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Abstract 

Carbon dioxide (CO2) is considered one of the ozone layer gases that contribute to 

climate change. As the area under agricultural use expands, the level of CO2 from soil 

as an agricultural by-product increases in the atmosphere. Burning rice husks in open 

air, decomposing plant materials among other activities release CO2 directly to the 

atmosphere. Rice husks as a by-product of rice production in Kenya has both the 

potential to be a source of greenhouse gas (GHG) and production of biochar. 

Production and deposition of rice husk biochar (RHB) into soil is thought to be one of 

the viable options for permanent carbon storage with related benefits to soil fertility. 

This review seeks to consolidate information from various studies that highlight the 

innovative way of using RHB in combating climate change, improving soil fertility, plant 

health and crop yields. Studies that have demonstrated beneficial use of RHB were 

evaluated to prepare this review. When RHB is used as a soil amendment, it has the 

ability to increase soil carbon storage, mitigate 10% of the current anthropogenic 

carbon emissions, improve pH and raise Cation Exchange Capacity (CEC), increase 

available plant nutrients, enhance inherent plant immunity, increase crop yields and 

improve water quality by increasing retention of nutrients and agrochemicals for plant 

utilization. A review of the benefits of RHB use in agriculture and climate change 

mitigation will enhance its adoption. The review further emphasizes the usefulness of 

pyrolysis in turning organic waste into bioenergy, compost and other beneficial 

products while protecting the environment. 

Key Words: Carbon dioxide, climate change, global warming, innovation, ozone 

layer, temperature. 
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Introduction 

 
Biochar use is considered a viable 

strategy in reducing farm waste, 

improving soil quality and sequestering 

carbon to reduce greenhouse gas 

emissions and mitigate climate change 

(Mandal & Jeyaraman, 2013). Globally 

biochar is viewed as a soil management 

strategy that can increase soil carbon, 

provide energy and increase crop yield, 

while mitigating the effects of climate 

change through carbon sequestration 

(Griscom et al., 2017; Smith et al., 

2020). Recent research has shown that 

biochar is effective in suppressing plant 

pathogens such as Ralstonia 

solanacearum in tomatoes, nematodes 

and insect pests (Lehmann, 2009; 

Lehmann et al., 2011; Poveda et al., 

2021). In a potted plants experiment, 

Huang et al. (2015), found that soil 

amended with biochar at a 

concentration of 1.2% increased rice 

plants resistance against root gall 

nematodes (Meloidogyne graminicola). 

Rice husk biochar has potential to boost 

the resistance of rice seedlings against 

nematodes and improve rice growth 

parameters and increase rice yields 

 

 
among other crops to boost 

food security (Liu et al., 2020). 

In China, Qian et al. (2014), found that 

biochar as a soil amendment improved 

nitrogen use efficiency and increased 

crop productivity leading to reduced 

nitrogen fertilizer use. In Ghana, 

biochar was used to improve soil 

moisture and nutrient retention for 

vegetable production (Yakubu et al., 

2020) while in Nigeria, it was used as a 

soil amendment to enhance cocoyam 

productivity and soil sustainability in 

sandy loam soils (Adekiya et al., 2020). 

Studies in Kenya have shown the 

positive effect of biochar application in 

soil in increased maize and soybean 

yields (Kimetu et al. 2008 ;Kätterer et 

al. 2019). 

Kenya’s communication to United 

Nations Framework Convention on 

Climate Change in 2015 identified 

charcoal production as a major 

contributor to Green House Gas 

emissions and identified a dual 

approach of promoting improved 

biochar kilns and supporting alternative 

fuel sources (Government of Kenya, 

2018; Johnson & Johnson, 2018). The 

same  report  proposed  that  more 
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efficient charcoal production methods 

be sought while pursuing alternative 

fuels. Pyrolysis of biomass at high 

temperatures and low oxygen 

conditions produce biochar, syngas and 

bio-oils in a process with low GHG 

production (Verheijen et al., 2010; 

Woolf et al., 2010; Wuebbles et al., 

2017). Biochar is considered an 

affordable negative emission 

technology for large scale deployment 

in carbon dioxide removal and 

sequestration (Tisserant & Cherubini, 

2019). 

In Kenya, climate change induced 

droughts, floods and heat have 

negatively impacted on human health, 

food security and economic 

development. Agriculture is among the 

identified sources of GHG emissions in 

Kenya (Nin-pratt, 2023) . Rice husk as 

an agricultural waste, has continued to 

increase GHGs in the atmosphere in its 

common disposal methods. It is 

estimated that 20% of total rice yields 

is rice husks. When disposed in canals, 

the husk increases water turbidity and 

lowers its quality while affecting the 

health of its users. When used as mulch 

in  the  paddy  fields,  rice  husks 

 

 
decompose and release 

methane and nitrous oxide which are 

greenhouse gases. 

While biochar-derived media has been 

internationally identified as a viable 

carbon sequestration medium, growth 

stimulant and plant health booster 

when used as a soil amendment or 

growth medium (Huang et al., 2015), 

its use in Kenya is limited and not 

popular with farmers in agricultural 

production. 

This review is focused on the potential 

for inclusion of biochar soil amendment 

in integrated pest management 

systems for plants. Its potential use as 

a sterilized plant media is also 

significant in production of pest free 

seedlings. 

Biochar production and properties 

 
Biochar is an organic material produced 

from biomass which has been pyrolyzed 

at zero or low oxygen conditions 

(Verheijen et al., 2010). It is a solid 

carbonaceous residue that can be used 

as fuel, fertilizer or for activated carbon 

production. Other uses include; 

smelting of iron as a reductant, water 

and  gas  purification,  waste  water 
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treatment, poisons adsorbent in the 

chemical industry and a scrubber in 

skincare industry (Manya, 

2019).Thermochemical conversion of 

biomass through pyrolysis produce 

biochar, syngas (H2, CO, CO2 and CH4), 

heat and liquid (bio-oil) and water 

(Stewart et al., 2013; (Nanda et al., 

2016; Wuebbles et al., 2017). The 

temperatures, heating rate and time 

used during pyrolysis determine the 

quality of biochar produced as well as 

the by-products. Nanda et al. (2016) 

found that biochar produced at lower 

temperatures have higher yield, higher 

CEC and conductivity while production 

at higher temperature yields less 

biochar and more volatile liquids and 

syngas. The biochar produced at higher 

temperatures is highly adsorptive, high 

in fixed carbon, pH and porosity. Slow 

pyrolysis converts at least 50% of 

biomass into biochar with bio-oils and 

syngas as the byproducts (IBI, 2018). 

The bio-oils and syngas can be used as 

clean energy source. Agricultural by- 

products have gained attention in 

recent years as sources of energy due 

to their advantages of low cost, limited 

availability of wood and potential to 

reduce  greenhouse  gas  emission 

 

 

(Dahou et al., 2018). 

Rice Husk is one such agricultural by- 

product that could potentially be 

utilized in Kenya due to its abundance 

and lignocellulosic composition. 

However, rice stalks and husks take a 

long time to decompose and they pose 

a disposal challenge for rice millers in 

Mwea (CGA, 2018). In Kenya there is 

inefficient biochar production 

technologies with low conversion ratios 

such as the traditional earth mound 

kilns (Ministry of environment, water 

and natural resources, 2013). 

The recently elevated interest on 

biochar as a soil amendment rose from 

the discovery that it is source of high 

amounts of organic carbon and 

sustained fertility of the Amazonian 

soils better known as the terra preta de 

Indio (Lehmann & Joseph, 2012). 

Biochar classification 

Biochar can be classified based on its 

physiochemical properties such as 

carbon storage value, fertilizer value, 

liming value and particle size 

distribution (Joseph, 2015; IBI, 2018). 

Classification of biochar based on its 

properties  enables  stakeholders  to 

identify the most suitable biochar type 
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for a particular use (Joseph, 2015). 

Jindo et al. (2014) found that biochar 

feedstock source and the pyrolysis 

temperature both affected the 

physiochemical properties of biochar, 

with high heat (over 600oC). The high 

heat pyrolysis degrades functional 

groups and yield high carbon content 

while lower temperature pyrolysis yields 

more biochar. Agricultural waste feed 

stocks produced more biochar which 

had unique chemical properties due to 

higher silica content while biochar from 

woody materials had higher carbon 

content and high absorption character. 

In his study of effect of biochar sources, 

application rate and placement in soil on 

soil health and crop growth, Guo, 

(2020) concluded that biochar from 

wood debris and crop residues contain 

low plant nutrients when compared 

with biochar derived from compost or 

manure. He also found that biochar 

types vary considerably in chemical and 

physical characteristics based on the 

feedstock used and biochar production 

conditions. Even when similar feedstock 

was used, variation in the pyrolysis 

temperature and duration changed the 

biochar characteristics significantly with 

 

 
poultry  manure  yield 

reducing from 60.1% to 45.7% when 

the pyrolysis temperature was doubled 

from 300ºC to 600oC. Similarly corn 

cobs yield reduced from 26.4% to 

18.5% when production temperatures 

were increased from 4500C to 500ºC 

while the pH declined from 10.3 to 7.8. 

Ash also increased when pyrolysis 

temperatures were raised for hardwood 

from 32 to 42 gkg−1 while the yield fell 

from 32.7% to 25.8%. The total 

nitrogen content for poultry litter 

reduced from 12.1 to 1.2 gkg−1while 

total phosphorus and potassium 

increased from 27.9 and 87.9 gkg−1 to 

30.5 and 91.5 gkg−1 respectively when 

pyrolysis temperature was raised from 

300oC to 600oC. It followed the same 

trend even when the temperature was 

raised less drastically from 300oC to 

400oC, where total nitrogen reduced 

from 41.7 to 26.3 gkg−1 and total 

phosphorus and potassium increased 

from 22.7 to 69.3 gkg−1 to 26.3 and 

81.2 gkg−1 respectively (Guo, 2020). 

 
In a study conducted in Taiwan, Varela 

Milla et al. (2013), found that RHB had 

higher EC and higher amount of 

dissolvable ions than wood biochar 
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(WB), both had low heavy metals, WB 

had a higher carbon content and micro 

porosity, both had high concentration 

of potassium and Silicon though fresh 

rice husks was much higher than RHB 

and WB. In the same analysis, Varela 

Milla et al. (2013) found that when 

compared to rice husk, RHB had a 

higher pH. Silica similarly increased 

from 107 to 171mg/Kg, calcium and 

magnesium also increased from 108 

and 175nmg/Kg to 220 and 182 mg/Kg 

respectively. This explained the rise in 

pH after pyrolysis. 

Global use of biochar 

 
Globally, biochar is viewed as a better 

soil management strategy that can 

increase soil carbon while mitigating 

effects of climate change through 

carbon sequestration, providing energy 

and increasing crop yields (Griscom et 

al., 2017; Smith et al., 2020). Biochar is 

considered an affordable negative 

emission technology for large scale 

deployment in carbon dioxide removal 

and sequestration (Tisserant & 

Cherubini, 2019). 

Maikol et al. (2021) proposed the use of 

chicken litter-derived biochar as a soil 

 

 
amendment to increase 

soil nutrients, reduce soil acidity and 

exchangeable aluminium in Malaysia in 

order to increase rice yields. India has 

a huge problem in disposal of 

agricultural by products due to the age- 

old practice of burning crop residues 

(Sandip et al., 2013). Biochar use is 

considered a viable strategy in reducing 

farm waste, improving soil quality and 

sequestering carbon to reduce 

greenhouse gas emissions and mitigate 

climate change (Sandip et al., 2013). 

Biochar is used in south east Asian 

countries as renewable energy source, 

to improve soil fertility, control 

greenhouse gas emission and water 

filter in waste water treatment 

(Khawkomol et al., 2021). 

In Ghana, biochar was used to improve 

soil moisture and nutrient retention for 

vegetables production (Yakubu et al., 

2020). In Nigeria, it was used as a soil 

amendment to enhance cocoyam 

productivity and soil sustainability in 

sandy loam soils (Adekiya et al., 2020). 

Biochar production and use in 

Kenya 
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According to the Kenya National Bureau 

of Statistics (KNBS), (2019), 11.7% of 

Kenyans use charcoal as their primary 

source of fuel with 55.1 using firewood. 

In urban areas, charcoal use has 

increased to 17.7%. An estimated 22 

million cubic meters of wood are used 

annually to meet Kenya’s charcoal 

demand (MEWNR, 2013). In Kenya 

over 90% biochar production is through 

traditional earth mound kilns which use 

wood as the primary feedstock and has 

an approximate conversion efficiency of 

14% MEWNR, 2013; Njenga et al., 

2017). Second generation earth mound 

kilns have improved the conversion 

efficiency to 30% but its adoption is still 

low in Kenya. Other kilns used in Kenya 

include the drum kilns with a conversion 

rate of 20-30%, Mekko biochar kiln with 

a conversion rate of 50-75% and the 

large scale use retort kiln with a 

conversion rate 0f 70-80% MEWNR, 

2013). Gasification jikos have also been 

used as an energy source while at the 

same time gasifying rice husks to 

biochar (Ismail et al., 2016). Gitau et al. 

(2019), found that use of gasifier jiko 

converts 16.6% wood biomass into 

biochar  while  reducing  household 

firewood  use  by  40%  and  carbon 

 

 
monoxide,    carbon 

dioxide and particulate matter by 57%, 

41%, and 79% respectively. 

A study in Vihiga, Western Kenya 

demonstrated that pyrolytic stoves can 

be used to utilize farm waste to cook 

and produce biochar which can be used 

as a soil conditioner to improve crop 

production (Torres, 2011). Studies in 

Central, Eastern and Western regions of 

Kenya showed that small amounts of 

biochar from farm feedstock when used 

along with inorganic fertilizers 

increased maize yields (Kätterer et al., 

2022). Increasing soil organic carbon 

using biochar and sawdust was able to 

restore soil quality and crop productivity 

of degraded soils in Western Kenya 

(Kimetu et al., 2008). Use of biochar in 

Njoro and Mau Narok as a soil 

amendment can increase soil fertility 

and increase potato yields (Mbabazize 

et al., 2023). 

Effects of biochar-derived media 

on plant immunity 

Plant immunity is defined as the 

inherent or induced capacity of plants 

to resist biological attack by pathogens. 

Molecules released by pathogens are 

recognized  by  the  plant’s  surface 
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receptors which triggers the plant’s 

defense mechanism. The plants 

defense mechanism is two pronged, 

relying on Pathogen-Associated 

Molecular System (PAMP), which is the 

first line of defense and the effector 

triggered immunity which is the second 

layer of defense (Bürger & Chory, 

2019). The PAMP system triggers the 

first defense which may be overcome 

by some pathogen using effector 

proteins that interferes with the 

immune signaling system, this in turn 

triggers the plant to deploy the second 

line of defense - the effector triggered 

immunity (Bürger & Chory, 2019). Plant 

cells have gene transcription programs 

that regulate their response to their 

environment including stress due to 

pathogens (Moore et al., 2011). 

Encounter with pathogens leads to 

gene reprogramming to prioritize 

response to the pathogen over normal 

growth (Moore et al., 2011). The 

programming and reprogramming 

regulators are ordered by a blend of 

signaling hormones including salicylic 

acid, jasmonic acid and ethylene (Van 

Der Ent et al., 2009, Nahar et al., 2011). 

 

 
Effect of biochar 

media on soil organisms 

 
In Jiangxi, China biochar was found to 

have positive effects on soil microbes 

such as rhizobacteria but detrimental 

effects on some soil fauna including 

nematodes (Liu et al., 2020). The effect 

of biochar on soil biota was direct and 

included effect on soil pH and 

increasing pore size (Liu et al., 2020). 

In Egypt, the application of biochar in 

combination with furfural inhibited root 

knot nematodes in tomatoes more than 

untreated controls or individual 

applications of furfural or biochar 

(Abdelnabby et al., 2018). In Ghana, 

RHB decreased nematode population 

but had an insignificant effect on flying 

insect pests Huang et al. (2015). 

Biochar did not have a direct 

nematicidal effect on Meloidogyne 

graminicola nematodes but acted to 

suppress the nematodes by enhancing 

hydrogen peroxide (H2O2) accumulation 

in plants and activation of the ethylene 

signaling pathway. Adding 1.2% 

concentration of biochar to the potting 

mix reduced nematode effect on rice 

roots due to enhanced ethylene 

signaling pathway. Huang et al. (2015) 
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described this phenomenon as priming 

of the plant defense mechanism for 

rapid activation against plant pathogen. 

Biochar was found to be a priming 

agent for induced plant resistance 

against the negative effects of parasitic 

nematodes (Huang et al., 2015). In a 

related research, biochar was 

demonstrated to have a priming effect 

on genes associated with plant growth 

and defense such as jasmonic acid, 

brassionosteroids and cytokins (Jaiswal 

et al., 2020). 

In Netherlands, priming of innate plant 

defence in Arabidopsis thaliana (L.) 

Heynh. accession Col-0 against downy 

mildew using a rhizobacteria 

(Pseudomonas fluorens) and β- 

aminobutyric acid induced plant 

resistance to the disease (Van Der Ent 

et al., 2009). Jaiswal et al. (2020), 

explored the ability of biochar to induce 

systemic resistance in tomatoes against 

crown rot disease caused by Fusarium 

oxysporium f.sp. radicis lycopersici. The 

study used transcriptomic analysis to 

demonstrate that biochar had a priming 

effect on gene expression and up- 

regulated the pathways of plant 

defense genes such as jasmonic acid to 

 

 
significantly  suppress 

the disease and improve plant 

performance by 63%. 

Biochar was found to induce plant 

resistance to pests and diseases such as 

Fusarium oxysporum on asparagus, 

Ralstonia solanacearum, Botrytis 

cinerea and Clavibacter michiganensis 

subsp. michiganensis on tomato by 

boosting plant defense mechanisms 

(Frenkel et al., 2017). According to the 

study conducted by Frenkel et al. 

(2017) use of biochar as a growth 

medium for seedlings suppressed plant 

diseases at lower concentrations (≤1%) 

while higher concentrations (≥3%) 

were ineffective or induced some 

diseases such as vascular wilt disease in 

tomato caused by Fusarium 

oxysporum f.sp radicis lycopersici. The 

same study found that biochar had 

positive influence on plant growth when 

in concentrations higher than 25%. In 

a similar study, Jaiswal et al., (2020), 

found that biochar induced resistance in 

tomato plants against crown rot caused 

by a soil borne pathogen - Fusarium 

oxysporum f.sp radicis lycopersici by up 

to 63%. Various studies on effect of 

biochar on plant diseases proved that 
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low concentrations of 0.5 to 5% had 

positive effect on disease suppression 

against Botrytis cinera, Phytophthora 

cinnanomi, Plasmodiophora brassica, 

Ralstocia solanacearum and 

Rhizoctonia solani (Frenkel et al., 2017) 

Effect of biochar-derived media 

on nematodes 

Plant parasitic nematodes are a major 

constraint in crop production due to 

their intricate relationship with host 

plants, wide host range and high level 

of damage caused (Bernard et al., 

2017). Root knot nematodes 

(Meloidogyne spp), cyst nematodes 

(Heterodera and Globodera spp), and 

lesion nematodes (Pratylenchus spp) 

are the most economically important 

species due to their wide host range 

and level of damage caused by 

infestation (Bernard et al., 2017), 

(Gnamkoulamba et al., 2018). 

Nematodes penetrate the root 

elongation zone and enter the vascular 

bundles where they induce a 

permanent feeding site by injecting 

secretions from their pharyngeal glands 

into the plant cell. Management of 

nematodes includes use of nematicides, 

treatment of seed with carbofuran, 

 

 
dipping seedling roots 

in systemic insecticides and use of 

resistant varieties (Bernard et al., 

2017). Over 100 nematode species 

affect rice production globally. In 

Mwea, Namu et al. (2019), found 22 

genera of nematodes causing huge 

losses in rice production. Namu et al. 

(2018) found 11 of these nematode 

species in irrigated paddy fields in 

Mwea including the root knot 

nematodes (Meloidogyne graminincola) 

which was found across all sampled 

sites. 

Desmedt et al., (2020), studied the 

mechanism of plant defense against 

nematodes and found the plant 

immunity against nematodes relies on 

production of metabolites with anti- 

nematode activity which they called anti 

nematode phytochemicals. Resistance 

to root knot nematodes in rice plants 

was largely attributed to jasmonic acid 

and ethylene signaling with salicylic 

acid playing a minor role (Nahar et al., 

2011). 

In Ghana, increased concentrations of 

sea shell biochar of 1 part to 1 part soil 

reduced root galling due to root knot 

nematodes in tomato (Ibrahim et al. 
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2019). In Egypt a study on the effect of 

rice straw biochar on root knot 

nematodes (M. incognita) by Ahmed, 

(2021), found that an application of 

21g/pot reduced egg masses and root 

galls due to M. incognita in eggplants 

by 80 and 93%. A study in Western 

Kenya by Munyua, et al. (2015), found 

that galling due to root knot nematodes 

infection in beans reduced while bean 

yields increased when biochar and 

vermicompost soil amendments were 

added. Frenkel, (2017) urged further 

research to determine whether biochar 

addition in potting mixes can reduce 

nematode damage to plants. 

Biochar as a soil amendment 

 

Nanda et al. (2016) concluded that 

biochar improves the soil and enhances 

plant growth by increasing 

bioavailability of water and essential 

plant nutrients while providing good 

micro-environment for proliferation of 

essential micro-organisms. Li et al. 

(2018) found that application of 2% 

biochar in silty clay soil significantly 

reduced nitrate leaching and increased 

potassium availability to plants in China. 

Application  of  6-9  tha-1  rice  husk 

biochar as lime increased maize yield 

 

 
more  than  23%  in 

acidic soils in East Java, Indonesia 

(Nurhidayati & Mariati, 2014). This was 

due to the effect of rice husk charcoal 

on increasing available plant nutrients. 

Martinsen et al. (2015) found that an 

application of 1% RHB equivalent to 30 

tha-1 raised the pH of acidic Indonesian 

soil by 0.04. Soils amended with biochar 

in Nigeria were found to have 

neutralized pH, increased total nitrogen 

and phosphorous, improved CEC and 

higher count of soil beneficial fungi and 

bacteria (Nanda et al., 2016; Adekiya et 

al., 2020). 

A trial in Nandi, Kenya found that soils 

in former charcoal earth mound kiln 

locations was rich in carbon, 

phosphorous and potassium whereas 

soil micro fauna were found to decrease 

except for centipedes when compared 

to non-kiln areas (Kamau et al., 2017). 

This observation was explored in 

further research where it was confirmed 

that biochar application over 60tha1 

exerted negative effects on soil fauna 

(Liu et al., 2020). 
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Biochar as a plant growth media 

 
Important plant growth media 

characteristics includes the pH, CEC, 

C:N ratio, electrical conductivity (EC) 

which is a measure of total soluble 

salts in a media, porosity-which should 

range between 50-70%, Bulk density, 

water holding capacity which typically 

ranges from 45-65% by volume and 

sterility which is especially important in 

green house media (Robbins & Evans, 

2011). 

A study to compare the agronomic 

properties of rice and wood biochar 

found that RHB improves biomass 

production in water spinach by 

increasing the stem and leaf size 

(Varela et al., 2013). According to 

Carter et al., 2013, RHB application on 

soil properties and plant growth of pot 

grown lettuce (Lactuca sativa) and 

cabbage (Brassica chinensis), at rates 

of 25, 50 and 150 gkg-1 increased the 

pH of the media in comparison to 

control and contained elevated levels of 

some trace metals and exchangeable 

cations (K, Ca and Mg). The final 

biomass, root biomass, plant height and 

number of leaves in all the cropping 

cycles also increased in comparison to 

 

 
no biochar treatments 

(Carter et al., 2013). A long term 

experiment in Sumatra, Indonesia 

found that cacao biochar applied at a 

rate of 15 tha1 increased PH, CEC and 

potassium resulting to significantly 

higher maize yields for three 

consecutive seasons as seen in the 

figure below (Cornelissen et al., 2018). 

Peat based plant growth media are 

expensive in Kenya and coco peat 

production from peat bogs have been 

found to contribute to the increased 

release of GHG to the atmosphere 

(Steiner & Harttung, 2014). Rice husk 

biochar has been found to have good 

plant growth media characteristics 

including sterility, neutral to high pH 

and high water-holding capacity 

(Frenkel et al., 2017). Matt (2015), in 

her studies on nursery media for tree 

seedlings propagation in Missouri, USA, 

found that biochar can replace 45% 

peat, perlite and vermiculite mix 

without any decrease in plant biomass 

growth. In a study on horticultural 

rooting media improvement in the 

Netherlands, Blok et al. (2017), found 

that wood based biochar could replace 

other potting soil constituents by up to 
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20-50% without negative growth 

effects. A study of alternative tree 

seedlings growth media in Ghana, 

identified RHB and groundnut husk 

biochar as suitable growth mediums for 

African mahogany (Khaya 

senegalensis) (Bernard et al., 2020). 

Soils amended with biochar in Nigeria 

were found to have neutralized pH, 

increased total nitrogen and 

phosphorous, improved CEC and higher 

count of soil beneficial fungi and 

bacteria (Adekiya et al., 2020). Soil 

amendment with biochar was found to 

enhance cocoyam productivity and soil 

sustainability in sandy loam soils 

(Adekiya et al., 2020). In Kenya, 

Abubakari et al. (2018) conducted a 

trial of various soil less media and found 

that soil less plant growth media 

composed of RHB and composted 

sawdust in a 2:1 ratio gave the highest 

yields. These studies demonstrate the 

potential of biochar effect as a growth 

media in increasing crop yields. 

Biochar and carbon sequestration 

The Paris agreement on climate change 

requires that greenhouse gas emissions 

and sinks be balanced by the second 

half of this century (Anderson & Peters, 

 

 
2016). Technologies of 

carbon dioxide removal from the 

atmosphere are required in order to 

limit global warming to less than 2°C 

based on pre-industrial levels (Hoad, 

2016; Rogelj et al., 2016). Integrated 

assessment models which inform policy 

makers assume massive deployment of 

negative emissions technologies (NET) 

to divert society from the high- 

temperature pathway (Anderson & 

Peters, 2016). Available NET include 

direct air capture of CO2, enhanced 

weathering, bioenergy production with 

carbon capture and storage, 

afforestation and soil carbon 

sequestration (Smith, 2016; Tisserant & 

Cherubini, 2019). Soil carbon 

sequestration through biochar is one of 

the more affordable negative emission 

technologies for carbon dioxide removal 

with a net reduction of 1.67 tCO2eq per 

tonne of feedstock (Tisserant & 

Cherubini, 2019). 

The Carbon cycle and carbon 

sequestration 

Plants convert atmospheric CO2 

naturally through photosynthesis. Plant 

decomposition releases CO2 back to the 

atmosphere. In contrast, transforming 
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this biomass into biochar that 

decomposes much more slowly diverts 

carbon from the rapid biological cycle 

into a much slower biochar cycle 

(Lehmann, 2007b; Lehman & Joseph, 

2015). As the area under agricultural 

use expands, CO2 from soil as an 

agricultural by-product has been added 

to the atmosphere (Schlesinger & 

Amundson, 2019). Rice production is 

associated with release of two GHG; 

methane (CH4) and nitrous oxide (N2O) 

under anaerobic production system 

(Chirinda et al., 2018). Global rice 

production accounts for 2.5 of all 

human induced GHG mainly due to 

methane gas release estimated at 36 

million MT (Aller et al., 2017). 

According to Lehman & Joseph (2015), 

diverting merely 1% of annual net plant 

uptake into biochar would mitigate 

almost 10% current anthropogenic 

carbon emissions. In 2013, Mwea rice 

mills alone produced 10,095 tons of rice 

husks from 50,476 tons of rice milled. 

The husks were used as cooking fuel or 

burnt in open air with the attendant 

release of over 1000 tons of CO2 

emission to the atmosphere using a 

greenhouse  gas  emission  factor  of 

0.1Kg CO2eq/Kg rice. Other disposal 

 

 
methods for the rice 

husks such as disposal in canals, 

livestock bedding and mulch also 

contribute to production of other GHG 

such as methane and nitrous oxide. 

Terra preta- black earth in Portuguese, 

found in the Amazonian jungle has 

served as an inspiration to many 

scientists researching ways of using 

biochar carbon to improve agricultural 

production while at the same time 

storing carbon in the soil and avoiding 

its use as charcoal hence reducing 

addition of CO2 to the atmosphere 

(Clarke, 2013). Amazonian Indians in 

the Amazon basin used to produce the 

terra preta soils 1000 years ago and 

they are still more fertile than other 

surrounding soils (Lehmann & Joseph, 

2015). Biomass consists of roughly 50% 

carbon, however when converted to 

biochar, the amount of carbon is 

reduced by 50% and the release is 

slowed down by one or two orders of 

magnitude (Scholz et al., 2014). The 

normal carbon cycle is carbon neutral 

while the biochar carbon cycle 

withdraws 20% carbon from the 

atmosphere by sequestration (IBI, 

2018)(Figure  1).  Production  and 
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deposition of biochar into soil is thought 

to be a viable option in permanent 

carbon storage with related benefits to 

soil fertility (Matovic, 2011). 

In their work to test ability of RHB in 

promoting carbon sequestration, Carter 

et al. (2013), found a positive linear 

correlation between carbon storage in 

the top 10cm of soil and RHB 

application rate. Similarly, Koyama et 

al. (2015), found a positive linear 

correlation between carbon storage in 

the soil and RHB application with a 

corresponding increase of 98-149% of 

the added carbon. However, 

Schlesinger & Amundson, (2019) urge 

more experimental research on the 

extent of carbon sequestration through 

better soil management while averring 

that it contributes very little to 

stabilization of CO2 concentration in the 

atmosphere. 

Biochar has also attracted the attention 

of climate change mitigation experts 

since as a stable carbon store, it can be 

used for carbon sequestration in the soil 

when used as a soil amendment (Nanda 

et al., 2016). Besides sequestering 

carbon in the soil, biochar contains 

 

 
reductive and oxidative 

function groups which play a significant 

role in degrading wastewater 

pollutants. A trial by Amen et al., 2020, 

demonstrated that RHB has a lead 

adsorption capacity of 96.41% and a 

cadmium uptake capacity of 96.73%. 

Biochar adsorbent qualities have also 

been found to be effective in removal of 

microplastic pollutants from water 

(Abuwatfa et al., 2021). 

 
Conclusions 

 
Biochar enhances plant growth and 

activates plants natural defenses. Its 

use has variously been demonstrated to 

suppress pathogens and improve soil 

conditions for the proliferation of 

beneficial microorganisms. 

Incorporation of biochar in the soil 

improves the soil’s physical and bio- 

chemical properties. This tends to 

improve soil fertility and enhance plants 

productivity. This was found to be 

enhanced in sandy and acidic soils. 

Being a stable carbon store, biochar 

application to the soil diverts carbon 

found in biomass to a much slower 

carbon cycle and thus its use lowers 

carbon emissions to the atmosphere 



African Phytosanitary Journal https://www.africanphytosanitaryjournal.go.ke 

69 

 

 

ISSN 2617-1856 (Paper) DOI: 10.52855/HKZC5394 

Volume 4, Issue 2, 2024 

and sequesters carbon in the soil for 

long durations. 
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Recommendations 

 
Biochar use should be adopted especially 

in dry or acidic soils in Kenya as a soil 

amendment to improve soil fertility and 

plant yield. It should also be considered 

as a cultural plant protection method in 

integrated plant protection systems. 

Biochar as a soil amendment should also 

be considered as a climate change 

mitigation strategy due to its carbon 

sequestration potential. Further research 

on use of biochar as a drought mitigation 

measure in ASALS due to its water 

retention characteristic and in its utility as 

potting media for plantlets and other 

potted seedlings that require sterile 

media should be conducted. Further 

research should be conducted on the 

applicability of biochar as a climate 

change mitigation measure in Kenya. It is 

also proposed to study further on use of 

energy produced from pyrolysis of 

biochar especially from sustainable 

feedstock such as agricultural, industrial 

and even urban waste. Applications for 

biochar as an affordable natural 

adsorbent of heavy metals and other soil 

and other contaminants should be 

further explored in purification of water 

and rehabilitation of soils. 
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