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Abstract 

This article examines the agricultural landscape of the Nimar region in Madhya Pradesh, focusing 

on its four major districts: Khargone, Khandwa, Barwani, and Dhar. Situated along the Narmada 

River basin, the region's diverse geography, changing climate, and varying soil types directly 

control its farming practices and overall contribution to state agriculture. Field observations show 

that Khargone and Khandwa act as the commercial backbone of the area, leading with heavily 

irrigated farming setups. In sharp contrast, Barwani operates under rainfed conditions, relying on 

smallholder farming communities to manage a diverse set of crops on hilly terrains. Meanwhile, 

Dhar functions as a transitional zone that balances both farming systems by utilizing mixed soil 

types for a variety of crop choices. By breaking down these local variations, this piece highlights 

how regional soil profiles and water availability dictate real-world cropping patterns across the 

Nimar plains, making it one of the most critical agricultural zones in Madhya Pradesh. 

Introduction  

Being agrarian students, we learn various aspects of crop production as well as soil profiles 

within our academic premises. The best part, however, comes when we go beyond classroom 

learning and enter the fields to study the geographical environment. To understand agriculture in 

Madhya Pradesh at its finest, one needs to delve deeply into the agriculture in Nimar. 
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The Nimar region is one of the most unique geographical areas located along the banks of the 

Narmada River basin. It includes four important agriculture zones—Khargone, Khandwa, 

Barwani, and Dhar. In almost all discussions on agricultural zones, this particular zone gets 

highlighted because of its perfect case of agrodiversity. 

 

Due to varying geographic features, climate variations, and soil conditions, this particular region 

contributes immensely to the agriculture of the state. From lucrative cash crops cultivated on 

black soil regions to efficient water-conserving farming practices in hilly areas, you would 

witness everything in Nimar. 

 

 1. Khargone: The "Cotton Belt" of Madhya Pradesh 

Whenever we study the Narmada Valley Agro-climatic Zone, Khargone stands out as a prime 

example of agricultural success on the south-western border of Madhya Pradesh. As 

students, we often hear it being called the "cotton belt" of the state. In fact, it ranks as one of 

the largest cotton-producing districts in India. 

The secret lies in the fertile Nimar Valley plains, which are beautifully covered by the Satpura 

ranges. Here, the subtropical climate offers hot summers, moderate monsoons, and mild 

winters, creating the perfect long growing window. If you walk through these fields, you will 

quickly notice the dominant deep black cotton soil, known locally as regur. Near the river 

channels, this soil shifts to highly fertile alluvial deposits, making it ideal for commercial and 

food crops. 

Because of this rich soil profile, the district's economy heavily relies on farming. During the 

Kharif season, farmers focus primarily on cotton as their main cash crop, along with soybean, 

maize, and pulses. When Rabi arrives, the fields turn green with wheat, gram, and mustard. 

Farmers with access to canal irrigation also successfully grow bananas and vegetables. And 

a quick field fact: the Bediya market here is the largest chilli market in Madhya Pradesh! 

2. Khandwa (East Nimar): The Agro-Industrial Hub 

Moving over to East Nimar, we find Khandwa located in the south-western part of the state. 

What makes this district fascinating is how it geographically connects two massive river 

systems: the Narmada and the Tapti. Any farmer will tell you that reliable water changes 
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everything, and Khandwa benefits hugely from the Indira Sagar Dam. This reservoir is one of 

India's largest, holding around 12.22 billion cubic meters of water. 

The landscape mostly consists of broad plains mixed with some upland areas. Similar to 

Khargone, the climate features hot summers and moderate monsoon rains. The soil is 

heavily dominated by black cotton soil, making the land highly favorable for large-scale 

commercial crops. In terms of cropping, large land areas are dedicated to cotton and 

soybean during the Kharif season. The Rabi season relies heavily on irrigation to cultivate 

wheat and maize. Because of this massive agricultural output, Khandwa naturally supports 

thriving agro-industries like cotton ginning and oil extraction units. Plus, being a major railway 

junction makes it a massive transport and trade hub for Central India. 

  

    3. Barwani: The Reality of Rainfed Farming 

Now, let's look at a completely different farming reality. Situated at the south-western edge of 

Madhya Pradesh, Barwani shares its boundaries with the Narmada river and the Satpura 

ranges. Farming here requires serious resilience. The geography is undulating and partially 

forested, making field preparation a real challenge for local farmers. 

Unlike the steady irrigation in Khandwa, Barwani receives moderate but highly unstable 

monsoon rainfall. When you examine the soil profile, it varies drastically from shallow black to 

red and laterite types. Because the district consists mainly of hilly areas, the soil struggles 

with limited moisture retention, directly impacting crop survival. 

Despite these hurdles, farmers widely grow maize, cotton, soybean, and pulses during the 

Kharif season. However, Rabi cultivation of wheat and gram entirely depends on whatever 

water resources are available at the time. Operating largely in a rainfed environment, 

Barwani contributes heavily to cereals and pulses. With limited irrigation, agriculture here 

remains the economic backbone for many tribal and smallholder farming communities. 

4. Dhar: The Bridge Between Malwa and Nimar 

Finally, we come to Dhar, located in the south-western part of the state within the Indore 

division. From a geographical standpoint, it forms an important connecting pathway between 

the Malwa and Nimar regions. Dhar is unique because it includes both plains and undulating 

areas, creating multiple agro-ecological zones within a single district. 

In the plains, you will find rich black soil that is highly favorable for commercial crops. But as 

you move to the upland areas, the soil shifts to red and lateritic types, bringing a higher risk 

of erosion and much lower fertility. This diversity forces farmers to be smart and adapt their 

strategies based on exact field locations. 

The Kharif season is heavily focused on cotton (which is especially prominent), maize, and 

soybean. With proper access to irrigation, farmers cover large areas with wheat and gram 

during the Rabi season. A huge advantage for Dhar is its proximity to markets, leading to the 

wide cultivation of high-demand vegetables like tomato, potato, onion, bottle gourd, and bitter 

gourd. Dhar perfectly balances commercial and food crops, while also playing a big role in 

pulse and oilseed production across the Malwa-Nimar border. 

Nimar Region: At a Glance 
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District Dominant Soil Type Key Kharif 
Crops 

Key Rabi 
Crops 

Standout Agricultural 
Feature 

Khargone Black cotton, Alluvial Cotton, 
Soybean 

Wheat, 
Gram 

MP's "Cotton Belt" & Bediya 
Chilli Market 

Khandwa Black cotton Cotton, 
Soybean 

Wheat, 
Maize 

Indira Sagar Dam & Strong 
Agro-industries 

Barwani Shallow black, Red, 
Laterite 

Maize, Cotton Wheat, 
Gram 

Rainfed, tribal smallholder 
farming 

Dhar Black, Red/Lateritic Cotton, Maize Wheat, 
Gram 

High vegetable output & 
mixed cropping 

 

Conclusion: Each district of Nimar region has different agriculture, identity and strength driven by 

its geography, climate and soil condition.  Khargone and Khandwa Leads with irrigated commercial 

farming. Barwani comes under rainfed condition with diverse small holder crops And Dhar balance 

both system with mixed soil and crop choices Together they make Nimar plains, one of the most 

important agriculture areas of Madhya Pradesh 
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Abstract 

    The agricultural supply chain involves multiple stakeholders—from producers and processors to 
distributors, retailers, and consumers—making it prone to inefficiencies, data asymmetry, and fraud. 
Blockchain technology, a decentralized digital ledger system, has emerged as a transformative solution 
to enhance traceability, transparency, and trust in agri-food value chains. This article explores the 
architecture, working principles, and applications of blockchain in agriculture, highlighting its potential 
to ensure food safety, fair trade, and efficient logistics while discussing key challenges and policy 
implication. 

1.INTRODUCTION  

Agriculture is one of the most complex supply networks, with perishable products passing through 
numerous intermediaries. Traditional supply chains often face challenges such as lack of transparency, 
product adulteration, delayed payments, and inconsistent data sharing.  

Blockchain technology, originally conceptualized for cryptocurrency transactions, has found significant 
relevance in agricultural logistics and supply chain management due to its capacity for secure, 
immutable, and distributed record keeping. The integration of blockchain in agriculture enables every 
transaction from farm to fork to be securely recorded, verified, and shared among participants in real-
time.  

2.UNDERSTANDING BLOCKCHAIN TECHNOLOGY  

Blockchain is a distributed ledger system that stores transactional data across a network of computers 
(nodes) in a chronologically linked series of “blocks.” Each block contains:  
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CHAIN -ENHANCING TRANSPARENCY, TRACEABILITY, AND 

TRUST 
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• Transaction data (e.g., product movement, quality test results),  

• Timestamp, and  

• Cryptographic hash of the previous block.  

This structure ensures that once a record is entered, it cannot be altered, creating an immutable chain of 
verified information.  
Key features relevant to agriculture include:  

• Decentralization: No single authority controls the data.  

• Transparency: All authorized participants can view verified records.  

• Immutability: Data tampering is virtually impossible.  

• Smart contracts: Automated digital agreements trigger actions when predefined conditions are met.  

3.STRUCTURE OF AGRICULTURAL SUPPLY CHAIN AND BLOCKCHAIN INTEGRATION  

The agricultural supply chain typically involves five major stages:  

1. Production (Farm Level) – crop cultivation, livestock rearing  

2. Processing and Storage – cleaning, grading, packaging  

3. Transportation and Logistics – cold chain and warehousing  

4. Distribution and Retail – wholesalers, markets, retailers  

5. Consumption and Feedback – consumers and regulatory audits  

Blockchain integrates into each stage through data capture devices (IoT sensors, QR codes, RFID tags), 
cloud storage, and smart contract-enabled platforms to record transactions.  

Example:  
A mango shipment can be tracked from farm harvest to export through blockchain, recording temperature, 
humidity, and transportation conditions at every node, ensuring traceability and quality assurance.  
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4.APPLICATIONS OF BLOCKCHAIN IN AGRICULTURAL SUPPLY CHAINS  

i. Traceability and Food Safety  

Blockchain provides end-to-end visibility of the product’s journey. Consumers can scan a QR code to 
verify:  

• Origin of produce (farm location)  

• Type of inputs used (fertilizers, pesticides)  

• Harvest and packaging dates  

• Transport and storage conditions  

Example: IBM Food Trust and Walmart have implemented blockchain to trace leafy greens within 
seconds, improving food safety and recall efficiency.  

ii. Fair Pricing and Farmer Empowerment  

Smart contracts ensure automatic and transparent payment transfers when delivery and quality 
conditions are met, reducing exploitation by intermediaries.  

Example: Blockchain-enabled coffee traceability platforms like Bext360 guarantee fair trade payments 
directly to farmers.  

iii. Reduction of Post-Harvest Losses  

Integration with IoT sensors allows monitoring of temperature and humidity, with blockchain securely 
logging this data to trigger alerts for corrective action, minimizing spoilage during transit. 

 
iv. Certification and compliance  

 
Blockchain can store verified data to organic certification, pesticide use, carbon footprint and 
making more reliable and reducing paperwork.  
 

v.  Supply chain Financing 
 
Financial institutions can access blockchain verified records of farm produce, facilitating low 
interest credit and risk free insurance claims for farmers based on real-time data 
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5. TECHNOLOGICAL FRAMEWORK:  

A blockchain-based agricultural supply chain typically includes:  

▪ Data Input Layer: IoT devices, drones, mobile apps  
▪ Blockchain Layer: Distributed ledger and smart contracts  
▪ Application Layer: Dashboards for farmers, processors, and retailers 
▪ User Interface: Mobile/web-based platforms for monitoring and verification  
▪ Smart contracts automate transactions such as:  

• Release of payment upon verified delivery.  

• Triggering insurance payout after validated crop loss data.  

• Generating digital receipts and compliance reports 
  

6.ADVANTAGES:  

• Transparency and Traceability 

• Reduction in fraud  

• Efficient supply chain management  

• Better farmer payments  

• Data security 

7.CHALLENGES: 

• Lack of awareness  

• High initial cost  

• Technical complexity 

• Internet dependency  

• Scalability issues  

      

8.FUTURE PROSPECTS AND POLICY IMPLICATIONS:  

The integration of AI, IoT, and blockchain can lead to next-generation digital supply chains with 
 predictive analytics,  automated  compliance,  and  real-time  decision-making. 
Policymakers must 

• Encourage open blockchain frameworks for agriculture.  

• Support pilot projects and digital literacy programs for smallholders.  

• Establish standards for data governance, privacy, and interoperability.  

• Promote agribusiness innovation ecosystems integrating blockchain with e-NAM and other national 
agri-markets.  
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9. CONCLUSION: Blockchain technology offers a revolutionary approach to transforming agricultural supply 
chains into transparent, traceable, and trustworthy systems. By recording every step from production to 
consumption on an immutable ledger, blockchain enhances food safety, farmer income, and consumer 
confidence. However, for widespread adoption, coordinated efforts are required among governments, agri 
tech startups, research institutions, and farmers to build capacity and develop cost-effective, scalable 
blockchain-based solutions.  
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Abstract 

Modern agriculture is facing a critical turning point where simply sustaining current yields is no 
longer enough. This article explores the transition from traditional, extractive farming to 
Regenerative Agriculture—a system actively focused on restoring soil health and local 

ecosystems. A crucial component of this shift is Carbon Farming, which leverages practical field 
methods to capture atmospheric carbon dioxide and store it securely within the soil profile. By 
adopting practices such as zero-tillage, multi-species cover cropping, crop diversification, and 
livestock integration, farmers can transform their lands into massive carbon sinks. This piece 

provides a detailed overview of how these methods build climate resilience, drastically improve 
soil water retention, reduce synthetic input costs, and open up new economic opportunities for 

farmers through global carbon credit markets. 

The Ground Reality: Why We Need a Change 

 

We spend a lot of time in agriculture classrooms talking about "yield per hectare." For decades, 
we have measured our farming success by how many quintals of wheat or bales of cotton we 
can extract from a single acre of land. To push these numbers higher, we rely heavily on deep 
tillage and heavy doses of synthetic fertilizers like Urea and DAP. 

But when you step out of the classroom and walk into the actual fields, the reality looks a bit 
alarming. Our soil is tired. The natural fertility and organic carbon levels in Indian soils are 
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dropping at a concerning rate. The soil is turning into mere dirt—lacking the biological life 
needed to sustain crops naturally. 

 

 

This is exactly where we need to look at Regenerative Agriculture. This isn't just another 
government scheme or a fancy buzzword; it is a fundamental shift in how we look at farming. 
The goal here is not just to produce a crop, but to leave the soil in a better, healthier condition 
than we found it. And the most powerful tool we have to achieve this is Carbon Farming. 

What Exactly is Regenerative Agriculture? 

 

Traditional farming extracts nutrients from the soil. Sustainable farming tries to maintain the soil 
so it doesn't degrade any further. Regenerative Agriculture goes a massive step further —it 
actively rebuilds and restores the soil. 

The core principle is simple but powerful: we need to pump organic matter back into the ground 
and keep the soil microbiome (the billions of bacteria and fungi living underground) alive and 
thriving. When the soil is biologically active, its water-holding capacity shoots up, natural 
resistance to pests increases, and the overall resilience of the crop improves dramatically. 

The Science of Carbon Farming (Simplified) 

Whenever we talk about climate change, carbon dioxide (CO2) is always painted as the ultimate 
villain. But for plants, CO2 is the ultimate food source. 

Through the natural process of photosynthesis, plants pull CO2 out of the atmosphere. They 
use the sunlight to turn that carbon into sugars. What many people don't realize is that plants 
don't keep all those sugars for themselves. They actually pump up to 30-40% of those liquid 
carbon sugars down through their roots and release them into the soil. These "root exudates" 
feed the soil bacteria and fungi. In return, these microbes mine the soil for essential minerals 
and deliver them back to the plant roots. 
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Carbon Farming is the deliberate use of agricultural practices to maximize this exact natural 
cycle. We are basically managing the field in a way that pulls maximum carbon out of the air 
and locks (sequesters) it safely underground. We turn the farm into a giant carbon sink. 

4 Key Field Practices for Carbon Farming 

Applying this on the field is completely practical. In fact, many progressive farmers are already 
integrating these methods: 

1. Zero-Tillage (No-Till Farming) 

Every time a tractor runs a deep plow through a field, it breaks open the soil structure, exposing 
the stored underground carbon to the air, where it oxidizes and escapes back as CO2. By 
adopting no-till or minimum-tillage practices, we leave the soil structure undisturbed. The carbon 
stays locked underground, and the complex networks of beneficial fungi remain intact to support 
the next crop. 

2. Multi-Species Cover Cropping 

Leaving a field completely bare and exposed to the sun between two main cropping seasons is 
a recipe for soil degradation. Instead, farmers can plant cover crops—specifically a mix of 
legumes, grasses, and broadleaf plants. These plants act like a protective blanket against soil 
erosion, suppress weeds, and most importantly, keep that liquid carbon pumping into the soil 
365 days a year. 

3. Crop Diversification and Rotation 

Growing the exact same crop (monoculture) year after year depletes specific nutrients and 
attracts the same pests. By rotating different types of crops—especially integrating pulses and 
legumes that fix atmospheric nitrogen—the soil flora and fauna become highly diverse. A 
diverse underground ecosystem is much better at capturing and storing stable carbon. 

4. Integrating Livestock 

This is an old practice that is making a huge comeback. Allowing cattle or sheep to graze on 
cover crops before the next planting season works wonders. The animals trample the leftover 
plant biomass into the ground, and their manure acts as an instant, natural biological inoculant, 
supercharging the soil microbes and accelerating the carbon storage process. 

 

 Comparison: Traditional vs. Regenerative 

Parameter Traditional Agriculture Regenerative Agriculture 

Primary 
Focus 

Maximum yield extraction Soil restoration & optimal yield 

Soil Carbon Depletes organic carbon over 
time 

Actively stores carbon (Carbon 
Sink) 

Tillage 
Practice 

Deep and frequent tractor tillage Minimum to Zero-tillage 

Water 
Usage 

High runoff, poor water retention High retention (soil acts like a 
sponge) 

Input Costs High reliance on costly synthetic 
fertilizers 

Reduced costs; relies on 
natural biological cycles 
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The Economics: Why Should Farmers Care? 

You might be wondering why a regular farmer dealing with daily challenges should care about 
the global carbon cycle. There are two very real, financial reasons. 

First, is reduced input costs and climate resilience. Soils with high organic carbon act like a 
sponge. When heavy, unexpected rains hit, this soil absorbs the water rather than washing 
away. During a dry spell or drought, it holds onto that moisture much longer, saving the crop. 
Furthermore, as natural fertility returns, the farmer's dependence on expensive urea and 
chemical pesticides drops significantly, increasing their profit margins. 

Second, is the rise of Carbon Credits. The global market is changing. Today, large corporations 
are looking to offset their carbon emissions, and they are willing to pay farmers who 
successfully sequester carbon in their soil. In the very near future, "carbon" will become an 
actual cash crop. Farmers will get paid for their wheat, and they will get paid a bonus for the 
carbon they stored while growing that wheat. 
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Abstract 

Modern agriculture seems to be delving deeper into the underground world to understand how 
the plants live and grow. The current paper focuses on the exciting yet less known field of 
subterranean volatiles that are chemical messages that are secreted directly into the soil from 
the roots of the plants and microorganisms. Plants are not passive agents but active organisms 
that control their surrounding by means of VOCs. The present work describes the pathway of 
VOCs transmission through soil pores for signalling about insect attack to neighbouring plants, 
recruiting symbiotic bacteria that will enhance the absorption of nutrients by crops, and forming 
defence lines against soil pathogens. 

Introduction:   

The appearance of a still wheat field or cornfield may suggest that plants are stationary 
organisms that simply stand there in the ground. Nevertheless, what goes on beneath the 
surface is far from it. An enormous number of chemical exchanges take place underground, 
every moment of every day. 

 

For centuries, agricultural scientists were primarily concerned with studying the emissions of 
gases and other substances from above-ground parts of a plant—primarily its leaves and 
flowers. Today, however, new developments in field research have turned our attention to the 
world beneath the soil. It turns out that below-ground volatiles—the chemicals produced by plant 
roots and soil lifeforms—are extremely important. 
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They serve as a covert chemical code, governing the exchange between plants, 
microorganisms, insects, and fungi residing in the soil. These chemicals determine whether 
plants live or die, which microbes are welcomed by the plant roots and which are kept away, 
which pests will attack the roots and which are deterred. Now let us explore how the 
underground chemical system functions. 

 

The Concept of Below-Ground Volatiles 

First of all, it should be defined what is meant by such terms as “rhizosphere” since the latter will 
help us to understand better below-ground volatiles' definition. The rhizosphere is the area of 
the soil around the roots and it is the site of highly-active biological and chemical processes. 

 

The roots secrete a whole array of substances, including sugars and amino acids. What makes 
below-ground volatiles different from other root exudates is the fact that the former belong to 
volatile organic compounds (VOCs) which tend to vaporize and diffuse throughout soil pores 
and soil water. 

 

Being vaporized, these compounds may freely diffuse in the soil whereas the regular, liquid root 
exudates remain close to the root surface. Below-ground volatiles have their unique ability to 
transfer information across much longer distances and affect non-root organisms.  

   

Nature of the Soil Volatile Compounds 

It is evident that the soil is a rather unfriendly environment compared to aerial volatiles which 
simply dissipate in the breeze. The soil volatiles must survive in the dark world of clay, water 
film, and occluded air. 

• Movement Ability: Small non-polar compounds (e.g., sesquiterpene β-caryophyllene) are 
exactly what is required to perform well in the task. These compounds travel through air-filled 
pores faster than other heavier substances. 

• Chemical Memory: It should be emphasized that many of those volatile molecules adsorb on 
clay particles and organic matter. Thus, there exists a kind of chemical memory for the signal 
which persists even long after the plant material is harvested. 
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Chemically speaking, the compounds under discussion are quite small molecules characterized 
by relatively low molecular weights. They evaporate quite easily and belong to the following 
groups: Terpenoids, Alcohols, Ketones, Aldehydes, Esters, and Sulfur or Nitrogen-containing 
compounds. Terpenoids dominate in their importance and perform the key functions regarding 
plants' protection. 

Each crop produces its own specific chemical cocktail depending on its stress state, soil 
condition, and local microflora activity. 

Table 1: Key Below-Ground Volatiles in Agricultural Crops 

Volatile 

Compound 

Crop Example Main Field Function 

(E)-β-

caryophyllene 

Maize Acts as a distress signal to attract beneficial, insect-

killing nematodes. 

Dimethyl 

disulfide 

Potato, Tomato Shows strong antimicrobial activity; suppresses soil-

borne pathogens and bad nematodes. 

Methyl 

salicylate 

Tomato, Soybean Triggers systemic acquired resistance (SAR) and acts 

as a major plant defense signal. 

Acetoin Rice, Wheat, Maize Directly stimulates root development, boosts nutrient 

uptake, and builds pathogen resistance. 

2,3-Butanediol Cucumber, Tomato Promotes heavy biomass production and improves 

the crop's tolerance to environmental stress. 

Geosmin Beetroot, Potato Attracts specific soil insects that help disperse 

beneficial microorganisms across the field. 

Indole Cotton, Rice, Maize Activates the plant's internal immune responses and 

balances rhizosphere populations. 

 

Where Do These Volatiles Come From? 
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These chemical signals do not come from just one source. The soil ecosystem relies on a team 

effort to produce this chemical language: 

1. Roots of Plants 

These are the main factories where these substances are made. Just like leaves emit certain 

fragrances, roots make volatiles by following particular metabolic routes. When a healthy root is 

attacked by insects or subjected to reduced nutrient availability, it increases the release of 

chemicals. 

 

2. Soil Fungi and Bacteria 

The soil has fungi and bacteria which are very active. During their living and multiplying, they 

produce various gases which result from their metabolism. Certain gases emitted by beneficial 

Rhizobium bacteria and Trichoderma fungi enhance the root proliferation and defend the plants 

against diseases. 

 

3. Decomposition of Organic Waste 

Every time we spread farmyard manure in soil or retain crop residues, the soil organisms are 

fed. The decomposition process leads to production of certain gases which improve the soil air 

quality significantly. 

How Volatiles Move Through the Field 

The movement below the surface level is regulated by the characteristics of the field. The 

transport of volatile substances is carried out only by the process of diffusion, the rate of which 

will be determined by the soil composition, moisture, temperature, and aeration. 

  

In case your soil is dry and aerated, the gases will move rather quickly within the soil porosity 

space. If, on the contrary, your soil is flooded, the diffusion rate will decrease dramatically 

because the molecules will have great difficulty overcoming the water barrier. 

The Ecological Masterpieces: Why Volatiles Matter 

1. Involvement in Plant to Plant Communications 

Among the amazing processes occurring in agriculture is inter-plant communication. When the 

roots of a plant are attacked by insects, it emits certain chemicals to alert its neighbors. The 

neighboring plants recognize the chemicals emitted in the soil and begin building up defenses 

against insect attacks even before the attack is launched on them. Plants emit other chemicals 

to inhibit the root development of other plants competing with them in absorbing water and 

minerals from the soil. 

 

2. Part in Plant-Microbe Relationships 
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Plants use volatiles in the same way bees use a scent to locate flowers. By emitting specific 

volatiles, plants attract symbiotic microorganisms such as bacteria which help in fixing 

atmospheric nitrogen and solubilizing phosphorus in the soil. In return for providing shelter and 

food in the form of root sugars, these bacteria emit volatiles which cause the plant roots to 

develop further. 

3. Role in Herbivore Defense ("The Maize Classic") 

It may sound surprising but roots do not passively tolerate any damage inflicted by grubs or 

nematodes. An interesting example would be maize (corn). In case of damage from larvae 

attacks, the roots release a terpenoid volatile compound known as (E)-β-caryophyllene. This 

chemical is transmitted via the soil and lures parasitic nematodes that will subsequently feed on 

and eliminate the pests attacking the plant. In this case, one may speak about "indirect plant 

defense." 

  

4. Role in Controlling Soil Pathogens 

Soil-borne microorganisms such as fungi and pathogenic bacteria (Pythium, Rhizoctonia) pose 

serious threats to a crop and, therefore, have to be suppressed. To survive, plants, such as 

mustard, generate sulfur volatiles, such as allyl isothiocyanate, which work as biological agents 

inhibiting development of pathogens in the surrounding environment. It is noteworthy that 

mycorrhizal fungi respond to these chemicals to find the roots and create symbiosis. 

The Future: Use in Sustainable Agriculture 

How do these things help a contemporary farmer or agronomist? Well, knowing this language 

below ground leads to sustainable agriculture. 

 

By figuring out which chemicals attract beneficial organisms for controlling pests, it will become 

possible to build pest control systems using biology instead of using dangerous chemicals. We 

can significantly reduce the use of artificial fertilizers by encouraging the right microorganisms in 

soil. Plant breeders are also working to develop plants capable of producing their own strong 

volatiles to resist drought and infections. 

Why We Must Look Underground 

Ultimately, we have to stop treating soil like just a physical anchor for plant roots. The complex 

network of below-ground volatiles proves that the rhizosphere is a living, breathing ecosystem 

filled with constant chemical conversations. From warning neighboring crops about a sudden 

pest attack to actively recruiting friendly microbes for nutrient cycling, these unseen signals are 

the true backbone of plant survival. 

As we face changing climates and try to move away from heavy chemical farming, 

understanding these root volatiles is going to be our biggest advantage. The future of 

sustainable agriculture, better crop productivity, and natural pest management isn't just about 

what we spray on the leaves—it is about how well we understand and protect the invisible 

chemical language happening right beneath our feet. 
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Abstract 

Agricultural waste management and soil degradation prevention are among the most 

pressing issues today in the field of agriculture. However, there is one technique that can solve 

both these problems quite effectively – it is biochar. This article describes several ways of 

producing biochar, which is a porous carbon substance made from biomass in an oxygen-poor 

process known as pyrolysis. The focus will be placed on easy and cheap methods of producing 

biochar for small farmers, including such approaches as the trench technique and the Kon-Tiki 

kiln. In addition, the process of choosing proper biomass will be discussed. Using biochar, a 

farmer can obtain an effective soil additive with improved water-retention capabilities. 

The Ground Reality of Farm Waste 

If one walks around in any major farm belt during the post-harvest period, then chances are 

that one will find a landscape engulfed in smoke. The burning of crop residues is one way that 

farmers can get rid of their wastes rapidly before starting the next planting cycle. However, this 

activity eliminates beneficial soil microorganisms, emits vast amounts of greenhouse gases, 

and even burns off nutrients from the soil. 
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What if there was an alternative method of transforming the crop wastes into fertilizer rather 

than reducing them into ashes? That is precisely the idea behind the introduction of the Biochar 

concept. While it may look like charcoal, it is, in reality, an advanced agricultural product. It is 

even referred to as "black gold" in the agricultural sector, and it is quite easy to produce on-site. 

What Exactly is Biochar? 

 

 

Biochar is a carbon-rich, porous, and stable material. It simply resembles the charcoal used in 

barbecues, but unlike charcoal, biochar is intended to be used in agriculture by mixing it with 

the soil. 

 

The magic of producing biochar comes from a process known as pyrolysis. In case one sets 

fire to dry stalks in an open space filled with oxygen, all organic matter will burn completely to 

form white ash. However, in case the same matter is heated up under low or zero oxygen 

environment, it does not form ash at all; rather, it undergoes thermal decomposition, forming 

volatile compounds which leave behind a porous carbon residue. 

Selecting the Right Raw Material (Feedstock) 

You cannot make good biochar out of just anything. The quality of your final product depends 

heavily on what you put into the fire. In agriculture, we have plenty of excellent biomass 

available for free: 

• Crop Residues: Maize stalks, cotton stalks, wheat straw, and sugarcane trash. (These burn 

quickly and make highly porous biochar). 

• Woody Biomass: Pruned branches from orchards, bamboo waste, and forestry debris. 

(These make denser biochar that lasts hundreds of years in the soil). 

• Weed Biomass: Problematic weeds like Lantana or Parthenium (before they flower) can be 

effectively cleared and converted into biochar. 

Low-Cost Methods for Field Preparation 
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You don't need a multi-million-rupee industrial plant to make biochar. For field-level application, 

we use simple, low-cost technologies that restrict oxygen flow. 

1. Pit Method or Trench (Preferred For Beginners) 

The oldest and easiest technique for any farmer working on zero budget. Bore a conical or 

sloped pit in the soil (generally 3-4 feet deep). Lay a layer of thick and dry biomass and set it on 

fire. As soon as the lower layer gets lit and starts emitting glowing red coals, add another layer 

of biomass over it. The added layer will act as an obstacle in reaching the lower layers of 

biomass and forces them to undergo pyrolysis. Keep on adding layers until the entire pit is filled 

with biomass. 

Quench the fire with a large amount of water or completely block the pit with soil, preventing the 

oxygen supply and allowing the pit to cool down for an entire night. 

2. Kon-Tiki Kiln (Flame Curtain Technique) 

It is the cheapest and most efficient metallic cone used in contemporary sustainable agriculture. 

Due to its conical shape, the fire generates a flame curtain over it. It burns all the smoke 

released and does not allow oxygen to come near the lower biomass. It is one of the best 

quality biochar production techniques generating no smoke pollution. 

 

Why Go Through the Effort? The Agronomic Benefits 

1. Sponge Effect: Viewed through a microscope, biochar is like a dry sponge with countless 

microscopic spaces between its pores. It retains moisture and releases it gradually during the 

periods of drought, allowing the plants to avoid drying out. 

 

2. Nutrient Locking: Chemical fertilizers tend to leach away in case of excessive rainfall. 

Biochar has high Cation Exchange Capacity. This means that it captures nitrogen and 

phosphorus molecules and holds them close to the plant roots. 
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3. Home for Beneficial Microbes: The porous structure provides the ideal shelter for beneficial 

microorganisms living in soil, keeping them away from natural enemies and helping them 

reproduce. 

Field Application: How Much and Where? 

Unlike Urea or DAP, biochar is not something you need to apply every single season. Because carbon 

takes hundreds of years to break down, biochar is a long-term physical amendment to your soil 

structure. 

• The Dosage: For smallholder farms, you don’t need to dump massive amounts at once. Applying just 1 

to 2 tonnes per hectare, mixed with compost, is a great start. You can slowly build this up over a few 

years. 

• The Method: Don't just broadcast (scatter) it loosely over the topsoil where the wind can blow it away. 

The most effective method is to apply it directly into the root zone. You can do this through line-sowing, 

mixing it into planting holes before transferring seedlings, or lightly tilling it into the top 10-15 cm of the 

soil. 

Conclusion 

Biochar is beautiful because of the simplicity of the process as well as its profound impact on the 

environment. What we have managed to do is to turn one of the largest agricultural issues, which is 

crop burning, into a constant solution by using inexpensive techniques like the trench pit and the flame 

curtain kiln to produce our own biochar in the vicinity of farms. 

It must be understood that biochar does not work as a temporary chemical boost but serves as a 

generation-long solution that creates a natural habitat for beneficial microbes while also serving as a 

means for retaining water during drought seasons. 

Farmers and agriculture professionals should realize that it is time for a change and instead of burning 

their wealth into smoke, it is now possible to preserve it inside the soil and make it a part of the farm 

forever. 
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