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Introduction 

As climate change intensifies and soil 

degradation threatens food security, 

regenerative agriculture is emerging as a 

sustainable alternative to conventional 

farming. Rooted in traditional Indian 

agricultural wisdom, regenerative practices 

focus on soil restoration, biodiversity 

conservation, and carbon sequestration. While 

India has a rich history of organic and natural 

farming, modern agriculture has shifted toward 

chemical-intensive methods, leading to 

declining soil fertility and water stress. 

However, microbial technology—leveraging 

beneficial microbes like bacteria, fungi etc, 

biostimulants, biofertilizers, and 

biopesticides—offers a scientific yet natural 

approach to reversing environmental damage 

and enhancing farm productivity. 

Historically, Indian farmers relied on 

bio-based solutions to enhance soil fertility 

and maintain ecosystem balance. Traditional 

techniques such as Jeevamrut and 

Panchagavya, fermented microbial 

biofertilizers made from cow dung, urine, 

jaggery, and pulses, were widely used to 

improve soil microbial activity. Practices like  

 

 

 

 

 

 

crop rotation, intercropping, and 

vermicomposting helped prevent soil nutrient 

depletion, while agroforestry ensured carbon 

sequestration, reduced erosion, and maintained 

soil moisture. However, the Green Revolution 

led to widespread use of synthetic fertilizers 

and pesticides, which, while boosting yields, 

also degraded soil health. Microbial 

technology presents a modern, science-backed 

approach to reviving these traditional methods 

and making farming more sustainable. 

Regenerative agriculture differs from 

conventional farming by prioritizing long-term 

soil health and reducing environmental impact. 

While conventional farming focuses on 

maximizing yield, regenerative practices such 

as minimum tillage, cover cropping, organic 

soil amendments, and crop diversification 

emphasize sustainability. Microbial 

technology amplifies these benefits by 

introducing specialized bacteria, fungi, and 

other microbes to improve nutrient 

availability, disease resistance, and plant 

growth. Biofertilizers enhance nitrogen 

fixation, phosphorus mobilization, and organic 

matter decomposition, leading to healthier  
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soils. For instance, India’s National Centre of 

Organic Farming (NCOF) has promoted 

microbial biofertilizers to reduce dependence 

on synthetic fertilizers. Similarly, 

biopesticides like Bacillus thuringiensis (Bt) 

and Trichoderma naturally control pests, 

reducing the need for harmful chemical 

pesticides. The use of neem-based microbial 

pesticides has gained popularity in India, 

offering an environmentally safe alternative to 

synthetic chemicals. Biostimulants, such as 

seaweed extracts and beneficial bacteria, 

enhance plant stress tolerance, boost growth, 

and improve soil structure by stimulating 

natural biological processes. 

The integration of microbial 

technology in Indian agriculture is being 

supported by various organizations. The Indian 

Council of Agricultural Research (ICAR) has 

developed microbial-based formulations to 

improve yields in horticultural crops. Smart 

microbial solutions such as mycorrhizal fungi 

enhance drought tolerance by improving plant 

water uptake, making them especially useful 

for regions facing water scarcity. These 

innovations are crucial in improving farm 

resilience, boosting productivity, and reducing 

chemical inputs. 

The economic benefits of microbial 

technology are also significant. By reducing 

input costs, microbial fertilizers help farmers 

save on expensive synthetic fertilizers. 

Organic produce grown with microbial inputs 

often commands premium prices, making it a 

profitable choice for farmers. Additionally, 

microbial-based farming practices align with 

carbon credit programs, allowing farmers to 

earn incentives for adopting climate-friendly 

techniques. The National Mission for 

Sustainable Agriculture (NMSA) has 

promoted regenerative practices that enhance 

carbon sequestration, opening up new revenue 

streams for farmers. Programs such as the 

Verified Carbon Standard (VCS) and Gold 

Standard allow farmers implementing soil 

carbon sequestration and microbial-driven 

regenerative practices to qualify for carbon 

offset credits, which can be sold to industries 

seeking to meet their net-zero targets. 

However, the inclusion of microbial-based 

practices in carbon credit programs requires 

scientifically validated methodologies to 

quantify carbon sequestration benefits 

effectively. 

Despite its promise, the widespread 

adoption of microbial technology faces several 

challenges. Soil variability affects microbial 

efficiency, requiring region-specific 

formulations. Many small-scale farmers 

struggle to access cost-effective microbial 

products due to high production and 

distribution costs. Regulatory gaps in 

biofertilizer quality control further hinder their 

adoption, leading to product inconsistency. 
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However, advancements in machine learning, 

synthetic biology, and nanoencapsulation 

are improving microbial formulations, making 

them more effective, affordable, and widely 

accessible. 

The future of regenerative agriculture 

in India and Asia lies in the integration of 

microbial technology with precision farming 

and digital solutions. The combination of 

traditional knowledge with modern 

biotechnology can create a harmonious 

balance between science and nature, ensuring 

food security, climate resilience, and 

environmental sustainability. By leveraging 

microbial innovations while reviving India’s 

traditional regenerative practices, agriculture 

can transition toward a low-input, high-yield 

system that benefits both farmers and the 

planet. 

About the Authors: Bedanga Bordoloi 

and Etali Sarmah are agribusiness and 

sustainability experts with over 16 years of 

experience working with global enterprises 

and governments in India and abroad. Both 

hold a PGP in Agribusiness Management from 

MANAGE, Hyderabad, a Master’s in 

Agricultural Science from Banaras Hindu 

University, and a Bachelor’s in Science from 

Assam Agricultural University. Disclaimer: 

The views expressed in this article are 

personal and do not reflect any institutional 

affiliations. 

113 


