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ABSTRACT 

Ancient Indian agricultural practices, centered on the principle of Bhoomi Suposhana (soil 

nourishment), utilize complex fermented formulations such as Kunapajala, Panchagavya, 

and Jivamrita to restore biological soil vitality. While these time-honored methodologies 

demonstrate a sophisticated understanding of microbial ecology and nutrient cycling, their 

widespread industrial adoption is limited by the "Standardization-Stability-Scalability" 

triad.The integration of microbial biotechnology offers a path to modernize these ancestral 

liquid ferments. By employing metagenomic characterization to map functional microbial 

taxa, bio-polymeric encapsulation to extend shelf-life, and nanotechnology for precision 

delivery, researchers can stabilize the potent microbial consortia found in Vedic formulations. 

This synthesis represents a paradigm shift toward sustainable, climate-smart agriculture that 

bridges the gap between decentralized "farm-side" practices and high-efficacy industrial 

applications. 

 

KEYWORDS: Indian Knowledge Systems (IKS), Microbial Biotechnology, Next-

Generation Biofertilizers (NGBs), Bhoomi Suposhana, Sustainable Agriculture. 

 

1. INTRODUCTION 

Agricultural systems in India represent a profound synthesis of spiritual tradition and 

empirical scientific understanding, rooted in practices that have evolved over millennia. 

These time-honored methodologies demonstrate a sophisticated comprehension of ecosystem 

dynamics, prioritizing Bhoomi Suposhana (soil nourishment) as the prerequisite for 

sustainable productivity (Nene, 2012). Central to this Indigenous Technical Knowledge (ITK) 
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is the application of complex microbial formulations that facilitate natural nutrient cycling 

and biological disease suppression, reflecting a holistic worldview where agriculture is 

viewed as a sacred duty of ecological stewardship (Choudhary & Vashist, 2020).Despite this 

rich legacy, contemporary Indian agriculture is confronted by a critical "yield plateau," 

characterized by stagnant productivity and systemic environmental stress. Decades of 

overreliance on synthetic agrochemicals have precipitated widespread pedological 

degradation and the collapse of soil microbial diversity, threatening both national food 

security and rural livelihoods (Kumar et al., 2022). Addressing these multifaceted challenges 

necessitates a transformative paradigm: the strategic integration of Microbial Biotechnology 

with the framework of ITK.By leveraging advanced biotechnological tools—such as 

metagenomic characterization and strain optimization—researchers can amplify the natural 

functions of native microbial consortia found in traditional formulations (Bhattacharya, 

2021). This fusion revitalizes soil ecosystems by restoring microbial activity critical for soil 

structure and nutrient availability. Furthermore, this integrative strategy aligns with India’s 

cultural ethos of harmony with nature, fostering agroecosystems that are resilient to climate-

induced stresses while reducing the socio-economic burden on farming communities 

(Swaminathan, 2005).  

 

 

Figure 01: IKS in Next generation biofertilizer (Source: Nano Banana 2 model) 

 

2. The Indian Knowledge System (IKS) in Agriculture: 

Ancient Indian agriculture focused on the concept of Bhoomi Suposhana (Soil Nourishment). 
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2.1 Vrikshayurveda: The Vrikshayurveda, an ancient Indian treatise on arbori-horticulture 

attributed to the sage Surapala (c. 10th century CE), provides one of the earliest documented 

systemic approaches to plant nutrition through the formulation of Kunapajala. This 

"fermented liquid manure" was traditionally prepared by anaerobic decomposition of animal 

constituents—such as flesh, marrow, and excreta—combined with water, pulses, and oil 

cakes (Nene, 2012). The biochemical complexity of Kunapajala indicates a sophisticated 

historical understanding of nutrient solubilization and microbial fermentation long before the 

development of synthetic chemical fertilizers. Unlike industrial fertilizers that rely on energy-

intensive Haber-Bosch processes, Kunapajala represents an eco-centric, circular agricultural 

model that utilizes locally available organic resources to maintain the "biological pulse" of 

the soil (Choudhary & Vashist, 2020). Modern metabolic profiling of Kunapajala confirms its 

role as a precursor to contemporary bio-stimulants, revealing high concentrations of amino 

acids, low-molecular-weight fatty acids, and growth-promoting microbes that enhance 

systemic plant vigor and long-term soil fertility (Jani et al., 2017). The detailed prescriptions 

found in the Vrikshayurveda regarding the precise ratios and maturation periods of 

Kunapajala underscore a deep reservoir of empirical knowledge, aligning seamlessly with 

modern principles of regenerative agriculture and organic nutrient management (Sushil et al., 

2018). 

2.2 Panchagavya: Derived from the Sanskrit for "five products of the cow," Panchagavya is 

a synergistic mixture of three primary bovine excretions and two processed derivatives. In 

contemporary sustainable agriculture, this base is often enriched with organic catalysts—

including jaggery, ripened banana, and coconut water—to facilitate rapid microbial 

proliferation (Sreenivasa et al., 2010). The scientific efficacy of Panchagavya lies in the 

unique functional contributions of its five core components: 

2.2.1 Cow Dung ($Gomaya$): Functions as the primary organic carbon substrate and serves 

as a high-density inoculum for Plant Growth Promoting Rhizobacteria (PGPR), essential for 

soil structure and fertility restoration (Bhattacharya, 2021). 

2.2.2 Cow Urine ($Gomutra$): Provides a bio-available source of nitrogen, urea, and uric 

acid. Notably, the presence of hippuric acid imparts potent antifungal properties, reducing the 

incidence of soil-borne pathogens (Nene, 2012). 

2.2.3 Milk ($Ksheera$): Acts as a complex nutrient broth, supplying the essential fats, 

proteins, and amino acids required to sustain beneficial fungal populations (Kumar et al., 

2022). 
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2.2.4 Curd ($Dahi$): Introduces a diverse population of Lactobacillus species. These bacteria 

produce organic acids that lower localized soil pH, thereby solubilizing fixed inorganic 

phosphates into bio-available forms (Shwetha, 2014). 

2.2.5 Ghee ($Ghrita$): Serves as a natural bio-surfactant. Its fatty acid profile provides a 

protective coating for microbial cells, facilitating a regulated, "slow-release" nutrient delivery 

mechanism to the plant rhizosphere (Sushil et al., 2018). 

 

3. The Science Behind Traditional Formulations 

The systematic integration of Indigenous Technical Knowledge (ITK) into the framework of 

modern agronomic science necessitates a granular understanding of Microbial Ecology and 

Substrate Dynamics. Far from being rudimentary "nutrient soups," traditional Indian 

formulations such as Jivamrita and Panchagavya function as sophisticated biotechnological 

delivery systems for beneficial microorganisms (Bhattacharya, 2021). 

 

Table 1: Microbial Diversity and Functions in Traditional Indian Formulations. 

S.N. Formulation Key 

Microbial 

Ingredients 

Dominant 

Microorganisms 

Agricultural 

Function 

Reference 

1. Jivamrita Cow dung, 

urine, 

jaggery, 

pulse flour 

Bacillus spp., 

Pseudomonas, 

Actinomycetes 

Soil nitrogen 

fixation and 

phosphorus 

solubilization 

Palekar 

(2006); 

Shwetha 

(2014) 

2. Panchagavya Milk, curd, 

ghee, dung, 

urine 

Lactobacillus, 

Saccharomyces 

Plant growth 

promotion and 

immunity boost 

Sreenivasa et 

al. (2010) 

3. Bijamrita Lime, cow 

dung, soil 

Fungi, beneficial 

bacteria 

Seed treatment 

and protection 

against soil-

borne pathogens 

Swaminathan 

(2005) 

4. Kunapajala Fermented 

animal waste, 

pulses 

Proteolytic 

bacteria 

Rapid nutrient 

release and 

protein 

synthesis 

Nene (2012) 

 

4. Transitioning to Next-Generation Biofertilizers (NGBs): 

Next-Generation Biofertilizers (NGBs) signify a paradigm shift in agricultural biotechnology, 

marking the transition from traditional, single-strain nitrogen fixers to sophisticated Multi-

functional Microbial Consortia (Bhattacharya, 2021). These advanced formulations do not 

merely supplement soil nutrients; they create a resilient biological network capable of 

simultaneously enhancing plant growth, suppressing pathogens, and restoring soil structure. 
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The modernization of these ancient liquid ferments into NGBs is facilitated by three core 

technological pillars: 

4.1 Omics Technologies: The application of Metagenomics and high-throughput sequencing 

allows for the precise taxonomic and functional mapping of the "active" microbial dark 

matter within traditional formulations like Jivamrita. This "Omics" approach provides the 

empirical evidence required to identify the core functional taxa responsible for plant growth-

promoting (PGP) traits (Kumar et al., 2022). 

4.2 Encapsulation Techniques: To overcome the environmental sensitivity of indigenous 

microbes, bio-polymeric encapsulation (using substances like alginate or chitosan) is 

employed. This creates a protective micro-environment that shields the beneficial consortia 

from desiccation, UV radiation, and extreme soil pH, ensuring a regulated and sustained 

release of the microbial inoculum (Saharan & Nehra, 2011). 

4.3 Nano-Biofertilizers: The convergence of traditional microbial extracts with 

Nanotechnology allows for the development of targeted delivery systems. By utilizing nano-

carriers, the essential metabolites and microbes can be delivered directly to the plant 

rhizosphere or stomata, significantly increasing nutrient use efficiency and reducing the 

volumetric requirements of the fertilizer (Bhattacharya, 2021). 

 

5. Comparative Analysis: Traditional vs. Synthetic vs. NGBs 

The comparative assessment of agricultural inputs highlights a fundamental dichotomy 

between short-term productivity gains and the preservation of long-term ecosystem integrity. 

Synthetic fertilizers, characterized by an immediate "nutrient shock" that catalyzed the Green 

Revolution, operate within a linear "take-make-waste" framework; this model has been linked 

to systemic soil acidification, groundwater nitrate contamination, and the catastrophic 

depletion of indigenous microbial diversity (Pretty, 2018). 

In contrast, traditional Indian Knowledge System (IKS) formulations, such as Jivamrita and 

Panchagavya, embody a circular regenerative philosophy known as Bhoomi Suposhana (soil 

nourishment). These inputs function primarily as microbial inoculants that restore the soil's 

biological vitality, although their adoption is often constrained by lower nutrient density and 

limited post-fermentation stability (Palekar, 2006; Shwetha, 2014). 

Next-Generation Biofertilizers (NGBs) emerge as the biotechnological synthesis of these two 

divergent approaches. By employing advanced delivery mechanisms—such as nano-

encapsulation and bio-polymeric coatings—NGBs standardize and stabilize the potent 

microbial strains found in traditional Vedic ferments. This evolution ensures the high efficacy 

http://www.ijarp.com/
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and logistical stability required for industrial-scale agronomy while preserving the carbon-

sequestering and non-toxic attributes of ancestral practices, thereby bridging the divide 

between ancient ecological wisdom and contemporary food security requirements 

(Bhattacharya, 2021; Kumar et al., 2022). 

 

Table 2: Comparative Efficacy of Nutrient Management Systems. 

S.N. Parameter Synthetic Fertilizers Traditional IKS 

Formulations 

Next-

Generation 

Biofertilizers 

(NGBs) 

Reference 

1. Nutrient 

Availability 

High (Instant) Low to Medium 

(Slow release) 

High 

(Regulated 

release) 

Bhattacharya 

(2021) 

2. Soil Health Degradation/Acidification Restoration/Humus 

build-up 

Restoration + 

Pathogen 

suppression 

Kumar et al. 

(2022) 

3. Cost of 

Production 

High (Subsidized) Very Low (On-

farm) 

Medium 

(Commercial 

scale) 

Pretty 

(2018) 

4. Microbial 

Diversity 

Decreased Highly Increased Targeted 

Increase 

Saharan & 

Nehra 

(2011) 

 

6. CHALLENGES AND FUTURE PERSPECTIVES 

While the convergence of ancient Indian agronomical wisdom and modern microbiology 

offers a transformative path for sustainable farming, several systemic hurdles must be cleared 

to transition from "farm-side fermentation" to global industrial application. These challenges 

center on the "Standardization-Stability-Scalability" triad. 

6.1. The Standardization Paradox: Harmonizing Regional Diversity 

A significant barrier to the scientific mainstreaming of Indian Knowledge Systems (IKS) is 

the inherent variability of traditional inputs. Recipes for formulations like Jivamruta or 

Amritpani are inherently decentralized; the microbial load fluctuates based on bovine breed, 

regional fodder, and local climatic conditions (Shwetha, 2014). This lack of a "monolithic 

protocol" complicates regulatory biosafety certifications and quality control. To address this, 

microbial biotechnology must shift toward identifying a "Core Functional Microbiome"—a 

standardized consortium of the most potent microbes that can be replicated in a laboratory 

setting to ensure consistent efficacy across diverse geographical landscapes (Bhattacharya, 

2021; Kumar et al., 2022). 
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6.2. Metabolic Stability and the Shelf-Life Constraint 

Unlike the high chemical stability of synthetic urea, traditional liquid ferments are "living" 

ecosystems with intense metabolic rates. In their raw form, these formulations often reach a 

microbial "population peak" within 72 to 96 hours, followed by rapid nutrient depletion 

(Sreenivasa et al., 2010). This ephemeral nature renders them unsuitable for commercial 

supply chains. The path forward involves Advanced Bio-formulation Engineering, such as 

lyophilization and micro-encapsulation (Sushil et al., 2018). By inducing a state of "induced 

dormancy," the shelf-life of these bio-inputs can be extended to match the logistical 

convenience of conventional fertilizers. 

6.3. Scaling: From Ritualistic Pits to Industrial Bioreactors 

Transitioning from a decentralized "pit-and-pot" model to a macro-scale manufacturing 

framework requires significant advances in Bioprocess Engineering. Current indigenous 

methods, while effective for "Zero Budget" farming (Palekar, 2006), struggle with oxygen 

transfer rates and contamination risks at higher volumes. Scaling up necessitates the design of 

specialized bioreactors that mimic the natural fermentation conditions of Vrikshayurveda but 

with 21st-century precision—controlling pH and temperature to optimize the production of 

secondary metabolites like auxins and siderophores (Choudhary & Vashist, 2020; Saharan & 

Nehra, 2011). 

6.4. Future Path: The "Smart IKS" and Digital Agronomy 

The next frontier lies in the integration of Artificial Intelligence (AI) with traditional 

ecological knowledge. This "Smart IKS" approach involves building predictive models that 

correlate soil "Omics" data with the microbial fingerprints of ancient formulations (Jani et al., 

2017). Instead of a "one-size-fits-all" application, farmers could utilize AI-driven platforms 

to receive a Precision Bio-Recipe tailored specifically to their soil’s deficiency and the crop’s 

physiological needs (Pretty, 2018). This synergy of Vedic principles and digital logic 

represents the pinnacle of "Climate-Smart" agriculture (Swaminathan, 2005). 

 

7. CONCLUSION 

The evolutionary trajectory from the traditional fermented pits of Vrikshayurveda to the 

precision-controlled bioreactors of modern laboratories represents a continuous spectrum of 

human ingenuity, bridging millennia of agricultural practice. This review has demonstrated 

that ancient Indian formulations like Panchagavya and Jivamrita are not merely relics of 

"folklore" but are, in fact, sophisticated biological systems that rely on complex microbial 

consortia, enzymatic signaling, and nutrient mineralization. By re-evaluating these practices 
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through the rigorous lens of microbial biotechnology—utilizing metagenomics, proteomics, 

and advanced formulation engineering—we can transition from raw, variable liquid ferments 

to standardized, high-efficacy Next-Generation Biofertilizers (NGBs). 
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