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Abstract: Biochar application as soil amendment has been receiving lot of attention, for many reasons such as
creating a carbon (C) sink to mitigate global warming, neutralizing acidity in soil, increasing soil water holding
capacity, reducing the losses of nutrients and agricultural chemicals in run-off, reducing greenhouse gas
emissions and stabilizing mobile heavy metals, pesticides and other organic pollutants in soil. The aim of this
article was to review in depth the effecting mechanism how biochar is used in sustainable agriculture and
environmental management. When biochar is applied on the soil, oxidation process is observed on the surface
of particles; and the oxidation of aromatic carbon which leads to the formation of carboxyl groups is the reason
for high Cation Exchangeable Capacity CEC of soil amended with biochar. Because biochar is highly porous
structure it improves water holding capacity of the soil thus helps in water retention for a longer period of time.
The carbonate, oxygen-containing functional groups and silicates in biochars are the major components
responsible for biochar efficacy in amending acidic soils and resisting soil re-acidification. Biochar amendment
transforms the water-soluble and bio accessible fractions of heavy metals into immobilized forms, reducing the
bioavailability and the eco toxicity of the toxic elements. The effectiveness of the application of biochar in the
control of plant diseases has been attributed to its alkaline pH. Biochar is a promising tool to reduce the
atmospheric CO  concentration because it slows the return of photo synthetically fixed carbon to the2

atmosphere. Thus, biochar is posing many benefits to the environment agriculture and economy in the longer
run, so it is highly recommended to incorporate it in agriculture practices.

Key words: Biochar  Carbon  Contaminated Soil  C Sequestration  Greenhouse Gas Emission
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INTRODUCTION methane and nitrous oxide emissions in particular can

The present day agriculture is facing a problem of emissions can be achieved by decreasing the
continuous decline in soil nutrients reserve and decrease heterotrophic conversion of organic C to carbon dioxide
in organic matter content of soil. This may be due to and by better management of agricultural waste streams
intensive cropping system coupled with limited to minimize release of methane and nitrous oxide. Hence,
application of farm yard manure (FYM), green manure, to reduce the impacts of soil degradation and climate
vermicompost and crop residue in the field [1]. According change on agriculture great effort needs to be adding
to De Meyer et al. [2], Long-term cultivation of soils could carbon to soil by simple and sustainable methods.
result in degradation, containing soil acidification, soil Carbon plays an important role in the soil. It has the
organic matter depletion and severe soil erosion. potential to influence physical and  chemical  processes
Additionally, the decrease in soil organic matter decreases in soil [5, 6]. Carbon has also been shown to affect soil
the aggregate stability of soil [3]. Anthropogenic productivity, quality and fertility and nutrient cycling,
activities such as land-use change, agriculture and waste which all affect crop production [7, 8] so understanding
management  have  altered terrestrial biogenic greenhouse how the addition of carbon may influence the soil is
gas fluxes and the resulting increases in carbon dioxide, crucial.

contribute to climate change [4]. Reductions in these
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Biochar is becoming one of the major strategy/ properties of the soil [5], decrease gaseous N emission
technology to add carbon to soil. Biochar is charcoal [25], alter soil nutrient availability [26], reduce nutrient
prepared by pyrolytic processing (i.e., O -absent heating leaching [27] and increase crop yields [28]. Moreover, soil2

at 300–700°C) from natural organic materials (crop and microbial properties, such as microbial abundance and
other waste, woodchips, manure) and used as a soil activity and mycorrhizal associations were improved after
amendment in agricultural and environmental applications the application of biochar [29, 30]. 
[9, 10]. Guo et al. [11] and Tan et al. [12] reported that Biochar  is  highly  efficient as it has the ability to
biochar is a carbon-rich charcoal, a porous carbonaceous sorb  major  environmental contaminants for the soil.
structure, many functional groups and an aromatic Many organic pollutants are being sequestered by using
surface. It also composed of carbon (C), hydrogen (H), biochar to alter their effects on the environment
oxygen (O), nitrogen (N), sulphur (S) and ash in different eventually. Due to its resisting nature towards
proportions [13]. The relatively  high porosity and surface microorganisms and its extraordinary sorption affinity,
functionality  engender biochar with great specific surface biochar acts as a critical binding phase for different
area (SSA) and cation exchange capacity (CEC), enabling organic pollutants in the environment. It generally
the material to retain water, nutrients and pollutants in soil increases carbon sequestration in soil [31], reduces the
[14]. In addition, biochar contains significant portions of emission of ammonia and carbon dioxide [32], lowers soil
labile organic carbon (OC) and possibly plant nutrients compactness, optimizes compost [33], improves water
(e.g., N, P, K, Ca, Mg and S) [15]. retention and the sorption of heavy metals, increases the

Due to incomplete combustion of biomass, many availability of micronutrients for plants and increases the
organic components remain in biochar which are essential pH of soils [34]. It also stimulates the growth of
as potential fertilizer and soil amendments [16]. As rhizosphere microorganisms and mycorrhizal fungi [35]. 
compared with other organic matter, the carbon present in Biochar application has proven to be a very favorable
biochar is more stable in soil environment and remains in method for simultaneously solving the numerous
soil for hundreds to thousand years [17]. The fact that multipronged issues: creating a carbon (C) sink to mitigate
biochar is not easily degradable by the soil microbes global warming, neutralizing acidity in soil, increasing soil
favors its use in agricultural soils [18]. Some studies have water holding capacity, reducing the losses of nutrients
shown that biochar addition to agricultural soils increases and agricultural chemicals in run-off, reducing greenhouse
crop production by increasing soil aeration and water- gas emissions and stabilizing mobile heavy metals,
holding capacity (WHC), which in turn enhances pesticides and other organic pollutants in soil [34, 36-38].
microbial activity and plant nutrient status in soil and Given these attributes, there is a growing interest for
alteration of some important soil chemical properties. adopting its use in agriculture, soil and land reclamation

Several uses and positive effects of biochar and climate change mitigation [39, 40]. The application of
amendment have currently been considered as an biochar for both agricultural and environmental benefits
effective  method  to  reclaim the contaminated soil [19] has been studied and reviewed extensively. However, the
and to achieve high crop yields without harming the mechanisms’ ruling is still poorly understood. This review
natural environment. By incorporating biochar in soil, NH focused on the current status of knowledge on3

and N O emissions could decrease to a substantial level. mechanisms how biochar resolve the most vital issues of2

This could happen in certain ways including the uptake the present world: soil degradation and climate change. 
and adsorption of nitrogenous compounds by biochar.
The important aspect of adding biochar into the soil lies Review Methodology: This paper is based on basic
in the fact that it improves the nutrient availability level in information, facts and figures supported by data sources
the soil which can change the plant growth resulting in (e.g. secondary data, bibliographic data base, etc.) in
the microbial activity for the less production of N O [20]. recently published journals, annual reports, technical2

The application of biochar to soil can influence a wide reports and other relevant papers on issues of biochar on
range of soil constraints such as high availability of Al soil improvement, waste management, climate change
[21], soil structure and nutrient availability [17], mitigation and energy production. In this review, more
bioavailability of organic [22] and inorganic pollutants than 173 scientific papers have been screened in which
[23]; cation-exchange capacity (CEC) and retention of only 107 of them were included in the manuscript on the
nutrients [24]. It can also modify the physicochemical basis of their compatibility. 
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RESULTS AND DISCUSSION amendment, it stimulates soil fertility and improves soil

Biochar Production: Biochar is produced from biomass retain moisture, attracting more useful fungi and other
materials using the thermochemical technique pyrolysis, microbes, improving the ability of cation exchange and
through which organic residues are heated in O -free or preserving the nutrients in the soil [51].2

highly limited, ambient-pressure environments for a Studies found that temperature and dwelling time
certain time to be carbonized into charcoal, with the yields biochar rich in nutrient such as Ca, P and K
generation of pyrolysis bio-oil and syngas as byproducts content, while volatile nutrients like N decrease at highest
[41]. As stated by Guo [42], for quality characteristics of temperature [48, 52]. Pore size range of biochar typically
biochar three parameters are usually used to manipulate varies from nanopores (< 0.9 nm) to macropores (> 50 nm)
the carbonization (pyrolysis) conditions: pyrolysis (peak) depending upon the feedstock, temperature and
temperature, solid residence time and heating rate, each availability of oxygen and material used for biochar
stretching over a wide range of values. The pyrolysis production [53, 54]. Zama et al. [55] explained the
temperature for biochar production is mostly in the range increases in Mg, Ca, K and P on biochars pyrolysed at
of 300–700°C. A higher temperature accelerates the high temperatures as being due to increased ash content
carbonization process, allowing the pyrolytic (ranging from 4.0 to 33.1%). Increased carbon content
transformation of biomass to reach a deeper level and be (ranging from 62.2 to 92.4%) with an increase in pyrolysis
completed in a shorter time [15, 43]. Complete pyrolysis is temperature occurs due to a higher degree of
critically important to transform all feedstock OC into polymerization [56], leading to a more condensed carbon
carbonized, pyrogenic OC i.e., altered, amorphous C structure in the biochar [10]. As a result of significant
structure. According to Agnieszka et al. [44], biochar degree of organic matter decomposition, high pyrolysis
properties are affected by several technological temperature led to biochars with a high C content, large
parameters, mainly pyrolysis temperature and feedstock surface area and high adsorption characteristics [44, 57].
kind, which differentiation can lead to products with a For instance, the increase of acidic functional groups in
wide range of values of pH, specific surface area, pore biochar can increase the adsorption of NH [58]. Biochar
volume, CEC, volatile matter, ash and carbon content. has a high specific surface area, high amounts of oxygen
Recently, it has been reported that biochar obtained from containing functional groups and a high stability [59].
the carbonization of organic wastes can be a substitute According to Mohan et al.[60] at low temperature and
that not only influences the sequestration of soil carbon incomplete pyrolysis, pores of different biochar can be
but also modifies its physicochemical and biological moderately blocked reducing the nutrient holding ability
properties [45]. and adsorption capacity of biochar. Surface area and

Physical, Chemical and Biological Properties of anion exchange ability of biochar for nutrient [61]. Biochar
Biochars: Biochar has different properties that may vary reduces soil density and soil hardening, increases soil
with different feedstock where biochar quality and aeration and cation-exchange capacity. It also helps to
attributes are governed by pyrolysis settings such as reclaim degraded soils. It has shown a greater ability to
heating time, maximum temperature, pressure and oxygen adsorb cations per unit carbon as compared to other soil
[46, 44]. The physical properties of biochar contribute to organic matters because of its greater surface area,
its function as a tool for managing the environment. In negative surface charge and charge density [47], thereby
biochar remediation, adsorption is basic mechanism to offering the possibility of improving yields [9].
remove toxic organic and inorganic pollutants, which
directly  depends  on different physiochemical properties Effecting Mecanisms of Biochar in Sustainable
such as distribution of pore size, surface area, cation Agriculture and Environmental Management: Food
exchange capacity  and  functional groups. Biochar security, climate change, declining soil fertility and
contains carbon, ash and lower molar H/C ratios, which profitability are the burning issues under the present
depends upon the pyrolysis temperature that shows scenario. Soil carbon is important for food security,
polymerization and ability of biochar to remove different ecosystem functioning and environmental health,
pollutants [47-50]. When biochar is used as a soil especially in light of global climate change. Owing to its

quality by increasing soil pH, increasing the ability to

4
+

porosity of biochar play an important role in cation and
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biological origin and physico-chemical properties, biochar increase CEC by 20 % which in turn reduces the loss of
has the potential of carbon sequestration. Its higher nutrients through leaching [9, 76] and soil electrical
stability against decay and capability to retain nutrients conductivity by 124.6 % [77] while reduce soil acidity by
ensure the nutrient availability according to the crops 31.9 % [77]. Additionally, biochar has also to increase soil
need for a longer period. biological community composition [78] and microbial

Biochar as Soil Fertility Improvement: The burning to have a great potential for enhancing plant fertilizer use
issues as food security, climate change, declining soil efficiency by increasing nutrient availability in the soil.
fertility and profitability act as incentives behind the The two things which make biochar amendment
introduction of latest technologies of new farming superior to other organic materials are high stability
systems. To reduce the risk of pollutant transfer to waters against decay so that it can last for longer times in soil
or receptor organisms in proximity, the improvement of providing long-term benefits and high capability to retain
soils for their remediation has proven a significant role. the nutrients. Various evidences and studies showed that
The extensive use of chemical fertilizers has led to the the utilization of biochar can be extremely useful for the
deterioration of the environment causing infinite improvement of soil organic carbon [21], capacity of water
problems. It not only lowers the nutrient composition of holding [70, 79], stimulating soil microbes, increasing the
the crops but also degrades the soil fertility in the long microbial activity and biomass [80], decreasing in needs
run [62, 63]. As a result of long-term treatment with and leaching of fertilizers, availability and retention of
inorganic fertilizers and/or organic manures, a shift in nutrients, soil aeration [81, 82], bettering the growth and
structural diversity and dominant bacterial groups in yield of crop growth.
agricultural soils has recorded [64]. The organic material
such as biochar may serve as a popular choice for this Increase in Crop Yield: The impact of biochar application
purpose because its source is biological and it may be is more prominent in highly degraded acidic or nutrient
directly applied to soils with little pretreatment [65]. depleted soils. Several studies have reported positive

The application of biochar improves soil fertility responses of biochar on net primary crop production,
through two mechanisms: adding nutrients to the soil grain yield and dry matter. Biochar can improve the
(such as K, to a limited extent P and many micronutrients) physical, chemical and biological properties of the soil
or retaining nutrients from other sources, including (pH, surface area, cation exchange capacity (CEC), particle
nutrients from the soil itself. However, the main advantage density, humidity and conductivity) [83, 84], reducing the
is to retain nutrients from other sources. Biochar increases leaching of nutrients, or making a direct or indirect
the availability of C, N, Ca, Mg, K and P to plants, contribution of nutrients that exerts a promoting effect on
because biochar absorbs and slowly releases fertilizers plant growth and increasing crop yield [85, 86]. The
[30, 66, 67]. According to Cao et al.[68] report biochar also mechanisms involved are: increased soil aeration and
helps to prevent fertilizer drainage and leaching by water-holding capacity (WHC), enhanced microbial
allowing less fertilizer use and reducing agricultural activity and plant nutrient status in soil and alteration of
pollution in the surrounding environment. some important soil chemical properties. 

The addition of biochar to the soil has improve soil Uzoma et al. [18] reported that maize grain yield
quality by raising soil pH of the soil and that leads to significantly increased by 150 and 98 % after the
improved  availability  of  phosphorous  and potassium application of biochar at 15 and 20 t ha , respectively.
[69, 70], increasing moisture holding capacity [13], Biochar if applied in combination with inorganic or
stimulating activity of more beneficial fungi and microbes organic fertilizers can result into increased crop yields,
[71], improving cation exchange capacity [72] and particularly on tropical soils [21].
retaining nutrients [73]. Furthermore, application of
biochar to soils has been identified as a low-cost Better Water Retention and Drainage: Biochar improves
technology that can stabilize organic carbon, reduce water holding capacity of the soil thus helps in water
greenhouse gas emissions [74], improve soil physical and retention for a longer period of time which may be
chemical properties and boost crop yield and productivity attributed to its highly porous structure [87, 88]. The
[75] and farm incomes. Biochar application can also water  retention  capacity  is mainly  due  to  two  factors:

biomass by 125 % [35]. Therefore, biochar is considered

1
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 the large internal surface and the high number of residual neutral soils. He also reported a nearly 30 to 40 percent
pores in the biochar, where water is retained by capillarity, increase in wheat height when biochar produced from
improving soil aggregation and structure. This increases paper mill sludge was applied at a rate of 10 t ha  to an
the general porosity of the soil and the water content, acidic soil. Glaser et al. [21] informed that biochar
leading to a decrease in the mobility of water, reducing application reduced aluminium toxicity to plant roots and
water stress in plants [89]. The capability of biochar in soil microbiota. 
reducing fertilizer drainage through increasing water
retention can improve crop productivity and reduce the Adsorption of Soil Pollutants: Biochar has the ability to
nutrient leaching rate in agricultural practices. Biochar has sorb major environmental contaminants which are harmful
high total porosity therefore it can retain water in small for the  soil. Sequestrations of organic pollutants are
pores  and  increase  soil  water  holding capacity [90]. being done by using biochar to alter their effects on the
This may enhance water availability to crops and prevent environment ultimately. Due to its struggling nature
from erosion. Some authors suggest that it can be an towards microorganisms and its astonishing sorption
important tool to manage water in agricultural production, affinity, biochar acts as a critical binding phase for
particularly under water stress conditions. Biochar can different organic pollutants in the environment. The
absorb water up to 5.0 times its own weight [91]. applied biochar interacts with heavy metals in the soil,

Reduction of Soil Acidity: Biochar has potential benefits potentially transforming them into hydroxide, carbonate
in improving the chemical properties of acid soils. and phosphate precipitates [14]. Biochar amendment does
Application of biochar to soil may improve nutrient not eradicate but stabilizes heavy metals in soil,
supply to plants. Soil reaction (pH) is an important transforming the toxic elements into less soluble and less
characteristic of soils in terms of nutrient availability and bio  accessible  forms [100, 101]. In the same way, both
plant growth. Previous studies reported that soil pH was Tan et al. [12] and O'Connor et al. [102] indicated that
raised by high-pH biochar at about one-third the rate of biochar amendment does not remove heavy metals from
lime resulting in increased calcium levels and reduced soil; instead it transforms the water-soluble and bio
aluminum toxicity on acid soils [21, 82]. Biochar possess accessible fractions of heavy metals into immobilized
a liming effect on soil as result of high surface charge forms, reducing the bioavailability and the eco toxicity of
density, large surface area, internal porosity and the heavy-metal-contaminated soils. This method offers an
presence of polar and non-polar surface sites [92]. approach that may be less environmentally disruptive and
Uchimiya et al.[93] pointed out that biochar ameliorate less expensive and hence potentially attractive as a future
acidic soil with the formation of biochar–metal complexes, option. Biochar stabilizes cationic heavy metals via
Na , K , Ca , Mg  and other cations released into soil, electrostatic attraction, ion-exchange-based surface+ + 2+ 2+

causing soil pH changes. Nearly all biochars contain adsorption, surface complexation and chemical
carbonates (e.g., K CO , Na CO , CaCO  and MgCO ) that precipitation.2 3 2 3 3 3

contribute to alkalinity and high pH [94, 39]. The Heavy metal ions in the soil solution can be adsorbed
carbonate, oxygen-containing functional groups and to biochar via ion exchange by replacing those cations
silicates in biochars are the major components responsible (e.g., Ca , Mg , Na+, K  and H ) originally associated
for their efficacy in amending acidic soils and resisting with  the  biochar   surface   functional   groups  [103].
soil re-acidification by increasing the reaction of the This specific interaction (i.e., inner-sphere adsorption) is
exchangeable basic cations which would cause an stronger than electrostatic attraction, yet the adsorbed
increase in the soil pH [95-98]. metal cations are exchangeable, as influenced by the

Numerous studies have demonstrated that biochar solution pH and ionic strength [104, 103]. For anionic
can increase soil pH and cation exchange capacity (CEC), forms of toxic elements, biochar amendment generally
which results, in higher nutrient availability [76]. improves their mobility in soil, suggesting that biochar
According to SHI Ren-yong et al. [99] report the may be used to facilitate phytoextraction-based
application of crop residue biochars may be a better remediation of Cr, As and Sb contaminated soils. The
option than traditional liming to ameliorate acidic soils. abundance of surface functional groups and the CEC of
Biochar used as neutralizer for acidic soils especially if biochar determine its ability to adsorb heavy metals, while
biomass is a leguminous species [23]. Van Zweiten et al. the pH/lime equivalence and the phosphate content
[34] suggested that biochar derived from poultry litter control its capacity to precipitate heavy metal
facilitates liming in soil resulting in rise of pH of acidic or contaminants [105, 50]. 

1

adsorbing heavy metal ions on the pore surfaces and

2+ 2+ + +
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A notable number of literature data indicate that CO emissions and increasing carbon sinks [114].
biochar amendment is capable of effectively sorbing Through the process of photosynthesis, plants convert
heavy  metal  cations  from  water, immobilizing heavy carbon dioxide from the air into organic material, or
metal elements in soil and mitigating soil contamination. biomass. If that biomass is then used to create biochar
Biochar has been used as a heavy metal sequester and and returned to the soil, it has the potential to keep the
other chemicals such as herbicides, fungicides and carbon dioxide from re-entering the atmosphere for an
insecticides  [106,  93, 107, 108]. Chen and Yuan [109] extremely long period of time [115, 116]. Biochar increase
found that applying biochar to the soil contaminated with the carbon storage in cropland soils [117, 81]. The half-life
poly aromatic hydrocarbons (PAHs) can help the sorption of biochar in the soil is estimated to range from hundreds
of PAHs from the soil. Overall, biochar amendment serves to thousands of years [118]. Thus, supplying the soil with
as a promising approach to stabilize soil heavy metals and biochar is a strategy for long-term carbon sequestration.
organic contaminants and mitigate the hazardous soil Biochar sequester carbon from the atmosphere and
pollution effects. Biochar alleviates the impact of convert it into a highly stable form thereby decreasing
hazardous pesticides and complex nitrogen fertilizers from CO  emission from soil due to decomposition [119].
the soil, thus reducing the impact on the local Biochar addresses two important sources of
environment [105]. environmental problems, by sequestering CO  into the soil

Increase in Plant Disease Resistance: The current nutrient retention [120]. Woolf et al. [121] detected that
agricultural scenario faces a range of challenges, with biochar plays important role for emission of carbon and
phytosanitary ones being dominant. In most cases, plant also essential to meeting global climate targets.
diseases are treated with chemicals; however, they cause
environmental pollution and face the acquired resistance Biochar and Greenhouse Gas Emission Reduction:
of pathogens. Alternatively, biochar is a valuable tool for Global warming is among the most urgent global issues
inducing the systemic resistance of plants since it is an nowadays [122]. The Intergovernmental Panel on Climate
effective and widely used resource to improve the Change (IPCC) pointed out that carbon dioxide (CO ),
physical, chemical and biological attributes of the soil, methane (CH ) and nitrous oxide (N O) are the major
consequently providing an adequate environment for greenhouse gases (GHGs) in the current global climate
healthy plant development. The mechanisms by which change process [123]. Greenhouse gases associated with
biochar may protect plants against diseases are varied. the agriculture sector are nitrous oxide (N O) and methane
They include enhancing plant growth by providing (CH ). Globally, agriculture accounts for about 14% of the
nutrients, increasing soil-microbial diversity, adsorbing total GHG emissions [124, 125], including 47% of the CH

emissions and 84% of the N O [126]. On the other hand
enzymes and organic acids), stimulating antibiotic or fungi Karakurt et al. [127] stated that agriculture contributes
toxic compounds, changing the chemistry of root approximately 51% and 58% of the anthropogenic CH and
exudates, or inducing systemic plant defense mechanisms N O emissions, respectively. Biochar can reduce
through chemical compounds that act as elicitors, or greenhouse gas emissions [128, 129] and increase the
through  microorganisms   present   in  micro-habitats carbon storage [130-132]. The carbon sequestration and
[110, 111]. Biochar has been used effectively against a GHG emission reduction effects of biochar on farmland
wide variety of plant pathogens including airborne and soils come from its high chemical stability and biological
soil borne pathogens and pests. In addition, the growth- stability [115].
promoting properties of biochar water-wash extracts have Biochar is highly stable and having the capacity to
also been confirmed, as they are rich in organic and emit less carbon dioxide from organic decomposition
inorganic compounds [112]. Bonanomi et al. [113] significantly. So that it plays an important role in
reported that biochar is effective against both air-borne monitoring the release of methane and nitrogen dioxide
and soil borne pathogens. from the soil [45], which are the major cause of climate

Biochar and Carbon Sequestration: Carbon sequestration terms of N O emissions from soil, nitrifier-nitrification,
is the capture and storage of carbon to prevent it from nitrifier-denitrification and denitrification are the principal
being released to the atmosphere. Combatting climate sources and may occur simultaneously at different
change requires a reduction in atmospheric CO microsites within the soil ecosystem. As the result of2

concentrations, which can be achieved by both reducing biochar  application,  NO and N O emissions decreased by

2

2

2

and by reducing water pollution through enhancing soil

2

4 2

2

4

4

toxins produced by pathogens (such as extracellular 2

4

2

change in recent days. Spott et al. [133] stated that in
2

2
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43% and 62%; respectively [134]. Yanai et al. [25] also REFERENCES
indicated that N O emission decreased by 80% after the2

addition of biochar. Biochar can reduce nitrous oxide
(N O) emissions from soil [115, 135] and it can alter2

methane  emission  or  oxidation  rates  in   soil   [136].
This reduction in the release of nitrogen dioxide arises
because of the capacity of biochar to adsorb and retain
the ammonium in soils and then lessen the availability of
nitrogen for denitrification process [5]. Zwieten et al. [137]
stated that soils treated with biochar have showed 40-51%
less emissions of nitrogen dioxide than that of those soils
not treated with biochar. Thus biochar is being promoted
as a climate change mitigation tool as it has the potential
to increase soil C sequestration and reduce soil GHG
emissions when applied as a soil amendment [115].

CONCLUSION

It is evident that biochar has the potentiality to
resolve simultaneously the most vital issues of the
present world. Biochar is used as a soil amendment; as a
means of remediating contaminated agricultural soil,
improving soil fertility by reducing the acidity, increasing
the availability of nutrients, repair soils that have been
contaminated with toxic heavy metals and improving plant
resistance to some pathogens. Biochar increases crop
production via increasing soil aeration and water-holding
capacity, enhanced microbial activity and plant nutrient
status in soil and alteration of some important soil
chemical properties. Apart from agricultural benefits
biochar also possess some environment benefits like
climate change mitigation of GHG, remediation of polluted
soil  and  sequester  it (enhanced sinks) in the soil.
Biochar is also a promising tool to reduce the atmospheric
CO  concentration  because  it  slows  the  return of2

photo  synthetically  fixed  carbon  to  the  atmosphere.
The potential of biochar for carbon sequestration and its
ability to reduce greenhouse gas emissions make it a very
attractive alternative to counteract the adverse effects of
climate change. To sum up, biochar application to soil can
sequestrate carbon, adsorb inorganic and organic
contaminants and improve soil fertility and quality
through increases in pH, macro-nutrients and improved
soil water holding capacity. However, the research
community should give an emphasis to validate the
agricultural and environmental benefits of soil–biochar
amendment packages and to develop biochar quality
standards. Thus, biochar production and application can
be regarded as a viable solution to an array of modern-day
problems.
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