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j i he Regenerative agriculture is better in increasing soil health, microbial growth and eco-

ﬁ“g:@ friendliness than conventional agriculture, where monoculture is prevalent, using

“Mj synthetic pesticides and fertilizers causes long-term effects on soil and the environment,
052550 resulting in short-term gains. It aims to provide the community with social, economic, and
&% environmental benefits. In the growing population, regenerative practices revitalize
ﬁw’g@ ecosystems, focus on soil health and biodiversity, and mitigate climate change, going beyond

¢ sustainable practices. It helps in improving the microbial population in the soil i.e. biological
o5, diversity in soil. Furthermore it helps in increasing carbon capture in soil and reduces the
&% green house gas emission.

Cg,gg_@ By 2050, the global population is expected to reach 10 billion, as the World
&% Resources Institute (2021) noted. However, conventional farming methods increase our
el environmental footprint and contribute to rising agricultural emissions. Land use change
ey drives deforestation and greenhouse gas emissions, primarily for agriculture, grazing, and
Q0 urban settlement. Instead of expanding farmland, new techniques focus on enhancing
@gf productivity through an intensive agriculture system and decreasing land use change through
Q0 the deforestation of forests, which could push global warming beyond the critical 1.5°C
;"; threshold. Its report on the 6™ assessment of the IPCC concludes that the “Agriculture,

Forestry, and Other Land Use (AFOLU)” sector generated 13-21% of total global
anthropogenic GHG emissions in 2010-2019.

Introduction
Regenerative agriculture is deeply rooted in the use of techniques that not only reduce
greenhouse gas emissions but increase soil health and carbon sequestration. In present
situation, as the population is increasing, the food demand also increases. Using traditional
conventional methods to use synthetic fertilizer increases crop production, but soil
productivity decreases. However, in recent industrialization, synthetic fertilizers and
pesticides increased production. Currently, however, we have reached a stage where concerns
such as human and environmental health, ecological balance preservation and soil
biodiversity conservation still need attention at the same level as the goal of managing
increasing food demands across the globe. The agricultural sector is one primary source
among human-generated greenhouse gas emissions, contributing over 10 gigatons of CO2
equivalents in one year. Nearly half those emissions occur due to land-use change, namely
deforestation or afforestation for farm land use or pasture, draining of peat lands, and burning
of biomass. The remainder is produced due to other farm activities. Specifically, extremely
powerful gases such as nitrous oxide are produced once when mineral fertilizers degrade,
while methane emissions take place in rice paddies and due to digestion in animals.

The global emissions from agriculture in the last fifty years have doubled. According
to the recently published 6™ assessment IPCC report, agriculture and land use contribute to
13-21% of global emissions from 2010-2019. The emission from agriculture, forest, and land
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use change estimated +5.9 + 4.1GtCO2 yr * between 2010 and 2019. The land based
mitigation measures can provide multiple benefits but there are risks from misguided by
improper land management. If we account for emissions associated with other activities—
such as those due to fertilizing production, energy required for powering tractors and
irrigation systems, and those due to food processing, shipment, warehousing, refrigerating,
and waste disposal—then it's clear that our food and consumptive practices play an important
part in determining overall emissions. That's why agriculture plays such a crucial role in
trying to hold global warming to well below 2°C beyond pre-industrial levels.

Agriculture Emission
Tillage: Soil sequesters organic carbon predominantly in decomposing plant and animal
residues. Soil microbial communities break down these residues into simple organic matter,
accumulating to form soil organic matter. Some of this Organic Matter becomes stabilized to
become stable soil organic carbon, being sequestered in soils in the long run. When tillage
occurs, it damages soil aggregates and breaks soil structure, which had previously protected
soil organic carbon. The damage releases the organic carbon to atmospheric oxygen. High
concentrations of oxygen trigger microbial activity, oxidizing organic carbon to carbon
dioxide (CO2). In this way, once buried in soils, carbon is released back into the atmosphere,
reducing the soil's ability to store carbon and being an extra source of greenhouse gas
emissions.

Synthetic Pesticides & fertilizers: Soil is a very complex, changeable ecosystem containing

and supporting very diverse macro and micro flora diversity, affecting its properties. It

encompasses mainly inorganic nutrient minerals, organic matter, and many kinds of life, and
it supports equilibrium among physical, chemical, and biological powers (Doran and saf ley

1997). These functions such as gaseous exchange, nutrient supply, pollutant detoxification

are performed by the soil for plant growth.

Physical properties:

e The physical characteristics such as water holding capacity, organic matter, bulk density
are affected due to continuous monoculture, ploughing, reduce carbon storage which
results decrease of humus which leads to less water holding capacity.

Chemical properties:

e The Ph of the soil is modified due to continuous application of Nitrogen fertilizer which
leads to acidity and also in this process nitrous oxide (N.O) is release during
decomposition is green house gas. The overuse can cause the residue synthetic particles to
accumulate which increase salinity and pollutant substance.

e The organic matter present in the soil is decreased by excess use of fertilizer which leads
decrease the soil productivity. It leads to soil degradation due to the less binding capacity
and leads low infiltration of water leads runoff.

Biological properties

e The soil contain various microorganism i.e., Bacteria, actinomycetes, fungi, algae and
protozoa where bacteria is most abundant. Soil microbial biomass is primarily made up of
bacteria and fungi, and it typically makes up about 1 to 4 percent of the soil’s total
organic matter. Due to excess use of pesticide it harm the other beneficial microbes
present in the soil. The excess use of fertilizer can create imbalance of carbon and
nitrogen as fertilizer have high content of nitrogen. The readily available nutrient
decompose by microorganism can get benefit but other microorganism get affected in this
process.

Crop diversity

e Commercial agriculture relies on mechanization, synthetic fertilizers, and pesticides. This
approach harms crop diversity and disrupts soil microbial communities. Reduced
biodiversity and soil degradation result from these practices.

e Monoculture is prevalent in conventional agriculture depletes essential soil nutrients.
Ultimately, reliance on monoculture leads to crop loss.
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e Use of mechanical tools a damage soil structure and degrades soil biota. Mechanical
practices promote carbon emissions from the soil. Continuous tillage damages macro
pores, leading to increased water runoff. Poor infiltration capacity of soil is a
consequence of these practices.

Traditional agriculture, which is high in intense tillage and heavy applications of
synthetic pesticides and fertilizers, slowly affects the soil, its organic matter, the biodiversity
of microbes, and soil health. Although synthetic inputs suppress pests and deliver required
nutrients in the short term, these residues affect microbe communities and hinder nutrient
cycling, ultimately injuring plant development. Multiple tillage only serves to accelerate this
degradation through dissociating soil aggregates, accelerating oxidation of carbon from
organics, and releasing CO:, and these activities are responsible for the loss of roughly one-
third of the globe’s soil carbon since the start of industrial agriculture. In addition,
fertilization with N causes enormous emissions of nitrous oxide (N20), around 300 times
more potent greenhouse gas than CO:, so soil used for agriculture is the globe’s largest
anthropogenic source of N2O. Literature suggests conventional systems tend to realize much
higher N2O fluxes unless N usage is optimized.

By contrast, conservation and regenerative systems such as reduced or no-till cover
crops, rotations, and ideal N applications restore soil functionality and reduce emissions. It
also shows that no-till and residues can increase yields by over 9%, sequester carbon, and
reduce N>O emissions by 26% or more. However, site conditions and whole-farm adoption of
other technologies (such as rotations) are necessary. It is given that conservation tillage might
spur a short rise in N>O emissions in some climates, well-designed systems involving
minimal disturbance plus optimum N regimes and crops of wider diversity offer durable
benefits for soil health and productivity and climate resilience.

Reviving the Earth: Regenerative Agriculture’s Role in Soil Enrichment
and Carbon Sequestration

The Regenerative Agriculture was coined by Organic Pioneer Robert Rodale in year 1980’s.
The Principles of Regenerative of Agriculture help in restoring soil health and carbon
sequestration. The use of regenerative agriculture not only reduces green house gas emission
and decreases the mean temperature below 1.5°C pre industrial levels. In 2022 (FAO), global
agrifood systems emitted 16.2 billion tonnes of CO: equivalent—almost unchanged from
2021, but marking a 10% increase compared to emissions in 2000. The principles of
regenerative agriculture include.

Reduce Soil Disturbance Or No Tillage.

Diversifying Crop rotation.

Integrate livestock and Rotational grazing.

Maximizing Biodiversity.

Use of Cover Crops.

Applying organic Amendment compost Compost, Vermicompost, Mulches etc.

Reduce Soil Disturbance or No tillage

Practices such as conservation tillage and no-till help maintain soil life and enhance the
storage of organic carbon by reducing the disruption and breakdown of soil aggregates. The
microbial network present in the soil is not disturbed. The infiltration capacity is increased
due to soil aggregates. The water holding capacity is increased due to present humus that
helps in soil act as a sponge.

Diversifying Crop rotation

Crop rotation is a foundation practice of regenerative and sustainable agriculture involving
the cultivation of a sequence of different crops. Each crop of a different root system and
nutritional demand deep-rooted crops tap deeper soil depth for nutrients and water, whereas
shallow root crops take from topsoil supplies. This balanced usage of soil nutrients maintains
soil fertility in the long term. This practice enhances soil texture and boosts biological
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activities. In addition to soil health, crop rotation disrupts breeding of pests and diseases that
specialize on a plant species, which reduces the usage of chemical pesticides. Rotation of
non-related families of crops reduces the probability of crop failure and lowers the
dependency on synthetic products. Furthermore, rotating crops of differing water
requirements saves water, reduces irrigation dependency, and makes the production system
more tolerant of water deficits and diverse climate conditions.

Integrate Livestock and Rotational Grazing

Introducing livestock into regenerative agriculture systems is crucial in improving soil
fertility and climate resilience. The urine and manure deposited by grazing animals supply
organic nutrients such as nitrogen, phosphorus, and potassium in a environment friendly
manner necessary for plant growth. In addition to fueling plants, these biological waste
products feed the soil micro biome, promoting biological processes and accelerating
decomposition. This bacterial, fungi, actinomycetes interaction releases nutrients within the
soil, making the environment beneath the ground more equilibrated.

When livestock manure is mixed with residual plant material and is composted, it
yields a nutrient-rich organic fertilizer. The natural soil amendment minimizes chemical
fertilizers, reducing farmers' input expenses and lessening the chemicals' residues. It also
provides a alternative to crop residue burning, a source of air pollution and greenhouse gas
emissions in traditional systems.

Managed grazing provides yet another level of advantage. Farmers can maximize
pasture health, enhance nutrient allocation, and promote soil carbon sequestration by
managing when, how long, and how much animals graze. Careful grazing management also
promotes the regulation of methane emissions by maintaining healthy forage systems for
livestock's efficient digestion. Managed grazing enhances soil health, mitigates emissions,
recycles nutrients, and sustains agriculture in the long term.

Maximizing Biodiversity

The growing different crop include agro forestry, silvopasture, cover crop, polyculture, and

Hedgerows. This helps having diversity in the different crop, trees, and adds aesthetic value

to the field. This helps in improve of organic matter, microbial colonies, water holding

capacity, and soil health. This reduce pest and diseases attack to crops. This also helps carbon

sequestration in the soil. These benefit to the farmer by having different crops and reduce

farm input which is economical to the farmer.

e Agro forestry: This include growing of forest tree which have deep root system and high
carbon storage capacity in biomass and soil.

e Silvopasture: it includes leguminous, green manure, green leaf manure crops which are
feed for cattle by managed grazing helps in carbon sequestration.

Applying organic Amendment compost Compost, Vermicompost, Mulches
Organic amendments like compost, manure, vermicompost, and mulches are a long-term
substitute for inorganic fertilizers that release nutrients slowly, enhance soil health, and
promote helpful microbial populations. Compost and vermicompost give fundamental
assurances of macro- and micronutrients while enhancing soil air space, water-holding
capacity, and soil structure. Straw and wood chip mulches offer a different advantage by only
holding water, moderating soil temperature, preventing weed competition, and contributing
organic matter to the soil as they decompose.

Organic amendments not only enhance the cation exchange capacity of the soil, enhance the
buffering capacity of the soil pH, and promote a healthy microbial ecosystem base but also
offer overall improvement in the fertility, water-holding, and structure of the soil to plant
species that will be strong with reduced dependency on synthetic chemicals. The application
of organic amendments meets the principles of regenerative agriculture for improving soil
health as well as overall sustainability of a product's productivity in the long term.
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Conclusion

The agricultural sector is a major source of global greenhouse gas emissions. In the context of
rapid population growth and climate change, synthetic fertilizer and pesticide use is a serious
challenge. While regenerative agriculture is environmentally friendly, it is challenging to
scale because of high initial investment costs, short-term yield reductions, and limited market
incentives. To improve soil fertility and construct resilient food systems, policies from
governments and institutional support are critical.

Embracing regenerative practices can contribute to sustainable organic farming by
diminishing dependence on synthetic inputs through processes such as cover crops, crop
rotation, and reduced tillage. This not only makes the soil healthier but also boosts
productivity and minimizes greenhouse gas emissions, leading the way towards a more
sustainable agriculture.
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