Journal of Dravyaguna Vigyan, Rasashastra & Bhaishajya Kalpana

MANIECH

Publications Volume 4, Issue 2, July-December, 2025

Sustainable Sourcing and Phytochemical Variation: Chemotype
Mapping of Medicinal Plants Used in Dravyaguna across Indian
Agro-Ecologies

Dr. Anil Deshmukh
Department of Pharmacognosy
Faculty of Pharmaceutical Sciences
Savitribai Phule Pune University, Maharashtra

Email Id: anildeshmukh.pharma@rocketmail.com

ABSTRACT
Medicinal plants have been central to the science of Dravyaguna in Ayurveda,
forming the foundation of holistic health practices in India for centuries.
However, the large-scale demand for herbal raw materials, coupled with
ecological degradation, has led to sustainability challenges in sourcing.
Moreover, phytochemical variation within plant species, influenced by diverse
agro-ecological conditions, presents both opportunities and challenges for
quality, efficacy, and safety of herbal medicines. Chemotype mapping—
systematic identification of distinct chemical profiles within species—olffers a
crucial tool for integrating modern phytochemistry with traditional Ayurvedic
knowledge. This paper explores the interconnection between sustainable
sourcing practices, chemotypic diversity, and the preservation of medicinal
plant heritage across Indian agro-ecologies. It reviews the literature, discusses
challenges and drivers of variability, highlights methodological frameworks for
chemotype mapping, and emphasizes its role in sustainable utilization of herbal
resources. The paper also outlines scope for interdisciplinary collaboration,
future prospects in pharmaco-botanical research, and sustainable policy

frameworks for the conservation and cultivation of high-value medicinal plants
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INTRODUCTION

India is recognized globally as a mega-biodiversity hotspot, harboring an extraordinary range
of medicinal plant resources spread across varied agro-ecological regions. From the Himalayas
to the coastal plains, diverse climatic conditions and soil types provide a unique environment
for the growth of medicinal plants. The Ayurvedic system of medicine, through its specialized
discipline of Dravyaguna Vijnana (Materia Medica of Ayurveda), has systematically
documented the therapeutic properties of these plants, emphasizing their roles in maintaining
health and treating diseases. Unlike modern pharmacology, which focuses primarily on isolated
active compounds, Ayurveda evaluates plants holistically, integrating their sensory attributes,

pharmacodynamic actions, and therapeutic effects.

In the modern context, the demand for herbal medicines and plant-based formulations has
expanded enormously, both within India and globally. According to the World Health
Organization (WHO), nearly 80% of the world’s population depends on herbal medicine for
primary healthcare. India, with its wealth of traditional knowledge and biodiversity, holds a
comparative advantage in fulfilling this demand. However, this opportunity is accompanied by
critical challenges. On one hand, unsustainable harvesting practices and over-dependence on
wild resources are pushing several medicinal species towards vulnerability and extinction. On
the other hand, wide variability in phytochemical composition due to ecological, genetic, and

post-harvest factors raises concerns regarding quality, safety, and efficacy.

Phytochemical variation in medicinal plants is not a random occurrence but a consequence of
ecological adaptation and evolutionary pressures. For example, Ocimum sanctum (Tulsi)
exhibits significant differences in essential oil composition depending on whether it is
cultivated in subtropical plains, arid regions, or hill slopes. Similarly, Withania somnifera
(Ashwagandha) from Rajasthan’s arid agro-ecology is known to produce higher with anolide
content compared to its counterparts in humid regions. Such variations directly affect the
pharmacological efficacy of herbal formulations. While Ayurveda has long acknowledged the
importance of Desha (geography) and Ritu (season) in influencing plant potency, modern

science interprets these as manifestations of chemotypic diversity.

This brings into focus the importance of chemotype mapping, which refers to the systematic

identification and classification of plants based on their distinct chemical profiles. By mapping
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chemotypes across different agro-ecologies, researchers can identify high-value variants,
ensure consistency in drug formulations, and design cultivation strategies tailored to specific
regions. Furthermore, chemotype mapping bridges the gap between classical Ayurvedic
wisdom and contemporary phytochemistry, offering an integrated framework for sustainable

use of herbal resources.

Thus, the intersection of sustainable sourcing and chemotype mapping represents a vital area
of research and practice in the 21st century. It ensures that India’s herbal wealth is conserved
while simultaneously promoting standardized, effective, and globally acceptable Ayurvedic
formulations. This paper examines the current scenario, challenges, and scope of integrating
sustainable sourcing with chemotype mapping of medicinal plants, with particular emphasis on

their role in Dravyaguna and India’s diverse agro-ecological landscapes.

LITERATURE REVIEW

Traditional Ayurvedic perspectives.

Classical texts such as Charaka Samhita and Sushruta Samhita emphasized the importance of
habitat (Desha) and seasonal collection (Rifu) in determining the potency of medicinal plants.
These observations implicitly acknowledged the role of ecological factors in shaping

phytochemical composition.

Phytochemical studies.

Modern phytochemistry has validated many of these classical insights. For instance, Withania
somnifera grown in arid regions of Rajasthan shows higher concentrations of withanolides than
that grown in humid zones. Similarly, chemotypic diversity in Cymbopogon citratus and

Mentha arvensis has been extensively documented.

Sustainability frameworks.

Reports from the National Medicinal Plants Board (NMPB) highlight the overharvesting of
high-

demand species like Rauvolfia serpentina and Nardostachys jatamansi. Several case studies

underline the need for cultivation-based sourcing and habitat restoration programs.
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Chemotype mapping initiatives.

While global initiatives such as the European Medicines Agency (EMA) have encouraged
chemotype classification of essential oils, in India systematic chemotype mapping is still
limited. Regional research has begun to identify distinct chemical races of plants such as
Ocimum basilicum and Zingiber officinale. However, there is a gap in integrating these findings

with Dravyaguna perspectives and in creating agro-ecology specific cultivation guidelines.

SUSTAINABLE SOURCING OF MEDICINAL PLANTS

Table 2: Sustainable Sourcing Models for Medicinal Plants

Sourcing Model Key Features Benefits Limitations
. I Risk of
) ) Harvest from natural || Immediate availability; ) )
Wild Collection .. overharvesting, habitat
forests traditional
loss
. ) ) uality control, ) .
Cultivation- Organized farming of Quality e Requires training and
o traceability, :
Based medicinal plants . investment
conservation
) ) Equitable benefits,
Community- Local cooperatives, q biodiversit Dependent on strong
\%
Based Models | JFMCs, herbal gardens . Y governance
preservation
) Agreements with Assured market, farmer || Risk of monoculture,
Contract Farming ; . .
industry buyers incentives dependency

Wild collection and its challenges.
Approximately 70% of raw material demand in Ayurveda is still met from wild collection,
leading to depletion of forest populations, genetic erosion, and ecological imbalance.

Unscientific harvesting practices exacerbate this situation.

Cultivation as an alternative.
Cultivation provides opportunities for quality control, traceability, and conservation of wild
populations. However, challenges include lack of agronomic knowledge, poor farmer

incentives, and low market linkages.
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Community-based models.

Participatory resource management, such as Joint Forest Management Committees (JFMCs)
and herbal gardens maintained by local cooperatives, have shown success in states like Kerala
and Uttarakhand. Linking these efforts to chemotype-specific cultivation could enhance both

ecological and economic outcomes.

PHYTOCHEMICAL VARIATION AND ITS DRIVERS

Table 1: Examples of Phytochemical Variation in Selected Medicinal Plants across Indian

Agro-Ecologies
Agro- Maj
Medicinal Plant gr(? ajor . Observed Therapeutic
. ecological Phytochemical .. L
(Botanical Name) ] Variation Implication
Zone Constituents

. . High St dapt i
Tulsi (Ocimum | Himalayan | Eugenol, Methyl et TONEEL ataplogenic

. eugenol and antimicrobial
sanctum) foothills eugenol i
content properties
Ashwagandha Elevated
Rajasth . . . . Enhanced
(Withania ajas: an Withanolides withanolide . N a‘nce .
: (arid) rejuvenative action
somnifera) levels
. High D
Ginger (Zingiber Kerala ) ) 1eher Increased digestive
officinale) (tropical) Gingerols, Shogaols gingerol otenc
P content P y
Lemongrass Differences in

. || Citral ial + || Variable citral ,
(Cymbopogon | Central India itral (gerania aria e.c e aromatic and
neral) proportions

citratus) antimicrobial action

Agro-climatic factors.
Soil type, altitude, rainfall, temperature, and sunlight influence secondary metabolite
biosynthesis. For example, alkaloid levels in Papaver somniferum differ significantly between

temperate and subtropical zones.
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Genetic diversity.
Within a single species, chemotypes emerge due to genetic variation. These differences directly

affect therapeutic activity, aroma, and pharmacological efficacy.

Post-harvest handling.
Drying, storage, and processing conditions can either preserve or degrade key metabolites, thus

adding another layer of variability.

Traditional recognition of variability.
Ayurvedic scholars often categorized plants based on regional types, e.g., Aranya Tulasi versus

Grama Tulasi. Such classifications parallel modern recognition of chemotypes.

CHEMOTYPE MAPPING OF MEDICINAL PLANTS
Definition and significance.
Chemotype mapping involves identifying and documenting distinct chemical races of plants,

correlating them with geography, climate, and traditional usage.

Methodological framework.

e Collection and sampling: Representative samples from diverse agro-ecologies.

e Phytochemical analysis: Techniques such as HPLC, GC-MS, and LC-MS for profiling.
e Data integration: Correlating phytochemical data with GIS-based agro-ecological maps.

e Dravyaguna correlation: Linking chemotypes with classical pharmacological categories.

Applications in Ayurveda and industry.

o Standardization of raw drugs.

o Development of region-specific cultivation guidelines.

o Preservation of rare chemotypes with high therapeutic potential.

e Quality assurance for export markets.

o Lack of comprehensive databases integrating chemotype diversity across India.

e Overexploitation of rare chemotypes, leading to loss of unique phytochemical reservoirs.
o Limited collaboration between modern phytochemists and Ayurvedic scholars.

e Economic barriers for farmers in adopting chemotype-specific cultivation practices.

o Policy gaps, particularly in incentivizing cultivation over wild harvesting.
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SCOPE FOR FUTURE RESEARCH AND APPLICATIONS

Integration of Ayurveda and phytochemistry.

Systematic chemotype mapping can validate Ayurvedic classifications of potency and
therapeutic action.

Digital platforms and GIS tools.

Development of national-level digital atlases for chemotype mapping, accessible to
researchers, cultivators, and policymakers.

Breeding and biotechnology.

Marker-assisted selection and tissue culture methods can be applied to conserve elite
chemotypes.

Sustainability metrics.

Incorporation of ecological footprint and biodiversity indices into sourcing guidelines.
Global positioning of Ayurveda.

Standardized, chemotype-validated herbal drugs will strengthen India’s leadership in global

phytopharmaceutical markets.

METHODOLOGY (SUGGESTED FRAMEWORK FOR CHEMOTYPE STUDIES)

e Selection of target species: Prioritize high-demand medicinal plants with known
variability.

o Sampling design: Stratified collection across agro-ecological zones.

e Analytical methods: Employ GC-MS for volatile metabolites, HPLC for alkaloids and
flavonoids, and metabolomics for holistic profiling.

o Statistical tools: Multivariate analyses (PCA, cluster analysis) to distinguish chemotypes.

o Integration with Ayurveda: Expert consultation to correlate phytochemical findings with

Rasa, Virya, and Prabhava.

FUTURE SCOPE

The integration of sustainable sourcing with chemotype mapping offers immense potential for
the herbal sector in India. Establishing “chemotype repositories” could enable pharmaceutical
industries to choose raw materials with predictable therapeutic outcomes. Moreover, linking
farmers with these repositories would generate economic incentives while ensuring

biodiversity conservation. Future efforts must also emphasize international collaborations to
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harmonize chemotype standards, thus positioning Ayurveda as a global evidence-based medical

system.

CONCLUSION

The richness of Indian agro-ecologies provides both a blessing and a challenge for medicinal
plant sourcing. While diverse environments enhance phytochemical variation, they also create
inconsistencies in quality and sustainability risks due to overharvesting. Chemotype mapping
emerges as a powerful approach to bridge traditional Ayurvedic wisdom with modern
phytochemistry, ensuring therapeutic consistency, ecological sustainability, and economic
viability. By integrating sustainable sourcing models with chemotype-specific cultivation and
conservation strategies, India can safeguard its herbal heritage while meeting global demands

for standardized, safe, and effective plant-based medicines.
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