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Introduction 

Biochar is currently one of the dominant topics in soil research, despite the fact that it 

is not a new discovery. It has the potential to address some of the most pressing questions 

humanity is currently facing, i.e. climate change, food security, energy security and 

environmental pollution. However, a soil system is very complex and together with the 

multitude of biochar production settings and nearly infinite potential feedstock resources it 

becomes evident that there is no single solution for these challenges available. Biochar is a 

charcoal-like material that is produced from plant materials such as grass, agricultural and 

forest residues that are decomposed at high temperatures, often during renewable energy 

production. During the process, the physical and chemical properties of the plant material 

change into a highly porous, stable, carbon-rich material known as biochar. Recent research 

suggests it has the potential to be used as a soil conditioner and as a container substrate 

amendment in agriculture and horticulture, and it may improve several soil and substrate 

physical, chemical and biological properties.  Biochar used to amend land and sequester 

carbon—is attracting considerable interest. Its distinctive physical/chemical/biological 

properties, including high water-holding capacity, large surface area, cation exchange 

capacity, elemental composition, and pore size/volume/distribution, effect its recognized 

impacts, especially on microbial communities. These are explored in the context of 

agriculture, composting, and land remediation/restoration. Considerable focus is given to 

mycorrhizal associations, which are central to exploitation in environmental technologies 

involving biochar.   

Potential Use of Biochar as an Amendment 

Adding biochar to soil or container substrate has several potential benefits, such as 

modifying soil physical and chemical properties by:  Increasing cation exchange capacity, 

surface area, pH,  plant nutrient availability and  enhancing water-holding capacity.  It can 
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increase the water-holding capacity, thereby reducing water and nutrient leaching. 

Minimizing nutrient losses through leaching can improve grower profits and sustainability by 

increasing fertilizer use efficiency, reducing fertilizer costs, and avoiding the need for the 

enforcement Wood feedstock material and biochar product . Additionally, by increasing 

water retention, biochar can decrease irrigation requirements and make it possible to expand 

production on limited water supplies. When combined, the above benefits modify the root-

zone habitat for plants and the surrounding microbial community, often leading to greater 

microbial abundance and activity, and can also increase crop yields. The potential for 

beneficial use of biochar relies on its chemical and physical properties, which depend on how 

it is made and the type of plant used as the feedstock, as well as the crop and cropping system 

to which the biochar is applied. 

Properties of biochar 

Key properties of biochar, such as pH, surface area, volatiles, ash, bulk density and 

pore volume, and water holding capacity, are sensitive functions of pyrolysis feedstock and 

process conditions. Surface area is readily discernable via classical adsorption techniques, 

such as N2 adsorption analyzed by the Brunauer-Emmett-Teller (BET) adsorption isotherm, 

while proximate analysis provides quantification of volatile and fixed carbon, as well as 

residual ash.  The efficacy of biochar to promote arbuscular mycorrhizal fungal abundance in 

roots. An insight of the possible role of biochar in mitigating the genotoxicity of 

pentachlorophenol in sediments. 

Valuable by-product for carbon sequestration 

The soil carbon sequestration “implies transfer of atmospheric CO2into soil as SOM 

and as secondary carbonates through input of biomass carbon and the nutrients (N,P, S) 

required to transform cellulose and lignin into humus”. It is potential for combining of bio 

energy production and residual biochar application as soil improving and carbon 

sequestration agent. Carbon in gasification biochar is stable against microbial degradation. 

Furthermore, the liming effect, high porosity and specific surface area of the gasification 

biochar indicate the ability of the biochar to improve important soil quality parameters such 

as structure, water and nutrient retention. Therefore, gasification of crop residues and wood 

waste is a promising way of producing sustainable bio energy and reaching the political goals 

of fossil fuel free society, and at the same time sustaining or even improving of the soil 
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quality, which is crucial for meeting the increasing demand for producing food and energy 

crops. 

                                      

Biochar:  enhance soil carbon pools 

Biochar production process and characteristics 

Heating 

Process 

Temperature Exposure 

Time 

Biochar 

Particles 

Size 

Physical Properties 

(Surface Area and 

CEC) 

pH 

Fast High (> 650 C/1,200 

F) 

Short 

(seconds) 

Fine and 

porous 

Greater Higher 

Slow Low (450-650 C/ 

850- 1,200 F) 

Long 

(minutes or 

hours 

Large Smaller Lower 

 

Benifical effect of biochar application in soil 

Biochar can improve the physical and chemical properties of agricultural and 

horticultural soils and substrates and provide cost benefits by reducing water and nutrient 

losses. Biochar is produced under different production process and therefore has the potential 

to be produced and prescribed for a specific crop, soil or substrate. Biochar can be made from 

a variety of plant-based materials, so it has the potential to be produced locally. Have a lab 

test the biochar(s) available to you before using them and try them on a small scale to 

determine what biochar and what amendment rate maximize the benefit to your crops. 

Biochar amendment to a fled soil or container substrate could provide additional value by 

reducing crop production costs and providing long-term environmental benefits. The 
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application of char to soil, as biochar, especially for increased and sustained agricultural 

output, was practiced by ancient civilization in different part of the world. This practice is 

receiving renewed research interest, particularly for carbon sequestration and potentially, 

composting and amelioration of contaminated environment.  Application of biochar to 

diverse ecosystems and in the presence of a wide renge of organic and inorganic compound 

such as heavy metals, pesticides, and PAHs. 

Conclusions and future perspectives 

Decomposition of dead biomass is part of the natural carbon cycle and release the 

carbon as CO2. Fire accelerates the carbon cycle. If biochar is made from re-growing waste 

biomass as an alternative to burning and used as soil amendment it can enhance biomass 

accumulation by improving soil fertility. Therefore biochar can be considered to be a 

mechanism to enhance photosynthesis (carbon capture) but decrease the decay of the 

products of photosynthesis (release of CO2). Thus the production of biochar is a way to 

manipulate the carbon cycle. There is a need for research, education, outreach and policy 

interventions to restore soil organic carbon pool, improve quality of soils of agro-ecosystem, 

increase productivity, and improve environment quality.  

 
 

 


