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Abstract 

Worldwide, semiarid rainfed areas are among the most vulnerable to the effects of global warming on 

agriculture. Biochar, a carbon-rich byproduct of pyrolysis, improves soil health and reduces emissions of 

greenhouse gases; it is an environmentally friendly option. In this study, we look at how biochar may 

improve soil fertility, decrease nitrous oxide (N2O) and methane (CH4) emissions, and sequester carbon. 

Biochar is perfect for semiarid regions because of its porous nature, which helps to retain more water 

and lessen soil erosion. Research in India and sub-Saharan Africa has shown that biochar may reduce 

greenhouse gas emissions while increasing agricultural yields by 150%. However, problems including 

poor awareness and high manufacturing costs must be resolved to achieve broad acceptance. Regarding 

combating climate change, biochar is an essential weapon for sustainable agriculture. 
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Introduction 

One of the most critical issues facing the world today is climate change, fuelled mainly by the increase in 

atmospheric concentrations of greenhouse gases (GHGs). One of the industries most at risk from the 

effects of climate change, especially in semiarid areas, is agriculture, which is also a significant source of 

greenhouse gas emissions. Soil fertility is low, water shortage is common, and crop yield is low in 

semiarid rainfed agricultural systems since they depend only on natural rainfall. Degradation of soil, loss 

of nutrients, and emissions of greenhouse gases (GHGs), including CO2, N2O, and CH4, worsen these 

problems. Addressing these concerns and ensuring food security in these vulnerable locations requires the 

immediate implementation of sustainable agriculture techniques. 

Many are looking to biochar—a stable carbon product of organic biomass pyrolysed in an oxygen-poor 

environment—to solve these issues. Biochar is an excellent carbon sequestrant and a potent greenhouse 

gas reducer because it is very resistant to breakdown and may stay in the soil for thousands of years or 

more. Furthermore, research has shown that biochar may decrease emissions of N2O and CH4 by 

enhancing soil nutrient cycling and aeration, reducing the microbial activities that contribute to 

greenhouse gas generation. Biochar is an excellent tool for increasing agricultural output in semiarid 

rainfed systems because it improves soil fertility, water retention, erosion resistance, and its positive 

environmental effects. 
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A climate-smart option that tackles environmental and agricultural concerns is using biochar. This study 

investigates whether biochar may reduce greenhouse gas emissions, enhance soil health, and boost 

agricultural output in semiarid rainfed environments. This article will examine biochar's future 

significance in fighting climate change and its efficacy in improving sustainable agriculture practices via 

case studies and field applications. 

Biochar as a Climate-Smart Solution 

Waste from agriculture and other organic materials are subjected to thermal decomposition in an oxygen-

deficient environment, forming biochar. The transformation of biomass into a porous, carbon-rich 

material that is difficult to decompose is accomplished by a process known as pyrolysis. When biochar is 

deposited on soil, it can stay there for generations, reducing the amounts of carbon dioxide in the 

atmosphere and effectively conserving carbon. 

1. Carbon Sequestration: On the list of biochar's most significant benefits is its ability to retain 

carbon in soils. Unlike conventional organic waste that decomposes and releases carbon dioxide, 

biochar is stable and acts as a carbon sink in the long run. According to studies, biochar may 

retain as much as 50% of the carbon from the biomass it was made from, making it a powerful 

weapon in the fight against climate change. 

2. Reducing GHG Emissions: Biochar lowers carbon emissions and other potent greenhouse gases, 

like N2O and CH4. Soil nitrification and denitrification release nitrous oxide, a powerful 

greenhouse gas with a warming effect 298 times more than carbon dioxide. Applying biochar 

improves nitrogen-use efficiency and decreases the microbes that produce N2O, reducing N2O 

emissions. By increasing soil aeration and decreasing anaerobic conditions that promote CH4 

formation, biochar may also reduce emissions of this gas. 

Biochar in Semiarid Rainfed Agriculture 

Semiarid regions, characterised by low and unpredictable rainfall, pose unique challenges for farmers. 

Water scarcity and poor soil structure lead to reduced crop yields and increased vulnerability to drought. 

The application of biochar in these environments has shown promise in addressing these issues through 

the following mechanisms: 

1. Enhanced Water Retention: Particularly useful in rainfed infrastructure, biochar's porous nature 

enhances soil water retention. Crops benefit from biochar because it increases soil moisture, 

requiring less watering during dry spells. This is of utmost importance, given the water scarcity in 

semiarid locations. 

2. Improved Soil Fertility: In addition to water retention, biochar enhances soil fertility by 

increasing the availability of essential nutrients. The porous nature of biochar creates a habitat for 

beneficial microorganisms, promoting nutrient cycling and improving soil structure. Researchers 

have shown that biochar improves soil nutrient retention by raising their capability to exchange 

cations (CEC). This results in higher nutrient availability for plants, increasing crop productivity, 

even in nutrient-poor soils. 

3. Reducing Soil Erosion: Soil aggregation is enhanced by adding biochar, which lowers the 

erosion risk. Because of its ability to stabilise soil surfaces and preserve essential topsoil, biochar 

is an effective tool for combating soil erosion in semiarid environments. Soil fertility and the 

preservation of organic carbon and nutrients are both enhanced by this. 
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Case Studies and Field Applications 

The efficacy of biochar in semiarid rainfed agricultural systems has been evaluated in many case studies 

and field experiments. Research on the effects of biochar on maise yield in sub-Saharan Africa provides a 

compelling case in point. The soil in this area has degraded significantly due to conventional agricultural 

methods, making it less suitable for growing crops. Biochar, made from corn stalks and other farming 

byproducts, greatly enhances soil health by boosting organic matter content, water retention, and nutrient 

availability. 

Compared to the control plots, biochar-treated maise fields produced fifteenfold more harvest. Soils 

amended with biochar retained more water, extending the growing season for crops in semiarid regions. 

Biochar also enhanced nitrogen-use efficiency and decreased nutrient leaching, leading to a 30% drop in 

N2O emissions compared to traditional fertilisers. This discovery proved that biochar may improve 

agricultural output while lowering one of the most potent GHGs, making it a crucial finding. In addition 

to improving soil aggregation and erosion resistance, the research found that biochar-amended soils 

contributed to soil health in the long run. 

In India, sorghum crops were treated with biochar, which is a significant use of biochar in semiarid 

farming. The rice husks, a standard agricultural waste product, are made of biochar. Compared to plots 

that did not apply biochar, the findings showed that soil moisture retention increased by 25% and 

sorghum yields increased by 50%. Further reducing greenhouse gas emissions linked to fertiliser 

manufacture and use, farmers reported a 20% reduction in their dependency on synthetic fertilisers. One 

important factor contributing to these results was the enhanced soil structure and nutrient retention 

provided by biochar. 

Both examples show how biochar may improve crop yields, soil health, and greenhouse gas emissions in 

semiarid rainfed agriculture. Unfortunately, there are still obstacles to biochar's broad adoption, including 

its high production cost, a lack of readily available biomass feedstocks, and farmers' lack of 

understanding. However, these cases show how sustainable agriculture techniques may lessen farmers' 

environmental impact and aid in adaptation to climate change. 

 

Challenges and Future Directions 

Despite the abundant evidence of biochar's positive effects on soil health and greenhouse gas emissions, 

the technology still faces several obstacles that must be overcome before it can be widely used. These 

challenges include farmers' ignorance about biochar's advantages, the high cost of producing biochar, and 

the availability of appropriate biomass feedstocks. Optimal rates and techniques of applying biochar to 

various soil types and climates need more investigation. 

When incorporated into a comprehensive strategy for sustainable agriculture, biochar may help 

governments and agricultural groups overcome these obstacles. Subsidies and carbon credits are two 

examples of incentives that farmers might use to boost biochar usage. In addition, smallholder farmers in 

semiarid areas might benefit from reduced prices and increased accessibility to biochar via the 

construction of decentralised biochar production facilities that use locally available biomass. 
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Conclusion 

Utilising biochar in semiarid rainfed agriculture presents a game-changing opportunity to enhance 

environmentally responsible practices while simultaneously lowering emissions of greenhouse gases. 

Carbon can be captured, emissions of nitrous oxide and methane can be reduced, soil fertility can be 

increased, and water retention can be improved. This makes it a powerful weapon in the battle against 

climate change. Biochar has been shown to potentially reduce the negative impacts of agricultural inputs 

on the environment while enhancing harvest yields, according to research conducted in India and sub-

Saharan Africa. However, for it to be used by more people, issues like high production costs and a lack of 

understanding among farmers need to be resolved. By incorporating biochar into agricultural systems, it is 

possible to achieve sustainable food production, enhanced soil health, and long-term agrarian resilience in 

areas prone to environmental stress. Furthermore, this will help to reduce the effects of climate change. 

References 

• Thamarai, P., Deivayanai, V. C., Saravanan, A., Vickram, A. S., & Yaashikaa, P. R. (2024). 

Carbon mitigation in agriculture: Pioneering technologies for a sustainable food system. In 

Trends in Food Science &amp; Technology (Vol. 147, p. 104477). Elsevier BV. 

https://doi.org/10.1016/j.tifs.2024.104477 

• O'Laughlin, J., & McElligott, K. (2009). In Forest Policy and Economics (Vol. 11, Issue 7, pp. 

535–536). Elsevier BV. https://doi.org/10.1016/j.forpol.2009.07.001 

• Lehmann, J., & Joseph, S. (Eds.). (2015). Biochar for Environmental Management. Routledge. 

https://doi.org/10.4324/9780203762264. 

• Lehmann, Johannes & Joseph, S.. (2009). Biochar for environmental management: An 

introduction. Biochar for environmental management. Science and technology. Earthscan 

Publishers Ltd. 

• Woolf, D., Amonette, J., Street-Perrott, F. et al. Sustainable biochar to mitigate global climate 

change . Nat Commun 1, 56 (2010). https://doi.org/10.1038/ncomms1053 

• Kabange, N. R., Kwon, Y., Lee, S.-M., Kang, J.-W., Cha, J.-K., Park, H., Dzorkpe, G. D., Shin, 

D., Oh, K.-W., & Lee, J.-H. (2023). Mitigating Greenhouse Gas Emissions from Crop Production 

and Management Practices, and Livestock: A Review. In Sustainability (Vol. 15, Issue 22, p. 

15889). MDPI AG. https://doi.org/10.3390/su152215889 

• Murtaza, G., Ahmed, Z., Eldin, S. M., Ali, B., Bawazeer, S., Usman, M., Iqbal, R., Neupane, D., 

Ullah, A., Khan, A., Hassan, M. U., Ali, I., & Tariq, A. (2023). Biochar-Soil-Plant interactions: A 

cross talk for sustainable agriculture under changing climate. In Frontiers in Environmental 

Science (Vol. 11). Frontiers Media SA. https://doi.org/10.3389/fenvs.2023.1059449 

 

https://doi.org/10.4324/9780203762264
https://doi.org/10.1038/ncomms1053
https://doi.org/10.3390/su152215889

	Abstract
	Introduction
	Biochar as a Climate-Smart Solution
	Biochar in Semiarid Rainfed Agriculture
	Case Studies and Field Applications
	Challenges and Future Directions
	Conclusion
	References

