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Introduction 
 

The world‟s population currently stands at just 

over 6.7 billion and is projected to surpass 9 

billion by 2050 (Human Development Report, 

2016). Therefore, the key role of agriculture 

now and in future is to provide safe and 

quality food for ever growing population. 

Moreover, agriculture is of more significance 

to climate change due to emissions in food 

production and emissions through land use 

and management change. Collectively, these 

account for carbon-equivalent emissions 

equal, globally, to that of transport and since 

agricultural emissions are affected by fertilizer 

application and the extent of the livestock 

sector, agriculture has to address at the same 

time three knotted challenges, first, ensuring 

food safety through increased income and 

productivity, second, adapting to climate 

change and third is contributing to climate 

change mitigation. It is in this context that 

biochar has emerged as a potential strategy for 

climate change mitigation and sustainable 

food production at the global scale. Biochar 

comprises biomass in a deliberately stabilized 

form, for which the soil may provide storage 

on a very large scale. With requisite physical 

and chemical properties, these forms of carbon 

could still offer potential value to crop 

productivity through dynamic or reversible 

interactions with nutrients and soil mineral 
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Climate is one of the key drivers behind agriculture. As climate change is uncertain, 

agriculture should be climate smart and must include agricultural management practices 

which include the use of bio wastes that could be able to sustain or improve our soil health. 

Moreover, increase in atmospheric carbon level is becoming a challenging task for the 

scientific community. Worldwide, successful implement strategies are being developing to 

drop down carbon dioxide level from the atmosphere but climate change is a becoming a 

bigger threat to civilization day by day which must be tackled. Biochar, due to its aromatic 

structure and long mean residence time in the soil has the potential for long-term carbon 

sequestration in the soil and offers a significant tool to reduce CO2 and GHG emissions. 

The trend obtained from the research studies carried out across the world raised our hopes 

of achieving the goal of maintain or enhancing the crop productivity coupled with 

environmental sustainability. Therefore, this paper aims to raise awareness among the 

scientific community about the use of biochar as a sustainable option for climate change 

mitigation and adaptation. 
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particles. It has been well recognized as 

carbon-enriched material intended to be used 

as a soil amendment in agriculture to sequester 

carbon and enhance soil quality. Sustainable 

biochar is produced from waste biomass using 

modern thermo chemical technologies. 

Addition of sustainable biochar to soil has 

many environmental and agricultural benefits, 

including waste reduction, energy production, 

carbon sequestration, water resource 

protection, and soil improvement. Therefore, 

the use of sustainable biochar as a soil 

amendment is an innovative and highly 

promising practice for sustainable agriculture.  

 

Any improvement to the productivity of 

existing agricultural land has the potential to 

relieve the pressure on biodiverse and often 

carbon rich natural ecosystems. The potential 

for biochar to capture and store carbon in 

soils, and therefore its potential role as a GHG 

mitigation option, is currently also attracting 

attention globally, in both academic and 

government spheres. Analyses have suggested 

that the annual potential for sequestration of 

atmospheric carbon dioxide (CO2) globally 

could be at the billion-tonne scale within 30 

years (Woolf, 2010; Lehmann et al., 2009). 

Matovic (2011) estimated that charring and 

burying 10% of global net primary 

productivity each year would offset the current 

annual increase in atmospheric CO2. As a 

result of such analyses, the discussion around 

biochar has moved from scientific studies to 

specific policy proposals for carbon offsets 

(De Gryze et al., 2010). Brick and Lyutse 

(2010), for example, published a report that 

assessed the major risks and potential around 

biochar production to help inform the 

development of specific policies in the USA. 

Similarly, Amezaga et al., 2010 have looked 

at the role biochar could play in the 

framework they developed for the policy 

evaluation of bioenergy projects in the 

developing world. Sustainable biochar is 

produced from sustainably procured waste 

biomass such as crop residues, manures, 

timber and forestry residues, and green waste 

using modern pyrolysis technology (Woolf et 

al., 2010). Therefore, sustainable biochar 

production and its use as a soil amendment 

have been suggested as a means of abating 

climate change by sequestering carbon, while 

simultaneously reducing waste, improving soil 

quality, and protecting natural resource 

(Winsley, 2007; Laird, 2008; Zheng et al., 

2010). There is extensive research continuing 

world-wide aimed at developing biochar‟s 

demonstrated success, but the research is 

largely focused on direct applications or 

specific benefits such as improvement in soil 

quality encompassing making nutrients more 

available over time, increased carbon 

sequestration, ground water retention, 

hazardous waste mitigation, land remediation, 

forest/biomass utilization, and renewable 

energy generation. Biochar is increasingly 

receiving attention and highly recommended 

as soil amendment because it cannot only 

mitigate climate change by sequestrating C 

from atmosphere into soil (Marris, 2006; 

Lehmann, 2007) but also improve soil 

properties and enhance soil fertility by 

improving moisture and nutrients retention 

(Lehmann et al., 2006) and microbial activity 

(Lehmann et al., 2011) hence increasing crop 

productivity. Several kinds of biomass 

canserve as source materials of biochar, for 

example, woodchips, animal manure, crop 

residues. In this sense, enhancing recycles of 

agricultural and forestry wastes (Luo et al., 

2011) is also a noticeable advantage of 

biochar. These diverse potential benefits, 

incorporated with the fact that biochar 

produced from a range of biomass can 

potentially be a relatively cost-effective and 

environmental beneficial tool for 

environmental remediation, stimulates 

increasing research on biochar. With the need 

for global carbon sequestering strategies, 

further research into the wide-scale uses of 

biochar as a soil amendment and as a toxin 



Int.J.Curr.Microbiol.App.Sci (2018) 7(10): 410-425 

412 

 

adsorbent are needed, as well as quantification 

of its carbon sequestration capability. 

 

What is biochar? 

 

Biochar is a term for charcoal that is used for 

biological ends, such as a soil amendment, as 

opposed to heat. It is defined as a fine-grained 

and porous substance, similar in its 

appearance to charcoal produced by natural 

burning or Biochar, also known as black 

carbon, is a product derived from organic 

materials rich in carbon (C) and is found in 

soils in very stable solid forms, often as 

deposits. Biochars can persist for long periods 

of time in the soil at various depths, typically 

thousands of years. The most common 

example is charcoal, derived from wood. The 

benefical effects of biochar were discovered 

more than 2,000 years ago when the “slash-

and-burn” agricultural method was in practice. 

Natural forest fires and historical cultural 

practices also resulted in the formation of 

biochars that are stable over thousands of 

years as soil deposits. 

 

How biochar can be produced 

 

Biochar is produced by heating biomass 

(feedstock). The feedstock undergoes thermal 

decomposition and is reduced to a carbon-rich 

residue, a process known as carbonization. A 

range of thermal conversion processes can be 

used to produce carbon products which 

include biochar. Torrefaction, pyrolysis, 

gasification, hydrothermal carbonisation, and 

combinations of these2 may all be used in char 

production 

 

Torrefaction 
 

Torrefaction is a thermochemical treatment of 

biomass at 200 to 320 °C (392 to 608ºF). It is 

carried out under atmospheric pressure and in 

the absence of oxygen, i.e. with no air. During 

the torrefaction process, the water contained in 

the biomass as well as superfluous volatiles 

are released, and the biopolymers (cellulose, 

hemicellulose and lignin) partly decompose, 

giving off various types of volatiles (Bates and 

Ghoniem, 2012). The final product is the 

remaining solid, dry, blackened material 

[Dutch Torrefaction Association (DTA), 

2012] that is referred to as torrefied biomass 

or bio-coal. 

 

Pyrolysis 
 

Pyrolysis is a thermal decomposition of 

materials at elevated temperatures in an inert 

atmosphere such as a vacuum or nitrogen 

gas. It involves the change of chemical 

composition and is irreversible. The word is 

coined from the Greek-derived elements pyro 

"fire" and lysis "separating". Pyrolysis is most 

commonly applied to the treatment 

of organic materials. It is one of the processes 

involved in charring wood, starting at 200–

300 °C (390–570 °F) (Anonymous, 2010). In 

general, pyrolysis of organic substances 

produces volatile products and leaves a solid 

residue enriched in carbon, char. Extreme 

pyrolysis, which leaves mostly carbon as the 

residue, is called carbonization. The process is 

used heavily in the chemical industry, for 

example, to produce ethylene, many forms 

of carbon, and other chemicals from 

petroleum, coal, and even wood, to 

produce coke from coal. Certain uses of 

pyrolysis are called dry distillation, destructive 

distillation, or cracking. The processes involve 

thermal depolymerization, i.e. the breaking of 

chemical bonds in macromolecules to give 

smaller fragments. The phenomenon involves 

exceeding the ceiling temperature of 

polymers. Pyrolysis is the basis of several 

methods for producing fuel from biomass, i.e. 

lignocellulosic biomass (Evans, 2008). Crops 

studied as biomass feedstock for pyrolysis 

include native North American prairie grasses 

such as switch grass and bred versions of other 

grasses such as Miscantheu sgiganteus. Other 

https://en.wikipedia.org/wiki/Thermal
https://en.wikipedia.org/wiki/Chemical_decomposition
https://en.wikipedia.org/wiki/Chemical_composition
https://en.wikipedia.org/wiki/Chemical_composition
https://en.wikipedia.org/wiki/Chemical_composition
https://en.wikipedia.org/wiki/Greek_language
https://en.wikipedia.org/wiki/Morpheme
https://en.wikipedia.org/wiki/Lysis
https://en.wikipedia.org/wiki/Organic_compound
https://en.wikipedia.org/wiki/Charring
https://en.wikipedia.org/wiki/Char
https://en.wikipedia.org/wiki/Carbon
https://en.wikipedia.org/wiki/Carbonization
https://en.wikipedia.org/wiki/Chemical_industry
https://en.wikipedia.org/wiki/Ethylene
https://en.wikipedia.org/wiki/Carbon
https://en.wikipedia.org/wiki/Coke_(fuel)
https://en.wikipedia.org/wiki/Coal
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sources of organic matter as feedstock for 

pyrolysis include greenwaste, sawdust, waste 

wood, nut shells, straw, cotton trash, rice 

hulls. Animal waste including poultry litter, 

dairy manure, and potentially other manures 

are also under evaluation. Pyrolysis differs 

from other processes like combustion and 

hydrolysis in that it usually does not involve 

the addition of other reagents such as oxygen 

(O2, in combustion) or water (in hydrolysis) 

(Cory et al., 2009). In practice, it is often not 

practical to achieve a completely O2 or water 

free conditions, especially as pyrolysis is often 

conducted on complex mixtures.  

 

The term has also been applied to the 

decomposition of organic material in the 

presence of superheated water or steam 

(hydrous pyrolysis), for example, in the steam 

cracking of oil. Pyrolysis has been assumed to 

take place during catagenesis, the conversion 

of buried organic matter to fossil fuels. In 

vacuum pyrolysis, organic material is heated 

in a vacuum to decrease its boiling point and 

avoid adverse chemical reactions. Called flash 

vacuum pyrolysis, this approach is used in 

organic synthesis. 

 

Gasification 
 

Gasification is a process that converts organic- 

or fossil fuel-based carbonaceous materials 

into carbon monoxide, hydrogen and carbon 

dioxide. This is achieved by reacting the 

material at high temperatures (>700 °C), 

without combustion, with a controlled amount 

of oxygen and/or steam. The resulting gas 

mixture is called syngas (from synthesis gas) 

or producer gas and is itself a fuel. The power 

derived from gasification and combustion of 

the resultant gas is considered to be a source 

of renewable energy if the gasified compounds 

were obtained from biomass. Gasification can 

also begin with material for biochar 

production which would otherwise have been 

disposed of such as biodegradable waste.  

Hydrothermal carbonisation 

 

Hydrothermal carbonization (HTC) (also 

referred to as "aqueous carbonization at 

elevated temperature and pressure") is 

a chemical process for the conversion of 

organic compounds to structured carbons. It 

can be used to make a wide variety of 

nanostructured carbons, simple production 

of brown coal substitute, synthesis gas, liquid 

petroleum precursors and humus from 

biomass with release of energy.  

 

Hydrothermal carbonisation, also known as 

wet pyrolysis, heats biomass and water for 

hours to days to 180-220°C in a sealed vessel 

under pressure to produce a lignite-like 

material (Meyer et. al., 2011). These materials 

tend to be best suited for energy purposes (e.g. 

co-firing in coal fired power station). 

 

Activation 

 

The process of activation subjects pyrolised 

material to partial gasification at high 

temperatures greater than 700°C with steam, 

carbon dioxide or a mixture of the two to 

produce material that can have a more porous 

structure and increased surface area (Downie 

et al., 2009). 

 

Factors affecting characteristics of biochar 

 

Feedstock/ raw material type  

 

Method of preparation of the feedstock/ raw 

material for biochar production  

 

Temperature  

 

Production residence time  

 

Heating rate i.e. fast or slow  

 

Maintenance of oxygen level during 

production 

https://en.wikipedia.org/wiki/Biomass
https://en.wikipedia.org/wiki/Fossil_fuel
https://en.wikipedia.org/wiki/Carbonaceous
https://en.wikipedia.org/wiki/Carbon_monoxide
https://en.wikipedia.org/wiki/Hydrogen
https://en.wikipedia.org/wiki/Carbon_dioxide
https://en.wikipedia.org/wiki/Carbon_dioxide
https://en.wikipedia.org/wiki/Carbon_dioxide
https://en.wikipedia.org/wiki/Oxygen
https://en.wikipedia.org/wiki/Steam
https://en.wikipedia.org/wiki/Syngas
https://en.wikipedia.org/wiki/Producer_gas
https://en.wikipedia.org/wiki/Renewable_energy
https://en.wikipedia.org/wiki/Organic_waste
https://en.wikipedia.org/wiki/Chemical_process
https://en.wikipedia.org/wiki/Brown_coal
https://en.wikipedia.org/wiki/Synthesis_gas
https://en.wikipedia.org/wiki/Humus
https://en.wikipedia.org/wiki/Biomass
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Feedstock/ raw material type  

 

Sugar cane bagasse, coconut husk, nut shells, 

and tobacco waste are particularly suitable for 

pyrolysis, but other suitable biomass materials 

from agriculture include broadacre grain 

trash/stubble, wood chips and tree bark, grass 

residues, animal bedding, livestock manure 

and chicken litter. Municipal waste has great 

potential given the constant supply, but in 

industrial areas may contain high levels of 

toxic substances which will make the biochar 

unsuitable for agricultural soils (Sparkes and 

Stoutjesdijk, 2011).  

 

The viability of biochar production depends 

on having large quantities of feedstock close 

by to minimise transport costs. This means the 

larger pyrolysis plants need to be located in 

areas near to large quantities of biomass 

feedstock. 

 

Feedstock preparation  

 

Feedstock physical properties such as particle 

size, moisture content, and contaminant levels 

all affect biochar quality. The size of 

feedstock pieces affects the rate of heat 

transfer into, and the rate of gas transfer out 

of, each piece (Downie et al., 2009). In large 

particle feedstock the transfer of heat into the 

particles is slower and transfer of volatiles out 

is also slower, so feedstocks may need to be 

broken into small pieces to facilitate pyrolysis. 

Fast pyrolysis production systems require all 

feedstocks to be pre-processed to allow the 

high temperatures to penetrate all particles 

very quickly. 

 

Production temperature  

 

Woody biochars produced at temperatures 

above 600°C are generally more likely to be 

stable and have greater porosity and 

adsorptive capabilities than biochars produced 

at lower temperatures. The improved porosity 

is due to the volatilisation of tars and 

impurities that clog the biochar‟s finer pores 

and reduce pore connectivity (Downie et al., 

2009). As a general rule, an increase in highest 

temperature attained during pyrolysis (HTT) 

leads to an increase in the surface area of 

biochar which makes it more adsorptive for 

chemical reactions (Downie et al., 2009). 

However, when high HTT is combined with a 

feedstock that has an inorganic component 

with a melting point lower than the HTT, the 

biochar pores fill with inorganic compounds 

and reduces the surface area of the biochar 

(Downie et al., 2009). At lower temperatures 

(300-400°C) carbonisation is only partially 

achieved and biochar will have smaller pores 

and lower surface area (Amonette and Joseph, 

2009). 

 

Residence time  

 

In biochar production the term residence time 

refers to the time a feedstock is held within a 

constant temperature range and a given 

carbonisation process (International Biochar 

Initiative, 2012b). The combination of high 

temperature and longer residence times allows 

carbonisation reactions to be completed, 

resulting in biochars that have lower H: C 

ratios (which tend to be more stable), and are 

likely to have larger surface area. 

 

Heating rate 

 

Heating rates and pressures are important 

factors determining properties of biochars 

(Downie et al., 2009). The faster the heating 

rate, the smaller the particle size needed to 

ensure that heat passes all the way through the 

particle. Thus fast pyrolysis completed in a 

few seconds needs powdered feedstock 

particles. Slow pyrolysis is used for larger 

feedstock particles to ensure they carbonise 

completely. Fast pyrolysis encourages 

formation of bio-oil, and slow pyrolysis is 

more commonly used for biochar.  
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Oxygen level 

 

Biochar production requires low levels of 

oxygen to ensure that biomass converts to 

solid carbon rather than combusting to 

produce carbon monoxide, carbon dioxide and 

ash. High oxygen levels move production 

systems towards more complete combustion, 

so are used to produce gas and energy (and 

some ash) rather than biochar. 

 

Properties of biochar 

 

A biochar containing more ash is generally 

less energy-efficient. However, for plant 

growth, ash can be considered a desirable 

mineral amendment as long as its heavy metal 

content does not exceed environmental 

standards. Agricultural applications of ashes 

are sometimes made. For the purposes of soil 

carbon sequestration or organic amendment, 

however, biochars should contain less ash and 

as much carbon as possible. The percentage of 

ash in the biochars can vary between 1 and 

54% of dry weight. Many biochars have a 

neutral to alkaline pH, so can provide some 

benefit in neutralising acidic soils. However 

this alkalinity may be detrimental when 

applied to soils with neutral or alkaline pH 

values, as reductions in plant productivity 

have been demonstrated when alkaline 

biochars are added to a Calcarosol (Van et al., 

2010c). 

 

Environmental risks of biochar production 

 

One of the great benefits of biochar, from a 

long-term carbon sequestration perspective, is 

that once it is applied to soil there is no 

practical way to remove it again.  

 

This also presents an alarming challenge and a 

critical onus on ensuring that the product is 

suitable for use before it is applied, because 

once it is applied the damage done may be 

irreversible.  

The main risk factors that may result in a 

biochar not being suitable for use are: 

 

Contamination, such as heavy metals (Veeken 

and Hamelers, 2002), poly-aromatic 

hydrocarbons (PAH) (Brandli et al., 2007), 

bulk metals, glass, ceramics, dioxins etc. 

 

Characteristics that amplify existing 

constraints (e.g. applying a high pH biochar to 

an already high pH soil making the issue of 

alkalinity worse, or a hydrophobic biochar to 

soils limited by lack of water penetration). 

 

Biochar products should be tested to ensure 

levels of contaminants are below background 

levels and/or meet local environmental 

regulations. Contaminants can result both 

from operational conditions (e.g. PAH, 

dioxins and furans can be generated as a result 

of the thermal processing), and the feedstock 

(e.g. heavy metals in treated timbers). 

 

Effect of biochar application on soil 

properties 

 

Soil improvement is not a luxury but a 

necessity in many regions of the world. Lack 

of food security is especially common in sub-

Saharan Africa and South Asia, with 

malnutrition in 32 and 22 per cent of the total 

population, respectively (FAO, 2006). In both 

industrialized and developing countries, soil 

loss and degradation is occurring at 

unprecedented rates (Stocking, 2003; 

IAASTD, 2008), with profound consequences 

for soil ecosystem properties (Matson et al., 

1997). In many regions, loss in soil 

productivity occurs despite intensive use of 

agrochemicals, concurrent with adverse 

environmental impact on soil and water 

resources (Foley et al., 2005). Biochar is able 

to play a major role in expanding options for 

sustainable soil management by improving 

upon existing best management practices, not 

only to improve soil productivity but also to 
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decrease environmental impact on soil and 

water resources. Biochar should therefore not 

be seen as an alternative to existing soil 

management, but as a valuable addition that 

facilitates the development of sustainable land 

use: creating a truly green „Biochar 

Revolution‟. 

 

Influence of biochar on soil carbon  

 

Biochars are recalcitrant organic materials, 

which means they are highly resistant to 

biological and chemical decomposition 

(McBeath and Smernik, 2009; Zimmerman, 

2010). The rate and extent of biochar 

decomposition in soil depends on type of 

feedstock and pyrolysis conditions, (Singh and 

Cowie, 2010; Zimmerman, 2010) soil organic 

matter levels (Keith et al., 2011; Luo et al., 

2011), soil type (Luo et al., 2011) and 

environmental conditions (Nguyen and 

Lehmann, 2009; Nguyen et al., 2010).  

 

The mean residence time (MRT) of biochars 

in soil has been estimated to range from 

several decades (usually >100 years) to 

millennia as determined mainly through 

laboratory incubation studies (Kuzyakov et 

al., 2009; Singh and Cowie, 2010; 

Zimmerman, 2010). This high stability is an 

important factor in biochar‟s potential to 

mitigate greenhouse gas emissions from soil 

(Woolf et al., 2010; Slavich et al., 2012).  

 

Biochar has been shown to both stimulate 

(positive priming) and suppress (negative 

priming) the breakdown of existing soil 

organic carbon, which can negate or enhance 

the carbon sequestration benefits of biochar 

application to soil (Wardle et al., 2009; 

Zimmerman et al., 2011). Luo et al., (2011) in 

his study has recently shown that biochar 

application can stimulate the decomposition 

rate of native soil organic carbon due to 

increases in biological activity following 

biochar application; however, this loss of 

native soil organic carbon occurs only directly 

following application of the biochar and is not 

likely to be a long-term effect. 

 

Impacts on plant germination and 

establishment 

 

Biochar can contain organic compounds that 

may impact plant germination and growth 

(Rogovska et al., 2010). These include 

nitrogen-heterocyclics, substituted furans, 

phenols and substituted phenols, benzene and 

substituted benzene, carboxylics and 

aliphatics. The compounds vary according to 

production conditions and feedstock materials, 

both of which may influence potential 

phytotoxicity. For example, a study conducted 

by Kwapinski et al., (2010) showed that the 

growth of maize seedlings was inhibited with 

biochar from Miscanthus (a type of giant 

grass) made at 400°C, but stimulated by 

Miscanthus biochar made at 600°C. Extracts 

from biochars produced by gasification 

contained compounds that suppressed seedling 

growth (Rogovska et al., 2010). However, 

extracts from biochars produced from the 

same feedstocks through pyrolysis (ca. 500°C) 

did not impact on either germination or 

seedling growth. Rogovska et al., (2010) 

suggested that ageing of the biochars in soil 

would result in removal of phytotoxic effects.  

 

Different researchers (Keller et al., 2010) 

undertook an experiment to test the impacts of 

tar-enriched biochar (fast pyrolysis at 600°C) 

on phytotoxicity. The authors noted that even 

with tar-enriched biochar amendment up to 

10% by weight in soil, germination and 

seedling growth of lettuce increased. Another 

group tested the impact of feedstocks 

(biosolids, corn stover, eucalyptus, fresh pine 

and willow) on biochar properties (all 

pyrolysed at 550°C). No effect on seedling 

germination was observed when these were 

applied at rates up to 10t/ha into soil (Free et 

al., 2010). 
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Biochar influences on nutrient availability 

in soil 

 

Nitrogen  

 

There is mounting evidence that biochars of 

plant origin with generally low nutrient value 

can improve nitrogen use efficiency when 

amended into soil (Chan et al., 2007). In most 

applications of nitrogen fertiliser, less than 

50% of the nitrogen is taken up by the crop 

(Baligar and Bennett, 1986). Biochar 

application may benefit farm returns and the 

environment through improving nitrogen use 

efficiency, by processes such as reducing off-

farm loss of nitrogen-based fertiliser.  

 

The changes in nitrogen dynamics, including 

emissions of nitrous oxide, following biochar 

application are still under investigation 

(Clough et al., 2010; Lehmann, 2007). 

Biochar may bind inorganic nitrogen, which 

would reduce the rate of nitrogen cycling, 

including N2O emissions, e.g. via nitrification 

and denitrification. Weathering of biochar in 

soil may also immobilise nitrogen (Singh et 

al., 2010; Yao et al., 2010). Biochar can 

reduce leaching of ammonium in soil 

depending on the properties of the biochar and 

the characteristics of the soil.  

 

This occurs through development of exchange 

sites of biochar surfaces (Joseph et al., 2010; 

Lin et al., 2012), which in turn is influenced 

by the ageing and interaction of biochar with 

soil constituents. Biochar application may 

increase the rate of nitrification (conversion of 

ammonia to nitrate) in Ferrosols, (Dandie et 

al., 2011; Van et al., 2009) possibly due to 

increased soil pH and more favourable 

conditions for nitrifying organisms.  

 

Soil type  

 

Biochar‟s effect on soil nutrient status depends 

on both the soil and the biochar. In one trial, 

NSW researchers (Slavich et al., 2012) noted 

long-term increases in plant available 

phosphorus in acidic Ferrosols following 

amendment with animal manure biochar, but 

no increase after amendment with a 

greenwaste biochar on the same soil (both 

biochars produced at 5500C).  

 

These biochars had contrasting properties, 

especially nutrient content. A complimentary 

study by Wang et al., (2012) showed that 

phosphorus from high-ash biochars, such as 

those originating from manure feedstocks, and 

having a high total phosphorus concentration, 

are potential phosphorus sources with high-

agronomic efficiency. Conversely, high rates 

of greenwaste biochar (4.4% and 11%, w/w) 

applied to a Tenosol used for commercial 

vegetable production in NSW resulted in a 

small reduction in plant available phosphorus 

(Van et al., 2010c). 

 

Influence of biochar on soil biology 

 

Beneficial organisms 

 

Biochar addition may increase soil microbial 

biomass (population size), and affect 

microbial community structure (species 

present) and enzyme activities (Awad et al., 

2012; Bailey et al., 2011; Jin, 2010). Chan et 

al., (2008b) observed an increase in microbial 

biomass in the presence of poultry litter 

biochar in a hard-setting soil growing 

radishes. While increased microbial biomass 

has been observed, it has often been 

accompanied by a reduction in microbial 

activity (Steiner et al., 2008; Jin, 2010), most 

probably due to sorption of labile organics, 

nutrients, and enzymes on the biochar. 

Biochar application has been shown to 

increase the rate of mycorrhizal fungal 

colonisation in roots, although it depends on 

the biochar, soil type and plant species 

(Ogawa and Okimori, 2010; Blackwell et al., 

2010). 
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Flow chart showing factors affecting biochar properties 
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A much cited review of published studies on 

this topic attempted to determine the causes 

for the increased colonisation and concluded 

that there were four possible mechanisms.  

 

Biochar favourably alters the physical and 

chemical properties of the soil, especially 

availability of nutrients,  

 

It may affect other microbial populations and 

indirectly encourage mycorrhizae. 

 

It can influence the signalling chemicals 

between plants and fungi.  

 

It may provide habitat that protects fungi from 

fungal grazers. 

 

Soil fauna  

 

There is little information currently available 

on the impact of biochar on soil faunal 

groups. Earthworms are the most studied soil 

fauna, possibly because they ingest soil (and 

biochar) and show greater sensitivity to 

changes in soil conditions than other soil 

faunal groups. Results to date are 

inconclusive: earthworms have avoided 

(Liesch et al., 2010), and shown no 

preference to soil amended with biochar 

(Chan et al., 2008b). A recent review 

concluded that there were some short term 

negative impacts, but in the longer term 

earthworm population density and size were 

not affected by biochar. Negative impacts 

occurred because the biochar was too dry, too 

alkaline or affected feeding behavior. These 

variable impacts of biochar on earthworms 

highlight the need for further research to 

underpin biochar use in horticultural systems, 

to ensure that it enhances beneficial 

organisms and, consequently, productivity. 

An earthworm avoidance assay has been 

included in guidelines developed by the 
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International Biochar Initiative to minimise 

any potential impacts of biochars on soil 

fauna (International Biochar Initiative, 

2012b). 

 

Influence of biochar on soil physical 

conditions 

 

Tryon in 1948 in his early study reported that 

using charcoal amendment to soil showed 

significant increases in retention of water in 

sandy soils, and reduced retention of water in 

clay soils. This varied response highlights the 

importance of understanding the specific soil 

constraint, and the ability of biochar to 

address the constraint. Glaser et al., (2002) 

reported an 18% increase in field capacity for 

high black carbon Anthroposols (soils formed 

by human activity) compared with 

surrounding low black carbon soils, and 

attributed this to the increased surface area 

and porous structure of the char particles. It 

should be noted however that these 

Anthroposols had a high level of charcoal 

addition over many years (amounting to up to 

hundreds of tonnes per hectare). Biochar was 

reported to enhance saturated hydraulic 

conductivity and water-holding capacity in 

upland rice production in Northern Laos (Asai 

et al., 2009). In a study on upland sandy soils, 

a study conducted by Uzoma et al., (2011) 

found that application of biochar increased 

the available water by 97%, saturated water 

content by 56%, and reduced hydraulic 

conductivity with increasing moisture content 

when compared with unamended sand. 

However, improvements in water holding 

capacity depend on the biochar and the soil 

(Streubel et al., 2011), with the physical 

structure of the biochar having the greatest 

influence. This evidence suggests that 

biochars possess the potential to improve 

water use efficiency and productivity in 

water-limited conditions. Increases in soil 

organic matter have been shown to enhance 

soil aggregate stability (Chan et al., 2003; 

Conyers, 2012). It could be argued that 

biochar amendment is not the best form of 

organic matter to achieve increased soil 

aggregation, but its stable nature is likely to 

contribute to aggregation over the long term 

(Busscher et al., 2011). Biochar may 

contribute to the physical stabilisation of 

other soil organic matter which could further 

enhance structure. Australian researchers, 

Chan et al., (2007) reported significant 

reduction in soil tensile strength following 

application of high rates of greenwaste 

biochar in a hardsetting soil (which could 

enhance seedling emergence, root growth and 

water infiltration, and reduce fuel use in 

cultivation), but further data on impacts on 

tensile strength are lacking. Biochar tends to 

be a low density product (Downie et al., 

2009), so its application to soil would be 

expected to reduce bulk density. 

 

Adoption of biochar-based strategies for 

energy production, soil management and C 

sequestration relies primarily on farmer 

community. But government can also play a 

critical role by facilitating the process of 

technological development, especially in the 

initial phases of research and development. 

Although biochar has great potential to 

become a critical intervention in addressing 

key future challenges, it is best seen as an 

important „wedge‟, contributing to an overall 

portfolio of strategies in agriculture. Concerns 

over using biomass resources that would 

otherwise fulfil ecosystem services or human 

needs have to be taken into full consideration. 

Possible conflicts of producing energy and 

biochar versus food as a consequence of 

massive adoption of biochar technologies 

have to be considered, while biochar will 

undoubtedly improve soil quality and 

productivity, some soil cover is required to 

keep water and wind erosion at a minimum. 

Therefore, plant residues cannot be entirely 

removed for biochar production. Other tasks 

that lie ahead are technological issues, such as 
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refining methods for production, 

transportation of biochar and its application to 

soil, while avoiding unacceptable dust form. 
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