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Abstract

The global transition toward sustainable and
ecologically sound agricultural systems has necessitated a
fundamental re-evaluation of how crops are nourished. In
organic and natural farming paradigms, the reliance on
synthetic inputs is replaced by biological interventions aimed
at fostering soil vitality. For heavy-feeding leguminous crops
like soybean, which require substantial inputs of both
nitrogen and phosphorus to sustain their high-protein grain
yield, traditional organic amendments often fall short in
delivering readily available nutrients during peak
physiological demand. This has led agronomists and
researchers to rediscover Vrikshayurveda, an ancient Indian
horticultural and agricultural science codified by the scholar
Surapala. This article explores the biochemical and
physiological rationale behind utilizing Vrikshayurveda
practices for nutrient management in modern soybean
cultivation. By critically examining interventions such as
Beeja Samskara (biological seed treatment), the application
of Kunapajala (fermented liquid organic formulations), and
the use of botanical foliar sprays, we elucidate how these
ancient techniques modulate the soil microbiome, enhance
symbiotic nitrogen fixation, and solubilize bound soil
phosphorus. For postgraduate scholars and agricultural
scientists, understanding these biological pathways is
essential for transitioning natural farming from a traditional
art into a scalable, scientifically validated agronomic science
capable of sustaining high-yielding legume crops.

Introduction

Modern agriculture finds itself at a critical
crossroads, grappling with the dual mandate of feeding a
growing global population while simultaneously mitigating
the severe ecological degradation caused by decades of
intensive agrochemical use. Soybean stands as a cornerstone
of the global agricultural economy, providing a dense source
of protein and oil for both human consumption and
livestock feed. However, the conventional cultivation of
soybean is highly resource-intensive, relying heavily on the
application of synthetic nitrogen and phosphorus fertilizers.
The chronic overuse of these inputs has resulted in the
systemic deterioration of soil structure, the depletion of
native soil microbiomes, and widespread nutrient runoff that
pollutes aquatic ecosystems. The urgent need to transition
toward organic and natural farming systems requires more

than merely substituting chemical fertilizers with bulk
organic matter; it requires a profound paradigm shift.
Agronomists must move away from the concept of feeding
the plant directly and instead focus entirely on engineering a
robust, microbially active soil ecosystem capable of mediating
nutrient transfer.

In this pursuit, the ancient Indian science of
Vrikshayurveda has emerged as a deeply relevant and
sophisticated framework for natural crop management.
Translated literally as the of DPlant Life,"
Vrikshayurveda was meticulously documented centuries ago
and offers a holistic approach to plant health that views the
farm as an interconnected biological organism. Rather than
addressing nutrient deficiencies as isolated
imbalances, Vrikshayurveda approaches them biologically,
utilizing fermented organic preparations to stimulate the
natural cycling of nutrients within the soil profile. For a
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heavy-feeding crop like soybean, this biological approach is
not merely an alternative; it is a necessity. Soybean plants are
uniquely dependent on highly active biological partnerships
in the rhizosphere, most notably their symbiotic relationship
with nitrogen-fixing bacteria. By applying the principles of
Vrikshayurveda, modern natural farmers are able to create
the exact soil conditions required to maximize these
symbioses. This integration of ancient wisdom with modern
agroecology provides postgraduate researchers with a highly
effective, biologically intensive model for sustaining high
crop yields without compromising long-term environmental
integrity.

The Nutritional Physiology of Soybean

To appreciate the efficacy of Vrikshayurveda, one
must first understand the intense nutritional demands of the
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soybean plant. Glycine max is characterized by its exceptionally
high protein content, which inherently demands a massive
supply of nitrogen throughout its life cycle. While the plant
is capable of fixing its own atmospheric nitrogen, this
biological process is incredibly energy-intensive and requires
a perfectly balanced soil environment. The initial vegetative
growth phase relies entirely on residual soil nitrogen before
the root nodules become fully functional. If the soil lacks
biologically available nitrogen during this critical window,
the plant suffers from early stunting, drastically reducing its
eventual yield potential.

Equally challenging in organic systems is the
management of phosphorus. Phosphorus is the fundamental
building block of adenosine triphosphate, the cellular energy
currency required to fuel the nitrogen-fixing bacteria residing
in the root nodules. Without adequate phosphorus,
nodulation fails, nitrogen fixation stalls, and the crop
collapses. In many soils, phosphorus is present in large
quantities but is chemically locked in insoluble complexes
with calcium, iron, or aluminium. Traditional organic
farming often struggles to provide enough solubilized
phosphorus  during the peak podfilling stage.
Vrikshayurveda addresses this exact physiological bottleneck
not by adding more raw minerals, but by introducing
specialized microbial consortia that secrete organic acids to
naturally weather and release these bound soil reserves.

Beeja Samskara: The Genesis of Crop Vigor

The management in
Vrikshayurveda begins before the crop is even sown, through
a meticulous seed treatment process known as Beeja
Samskara. In conventional agriculture, seeds are typically
coated with synthetic fungicides to prevent early soil-borne
diseases. However, these chemicals invariably suppress the
beneficial fungi and bacteria that the germinating seed relies
upon. Vrikshayurveda replaces this chemical shield with a
biological inoculant, typically utilizing a freshly prepared
slurry of cow dung, cow urine, and specific botanical extracts.

foundation of nutrient

When a soybean seed is treated with this organic
matrix, it is enveloped in a highly active microbiological film.
As the seed imbibes moisture and germinates in the soil, this
bio-coating acts as an immediate primer for the rhizosphere.
The bacteria and biochemical compounds present in the
slurry stimulate rapid and prolific root hair development.
Because the Bradyrhizobium japonicum bacteria require these
fine root hairs for successful infection and subsequent
nodule formation, this early highly
consequential. Furthermore, the seed treatment introduces
beneficial antagonistic microbes that outcompete pathogenic
fungi, ensuring a high germination percentage and vigorous
early seedling establishment. By initiating this biological

stimulation is

momentum from day one, Beeja Samskara ensures the
soybean plant is architecturally prepared to forage efficiently
for nutrients throughout the season.

Kunapajala: The Ancient Bio-stimulant

The central pillar of Vrikshayurveda’s nutrient
management strategy is the application of Kunapajala, a
highly potent fermented liquid organic formulation. While
historical texts describe Kunapajala as a broth made from
animal byproducts, modern natural farming adaptations rely
heavily on plantbased and dairy-based fermentation,
conceptually similar to preparations like Jivamrita. This
liquid is prepared by fermenting a mixture of cow dung, cow
urine, jaggery, pulse flour, and virgin forest soil in water over
several days. The resulting broth is not a fertilizer in the
conventional sense; rather, it is an intense microbial
inoculant teeming with billions of beneficial bacteria,
actinomycetes, and fungi, alongside a rich profile of amino
acids and plant growth-promoting substances.

When Kunapajala is applied to the soil during the
vegetative growth phase of the soybean crop, it triggers a
cascade of biological activity. The massive influx of active
microbes accelerates the mineralization of existing soil
organic matter, converting complex organic nitrogen into
readily absorbable nitrate and ammonium ions. This
provides a steady, gentle supply of nitrogen that prevents
early-season starvation without creating the sudden chemical
nitrogen spikes that are known to suppress natural root
nodulation. Moreover, the microbial populations introduced
by Kunapajala continuously exude mild organic acids, such
as citric and gluconic acid, into the soil matrix. These acids
act as natural chelating agents, effectively dissolving locked
soil phosphorus and making it bioavailable just as the

soybean crop enters its energy-demanding reproductive
phase.

Enhancing Symbiotic Nitrogen Fixation
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The ultimate goal of nutrient management in
organic soybean farming is to maximize the efficiency of
symbiotic nitrogen fixation, and Vrikshayurveda practices are
uniquely tailored to achieve this. Conventional synthetic
nitrogen applications create a negative feedback loop; when
the plant senses abundant nitrogen in the soil solution, it
actively rejects the colonization of Rhizobium bacteria to
conserve energy, leading to poor nodulation and a reliance
on further chemical inputs. Vrikshayurveda fundamentally
breaks this cycle.

By relying on the slow, microbially mediated release
of nutrients through formulations like Kunapajala, the soil
nitrogen levels remain moderate and stable. This signals the
soybean plant to actively encourage rhizobial infection.
Furthermore, the continuous addition of organic carbon
through these liquid ferments provides a vital energy source
for the freelliving soil microbes that support the broader
rhizosphere ecosystem. This highly oxygenated, biologically
active, and carbon-rich soil structure is the exact
microenvironment required for the root nodules to function
at peak capacity. The result is a soybean crop that can fulfill
its massive nitrogen requirements autonomously, drawing
upon atmospheric reserves rather than relying on external
soil amendments.

Foliar Nutrition and Mid-Season Resilience

As the soybean crop transitions from flowering to
pod development, it experiences extreme physiological stress.
The developing seeds act as a massive nutrient sink, pulling
mobile nutrients away from the leaves. In organic systems,
this is the period where canopy degradation and premature
senescence most frequently occur, ultimately limiting the
final grain weight. Vrikshayurveda anticipates this stress by
incorporating targeted foliar nutrition using specialized
herbal decoctions.

During the critical pod-filling stages, natural farmers
apply foliar sprays derived from fermented buttermilk or
extracts of deeply rooted, bitter botanicals such as Neem,

Karanj, and precise mixtures of local flora. These foliar
applications serve a dual purpose. Biochemically, they deliver
a highly bioavailable dose of essential micronutrients—
particularly zinc, boron, and calcium—directly through the
leaf stomata, bypassing any potential nutrient lock-up in the
soil. Physiologically, the complex secondary metabolites
present in these botanical extracts trigger systemic acquired
resistance within the plant. This natural defense mechanism
bolsters the plant's immunity against mid-season fungal
pathogens and acts as a potent deterrent against defoliating
insect pests. By maintaining a highly functional, disease-free
photosynthetic canopy late into the season, these ancient
foliar practices ensure that maximum carbohydrates are
translocated into the developing pods.

Conclusion

The integration of Vrikshayurveda into modern
organic soybean farming represents a sophisticated
convergence of ancient agricultural wisdom and modern
microbiological science. By prioritizing the health of the soil
ecosystem over the direct feeding of the plant, these historical
practices solve the complex nutritional bottlenecks that often
limit yields in natural farming systems. Through the early
rhizosphere priming of Beeja Samskara, the intense microbial
stimulation provided by Kunapajala, and the physiological
buffering of botanical foliar sprays, agronomists possess a
highly effective toolkit for managing both nitrogen and
phosphorus  demands biologically. For postgraduate
researchers and future agricultural scientists, Vrikshayurveda
should not be viewed merely as a traditional artifact, but as a
rich repository of biological strategies awaiting rigorous
empirical validation. By standardizing these ancient
formulations and deeply understanding their biochemical
pathways, the agricultural community can elevate natural
farming into a highly resilient, globally scalable science,
ensuring that we can sustainably cultivate nutrient-dense
crops while actively regenerating the living soil.
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