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Chapter

Biochar: A Sustainable Approach 
for Improving Soil Health and 
Environment
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Mausami Rana and Kiran Pilli

Abstract

Current agriculture faces multiple challenges due to boom in food demand and 
environmental concerns. Biochar is increasingly being recognized by scientists and 
policy makers for its potential role in carbon sequestration, reducing greenhouse 
gas emissions, renewable energy, waste mitigation and as a soil amendment. The 
purpose of this review is to provide a balanced perspective on the agronomic and 
environmental impacts of biochar amendment to soil. Application of biochar to soil 
can play a significant role in the alteration of nutrients dynamics, soil contaminants 
as well as microbial functions. Therefore, strategic biochar application to soil may 
provide agronomic, environmental and economic benefits. Recent findings also 
supported that in order to enhance crop yield, improve soil quality and soil health, 
biochar has proven significant role as fertilizer and soil conditioner respectively.

Keywords: biochar, carbon sequestration, soil conditioner, waste mitigation,  
crop yield

1. Introduction

Agriculture plays an important role in shaping the global economy. Now-a-
days, food security is a major issue. Despite remarkable refinement of agricultural 
practices after World War II, the global food supply is yet incapable to fulfill the 
actual demands. Further, emerging issues of soil pollution, climate change and-
Desertification still remains to be iron out for the agriculture sector [1]. The global 
food demand is anticipated to increase by 70% till 2050 with the burgeoning 
population [2] and meeting up this demand without compromising soil health and 
agroecosystem has turned into a big challenge in the agriculture sector. To meet the 
pressing demand for food; indiscriminate use of fertilizers, plant growth regulators, 
pesticides etc. has become a general practice. Their excessive use is a serious con-
cern because of their adverse impact on the environment and the entire food chain.

Depletion in soil organic matter and soil nutrients, decline in agricultural 
productivity due to excess use of chemical fertilizers and changes in climate due to 
anthropogenic activities are posing great threats to the sustainability of agricultural 
production in the tropical regions. So it is becoming important to use organic fertil-
izer along with inorganic fertilizer for improving sustainability and maintaining 
soil health. Along with organic manures and composts, the use of biochar is quite 
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a novel approach having potential benefits to both environment and agriculture 
as the former is a source of calcitrant carbon and the later contains recalcitrant 
form of carbon. Application of biochar to soil as a technique to improve the quality 
of soil has emerged in recent years. A common characteristic of biochar is that it 
comprises mainly stable aromatic organic carbon that cannot readily be returned to 
the atmosphere [3, 4]. The decomposition rate of biochar is 0.03% per year. Once 
it is applied, it is able to help in water and nutrient retention for next 5–8 years. 
Furthermore, biochar can reduce the risk of environmental pollutants (organic and 
inorganic) from soils by forming complexes or through sorption of organic com-
pounds like herbicides [5].

2. Production of biochar

2.1 Feedstocks/raw materials

Various organic materials are suitable as feedstock for the production of biochar. 
Biochar can be produced with raw materials such as grass, cow manure, wood chips, 
rice husk, wheat straw, cassava rhizome, and other agricultural crop residues [6]. 
Agricultural wastes (bark, straw, husks, seeds, peels, bagasse, sawdust, nutshells, 
wood shavings, animal beds, corn cobs and corn stalks, etc.), industrial wastes 
(bagasse, distillers’ grain, etc.), agroforestry (Gliricidia twig, Eucalyptus bark, 
Pongamia shell, Eucalyptus twig and Leucaena twig) and urban/municipal wastes  
[7, 8] have been extensively used, thus also achieving waste management through its 
production and utility. Hard wood biomass containing 10% moisture content is best 
for biochar production. After collecting hard woods, removal of barks can help to 
avoid lignin effects. Cellulose, hemicellulose, and lignin polymers are the principal 
components of biomass used for the biochar production.. Among these, cellulose 
has been found to be the prime component of most plant-derived biomasses, but 
lignin is also important in woody biomass.

2.2 Production process

Thermochemical conversion technologies are more popular than biochemical 
conversion technologies in case of biochar production as the rate of hydrogen 
production and yield are quite lower in the later. The former can further be 
divided into combustion, pyrolysis and gasification. Different thermochemical 
processes involved in biochar production are shown in Figure 1. Biochar which is 
obtained by slow pyrolysis from biomass waste (agricultural, municipal, animal, 
or industrial sources), is highly porous, fine-grained, carbon dominant product 
rich in paramagnetic centres having both organic and inorganic nature, with 
large surface area possessing oxygen functional groups and aromatic surfaces [9] 
with the primary goal of soil improvement. The pyrolysis temperatures generally 
employed ranges from 300 to 1000°C. Different types of pyrolysis along with 
their operating conditions are summarized in Table 1. In the absence of oxygen, 
Pyrolysis rapidly heats biomass, driving off carbon monoxide and hydrogen and 
turning the residue into biochar, a carbon rich solid. In this process, a mixture of 
volatile gases is released which can be captured and condensed into an energy-
dense liquid called bio-oil. Further it can be refined into diesel and other hydro-
carbon products. Recently, it has been reported that biochar obtained from the 
carbonization of organic wastes can be a substitute that not only influences the 
sequestration of soil carbon but also modifies its physicochemical and biological 
properties [15].
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2.3 Factors associated with biochar quality

Specifically, the quality of biochar depends on several factors, such as the type of 
soil, metal, and the raw material used for carbonization, the pyrolysis conditions, 
and the amount of biochar applied to the soil (Figure 2).

The tendency of the surface functional groups to attract positive charges 
enhances the cation exchange capacity, which is an important property of biochar 
for remediation of metal-contaminated soils. The advantages of biochar with vari-
ous physiochemical properties are shown in Figure 3 [16].

The physical properties of biochar play significant role to its function as a tool 
for managing the environment. Research has been shown that biochar, when used 
as a soil amendment, improves soil quality and boosts soil fertility by increasing the 

Figure 1. 
Different thermochemical processes for biochar production.

Type of 

pyrolysis

Temp. (°C) Heating 

rate 

(°C/s)

Pressure 

(MPa)

Residence 

time (s)

Particle 

size 

(mm)

Biochar 

yield 

(%)

References

Slow pyrolysis 300–600 0.1–1 0.1 300–550 5–50 20–40 Li et al. 

[10]

Fast pyrolysis 850–1250 10–200 0.1 0.5–10 <1 10–15 Li et al. 

[10]

Flash pyrolysis 900–1200 >1000 0.1 <1 <0.5 10–15 Li et al. 

[10]

Intermediate 

pyrolysis

500–650 1–10 0.1 10–20 1–5 15–25 Zhang  

et al.  

[11, 12]

Vaccum 

pyrolysis

300–600 0.1–1 0.01–0.02 0.001–1 — 25–35 Britt  

et al. [13]

Hydro 

pyrolysis

350–600 10–300 5–20 >15 — — Liu et al. 

[14]

Table 1. 
Types of pyrolysis and their operating conditions for biochar production.
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moisture retaining capacity, soil pH, cation exchange capacity, attracting more ben-
eficial fungi and other microbes, and preserving the nutrients in the soil. Biochar 
increases soil aeration and cation-exchange capacity, reduces soil hardening and soil 
density and changes the soil structure and consistency by changing the physical and 
chemical properties. In drought prone areas, the effects of drought on crop produc-
tivity can be reduced by addition of biochar due to its moisture-retention capacity. 
It has also been reported that it eliminates soil constraints that limit the growth of 
plants, and neutralizes acidic soil because of its basic nature [17].

As far as its chemical properties are concerned, biochar reduces soil acidity by 
increasing the pH (also called the liming effect) and helps the soil to retain nutri-
ents and fertilizers. The application of biochar improves soil fertility through two 

Figure 2. 
Schematic diagram of factors affecting the quality of biochar.

Figure 3. 
Physicochemical properties of biochar.
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mechanisms: adding nutrients to the soil (such as K, to a limited extent P, and many 
micronutrients) or retaining nutrients from other sources, including nutrients from 
the soil itself. However, the main advantage is to retain nutrients from other sources.

3.  Effect of biochar on agricultural productivity, soil health and 
environment

Food security, climate change, declining soil fertility and profitability are the 
burning issues under the present scenario. Soil carbon is important for food secu-
rity, ecosystem functioning and environmental health, especially in light of global 
climate change. Owing to its biological origin and physico-chemical properties, 
biochar (pyrolyzed crop residue) has the potential of carbon sequestration. Its 
higher stability against decay and capability to retain nutrients ensure the nutrient 
availability according to the crops need for a longer period.

3.1 Agricultural implications of biochar

Biochar has a diversed application ranging from use in agriculture and animal 
husbandry, flue gas cleaning, heat and power production, metallurgical applica-
tions, building material, to medical use. It has gained increasing popularity in the 
last years as a replacement for fossil carbon carriers in several of these applications 
in an attempt to reduce greenhouse gas emissions.

3.1.1 Biochar as a soil amendment

The burning issues as food security, climate change, declining soil fertility and 
profitability act as incentives behind the introduction of latest technologies of 
new farming systems. To reduce the risk of pollutant transfer to waters or receptor 
organisms in proximity, the amendment of soils for their remediation has proven a 
significant role.. In this context, the organic material such as biochar may serve as a 
popular choice owing to its biological source and direct application to soils with little 
pre-treatment. The two things which make biochar amendment superior to other 
organic materials are high stability against decay so that it can last for longer times in 
soil providing long-term benefits and high capability to retain the nutrients. Biochar 
amendment also play a significant role in improving soil quality by increasing 
moisture-holding capacity, soil pH, cation-exchange capacity and microbial  
flora [18]. The addition of biochar to the soil has shown the increase in availability of 
basic cations as well as in concentrations of phosphorus and total nitrogen  
[19, 20]. Another valuable property of biochar is suppression of emissions of green-
house gases in soil. Due to the presence of calcium compounds, as well as improved 
physico-chemical and biological properties of soil, application of biochars and 
biochar amended composts is advocated to control the diseases caused by fungi and 
bacteria in soil. Bio-char can also adsorb pesticides, nutrients, and minerals in the 
soil, preventing the movement of these chemicals into surface water or groundwater 
and the subsequent degradation of these waters from agricultural activity.

3.1.2 Biochar as soil conditioner

From the agricultural point of view, the application of carbonization products 
for soil amelioration seems to be beneficial because the treatment improves the 
conditions for plant growth, leading to a better yield [21]. Furthermore, due to 
the rapid effects and relatively low costs of such treatment, biochars are more 
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and more frequently used in processes of soil remediation and conservation. 
Moreover, the application of biochars to soil leads to increased contents not only 
of carbon but also of other biogenic compounds, such as phosphorus, potassium, 
magnesium and nitrogen [7, 22]. By increasing NH3 and NH4

+ retention, reduc-
ing N2O emissions and eluting NO3 ions, as well as inducing the development of 
nitrogen bacteria which directly affects the increase in soil productivity, biochar 
helps to store nitrogen. Biochar also impacts the physical properties of soil by 
improving its water retention, capacity to form aggregates, and resistance to ero-
sion. Owing to their highly porous structure, carbonization products may create 
favorable conditions for microorganisms, as a consequence improving the fertility 
and productivity of soils.

3.1.3 Improving soil for crop production

Biochar is considered to be highly effective in the restoration of the fertility of 
soils. Many researches confirmed that the use of biochar leads to the improvement 
of the soil productivity [23]. The extraordinary properties and benefits of the use 
of biochar are not only limited to only to the area which was disturbed for obtaining 
biomass to generate bio energy but it has the ability to remain persistent in the soils 
for almost two to three years [19]. This shows that if the biochar is applied to the 
lands which are not used for bio energy production, it will increase the fertility of 
soil and will help in reducing the pollution of soil of that land from the inorganic 
chemicals.

3.1.4 Nutrient availability in soils

Biochar application leads to the increase in pH of the soil and that leads to 
improved availability of phosphorous and potassium [9] When biochar is applied 
on the soil, oxidation process is observed on the surface of particles. The reason for 
the reported high CEC is the oxidation of aromatic carbon which leads to the for-
mation of carboxyl groups [24]. With the increase in CEC the nutrients will remain 
attached to the soil opposing the leaching process. When highly oxidized organic 
matter attached with the surface it will create negative charge on the surface. As 
a result, positive charge on these sites gets decreased. However, the results from 
the studies showed that the effect of biochar is more expected on the soils having 
macro pores [25].

3.1.5 Stimulation of soil microflora and plant growth

Biochar provides a suitable habitat for a large and diverse group of soil micro-
organisms, although the interaction of biochar with soil microorganisms is a 
complex phenomenon. Addition of biochar along with phosphate solubilizing 
fungal strains promoted growth and yield of Vigna radiata and Glycine max plants, 
with better performances than control or those observed when the strains and 
biochar are used separately [26]. It was found that biochar increased the biological 
N2 fixation (BNF) of Phaseolus vulgaris [27] mainly due to greater availability of 
micronutrients after application of biochar. It has also been reported that leaching 
of NH4

+ was reduced with the application of biochar resulting to its higher avail-
ability for plant uptake [20]. Mycorrhizal fungi which were widely used as supple-
ments for soil inoculums, often included in crop management strategies [28]. 
When using both biochar and mycorrhizal fungi in accordance with management 
practices, it is obviously possible to use potential synergism that can positively 
affect soil quality.
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3.1.6 Improving crop productivity

The impactof biochar application is more prominent in highly degraded acidic or 
nutrient depleted soils. Several studies have reported positive responses of biochar 
on net primary crop production, grain yield and dry matter (Table 2). Little addi-
tion of charcoal (0.5 t ha−1) have shown significant impact on various plant species, 
whereas higher rates caused plant growth inhibition [30]. Biochar if applied in 
combination with inorganic or organic fertilizers, can result into increased crop 
yields, particularly on tropical soils [19].

3.2 Environmental implications of biochar

3.2.1 Biochar and carbon sequestration

According to Turral et al. [31], agriculture generates around a fifth of the 
world’s greenhouse gas emissions. The application of biochar is proposed as a 
novel approach to establish a significant, long term, sink for atmospheric carbon 
dioxide (CO2) in terrestrial ecosystems. Biochar addresses two important sources 
of environmental problems, by sequestering CO2 into the soil and by reducing 
water pollution through enhancing soil nutrient retention [32]. It was observed that 
biochar plays important role for emission of carbon and also essential to meeting 
global climate targets [33]. Biochar-bioenergy systems can play an important role 
in a global strategy favorably helps in carbon capture and storage at lower carbon 
prices whereas biochar addition to soils delivers significant increases in crop yields. 
Hence, effective use of biochar plays significant role in carbon sequestration.

3.2.2 Biochar and climate change

Now-a-days excessive amount of carbon dioxide is being released to the atmo-
sphere due to the burning of fossil fuels and decomposition of biomass, which 
increases the carbon levels in the atmosphere day by day. Application of biochar 
helps in decreasing the emission of carbon dioxide as it has the ability to store 
50% of the carbon from feedstock [34]. Biochar is highly stable and having the 
capacity to emit less carbon dioxide from organic decomposition significantly. So 
that it plays an important role in monitoring the release of methane and nitrogen 
dioxide from the soil, which are the major cause of climate change in recent days. 
This reduction in the release of nitrogen dioxide ensues because of the capacity of 
biochar to adsorb and retain the ammonium in soils and then lessen the availability 

Study outline Results summary References

Cowpea on xanthic ferralsol 67 Mg ha−1 char increased biomass 

150%; 135 Mg ha−1 char increased 

biomass 200%

Glaser et al. [19]

Soil fertility and nutrient retention. Cowpea 

was planted in pots and rice crops in lysimeters 

at the Embrapa Amazonia Ocidental, Manaus, 

Brazil

Bio-char additions significantly 

increased biomass production by 38 

to 45% (no yield reported)

Lehmann et al. 

[20]

Comparison of maize yields between disused 

charcoal production sites and adjacent fields, 

Kotokosu watershed, Ghana

Grain yield 91% higher and biomass 

yield 44% higher on charcoal site 

than control.

Oguntunde  

et al. [29]

Table 2. 
Summary of experiments assessing the impact of biochar addition on crop yield.
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of nitrogen for denitrification process. It is observed that in the fields, methane 
emissions were 34% higher from the fields which are treated with biochar. Though 
the emissions of nitrogen dioxide were found 40–51% less in soils than that of 
those soils which are not treated with biochar, thus global warming gases from soils 
decreases by amending soils with biochar [35].

3.2.3 Reducing water pollution

Application of biochar in soil also helps in the reduction of offsite pollution. It 
helps in increasing the retention of nutrients like phosphorous and nitrogen in soils, 
aid in decreasing the leaching of nutrients of soil in to the groundwater. Thus, it plays 
major role in saving the nutrients from erosion and nutrients availability for the cul-
tivation of crop increases. By the pyrolysis of animal manures, a significant amount 
of reduction can be achieved in the mobility of phosphorous of animal manures [36] 
and this technique will help in reducing the weight and volume of the manures and 
will make the disposing off of waste easier. It also helps in conversion of the soluble 
inorganic phosphate present in the manure into the adsorbed phosphate in biochar.

3.2.4 Reduction of hazardous materials of environment

Biochar has the ability to sorb major environmental contaminants which are 
harmful for the soil. Sequestration of organic pollutants are being done by using 
biochar to alter their effects on the environment ultimately. Due to its struggling 
nature towards microorganisms and its astonishing sorption affinity, biochar acts as 
a critical binding phase for different organic pollutants in the environment. It was 
observed that the heavy metals present in the soil immensely affect the adsorption of 
organic pollutants on biochar and also interfere with their transport and fate. Biochar 
has the ability to adsorb organic contamination like persistent organic pollutants 
(POPs) as they have high affinity for biochar because it is naturally occurring [7].

3.3 Role of biochar on soil health

Soil health refers to the capacity of soil to perform a number of agronomic 
and environmental functions. Important among these functions are: agronomic/
biomass productivity, response to management and inputs and resistance to biotic 
and abiotic stresses. With reference to agricultural land use, soil health refers to the 
capacity of the soil to sustain and support the growth of crops and animals while 
also maintaining or improving the quality of the environment. Maintaining an 
appropriate level of soil organic matter and biological cycling of nutrients is crucial 
to the success of any soil management regime. The decline in SOM contributes to 
several soil degradation processes including erosion, compaction, salinization, 
nutrient deficiency, loss of biodiversity and desertification, all of which are accom-
panied by a reduction in soil fertility [37]. Hence, the application of biochar and its 
impact on the quality of soil function is worthy of an exhaustive assessment.

According to Venkatesh et al. [38], transforming a low-value crop residue into a 
potentially high-value carbon source and its soil application has several important 
benefits. A brief review about these beneficial aspects are presented in Table 3.

3.3.1 Soil physical properties

Biochar as a soil amendment may improve the physicochemical properties of 
degraded or nutrient-depleted soils. The ability of biochar to retain soil water is a 
function of the combination of its porosity and surface functionality [39]. Porous 
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internal structure of biochar increases soil porosity which helps to increase the 
surface area of soil so that water is better able to penetrate. Previous studies showed 
that application of biochar to infertile soils decreases soil bulk density, increases 
total pore volume and water holding capacity [7, 40]. Chen et al. [7] reported that 
biochar application decreased the tensile strength of soil cores, indicating that the 
use of biochar can reduce the risk of soil compaction.

3.3.2 Soil chemical properties

Biochar has potential benefits in improving the chemical properties of soils. 
Application of biochar to soil may improve nutrient supply to plants. Soil reaction 
(pH) is an important characteristic of soils in terms of nutrient availability and 
plant growth. Previous studies reported that soil pH was raised by high-pH biochar 
at about one-third the rate of lime resulting in increased calcium levels and reduced 
aluminum toxicity on red ferralitic soils [19, 20, 41]. Soil with a high CEC helps to 
hold or bind plant nutrient cations to the surface of biochar particles, humus and 
clay, so nutrients are retained rather than leached and therefore more available for 
uptake by plants [19, 20, 42]. Biochars derived from manure and animal-product 
feedstock are relatively rich in nutrients when compared with those derived from 
plant materials and especially those derived from wood [43, 44]. However, biochars 
in general may be more important for use as a soil amendment and driver of nutri-
ent transformation than as a primary source of nutrients [45].

3.3.3 Soil biological sproperties

Biochar as a soil amendment is confronted with the challenge that it must 
benefit soil health as it can by no means be separated from soils once it is added. 
Soils can be viewed as complex communities of organisms that are continually 
changing in response to soil characteristics, climatic and management factors and 
especially in response to the addition of organic matter. However, compared to the 
addition of fresh organic matter, the addition of biochar to soils is likely to affect 
the diversity, abundance and activity of soil biotic communities [46]. Owing to 
its highly porous nature, biochar helps to provide habitat for microorganisms and 
also modify the biological functionality by altering the availability of substrate and 

Physical properties Chemical properties Biological properties

• High negative charge of 

biochar promotes soil 

aggregation and structure.

• Decreases bulk density, 

improves soil workability, 

reduces labour and tractor 

tillage and minimizing fuel 

emissions.

• Positive effect on crop 

productivity by retaining 

plant available soil moisture 

due to its high surface area 

and porosity.

• Enhance the fertilizer use 

efficiency, reduce the need for 

more expensive fertilizers and 

improves the bioavailability of 

phosphorus and sulfur to crops.

• Liming effect provides net 

carbon benefit compared to 

standard liming.

• Reduce leaching of nutrients 

and prevents groundwater 

contamination.

• Carbon negative process, stable 

carbon, longer residence period 

and reduces Green House Gas 

emissions from soil.

• High surface area, porous 

structure and nutrient retentive 

capacity of biochar provides 

favorable microhabitats by 

protecting them from drought, 

competition and predation.

• Enhances the abundance, activ-

ity and diversity of beneficial 

soil bacteria, actinomycete and 

arbuscular mycorrhiza fungi.

Table 3. 
Effect of biochar on physical, chemical and biological properties of soil.
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activity of enzyme on, or around, biochar particles [47]. Biochar has the potential 
to affect microbial biomass and composition and the microbes are also able to 
change the properties of biochar [46]. Abujabhah et al. [48] reported that micro-
bial abundance was improved after the addition of biochar. Biochar pores may 
provide physical protection for soil microorganisms. Soil reaction greatly influence 
microbial activity, diversity and abundance. The buffering capacity of the soil 
solution imparted by biochar CEC may also help to minimize pH fluctuations and 
maintain appropriate pH conditions in the microhabitats within biochar particles 
[49]. Studies have shown that biochar and fertilizer application increased microbial 
Biomass compared to mineral fertilizer. Microbial immobilization is an important 
mechanism to retain N in soils affected by leaching. Increased C availability stimu-
lates microbial activity resulting in greater N demand, promoting immobilization 
and recycling of NO3

− Biochar enhanced the PSM activity for P mobilization in 
phosphate rich soils and significantlyimproved the crop yield in P deficient soils 
[50]. The effect of biochar application on soil health under different soil types are 
summarized in Table 4.

Soil type Biochar 

source

Rate of 

biochar 

addition 

(t ha−1)

Impact of biochar addition on soil 

health

Reference

Sandy Loam Maize 

stover, 

Pearl millet 

stalk Rice 

and Wheat 

straw

20 • Maize biochar intensified soil  

available N and P.

• Wheat biochar increased soil 

available K.

• Rice biochar being relatively labile 

in soil enhanced the proliferation of 

microbial biomass.

Purakayastha  

et al. [51]

Sandy Green 

cuttings

1, 10 and 

40

• Increased CEC, total N and available 

P and Kwith biochar addition of 

10 t ha−1.

• Increased water holding capacity of 

sandy soil by 6% and 25% with 10 

and 40 t ha−1 application.

Glaser et al. 

[52]

Silty loam Oak wood 7.5 • Reduced soil bulk density by 13% 

and increased soil-C by 7%.

Mukherjee  

et al. [53]

Calcareous Rice husk 

and shell 

of cotton 

seed

30, 60 

and 90

• Decreased soil bulk density, 

increased exchangeable K and water 

holding capacity at90 t ha−1.

Liang et al. [54]

Clayey Woody 

shrubs

5 and 10 • Decreased bulk density and 

improved saturated hydraulic 

conductivity as well as air capacity 

with 10 t ha−1 application.

Obia et al. [55]

Brown 

forest soil

Peanut 

shells

2.4 • Improved soil bacterial diversity, 

improved soil structure, increased 

soil pH and promoted effectiveness 

of soil nutrients.

Wang et al. 

[56]

Anthrosol Wheat 

straw

10 and 40 • SOC increased by 57%, total N 

content enhanced by 28% in the 

40 t ha−1.

Afeng et al. 

[57]

Table 4. 
Summary of the effect of biochar additions on soil health under different soil types.
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4. Limitation

It is complicated to speculate the agronomic effectiveness of biochar with 
limited studies being conducted in different soil types, climatic belts and land use 
conditions. Heterogeneous nature as well as production cost of biochar for research 
and field application will continue to remain a major limitation until commercial-
scale pyrolysis facilities are established. Some of the experimental constraints on 
use of biochar in agricultural systems are [38, 58]:

i. Unavailability of sufficient quantity of biochar for large scale use

ii. Susceptibility of dry biochar to wind erosion

iii. Non-adoption of biochar by local farming communities

iv. Unavailability of adequate farm labour

v. Expensive wage costs incurred for collection and processing of crop residues

vi. Lack of appropriate farm machinery for on-farm recycling of crop residues

vii. Inadequate incentives for recycling of crop residue.

Other limitations involve contamination risk of biochar (PAHs, heavy metals, 
dioxins) when contaminated feedstocks are used or when inappropriate process 
conditions are used for biochar preparation such as temperature greater than 
500°C.Removal of crop residues from the field for biochar production results in its 
reduced incorporation into soils, hampering many soil properties. In certain cases, 
extremely high rate of biochar application produces negative effects on earthworm 
survival rates [59].

5. Recommended practices for use of biochar in agriculture

Nature of crop residues for biochar production: Freshly harvested, under-
utilized dry crop and agroforestry residues should be used for biochar production. 
Use of crop residues grown on toxic chemical and heavy metal contaminated site 
should be avoided.

Location and operation of biochar kiln unit: The biochar kiln unit should be 
located near to the crop and agroforestry residue generating locations to providea 
management solution and minimize handling and transportation loss and costs. 
The kiln unit should be operated in an open space with sufficient atmospheric 
aircirculation, ideally away from any other structures. Precautions should be main-
tained while opening and closing of kilning unit during the cooling period.

Preparation of biochar: The fresh biochar needs to be ‘cured’ overnight with 
exposure to open air. It is advisable to store the biochar outside under shelter, away 
from buildings, in a cool, dry wellventilatedopen spot and grind to powder just 
before its use. The biochar should be transportedto the application site in a sealed 
container or in a closed plastic bag.

Application of biochar: It is better to apply biochar as close to ground as possible 
on mildwindy day to avoid drift loss by wind.

Protective clothing such as insulated gloves or gunny rags, masks or cloths 
should be used whenever possible while handling kiln and biochar.
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6. Future prospects

Although biochar utilization has gained much attention in recent years, there 
still lies a huge knowledge gap that needs to be addressed. The ultimate fate of bio-
char under field conditions and its long-term influenceon soil quality are questions 
which remains unanswered. The influence of biochar on soil physical and chemical 
properties as well as the microbial communities, needs to be further explored espe-
cially in accordance to changes in biogeochemical cycles [60]. Researchers need to 
searchsolutions to reduce GHG emission to a large extent, when soils are amended 
with biochar [61]. Focus needs to be paid on full-scale outdoor trials of biochar as a 
way to restore contaminated soils and evaluate how long biochar retains the met-
als as it ages in the field [15]. Lastly, better understanding of biochar preparation 
needs to be done with different feedstock materials and pyrolysis processes to target 
specific soil deficiencies [60].

7. Conclusion

Ever-increasing population has paved the way to agricultural land depletion 
which needs to be controlled by adopting sustainable crop production practices. 
Direct incorporation of crop residues into agricultural soil conserves soil nutrients 
as well as organic carbon contentbut initiates considerable crop management prob-
lems by delayingthe decomposition process. Conversion of crop residues to biochar 
by thermo-chemical process (slow pyrolysis) is an attractive, economical alternative 
approach for effective management and disposal of these excess crop residues, 
whichotherwise are being used inefficiently. Addition of biochar to soil is one of 
the best practices to overcome any biotic/abiotic stress caused, such as heavy metal 
toxicity, soil acidity, nutrient unavailability etc. and to increase the crop productiv-
ity. From the agriculture point of view, application of biochar as a soil conditioner 
generates numerous benefits, such as improvement of the physical, chemical and 
biological properties of soils, and this in turn contributes to an increased crop yield. 
Owing to their physicochemical properties, biochar can be used for soil carbon 
sequestration, reduction of the bioavailability of contaminants affecting living 
organisms as well as for water treatment. The persistence of biochar effects on soil 
processes and mechanisms remains to be resolved under realistic field conditions. 
Therefore, it is recommended to use biochar as a soil amendment for enhancing soil 
health and environmental condition as well as long-term carbon sequestration.



13

Biochar: A Sustainable Approach for Improving Soil Health and Environment
DOI: http://dx.doi.org/10.5772/intechopen.97136

Author details

Shreya Das1, Samanyita Mohanty1, Gayatri Sahu2*, Mausami Rana1 and Kiran Pilli1

1 Bidhan Chandra Krishi Viswavidyalaya, Mohanpur, Nadia, West Bengal, India

2 Siksha ‘O’ Anusandhan Deemed to be University, Bhubaneswar, Odisha, India

*Address all correspondence to: gayatribckv@gmail.com

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



14

Soil Erosion - Current Challenges and Future Perspectives in a Changing World

[1] Pullagurala VL, Rawat S, Adisa IO, 
Hernandez-Viezcas JA, Peralta-Videa JR, 
Gardea-Torresdey JL (2018) Plant 
uptake and translocation of 
contaminants of emerging concern in 
soil. Science of the Total Environment 
636:1585-1596.

[2] Samantarai SK and Achakzai AKK 
(2014) Application of nanotechnology 
in agriculture and food production: 
opportunity and challenges. Middle East 
Journal of Scientific Research 22(4): 
499-501.

[3] Sandhu SS, Ussiri DA, Kumar S, 
Chintala R, Papiernik SK, Malo DD, 
Schumacher TE (2017) Analyzing the 
impacts of three types of biochar on soil 
carbon fractions and physiochemical 
properties in a corn-soybean rotation. 
Chemosphere 184:473-481.

[4] Sun Z, Sänger A, Rebensburg P, 
Lentzsch P, Wirth S, Kaupenjohann M, 
Meyer-Aurich A (2017) Contrasting 
effects of biochar on N2O emission and 
N uptake at different N fertilizer levels 
on a temperate sandy loam. Science of 
the Total Environment 578:557-565.

[5] Bashir S, Zhu J, Fu Q, Hu H (2018) 
Cadmium mobility, uptake and anti-
oxidative response of water spinach 
(Ipomoea aquatic) under rice straw 
biochar, zeolite and rock phosphate as 
amendments. Chemosphere 
194:579-587.

[6] Kiran YK, Barkat A, Cui XQ, 
Ying FE, Pan FS, Lin TA, Yang XE 
(2017) Cow manure and cow manure-
derived biochar application as a soil 
amendment for reducing cadmium 
availability and accumulation by 
Brassica chinensis L. in acidic red soil. 
Journal of Integrative Agriculture 
16(3):725-734.

[7] Chen J, Zhu D, Sun C (2007) Effect 
of heavy metals on the sorption of 

hydrophobic organic compounds to 
wood charcoal. Environmental Science 
& Technology 41(7):2536-2541.

[8] Venkatesh G, Gopinath KA, 
Reddy KS, Reddy BS, Prasad JV, Rao GR, 
Pratibha G, Srinivasarao C, Chary GR, 
Prabhakar M, Kumari VV (2018) 
Biochar for enhancing the soil, water 
and crop productivity in rainfed areas. 
In: Krishna Rao B, Sammi Reddy K, 
Visha Kumari V, Nagarjuna kumar R 
and Rejani R. (eds.) Rainwater 
Management for Climate Resilient 
Agriculture in Drylands. pp 523.

[9] Atkinson CJ, Fitzgerald JD, Hipps NA 
(2010) Potential mechanisms for 
achieving agricultural benefits from 
biochar application to temperate soils: a 
review. Plant and soil 337(1-2):1-8.

[10] Li L, Rowbotham JS, Greenwell CH, 
Dyer PW (2013) An introduction to 
pyrolysis and catalytic pyrolysis: 
versatile techniques for biomass 
conversion. Elsevier:173-208.

[11] Zhang A, Cui L, Pan G, Li L, 
Hussain Q, Zhang X, Zheng J, Crowley 
D (2010a) Effect of biochar amendment 
on yield and methane and nitrous oxide 
emissions from a rice paddy from Tai 
Lake plain, China. Agriculture, 
ecosystems & environment 139(4): 
469-475.

[12] Zhang L, Xu CC, Champagne P 
(2010b) Overview of recent advances in 
thermo-chemical conversion of 
biomass. Energy conversion and 
management 51(5):969-982.

[13] Britt PF, Buchanan AC, Cooney MJ, 
Martineau DR (2000) Flash vacuum 
pyrolysis of methoxy-substituted lignin 
model compounds. The Journal of 
organic chemistry 65(5):1376-1389.

[14] Liu Y, Leahy JJ, Grams J, Kwapinski 
W (2019) Hydro-Pyrolysis and Catalytic 

References



15

Biochar: A Sustainable Approach for Improving Soil Health and Environment
DOI: http://dx.doi.org/10.5772/intechopen.97136

Upgrading of Biomass and Its Hydroxy 
Residue Fast Pyrolysis Vapors. Energies. 
12(18):3474.

[15] Zhang M, Cheng G, Feng H, Sun B, 
Zhao Y, Chen H, Chen J, Dyck M, 
Wang X, Zhang J, Zhang A (2017) 
Effects of straw and biochar 
amendments on aggregate stability, soil 
organic carbon, and enzyme activities in 
the Loess Plateau, China. 
Environmental Science and Pollution 
Research 24(11):10108- 10120. https://
doi.org/10.1007/s11356-017-8505-8.

[16] Kavitha B, Reddy PV, Kim B, Lee SS, 
Pandey SK, Kim KH (2018) Benefits and 
limitations of biochar amendment in 
agricultural soils: A review. Journal of 
environmental management 
227:146-154.

[17] Hammes K, Schmidt MW (2009) 
Changes of biochar in soil. In: 
Lehmann M, Joseph S (ed) Biochar for 
environmental management: Science 
and technology. Earthscan, London, pp. 
169-182.

[18] Mensah AK, Frimpong KA (2018) 
Biochar and/or compost applications 
improve soil properties, growth, and 
yield of maize grown in acidic rainforest 
and coastal savannah soils in Ghana. 
International Journal of 
Agronomy 1:1-8.

[19] Glaser B, Lehmann J, Zech W 
(2002) Ameliorating physical and 
chemical properties of highly weathered 
soils in the tropics with charcoal–a 
review. Biology and fertility of soils 
35(4):219-230.

[20] Lehmann J, da Silva JP, Steiner C, 
Nehls T, Zech W, Glaser B (2003) 
Nutrient availability and leaching in an 
archaeological Anthrosol and a Ferralsol 
of the Central Amazon basin: fertilizer, 
manure and charcoal amendments. 
Plant and soil 249(2):343-357.

[21] Macdonald LM, Farrell M, Van 
Zwieten L, Krull ES (2014) Plant growth 

responses to biochar addition: an 
Australian soils perspective. Biology and 
fertility of soils 50(7):1035-1045.

[22] Laird DA (2008) The charcoal 
vision: a win–win–win scenario for 
simultaneously producing bioenergy, 
permanently sequestering carbon, while 
improving soil and water quality. 
Agronomy Journal 100(1):178-181.

[23] Lehmann J, Rondon M (2006) 
Biochar soil management on highly 
weathered soils in the humid tropics. In: 
Uphoff N (ed.), Biological approaches 
to sustainable soil systems. Boca Raton, 
FL: CRC Press, pp. 517-530.

[24] Liang B, Lehmann J, Solomon D, 
Kinyangi J, Grossman J, O’neill B, 
Skjemstad JO, Thies J, Luizão FJ, 
Petersen J, Neves EG (2006) Black 
carbon increases cation exchange 
capacity in soils. Soil Science Society of 
America Journal 70(5):1719-1730.

[25] Tryon EH (1948) Effect of charcoal 
on certain physical, chemical, and 
biological properties of forest soils. 
Ecological Monographs 18(1):81-115.

[26] Saxena J, Rawat J, Kumar R (2017) 
Conversion of biomass waste into 
biochar and the effect on mung bean 
crop production. CLEAN –Soil, Air, 
Water 45(7):1-9.

[27] Rondon M, Lehmann J, Ramirez J, 
Hurtado M (2007) Biological nitrogen 
fixation by common beans (Phaseolus 
vulgaris L.) increases with bio-char 
additions Biology and Fertility of Soils 
43:699-708.

[28] Schwartz MW, Hoeksema JD, 
Gehring CA, Johnson NC, 
Klironomos JN, Abbott LK, Pringle A 
(2006) The promise and the potential 
consequences of the global transport of 
mycorrhizal fungal inoculum. Ecology 
letters 9(5):501-515.

[29] Oguntunde PG, Fosu M, Ajayi AE, 
Van De Giesen N (2004) Effects of 



Soil Erosion - Current Challenges and Future Perspectives in a Changing World

16

charcoal production on maize yield, 
chemical properties and texture of soil. 
Biology and Fertility of Soils 
39(4):295-299.

[30] Ogawa M, Okimori Y, Takahashi F 
(2006) Carbon sequestration by 
carbonization of biomass and 
forestation: three case studies. 
Mitigation and adaptation strategies for 
global change 11(2):429-444.

[31] Turral H, Burke J, Faurès JM (2011) 
Climate change, water and food 
security. Food and Agriculture 
Organization of the United Nations 
(FAO), Rome, Italy.

[32] Shackley S, Sohi S, Brownsort P, 
Carter S, Cook J, Cunningham C, 
Gaunt J, Hammond J, Ibarrola R, 
Mašek O, Sims K (2010) An assessment 
of the benefits and issues associated 
with the application of biochar to soil. 
Department for Environment, Food and 
Rural Affairs, UK Government, London.

[33] Woolf D, Lehmann J, Lee DR (2016) 
Optimal bioenergy power generation for 
climate change mitigation with or 
without carbon sequestration. Nature 
Communications 7(1):1-11.

[34] Sohi SP, Krull E, Lopez-Capel E, Bol 
R (2010) A review of biochar and its use 
and function in soil. In: Advances in 
agronomy. Academic Press, pp. 47-82.

[35] Zwieten L, Singh B, Joseph S, 
Kimber S, Cowie A, Chan KY (2009) 
Biochar and emissions of non-CO2 
greenhouse gases from soil. In: J. 
Lehmann, S. Joseph (ed) Biochar for 
Environmental Management: Science 
and Technology. Earthscan, London, pp. 
227-249.

[36] He BJ, Zhang Y, Funk TL, 
Riskowski GL, Yin Y (2000) 
Thermochemical conversion of swine 
manure: an alternative process for waste 
treatment and renewable energy 
production. Transactions of the ASAE 
43(6): 1827-1833.

[37] Lal R (2015) Sequestering carbon 
and increasing productivity by 
conservation agriculture. Journal of Soil 
and Water Conservation 70(3):55A-62A.

[38] Venkatesh G, Gopinath KA, Sammi 
Reddy K (2015) Low-cost portable kiln 
for biochar production from on-farm 
crop residue. Indian farming 
64(12):9-12.

[39] Suliman W, Harsh JB, Abu-Lail NI, 
Fortuna AM, Dallmeyer I, Garcia-Pérez 
M (2017) The role of biochar porosity 
and surface functionality in augmenting 
hydrologic properties of a sandy soil. 
Science of the Total Environment 
574:139-147.

[40] Abel S, Peters A, Trinks S, 
Schonsky H, Facklam M, Wessolek G 
(2013) Impact of biochar and hydrochar 
addition on water retention and water 
repellency of sandy soil. Geoderma 
202:183-191.

[41] Steiner C, Teixeira WG, Lehmann J, 
Nehls T, de Macêdo JL, Blum WE, Zech 
W (2007) Long term effects of manure, 
charcoal and mineral fertilization on 
crop production and fertility on a highly 
weathered Central Amazonian upland 
soil. Plant and soil 291(1-2):275-290.

[42] Laird D, Fleming P, Wang B, 
Horton R, Karlen D (2010) Biochar 
impact on nutrient leaching from a 
Midwestern agricultural soil. Geoderma 
158(3-4):436-442.

[43] Alburquerque JA, Calero JM, 
Barrón V, Torrent J, del Campillo MC, 
Gallardo A, Villar R (2014) Effects of 
biochars produced from different 
feedstocks on soil properties and 
sunflower growth. Journal of Plant 
Nutrition and Soil Science 177(1):16-25.

[44] Singh B, Singh BP, Cowie AL (2010) 
Characterisation and evaluation of 
biochars for their application as a soil 
amendment. Soil Research 
48(7):516-525



17

Biochar: A Sustainable Approach for Improving Soil Health and Environment
DOI: http://dx.doi.org/10.5772/intechopen.97136

[45] DeLuca TH, Gundale MJ, 
MacKenzie MD, Jones DL (2015) 
Biochar effects on soil nutrient 
transformations. Biochar for 
environmental management: science, 
technology and implementation 
2:421-454.

[46] Lehmann J, Rillig MC, Thies J, 
Masiello CA, Hockaday WC, Crowley D 
(2011) Biochar effects on soil biota–a 
review. Soil biology and biochemistry 
43(9):1812-1836.

[47] Gomez JD, Denef K, Stewart CE, 
Zheng J, Cotrufo MF (2014) Biochar 
addition rate influences soil microbial 
abundance and activity in temperate 
soils. European Journal of Soil Science 
65(1):28-39.

[48] Abujabhah IS, Bound SA, Doyle R, 
Bowman JP (2016) Effects of biochar 
and compost amendments on soil 
physico-chemical properties and the 
total community within a temperate 
agricultural soil. Applied Soil Ecology 
98:243-253.

[49] Rousk J, Bååth E, Brookes PC, 
Lauber CL, Lozupone C, Caporaso JG, 
Knight R, Fierer N (2010) Soil bacterial 
and fungal communities across a pH 
gradient in an arable soil. The ISME 
journal 4(10):1340-1351.

[50] Deb D, Kloft M, Lässig J, Walsh S 
(2016) Variable effects of biochar and P 
solubilizing microbes on crop 
productivity in different soil conditions. 
Agroecology and Sustainable Food 
Systems 40(2):145-168.

[51] Purakayastha TJ, Kumari S, Pathak 
H (2015) Characterisation, stability, and 
microbial effects of four biochars 
produced from crop residues. Geoderma 
239:293-303.

[52] Glaser B, Wiedner K, Seelig S, 
Schmidt HP, Gerber H (2014) Biochar 
organic fertilizers from natural 
resources as substitute for mineral 

fertilizers. Agron Sustain Dev 35: 
667-678. https:// doi.org/10.1007/
s13593-014-0251-4.

[53] Mukherjee A, Lal R, Zimmerman 
AR (2014) Effects of biochar and other 
amendments on the physical properties 
and greenhouse gas emissions of an 
artificially degraded soil. Science of the 
Total Environment 487:26-36.

[54] Liang F, Li GT, Lin QM, Zhao XR 
(2014) Crop yield and soil properties in 
the first 3 years after biochar application 
to a calcareous soil. Journal of 
Integrative Agriculture 13(3):525-532.

[55] Obia A, Mulder J, Hale SE, 
Nurida NL, Cornelissen G (2018) The 
potential of biochar in improving 
drainage, aeration and maize yields in 
heavy clay soils. PLoS ONE 13(5): 
e0196794.

[56] Wang H, Ren T, Feng Y, Liu K, 
Feng H, Liu G, Shi H (2020) Effects of 
the Application of Biochar in Four 
Typical Agricultural Soils in China. 
Agronomy 10(3):351.

[57] Afeng Z, Liqiang C, Gengxing P, 
Lianqing L , Qaiser H, Xuhui Z, 
Jinwei Z, David C (2010) Effect of 
biochar amendment on yield and 
methane and nitrous oxide emissions 
from a rice paddy from Tai Lake plain, 
China. Agriculture, Ecosystems and 
Environment 139: 469-475.

[58] Parmar A, Nema PK, Agarwal T 
(2014) Biochar production from agro-
food industry residues: a sustainable 
approach for soil and environmental 
management. Current Science 
107(10):1673-1682.

[59] Liesch AM, Weyers SL, Gaskin JW, 
Das KC, Gilkes RJ, Prakpongkep N 
(2010) Impact of two different biochars 
on earthworm growth and survival. 
Annals of Environmental Science 4:1-9.

[60] Ding Y, Liu Y, Liu S, Li Z, Tan X, 
Huang X, Zeng G, Zhou L, Zheng B 



Soil Erosion - Current Challenges and Future Perspectives in a Changing World

18

(2016) Biochar to improve soil fertility. 
A review. Agronomy for sustainable 
development 36(2):36.

[61] Mandal S, Sarkar B, Bolan N, 
Novak J, Ok YS, Van Zwieten L, 
Singh BP, Kirkham MB, Choppala G, 
Spokas K, Naidu R (2016) Designing 
advanced biochar products for 
maximizing greenhouse gas mitigation 
potential. Critical Reviews in 
Environmental Science and Technology 
46(17):1367-1401.


