure : »
SR S — - Phoﬂum ,
Banana Biochar Rock powder PIOYYmP
peduncle l Based Microorganisms
Biochar Fertilizer Zeome - @
i Pre-treatment I ?he"rlmcal aiilc
= § - u ertilizers fe lizer
""" Minerals G Encapsulating B33 e
Feedstock)# | Soluble mineral Bio-ollor o~ oty 3
fertilizers similar materials caw & »
Mine or fertilizer =
industrial residues -

(Routes for biochar-based fertilizer synthesis)

Management Practices
v' To maximize the agronomic benefits of biochar, proper application techniques are
essential.

1. Pre-Charging (Nutrient Enrichment)

e Fresh biochar has high adsorption capacity and may temporarily immobilize nutrients if
applied directly. Therefore, it should be pre-charged by:

e Mixing with compost, farmyard manure (FYM) or vermicompost

e Soaking in nutrient-rich slurry (cow urine, biofertilizer solution or compost tea)

e Allowing the mixture to stabilize for 10-15 days before field application

e Pre-charging:

v' Prevents initial nutrient immobilization

v Enhances microbial colonization

v Improves nutrient availability to crops

2. Soil Incorporation

e Biochar should be incorporated into the top 10-15 cm of soil, preferably during land

preparation.
e It ensures uniform distribution and Improves root—soil interaction.
e It reduces wind loss of fine particles.
e Surface application without incorporation may reduce efficiency, particularly in dry
regions.
3. Timing of Application
e The most suitable time for application is:
v During field preparation before sowing
v Along with basal fertilizer application
v Before monsoon in rainfed systems
e This allows proper integration with soil and moisture availability for microbial activation.

Limitations And Challenges

1. Initial Production Cost

> Investment in pyrolysis units or kilns may be expensive for smallholder farmers.

> Labor and biomass collection costs may increase overall expenses.

2. Lack of Standardized Quality Control

> Biochar properties vary depending on feedstock and production temperature.

> Absence of universally accepted quality standards may lead to inconsistent results.
3. Limited Farmer Awareness

> Many farmers are unfamiliar with biochar technology.

> Lack of extension services and field demonstrations limits adoption.
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4. Transportation and Scaling Constraints

> Bulkiness increases transport cost.

> Large-scale production infrastructure is limited in many developing countries.

5. Need for Further Research

» Although promising, more research is required to:

« Standardize optimal dosage for different soil types

« Evaluate long-term impacts on soil ecology

e Assess crop-specific responses

« Understand interactions with fertilizers and irrigation practices

» Long-term, multi-location trials under different agro-climatic conditions are essential for
developing region-specific recommendations.

Conclusion

Biochar is a promising solution for improving soil health, restoring degraded lands and
enhancing carbon sequestration. It improves soil structure, water retention, nutrient
availability and microbial activity, making it valuable for sustainable agriculture and
environmental conservation. However, challenges such as production costs, quality
variability and limited long-term research remain. With continued research and wider
adoption, biochar has strong potential to support soil restoration and climate change
mitigation.
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