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Soil fertility is declining due to the increased use of synthetic fertilizers and monocropping practices. 
Intensive farming, mining, and heavy metal contamination have caused numerous adverse effects on soils. To 
boost crop growth and keep soil fertile, it's vital to protect soil's physical, chemical, and biological makeup by 
ensuring sufficient organic content. Biochar is gaining recognition as a sustainable soil enhancer across 
various fields, including agriculture, environmental science, and energy. This article provides a 
comprehensive overview of biochar, covering its production, characterization, and impact on soil application. 
The review concludes that biochar application decreases soil bulk density, reduces soil N2O emissions, and 
mitigates soil salinization by increasing soil porosity and cation exchange capacity. Additionally, biochar 
improves soil conditions by increasing water absorption, water retention, organic matter, nitrogen content, 
acidity, nutrient-holding capacity, and microbial activity. The mechanisms behind these improvements 
include biochar's high porosity, adsorptive properties, ash content, negative surface charge, slow nutrient 
release through chelation, provision of habitat for microorganisms, and increased total soil organic carbon. 
However, the effectiveness of biochar in enhancing soil properties is influenced by the soil's nature, the type 
of biochar used (based on feedstock and pyrolysis conditions), and the application rate of biochar. 
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1. INTRODUCTION  

Biochar is also known as "black gold”. Biochar is produced through the 
intense aromatization and stabilization of organic waste materials like 
agricultural straw, chicken manure, and municipal sludge, subjected to 
high temperatures and oxygen-free conditions. This process not only 
reduces pollution but also optimizes the use of resources (Marris, 2006; 
Parmar et al., 2014;  V. Nguyen et al., 2019). Researchers defined "Biochar 
is a carbon- and energy-rich porous material created through the slow 
pyrolysis of biomass, and it has been proposed as an effective long-term 
strategy for sequestering carbon in soils.” (Shackley et al., 2012). A study 
in 2013 stated that any organic residues can be transformed into biochar 
by the pyrolysis process (Xu et al., 2013). 

Numerous studies have demonstrated that biochar exhibits 
characteristics such as high surface areas, high charge densities, low bulk 
densities, stable porous structures, and high organic carbon contents 
(Rajapaksha et al., 2016; Jain et al., 2017;  Liu et al., 2018; Jones et al., 2010; 
Singh et al., 2010;  Herath et al., 2013). The use of biochar in the field 
reduces the bulk density of soil and increases the water-holding capacity 
of coarse-textured soils due to their large surface area (Villagra-Mendoza 
and Horn, 2018). Biochar can have positive influences on soil biological 
properties microbial activity and chemical properties like pH and cation 
exchange capacity (CEC) (Abujabhah et al., 2016; Lehmann et al., 2003).  

Biochar has many benefits including enhancing soil fertility, structure, 
water holding capacity, organic carbon content, increasing microbial 
performance, and thus sustainably increasing crop yields (Ebhin Masto et 
al., 2013). It is also a superior substitute for other organic fertilizers as it 
is functionally equivalent to FYM and other organic fertilizers. Surplus 
crop residues left in fields after harvesting can be efficiently utilized to 
create biochar. Research has shown that using various biochar forms 
together with organic and inorganic fertilizers can dramatically improve 

soil quality, crop growth, and nutrient access (Glaser et al., 2002; Graber 
et al., 2010; Lehmann et al., 2006; Silber et al., 2010). Biochar-treated soils 
produced higher crop yields because they had more available nutrients 
and essential minerals (Uzoma et al., 2011). Furthermore, biochar has 
carbon components that are easily degradable. The soil receives 
mineralized biodegradable carbon, which is readily consumed by 
microorganisms (Roberts et al., 2015). The majority of biochar remains 
stable in the soil for centuries (Keith et al., 2011). It is stated that using 
biochar to sequester carbon and reduce emissions could sequester 7.6 
tons of CO2 per year, and it is claimed that by 2100, the planet could 
sequester about 9.5 × 104 tons of carbon (Kuppusamy et al., 2016).  

Biochar is thought to serve as a long-term carbon sink, which lowers 
greenhouse gas emissions, and mitigates the effects of global warming on 
food production (Colantoni et al., 2016; Fahad et al., 2016). 
Simultaneously, biochar can enhance soil quality, boost agricultural crop 
production, and offer increased ecological and economic benefits (Ouyang 
et al., 2016; Plaza et al., 2016). Therefore, Biochar can be employed as an 
environment-friendly soil amendment to reduce greenhouse gas 
emissions, manage pollution, enhance agricultural carbon sequestration, 
and support sustainable agricultural land management  (Pérez-Cruzado et 
al., 2011; Chimento et al., 2014; Tsz et al., 2017). Adding biochar to soil is 
considered a promising approach for sequestering carbon, which can help 
mitigate the impacts of climate change (Lehmann, 2007). Compared to 
other common sources of organic matter, its stability and slow 
degradation in the soil allow it to have a more everlasting impact on the 
physical, chemical, and biological properties of the soil (Atkinson et al., 
2010).  

The quality of produced biochar during pyrolysis is determined by the 
type of biomass utilized and its manufacturing temperature. The 
application of biochar as a soil amendment improves soil properties, 
helping to resolve various soil-related challenges (Singh et al., 2012). 
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Biochar is more stable in soils and has long-term benefits than other kinds 
of organic matter. Biochar is unique because it retains a large portion of 
the nutrients used and provides more to plants than other organic 
materials such as conventional farm leaf litter, compost, or manure (Schulz 
et al., 2013). 

Previous studies on biochar have mainly concentrated on how it interacts 
with soil, influences crop growth, or cleans up pollution. However, they 
often ignore the potential downsides of using biochar. Additionally, there's 
a significant gap in understanding how to best use biochar to improve poor 
soil quality. This review aims to provide a comprehensive evaluation of 
recent research findings and theoretical advancements in biochar 
applications. The review also examines the use of biochar as a beneficial 
agricultural product to enhance its application and mitigate 
environmental and economic impacts. Specifically, this work aims to: (i) 
analyze the physical, chemical, and biological properties of biochar; (ii) 
investigate the effects of biochar addition on soil properties; and (iii) 
identify future research directions related to biochar in agriculture 

2. EFFECT OF BIOCHAR ON SOIL PHYSICAL PROPERTIES 

2.1   Soil Porosity and Surface Area 

Biochar is porous and loose and the pores determine its surface area. The 
use of biochar increases the overall porosity of the soil, but the porosity 
depends on the type of biochar used and the type of soil where the biochar 
is applied (Herath et al., 2013). The higher soil porosity was due to the 
porous nature of biochar (Mukherjee and Lal, 2013). 

During the preparation of biochar, as the temperature of pyrolysis 
increases, volatile matter decreases the pores diameter and hence 
porosity and the surface area increase (Chen and Yuan, 2011; Gul et al., 
2015). The large surface area improves microbial activity and root growth 
in soil pores by increasing the number of microorganisms in the soil.  On 
the other hand, tree roots loosen the soil and indirectly affect the porosity 
of the soil. Sandy soil has large pores that reduce the water retention 
capacity. (Liang et al., 2006) reported that in comparison to soil organic 
matter, biochar possesses a greater surface area, a negative surface 
charge, and a higher charge density, which enhances its ability to adsorb 
cations (Nduka et al., 2019).  Due to the higher specific surface area of 
biochar, which improves the water-holding capacity of soil, the addition of 
biochar as an amendment was found to increase the total specific surface 
area of soil. (Woolf et al., 2010) implied that the soil density, particle size 
distribution, porosity, structure, and texture are all affected by biochar 
addition, which improves soil nutrient and microbial status, air content, 
water holding capacity, and root zone condition. The addition of biochar 
significantly enhanced the soil's porosity, permeability, and water-
conducting capacity (Oguntunde et al., 2008). The incorporation of biochar 
varies soil porosity between 5 and 25 µm (Rasa et al., 2018). 

Enhancing soil structure and porosity can be achieved through the 
addition of biochar, which leads to an increase in surface area, pore size 
distribution, and a reduction in soil bulk density (Major et al., 2010). 
Researchers manifested that many different factors, including particle 
size, pore size distribution, connectivity, mechanical strength, and 
interactions between biochar particles, can influence overall soil porosity 
(Jeffery et al., 2011). Adding biochar to clay and poorly aggregated soils 
has been shown to reduce compaction, improve aeration, and enhance the 
soil's ability to preserve moisture (Mukherjee and Lal, 2013b; Wang et al., 
2016). 

2.2   Bulk Density of Soil 

Bulk density is a measure of the force with which soil particles press 
against each other. It is the ratio of the mass of the oven-dried soil to its 
apparent volume (volume of soil particles + volume of voids). 

Soil bulk density significantly influences soil quality and plant growth. For 
instance, soils with high bulk density (> 1.6 Mg cm⁻³) have reduced water 
absorption capacity and increased resistance to root penetration, which 
can impact both soil properties and plant growth (Goodman & Ennos, 
1998). Soil bulk density is a critical measure of soil's physical 
characteristics and is inversely connected to soil compaction. Reducing 
soil bulk density can enhance soil structure, aid in nutrient release and 
retention, and significantly decrease soil compaction. 

According to a study in 2013, the use of biochar reduces the bulk density 
of soil because biochar is highly Poriferous and when applied to soil, it 
reduces the bulk density by increasing the pore volume (Mukherjee and 
Lal, 2013). Researchers concluded that increasing the biochar use rate 
significantly reduced the bulk density (Githinji, 2014). Soils promote 
aggregation after charcoal addition; In addition, root and mycelial growth 

affects the apparent density of the soil (Steiner et al., 2007). 

After biochar utilization, the Material properties of sandy soil were 
improved (Głąb et al., 2016). By accelerating the deployment of biochar, 
the bulk density of the soil decreased and the overall porosity of the soil 
increased. Red gram stalk biochar applied at a rate of 5 t ha-1 to the control 
plots had a lower bulk density of 1.36 g cm-3 and a greater void space 
(47.5%) than the control (Pandian et al., 2016). Zhang et al., (2012) 
concluded that adding biochar to the soil at a rate of 40 t ha-1 consistently 
lessened soil bulk density from 1.01 to 0.89 g cm-3 compared to the control 
where the control had 1.01 g cm-3. 

2.3   Water Holding Capacity 

The water-holding capacity of soil is the maximum amount of water that 
soil can hold. This is an important characteristic from the farmer’s 
perception and the point of view of plant growth. When soil can hold a 
large amount of water, the frequency of irrigation of crops is reduced and 
plants also grow well on this type of soil.  

Soils amended with biochar retained 15% more moisture than the control 
treatment, as biochar oxidized, its surface became hydrophobic and 
increased its water-holding capacity (Laird et al., 2010). Researchers 
insisted that the use of biochar enhanced the soil's water retention 
capacity due to increased soil porosity and the adsorptive characteristics 
of biochar (Herath et al., 2013). Due to its high porosity and specific 
surface area, biochar slows down the movement of water through the soil, 
enhances the soil's water absorption, and modifies the residence time and 
flow pathways of water within the soil (Major et al., 2012; Abrol et al., 
2016). Research revealed that the use of biochar boosted the soil's 
available water content by as much as 97% and its saturated water content 
by up to 56%. It was also noted that hydrophilic functional groups were 
available on the surface of the biochar's graphene sheets and within its 
pores (Uzoma et al., 2011). The incorporation of biochar enhances the 
levels of nutrients, air, and water in the soil. Rather than applying crop 
residues directly, returning them as biochar allows for improved water 
retention in the soil (Nduka et al., 2019). Its ability to retain more water 
facilitates the use of biochar in regions susceptible to drought. The 
application of biochar derived from sugarcane bagasse increased the 
amount of plant-available soil moisture, resulting in higher sugarcane 
yield and sugar content  (Chen et al., 2010). Soil treated with biochar 
exhibited an 11% higher water-holding capacity, significantly enhancing 
soil fertility (Karhu et al., 2011). Eteng et al., (2014) observed that maize 
in the coconut shell biochar applied plot had a water use efficiency (WUE) 
of 9.44 kg mm-1 and 9.24 kg mm-1 for the cattle dung biochar. (Gururaj and 
Krishna, 2016) highlighted the idea that adding biochar would help the soil 
retain more water. When compared to the control, the soil with biochar 
added had a low water evaporation rate. 

Integrating biochar into the soil raises its water retention capacity, 
although this effect is dependent on soil texture. Biochar application 
notably improves water retention in sandy soils, while it has minimal or 
no impact on loamy and clay soils (Tryon, 1948).  In sandy loam soils, the 
addition of biochar boosted maize yields and enhanced water use 
efficiency. (Aslam et al., 2014). 

2.4   Soil Aggregation 

Soil aggregation is the adhesion together of colloidal soil particles due to 
the net force of gravity. From an agricultural point of view, this property 
is very important. Well-aggregated soils have good structure and support 
the movement of nutrients and water through the soil and their uptake by 
plants. Multiple mechanisms of aggregation exist, one of which is the 
hierarchical theory of aggregation, the concentric theory, the formation of 
hydroxides, oxides, phosphates, and carbonates, combined with the 
bridging action of cations between clay and organic matter particles, leads 
to increased soil aggregation or aggregates may form as a result of a 
combination of these processes (Le Bissonnais, 1996; Santos et al., 2014; 
Bronick and Geoderma, 2005; Juriga and Zootech, 2018; Bronick and Lal, 
2005). After the application of biochar into the soil, all of these 
mechanisms started in the formation and stabilization of soil structure. 
Multivalent ions bound to biochar can enhance soil organic matter (SOM) 
stability by interacting with negatively charged components of soil and 
organic matter (Mukome et al., 2013). Researchers found that these ions, 
particularly iron, can facilitate the attachment of SOM to clay particles 
(Feng et al., 2005). In addition, certain positively charged ions can create 
links between biochar and soil mineral structures (Lin et al., 2012). 

Applied biochar can either integrate with mineral particles in the soil or 
become part of the soil aggregates (Juriga and Zootech, 2018). According 
to researchers, biochar includes base cations that can form cationic 
bridges with clay and organic particles to improve the soil's structural 
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conditions, hydrophobic organic matter components contribute more to 
soil aggregate stability than hydrophilic components and biochar can 
improve aggregation by aiding in the binding of native SOM, increasing the 
resistance of soil aggregates to water, and making aggregates more 
resistant to physical disturbance due to its highly aromatic C structure 
(e.g., wet-dry cycles) (Rajkovich et al., 2012; Bronick and Lal, 2005; Piccolo 
and Mbagwu, 1999). Additionally, biochar significantly influences 
microbial properties, and microorganisms produce polysaccharides that 
enhance soil aggregation (Ding et al., 2016; Angers et al., 1997). 

2.5   Soil Color and Temperature 

Biochar is a dark, granular substance. When applied in large amounts to 
soil, it causes the soil to become darker. This change in color affects how 
the soil reflects sunlight and absorbs heat, ultimately influencing soil 
temperature. Research in Ghana has shown that soil near charcoal 
production sites is noticeably darker than soil in other locations. (Y. Zhang 
et al., 2021). Compared to other areas, surface reflectance decreased by 
37%, while the average surface temperature rose by 4 degrees Celsius. 
Changes in soil color were noted after biochar was added, revealing that 
the Munsell color value shifted with increasing biochar application rates. 
At an application rate of 10 g kg⁻¹, the Munsell color value was 5.5, but it 
decreased to 3 when the rate was increased to 50 g kg⁻¹. The impact of 
biochar on soil temperature is influenced by soil thickness. The dark color 
of biochar enhances the soil's color, leading to higher soil temperatures, 
which promotes seed emergence and boosts crop yields (Oguntunde et al., 
2008; Oguntunde et al., 2004). 

(Ventura et al., 2012) demonstrated that Adding biochar to the soil caused 
the soil surface to become warmer. Compared to untreated soil, biochar-
treated soil was 0.6 degrees Celsius hotter during winter and 0.8 degrees 
Celsius hotter during summer. Biochar's capacity to modulate seasonal 
and daily fluctuations in soil temperature is mainly driven by alterations 
in soil thermal conductivity and reflectance (Zhang et al., 2013). Biochar 
can reduce the amount of sunlight reflected by soil and slow down heat 
transfer within the soil. The main reason for slower heat transfer is the 
increased organic matter content caused by the biochar (Abu-Hamdeh & 
Reeder, 2000). 

Biochar's dark color not only altered the soil's visual aspect but also 
increased its ability to hold water (Tryon,.1948). The primary factors 
affecting soil-specific heat are soil color and moisture content. The 
incorporation of biochar increases soil temperature in areas with low 
moisture content, providing a noticeable soil heat retention effect. This 
effectively suppresses harmful weed seeds in agricultural fields while 
enhancing crop quality and yield (Oz, 2018). 

3. EFFECT OF BIOCHAR ON SOIL CHEMICAL PROPERTIES 

3.1   Organic Matters 

Elevated levels of soil organic matter can significantly influence crop 
yields(Liang et al., 2014). The soil environment is essential for plant 
growth, and the prolonged use of biochar can improve soil nutrient 
availability and enhance the efficiency of nutrient uptake by plants 
(Jeffery, et al., 2011). While biochar can boost Organic substance 
concentration, this effect depends on the amount and stability of the 
biochar used (Glaser et al., 2001; Zygourakis, 2017). 

Biochar is rich in mineral nutrients such as nitrogen, phosphorus, 
potassium, calcium, magnesium, and sulfur, especially when derived from 
livestock and poultry manure. When applied to soil, these nutrients can 
improve soil fertility and productivity. Biochar significantly increases the 
availability of essential cations like potassium, magnesium, calcium, 
manganese, zinc, and copper, enhancing soil nutrient availability (Zhang 
et al., 2020). It also fosters the conversion of small organic molecules into 
more complex soil organic matter. through surface catalytic activity, while 
soil macropores adsorb these molecules (Liang et al., 2010). This process 
is primarily due to increased soil porosity, improved nutrient accessibility, 
and decreased soil bulk density (Akhtar et al., 2014; Asai et al., 2009). 

Biochar can enhance crop yields by stimulating root microorganism 
activity and increasing root absorption of organic materials. Its effect on 
nutrient retention in soil is influenced by factors such as biochar type, 
application rate, and soil texture. However, applying biochar does not 
always result in increased crop yields. In some cases, it can impair soil 
productivity and reduce yields, depending on the amount used and soil 
texture (Zhang et al., 2020). A study was conducted a three-year field 
experiment with biochar on corn and soybean rotation soil, finding no 
yield increase in the first year after applying 20 t⋅ha-1 of biochar, but 
subsequent years saw yield increases of 28%, 30%, and 140% (Major et 

al., 2010). 

3.2   Organic Carbon 

Biochar, a stable form of carbon, can retain carbon in the soil for extended 
periods and act as a material to reduce carbon emissions. Nonetheless, its 
excessive application may lead to an increase in greenhouse gas emissions 
(Purakayastha et al., 2019). 

Biochar enhances soil conditions, encouraging crop growth, boosting 
yields, and diminishing nutrient loss (Kameyama et al., 2012). By reducing 
nutrient runoff, biochar improves soil nutrient utilization and retains 
water and nutrients in the rhizosphere. It effectively increases the organic 
carbon content in temperate zone soils, making it a valuable improvement 
for soils with particular deficiencies (Laird et al., 2017). (Liu et al., 2011) 
Biochar can significantly reduce CH4 emissions when added to soil, with a 
study showing a 96% reduction in CH4 emissions (Karhu et al., 2011). 
However, researchers found that when biochar application exceeded 5 mg 
ha-1, N2O release decreased ( Alho et al., 2012.). 

Amending soil with biochar not only improves soil fertility and health but 
also sequesters carbon. Biomass recycling in the form of biochar is a 
straightforward and appealing idea for carbon sequestration. To reduce 
greenhouse gas emissions, biochar should sequester carbon by enhancing 
soil carbon storage. Long-term tests and modeling show minimal carbon 
loss from biochar, reducing atmospheric carbon emissions (Mathews., 
2008). Applying biochar can increase total soil carbon by 41% to 65% on 
average (Rafi et al., 2015). In a research by Coumaravel et al., applying 
different types of biochar increased levels of organic carbon in the soil to 
4.4-4.8 g kg-1 measured to 3.6 g kg-1 in the control. Therefore, future 
studies should focus on determining the appropriate amount of biochar to 
use (2015). 

3.3   Hydrogen Ion Concentration (pH) and Electrical Conductivity 

Biochar generally has a pH range of 4 to 12, and Its alkaline properties can 
directly influence soil pH when applied. It helps regulate soil pH and 
increase base saturation. When added to soil, biochar interacts with H+ and 
Al3+ ions, working with water to reduce ion concentration (Glaser et al., 
2002). 

Research found that basic cations like potassium, calcium, and magnesium 
in biochar can adsorb and reduce exchangeable aluminum and hydrogen 
ions, improving soil pH (Zwieten et al., 2010). Also biochar treatment 
increased soil pH for wheat cultivation from 4.5 to 6.0, boosting yield from 
3924 kg ha-1 to 6219 kg ha-1 (Galinato et al., 2011). The inclusion of alkali 
and alkaline earth metal carbonates in biochar significantly raises soil pH. 
Soils amended with 10 t ha-1 biochar had the highest pH values, while 
control plots had the lowest (Nigussie and Kissi, 2012). Active oxygen 
groups like COOH or OH on biochar's surface counter with metal cations 
and H+ ions in the soil, altering the pH (Gan et al., 2015). Applying 10 t ha-
1 of biochar raised acidic soil pH from 4.62 to 5.87 and mitigated 
aluminum's harmful effects ( Lima et al., 2019).  Researchers reported that 
over 90 days, biochar inclusion increased soil pH, demonstrating its 
potential to reclaim acidic soils (Wang et al., 2015). 

Soil electrical conductivity (EC) is crucial for the growth and quality of 
upland crops (Han et al., 2020). An experiment by (Zafar Ullah et al., 2018) 
found that after 120 days, soil treated with 10 t/ha of sugarcane bagasse 
biochar had a maximum EC of 0.72 dS/m, 24% higher than the control, 
indicating that higher biochar application rates significantly increase soil 
EC. High concentrations of soluble salts in saline soils reduce crop yields, 
but biochar can help mitigate this. For instance, tomato plants grown in 
saline irrigation conditions showed significantly improved growth and 
yield after biochar application (Usman & Al-Wabel, 2016). 

3.4   Cation Exchange Capacity (CEC) 

Soil cation exchange capacity (CEC) measures the soil's capacity to bind 
and retain essential nutrients (cations) for plant uptake while preventing 
them from leaching into ground and surface waters. Cations are 
electrostatically bound and exchanged at negatively charged sites on 
biochar's reactive surface area (Verheijen et al., 2010). 

CEC is a vital indicator of soil quality, and soil amended with biochar shows 
a higher CEC. An elevated CEC indicates an enhanced ability to fix 
nutrients, which is essential for plant growth. The negatively charged 
oxygen active groups on the biochar's surface enhance its CEC (Karthik et 
al., 2020). Increasing biochar application rates raises CEC, helping to 
regulate soil salinization in agricultural fields (Abbruzzini et al., 2017). 

CEC measures soil's capability to absorb, withhold, and interchange 
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cations. Increasing soil CEC involves enhancing the number of soil cation 
exchange sites. High CEC soils are better at adsorbing cations (NH4+, K+, 
Ca2+, and Mg2+), which improves nutrient use efficiency and reduces 
nutrient loss (Liang et al., 2006). The oxidation of acidic aromatic carbon 
on biochar's surface forms abundant functional groups (-OH, -COOH), 
mounting soil CEC (Atkinson et al., 2010; Gaskin et al., 2014). 

Adding biochar to soil increases total soil charge and CEC by 20-40% 
Different from the control (Zhang et al., 2021) . Even small amounts of 
biochar can Substantially raise the levels of alkaline cations and nutrients 
in the soil (Hossain et al., 2010). Biochar addition to acidic or alkaline soils 
can enhance soil CEC due to increased surface anions (Chintala et al., 
2014). However, Soils containing significant organic material, which 
already have high CEC, may not see further CEC increases with biochar 
addition (Schulz & Science, 2012). Peng et al., (2011) demonstrated that 
applying 2.4 t ha-1 of rice straw-derived biochar to soil for 11 days 
enhanced soil CEC from 4% to 17%, decreased the Stability of soil particles 
from 1% to 17%, and boosted maize crop dry matter yield. 

4. EFFECT OF BIOCHAR ON SOIL BIOLOGICAL PROPERTIES 

4.1   Influence on Microbial Population 

The deployment of biochar enhances not only the physical and chemical 
properties of the soil but also its microbiological characteristics (Ding et 
al., 2016). Due to its extensive surface area and reactivity, biochar attracts 
ions and organic molecules, creating numerous possible sites for 
relationships between microbes and substrates (Gul et al., 2015). 
Consequently, biochar can modify the composition of the soil microbial 
community, impact microbial activity, and influence soil enzyme activity, 
thereby impacting various biogeochemical processes (Zhu et al., 2017). 
Biochar is an excellent organic amendment for improving the Carbon 
content of soil, water-holding, and microbial habitats (Mankasingh et al., 
2011). According to researchers, the pores in biochar support the growth, 
spread, and protection of microbes from adverse environmental 
conditions, providing them with essential nutrients for growth and 
multiplication (Tan et al., 2017). The pore spaces in biochar serve as 
habitats for soil organisms and offer protection from predators (Warnock 
et al., 2010).  

Research in 2009 revealed that biochar supplement affects soil microbial 
activity, biomass, and nutrient availability (Kolb et al., 2009). In soil, 
biochar acts as a storage facility for bacteria and arbuscular mycorrhizal 
fungi, Which enables the availability of soil nutrients for plant uptake (Fox 
et al., 2014). The porous nature of biochar supports numerous 
microorganisms, including mycorrhizal fungi, actinomycetes, and 
bacteria, promoting the growth of beneficial microbial populations 
essential for plant development (Lehmann et al ., 2009). Biochar 
influences soil microbial populations and soil biogeochemistry (Warnock 
et al., 2010). Moreover, biochar with symbiotic mycorrhizal associations 
in the soil ecosystem helps restore the ecosystem and sequester carbon, 
fostering long-lasting plant growth. Also, biochar enhances microbial 
growth and reproduction by providing carbon, energy, and mineral 
nutrition, increasing moisture retention, and improving soil quality (Meng 
et al., 2013). It was concluded by researchers that biochar's porous 
structure stores organic carbon and mineral nutrients, affecting soil 
microbial activity and populations (Lin et al., 2012). The microbial 
biomass in the soil varies depending on the biochar source, soil texture, 
and other soil ecosystem aspects. 

Phosphorus-solubilizing microbes (PSM), which solubilize and trigger 
phosphorus for better plant root intake, can thrive with the aid of biochar, 
which also increases ammonia and phosphate ions in the soil (Deb et al., 
2016). The combined utilization of biochar and PSM significantly boosted 
crop yields in phosphorus-deficient soils. It was reported that the 
augmentation of biochar led to a rise in bacterial diversity., with the 
increase correlating with the biochar amount (Wu et al., 2016). 
Additionally, biochar enhanced the soil's ability to retain water., increased 
microbial biomass, and enhanced bacterial community structure, reducing 
nitrogen leaching. Biochar improved conditions in the plant rhizosphere, 
facilitating better crop establishment by increasing populations of 
Pseudomonas, Mesorhizobium, Brevibacillus, and Trichoderma (Graber et 
al., 2010). In addition biochar increased the readiness of boron and 
molybdenum, leading to greater biological nitrogen fixation in common 
beans (Phaseolus vulgaris) (Rondon et al., 2007). Pandian et al., 
experimented that concerning fungal populations, the highest bacterial 
count (42×10^-6 CFU) was found in red gram stalk biochar, followed by 
higher colony numbers (33×10^-3 CFU) in coconut coir pith, and 
actinomycetes (30×10^-4 CFU) in cotton stalk biochar (Pandian et al., 
2016).     

4.2   Soil Enzyme Activities 

Alterations in the soil microbial community and enzyme activity 
profoundly influence the biogeochemical processes occurring within the 
soil (Awad et al., 2012; Lehmann et al., 2011). 

Soil enzymes mainly come from animal cell secretions, plant roots, and soil 
microorganisms. Their activity indicates the extent and direction of 
various biochemical processes in the soil. The outcome of biochar 
applications on the microecology of agricultural soils is demonstrated by 
alterations in soil metabolic characteristics driven by enzyme activity. 
Researchers discovered a positive correlation between glucomannan 
enzyme activity and the soil's physical and chemical properties, with a 
notable emphasis on total organic carbon content (Turner et al., 2002). 
The study in 2016 demonstrated that biochar boosted the activity of soil 
enzymes, increasing dehydrogenase activity by 27% compared to the 
control group, and urease activity rose from 7.4% to 39% (Pandey et al., 
2016). According to researchers, the enhancement of biochar modifies the 
adsorption-inhibiting enzyme reactions in the soil, resulting in variable 
transformation in the activities of glucoamylase, lipase, leucine 
aminopeptidase, and acetylglucosamine enzymes (Bailey et al., 2011) .  

The supplement of biochar significantly impacts soil carbon, thereby 
increasing enzyme activity (Lal, 2013). Awad et al., concluded that 
biochar-enriched soil enhances enzyme activity associated with nitrogen 
and phosphorus transformation and application, leading to the 
suppression of soil carbon mineralization (Awad et al., 2012). (Chen et al., 
2013) found that biochar inclusion improved soil pH, Causing a rise in 
alkaline phosphatase activity. The enzyme alkaline phosphatase plays a 
role in phosphorus mineralization and its subsequent utilization in soil, 
and that increased biochar ultimately enhances soil alkaline phosphatase 
activity while decreasing d-glucosidase activities (Jin, 2010). Researchers 
observed that biochar application boosts alkaline phosphatase activity, 
thereby increasing phosphorus availability (Xiao et al., 2016). 

By applying biochar with a rate of 5.0 t/ha, along with 75% RDF and 4 t/ha 
of FYM, enhanced the carbon content of soil microbial biomass, 
dehydrogenase enzyme activity, and soil organic carbon-reducing 
exchangeable aluminum and acidity (Rafi et al., 2015). It was discovered 
that adding wheat straw biochar elevated urease activities due to higher 
uptake of p-nitrophenol from biochar decomposition, which may have 
enhanced phosphorus availability through increased alkaline phosphatase 
activity following biochar application (Zhu et al., 2017).  

To sum it up, the permeable nature of biochar offers a habitat for soil 
organisms and microorganisms, enhances their diversity and activity, and 
encourages soil aggregate formation (Knicker et al., 2007; Kolb et al., 2009; 
Kim et al., 2007; Ameloot et al., 2013; Demisie et al., 2014). The 
enhancement of bacterial activity, particularly nitrogen-fixing bacteria, 
benefits soil chemical processes. The addition of biochar also boosts soil 
enzyme activity and abundance. However, most recent research has 
focused on biochar's impact on crop yields. Future research should 
investigate how biochar enhances the growth and reproduction of soil 
bacteria, fungi, and overall biomass. 

5. CONCLUSION AND FUTURE RESEARCH DIRECTIONS 

5.1   Conclusion 

For the growing demands of agricultural production, declining soil fertility 
is problematic. The excessive use of synthetic fertilizers and 
monocropping has harmed soil health and quality. Biochar application can 
improve soil properties, but its effectiveness is based on the category of 
biochar, soil type, and application rate. 

Biochar is a high-carbon product made under high temperatures and low 
oxygen conditions. It features an extensive surface area, elevated cation 
exchange capacity, and significant porosity, along with numerous 
functional groups. Made from various raw materials, biochar is 
environmentally friendly and can be used in soil and water applications. 
Modified biochar is also applied for various purposes. 

Incorporating biochar into soil decreases bulk density, enhances porosity 
and adsorption capacity, improves hydraulic characteristics, darkens soil 
color, and raises soil temperature. It influences soil enzyme activity, which 
facilitates soil organism and microorganism growth and improves soil 
chemical processes, enhancing soil nutrients and plant growth. This, in 
turn, increases agricultural production and reduces greenhouse gas 
emissions. 

Biochar not only improves soil fertility but also reduces offsite pollution 
by increasing nutrient retention and decreasing nutrient leaching. Recent 
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research on biochar use in soils has augmented and is expected to be 
sustained due to its many benefits discussed in this review. 

5.2   Future Research Directions 

Based on the physical, chemical, and biological effects of biochar addition 
to soil reviewed, we recommend further research in the following areas: 

(i) Establish standardized guidelines and criteria for biochar production. 
The physicochemical properties of biochar are significantly affected by 
pyrolysis times, temperatures, and feedstock materials. Given the current 
high cost of some biochar preparations, it is essential to implement 
universal preparation standards. The combined use of biochar to optimize 
its utilization is a crucial direction for future biochar development, 
providing a scientific basis for widespread application. 

(ii) Conduct long-term monitoring of biochar application impacts. Most 
observed soil effects from biochar application are based on laboratory 
studies, short-term, small-scale field experiments, or greenhouse 
experiments. As biochar degrades slowly in soil, its physical and chemical 
properties, along with eco-environmental benefits, vary over time. 
Comprehensive, large-scale, long-term field trials are needed to 
understand the long-term mechanisms of biochar addition and assess its 
potential negative environmental impacts, enabling the development of 
better solutions for large-scale applications. 

(iii) Promote the use of microbially modified biochar. Biochar is known to 
enhance soil microbial activity. However, research on microbial alteration 
and further modification techniques, such as acid-base modifications, is 
limited. Inoculating biochar with specific microorganisms before soil 
application can create a beneficial living environment for microbes, 
improving soil conditions for plants with specific needs. 

(iv) Enhance research on the pore structure, soil density, and hydraulic 
characteristics of biochar. Moisture is vital for plant and animal growth. 
Future research should investigate the mechanisms by which biochar 
affects soil hydraulic properties, aiming to alleviate soil water shortages in 
arid regions and increase crop yield. Determining the optimal biochar 
application rate for soil moisture improvement is also essential. 

(v) Expand studies on the effects of biochar addition on soil ecosystems. 
Soil ecosystems comprise soil fauna, plants, and microorganisms. 
Integrating these elements with the benefits of biochar addition is 
promising. While research on soil plants has advanced, studies on soil 
fauna and microorganisms have lagged, especially at the microscale level. 
A comprehensive investigation of soil ecosystems is necessary to facilitate 
the widespread use of biochar in soil. 

REFERENCES 

A, J. Sv. F. der V. Mb. 2011. A quantitative review of the effects of biochar 
application to soils on crop productivity using meta-analysis. 
Elsevier, 144, Pp. 175–187. 
https://doi.org/10.1016/j.agee.2011.08.015 

Abbruzzini, T. F., Oliveira Zenero, M. D., de Andrade, P. A. M., Dini Andreote, 
F., Campo, J., & Pellegrino Cerri, C. E., 2017. Effects of Biochar on the 
Emissions of Greenhouse Gases from Sugarcane Residues Applied to 
Soils. Agricultural Sciences, 8(9), Pp. 869–886. 
https://doi.org/10.4236/AS.2017.89064 

Abrol, V., Verheijen, F. G. A., Martins, M. A. S., Ben-Hur, M., Keizer, J. J., 
Tenaw, H., Tchehansky, L., & Graber, E. R., 2016. Biochar effects on 
soil water infiltration and erosion under seal formation conditions: 
rainfall simulation experiment. Springer, 16 (12), Pp. 2709–2719. 
https://doi.org/10.1007/s11368-016-1448-8 

Abu-Hamdeh, N. H., and Reeder, R. C. 2000. Soil Thermal Conductivity 
Effects of Density, Moisture, Salt Concentration, and Organic Matter. 
Soil Science Society of America Journal, 64 (4), Pp. 1285–1290. 
https://doi.org/10.2136/SSSAJ2000.6441285X 

Abujabhah, I., Bound, S., and Doyle, J.B. 2016. Effects of biochar and 
compost amendments on soil physico-chemical properties and the 
total community within a temperate agricultural soil. Elsevier, 98, 
Pp. 243–253. 
https://www.sciencedirect.com/science/article/pii/S0929139315
301141 

Akhtar, S., Li, G., and Andersen, F. L. 2014. Biochar enhances the yield and 
quality of tomatoes under reduced irrigation. Elsevier, 138, Pp. 37–
44. 

https://www.sciencedirect.com/science/article/pii/S0378377414
000626 

Ameloot, N., Graber, E. R., Verheijen, F. G. A., and De Neve, S. 2013. 
Interactions between biochar stability and soil organisms: review 
and research needs. European Journal of Soil Science, 64(4), Pp. 
379–390. https://doi.org/10.1111/EJSS.12064 

Angers, D. A., Bolinder, M. A., Carter, M. R., Gregorich, E. G., Drury, C. F., 
Liang, B. C., Voroney, R. P., Simard, R. R., Donald, R. G., Beyaert, R. P., 
and Martel, J. 1997. Impact of tillage practices on organic carbon and 
nitrogen storage in cool, humid soils of eastern Canada. Soil and 
Tillage Research, 41(3–4), Pp. 191–201. 
https://doi.org/10.1016/S0167-1987(96)01100-2 

Asai, H., Samson, B. K., Stephan, H. M., Songyikhangsuthor, K., Homma, K., 
Kiyono, Y., Inoue, Y., Shiraiwa, T., and Horie, T. 2009. Biochar 
amendment techniques for upland rice production in Northern 
Laos: 1. Soil physical properties, leaf SPAD, and grain yield. Elsevier, 
111(1–2), Pp. 81–84. https://doi.org/10.1016/j.fcr.2008.10.008 

Aslam, Z., Khalid, M., and Aon, M. 2014. Impact of Biochar on Soil Physical 
Properties. Scholarly Journal of Agricultural Science, 4(5), 280–284. 

Atkinson, C. J., Fitzgerald, J. D., and Hipps, N. A. 2010a. Potential 
mechanisms for achieving agricultural benefits from biochar 
application to temperate soils: A review. Plant and Soil, 337 (1), Pp. 
1–18. https://doi.org/10.1007/s11104-010-0464-5 

Atkinson, C. J., Fitzgerald, J. D., and Hipps, N. A. 2010b. Potential 
mechanisms for achieving agricultural benefits from biochar 
application to temperate soils: a review. Plant and Soil 2010, 337(1), 
Pp. 1–18. https://doi.org/10.1007/S11104-010-0464-5 

Awad, Y. M., Blagodatskaya, E., Sik Ok, Y., and Kuzyakov, Y. 2012. Effects of 
polyacrylamide, biopolymer, and biochar on decomposition of soil 
organic matter and plant residues as determined by 14C and 
enzyme activities. Elsevier. 
https://doi.org/10.1016/j.ejsobi.2011.09.005 

Bailey, V., Fansler, S., Smith, J., and Biochemistry, H. B. J. 2011. Reconciling 
apparent variability in effects of biochar amendment on soil enzyme 
activities by assay optimization. Elsevier, 43(2), Pp. 296–302. 
https://www.sciencedirect.com/science/article/pii/S0038071710
003974 

Biogeochemistry, H. K. 2007. How does fire affect the nature and stability 
of soil organic nitrogen and carbon? A review. Biogeochemistry, 
85(1), Pp. 91–118. https://doi.org/10.1007/s10533-007-9104-4 

Bronick, C., and Geoderma, R. L. 2005. Soil structure and management: a 
review. Geoderma. 
https://doi.org/10.1016/j.geoderma.2004.03.005 

Bronick, C. J., & Lal, R. (2005). Soil structure and management: a review. 
Geoderma, 124(1–2), Pp, 3–22. 
https://doi.org/10.1016/J.GEODERMA.2004.03.005 

C, N. Vn. Tc. Ch. Cv. Tc. Jd. 2019. Influence of pyrolysis temperature on 
polycyclic aromatic hydrocarbons production and tetracycline 
adsorption behavior of biochar derived from spent coffee ground. 
Elsevier, 284, Pp. 197–203. 
https://www.sciencedirect.com/science/article/pii/S0960852419
304584 

Chen, W., Zhang, W., and J Meng. 2013. Advances and... - Google Scholar. 
(2013). 
https://scholar.google.com/scholar?hl=en&amp;as_sdt=0%2C5&a
mp;q=Chen%2C+W%2C+W+Zhang%2C+and+J+Meng.+2013.++%
22Advances+and+prospects+in+research+of++biochar+utilization
+in+agriculture.%22+Scientia++Agricultura+Sinica+46+%2816%2
9%3A3324-3333.&amp;btnG= 

Chen, B., and Yuan, M. 2011. Enhanced sorption of polycyclic aromatic 
hydrocarbons by soil amended with biochar. Journal of Soils and 
Sediments, 11(1), Pp. 62–71. https://doi.org/10.1007/S11368-
010-0266-7 

Chen, Y., Shinogi, Y., and Taira, M., 2010. Influence of biochar use on 
sugarcane growth, soil parameters, and groundwater quality. Soil 
Research, 48(7), Pp. 526–530. https://doi.org/10.1071/SR10011 

Chimento, C., and Almagro M, S. A. 2014. Carbon sequestration potential in 



Journal of Wastes and Biomass Management (JWBM) 6(2) (2024) 111-115 

 

 
Cite the Article: Niraj K.C. and Bhimsen Mahat (2024). A Review Article on The Effect of  
Biochar on Soil Properties. Journal of Wastes and Biomass Management, 6(2): 111-115. 

 

 

perennial bioenergy crops: the importance of organic matter inputs 
and its physical protection. Wiley Online Library, 8(1), Pp. 111–121. 
https://doi.org/10.1111/gcbb.12232 

Chintala, R., Schumacher, T. E., Mcdonald, L. M., Clay, D. E., Malo, D. D., 
Papiernik, S. K., Clay, S. A., and Julson, J. L. 2014. Phosphorus 
sorption and availability from biochars and soil/biochar mixtures. 
Clean - Soil, Air, Water, 42(5), Pp. 626–634. 
https://doi.org/10.1002/CLEN.201300089 

Colantoni, A., Evic, N., Lord, R., Retschitzegger, S., Proto, A. R., Gallucci, F., 
and Monarca, D. 2016. Characterization of biochars produced from 
pyrolysis of pelletized agricultural residues. Elsevier. 
https://www.sciencedirect.com/science/article/pii/S1364032116
302192 

Coumaravel, K., Santhi, R., and Maragatham, S., 2015. Effect of biochar on 
yield and nutrient uptake by hybrid maize and on soil 
fertility. Indian Journal of Agricultural Research, 49(2), Pp. 185-188. 

de Lima, W. B., Cavalcante, A. R., Bonifácio, B. F., da Silva, A. A. R., de 
Oliveira, L. D., de Souza, R. F. A., and Chaves, L. H. G. 2019. Growth 
and Development of Bell Peppers Submitted to Fertilization with 
Biochar and Nitrogen. Agricultural Sciences, 10(06), Pp. 753–762. 
https://doi.org/10.4236/AS.2019.106058 

Deb, D., Kloft, M., Lässig, J., and Walsh, S. 2016. Agroecology and 
Sustainable Food Systems Variable effects of biochar and P 
solubilizing microbes on crop productivity in different soil 
conditions Agroecology and Sustainable Food Systems, 40(2), Pp. 
145–168. https://doi.org/10.1080/21683565.2015.1118001 

Demisie, W., and Liu, M. Z.-. 2014. Effect of biochar on carbon fractions and 
enzyme activity of red soil. Elsevier, 121, 214–221. 
https://www.sciencedirect.com/science/article/pii/S0341816214
001556 

Ding, Z., Wan, Y., Hu, X., Wang, S., and A. Z. 2016. Sorption of lead and 
methylene blue onto hickory biochars from different pyrolysis 
temperatures: the importance of physicochemical properties. 
Elsevier, 37, Pp. 261–267. 
https://www.sciencedirect.com/science/article/pii/S1226086X16
300508 

Ebhin Masto, R., Kumar, S., Rout, T., Sarkar, P., George, J., and Ram, L., 2013. 
Biochar from water hyacinth (Eichornia crassipes) and its impact on 
soil biological activity. Elsevier, 111, Pp. 64–71. 
https://doi.org/10.1016/j.catena.2013.06.025 

Eteng, E. U., Asawalam, D. O., and Ano, A. O., 2014. Effect of Cu and Zn on 
Maize (&lt;i&gt; Zea mays&lt;/i&gt; L.) Yield and Nutrient Uptake in 
Coastal Plain Sand Derived Soils of Southeastern Nigeria. Open 
Journal of Soil Science, 4(7), Pp. 235–245. 
https://doi.org/10.4236/OJSS.2014.47026 

Fahad, S., Hussain, S., Saud, S., Hassan, S., Tanveer, M., Ihsan, M. Z., and 
Huang, J. 2016. A combined application of biochar and phosphorus 
alleviates heat-induced adversities on the physiological, 
agronomical, and quality attributes of rice. Elsevier, 103, Pp. 191–
198. 
https://www.sciencedirect.com/science/article/pii/S0981942816
300675 

Feng, X., Simpson, A. J., and Simpson, M. J. 2005. Chemical and 
mineralogical controls on humic acid sorption to clay mineral 
surfaces. Organic Geochemistry, 36 (11), Pp. 1553–1566. 
https://doi.org/10.1016/J.ORGGEOCHEM.2005.06.008 

Fox, A., Kwapinski, W., and B. G. 2014. The role of sulfur- and phosphorus-
mobilizing bacteria in biochar-induced growth promotion of Lolium 
perenne. Academic.Oup.Com, 90(1), Pp. 78–91. 
https://academic.oup.com/femsec/article-
abstract/90/1/78/2680533 

Francisco Brazão Vieira Alho, C., da Silva Cardoso, A., José Rodrigues Alves, 
B., and Henrique Novotny, E. 2012. Biochar and soil nitrous oxide 
emissions. SciELO Brasil, 47(5), Pp. 722–725. 
https://www.scielo.br/j/pab/a/46KPPp8sxkGH7rvmkYWQYyD/a
bstract/?lang=en 

Galinato, S. P., Yoder, J. K., and Granatstein, D. 2011. The economic value of 
biochar in crop production and carbon sequestration. Energy Policy, 

39(10), Pp. 6344–6350. 
https://doi.org/10.1016/J.ENPOL.2011.07.035 

Gan, C, Y Liu, X Tan, S Wang, G Zeng, B. Z., and T Li, Z Jiang,  and W. L. 2015. 
“Effect of porous zinc–biochar nanocomposites on Cr (VI) 
adsorption from aqueous solution.” RSC Advances, 5(44), Pp. 
35107–35115. 

Gaskin, J., Steiner, C., Harris, K., and K. 2014. Effect of low-temperature 
pyrolysis conditions on biochar for agricultural use. 
Elibrary.Asabe.Org, 51(6), Pp. 2061–2069. 
https://doi.org/10.13031/2013.25409 

Githinji, L. 2014. Effect of biochar application rate on soil physical and 
hydraulic properties of a sandy loam. Archives of Agronomy and Soil 
Science, 60(4), Pp. 457–470. 
https://doi.org/10.1080/03650340.2013.821698 

Głąb, T., Palmowska, J., Zaleski, T., and Gondek, K. 2016. Effect of biochar 
application on soil hydrological properties and physical quality of 
sandy soil. Geoderma, 281, Pp. 11–20. 
https://doi.org/10.1016/J.GEODERMA.2016.06.028 

Glaser, B., Haumaier, L., Guggenberger, G., and Naturwissenschaften, W. Z. 
2001. The’Terra Preta’phenomenon: a model for sustainable 
agriculture in the humid tropics. Springer, 88 (1), Pp. 37–41. 
https://doi.org/10.1007/s001140000193 

Glaser, B., Lehmann, J., and Soils, W. Z., 2002a. Ameliorating physical and 
chemical properties of highly weathered soils in the tropics with 
charcoal–a review. Biology and Fertility of Soils, 35(4), Pp. 219–230. 
https://doi.org/10.1007/s00374-002-0466-4 

Glaser, B., Lehmann, J., and Soils, W. Z. 2002b. Ameliorating physical and 
chemical properties of highly weathered soils in the tropics with 
charcoal–a review. Springer, 35(4), Pp. 219–230. 
https://doi.org/10.1007/s00374-002-0466-4 

Goodman, A. M., and Ennos, A. R., 1998. Responses of the root systems of 
sunflower and maize to unidirectional stem flexure. Annals of 
Botany, 82(3), Pp. 347–357. 
https://doi.org/10.1006/ANBO.1998.0693 

Graber, E. R., Harel, Y. M., Kolton, M., Cytryn, E., Silber, A., David, D. R., 
Tsechansky, L., Borenshtein, M., and Elad, Y., 2010. Biochar impact 
on development and productivity of pepper and tomato grown in 
fertigated soilless media. Plant and Soil, 337(1), Pp. 481–496. 
https://doi.org/10.1007/S11104-010-0544-6 

Gul, S., Whalen, J., and Thomas, V. S. 2015a. Physico-chemical properties 
and microbial responses in biochar-amended soils: mechanisms and 
future directions. Elsevier, 206, Pp. 46–59. 
https://doi.org/10.1016/j.agee.2015.03.015 

Gul, S., Whalen, J., and Thomas, V. S. 2015b. Physico-chemical properties 
and microbial responses in biochar-amended soils: mechanisms and 
future directions. Elsevier, 206, Pp. 46–59. 
https://doi.org/10.1016/j.agee.2015.03.015 

Gururaj, S. B., and Krishna, B. S. V. S. R. 2016. Water retention capacity of 
biochar blended soils. Journal of Chemical and Pharmaceutical 
Sciences, 9(3), Pp. 1438–1441. 
https://doi.org/10.2/JQUERY.MIN.JS 

Han, L., Sun, K., Yang, Y., Xia, X., Li, F., Yang, Z., and Xing, B. 2020. Biochar’s 
stability and effect on the content, composition, and turnover of soil 
organic carbon. Geoderma, 364(January), Pp. 114–184. 
https://doi.org/10.1016/j.geoderma.2020.114184 

Herath, H., Camps-Arbestain, M., and Geoderma, M. H. 2013. Effect of 
biochar on soil physical properties in two contrasting soils: an 
Alfisol and an Andisol. Elsevier, 209–210, Pp. 188–197. 
https://doi.org/10.1016/j.geoderma.2013.06.016 

Herath, H. M. S. K., Camps-Arbestain, M., and Hedley, M. 2013. Effect of 
biochar on soil physical properties in two contrasting soils: An 
Alfisol and an Andisol. Geoderma, 209–210, Pp. 188–197. 
https://doi.org/10.1016/J.GEODERMA.2013.06.016 

Horticulture, Ö. H. 2018. A new approach to soil solarization: Addition of 
biochar to the effect of soil temperature and quality and yield 
parameters of lettuce (Lactuca sativa L. Duna). Elsevier, 228, Pp. 
158–161. 



Journal of Wastes and Biomass Management (JWBM) 6(2) (2024) 111-115 

 

 
Cite the Article: Niraj K.C. and Bhimsen Mahat (2024). A Review Article on The Effect of  
Biochar on Soil Properties. Journal of Wastes and Biomass Management, 6(2): 111-115. 

 

 

https://www.sciencedirect.com/science/article/pii/S0304423817
306374 

Hossain, M., Strezov, V., Chan, K., and Chemosphere, P. N. 2010. Agronomic 
properties of wastewater sludge biochar and bioavailability of 
metals in the production of cherry tomato (Lycopersicon 
esculentum). Elsevier, 78(9), Pp. 1167–1171. 
https://www.sciencedirect.com/science/article/pii/S0045653510
000275 

Jain, S., Singh, A., Khare, P., Chanda, D., and D. M. 2017. Toxicity assessment 
of Bacopa monnieri L. grown in biochar amended extremely acidic 
coal mine spoils. Elsevier, 108, Pp. 211–219. 
https://www.sciencedirect.com/science/article/pii/S0925857417
305098 

Jeffery, S., Verheijen, F. G. A., van der Velde, M., and Bastos, A. C. 2011. A 
quantitative review of the effects of biochar application to soils on 
crop productivity using meta-analysis. Agriculture, Ecosystems & 
Environment, 144(1), Pp. 175–187. 
https://doi.org/10.1016/J.AGEE.2011.08.015 

Jin, H. 2010. Characterization Of Microbial Life Colonizing Biochar And 
Biochar-Amended Soils. 
https://ecommons.cornell.edu/handle/1813/17077 

Jones, B., Haynes, R., and Environmental, I. P. 2010. Effect of amendment 
of bauxite processing sand with organic materials on its chemical, 
physical, and microbial properties. Elsevier, 91(11), Pp. 2281–2288. 
https://www.sciencedirect.com/science/article/pii/S0301479710
001714 

Juriga, M., and Zootech, V. Š. 2018. Effect of biochar on soil structure—
Review. Pdfs.Semanticscholar.Org, 21(1), Pp. 11–19. 
https://doi.org/10.15414/afz.2018.21.01.11-19 

K, K. Km. Tb. Ir. 2011. Biochar addition to agricultural soil increased CH4 
uptake and water holding capacity–Results from a short-term pilot 
field study. Elsevier, 140 (1–2), Pp. 309–313. 
https://www.sciencedirect.com/science/article/pii/S0167880910
003208 

Kameyama, K., Miyamoto, T., Shiono, T., and Shinogi, Y. 2012. Influence of 
Sugarcane Bagasse-derived Biochar Application on Nitrate Leaching 
in Calcaric Dark Red Soil. Journal of Environmental Quality, 41(4), 
Pp.  1131–1137. https://doi.org/10.2134/JEQ2010.0453 

Karhu, K., Mattila, T., Bergström, I., and Regina, K. 2011. Biochar addition 
to agricultural soil increased CH4 uptake and water holding capacity 
- Results from a short-term pilot field study. Agriculture, 
Ecosystems and Environment, 140(1–2), Pp. 309–313. 
https://doi.org/10.1016/J.AGEE.2010.12.005 

Karthik, A., Hassan Hussainy, S. A., and Rajasekar, M. 2020. Comprehensive 
Study on Biochar and its Effect on Soil Properties: A Review. 
International Journal of Current Microbiology and Applied Sciences, 
9(5), Pp. 459–477. https://doi.org/10.20546/ijcmas.2020.905.052 

Keith, A., Singh, B., and Singh, B. P. 2011. Interactive priming of biochar and 
labile organic matter mineralization in a smectite-rich soil. 
Environmental Science and Technology, 45(22), Pp. 9611–9618. 
https://doi.org/10.1021/ES202186J 

Kim, J., Sparovek, G., and Longo, R. 2007. Bacterial diversity of terra preta 
and pristine forest soil from the Western Amazon. Elsevier, 39(2), 
Pp. 684–690. 
https://www.sciencedirect.com/science/article/pii/S0038071706
003683 

Kolb, S., and K. F. 2009. Effect of charcoal quantity on microbial biomass 
and activity in temperate soils. Wiley Online Library, 73(4), Pp. 
1173–1181. https://doi.org/10.2136/sssaj2008.0232 

Kolb, S. E., Fermanich, K. J., and Dornbush, M. E. 2009. Effect of Charcoal 
Quantity on Microbial Biomass and Activity in Temperate Soils. Soil 
Science Society of America Journal, 73(4), Pp. 1173–1181. 
https://doi.org/10.2136/SSSAJ2008.0232 

Kuppusamy, S., Thavamani, P., and M. M. 2015. Agronomic and remedial 
benefits and risks of applying biochar to soil: current knowledge and 
future research directions. Elsevier. 
https://www.sciencedirect.com/science/article/pii/S0160412015

300842 

Laird, D., Fleming, P., Wang, B., Horton, R., and Geoderma, D. K. 2010. 
Biochar impact on nutrient leaching from a Midwestern agricultural 
soil. Elsevier, 158 (3–4), Pp. 436–442. 
https://www.sciencedirect.com/science/article/pii/S0016706110
001758 

Laird, D., Novak, J., Collins, H., Ippolito, J., and Geoderma, D. K. 2017. Multi-
year and multi-location soil quality and crop biomass yield 
responses to hardwood fast pyrolysis biochar. Elsevier, 289, Pp. 46–
53. 
https://www.sciencedirect.com/science/article/pii/S0016706116
308692 

Lal, R. 2013. Soil carbon management and climate change. Carbon 
Management, 4(4), Pp. 439–462. 
https://doi.org/10.4155/CMT.13.31 

Le Bissonnais, Y., 1996. Aggregate stability and assessment of soil 
crustability and erodibility: I. Theory and methodology. European 
Journal of Soil Science, 47(4), Pp. 425–437. 
https://doi.org/10.1111/J.1365-2389.1996.TB01843.X 

Lehmann, J, C Czimczik, D Laird,  and S. S., 2009. “Stability of biochar in 
soil.” 

Lehmann, J. 2007. Bio‐energy in the black. Wiley Online Library, 1. 
https://doi.org/10.1890/060133 

Lehmann, J., Da Silva, J. P., Steiner, C., Nehls, T., Zech, W., and 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), Pp. 343–
357. https://doi.org/10.1023/A:1022833116184 

Lehmann, J., Gaunt, J., and For, M. R. 2006. Bio-char sequestration in 
terrestrial ecosystems–a review. Springer, 11(2), Pp. 403–427. 
https://doi.org/10.1007/s11027-005-9006-5 

Lehmann, J., Rillig, M. C., Thies, J., Masiello, C. A., Hockaday, W. C., and 
Crowley, D. 2011. Biochar effects on soil biota–a review. Elsevier, 43, 
Pp. 1812–1836. https://doi.org/10.1016/j.soilbio.2011.04.022 

Liang, B., Lehmann, J., Sohi, S., Thies, J., and B. O. 2010. Black carbon affects 
the cycling of non-black carbon in soil. Elsevier, 41(2), Pp. 206–213. 
https://www.sciencedirect.com/science/article/pii/S0146638009
002058 

Liang, B., Lehmann, J., Solomon, D., Kinyangi, J., Grossman, J., O’Neill, B., 
Skjemstad, J. O., Thies, J., Luizão, F. J., Petersen, J., and Neves, E. G. 
2006a. Black Carbon Increases Cation Exchange Capacity in Soils. 
Soil Science Society of America Journal, 70(5), Pp. 1719–1730. 
https://doi.org/10.2136/SSSAJ2005.0383 

Liang, B., Lehmann, J., Solomon, D., Kinyangi, J., Grossman, J., O’Neill, B., 
Skjemstad, J. O., Thies, J., Luizão, F. J., Petersen, J., and Neves, E. G. 
2006b. Black Carbon Increases Cation Exchange Capacity in Soils. 
Soil Science Society of America Journal, 70 (5), Pp. 1719–1730. 
https://doi.org/10.2136/SSSAJ2005.0383 

Liang, F., LI, G., and LIN, X. Z., 2014. Crop yield and soil properties in the 
first 3 years after biochar application to a calcareous soil. Elsevier, 
13(3), Pp. 525–532. 
https://www.sciencedirect.com/science/article/pii/S2095311913
60708X 

Lin, Y., Munroe, P., Joseph, S., and Henderson, R. 2012. Migration of 
dissolved organic carbon in biochars and biochar-mineral 
complexes. Pesquisa Agropecuaria Brasileira, 47(5), Pp. 677–686. 
https://doi.org/10.1590/S0100-204X2012000500007 

Lin, Y., Munroe, P., Joseph, S., Henderson, R., and Ziolkowski, A. 2012. 
Water extractable organic carbon in untreated and chemical-treated 
biochars. Chemosphere, 87(2), Pp.  151–157. 
https://doi.org/10.1016/J.CHEMOSPHERE.2011.12.007 

Liu, Y., Wang, H., Wu, W.-X., Yang, M., Wu, Y., Chen, Y., and Wu, W., 2011. 
Reducing CH4 and CO2 emissions from waterlogged paddy soil with 
biochar. Springer, 11(6), Pp. 930–939. 
https://doi.org/10.1007/s11368-011-0376-x 

Liu, Y., Zhu, J., Ye, C., Zhu, P., Ba, Q., and J. P., 2018. Effects of biochar 



Journal of Wastes and Biomass Management (JWBM) 6(2) (2024) 111-115 

 

 
Cite the Article: Niraj K.C. and Bhimsen Mahat (2024). A Review Article on The Effect of  
Biochar on Soil Properties. Journal of Wastes and Biomass Management, 6(2): 111-115. 

 

 

application on the abundance and community composition of 
denitrifying bacteria in a reclaimed soil from coal mining subsidence 
area. Elsevier, 625, 1218–1224. 
https://www.sciencedirect.com/science/article/pii/S0048969718
300032 

Major J, Rondon M, Molina D, Riha SJ, L. J. (2010). (2) (PDF) Major J, Rondon 
M, Molina D, Riha SJ, Lehmann J.. Maize yield and nutrition during 4 
years after biochar application to a Colombian savanna oxisol. Plant 
Soil 333, Pp. 117-128. Plant and Soil.  

Major, J., Rondon, M., Molina, D., and S. R. 2012. Nutrient leaching in a 
Colombian savanna Oxisol amended with biochar. Journal of 
Environmental Quality, 41 (4), Pp. 1076–1086. 
https://doi.org/10.2134/jeq2011.0128 

Major, J., Rondon, M., Molina, D., Riha, S., and Soil, J. L., 2010. Maize yield 
and nutrition during 4 years after biochar application to a 
Colombian savanna oxisol. Plant and Soil, 333(1), Pp. 117–128. 
https://doi.org/10.1007/s11104-010-0327-0 

Mankasingh, U., Choi, P. C., and Ragnarsdottir, V., 2011. Biochar application 
in a tropical, agricultural region: A plot scale study in Tamil Nadu, 
India. Applied Geochemistry, 26(SUPPL.), S218–S221. 
https://doi.org/10.1016/J.APGEOCHEM.2011.03.108 

Meng, J., Wang, L., Liu, X., Wu, J., Brookes, P., and Technology, J. X., 2013. 
Physicochemical properties of biochar produced from aerobically 
composted swine manure and its potential use as an environmental 
amendment. Elsevier. 
https://www.sciencedirect.com/science/article/pii/S0960852413
008547 

Mukherjee, A., and Lal, R., 2013a. Biochar Impacts on Soil Physical 
Properties and Greenhouse Gas Emissions. Agronomy 2013, Vol. 3, 
Pages 313-339, 3(2), Pp. 313–339. 
https://doi.org/10.3390/AGRONOMY3020313 

Mukherjee, A., and Lal, R., 2013b. Biochar impacts soil physical properties 
and greenhouse gas emissions. Agronomy, 3(2), Pp. 313–339. 
https://doi.org/10.3390/AGRONOMY3020313 

Mukome, F. N. D., Six, J., and Parikh, S. J., 2013. The effects of walnut shell 
and wood feedstock biochar amendments on greenhouse gas 
emissions from fertile soil. Geoderma, 200–201, Pp. 90–98. 
https://doi.org/10.1016/J.GEODERMA.2013.02.004 

Nature, E. M., 2006. Putting the carbon back: Black is the new green. 
Researchgate.Net. https://www.researchgate.net/profile/Emma- 

Nduka, B. A., Ogunlade, M. O., Adeniyi, D. O., Oyewusi, I. K., Ugioro, O., and 
Mohammed, I., 2019. The Influence of Organic Manure and Biochar 
on Cashew Seedling Performance, Soil Properties and Status. 
Agricultural Sciences, 10(01), Pp. 110–120. 
https://doi.org/10.4236/AS.2019.101009 

Nigussie, A., and Kissi, E., 2012. Effect of Biochar Application on Soil 
Properties and Nutrient Uptake of Lettuces (Lactuca sativa) Grown 
in Chromium Polluted Soils. and Environment.Sci, 12(3), Pp. 369–
376. 

Oguntunde, P. G., Abiodun, B. J., Ajayi, A. E., and Van De Giesen, N., 2008. 
Effects of charcoal production on soil physical properties in Ghana. 
Journal of Plant Nutrition and Soil Science, 171(4), Pp. 591–596. 
https://doi.org/10.1002/JPLN.200625185 

Oguntunde, P. G., Ajayi, A. E., Fosu, M., Ajayi, A. E., and Van De Giesen, N., 
2004. Effects of charcoal production on maize yield, chemical 
properties and texture of soil. Springer, 39(4), Pp. 295–299. 
https://doi.org/10.1007/s00374-003-0707-1 

Online, I. P., Ullah, Z., Jamali, A. Z., Ali, M., Khan, B., Yousaf, S., and Ziad, T., 
2018. Effects of biochar on soil chemical properties at different 
intervals. 12(5), Pp. 272–277. 

Ouyang, W., Zhao, X., and Tysklind, F. H. 2016. Typical agricultural diffuse 
herbicide sorption with agricultural waste-derived biochars 
amended soil of high organic matter content. Elsevier, 92, Pp. 156–
163. 
https://www.sciencedirect.com/science/article/pii/S0043135416
300549 

Pandey, V., and Patel, D. P., 2016. Biochar ameliorates crop productivity, 

soil fertility, essential oil yield, and aroma profiling in basil (Ocimum 
basilicum L.). Elsevier, 90, Pp. 361–366. 
https://www.sciencedirect.com/science/article/pii/S0925857416
300209 

Pandian, K., Subramaniayan, P., Gnasekaran, P., and Chitraputhirapillai, S. 
2016. Effect of biochar amendment on soil physical, chemical and 
biological properties and groundnut yield in rainfed Alfisol of semi-
arid tropics. Archives of Agronomy and Soil Science, 62(9), Pp. 
1293–1310. https://doi.org/10.1080/03650340.2016.1139086 

Parmar, A., Nema, P., and Science, T. A. 2014. Biochar production from 
agro-food industry residues: a sustainable approach for soil and 
environmental management. Current Science, 107 (10). 
http://gala.gre.ac.uk/id/eprint/19369/ 

Peng, X., Ye, L., Wang, C., Zhou, H., and Research, B. S. 2011. Temperature-
and duration-dependent rice straw-derived biochar: Characteristics 
and its effects on soil properties of an Ultisol in southern China. 
Elsevier, 112(2), Pp. 159–166. 
https://www.sciencedirect.com/science/article/pii/S0167198711
000158 

Pérez-Cruzado, C., and Bioenergy, A. M., 2011. A management tool for 
estimating bioenergy production and carbon sequestration in 
Eucalyptus globulus and Eucalyptus nitens grown as short rotation 
woody crops. Elsevier, 35(7), Pp. 2839–2851. 
https://www.sciencedirect.com/science/article/pii/S0961953411
001644 

Piccolo, A., and Mbagwu, J. S. C., 1999. Role of Hydrophobic Components of 
Soil Organic Matter in Soil Aggregate Stability. Soil Science Society 
of America Journal, 63(6), Pp. 1801–1810. 
https://doi.org/10.2136/SSSAJ1999.6361801X 

Plaza, C., Giannetta, B., Fernández, J. M., López-De-Sá, E. G., Polo, A., Gascó, 
G., Méndez, A., and Zaccone, C., 2016. Response of different soil 
organic matter pools to biochar and organic fertilizers. Elsevier, 
225, Pp. 150–159. 
https://www.sciencedirect.com/science/article/pii/S0167880916
302171 

Policy, J. M., 2008. Carbon-negative biofuels. In Elsevier. 
https://www.sciencedirect.com/science/article/pii/S0301421507
005253 

Purakayastha, TJ, Bera, Bhaduri, Sarkar, Mandal, Wade, Kumari, Biswas, 
Menon, Pathak, Tsang, and DCW. 2019. A review on biochar 
modulated soil condition improvements and nutrient dynamics 
concerning crop yields: Pathways to climate change mitigation and 
global food. Elsevier, 227, Pp. 345–365. 
https://doi.org/10.1016/j.chemosphere.2019.03.170 

Rafi, J. M., Rajashekar, A., Srinivas, M., Rao, B. V. S. K., Prasad, R. B. N., and 
Lingaiah, N., 2012. Esterification of glycerol over a solid acid biochar 
catalyst derived from waste biomass. Pubs.Rsc.Org, 1, Pp. 11002–
11003. https://doi.org/10.1039/c0xx00000x 

Rafi, J. M., Rajashekar, A., Srinivas, M., Rao, B. V. S. K., Prasad, R. B. N., and 
Lingaiah, N., 2015. Esterification of glycerol over a solid acid biochar 
catalyst derived from waste biomass. RSC Advances, 5(55), Pp. 
44550–44556. https://doi.org/10.1039/C5RA06613A 

Rajapaksha, A., Chen, S., and Tsang, M. Z., 2016. Engineered/designer 
biochar for contaminant removal/immobilization from soil and 
water: potential and implication of biochar modification. Elsevier. 
https://www.sciencedirect.com/science/article/pii/S0045653516
30042X 

Rajkovich, S., Enders, A., Hanley, K., Hyland, C., Zimmerman, A. R., & 
Lehmann, J. (2012). Corn growth and nitrogen nutrition after 
additions of biochars with varying properties to a temperate soil. 
Biology and Fertility of Soils, 48 (3), Pp. 271–284. 
https://doi.org/10.1007/S00374-011-0624-7 

Rasa, K., Heikkinen, J., Hannula, M., Arstila, K., and S. K., 2018. How and why 
does willow biochar increase a clay soil water retention capacity? 
Elsevier, 119, Pp. 346–353. 
https://www.sciencedirect.com/science/article/pii/S0961953418
302708 

Roberts, D., Cole, A., and Paul, R. D. N., 2015. Algal biochar enhances the re-



Journal of Wastes and Biomass Management (JWBM) 6(2) (2024) 111-115 

 

 
Cite the Article: Niraj K.C. and Bhimsen Mahat (2024). A Review Article on The Effect of  
Biochar on Soil Properties. Journal of Wastes and Biomass Management, 6(2): 111-115. 

 

 

vegetation of stockpiled mine soils with native grass. Elsevier, 161, 
Pp. 173–180. 
https://www.sciencedirect.com/science/article/pii/S0301479715
30147X 

Rondon, M. A., Lehmann, J., Ramírez, J., and Hurtado, M., 2007. Biological 
nitrogen fixation by common beans (Phaseolus vulgaris L.) 
increases with bio-char additions. Biology and Fertility of Soils, 
43(6), 699–708. https://doi.org/10.1007/S00374-006-0152-Z 

Santos D, Smucker A, Murphy S, Taubner H, H. R. (2014). Uniform 
separation of concentric surface layers from soil aggregates. Soil 
Science Society of America Journal, 61(3), Pp. 720–724. 
https://doi.org/10.2136/sssaj1997.03615995006100030003x 

Schulz, H., Dunst, G., and Glaser, B., 2013. Positive effects of composted 
biochar on plant growth and soil fertility. Agronomy for Sustainable 
Development, 33(4), Pp. 817–827. 
https://doi.org/10.1007/S13593-013-0150-0 

Schulz, H., and Science, B. G., 2012. Effects of biochar compared to organic 
and inorganic fertilizers on soil quality and plant growth in a 
greenhouse experiment. Journal of Plant Nutrition and Soil Science, 
175(3), Pp. 410–422. https://doi.org/10.1002/jpln.201100143 

Shackley, S., Carter, S., Knowles, T., Middelink, E., Haefele, S., Sohi, S., Cross, 
A., and Haszeldine, S. 2012. Sustainable gasification–biochar 
systems? A case study of rice-husk gasification in Cambodia, Part I: 
Context, chemical properties, environmental and health and safety 
issues. Energy Policy, 42, Pp. 49–58. 
https://doi.org/10.1016/J.ENPOL.2011.11.026 

Silber, A., Levkovitch, I., and Graber, E. R., 2010. PH-dependent mineral 
release and surface properties of corn straw biochar: Agronomic 
implications. Environmental Science and Technology, 44(24), Pp. 
9318–9323. https://doi.org/10.1021/ES101283D 

Singh, B. P., Cowie, A. L., and Smernik, R. J., 2012. Biochar carbon stability 
in a clayey soil as a function of feedstock and pyrolysis temperature. 
Environmental Science and Technology, 46(21), Pp. 11770–11778. 
https://doi.org/10.1021/ES302545B 

Singh, B., Singh, B., and Research, A. C., 2010. Characterization and 
evaluation of biochars for their application as a soil amendment. 
CSIRO Publishing, 48(6–7), Pp. 516–525. 
https://www.publish.csiro.au/sr/sr10058 

Steiner, C., Teixeira, W. G., Lehmann, J., Nehls, T., Jeferson, ·, Vasconcelos 
De Macêdo, L., Winfried, ·, Blum, E. H., and 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. Springer, 291(1–2), Pp. 275–290. 
https://doi.org/10.1007/s11104-007-9193-9 

Tan, Z., Lin, C. S. K., Ji, X., and Rainey, T. J., 2017. Returning biochar to fields: 
A review. Applied Soil Ecology, 116, Pp. 1–11. 
https://doi.org/10.1016/J.APSOIL.2017.03.017 

Tryon, E., 1948. Effect of charcoal on certain physical, chemical, and 
biological properties of forest soils. JSTOR, 18(1), Pp. 81–115. 
https://www.jstor.org/stable/1948629 

Tsz, J., Wong, F., Ng, C. W. W., Wong, M. H., Chen, Z., Chen, X., Wang, C., Ng, 
W., Luo, Y., Po, T., and Kong, H., 2017. Soil-water retention behavior 
of compacted biochar-amended clay: a novel landfill final cover 
material. Springer, 17(3), Pp. 590–598. 
https://doi.org/10.1007/s11368-016-1401-x 

Turner, B., Hopkins, D., Haygarth, P., and Ecology, N. O., 2002. β-
Glucosidase activity in pasture soils. Elsevier, 20(2), Pp. 157–162. 
https://www.sciencedirect.com/science/article/pii/S0929139302
000203 

Usman, A., and Al-Wabel, A. A., 2016. Conocarpus biochar induces changes 
in soil nutrient availability and tomato growth under saline 
irrigation. Elsevier, 26(1), Pp. 27–38. 
https://doi.org/10.1016/S1002-0160(15)60019-4 

Uzoma, K., Inoue, M., Andry, H., and A. Z., 2011a. Influence of biochar 
application on sandy soil hydraulic properties and nutrient 
retention. Cabdirect.Org, 9 (3–4), Pp. 1137–1143. 
https://www.cabdirect.org/cabdirect/abstract/20113407352 

Uzoma, K., Inoue, M., Andry, H., and A. Z., 2011b. Influence of biochar 
application on sandy soil hydraulic properties and nutrient 
retention. Cabdirect.Org, 9(3–4), Pp. 1137–1143. 
https://www.cabdirect.org/cabdirect/abstract/20113407352 

van Zwieten, L., Kimber, S., Morris, S., Chan, K. Y., Downie, A., Rust, J., 
Joseph, S., and Cowie, A. 2010. Effects of biochar from slow pyrolysis 
of papermill waste on agronomic performance and soil fertility. 
Plant and Soil, 327 (1), Pp. 235–246. 
https://doi.org/10.1007/S11104-009-0050-X 

Ventura, F., Salvatorelli, F., Piana, S., and L. P. 2012. The effects of biochar 
on the physical properties of bare soil. Cambridge.Org, 103(1), Pp. 
5–11. https://www.cambridge.org/core/journals/earth-and-
environmental-science-transactions-of-royal-society-of-
edinburgh/article/effects-of-biochar-on-the-physical-properties-
of-bare-soil/6C0C1CC1EE39B30EFCD254AA2431740F 

Verheijen, F., Jeffery, S., Bastos, A. C., Van Der Velde, M., and Diafas, I., 2010. 
Biochar Application to Soils: A Critical Scientific Review of Effects on 
Soil Properties, Processes and Functions. In Environment (Issue 4). 
https://doi.org/10.2788/472 

Villagra-Mendoza, K., and Horn, R., 2018. Effect of biochar addition on 
hydraulic functions of two textural soils. Geoderma, 326, Pp. 88–95. 
https://doi.org/10.1016/J.GEODERMA.2018.03.021 

Wang, S., Gao, B., Li, Y., Zimmerman, A. R., and Cao, X., 2016. Sorption of 
arsenic onto Ni/Fe layered double hydroxide (LDH)-biochar 
composites. RSC Advances, 6 (22), Pp. 17792–17799. 
https://doi.org/10.1039/C5RA17490B 

Wang, S., Gao, B., Zimmerman, A. R., Li, Y., Ma, L., Harris, W. G., and 
Migliaccio, K. W., 2015. Removal of arsenic by magnetic biochar 
prepared from pinewood and natural hematite. Bioresource 
Technology, 175, Pp. 391–395. 
https://doi.org/10.1016/J.BIORTECH.2014.10.104 

Warnock, D. D., Mummey, D. L., McBride, B., Major, J., Lehmann, J., and 
Rillig, M. C., 2010. Influences of non-herbaceous biochar on 
arbuscular mycorrhizal fungal abundances in roots and soils: 
Applied Soil Ecology, 46(3), Pp. 450–456. 
https://doi.org/10.1016/J.APSOIL.2010.09.002 

Woolf, D., Amonette, J. E., Street-Perrott, F. A., Lehmann, J., and Joseph, S., 
2010. Sustainable biochar to mitigate global climate change. Nature 
Communications 2010 1(1), Pp. 1–9. 
https://doi.org/10.1038/ncomms1053 

Wu, H., Lai, C., Zeng, G., Liang, J., Chen, J., and J. X., 2016. The interactions of 
composting and biochar and their implications for soil amendment 
and pollution remediation: a review. Taylor and Francis, 37(6), Pp. 
754–764. https://doi.org/10.1080/07388551.2016.1232696 

Xiao, Q., Zhu, L., and Shen, S. L., 2016. Sensitivity of soil water retention and 
availability to biochar addition in rainfed semi-arid farmland during 
a three-year field experiment. Elsevier, 196, Pp. 284–293. 
https://doi.org/10.1016/j.fcr.2016.07.014 

Xu, G., Wei, L., Sun, J., Shao, H., and SX Chang -. 2013. What is more 
important for enhancing nutrient bioavailability with biochar 
application into sandy soil: Direct or indirect mechanism? Elsevier, 
52, 119–124. 
https://www.sciencedirect.com/science/article/pii/S0925857412
004533 

Zhang, M., Gao, B., Yao, Y., Xue, Y., and Inyang, M. 2012. Synthesis of porous 
MgO-biochar nanocomposites for removal of phosphate and nitrate 
from aqueous solutions. Chemical Engineering Journal, 210, Pp. 26–
32. https://doi.org/10.1016/J.CEJ.2012.08.052 

Zhang, Q., Wang, Y., Wu, Y., Wang, X., Du, Z., Liu, X., and Song, J., 2013. Effects 
of Biochar Amendment on Soil Thermal Conductivity, Reflectance, 
and Temperature. Soil Science Society of America Journal, 77(5), Pp. 
1478–1487. https://doi.org/10.2136/SSSAJ2012.0180 

Zhang, Y., Hou, W., Chi, M., Sun, Y., An, J., Yu, N., and Zou, H., 2020. 
Simulating the effects of soil temperature and soil moisture on CO2 
and CH4 emissions in rice straw-enriched paddy soil. CATENA, 194, 
Pp. 104677. https://doi.org/10.1016/J.CATENA.2020.104677 

Zhang, Y., Wang, J., and Feng, Y., 2021. The effects of biochar addition on 



Journal of Wastes and Biomass Management (JWBM) 6(2) (2024) 111-115 

 

 
Cite the Article: Niraj K.C. and Bhimsen Mahat (2024). A Review Article on The Effect of  
Biochar on Soil Properties. Journal of Wastes and Biomass Management, 6(2): 111-115. 

 

 

soil physicochemical properties: A review. Catena, 202(March), 
105284. https://doi.org/10.1016/j.catena.2021.105284 

Zhu, L. Xia, Xiao, Q., Shen, Y. fang, and Li, S. qing. 2017. Effects of biochar 
and maize straw on the short-term carbon and nitrogen dynamics 
in a cultivated silty loam in China. Environmental Science and 
Pollution Research, 24(1), Pp. 1019–1029. 
https://doi.org/10.1007/S11356-016-7829-0 

Zhu, L., Xiao, Q., Cheng, H., Shi, B., and Shen., 2017. Seasonal dynamics of 
soil microbial activity after biochar addition in a dryland maize field 
in North-Western China. Elsevier, 104, Pp. 141–149. 
https://doi.org/10.1016/j.ecoleng.2017.04.026 

Zygourakis, K., 2017. Biochar soil amendments for increased crop yields: 
How to design a “designer” biochar. AIChE Journal, 63 (12), Pp. 
5425–5437. https://doi.org/10.1002/AIC.15870 

 


