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Abstract

Introduction: It is imperative to ascertain and validate the importance of medicinal plants (MPs) as one of the
significant pointers of socio-economic development. Value chains (VCs) and effective supply chain management
system are essential tools for establishing a network of farm produce until it is end-use as a value-added processed
product. This necessarily requires throughput policy initiatives for bridging raw produce until grass-root innovative
practices are attained as value addition. This hierarchical platform in Indian context is being catered to by National
MPs Board under Ministry of Ayurveda, Yoga and Naturopathy, Unani, Siddha and Homoeopathy. Key step lies in
connecting socio-ecological, ethnopharmacological, and socio-economic factors and deciphering all the probable
pathways leading to revenue generation by involving all stakeholders in a VC. Methods: Through extensive
literature search encompassing 90 articles and book chapters, 8 web links, 3 conference proceedings, and 5
reports released by the World Health Organization, USAID, and Food and Agriculture Organization respectively
on VC analysis of MPs in Indian context, we prepared metadata. Results: This metadata comprehensively led to
our understanding of identifiable gaps in ethnopharmacological studies and a need to re-route the VC involving
institutional settings and NGOs in particular. This also led to our understanding of further exploratory studies aimed
at the establishment of pharmacovigilance centers, DNA barcoding for unknown species, and best conservation
practices. Discussion: Essentially, VCs act as a conglomerate of agriculture/horticulture, technical interventions
leading to innovations, sustainable and viable business models with utmost profit to main stakeholder — The
farmer. Need of an hour is to stringently monitor and establish an equilibrium between demand versus supply. This
can be facilitated by a convergence of all stakeholders, including farmers, scientists, industrialists, innovators,
policymakers, and traditional healers. Conclusion: Different policy initiatives have been envisaged and executed
by Government support systems to establish a cohesive approach between producers and consumers with an
impetus to innovative technology development followed by its transfer to industrial counterparts. This integrative
concept would not only lead to value proposition in MPs sector but would also have a way for the establishment
of special-purpose vehicles leading to financial sustenance hence promoting a probabilistic gateway to circular
economy.
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potential raw materials for use in the pharmaceuticals,
cosmetics, and drug manufacturers, leading to a very high
domestic and export potential.! Globally, next to China,
Indian MPs have occupied a promising position for having
possessed curative properties. Majorly, Indian states of
Gujarat, Rajasthan, Haryana, Tamil Nadu, Andhra Pradesh,
and Trans Himalayan Region constitute rich reserves of MPs.
90% of MPs are collected from wild, given the fact, 1000
species are under threat to loss.”! A continuous increase in
anthropogenic activities has led to exploitation, destruction,
and loss to biodiversity. In addition, increased demand for
natural products and global trade has contributed significantly
to unprecedented losses.l*” Until recently, Convention on
Biological Diversity and the Convention on International
Trade in Endangered Species are stringently monitoring to
trading of threatened species. Pharmacovigilance systems are
being monitored by guidelines developed by World Health
Organization (WHO) and international trade of cultivated
plant products is being monitored by Food and Agriculture
Organization.®!

DNA Barcoding: Molecular Approach to Decipher
Unknown Species

MPs undergoing trade remain unidentifiable identifiable to
species level. As a general practice, they are characterized
based on their morphological or pharmacological properties,
given the fact as they may exist in dried, powdered, processed,
or commercialized in a mixed formulation. Design,
conservation, and implementation of conservation policies
require the geographic origin of species in trade.'”) DNA
barcoding has proven to be an effective tool in species-level
identification in animals using a portion of the mitochondrial
marker Cytochrome Oxidase 1 (COI). In plants, standard
DNA barcoding involves using varying combinations of one
to four plastid DNA regions (rbcL, matK, trnH-psbA, trnl)
and/or the internal transcribed spacers of nuclear ribosomal
DNA (nrDNA ITS). Although these markers have proved to
be information yielding, no single marker or combination
of these markers routinely provides complete species-level
resolution, especially in species-rich groups.'"'? High
Throughput Sequencing utilizing advanced sequencing
chemistries have resulted in DNA barcoding in plants.!'*15]
Barcoding of loci has led to the inception of two major
approaches for increasing the resolution (and coverage) of
plant DNA barcoding [Figure 1].

Shallow pass shotgun sequencing (genome skimming) is now
frequently used to recover organellar genomes and nuclear
ribosomal DNA sequences, increasing the amount of data per
sample, and leading to increased resolution.!'®!7 Target capture
sequencing efficiently targets hundreds of low-copy nuclear
markers, which provides access to a much greater number of
independent data points per unit of sequencing effort.!'® Both
the techniques have successfully implemented sequencing of
degraded DNA samples with an option of multiple samples
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being sequenced at a time with the possibility of recovery of
standard DNA barcodes in the same assay. >

Asian Traditional Medicinal Practices

A lucid overview of traditional medicinal practices in Asia is
represented in Figure 2.12324

Traditional herbal medicines are inherent to indigenous
knowledge systems. These rational systems play a crucial
role in decision-making in terms of MPs being used by local
communities.”! For close to two centuries, MPs have been
featured in modern drugs possessing active pharmaceutical
ingredients of immense therapeutic value.?*? It is estimated
that 70% of the population of developing nation relies on
traditional medicine for primary health care needs®" and so
do the industrialized nations have an indirect dependence on
MPs for their pharmaceutical products.?321 It is postulated that
25% of modern pharmacopeia and 18% of 150 prescription
drugs owe their origin to MP derived constituents.*34 It has
been speculated that Asian MPs accounts for about 50% of
export leading to 45% of global earnings from traditional
medicines.’ Asian biodiversity reserves of MPs are known
to house 38,600 species.’*37 Best cultivation and extraction
practices for MP have been documented well in Bangladesh,
China, India, Nepal, Pakistan, Myanmar, and Indonesia.>%3!
Research and policy interventions in context with cultivation,
extraction, commercialization, and their contribution to
economy remain unclear on account of scanty knowledge
about MPs.[)

Indian Himalayan Region (IHR): Biodiversity
Hotspot of MP

The THR, which constitutes one of the 36 global biodiversity
hotspots, is a home of rich yet unexplored MPs.[*! The unique
topography and agro-climatic conditions are the major
anchors of IHR, pointing to an under-utilized therapeutic
sector which necessarily is based on holistic wellness of our
ancient Ayurveda, Yoga and Naturopathy, Unani, Siddha and
Homoecopathy (AYUSH) approach.

Indian Subcontinent is said to possess 45,000 plant species
constituting nearly 20% of the global counterparts. Of these,
about 3500 species of both higher and lower plant groups are
powerhouses of bioactive compounds possessing therapeutic
values. IHR is home to more than 8000 species of vascular
plants,”?! of which 1748 are known for their therapeutic
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Figure 2: Asian traditional medicinal practices

value.™ Figure 3 elucidates a vivid account of IHR which
constitutes about 18% of India, encompassing more than
2,800 km length with 220 to 300 km width and altitudes
ranging from 200 to 8000 m.[**1 They are identified on the
basis of their medicinal importance, commercial value, and
potential for further research. Following [Tables 1-3] enlist
MPs based on their commercial, therapeutic, and research
value, respectively.®!

Noteworthy is the fact that irrespective of species richness,
the diversity of the innate, endemic, and near-endemic species
has been found to increase with altitude. This is reflective of
relatively less anthropogenic pressure on the higher altitude
habitats, whereas a reverse trend is observed in the diversity
of non-native MPs. This may be attributed to an increasing
trend of anthropogenic activities on the natural habitats and
invasion by non-native species at lower elevations. A study
conducted by All India Trade Survey of prioritized MPs
pointed out that there has been a reverse trend of demand
(50%) versus supply (26%) demand for some high-value
MPs has increased 50%, whereas availability has declined
by 26%.%! An ever-increasing demand for these species
in pharmaceutical-industrial corridor has contributed to
extensive degradation of habitat. This has led to need-based
intervention for in situ conservation practices. NGOs and
pharmaceutical industries have led to the development
of herbal gardens and MP nurseries. Recently, the State
MP Board was established to promote the MPs sector as
a fundraising platform to boost conservation practices.
With advent of agro-biotechnological interventions,
notably MPs of IHR include Saussurea costus, Humulus
lupulus, Artemisia maritima, Bunium persicum, Carum
carvi, Podophyllum hexandrum, Inula racemosa, Angelica
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Figure 3: Indian Himalayan Region: A home to multitude of
medicinal plant

glauca, Acorus calamus, Heracleum candicans, Dioscorea
deltoidea, Valeriana jatamansi, Picrorhiza kurroa, and
Hedychium spicatum have been cultivated by NGO led
farmer groups.*”

MPS AND ECONOMIC TRENDS: A
DIFFUSED SCENARIO

An ever-increasing demand of herbal medicines by both
developed and developing nations has propagated interest
in pharmaceutical bio prospective green medicine.’! On
the contrary, dearth of national legislation, implementation
policies, and effective international agreements on
conservation and sustainable use of biodiversity has
introduced the concept of “Slaughter harvesting” which
has been concomitant with biodiversity losses. India,
with approximately 8 % of global MPs reserves, has the
potential of becoming a global hub for MPs-based herbal
formulations, therapeutic, and personal care products.
Farm-level cultivation is one of the focused interventions
for catering toward ever-increasing demand of MPs. With
varied agro-climatic conditions across Indian subcontinent,




not all MPs can be cultivated. It is ascertained that role
of agro-climatic conditions on the chemical composition
and therapeutic properties of MPs are well recognized and
documented in Ayurveda.’?! Depending upon technological
inputs and institutional arrangements, species-specific MPs
cultivation is considered. Figure 4 justifies roles of different
stakeholders as an integrated approach leading towards a
sustained economic model.

CONTRACT FARMING (CF): A LUCRATIVE
SUSTAINED APPROACH

CF is the production and supply system of both agricultural
and horticultural produce by local farmers under forward
contracts. This committed approach is a product-specific
system which delivers at a specified price and quantity to
a known buyer. This system has undoubtedly proven to

Drug
Regulators

Contract Health

Farming Administrators

Medicinal
Plant
Biodiverity

Traditional
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Goverment
Policy Planners

Modern

Practitioners

Figure 4: Medicinal plants diversity and stakeholders involved

be a vehicle of modernized and mechanized agricultural
practices. Given the paradox picture of Indian agriculture
scenario, CF has led to the inception of linkage between farm
produce and market. There is no standard and homogenous
method in CF in agriculture. In Indian context, permission
to option contracts on commodities is yet to be attained,
even though the Security Exchange Board of India has
considered their introduction implicitly. Three types of CF
exist [Figure 5].55%34

Concept of Value Chain (VC) in MPs

Consideration of MP as an “Economic Sector” came
into existence after inception of National MPs Board
(NMPB) in 2000, set up under Government Resolution No.
7.18020/19/97-M.P.Cell notified on November 24, 2000
under the Chairpersonship of Union Health and Family
Welfare Minister). Unfortunately, with ongoing critical
research gap, there is a regrettable absence of research
community working on socio-economic and policy aspects
of MPs, such as that which exists with regard to agro-
technology, biotechnology, etc.

NGOs act as a catalyst in promoting cultivation and
marketing of MPs. Distribution of MPs involves consortium
of activities such as primary collector, producer, local
wholesaler, and specialized marketers.*” Herbal industry is
pivotal in cultivation of medicinal herbs which contributes to
sustained economic models.*®!

A crucial understanding of how a market operates for a
particular good is what lies in a concept of a VC.57 It also
ascertains a conceptual framework of the value-adding
activities which a product undergoes from the initial stages
of production to final delivery to end-user.’®*! Mapping
strategy also enables identification of the key players and
their definite roles. This can lead to the improvement of
chain structure through exclusions, inclusions, or building
bridges. A successful VC model for MPs cultivated by
rural communities has been proposed which is based
on industry-community partnership. Furthermore, the
concept of public-private partnership has been proposed

Contract Farming
(Varies from product to product and is not mutually exclusive)
Procurement Partial Total
a RY & AY 4 N
Some Pbrodu:te 'ts All inputs Farme:-(rjjust
Sale Purchase inputs are O &l are RICMEES
supplie pre-agreed supplied land and
prices labour

\ 7 \\ J \\ J

Figure 5: Types of contract farming
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as an efficient, commercially viable, and sustainable
VC mechanism for cultivators and manufacturers of
agricultural products.l®*61 Proposed exploratory views on
global trends have concluded that “mere matchmaking
between producers and processors makes VC a buyer-
driven one which tends to be exploitative, extracting as
much resources and demanding lesser price from supplier.”
Given this situation,®” corroborates the role of a bio-
partnership that creates a linkage between industry and the
producer community. A sustainable VC of MPs has been
implemented in North India by establishing collaboration
among farmers, research organizations, and industry.l®*
A concept has been proposed for sustenance in MP sector
[Figure 6].

Research in VC has been bi-focused. VC offers a competitive
edge in market by how a product is processed or enriched by
value addition for monetary gains.!*" It has been used as a tool
for understanding socio-economic benefits, disadvantages,
and associated market risks across all components of a VC.
WHO has estimated that by 2050 MP and its allied trade
activities will escalate up to US$ 5 trillion.l®! Strategically,
Global VC can help us understand impacts associated with
the production and manufacturing of herbal products, external
and internal linkages within limits of production and trade
networks. Ethnographical-focused VC from South America
has been studied by Selwyn.[5

A probabilistic and optimistic VC model in Bangladesh has
been deciphered as vertical integration (VI).’”? The model
suggests that integration is required to benefit both the
producers and processors level at the initiation of a VC. Few
identifiable gaps have led to the inception of an idea that the

conservation

Integrated
approach for
Value Chain of
Medicinal Plants

Increased
resource
productivity

Economic
growth

Health and
nutrition

Figure 6: Integrated approach for value chain of medicinal
plants
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primary and wholesale secondary markets were captured by
middlemen. This summed up the fact that cultivation of MPs
was meant for economically stronger sections of society who
possessed better access to land, capital, and information.
Arguably, integrating institutional relationships may also
lead to overall sustenance in VC of MP. Attributes of VI are
depicted in Figure 7.

This model majorly enables active participation of primary
producers to eliminate market access barriers which lead
to the improved commercial potential of products by the
rural poor leading to livelihood generation.??! In addition,
sensitization and self-driven motivation regarding
resource management, reinvestment, and innovative
practices for a resilient VC have been reported.®® This
is made possible through the competitive development
of industries, local empowerment, and good governance
(i.e., power and decision-making capacity). During
this process, projection of strengthened relationships
between primary producers and product manufacturers
is undermined. On the contrary, they can facilitate and
nurture information sharing platforms, de-escalating
market barriers, sustainable use of natural resources, and
effective natural resources management. An organized MP
cultivation and its management would result in profitable
returns for the small-scale growers.[®”) That being said,
commercial cultivation leading to large-scale produce
can attract companies because they have greater control
over quality and supply chain systems.’" Figure 8 depicts
different conceptual models in MP."!]

A simple Model (A) is based on ethnopharmacological
approach for connecting “traditional healer” to the patient
considering indigenous knowledge systems of traditional

Quasi-vertical*

Vertical
Integration(Joint
Ventures and
Strategic
Alliances)

Cost plus
agrrement***

Tapered**

Figure 7: Vertical Integration model for sustenance in
value chain of medicinal plant. *Quasi-vertical integration:
especially close and long-term relationship. **Tapered
vertical integration: External inputs from suppliers. ***Cost
plus agreement: Negotiated amount is paid to contractors
regardless of expenses incurred
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Figure 8: Probabilistic and conceptual value chain models of medicinal plant

medicine. Usually, the practitioner prescribes a formulation
(bioactive ingredient) or a part of plant for the ailment.
This is based on culturally acceptable community systems
with ingrained beliefs. B model is an extension of A
wherein the healer looks for local trading platforms which
might be small-scale cultivation of MP or procurement
of raw material from local traders. This approach has an
impact on product quality and it is subsequent monitoring
with economic benefits by offering a specific treatment
cost. Hence, both these conceptual frameworks rely on
local networking and reliability between the partners. In
Model C and D, the role of middlemen comes into play
who acts as a bridge between primary producer (farmer)
and a retailer or an end-user. The middlemen procure
raw material/product in bulk from producers and supply
it nationally. This concept is customized and need-based
as middlemen build up a supply chain or act as money
lenders. Main difference between model C and D is that in
D the consumers are integrated into global or international
market structures to create a value proposition. In Model
E, single producer with multiple companies are involved
in supply chain with tapered VI. A similar approach is
projected in Model F, where a single company can own
multiple supply chains; usually placed at end of the
chain (Pharmaceutical industry). This is seemingly the
best model of VI; taking into consideration the value
inputs, quality standards of finished products without
undergoing monetary losses, and obvious to the fact that
role of middlemen is eliminated. Value proposition of each
VC model is validated by set of parameters depicted in
Figure 9.

DISCUSSION

Of almost 17,000 higher plants of Indian origin,
approximately 10,000 are found to possess medicinal
properties. It is perceived that 1200-1500 amongst
them are used as bioactive compounds in ayurvedic
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formulations.’? Major players in Ayurvedic medicine
which have a handholding up to 85% of the domestic
market are Dabur, Baidyanath, and Zandu. It has been
reported that there is a market presence of more than 20
herbal drug manufacturing units and under 200 Small
and Medium Enterprises (SMEs). In addition, traditional
healers commonly referred to as Vaidyas possess their
own minuscule herbal processing plants. Modus operandi
of The Indian Traditional Herbal Medicines Act, 2006
states that traditional herbal medicines cannot be marketed
without possession of any license.!”” Until recently, scheme
launched by AYUSH Ministry to boost MP cultivation
was a classic example of newer policies for promotion
of cultivation of horticultural produce. NMPB current
plan envisages to embark 2.25 Lakh hectare area under
MP cultivation. With a financial outlay of Rs 4,000 crore,




Table 1: MPs on the basis of their commercial
value®8!

S. No Plant Common Name
1 Adhatoda zeylanica Vasaka

2 Pluchea lanceolata Rasna

3 Saraca indica Ashoka

4 Terminalia Chebula

5 Terminalia arjuna Arjun

6 Azadirachta indica Neem

Table 2: MPs on the basis of their therapeutic
valuel*®

S. No Plant Common Name
1 Plantago ovata Isabgol

2 Bacopa monnieri Brahmi

3 Centella asiatica Mandukaparni
4 Withania somnifera Ashwagandha
5 Andrographis paniculata Kalmegh

6 Swertia chirata Chirayta

7 Tinospora Guduchi

8 Emblica Amla

9 Commiphora wightii Guggul

10 Phyllanthus amarus Bhumyamalaki
11 Podophyllum Papra

12 Asparagus racemosus Shatavari

13 Picrorhiza kurroa Kutki

14 Streblus asper Shakhotaka

Table 3: MPs on the basis of their research
potential“®!

S. No Plant Common Name
1 Holarrhena Kutaja

2 Crataeva nurvala Varun

3 Valeriana jatamansi Tagar

4 Vilo odorata Banafsha

5 Aconitum Ativisha

6 Aloe barbadensis Ghrita

7 Ocimum sanctum Tulsi

10,00,000 hectares of land is planned to be cultivated under
this scheme in the next 2 years. It is anticipated to raise Rs
5,000 crore as a source of income generation for farmers
leading to the development of regional mandis for MP."™
Certain implementation strategies have been proposed to
improve VC of MP [Figure 10]."
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CONCLUSION

India has a unique yet inevitable concept of “marketing” herbal
goods. Small companies, including neighborhood pharmacies,
collaborate to formulate their own remedies based on
indigenous knowledge systems. Department of AYUSH within
the Ministry of Health and Family Welfare is focused to regulate
and improve standards of quality control, drug standardization,
improving the availability of raw materials, research, and
development, capacity building, and education/training of
professionals. Pharmacopoeia Committees have been proved
to be a benchmark for the main groups of therapeutically bio-
active components (drugs) of Ayurveda, Unani, Siddha and
Homoeopathy. The Indian Government also established an
independent body — the “National Medicinal Plants Board”
under the Ministry of Health and Family Welfare which
co-ordinates with issues related to MP cultivation, post-harvest
strategy, processing, establishment of AYUSH clusters, quality
control of raw materials, and policy framework for innovative
R and D framework by nurturing a cohesive approach between
stakeholders including farmers, NGOs, research institutes,
industrial clusters, healthcare practitioners, and community at
large. This platform would essentially improvise the existing
VC for MP in India and strengthen its export potential by
establishing sustenance across industrial sectors. Uniquely, the
very concept of green therapeutics needs to be harnessed given
the current scenario when burning issues like antimicrobial
resistance are manifesting their adversities and toxicological
implications not only in healthcare sector but at environmental
landscape at large.
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