
Application of Biochar  
in Agricultural Systems

FA R M I N G

Biochar has widespread applications for bioenergy 
production, carbon capture and storage, contaminated 
soil remediation, soil amendment, nonpoint source 
pollution management, wastewater treatment, and water 
quality improvement. Biochar offers promising solutions 
for sustainable agriculture by enhancing soil quality, 
conserving resources, reducing negative environmental 
impacts, and contributing to climate change mitigation. 
In recent decades, there has been a resurgence of 
interest in biochar due to growing concerns about soil 
degradation and climate change. Biochar is a vital tool 
in the search for more sustainable and resilient food 
production systems because the agricultural industry 
faces increasing challenges. 

Production of Biochar
Thermo-chemical conversion of biomass via pyrolysis, 
gasification, or hydrochemical carbonization produces 
carbonaceous material, biochar. Generally, biochar 
is produced from agricultural waste biomass or forest 
residue, typically using pyrolysis, at a temperature of 
400 to 900 degrees C (or 752 to 1652 degrees F) in 
an oxygen-limited environment, efficiently removing 
impurities and volatile compounds. Biochar produced 
from biomass has high stability in the environment 
compared to biomass, which decomposes quickly. 
Characteristics and inherent unique properties 
(carbon and nutrient contents) depend on the burning 
temperature and biomass or feedstock types.
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Application of Biochar
Interest in biochar experienced a resurgence in the 
early twenty-first century, driven by concerns about 
soil degradation, climate change, and agricultural 
sustainability. Biochar is added to soils to enhance water 
retention, plant nutrient availability, microbial activity, 
and crop yields and mitigate the negative effects of 
climate change via soil carbon sequestration. Further, 
when incorporated into soils, biochar can store carbon 
for hundreds to thousands of years, helping reduce 
greenhouse gas emissions and combat climate change. 
Biochar can be applied to agricultural fields via various 
methods, such as broadcasting, seed coating, mulching, 
compositing, fertilizer blending, and mixing with a water 
supply. Biochar, as an agro-forest product, has also 
gained interest from producers in the market.

► Biochar, also referred to as carbon material, is produced from the thermo-
chemical conversion process (heating or burning) of feedstocks or waste
biomass, such as forest residue, crops, or agricultural waste, in the absence
of oxygen (or in limited oxygen-supply environments). 
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Why Biochar Is Vital  
for Improving Soil Health?
Biochar can be incorporated into the soil to enhance its 
physical, chemical, and biological properties, improving 
soil structure and fertility. It improves soil structure by 
increasing cation exchange capacity, water-holding 
capacity, aeration, and nutrient retention. Biochar is also 
a stable carbon source, promoting soil microbial activity 
and nutrient cycling, thus enhancing overall soil quality, 
making it more suitable for plant growth, and contributing 
to increased crop yields. Amending soils with biochar 
is especially beneficial in regions with acidic soils, 
degraded soils with low fertility, or areas where crops are 
susceptible to heat, drought, and nutrient deficiencies.

Improved Water Management
Amending soil with biochar improves the water-holding 
capacity of the soil, reduces the risk of drought stress 
and waterlogging due to biochar’s porous structure 
having better water retention properties, reduces the 
need for irrigation, and helps plants withstand drought 
conditions better.

Effective Nutrient Retention
Biochar has high surface area and cation exchange 
capacity, allowing it to bind and retain nutrients in the soil 
and increasing the availability of essential elements to 
plants, reducing the need for synthetic fertilizers.

Reduced Greenhouse  
Gas Emissions
Biochar helps soil carbon sequestration by preventing 
atmospheric carbon dioxide (CO2) release. Biochar  
as a soil amendment alters soil properties and microbial 
activities as microbes reduce methane (CH4) production 
and release of other major greenhouse gases—methane 
and nitrous oxide (N2O) emissions from agricultural soils.

Carbon Sequestration
Biochar is a stable form of carbon that resists 
decomposition. As incorporated into soil, it sequesters 
carbon for extended periods, contributing to efforts to 
mitigate climate change. Increased soil carbon content 
can also enhance soil microbial activity and organic 
matter content.

pH Buffering 
Biochar can help stabilize soil pH levels. It tends to be 
slightly alkaline, which can counteract soil acidity. In 
acidic soils, biochar can raise the pH, making it more 
suitable for a broader range of plants and beneficial 
microorganisms.

Microbial Activity
Biochar provides habitat for soil microbes. These 
microbes contribute to improved nutrient cycling, organic 
matter decomposition, and disease suppression, 
ultimately promoting healthier plant growth.



2  Alabama Cooperative Extension System Application of Biochar in Agricultural Systems   3

Funding for this work was provided by the United States Department of Agriculture (USDA)-Agricultural Research 
Services under a nonassistance cooperative agreement (58-6010-2-005), USDA-NIFA Hatch Project (ALA014–1-
19052), and the Alabama Agricultural Experiment Station. Partial support was also provided by the National 
Science Foundation (award # 2316278).
Rakesh Kumar, Postdoctoral Fellow, Biosystems Engineering, Auburn University; Jasmeet Lamba, Associate 
Professor, Biosystems Engineering, Auburn University; Sushil Adhikari, Professor, Biosystems Engineering, 
Auburn University; Allen Torbert, Research Leader, USDA-ARS National Soil Dynamics Laboratory; and 
Wendiam Sawadgo, Extension Economist, Assistant Professor, Agricultural Economics and Rural Sociology, 
Auburn University
For more information, contact your county Extension office. Visit www.aces.edu/directory.
Trade and brand names used in this publication are given for information purposes only. No guarantee, endorsement, 
or discrimination among comparable products is intended or implied by the Alabama Cooperative Extension System.
In accordance with Federal law and U.S. Department of Agriculture (USDA) civil rights regulations and policies, 
this institution is prohibited from discriminating because of race, color, national origin, sex (including gender 
identity and sexual orientation), age, disability, and reprisal or retaliation for prior civil rights activity. Program 
information may be made available in languages other than English. Persons with disabilities who require 
alternative means of communication for program information (e.g., Braille, large print, audiotape, and American 
Sign Language) should contact the Alabama Cooperative Extension System Human Resources Department at 
(334) 844-5531 or the State of Alabama Governor’s Office on Disability (GOOD) at (888) 879-3582 or USDA’s 
TARGET Center at (202) 720-2600 (voice and TTY) or contact USDA through the Federal Relay Service at (800) 
877-8339. To file a program discrimination complaint, a complainant should complete a Form AD3027, USDA 
Program Discrimination Complaint Form, which can be obtained online at https://www.usda.gov/oascr/how-to-
file-a-program-discrimination-complaint, from any USDA office, by calling (866) 632-9992, or by writing a letter 
addressed to USDA. The letter must contain the complainant’s name, address, telephone number, and a written 
description of the alleged discriminatory action in sufficient detail to inform the Assistant Secretary for Civil Rights 
(ASCR) about the nature and date of an alleged civil rights violation. The completed AD-3027 form or letter must 
be submitted to USDA by mail: U.S. Department of Agriculture Office of the Assistant Secretary for Civil Rights, 
1400 Independence Avenue, SW, Washington, D.C. 20250-9410; Fax: (833) 256-1665 or (202) 690-7442; or 
Email: program.intake@usda.gov. 
This institution is an equal opportunity provider.
New March 2024, ANR-3058 
© 2024 by the Alabama Cooperative Extension System. All rights reserved.

 

www.aces.edu

Limitations and Considerations  
for Biochar Use in Agricultural Systems

	■ Biochar binds nutrients onto their surface and, thus, 
may prevent soil nutrient supply and crop productivity.

	■ Excessive application of biochar can induce nutrient 
adsorption-desorption simultaneously in the soil, 
which impacts soil microbial activities and crop 
growth.

	■ Soil pH increases may cause a reduction in the 
availability of micronutrients in the soil to plants.

	■ Biochar alters the physiochemical properties of soil, 
which could negatively disrupt the growth conditions  
of microorganisms in the soil.

	■ Biochar can alter the soil microbial community and 
contribute to greenhouse gas emissions.

	■ The high cost of biochar production and transportation 
and the optimal method of application are additional 
challenges.

	■ The impacts of biochar on soil health and product 
yields depend on many factors, such as soil and 
biochar types, climate conditions, so large field-scale 
studies are needed before wide-scale adoption of 
biochar. 


