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Abstract 	
Natural farming is an agroecological, diversified production system that harmoniously combines crops, livestock, and trees while eliminating the use of synthetic chemicals. It emphasizes the utilization of locally available and renewable inputs. This review consolidates current research on natural farming in India, focusing on its five core components Beejamrit, Jeevamrit, Ghanajeevamrit, Acchadana, and Waaphasa and their influence on soil quality and crop productivity. It also critically examines nutrient, pest, weed, and disease management strategies, along with the system’s long-term sustainability. Long-term adoption stabilizes soil biological processes, leading to reduced yield penalties and improved economic resilience due to lower input costs and higher net returns. Empirical evidence from Andhra Pradesh indicates that natural farming improves farmers’ profitability through reduced input costs and better soil conditions. However, experimental findings reveal potential challenges related to yield performance, nitrogen adequacy, and overall scalability. The paper assesses natural farming’s role in achieving India’s sustainability goals and recommends evidence-based practices suitable for diverse agroecological zones.
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1.Introduction 
Modern society is experiencing exceptional advancements in food supply and economic well-being, largely attributed to rapid progress in agricultural science and technology. Since the mid-20 th century, agricultural intensification driven by improved crop genetics, irrigation facilities, mechanization, and agrochemical usage has significantly boosted global food production to meet the demands of a growing population (Pingali, 2012; FAO 2018). Worldwide, this transformation has led to major yield improvements, with production gains of about 109% in rice, 208% in wheat, 157% in maize, 78% in potatoes, and 36% in cassava. These advancements have played a crucial role in reducing hunger and mitigating food insecurity, especially in developing countries (Wiebe et al., 2021; Tilman et al., 2011).
The excessive and prolonged application of agrochemicals has further raised substantial food safety concerns, as pesticide residues and nitrate accumulation increasingly threaten both human and animal health (Aktar et al., 2009; Pimentel and Burgess, 2014; Carvalho, 2017).
In India, the ecological and agronomic implications of chemical-intensive farming are especially prominent. Over the past five decades, fertilizer consumption has surged nearly thirteen times, reflecting a growing dependency on external nutrient inputs to maintain productivity (FAI 2020). However, this steep increase has not yielded a commensurate rise in crop output. Instead, declining nutrient-use efficiency and widespread soil nutrient imbalances have been reported (Ladha et al., 2020; Yadav et al., 2019). As a result, India’s crop response ratio has dropped to approximately 58% in the last sixty years, signalling diminishing returns from fertilizer application and raising questions regarding the long-term viability of current intensive production systems (FAI, 2020; Dwivedi et al., 2021).
Globally, agroecological approaches have received increasing recognition for their ability to enhance productivity while conserving the environment by promoting biodiversity, biological soil processes, and efficient resource cycling (Pretty et al., 2018; HLPE, FAO 2019). Within this paradigm, natural farming has emerged as a promising low-input strategy tailored to Indian farming conditions.
Natural farming encourages the complete avoidance of synthetic fertilizers, pesticides, and herbicides, instead emphasizing the use of on-farm, biologically derived inputs to maintain soil fertility and crop productivity. These include cow dung, cow urine, jaggery, pulse flour, and plant-based preparations, complemented by mulching, crop covers, and diversified cropping systems to enhance microbial activity and nutrient cycling (Kumar et al., 2019; Suganthy et al., 2023; Palekar, 2016). Through the revitalization of soil biological processes, this approach seeks to restore soil health, lower production costs, and increase resilience to climatic variability (Reddy, 2020; Smith et al., 2020).
The conceptual roots of natural farming trace back to Japanese agriculturist-philosopher Masanobu Fukuoka, who proposed a nature-aligned farming philosophy centred on minimal human interference and ecological harmony. His “do-nothing farming” concept emphasized natural nutrient recycling, minimal tillage, and biodiversity-driven pest regulation as pillars of sustainable cultivation (Fukuoka, 1987; Kassam et al., 2019). These ecological principles inspired several organic and natural farming initiatives globally.
In the Indian context, the modern natural farming movement has been shaped predominantly by the Zero Budget Natural Farming (ZBNF) framework initiated by Shri Subhash Palekar. This approach promotes the elimination of purchased inputs to reduce farmers’ dependence on credit and lower cultivation costs (Khadse et al., 2017; Mishra, 2018). ZBNF has gained notable acceptance in states such as Andhra Pradesh, Karnataka, Maharashtra, and Himachal Pradesh, supported to varying degrees by institutional and government initiatives (Niyogi, 2018; Government of India, 2019).
Highlighting the predominance of smallholder farmers (68.5 per cent marginal and 17.7 per cent small farmers) in India. The Economic Survey (2019) emphasized the importance of Zero Budget Natural Farming (ZBNF) as one of the alternative farming practices for improving the farmers’ income, in the backdrop of declining fertilizer response and farm income. Biological sciences (e.g. microbiology, ecology, soil science) with their increasingly “symbiotic” (Gilbert et al., 2012) and “probiotic” (Lorimer, 2017) understandings of soil and plant life are also an inspiration for the ecological renewal of agriculture. The core idea of natural farming is to encourage the growth of beneficial microbes without relying on external fertilizers or synthetic pesticides. Legumes, in this context, are valuable because they capture atmospheric nitrogen, enriching the soil (Raveena et al., 2024).
These adverse impacts on soil health, ecosystem services, and climate resilience have intensified interest in alternative farming models that are environmentally sustainable, economically viable, and socially acceptable. Agroecological approaches have gained international recognition for their potential to balance productivity with environmental conservation by emphasizing biodiversity, soil biological processes, and resource recycling (Pretty et al., 2018; HLPE 2019; FAO, 2019). Within this broader agroecological paradigm, natural farming has emerged as a promising low-input farming strategy in India. 
Natural farming promotes the complete avoidance of synthetic fertilizers, pesticides, and herbicides, and instead relies on low-cost, locally available biological inputs to maintain soil fertility and crop productivity. Commonly used inputs include cow dung, cow urine, jaggery, pulse flour, and botanical extracts, complemented by mulching, live or dead crop covers, and diversified intercropping to enhance soil microbial activity and nutrient cycling (Kumar et al., 2019; Suganthy et al., 2023; Palekar, 2016). By revitalizing soil biological processes, natural farming seeks to restore soil health, reduce cultivation costs, and improve farm resilience under increasing climatic variability (Reddy, 2020; Smith et al., 2020). 
In recognition of its potential to address agrarian distress, environmental degradation, and climate risks, the Government of India introduced the Bharatiya Prakritik Krishi Paddhati (BPKP) in 2020–21 as a sub-scheme under the Paramparagat Krishi Vikas Yojana (PKVY). The initiative focuses on promoting chemical-free agriculture through capacity-building programs, on-farm preparation of biological inputs, and farmer-to-farmer extension mechanisms (Ministry of Agriculture and Farmers Welfare, 2021). This policy direction is aligned with global sustainability agendas that highlight agroecological transitions as central to securing food security, environmental protection, and climate resilience (FAO, 2019; IPCC, 2022.







1.1 Benefits of Natural Farming

Fig 1: Benefits of natural farming
Source: (Suganthy et al., 2023; Ranjit Kumar et al., 2019)
1.2. Challenges and Limitations of Natural Farming
1.2.1. Yield Impact and Productivity Trade-offs
The productivity of natural farming systems varies significantly across regions and contexts. Some studies have documented yield parity or even modest gains after an initial transition phase, especially in rainfed, diversified, and low-input farming environments (Khadse et al., 2017; Reddy, 2020; Smith et al., 2020). However, yield reductions are commonly reported compared to conventional high-input agriculture, particularly for nutrient-demanding cereals such as basmati rice and wheat during early adoption years (Kumar et al., 2019; Das et al., 2024).
Yield variability is influenced by multiple factors, including baseline soil fertility, organic carbon content, microbial diversity, climatic conditions, crop genotype, and farmers’ management skills (Ladha et al., 2020; Dwivedi et al., 2021). Global meta-analyses of organic and low-input systems indicate yield gaps of 10–25% compared to conventional systems, though these gaps narrow with diversified cropping, legume integration, and improved soil management (Seufert et al., 2012; Ponisio et al., 2015; Knapp and van der Heijden, 2018). Long-term studies suggest that yield penalties diminish as soil biological processes stabilize and nutrient cycling becomes more efficient, highlighting the importance of time in assessing natural farming productivity (Pretty et al., 2018; Peeters et al., 2025). Short-term comparisons may therefore underestimate the long-term agronomic potential of natural farming systems.
1.2.2. Scientific Validation and Evidence Gaps
Despite increasing adoption, the scientific validation of natural farming practices remains limited. Many existing studies rely on short-term trials, farmer-reported outcomes, or small-scale experiments, which restricts generalizability (Kumar et al., 2019; Das et al., 2024). The absence of standardized protocols and inconsistent definitions of natural farming further complicates cross-study comparisons (FAO 2019 a; Kassam et al., 2019).
While core principles such as microbial stimulation, mulching, and reduced chemical dependency are supported by scientific evidence, specific bio-input formulations (e.g., Jeevamrit, Beejamrit) require rigorous, multi-location, long-term validation to quantify their effects on nutrient availability, yield stability, and pest suppression (Ladha et al., 2020; Dwivedi et al., 2021). Meta-analyses emphasize the need for systems-based evaluations that integrate soil, crop, climate, and socio-economic outcomes, rather than focusing solely on input–output relationships (FAO, 2019; IPCC, 2022).
1.2.3 Input Availability and Scalability Constraints
The scalability of natural farming is constrained by the region-specific availability of key inputs, particularly indigenous cow dung and urine. Smallholder farmers without livestock or access to local breeds face difficulties in preparing bio-inputs at scale (Kumar et al., 2019; Mishra, 2018). Livestock population density, labour availability, and seasonal workload significantly affect feasibility, especially in densely populated or peri-urban regions (Ranjit Kumar et al., 2019; Government of India, 2019).
Additionally, the labour-intensive nature of bio-input preparation and application may limit adoption among aging farming populations or in areas experiencing rural labour shortages (Reddy, 2020; Smith et al., 2020). Decentralized community-based input production units, standardized formulations, and region-specific alternatives are suggested to address these challenges (Niyogi, 2018; FAO 2019).
1.2.4 Economic Viability and Risk Considerations
Natural farming is often promoted as a cost-reducing strategy due to the elimination of synthetic fertilizers and pesticides. Many studies report lower cultivation costs and improved net returns, especially when yield losses are minimal and labour is family-based (Kumar et al., 2019; Khadse et al., 2017). However, economic outcomes vary widely depending on market access, price premiums for chemical-free produce, and institutional support (Pretty et al., 2018; FAO, 2019).
Transition risks, yield uncertainty, and lack of assured markets pose significant economic challenges during early adoption phases (Smith et al., 2020). Economic sustainability depends on supportive policies, extension services, price incentives, and integration into value chains, rather than farm-level practices alone (Reddy, 2020; HLPE 2019).
1.3. Current Scenario of Natural Farming in India
Natural farming is increasingly recognized as a strategic component of India’s sustainable agriculture agenda. Recent estimates indicate that about 4.09 lakh hectares are under natural farming, supported by public funding of ₹4587.17 lakh across eight states (Suganthy et al., 2023). Adoption spans diverse agro-climatic zones, including rainfed, irrigated, and hill ecosystems (Government of India, 2019).
This provided Rs 12,200 per ha over 3 years for clusters of 500 ha, covering capacity building, bio-inputs, certification, and handholding. The National Mission on Natural Farming (NMNF), approved in late 2024, introduced a larger outlay of Rs 2,481 crore (central share Rs 1,584 crore; state share Rs 897 crore) until 2025-26. (Press Information Bureau (PIB, the National Mission on Natural Farming (NMNF), approved by the Union Cabinet on November 25, 2024)
Andhra Pradesh leads the world’s largest state-led natural farming initiative, aiming for a full transition through community-based extension, women self-help groups, and institutional support (Reddy, 2020; Smith et al., 2020). Other states, such as Himachal Pradesh and Odisha, emphasize climate resilience and soil conservation, while Tamil Nadu and Kerala focus on market-linked chemical-free production (Suganthy et al., 2023; Ministry of Agriculture and Farmers Welfare, 2021).
Despite policy momentum, adoption remains uneven, highlighting the need for region-specific strategies, long-term monitoring, and outcome-based evaluation frameworks (FAO, 2019; HLPE 2019).
BPKP Funding Breakdown (APEDA Archieve)
State-wise releases under BPKP matched the area allocations you listed:
	State
	Area (ha)
	Funding Released (Rs lakh)

	Andhra Pradesh
	100000
	750.00

	Madhya Pradesh
	99000
	787.64

	Chhattisgarh
	85000
	1352.52

	Kerala
	84000
	1954.93

	Odisha
	24000
	381.89 ​

	Himachal Pradesh
	12000
	286.42

	Jharkhand
	3400
	54.10

	Tamil Nadu
	2000
	31.82

	Total
	409400
	5599.32


Table 1. State-wise Area Allocation and Funding
[image: ]Fig. 2. Scenario of natural farming in India
1.4 Five Pillars of Natural Farming

                                                Fig 3. Pillars of natural farming
Natural farming (NF) is considered to be agroecology based diversified farming system, which integrates crops, trees and livestock, allowing functional biodiversity (Rosset and Martinez, 2012) to drastically cut down production costs by replacing the chemical fertilizers and pesticides with home-grown product like Jeevamrith, Beejamrith, Neemastra etc. and adopting intercropping and mulching (Palekar, 2005; 2006; Swami, 2006)
1.4.1 Beejamrit (Seed Treatment)
Beejamrit is a traditional seed treatment composed of cow dung, cow urine, lime, and soil, designed to suppress seed- and soil-borne pathogens while promoting germination and early root development (Palekar, 2016; Suganthy et al., 2023). Microbial seed treatments have been shown to enhance rhizosphere colonization, nutrient uptake, and seedling vigour in sustainable production systems (Kassam et al., 2019; Sharma et al., 2021).
Beejamrit fosters beneficial microbial communities that outcompete pathogenic organisms, thereby reducing early disease incidence and improving crop stand establishment (Dwivedi et al., 2021; Lakhani, 2024c). Bio-priming strategies using indigenous microbial consortia have similarly improved seedling emergence, root length, and enzymatic activity under low-input farming (Bhardwaj et al., 2014; Mahanty et al., 2017). Field trials in Andhra Pradesh and Karnataka reported 8–15% higher germination rates and significant reductions in damping-off and seed rot in pulses and oilseeds compared to untreated controls (Rao et al., 2020; Government of Andhra Pradesh, 2019). Comparable benefits of microbial seed inoculants in reducing pathogen pressure have been observed in organic cereal systems (Mader et al., 2002; Harman et al., 2021).
The seed/seedling treatment, beejamrita, also provides a small amount of nutrients to the soil, but its main impact is considered to be the protection of young roots from fungus and soil or seed-borne diseases. Accounting for all ingredients used to produce beejamrita, up to 0.16 ± 0.02 kg ha−1 nitrogen per crop could be provided in beejamrita, equivalent to just 0.3% of the nitrogen fertilizer application.
Inoculation of soybean seed with bacterial isolates from beejamrita has been observed to improve germination and to increase seedling length and vigour30. Therefore, there is good evidence for the beneficial action of beejamrita, but further work is needed to fully understand the pathways of disease resistance and quantify its impacts in terms of yield and nutrient capture by the plant (Jo Smith et al., 2024).
A seed treatment applied either as a seed coating before sowing, or a root dip before transplanting. Common ingredients include desi cow dung and urine, CaCO3 and water (Duddigan et al., 2023).
Similarly, analysis of Beejamrita shows it contains beneficial microorganisms such asbacteria, fungi, actinomycetes, phosphorus-solubilizing bacteria, and N-fixers (Devkumar et al. 2014).
Procedure for preparation of Beejamruth
Phase 1: Overnight Preparation
Before the day of sowing, prepare the base ingredients to ensure the lime is neutralized and the dung nutrients are extracted.
      Dung Soaking: Take 5 kg of fresh local cow dung and tie it in a thin cloth (like a muslin cloth or a gunny bag). Submerge this bundle into a container with 20 liters of water. Lime Solution: In a separate small container, dissolve 50 grams of lime (Chuna) in 1 liter of water. Resting Period: Let both containers sit undisturbed overnight (at least 8–12 hours).
Phase 2: Mixing the Solution
Extract the Dung Liquid: Rub and squeeze the soaked cow dung bundle thoroughly within the 20 liters of water to extract all its properties. Once the water is dark and concentrated, remove the cloth bundle. Add Urine: Pour 10 liters of local cow urine into the dung extract. Add Lime: Pour the lime water (prepared the night before) into the mixture. Add Soil (The Inoculum): Add a handful of virgin soil (collected from the bund of the field or deep forest soil) to the mixture. Final Stirring: Stir the entire solution well with a wooden stick. It is now ready for immediate use.
Phase 3: Application to Seeds
Once the solution is ready, follow these steps for the actual treatment:
Coating: Spread the seeds intended for sowing on a clean floor or plastic sheet. Sprinkle the Beejamruth over the seeds. Mixing: Mix the seeds by hand so that every seed is uniformly coated with the liquid. Drying: Spread the treated seeds in the shade to dry. Do not dry them in direct sunlight, as this can kill the beneficial microbes. Sowing: Once dried, the seeds are ready for sowing. (Palekar 2006a).
1.4.2 Jeevamrit (Soil Microbial Solution)
Jeevamrit is a fermented microbial consortium applied to stimulate soil biological activity rather than directly supply nutrients. It accelerates organic matter decomposition, nutrient mineralization, and microbial-mediated nutrient cycling (Palekar, 2016; Suganthy et al., 2023). Soils treated with Jeevamrit exhibit higher populations of nitrogen-fixing bacteria, phosphorus-solubilizing microorganisms, actinomycetes, and beneficial fungi (Sharma and Chadak, 2022; Lakhani et al., 2024).
Applications of Jeevamrit and Ghanjeevamrit have led to 40–50% increases in microbial biomass carbon, enhanced soil enzymatic activity (dehydrogenase, phosphatase, urease), and improved nutrient availability (Dwivedi et al., 2021; Sharma and Chadak, 2022). Similar improvements in microbial functional diversity have been reported under organic bio-stimulant use in diverse agro-ecological regions (Lori et al., 2017; Lazcano et al., 2020). Long-term studies in rice–wheat and cotton systems indicate that integrating Jeevamrit with residue retention reduced synthetic fertilizer use by 30–50% without compromising yields, while improving soil organic carbon and aggregate stability (Singh et al., 2019; Ladha et al., 2020; Das et al., 2024). 
State-level assessments in Andhra Pradesh Natural Farming reported higher net farm incomes and reduced input costs due to improved soil biological efficiency (CEEW, 2022; NITI Aayog, 2023). The fermented microbial culture, jiwamrita, provides some nutrients, but more importantly, aims to promote growth of microorganisms and increase earthworm activity Sharma, R., & Chadak, S. (2022), Patel, R., et al. (2023). Two types of jiwamrita are prepared: the wet form prepared as a slurry, ‘dhrava jiwamrita’, and the dried form prepared for storage, ‘ghanajiwamrita’, Suganthy et al. (2023). 
Accounting for all ingredients used to produce jiwamrita, up to 8.3 ± 0.4 kg ha−1 yr−1 could be provided in dhrava jiwamrita, and 3.3 ± 0.2 kg ha−1 in ghanajiwamrita; this is equivalent to 7% and 3% of national average nitrogen fertilizer application, respectively Jo Smith, et al., (2024). Jiwamrita could also add nitrogen to the soil by increasing non-symbiotic nitrogen fixation. Levels of nitrogen-fixing rhizobia have been observed to increase during preparation of dhrava jiwamrita to 4,400% of the starting mixture Sharma & Chadak, S. (2022). The impacts of this are dependent on rhizobia survival and activation once applied to the soil, but given the range of nitrogen fixation by heterotrophic bacteria observed in the literature, extra input of nitrogen is unlikely to be more than 10 kg ha−1 per crop, 18% of the national average nitrogen fertilizer application. (Jo Smith et al.,2024, Ladha, J.K., et al. (2020). 
It Can be in solid form, usually applied as a top dressing, or in liquid form as a top dressing or foliar spray. Ingredients can include desi cow dung and urine, jaggery (unrefined cane sugar), gram (legume) flour and topsoil from a native ‘virgin’ soil (uncontaminated soil) (Duddigan et al., 2023).
Procedure for preparation of Jivamrut
Jivamrut is liquid organic manure which is an excellent source of natural carbon, biomass, NPK and lots of micro nutrients required by crops. For preparation of Jivamrut 100-liter water is require in barrel with addition of 10 kg cow dung plus 10 lit in cow urine and 2 kg jaggary and 1 kg pulse flour and a handful of soil and mix solution well with wooden stick. Keep Solution for 5 to 7 days and use a soil application. Singh et al., (2020).
1.4.3 Acchadana (Mulching)
Acchadana, or organic mulching, is vital for conserving soil moisture, regulating temperature, suppressing weeds, and increasing soil organic matter (Suganthy et al., 2023). Residue retention and mulching improve soil aggregation, infiltration, microbial habitat quality, and nutrient cycling, while reducing erosion and evaporative losses (Kassam et al., 2019; Lal, 2020). Meta-analyses show that organic mulching increases soil carbon stocks by 0.3–1.0 Mg C ha⁻¹ yr⁻¹ and enhances water-use efficiency in both rainfed and irrigated systems (Blanco-Canqui and Ruis, 2020; Poeplau and Don, 2015). Mulching also boosts earthworm abundance and microbial diversity, supporting long-term soil resilience (Garcia-Orenes et al., 2016; Six et al., 2004). Case studies in dryland millet and pulse systems in semi-arid India show yield stability improvements of 10–25% under organic mulching during drought years, attributed to better soil moisture retention and moderated temperature (Ramesh et al., 2019; Pretty et al., 2018).
Mulching using cover crops or dry crop residues applied to the soil surface. Examples include paddy straw and groundnut husks (Ghosh 2019; Keerthi et al. 2018
Live mulching is mainly done as intercropping, which aims to supply potassium, phosphorus and sulphur using monocotyledons (such as rice and wheat) and nitrogen using dicotyledons (such as legumes).  It adds about 28 kg of N, 4-10 kg of P and 15-30 kg of K. From a review of the contribution of different types of legumes to associated non-legume crops and the proportions of crops grown in India, the average nitrogen provision for major crops grown in India is 28 kg ha−1, which is equivalent to 24% of the national average nitrogen fertilizer application. 
Mulching conserves moisture and nutrients, while reduced tillage maintains soil aggregation and organic carbon stocks (Rockstrom et al., 2017; Kassam et al., 2019).
1.4.4 Waaphasa (Soil Aeration and Moisture Balance)
Waaphasa focuses on maintaining optimal soil air–water balance rather than excessive irrigation. Balanced aeration and moisture conditions promote root respiration, microbial metabolism, and nutrient uptake (Rockstrom et al., 2017; FAO, 2019). Excessive soil saturation suppresses aerobic microbial activity and reduces nitrogen use efficiency, while moderate moisture supports rhizosphere functioning (Pretty et al., 2018; Lal, 2020).
Improved soil structure through organic matter addition and reduced compaction enhances water-use efficiency and drought resilience (IPCC, 2022; Blanco-Canqui et al., 2017). Conservation and natural farming systems show that optimized soil porosity improves crop transpiration efficiency and resilience to climate variability (Montgomery, 2017; Kassam et al., 2019). 
1.4.5. Ghanjeevamrit
Ghanjeevamrit, the solid form, serves as a slow-release soil conditioner, improving aggregation, moisture retention, and long-term microbial sustainability (Lakhani, 2024b; Dwivedi et al., 2021).
Repeated application of these bio-inputs increases beneficial soil microbial populations by 40–50%, boosts soil enzyme activities (dehydrogenase, phosphatase) by 50–60%, and enhances nutrient mineralization, particularly phosphorus solubilization and biological nitrogen fixation (Sharma and Chadak, 2022; Singh et al., 2019; Lakhani and Geete, 2024 d). Higher microbial biomass carbon under natural farming reflects improved biological health and resilience against nutrient stress (Ladha et al., 2020; Peeters et al., 2025).
Natural farming prioritizes nutrient recycling through on-farm inputs such as cow dung, cow urine, crop residues, and microbial formulations. Ghanjeevamrit acts as a slow-release nutrient source and microbial activator (Suganthy et al., 2023; Saharan et al., 2023)
Table 2. Comparison of Natural, Organic, and Conventional Farming
	Dimension
	Natural Farming
	Organic Farming
	Conventional Farming

	External Inputs
	No synthetic inputs; on-farm preparations only
	Purchased organic inputs allowed
	Synthetic fertilizers, pesticides

	Soil Fertility Management
	Mulching, compost teas, biological activity ​
	Compost, FYM, green manures, rotations
	Mineral fertilizers, limited organic matter ​

	Pest and Disease Control
	Botanical extracts, habitat management ​
	Biopesticides, cultural methods
	Synthetic pesticides, herbicides

	Certification and Markets
	Local, direct markets; limited certification ​
	Regulated certification; premium markets
	Mainstream commodity markets

	Cost Structure
	Very low cash cost; high family labour ​
	Moderate to high input costs
	High variable costs


Source: Indian Journal of Traditional Knowledge
URL: https://or.niscpr.res.in/index.php/IJTK/article/view/2914 (2024)
2. Management Practices in Natural Farming
2.1 Nutrient Management and Soil Health Enhancement
Soil health is fundamental to sustainable and regenerative agriculture, especially in natural farming systems. It refers to the soil’s capacity to function as a living ecosystem that sustains biological productivity, maintains environmental quality, and supports plant and animal health (Doran and Zeiss, 2000; Lal, 2020). Natural farming employs a holistic, biology-driven approach to fertility management, emphasizing diverse plant communities, enhanced microbial activity, improved soil structure, and robust nutrient cycling and water retention (Pretty et al., 2018; Kassam et al., 2019).
Procedure for preparation of Ghanajivamruth 
Ingredients for One Acre
To prepare approximately 200 kg of Ghanjeevamrut, following inputs are required:
· Dry Cow Dung: 200 kg (from local/desi cows).
· Liquid Jeevamrut: 20 liters (already fermented for 5–7 days).
· Alternative (if liquid Jeevamrut is unavailable):  10 kg fresh cow dung + 5 liters cow urine. 1 kg Jaggery (Gur) + 1 kg Pulse flour (Besan). Handful of virgin soil.
Method 1: Using Liquid Jeevamrut (Recommended)
This is the most effective method as the microbes are already active in the liquid.
1. Spread the Dung: Spread 200 kg of well-dried or partially dried cow dung on a clean floor in a shaded area. 
2. Add Liquid: Sprinkle 20 liters of prepared liquid Jeevamrut uniformly over the dung pile.
3. Mix: Use a spade or shovel to mix the liquid and dung thoroughly until it reaches a "dough-like" consistency (damp but not dripping).
4. Heap and Cover: Gather the mixture into a heap and cover it with a jute gunny bag.
5. Fermentation: Let it sit in the shade for 48 hours.
6. Drying: After 48 hours, spread the mixture out again in the shade (never direct sunlight) and allow it to dry completely.
7. Sieving/Grinding: Once dry, break any large lumps with a wooden stick or grind it into a fine powder. (Palekar, S. 2006)
Method 2: The "Direct Mixing" Method
1) Mix 100 kg of cow dung, 1 kg jaggery, 1 kg pulse flour, and a handful of soil. 
2) Add a small amount of cow urine (just enough to bind the ingredients).
3) Form a heap, cover with jute bags, and ferment in the shade for 3-4 days.
4) Dry in the shade, grind into powder, and store. (Palekar, S. 2006)
Application and Storage
Storage: Store the final powder in jute bags in a cool, dry, shaded place. It stays effective for 6 to 12 months. Application:  Basal Dose: Apply 200 kg per acre at the time of sowing by broadcasting it in the field. Top Dressing: Apply a handful near the base of the plants during the first or second weeding. Note: Always apply Ghanjeevamrut when there is moisture in the soil. If the soil is bone-dry, the microbes will remain dormant or perish (Palekar, S. 2006).
2.1.1 Earthworm Activity and Nutrient Cycling
Earthworms are recognized as ecosystem engineers due to their significant impact on soil physical, chemical, and biological properties (Edwards and Bohlen, 1996; Blouin et al., 2013). In natural farming, reduced tillage, absence of chemical pesticides, and regular application of organic bio-inputs foster favourable conditions for earthworm proliferation (Patel et al., 2023; Sarangthem et al., 2023).
The integration of Jeevamrit, Ghanjeevamrit, and organic mulches increases earthworm abundance and biomass, resulting in improved soil aggregation, porosity, and nutrient availability (Sharma and Chadak, 2022; Patel et al., 2023). In contrast, conventional practices involving intensive tillage and agrochemicals disrupt soil fauna and impair long-term fertility (Lal, 2020; Rockstrom et al., 2017).
Enhanced earthworm activity promotes sustained nutrient cycling by accelerating organic matter decomposition and stimulating microbial interactions, ensuring a continuous supply of plant-available nutrients (Blouin et al., 2013; FAO 2019).
2.1.2 Earthworm Castings as a Nutrient Source
Earthworm castings (vermicasts) are among the most nutrient-rich organic amendments in natural farming. They are rich in readily available nitrogen, phosphorus, potassium, micronutrients, and plant growth regulators (Edwards et al., 2011; Patel et al., 2023).
Vermicasts contain 2000–2500 mg kg⁻¹ nitrogen, surpassing farmyard manure (1200–1600 mg kg⁻¹) and compost (1500–1800 mg kg⁻¹). Phosphorus in vermicasts (800–1000 mg kg⁻¹) exceeds that in manure (500–700 mg kg⁻¹) and compost (600–900 mg kg⁻¹). Potassium content (1200–1500 mg kg⁻¹) is also higher than in other organic amendments (Patel et al., 2023; Sharma and Chadak, 2022).
Beyond nutrients, vermicasts enhance microbial diversity, cation exchange capacity, and soil aggregate stability, improving nutrient retention and reducing leaching (Blouin et al., 2013; Lal, 2020).
2.1.3 Synergy of Earthworms and Bio-inputs
The synergy between earthworms and bio-inputs like Jeevamrit and Ghanjeevamrit generates multiple agronomic and ecological benefits. Earthworm activity boosts microbial biomass and enzyme activity, accelerating nutrient mineralization and synchronizing nutrient supply with crop demand (Sharma and Chadak, 2022; Singh et al., 2019).
Studies show earthworm-rich soils under natural farming support 15–25% higher crop yields due to improved nutrient cycling, soil structure, and water-use efficiency (Patel et al., 2023; Pretty et al., 2018). By reducing synthetic fertilizer reliance, natural farming lowers costs, minimizes pollution, and improves long-term soil resilience (FAO, 2019; IPCC, 2022)
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              Fig. 4. Earthworm‑mediated nutrient recycling in natural farming. 
Crop residues and mulch are ingested by earthworms, fragmented, and biologically processed, stimulating N‑fixers and phosphorus‑solubilizing bacteria, which results in nutrient‑rich casts and improved soil structure and porosity.
2.1.4 Principles of Soil Health Management
Natural farming is guided by five core principles:
· Soil shielding through mulching and residue retention to prevent erosion and buffer temperature extremes.
· Minimal soil disturbance to preserve soil structure and microbial habitats.
· Crop diversity and multiple cropping systems to enhance nutrient cycling and pest suppression.
· Continual presence of living roots to sustain rhizosphere microbial activity.
· Integration of livestock for on-farm nutrient recycling and resource efficiency.
These principles align with global soil health frameworks and conservation agriculture models (FAO, 2019; Kassam et al., 2019; Lal, 2020).
2.1.7 Nutrient Composition of Key Bio-inputs
	Bio-input
	N (%)
	P (%)
	K (%)

	Beejamrit
	0.72–2.38
	0.12–0.14
	0.23–0.49

	Jeevamrit
	0.25–1.40
	0.13–0.42
	0.26–0.31

	Ghanjeevamrit
	1.05–1.80
	0.16–0.30
	0.68–0.85


Table 3. Bio-inputs and their Nutrient Composition 

These formulations are not direct fertilizer substitutes, but their agronomic value lies in stimulating microbial processes that mobilize native soil nutrients rather than supplying nutrients directly (Palekar, 2016; Ladha et al., 2020; Choudhary et al., 2022).
2. 2. Weed Management in Natural Farming
Weed management in natural farming relies on ecological regulation rather than chemical herbicides. Mulching suppresses weed emergence by blocking light and conserving moisture, while crop rotation and intercropping disrupt weed life cycles (Suganthy et al., 2023; Krishnan, 2023). Cover crops, especially allelopathic species like mustard and sorghum, release biochemicals that inhibit weed germination and enrich soil organic matter (Lal, 2020; FAO, 2019).
Living Mulch and Brown Manuring
· [image: Infographic of ecological weed management practices in natural farming.]Brown Manuring: Seeding a green manure crop (e.g., Sesbania, Crotalaria) alongside the main crop and mechanically suppressing it after 30 days creates a thick protective mat. This reduces weed density by 40–50% in rice systems without synthetic inputs (Kumar et al., 2022).
· Stale Seedbed Technique: Irrigate the field before planting to encourage weed seed germination, then shallowly till or hoe emerging weeds. This flushes out the weed seed bank, giving the main crop a head start (Rao et al., 2020).Fig: 5. Ecological Weed Management Practices in Natural Farming Systems


· High-Density Planting & Canopy Management: Increased planting density or spatial arrangement leads to rapid canopy closure, shading out weeds (Smith & Sullivan, 2021).
· Bio-Herbicides & Fermented Solutions: Fermented microbial formulations like Bijamrita and Jeevamrita enhance soil microbial activity, which helps decompose weed seeds. Some farmers use vinegar or clove oil sprays sparingly for spot treatment.



Table 4. Weed Management Calendar
	Crop
	Timing
	Activity
	Purpose

	Rice (SRI)
	Pre-planting
	Stale seedbed, shallow till/hoe
	Reduces seed bank

	
	Transplanting
	25x25 cm spacing, cono weeder
	Mechanical weed control

	
	Day 10–15
	1st cono weeder pass
	Buries weeds as green manure

	
	Day 20–25
	2nd cono weeder + spot weeding
	Aeration, field cleaning

	
	Day 40–45
	Final manual removal
	Prevents late-season competition

	Wheat
	Post-harvest
	Deep summer ploughing
	Solarizes weed seeds

	
	Pre-sowing
	Brown manuring (Sesbania)
	Live mulch, later knocked down

	
	Sowing day
	High-density sowing, narrow spacing
	Faster canopy closure

	
	21–30 days
	Manual hoeing after irrigation
	Disrupts weed germination

	
	45–50 days
	Straw mulching
	Suppresses late weeds

	Vegetables
	Land prep
	Soil solarization (plastic)
	Kills weed seeds/pathogens

	
	Planting day
	Live mulch/intercropping
	Smother crops

	
	Week 2
	Blind hoeing
	Kills early weeds

	
	Week 4
	Heavy dry mulching
	Permanent suppression

	
	Flowering
	Manual pulling
	Prevents seed return



2.3. Pest Management in Natural Farming
Natural farming employs ecology-based pest management through cultural, biological, and mechanical strategies. Habitat diversification via intercropping and trap cropping boosts populations of natural enemies, reducing pest outbreaks (Murthy and Venkateshwarulu, 1998; Pretty et al., 2018). Botanical formulations (astras), such as Neemastra, Agniastra, and Brahmastra, are widely used for targeted pest suppression (Suganthy and Ganesan, 2023).
Procedure for preparation of Neemastra, Agniastra, Brahmastra   
1. Neemastra
For preparation of 100 liters of Neemastra, following materials were required: neem leaves (fresh, 5 kg) + cow dung (5 kg) + cow urine (5 L) + lime (500 g) + jaggery (1 kg). Muslin cloth for filtering. 
Mix 5 kg fresh neem leaves (chopped) + 5 kg fresh cow dung + 5 L cow urine + 1 kg jaggery + 500 g lime in 20 L water in a plastic drum. Stir well with wooden stick and soak for 3 days (stir twice daily clockwise/anticlockwise). Solution turns dark brown with neem odour filter through double muslin cloth. Make volume to 100 L with water; add 200 g detergent (1%) as sticker, mix into paste first then blend. (Palekar, S.S. 2006.)
Usage: Spray @ 500-1000 L/ha on soybean/chickpea at sucking pests/whitefly appearance (15-30 DAS); repeat 2-3 times at 10-day intervals.
2. Agniastra
For preparation of 100 liters of Agniastra, following materials were required: cow urine (10 L) + red chilli powder (5 kg) + garlic (3 kg) + ginger (3 kg) + neem leaves/seed (2 kg) + lime (500 g) + jaggery (1 kg). 
Muslin cloth for filtering. Griend garlic (3 kg) + ginger (3 kg) + neem leaves/seed (2 kg) to paste; mix with 5 kg red chilli powder + 1 kg jaggery + 500 g lime in 20 L cow urine. Add to 80 L water in plastic drum; stir vigorously with wooden stick till uniform. Soak for 3 days (stir twice daily clockwise/anticlockwise); solution develops pungent red-brown colour. Filter through double muslin cloth; add 200 g detergent (1%) as sticker (make paste first, then mix). (Palekar, S.S. 2006.)
Usage: Spray @ 500-1000 L/ha on soybean/chickpea for chewing pests (semilooper, girdle beetle, pod borer) at infestation; repeat 2-3 times at 7-10 days intervals.
3. Brahmastra
For preparation of 100 liters of Brahmastra, following materials were required: cow dung (10 kg) + cow urine (10 L) + neem leaves/seed (5 kg) + custard apple leaves (1 kg) +1 kg karanj leaves + 1 kg papya leaves garlic (2 kg) + lime (500 g) + jaggery (2 kg). Muslin cloth for filtering.
Mix 10 kg fresh cow dung + 10 L cow urine + 5 kg chopped neem leaves/seed + 2 kg garlic (crushed) + 1 kg custard apple leaves +1 kg karanj leaves + 1 kg papya leaves + 2 kg jaggery + 500 g lime in 20 L water. Stir thoroughly with wooden stick and soak for 3 days (stir twice daily clockwise/anticlockwise). Solution ferments to dark greenish-brown with strong herbal odour; filter through double muslin cloth. Make volume to 100 L with water; add 200 g detergent (1%) as sticker (make paste first, then blend). (Palekar, S.S. 2006.)
Usage: Broad-spectrum spray @ 500-1000 L/ha on soybean/chickpea for multiple pests (sucking/chewing/soil insects) at early infestation (15-45 DAS); repeat 2-3 times at 10-day intervals.
Badiyala and Sharma (2021): The study describes the use of various astras such as Darekastra, Brahmastra, Agneyastra, Dashaparni, and Neemastra for controlling sucking and chewing pests, fruit borers, and leaf folders. These are prepared from local plant materials and cow urine, and are effective against more than 550 insect species. Neem-based astras (Neemastra, Neem paste) are especially effective due to azadirachtin, which acts as a repellent, antifeedant, and growth disruptor. 
             Indian Farmer (2021): The guide highlights that astras are prepared from locally available resources and are used for both preventive and curative pest control. Examples include Brahmastra for sucking pests and older larvae, Agneyastra for hidden pests like borers, and Neemastra for sucking pests and young caterpillars. These are applied as sprays and are safe for beneficial insects. 
            Singh, A., & Kumar, R. (2024): Research shows that astras like Agniastra, made from cow urine, chili, garlic, and neem leaves, provide effective pest control without adverse effects on plant growth or yield. They are environmentally safe and cost-effective alternatives to chemical pesticides. 
             Kumar, S. (2022)These extracts are effective against aphids, caterpillars, and other common pests, with fast degradation and reduced environmental impact compared to synthetic options. 
             MANAGE (2023): Natural, farm-made biopesticides like Neem Astra are advocated for pest and disease control in natural farming systems. Multi-cropping and the use of astras are encouraged to enhance crop protection and sustainability.
              Suneel Kumar and Sarada (2020) conducted experiments in Andhra Pradesh, India, to evaluate the efficacy of Agniastra and Neemastra in controlling pests in soybean and chickpea. The astras were prepared from cow urine, chili, garlic, and neem leaves, fermented, and applied as foliar sprays. The results showed a significant reduction in pest populations (aphids, caterpillars, borers, and whiteflies) and improved yield in both crops compared to untreated control plots. The study demonstrated that astras are effective, environmentally friendly alternatives to chemical pesticides in soybean and chickpea cultivation. 
            NIPHM (2022), The National Institute of Plant Health Management (NIPHM) conducted experiments in Hyderabad, India, in 2022, to test the effectiveness of cow urine and Neem oil sprays for managing collar rot and rust in soybean and chickpea. The treatments were applied as foliar sprays and seed treatments. The results indicated effective control of collar rot and rust, with reduced disease incidence and improved plant health in both crops. The study highlighted the potential of astras in sustainable pest and disease management for chickpea
Botanical Components and Their Pesticidal Properties
Botanicals play a vital role in natural farming for pest management. Key plant-based formulations and their active compounds include:
Garlic (Allium sativum): Diallyl disulfide exhibits insecticidal, fungicidal, and nematicidal activity (Edwards et al., 2011; Murthy and Venkateshwarulu, 1998; Saharan et al., 2023).
Chilli (Capsicum spp): Capsaicin disrupts insect nervous systems and feeding behavior Chaudhary et al., (2019).
Tobacco (Nicotiana tabacum): Nicotine has strong insecticidal effects (use with caution due to toxicity (Rana 2015, Weber et al., 2019).
Neem (Azadirachta indica): Azadirachtin interferes with insect growth and reproduction (Nisbet 2000,  Dhakad et al., 2025)
Karanj (Pongamia pinnata): Pongamol and karanjin provide insecticidal and antimicrobial effects. (Purkait et al., 2021, Devi et al., 2012, Singh et al., 2024, Ahma et al., 2024, Jaiswal, et al., 2021)
Custard apple (Annona squamosa)
The seed oil, rich in annonin, is more effective than leaf or seed extracts and can be used as a botanical pesticide for controlling various agricultural and household pests (IJARSCT, 2020; India MART, 2008). Furthermore, green copper nanoparticles synthesized from custard apple seeds show strong insecticidal activity against mosquito and beetle larvae, with low toxicity to non-target organisms, making them a promising eco-friendly alternative to synthetic pesticides (Jothibasu et al., 2021).
2.4 Disease Management in Natural Farming
Disease management in natural farming emphasizes preventive strategies, including crop rotation, balanced nutrition, seed treatment with Beejamrit, and maintenance of soil microbial diversity. Botanical extracts containing antiviral proteins from sorghum, coconut, Vitex negundo, and Prosopis juliflora have demonstrated efficacy in suppressing viral replication in crops (Saharan et al., 2023). Milk and fermented buttermilk sprays have shown antiviral effects in Solanaceae, Piperaceae, and Malvaceae crops (Murthy and Venkateshwarulu, 1998).
2.5 Nematode Management
Integrated nematode management in natural farming combines cultural, biological, and physical approaches. Biological control using bacteria (Pasteuria penetrans) and nematode-trapping fungi (Arthrobotrys, Verticillium, Hirsutella, Pochonia chlamydosporia) is effective against Meloidogyne spp. (Weibelzahl-Fulton et al., 1996; Wang and McSorley, 2003; Hano and Khan, 2016).
2.6. Water and Nutrient Management
Water use efficiency (WUE) and nutrient use efficiency (NUE) are critical for sustainable agriculture, especially in natural farming systems. Mulching with crop residues or organic materials reduces soil evaporation, conserves moisture, and improves WUE. Organic matter addition enhances soil water-holding capacity, supporting plant growth under water-limited conditions (Singh et al., 2023; Suganthy et al., 2023; Lakhani et al., 2025).
Microbial inoculants like Jeevamrit and Ghanjeevamrit improve soil structure, water retention, root development, and nutrient uptake. These bio-inputs stimulate microbial activity, increasing nutrient mineralization and synchronizing nutrient release with crop demand, thereby boosting both WUE and NUE (Sharma & Chadak, 2022; Saharan et al., 2023; Dwivedi et al., 2021).
Rainwater harvesting and drip irrigation are recommended for optimal water supply, minimizing wastage and maximizing WUE, particularly in semi-arid regions (Lal, 2020; Suganthy et al., 2023). Crop diversification and rotations enhance soil structure, root distribution, and drought resilience (Singh et al., 2023; Pretty et al., 2018). Minimal soil disturbance preserves aggregates and organic matter, improving water infiltration and reducing runoff (Rockstrom et al., 2017; Dwivedi et al., 2021).
Integrated nutrient management (INM) combines organic inputs (compost, green manures, Jeevamrit) with crop rotations and residue management to optimize nutrient cycling and minimize leaching, improving NUE (Das et al., 2024; Saharan et al., 2023; Dwivedi et al., 2021). Microbial consortia enhance nutrient mineralization and release, synchronizing supply with crop demand (Sharma & Chadak, 2022; Saharan 
et al., 2023). Crop residue retention recycles nutrients, improves organic matter, and enhances nutrient availability (Singh et al., 2023; Suganthy et al., 2023).
Balanced crop rotations and intercropping promote biological nitrogen fixation and efficient nutrient uptake, further improving NUE (Das et al., 2024; Saharan et al., 2023). Site-specific nutrient management (SSNM) tailors nutrient applications to crop needs, minimizing excess inputs and maximizing uptake efficiency (Das et al., 2024; Dwivedi et al., 2021).
Natural farming practices are interconnected and contribute to various mechanisms that improve soil health, nutrient availability and water efficiency, leading to a more resilient agricultural system and potentially higher crop yields with better carbon accumulation in the soil (Mishra et al., 2023).
3. Results and Discussion
On the basis of 2 years of study it can be inferred that chickpea sole with integration of both organic and natural farming practices proved significantly better in terms of growth, yield attributes and yield. Where as seed yield of chickpea among different organic nutrient modules was recorded highest with integration of both natural and organic farming 1149, 1072 and 1111 kg ha-1 during 2022-23, 2023-24 and pooled respectively and organic farming recorded seed yield of about 1048 kg ha-1  and natural farming recorded 945 kg ha-1  pooled. Therefore, chickpea sole with integration of both organic and natural farming practices can be recommended for inclusion under package of practices for farmers of Vidarbha region of Maharashtra (Charitha  et al., 2025)
Long-term field experiments at ZARS, Mandya, Karnataka (2019–2022) revealed that natural farming systems exhibited lower yields in high nutrient-demanding crops like paddy, primarily due to limited immediate nutrient availability, slower mineralization, and absence of external supplementation during peak demand. Paddy showed greater yield penalties compared to conventional practices, a trend reported for cereals during initial transition phases (Ranjit Kumar et al., 2019; Das et al., 2024). 
In contrast, low-input crops such as green gram performed better under natural farming, with minimal yield reduction and improved resource-use efficiency, attributed to their biological nitrogen fixation and efficient nutrient uptake (Kumar et al., 2019; Sarangthem et al., 2023). These findings indicate that legumes and short-duration, low nutrient-extraction crops are better suited for biologically regulated nutrient management (Siddu Malakannavar, 2024).
Multi-season cotton experiments at Tamil Nadu Agricultural College and Research Institute (2021–23) showed that while integrated crop management (ICM) yielded slightly higher seed cotton, natural farming systems recorded superior net returns and benefit–cost ratios due to lower input costs for fertilizers, pesticides, and agrochemicals. Comparable trends have been documented in cotton and oilseed crops, where reduced input dependency improved profitability despite modest yield differences (Monica et al., 2023; Suganthy et al., 2023). Near-parity in yields was supported by improved soil biological activity, enhanced root growth, and sustained nutrient availability through bio-inputs and diversified cropping. Long-term studies confirm that bio-input-based systems stabilize yields over time by enhancing microbial biomass, enzyme activity, and nutrient cycling (Sharma & Chadak, 2022; Saharan et al., 2023). Lower cultivation costs under natural farming compensated for minor yield reductions, improving economic resilience and profitability, especially under escalating input costs and environmental stress. Thus, natural farming should be assessed holistically, considering profitability, soil health, and sustainability, rather than solely on yield maximization (Ranjit Kumar et al., 2019; Das et al., 2024).

4. Casestudy
A documented case of Dr. Shashikant Salunkhe from Satara district describes his transition from chemical farming to Sri Sri natural farming on crops such as turmeric and sugarcane, where he reports sharply reduced fertilizer and pesticide costs, stable yields, and better prices due to strong consumer demand for residue‑free produce. His work with a Participatory Guarantee System (PGS) group and training of other farmers illustrates how individual innovators can catalyse adoption of natural farming in Maharashtra.tarunaturals​
NABARD case documentation includes Maharashtra farmers such as Shri Prakash Bhosale and others (names listed in the NABARD “Documenting Cases of Successful Farmers Adopting Natural Farming” report) who shifted to zero‑budget or natural farming after facing rising indebtedness under conventional input‑intensive systems. These farmers consistently report 20–40% lower paid‑out costs and perceived improvements in soil structure, earthworm activity and drought resilience after adopting Jeevamrit, Beejamrit, mulching and diversified cropping.nabard​
A marketing‑focused case from Maharashtra cites entrepreneurs like Ashok Dhonde (featured in state‑level write‑ups on natural farming produce branding) who built local brands for naturally grown grains and pulses, combining low‑input production with direct marketing to urban consumers at premium prices. This shows that farmer‑led branding and value‑addition can make natural farming more profitable even when yields are similar to or slightly lower than conventional systems.abp.championsofchange+1
5. Role of Natural Farming in Climate Change Mitigation and Carbon Sequestration
Natural farming has gained increasing attention for its potential contribution to climate change mitigation through enhanced soil carbon sequestration and reduced greenhouse gas (GHG) emissions. Unlike conventional systems that rely heavily on synthetic fertilizers and fossil-fuel-based inputs, natural farming promotes carbon sequestration through continuous organic matter addition, minimal soil disturbance, and increased biological activity. Studies indicate that soils managed under natural or agroecological systems can sequester 0.3-1.2 Mg C ha-1 year-1, depending on soil type and management intensity (Paustian et al., 2019). Enhanced microbial biomass and root-derived carbon inputs improve soil aggregate stability, thereby increasing long-term carbon storage and reducing CO2 emissions. Furthermore, reduced reliance on nitrogenous fertilizers significantly lowers nitrous oxide (N2O) emissions, a potent greenhouse gas with a global warming potential nearly 300 times that of CO2 (IPCC, 2022). Natural farming thus contributes to climate mitigation while enhancing system resilience, positioning it as a viable nature-based solution within national and global climate action frameworks.
6. Socio-Economic Resilience and Farmer Livelihoods under Natural Farming
Beyond agronomic outcomes, natural farming contributes significantly to strengthening rural livelihoods and socio-economic resilience. Reduced dependency on external inputs lowers production costs and shields smallholders from price volatility in fertilizer and pesticide markets. Empirical studies across India have shown that farmers practicing natural farming experience reduced indebtedness, improved net income stability, and enhanced autonomy over production decisions (Khadse et al., 2018; Reddy et al., 2021). Moreover, community-based knowledge exchange and collective input preparation foster social capital and farmer-to-farmer learning networks. Women’s participation in preparation of bio-inputs and local marketing of produce further enhances household income and gender equity. These socio-economic benefits position natural farming not merely as an agronomic practice, but as a rural development strategy that strengthens livelihood security, social cohesion, and adaptive capacity under climate and market uncertainties.
7. Policy Integration and Institutional Support for Scaling Natural Farming
The long-term success of natural farming depends on coherent policy frameworks, institutional support, and investment in research-extension linkages. Recent policy initiatives in India, such as the Bharatiya Prakritik Krishi Paddhati (BPKP) and the National Mission on Natural Farming (NMNF), reflect growing recognition of agroecological approaches within national agricultural planning. These programs aim to mainstream natural farming through capacity building, financial incentives, and decentralized extension systems (Ministry of Agriculture & Farmers Welfare, 2022). However, scaling remains constrained by limited scientific validation across diverse agro-climatic zones, weak market linkages, and absence of standardized certification mechanisms. Strengthening public research investments, establishing region-specific natural farming protocols, and integrating digital advisory platforms can accelerate adoption. International experiences also indicate that supportive policy ecosystems, coupled with farmer-led innovation networks, are critical for transitioning from pilot-scale success to national-level impact (FAO, 2021; Tittonell et al., 2020).
8. Conclusion
Natural farming is a biologically driven, low-input, and cost-efficient alternative to chemical-intensive agriculture, prioritizing ecological processes over synthetic inputs. While yield performance varies across crops, soils, and agro-ecological zones, empirical evidence consistently reports improvements in soil health-enhanced structure, organic carbon, microbial biomass, and enzymatic activity (Ranjit Kumar et al., 2019; Sharma & Chadak, 2022; Suganthy et al., 2023). On-farm bio-inputs like Jeevamrit, Ghanjeevamrit, crop residue mulching, and diversified cropping promote microbially mediated nutrient cycling, improving nutrient and moisture retention while reducing soil degradation (Saharan et al., 2023; Sarangthem et al., 2023). Although natural farming may not maximize yields in high nutrient-demanding cereals during early transition years, several studies show that yield penalties are often offset by reduced production costs, leading to higher or comparable net farm incomes (Ranjit Kumar et al., 2019; Monica, 2023). Lower expenditure on fertilizers, pesticides, and energy-intensive inputs enhances farmers’ economic resilience, particularly under rising input prices and climatic uncertainty. Long-term assessments indicate that improvements in soil biological activity and nutrient-use efficiency stabilize yields, making natural farming more resilient to drought and biotic stresses (Das et al., 2024). Therefore, natural farming should be evaluated as a holistic production system integrating productivity, profitability, environmental sustainability, and long-term soil health, offering a viable pathway for resilient and sustainable agriculture in resource-constrained landscapes (Suganthy et al., 2023; Das et al., 2024). It increases the Socio-Economic Resilience Reduced dependency on external inputs lowers production costs and shields smallholders from price volatility in fertilizer and pesticide markets (Khadse et al., 2018; Reddy et al., 2021).
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