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Introduction: 

Biochar, a carbon-rich organic 

substance, is produced as a by-product of 

biomass through pyrolysis, a process involving 

high temperatures and low oxygen levels. This 

method results in the conversion of biomass 

into biochar, along with oil and gas as 

secondary products, with the quantities 

produced dependent on specific processing 

conditions. Recent studies indicate that biochar 

sourced from the carbonization of organic 

waste can serve as a substitute capable of 

enhancing soil carbon sequestration while also 

altering its physical, chemical, and biological 

characteristics. 

Biochar offers potential for generating 

renewable energy on farms in an 

environmentally friendly manner. Its quality is 

influenced by various factors including soil 

type, metal content, raw material used for 

carbonization, pyrolysis conditions, and the 

quantity applied to the soil. Incorporating 

biochar into soil has proven beneficial for 

improving soil quality, nutrient retention, and 

consequently enhancing plant growth.  

 

 

 

 

 

 

 

The organic matter and nutrients in 

biochar contribute to increased soil pH, 

electrical conductivity, organic carbon, total 

nitrogen, available phosphorus, and cation-

exchange capacity. Additionally, biochar helps 

prevent nutrient loss through leaching, 

enhances soil nutrient bioavailability, and 

binds harmful substances in contaminated 

soils. 

The addition of biochar to soil holds 

promise for improving soil quality and 

promoting plant growth, thereby contributing 

to the development of sustainable agricultural 

practices. It is increasingly recognized as an 

effective approach for reclaiming 

contaminated soil and achieving high crop 

yields without adverse environmental impacts. 

Given its positive impact on soil and plant 

health, biochar emerges as a valuable tool for 

addressing nutrient deficiencies and improving 

nutrient cycles at the farm level. Consequently, 

there is considerable interest in further 

investigating the beneficial effects of biochar 

on soil stability and plant growth promotion. 
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How to Produce Biochar? 

Biochar is generated through the 

thermal conversion of biomass materials. 

Various methods are employed for this 

process, including torrefaction, slow pyrolysis, 

intermediate pyrolysis, fast pyrolysis, 

gasification, hydrothermal carbonization, and 

flash carbonization. Production can occur in 

both traditional earthen charcoal kilns and 

modern biochar retorts. 

During pyrolysis, biomass is heated at 

relatively low temperatures (300–900°C) in the 

absence of oxygen. This technology varies 

based on factors such as residence time, 

pyrolytic temperature, pressure, size of the 

adsorbent, heating rate, and method of 

initiation (e.g., by burning fuels, electrical 

heating, or microwaves). Pyrolysis is widely 

regarded as a cost-effective and efficient 

means of biochar production. The properties of 

biochar are significantly influenced by the 

extent of pyrolysis (temperature and pressure) 

as well as the size of biomass and residence 

time in the kiln or furnace. The duration of 

vapor residence governs the rate at which 

volatile gases are removed from the kiln. 

Prolonged residence time can lead to 

secondary reactions, such as tar reacting with 

biochar surfaces and charring of the tar, rather 

than additional combustion or processing 

outside the kiln. In gasification within 

pyrolysis, biomass feedstock undergoes 

oxidation in the gasification chamber at 

temperatures around 800°C. 

Properties of Biochar 

The physical attributes of biochar have 

a direct and indirect impact on soil systems. 

Soils possess unique physical properties 

determined by the composition of mineral and 

organic matter, their proportions, and their 

interrelationships. When biochar is 

incorporated into soil mixtures, it significantly 

influences the physical characteristics of the 

system. This impact extends to depth, texture, 

structure, porosity, and consistency, altering 

surface area, pore distribution, particle size, 

and density. Consequently, this affects soil's 

water response, aggregation, workability 

during preparation, dynamics, permeability 

during swelling, as well as cation retention and 

response to ambient temperature changes. 

Regarding its chemical properties, 

biochar reduces soil acidity by elevating pH 

levels (known as the liming effect) and aids in 

nutrient and fertilizer retention. Application of 

biochar enhances soil fertility through two 

mechanisms: nutrient addition (including 

potassium, to a limited extent phosphorus, and 

numerous micronutrients) and nutrient 

retention from external sources, including soil 

itself. However, the primary advantage lies in 

retaining nutrients from other sources. 

Typically, the incorporation of biochar 

positively impacts crop growth only when 
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supplemented with nutrients from other 

sources, whether inorganic or organic 

fertilizers. Biochar enhances the availability of 

carbon, nitrogen, calcium, magnesium, 

potassium, and phosphorus to plants by 

absorbing and gradually releasing fertilizers. 

Additionally, it mitigates fertilizer runoff and 

leaching, reducing agricultural pollution in the 

surrounding environment. Biochar also 

mitigates the adverse effects of toxic pesticides 

and complex nitrogen fertilizers on soil, 

thereby minimizing environmental impact. 

Healthy soil ecosystems should 

comprise a diverse array of life forms, 

including bacteria, fungi, protozoa, nematodes, 

arthropods, and earthworms. Recent studies 

suggest that biochar increases microbial 

respiration in soil by providing space for soil 

microbes, consequently enhancing soil 

biodiversity and density. Furthermore, biochar 

acts as a substrate for extra-radical fungal 

hyphae, promoting sporulation in micropores 

due to reduced competition from saprophytes, 

thus serving as an inoculum for arbuscular 

mycorrhizal fungi. 

Impacts of Biochar on soil health 

In agricultural contexts, soil health 

refers to its ability to sustain and facilitate 

plant growth and productivity. Fertile soil is 

characterized by its capacity to provide 

necessary water and nutrients for plant 

development while remaining free from 

harmful substances. Soil fertility is determined 

by its physical, chemical, and biological 

properties. Low soil fertility is a prevalent 

issue in various regions worldwide. For 

example, arid and semi-arid regions often lack 

sufficient water storage capacity and nutrient 

supply for most crops, while rainforest areas 

face challenges due to excessive rainfall, 

limited cation binding capacity, and rapid 

nutrient loss from topsoil. The effectiveness of 

soil management systems relies on maintaining 

appropriate levels of soil organic matter 

(SOM) and nutrient cycles. 

Biochar presents a promising solution 

to enhance soil health, including the potential 

to improve productivity in degraded 

pasturelands. Studies by Brtnicky et al. and 

Joseph et al. suggest that biochar offers 

numerous benefits, such as improving soil 

properties, enhancing water retention, 

preventing soil degradation, increasing nutrient 

content and retention, mitigating the effects of 

toxic substances, promoting soil organism 

well-being, enhancing plant growth and 

biomass production, and boosting agricultural 

sector yields and profits. Biochar application is 

recognized as a sustainable approach to 

improving soil physical and chemical 

properties, as well as crop quality and yield. 

Moreover, biochar has demonstrated 

effectiveness in various applications, 

particularly as a soil amendment for crop 
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production and pollutant removal from 

contaminated water and soil environments. 

However, the effects of biochar on soil 

health, physical and chemical properties, 

nutritional status, and biological activities of 

the rhizosphere are multifaceted. Biochar can 

have both positive and negative impacts, 

including toxicity to soil bacteria and 

beneficial effects on interactions with plant 

roots, biological aging systems, degradation of 

microbial pollutants, and carbon stabilization 

through micro-aggregation. Biochar additions 

have been found to increase the total number 

of nitrogen-fixing bacteria, molds, and yeasts 

compared to controls. However, depending on 

soil and biochar types, biochar may negatively 

affect soil microbial populations due to the 

presence of polyphenols and phenolic 

substances as by-products of organic pyrolysis, 

which can be toxic to soil microorganisms. For 

instance, the use of biochar has been observed 

to reduce mycorrhizal and total microbial 

biomass, as well as decrease mycelial spore 

length and root colonization of arbuscular 

mycorrhizal fungi. 

Conclusion 

Biochar, a carbon-rich organic material 

derived from biomass through pyrolysis, holds 

significant promise in enhancing soil quality 

and promoting sustainable agriculture 

practices. Its production techniques vary, with 

slow pyrolysis being the most commonly used 

method despite some drawbacks. Biochar's 

physical and chemical properties contribute to 

improving soil fertility, water retention, 

nutrient availability, and microbial activity, 

thereby enhancing plant growth and crop 

yields. However, it's essential to consider both 

the positive and negative impacts of biochar, 

including its potential toxicity to soil 

microorganisms and its varying effects on soil 

flora and fauna depending on soil and biochar 

types. Overall, biochar emerges as a valuable 

tool for maintaining soil health, offering a 

potential solution to address soil degradation, 

enhance agricultural productivity, and mitigate 

environmental pollution. 
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