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Foreword

Wild plant species form the foundation of healthcare practices throughout much of
Asia, particularly traditional practices, such as traditional Chinese medicine,
Ayurveda, Siddha, Unani and Tibetan medicines. Compounds such as reserpine
from snakeroot and paclitaxel from Himalayan yew have important pharmaceutical
uses in Europe, North America and elsewhere. Some species are in demand for their
aromatic properties too. The use of Jatamansi oil dates back over 1000 years, whilst
red sanders is in demand for its timber and as a source of red dye. In India, collec-
tion and processing of medicinal plants contributes at least 35 million workdays per
year to the poor and underemployed, but rising demand is threatening this vital
source of livelihood income in India and elsewhere.

Priority also needs to be given to wild land. There exists medium to high capabil-
ity for research and use of improved methodologies for ex situ conservation.
Nevertheless, strengthening of both technical and infrastructure capabilities is
required in most cases. Crucial concerns associated with in situ and on-farm conser-
vation through participatory approaches involving local communities to develop
appropriate regeneration systems, maintenance and continuous cultivation in farm-
ers’ field, provision of adequate incentives to farmers with enough seed and planting
material and promotion of village level nurseries/gardens to perpetuate local diver-
sity need to be addressed. The static (ex situ) conservation strategy seeks to dramati-
cally alter the original evolutionary trajectories of a plant species; a ‘genetic
snapshot’ of sorts is conserved.

At the same time, the current status of technology does not allow many important
species to be stored in genebanks, since they are all not propagated through ortho-
dox seeds. In this context, this compilation is a welcome initiative as it discusses the
state of the art related to conservation and use of threatened medicinal plants. This
book provides a comprehensive overview using broad subject-based reviews about
contemporary approaches to conservation and use in the framework of different
technologies including biotechnological approaches as practised. The aim was to
review the current status of threatened medicinal plants research in light of the surge
in the demand for herbal medicine. The current volume brings together chapters on
threatened medicinal plants of, and covers both wild (non-cultivated) and domestic
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(cultivated) crops with, therapeutic value. The work includes a brief chapter on the
singular nature of threatened medicinal plant genetic resources giving rationale for
it being distinct from field crop genetic resources. Other chapters give insight on
protocols for conservation of selected threatened medicinal plants ex situ and focus
on increased need to complement it with in situ conservation approach. Geospacial
tools are also briefly described emphasizing on the gene pool in threatened medici-
nal plants. Legal and biotechnological aspects, namely morphological, genomics,
chemical and molecular characterization, are also dealt with. The ways by which
these resources are used with sustainable management and replenishment are
described. The topics of interest include but are not restricted to research perspec-
tives for sustainable development of various such plant species. The book will be a
good reference tool, useful to horticulturists, botanists, policy makers, conserva-
tionists, NGOs and researchers in academia and industry.

I'am happy to learn that Dr. P. E. Rajasekharan and Dr. Shabir Hussain Wani have
edited this book titled Conservation and Utilization of Threatened Medicinal Plants
to be published by Springer Nature. Both the editors have a rich and long experience
in the area of plant genetic resources. I am impressed with their zeal and commit-
ment for science, including research, teaching and dissemination of scientific
knowledge. I congratulate both the editors for their timely initiative in bringing out
this publication.

Ml P Rvons bt

Taramani Institutional Area M. S. Swaminathan
Chennai, Tamil Nadu, India



Preface

Medicinal and aromatic plants (MAPs) have been utilized in various forms since the
earliest days of mankind. They have maintained their traditional basic curative role
even in our modern societies. Apart from their traditional culinary and food industry
uses, MAPs are intensively consumed as food supplements (food additives) and in
animal husbandry, where feed additives are used to replace synthetic chemicals and
production-increasing hormones. Importantly, medicinal plants (MPs) and their
chemical ingredients can serve as starting and/or model materials for pharmaceuti-
cal research and medicine production. Current areas of utilization constitute power-
ful drivers for the exploitation of these natural resources. Today’s demands, coupled
with the already rather limited availability and potential exhaustion of these natural
resources, make it necessary to take stock of them and our knowledge regarding
research and development, production, trade and utilization, and especially from the
viewpoint of sustainability. This book on conservation and utilization of threatened
medicinal plants of the world is aimed to look carefully at our present knowledge of
this vast interdisciplinary domain. In the era of global climatic change, the series is
expected to make an important contribution to the better knowledge and under-
standing of threatened MPs. The history of medicinal and utilization dates back to
the beginnings of mankind. Our forefathers used natural substances, they could find
in nature, to ease, cure their sufferings, illnesses, and to heal their wounds. This type
of approach has survived in the traditional medicinal (TM) uses, until today, since
nearly 80% of the world population still relies on MPs in their medications. The
renaissance of MP-use in the high-income countries of the world has brought about
a different type of use in the form of herbal medicines complementary and alterna-
tive medicines (CAM). MPs have become “industrial products” with new concepts
like phytotherapy and veterinary medicinal uses, aromatherapy, nutraceuticals, cos-
meceuticals, and animal welfare uses widening the scope of the utilization. New,
innovative, value-added applications include their use in functional foods, animal
husbandry, as well as plant protection in agriculture. In this regard, the versatile
utilization of essential oils is promising. Modern approaches in production and uses
have brought about an increased focus on the importance of quality, safety, and
efficacy of both MPs and their produce. MPs will also maintain their importance in

vii
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the search for new, valuable sources of drugs and lead compounds. In view of the
steadily increasing demands on these important natural resources, attention should
be paid to the sustainable forms of production and utilization.

Contributors of this volume were selected from a wide range of institutions for
introducing a diversity of authors. At the same time, these authors were selected
based on their vast expertise in specific areas of their choice to match the diversity
of topics. These authors have a deep understanding of their subject to enable them
not only to write critical reviews by integrating information from classical to mod-
ern literature but also to endure an unending series of editorial suggestions and
revisions of their manuscripts. Needless to say, this is as much their book as ours.
We hope that this volume will help our fellow researchers and a generation of stu-
dents enter the fascinating world of threatened medicinal plants resources research
and conservation with confidence, as perceived and planned by us. All these aspects
are well covered in this volume.

The book is primarily designed for use by the undergraduates and postgraduates
studying horticulture, sustainable crop production, agricultural sciences, and plant
sciences. Horticulturists, plant and agricultural research scientists, and those in aca-
demia will find this book of great use. Libraries in all universities and research
establishments where agricultural and horticultural sciences are studied and taught
should have multiple copies of this valuable book on their shelves. Editors wish to
thank all the contributors and staff of Springer for their cooperation in the comple-
tion of this book.

Bengaluru, Karnataka, India P. E. Rajasekharan
East Lansing, MI, USA Shabir H. Wani
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Chapter 1

Distribution, Diversity, Conservation
and Utilization of Threatened Medicinal
Plants

P. E. Rajasekharan and Shabir Hussain Wani

Abstract Rich biodiversity of India is under severe threat owing to habitat destruc-
tion, degradation, fragmentation, and overexploitation of resources. According to
the Red List of threatened plants, 44 plant species are critically endangered, 113
endangered, and 87 vulnerable (IUCN, 2000). Widespread losses of plant species
and varieties are eroding the foundation of agricultural productivity and threatening
other plant-based products used by billions of people worldwide, as reported in a
new study by the World Watch Institute, Washington, and worldwide some 3.5 bil-
lion people in developing countries rely on plant-based medicine for primary health
care. Loss of habitat, pressure from nonactive species, and over harvesting have put
one out of every eight plant species at risk of extinction, according to the world
conservation union. Many medicinal plants are also in trouble from over harvesting
and destruction of habitat. Since less than 1 percent of all species have been screened
for bioactive compounds, every loss of a unique habitat and its species is potentially
a loss of future drugs and medicines.

Keywords Threatened medicinal plants - Conservation - Red list - CAMP
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1.1 Introduction

In India, of the 17,000 species of higher plants, 7500 are known for medicinal uses
(Shiva 1996). Ayurveda, the oldest medical system in Indian subcontinent, has alone
reported approximately 2000 medicinal plant species, followed by Siddha and
Unani. The Charaka Samhita, an age-old written document on herbal therapy,
reports on the production of 340 herbal drugs and their indigenous uses.
Approximately 25 percent of drugs are derived from plants, and many others are
synthetic analogues built on prototype compounds isolated from plant species in
modern pharmacopoeia (Rao et al. 2004). Further, the demand for medicinal plant-
based raw materials is growing at the rate of 15 to 25 percent annually, and accord-
ing to an estimate of WHO, the demand for medicinal plants is likely to increase
more than US $5 trillion in 2050. In India, the medicinal plant-related trade is esti-
mated to be approximately US $1 billion per year (Table 1.1).

1.2 Distribution

Macro analysis of the distribution of medicinal plants shows that they are distrib-
uted across diverse habitats and landscape elements. Around 70% of India’s medici-
nal plants are found in tropical areas mostly in the various forest types spread across
the Western and Eastern Ghats, Vindhyas, Chota Nagpur Plateau, Aravalis, and
Himalayas. Although less than 30% of the medicinal plants are found in the temper-
ate and alpine areas and higher altitudes, they include species of high medicinal
value. Studies show that a larger percentage of the known medicinal plant occur in
the dry and moist deciduous vegetation as compared to the evergreen or temperate
with habitats.

Analysis of habitat of medicinal plants indicates that they are distributed across
various habitats. One third are trees and an equal portion shrub and the remaining
one third herbs, grasses, and climbers. A very small proportion of the medicinal

Table 1.1 List of medicinal plants traded in large volume internationally

Actaea racemosa Centella asiatica Hydrastis perforatum | Silybum marianum
Allium sativum Echinacea purpurea | Matricaria Silybum chirayita
chamomilla

Aloe ferox Echinacea Melissa nettle Tanacetum parthenium
angustifolia

Aloe vera Echinacea sinica Oenothera biennis Taxus wallichiana

Aloe Montana Ginkgo biloba Papaver somniferum | Taxus brevifolia

Atropa belladonna Glycyrrhiza glabra Pelargonium sidoides | Taxus chinensis

Carapichea Hippophae Sabal serrulata Ulmus rubra

ipecacuanha rhamnoides

Cassia senna

Hydrastis Canadensis

Serenoa repens

Vaccinium
macrocarpon
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plants are lower plants like lichens, ferns algae, etc. Majority of the medicinal plant
are higher flowering plants.

1.3 Medicinal Plant Wealth of India

India is rich in medicinal plant diversity. All known types of agroclimatic, ecologic,
and edaphis conditions are met within India. The biogeographic position of India is
so unique that all known types of ecosystems range from coldest place like the
Nubra Valley with 57 °C, dry cold deserts of Ladakh, temperate and alpine and
subtropical regions of the North-West and trans-Himalayas, rain forests with the
world’s highest rainfall in Cherrapunji in Meghalaya, wet evergreen humid tropics
of Western Ghats, arid and semi-arid conditions of Peninsular India, dry desert con-
ditions of Rajasthan and Gujarat to the tidal mangroves of the Sunderban. India is
rich in all the three levels of biodiversity, such as species diversity, genetic diversity,
and habitat diversity. There are about 426 biomes representing different habitat
diversity that gave rise to one of the richest centers in the world for plant genetic
resources. Although the total number of flowering plant species is only 17,000, the
intraspecific variability found in them make it one of the highest in the world. Out
of 17,000 plants, the classic systems of medicines like Ayurveda, Siddha, and Unani
make use of only about 2000 plants in various formulations (Table 1.2). The classi-
cal traditions were prevalent in the past particularly in the urban elite society. The
rural people who constitute 70-75% of the Indian populations live in about 576,000
villages located in different agroclimatic conditions. The village people have their
own diverse systems of health management. While most of the common ailments
were managed in the house by home remedies which included many species and
condiments like pepper, ginger, turmeric, coriander, cumins, tamarind, fenugreek,
and tulsi more complicated cases were attended by the traditional physicians who
use a large number of plants from the ambient vegetations and some products of
animal or mineral origin to deal with the local diseases and ailments. These are
indeed community-managed systems independent of official or government system
and are generally known as Local Health Tradition (LHT). The traditional village

Table 1.2 Distribution of Parts Percentage (%)

medicinal plants by par

(based onp analys?spz(l)ft i F Ssg Roots 26.6

South Indian species) Leaves 58
Flowers 52
Fruits 10.3
Seeds 6.6
Stem 5.5
Wood 2.8
Whole plant 16.3
Rhizome 4.4
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physicians of India are using about 4500-5000 species of plants for medicinal pur-
pose. However, there is no systematic inventory and documentation about the folk
remedies of India. There is urgent need to document this fast disappearing precious
knowledge system. The oral traditions of the villagers use about 5000 plant for
medicinal purposes. India is also inhabited by a large number of tribal communities
who also possess a precious and unique knowledge about the use of wild plants for
treating human ailments. A survey conducted by the All India Coordinated Research
Project on Ethnobiology (AICRPE) during the last decade recorded over 8000 spe-
cies of wild plants used by the tribals and other traditional communities in India for
treating various health problems. Some interesting observations made in the study
are the use of the same species found in different regions for the same ailments,
while some other species are used differentially.

Species Available in Phytoclimatic Zones in India
Our country is divided into tropical, subtropical, temperate, and alpine zones. The
following medicinal plants are found in different phytoclimatic zones:

1. Tropical zone: Acorus calamus, adhatoda vasica, aristolochia indica, azadi-
rachta indica, cassia fistula, commiphora mukul, datura metel, evolvulus als-
inoides, gloriosa superba, mucuna pruriens, psoralea corylifolia, pueraria
tuberosa, tinospora cordifolia, tylophora indica, withania somnifera, chlorophy-
tum arundinaceum, strychnos nux-vomica.

2. Subtropical zone: Acorus calamus, alpinia galanga, asparagus adscendens, cur-
cuma zedoaria, holarrhena antidysenterica, urginea indica.

3. Temperate zone: Aconitum chasmanthum, artemisia maritima, berberis aristata,
bergenia ciliata, colchicum luteum, daphne papyracea, datura stramonium,
dioscorea deltoidea, fagopyrum esculentum, heracleum candicans, podophyllum
hexandrum, rheum emodi, swertia chirata, urginea indica, viola odorata, etc.

4. Alpine zone: Nardostachys jatamansi, picrorhiza kurroa, dactylorhiza hata-
girea, hyssopus officinalis, aconitum heterophyllum, a. balfourii, dictamnus
albus, ephedra gerardiana, gentiana kurroo, jurinea dolomiaea, etc.

1.4 Threatened and Endemic Plants of Indian Region

India with its varied climate, high mountains in the north, and sea on the other three
sides supports a rich flora of tropical, subtropical, temperate, and alpine vegetation.
It is estimated that over 17,000 species of higher plants occur in India, of which
approximately one-third are woody species and another one-third endemic. It is also
common knowledge that our forests with all this vegetation are gradually decreas-
ing. Whereas we should have at least 33% of forest cover in order to have harmoni-
ous ecosystems, we are at present left with a mere less than 20%. Activities such as
conservation of flora and afforestation should, therefore, go hand in hand and must
be given top priority. The Indian efforts toward conservation of threatened biota
through the Ministry of Environment and Forests are praiseworthy. India is one of
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Table 1.3 National organizations working on medicinal plants

SL.
no | Organization Headquarter | Area of work
1 | CSIR-Central Institute | Lucknow, Extending technologies and services to the farmers
of Medicinal and Uttar Pradesh | and entrepreneurs of medicinal and aromatic plants
Aromatic Plants
2 | ICAR-Directorate of | Anand, Quality production of medicinal and aromatic
Medicinal and Gujarat plants
Aromatic Plants
Research
3 | JN-The Tropical Palode, Kerala | Conserving tropical plant genetic resource
Botanical Garden and develops strategies for their sustainable utilization
Research Institute
4 | CSIR-Indian Institute | Jammu Primary focus of research on drug discovery from
of Integrative medicinal plants
Medicine
5 | National Medicinal New Delhi Development of medicinal plant sector through
Plant Board developing a strong coordination between various
ministries/departments/organizations for
implementation of policies/programs on medicinal
plants

the signatories of the convention on the International Trade in Endangered Species
of Wild Fauna and Flora. The National Committee on Environmental Planning and
Coordination (NCEPC) and the National Committee on Man and Biosphere (MAB)
have also been concerned with the protection of habitat having natural vegetation.
Several natural areas have been identified for conservation as biosphere reserves
throughout the country. Setting up of gene banks and gene sanctuaries are other
major efforts of the government toward conservation (Table 1.3). The real challenge
is to conserve the threatened endemic medicinal plants.

1.4.1 Distribution of Medicinal Plants by Habitats

Of the 386 families and 2200 genera in which medicinal plants are recorded, the
families Asteraceae, Euphorbiaceae, Lamiaceae, Fabaceae, Rubiaceae, Poaceae,
Acanthaceae, Rosaceae, and Apiaceae share the larger proportion of medicinal plant
species with the highest number of species (419) falling under Asteraceae.

About 90% of medicinal plant used by the industries is collected from the wild.
While over 800 species are used in production by industry, less than 20 species of
plants are under commercial cultivation. Over 70% of the plant collections involve
destructive harvesting because of the use of parts like roots, bark, wood, and stem
and the whole plant in case of herbs. This poses a definite threat to the genetic stocks
and to the diversity of medicinal plants if biodiversity is not sustainably used.

Medicinal plants have always been a basic resource for human health.
Appreciation for the preventative and therapeutic value of herbal remedies and the
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additional benefits of their low cost, wide accessibility, and cultural relevance
remain strong in many traditional cultures. Interest in and demand for traditional
remedies and other plant-based health products (the so-called botanicals) are
increasing worldwide, particularly in rapidly expanding urban societies. Increased
consumption of medicinal plants, through expansion of local, regional, and global
markets, has increased pressure on a resource that is largely harvested from depleted
wild populations in shrinking wild habitats.

Research on the conservation and sustainable use of medicinal plants and their
habitats has fallen far behind the demand for this globally important resource. More
than 20,000 species of plants are used medicinally somewhere on earth. Nearly half
of these species are potentially threatened by over-harvest or loss of habitat.
Capacity to assess and monitor the conservation status of medicinal plants, to man-
age harvest within the limits of sustainability, and to devise cost-effective alterna-
tives for the production of medicinal plants as a resource is extremely limited
worldwide. The scale of consumption of this resource has overwhelmed knowledge
and tools to effectively implement conservation activities.

The current and potential value of medicinal plants — their value to local com-
munity health, to regional markets, and to global health security and trade — is
widely recognized as a reason to conserve tropical forest ecosystems. However,
many other ecosystems worldwide support a medicinal flora that is important to
local health and economy, as well as to regional and global supplies of plant-based
medicines. The wide range of habitats, taxonomic groups, and the variety of cul-
tural, social, and economic conditions affecting their use present substantial chal-
lenges to conservation and management efforts for these resources. At the same
time, the capacity, experience, and expertise developed in meeting these challenges
for medicinal plant resource management will contribute more broadly to biodiver-
sity resource management capability in any natural and social environment where
plants are used as medicines (Table 1.4).

1.4.2 Distribution of Threatened Medicinal Plants

Macro analysis of the distribution of medicinal plants shows that they are distrib-
uted across diverse habitats and landscape elements. Around 70% of India’s medici-
nal plants are found in tropical areas mostly in the various forest types spread across
the Western and Eastern Ghats, Vindhyas, Chota Nagpur Plateau, Aravalis, and
Himalayas. Although less than 30% of the medicinal plants are found in the temper-
ate and alpine areas and higher altitudes, they include species of high medicinal
value. Macro studies show that a larger percentage of the known medicinal plant
occurs in the dry and moist deciduous vegetation as compared to the evergreen or
temperate habitats.

Analysis of habits of medicinal plants indicates that they are distributed across
various habitats. One-third are tress and equal portion shrubs and the remaining
one-third herbs, grasses, and climbers. A very small proportion of the medicinal
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Table 1.4 Genetic diversity of some important medicinal plants

SI.
no | Species Country Genetic diversity Reference
1 | Artemisia India Eight individuals of a population Sangwan et al.
annua showed chemotypic and genetic (1999)
variation
2 | Asparagus India Accessions of A. racemosus and Lal et al. (2012)
racemosus ornamental species showed 48.3%
3 | Butea India 16 accessions from five provinces Khan et al. (2008)
monosperma showed genetic divergence
4 | Catharanthus | India 14 cultivars displayed 82% Shaw et al. (2009)
roseus polymorphism
5 | Coleus India Three species exhibited genetic Govarthanan et al.
forskohlii diversity (2014)
Coleus
aromaticus
6 | Dioscorea China 28 cultivars exhibited 83% Zhou et al. (2008)
opposita polymorphism
7 | Gymnema India Plants collected from 12 geographical | Mouna et al.
sylvestre regions recorded 85% polymorphism | (2014)
8 | Ginkgo biloba | China Nine populations recorded 97.9% Fan et al. (2004)
polymorphism
9 | Hippophae spp. | Different Genetic diversity is high among Cheng et al. (2007)
countries populations, origins and subspecies
10 | Justicia Pakistan Genetic diversity was high (90%) Gilani et al. (2011)
adhatoda within populations due to absence of
genetic drift
11 | Morinda India 22 accessions collected from four Singh et al. (2011)
citrifolia regions showed polymorphism
M. tinctoria, M.
pubescens
12 | Ocimum India All markers recorded 100% Lal et al. (2012)
basilicum polymorphism
13 | Oroxylum India Accessions collected from eight Jayaram and
indicum locations indicated high similarity with | Prasad (2008)
49.6% polymorphism
14 | Phyllanthus India Four populations exhibited genetic Shaanker and
emblica diversity Ganeshaiah (1997)
15 | Rauvolfia India Plants from five populations recorded | Saidi et al. (2013)
tetraphylla 98% polymorphism
16 | Commiphora India Accessions collected from different Suthar et al. (2008)
wightii locations recorded 83.5%
polymorphism with 0.55-0.79
similarity coefficients
17 | Crocus sativus | Iran Observed and expected Nemati et al.

heterozygosities varied from 0.07 to
0.92 and 0.10 to 0.58, with 2.6 alleles/
locus

(2012)

(continued)
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SI.
no | Species Country Genetic diversity Reference
18 | Cephaelis Brazil 50 wild clusters with 291 aerial stems | de Oliveira et al.
ipecacuanha showed no genetic differentiation at (2010)
the cluster level
19 | Cassia India 10 accessions from different districts | Arya et al. (2011)
occidentalis had 71.2% polymorphism
20 | Gardenia China Eight wild or cultivated populations Han et al. (2007)
Jjasminoides registered 67.6% polymorphism
22 | Melissa Iran, Nine populations from Iran and each | Aharizad et al.
officinalis Germany, | one from Germany and Japan revealed | (2012)
Japan significant variation in
morphoagronomic traits
23 | Podophyllum India 12 accessions displayed high degree of | Sultan et al. (2010)
hexandrum genetic diversity
24 | Mucuna India 25 accessions of five species collected | Sathyanarayana
monosperma from seven provinces displayed high | et al. (2011)
polymorphism

plants are lower plants like lichens, ferns algae, etc. Majority of the medicinal plant
are higher flowering plants.

Of the 386 families and 2200 genera in which medicinal plants are recorded, the
families Asteraceae, Euphorbiaceae, Lamiaceae, Fabaceae, Rubiaceae, Poaceae,
Acanthaceae, Rosaceae, and Apiaceae share the larger proportion of medicinal plant
species with the highest number of species (419) falling under Asteraceae.

About 90% of medicinal plant used by the industries is collected from the wild.
While over 800 species are used in production by industry, less than 20 species of
plants are under commercial cultivation. Over 70% of the plant collections involve
destructive harvesting because of the use of parts like roots, bark, wood, and stem
and the whole plant in case of herbs. This poses a definite threat to the genetic stocks
and to the diversity of medicinal plants, if biodiversity is not sustainably used
(Table 1.5).

1.4.3 Threatened Medicinal Plant Resource Base

Medicinal plants are living resource, exhaustible if overused and sustainable if used
with care and wisdom. At present 95% collection of medicinal plant is from wild.
Current practices of harvesting are unsustainable, and many studies have high-
lighted depletion of resource base. Medicinal plant-based industries although old
and vast are still being managed on traditional ethos and practices and lack a proac-
tive and socially responsible image. Many studies have confirmed that pharmaceuti-
cal companies are also responsible for inefficient, imperfect, informal, and
opportunistic marketing of medicinal plants. As a result, the raw-material supply
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Table 1.5 International organizations working on medicinal plants

SI.
no | Organization Headquarter Area of work
1 | Asia Pacific Information Philippines To share databases of medicinal plants
Network on Medicinal and among its members
Aromatic Plants
2 | Botanic Gardens Conservation | Kew, London Forms the world’s largest plant
International conservation network
3 | Convention on International Washington, Treaty to protect endangered plants
Trade in Endangered Species of | D.C.
Wild Flora and Fauna (CITES)
4 | Fair-trade labeling Bonn, Germany | Product certification of medicinal
organizations plants
5 | International organic trade North America | Focuses on the organic trade of
association medicinal plants
6 | International Trade Center Geneva, Providing trade technical assistance in
Switzerland countries all over the world
7 | Medicinal Plants Specialist Gland, Conservation and sustainable use of
Group of the Species Survival | Switzerland medicinal plants
Commission of [UCN
8 | Trade Record Analysis of Fauna | Cambridge, Trade of wild plants and animal species
and Flora in Commerce United kingdom
(TRAFFIC)
9 | United Nations Environment Nairobi, Kenya | Assists developing countries in
Program (UNEP) implementing environmentally sound
policies and practices
10 | United Nations Industrial Vienna, Austria | Promotion of international industrial
Development Organization cooperation
(UNIDO)
11 | World Fair Trade organization | Culemborg, The | Improving the livelihoods of
Netherlands economically marginalized producers
12 | World Health Organization Geneva, Shaping the research agenda and
(WHO) Switzerland stimulating the generation, translation,
and dissemination of valuable
knowledge
13 | World Wide Fund for Nature Gland, Wilderness preservation
(WWEF) Switzerland

situation is shaky, unsustainable, and exploitative. There is a vast, secretive, and
largely unregulated trade in medicinal plants, mainly form the wild that continues to
grow dramatically in the absence of serious policy attention with environmental
planning. Confusion also exists in the identification of plant materials where the
original of a particular drug is assigned to more than one plant, sometimes having
vastly different morphological and taxonomical characters. There are few others,
where the identity of plant sources is doubtful or still unknown; therefore, adultera-
tion is common in such cases.
The other main source of medicinal plant is form cultivation. Cultivated material
is infinitely more appropriate for use in the production of drugs. Indeed,
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standardization whether for pure products, extracts, or crude drugs is critical,
increasingly so, as quality requirements continue to become more stringent.

Given the higher cost of cultivated material, cultivation is often done under con-
tract. In the majority of cases, companies would cultivate only those plant species
which they use in large quantity or in the production of derivatives and isolates, for
which standardization is essential and quality is critical. More recently, growers
have set up cooperatives or collaborative ventures in an attempt to improve their
negotiating power and achieve higher price.

Of the 270, 000 plant species in existence, 1 in 8 are considered endangered.
One-quarter of plant species are at the risk of extinction within the next generation.

Special aspects of endangered species are as follows:

1. Limited amount of plant material available
2. Ability to test protocols severely limited
3. Plants located in remote areas

4. Resources available are also limited

Most biologists consider a species endangered if they expect it would die off com-
pletely in less than 20 years if no special efforts were made to protect it, or if the rate
of decline far exceeds the rate of increase. Until the last few centuries, species
became rare or died out as a result of natural causes. These causes included changes
in climate, catastrophic movements in the earth’s crust, and volcanic eruptions.
Today, species become endangered primarily because of human activities. Species
mainly become endangered because of (1) loss of habitat and (2) wildlife trade.

Many wild species are protected by the Convention on International Trade in
Endangered Species of Wild Fauna and Flora (CITES). This treaty, originally signed
by 10 nations in July 1975, aims to control trade in wildlife, plants, and their prod-
ucts. By the late 1990s, over 140 countries had ratified it.

The International Union for the Conservation of Nature and Natural Resources
(IUCN) and the World Conservation Union compile lists of endangered plants.
Their lists include 34,000 species of plants that are threatened or endangered.

The IUCN Red Lists of Threatened Species are a compilation of plant or animal
species categorized as critically endangered, endangered, or vulnerable according to
the IUCN categories of threat. For the most part, the Species Survival Commission
(SSC) Specialist Group covering the taxa in question makes categorizations with
the newer 1994 TUCN criteria.

Many wild species are protected by the Convention on International Trade in
Endangered Species of Wild Fauna and Flora (CITES). This treaty, originally signed
by 10 nations in July 1975, aims to control trade in wildlife, plants, and their prod-
ucts. By the late 1990s, over 140 countries had ratified it (Table 1.2).

The TUCN (International Union for the Conservation of Nature and Natural
Resources) and the World Conservation Union compile lists of endangered plants
and animals. Their lists include about 34,000 species of plants that are threatened or
endangered. Protecting habitat is the key method of preserving endangered species.
Many governments and organizations have set aside nature preserves.
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Table 1.6 Wild collections Country Wild plants used as medicinal (%)
used as medicinal plants in -
A . India 77
different countries
Europe 90
China 60-80

United States | 90
Germany 70-90

Hungary 30-35
Spain 50
Ecuador 90
Albania 90-100
Romania 11,300

Since 1997, an extensive consultation has been carried out to review the [IUCN
Red List assessment system, and some changes to the categories and criteria have
now been agreed on. Taking the data from the Red List analysis book, certain
“hotspots” appear. The main areas where mammals, birds, and plants (trees) seem
to require the most conservation effort are in the Neotropics (Brazil, Colombia,
Ecuador, and Mexico), East Africa (Tanzania), and Southeast Asia (China, India,
Indonesia, and Malaysia) (Table 1.6).

The goals of the [IUCN Red List Program are to:

* Provide a global index of the state of degeneration of biodiversity.
e Identify and document those species most in need of conservation attention if
global extinction rates are to be reduced.

The first of these goals refers to the traditional role of the /[UCN Red List, which
is to identify particular species at risk of extinction. The role of the IUCN Red List
in underpinning priority setting processes for single species remains of critical
importance. However, the second goal represents a radical new departure for the
SSC and for the Red List Program, for it focuses on using the data in the Red List
for multispecies analyses in order to understand what is happening to biodiversity
more generally (Table 1.7).

To achieve these goals, the following objectives are proposed:

* To assess, in the long term, the status of a selected set of species.

e To establish a baseline from which to monitor the status of species.

* To provide a global context for the establishment of conservation priorities at the
local level.

* To monitor, on a continuing basis, the status of a representative selection of spe-
cies (as biodiversity indicators) that cover all the major ecosystems of the world.

Listing criteria are now as follows:
Listing in Appendix I (Table 1.8):
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Table 1.7 Genetic erosion in medicinal plants

Number of
plants
Country | eroded Plant species
China | 3000 Scutellaria baicalensis, Panax notoginseng, Acanthopanax senticosus,
Asarum heterotropoides var. mandshuricum, A. lancea, Bupleurum
chinense, Cistanche deserticola, Dioscorea zingiberensis, Ephedra
sinica, Eucommia ulmoides, Magnolia officinalis
Africa |59,000- Warburgia ugandensis
90,000
Chile Haplopappus taeda
India 265 Gnidia glauca var. sisparensi, Phyllanthus emblica, Calligonum
polygonoides, Justicia adhatoda
Brazil Carapichea ipecacuanha
Nepal Swertia chirayita
Europe | 150 -
Croatia |17 -
Ukraine | 202 -
Estonia | 16 -
Finland |20 -

Table 1.8 Medicinal plant species listed in CITES (Appendix I)

Source

Aloe barbadensis

(Korean Government) (Roberson 2008)
(Hawkins 2008) (AHPA American 2014)

Rauvolfia serpentina

(Schippmann 2001)

Saussurea costus

(BGCI) (R&D center of Flower Valley Agrotech 2005)
(Hawkins 2008) (AHPA American 2014)

Cyathea dregei

(Schippmann 2001)

Dioscorea deltoidea

(Schippmann 2001) (BGCI) (R&D center of Flower Valley Agrotech
2005)

Diospyros borneensis

(Department of Agriculture of Brunei Darussalam Government 2000)

Euphorbia spp.

(AHPA American 2014)

Gnetum montanum

(Schippmann 2001)

Pterocarpus erinaceus

(Useful Tropical Plants 2017)

Swietenia humilis

(Useful Tropical Plants 2017)

Fraxinus mandshurica

(Korean Government)

Podocarpus neriifolius | (Schippmann 2001)
Picrorhiza kurrooa (Schippmann 2001)
Nardostachys (Schippmann 2001)
grandiflora

Siphonochilus
aethiopicus

(Schweinf and Burtt 2017)

Guaiacum officinale

(Schippmann 2001)

Source: Convention on international trade in endangered species of wild fauna and flora
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Biological Criteria

A. Small population.

B. Restricted distribution.

C. Steep decline.

D. Risk of the above within 5 years.

Categories of Threatened Plants

The International Union for Conservation of Nature and Natural Resources (JTUCN,
1995) has recognized the following updated categories of threatened plants on the
basis of geographical range, populations, and fragmentation of population.

Extinct (EX): A taxon is extinct when there is no reasonable doubt that the last indi-
vidual has died.

Extinct in the Wild (EW): A taxon is extinct in the wild when it is known only to
survive in cultivation.

Critically Endangered (CR): A taxon is critically endangered when it is facing an
extremely high risk of extinction in the wild in the immediate future (80% decline
in the last 10 years).

Endangered (EN): A taxon is endangered when it is not critically endangered but is
facing a very high risk to extinction in the wild in the near future (50% decline in
the last 10 years).

Vulnerable (VU): A taxon is vulnerable when it is not critically endangered or
endangered but is facing a high risk of extinction in the wild in the medium-term
future (50% decline in the last 20 years).

Conservation Dependent (CD): Taxa which are the focus of a continuing taxon-
specific or habitat-specific conservation program targeted toward the taxon in
question, the cessation of which would result in the taxon qualifying for one of
the threatened categories above within a period of 5 years.

Data Deficient (DD): A taxon is data deficient when there is inadequate information
to make a direct or indirect assessment of its risk of extinction based on its dis-
tribution and/ or population status.

Low Risk (LR): A taxon is low risk when it has been evaluated and does not satisfy
the criteria for any of the categories, critically endangered, endangered, vulner-
able. Conservation dependent, or data deficient.

Not Evaluated (NE): A taxon is not evaluated when it has not yet been assessed
against the criteria.

It is now realized all over the world that several species of plants are threatened;
many are critically rare and a few already extinct. Studies in some parts of the world
have shown that on an average about 10% of vascular plants fall into one or the
other category of threatened species. Many countries in the world have taken stock
of their rare plants and have developed provisional or fairly accurate lists of their
threatened plants. Botanical Survey of India initiated work on rare and endangered
species in India way back in 1980 and published several lists of rare and endangered
species. “An Assessment of Threatened Plants of India” brought to light several
hundred rare species from different parts of the country. This was followed by pub-
lication of 4 volumes of Red Data Book of India, which included nearly 620 threat-
ened plants falling under various threat categories of ICUN further.
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1.4.4 Current Status of Endangered Plants in India

In India following the general criteria laid down by IUCN (1978), the Botanical
Survey of India has brought out several assessments of rare and threatened species
in the country. These lists are fundamentally based on herbarium and partly field
studies. It is estimated that about 3000 species of flowering plants out of 17,000
species fall in one or the other category of threatened plants, which also include
several medicinal plants. These lists have also formed the basis for the publication
of the 4 volumes of Red Data Books of India, wherein 620 species are included, of
which 550 species are endemic including some valuable medicinal species.

These lists are however not without any drawbacks or limitations. Detailed field
studies throughout the entire distribution range of these species to estimate the size
and number of populations of particular species, their specific ecological niches,
reproductive behavior, and demographic studies are lacking. Future studies should
also highlight the correct status of threatened and endemic plants at state/regional
level based on extensive field surveys.

1.4.5 Methodology for Assessment of Status of Plants: CAMP

The Conservation Assessment and Management Plan (CAMP) process is a method-
ology for rapid assessment of taxa in the wild. This methodology is a rational and
objective method of assigning threat categories and deriving recommendations for
conservation action plans through participatory group inputs from many stakehold-
ers. A CAMP process is a platform for a congregation of 10-40 experts from related
fields such as field biologists, ecologists, habitat experts, wildlife managers, forest
officials, captive managers, university researchers, academicians, non-governmental
organizations, policy makers, and other relevant stakeholders. The CAMP Workshop
is organized and conducted by objective facilitators who do not have a professional
or personal stake in the outcome of the assessments. The assessment is also fol-
lowed by research and conservation recommendations for every taxon. CAMPs pro-
vide a rational and comprehensive means of assessing priorities for intensive
management within the context of the broader conservation needs of threatened taxa.

The Conservation Breeding Specialist Group developed IUCN the CAMP pro-
cess methodology first for identifying priorities in captive management planning for
the global zoo community, which needed to know the in situ conservation status of
species in their care. The methodology, however, has proved so effective for assess-
ing status in the wild that IUCN SSC Specialist Groups, governmental and nongov-
ernmental agencies, conservation action planners, and policy makers all over the
world have recognized it. The CAMP methodology is emerging as an effective
means of conducting biodiversity inventory, identification, and monitoring, thus sat-
isfying Agenda Item 7 in the Conservation on Biological Diversity.

Medicinal plants as a group comprise approximately 8000 species and account
for about 50% of all the higher flowing plant species of India. Millions of rural mass
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Table 1.9 Global genetic resources of medicinal plants
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Country Total medicinal plants Medicinal plants in use
India 7500-8000 960
Bulgaria 750 200-300
China 11,146 150
Ethiopia 1000 300
Finland 100 -
France 900 -
Hungary 270 -
Italy 1500 -
Jordan 363 -
Macedonia 700 150
Malaysia 1200 =
Malta 458 -
Nepal 1950 —
Pakistan 1500 —
Philippines 850 -
Republic of Korea 1000 -
Romania 283 -
Serbia 400 -
Slovenia 400 -
Sri Lanka 1414 208
Thailand 1800 -
Turkey 500 -
USA 2564 -
Vietnam 1800 —
Yugoslavia >700 -
Myanmar 59

Mongolia 92

South pacific 102

Papua New Guinea 126

Republic of Korea 150

use medicinal plants in self-help mode. One and a half million practitioners of
ISM&H use medicinal plants in preventive/promotive and curative applications.
There are about 460,000 registered practitioners of ISM&H using medicinal plants
in the codified streams. Further, there are 7843 registered pharmacies of ISM and
851 of homoeopathy and a number of unlicensed small-scale units. Besides meeting
national demands, they cater 12% of global herbal trade. In recent years, the grow-
ing demand for herbal products has led to a quantum jump in volume of plant mate-
rial traded within and outside the country. An estimate of the EXIM Bank projects
international market of medicinal plant-related trade at US $ 60 billion per year
growing at a rate of 7% per year (Table 1.9).

India is blessed with two mega centers of biodiversity (the Hindustan Center of
Origin and the Central Asia Center of Origin). This biodiversity is mainly
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distributed in Western Ghats, North-eastern India, and the Himalayan region.
Floristically rich, India has about 141 endemic genera of 5150 species belonging to
47 families of higher plants. Among the different endemic species, 2532 species are
distributed in Himalayas, 1788 spp. in the peninsular region, and 185 spp. in the
Andaman and Nicobar Islands. About 43,000 plant species are said to exist in India
of which 7500 plant species are referred in Indian folklore. However, only about
1700 plant species are mentioned in the documented form of old literature.

The vast degree of diversity present in this country is highly related to the highly
divergent ecosystem and altitudinal variations. The agrobiodiversity in India is dis-
tributed in 8 very diverse phytogeographical and 15 agroecological regions. The
range of distribution of these plants varies from the wet evergreen forests in the
Western Ghats to the Alpine scrubs of the Himalayas, from the arid deserts of
Rajastan to the mangroves along the east coast, from the vast deciduous forests of
the Decan to the Sholas of the high ranges, and from the swamps of the Ganges to
the moss laden tree trunks of the silent valley. The indigenous diversity of plant spe-
cies of medicinal and aromatic value in the region is also unique. This is reflected
from the Arogyapacha (Trichopus zeylanicus) of the Agastiar Hills to the Saalam
Panja of the Himalayas, from the tiny Drosera of the Sholas to the huge diptero-
carps of the Western Ghats, from the xerophytic aloes to the marshy land Brahmis,
and from the wild turmerics to the cultivated peppers. Over 7000 species belonging
mainly to the families Fabaceae, Euphorbiaceae, Asteraceae, Poaceae, Rubiaceae,
Cucurbitaceae, Apiaceae, Convolvulaceae, Malvaceae, and Solanaceae are used
from the ancient time by various health-care systems in the country. In other words,
this number corresponds to more than one-fourth of the world’s known medicinal
plants, which are around 30,000 species. Analysis of these listed plants showed that
they include all the major life forms, viz., trees, shrubs, climbers, and herbs. The
proportion of ferns and lichens is much smaller as compared to the flowering plants.

Though India has rich biodiversity and is one among the 12 mega diversity cen-
ters, the growing demand is putting a heavy strain on the existing resources causing
a number of species either threatened or endangered category. The IUCN report for
the year 2000 revealed that India ranked fifth in the case of threatened plant species
and birds. Recently, some rapid assessment of the threat status of medicinal plants
using TUCN-designed CAMP methodology revealed that about 112 species in
Southern India, 74 species in Northern and Central India, and 42 species in high
altitude of Himalayas are threatened in the wild.

1.5 Collection and Conservation Efforts Undertaken

Collection of non-timber forest product (NTFP), which includes most of the medic-
inal plants, is associated with the livelihood of tribal and rural communities in and
around the forest in India. Since the prices paid to the collectors are very low and
most of the time exploitive in nature, they often overexploit the natural resources as
their main objective is to generate substantive income.
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Several medicinal plants have been assessed as endangered, vulnerable, and
threatened due to over harvesting or unskillful harvesting in the wild (Table 1.10).
Habitat destruction in the form of deforestation is an added danger. The Government
of India has put 29 species in the negative list of export, which are believed to be
threatened in the wild (Tables 1.11 and 1.12).

Table 1.10 Biological factors determining conservation methods

Preferred conservation

No | Biological factors methods Remarks
1 | Perennial species In situ/field gene banks/seed | If tree species be required
and/or pollen storage for utilization purpose
2 | Annual species Seed and/or pollen storage See also factors 3,4,6,
in vitro field gene bank and 7
3 | Orthodox species Seed storage
4 | Recalcitrant seeds In vitro/in situ/field gene bank
5 | Synthetic seeds As orthodox seeds
6 | Vegetatively propagated Field gene bank/pollen/in
species with viable seeds vitro/cryopreservation
7 | Vegetatively propagated Field gene bank/pollen/in Field gene bank or
species with nonviable seeds vitro/cryopreservation genotype needs to be
conserved
8 | Long living pollen Pollen storage
9 | Tissue culturing feasibility If low, look for alternative
method
10 | Cryopreservation feasibililty If low, look for alternative

method

11

Genetic stability

If low for certain method,
alternative method

Table 1.11 Cultivation of medicinal plants globally

Number of medicinal plants Area covered
Country | under cultivation (ha) Reported by
India 50 >95,000 Ved and Goraya (2008), Chaddha
and Gupta (1995)
China 250 330,000- Akerele et al. (1991), Heywood
460,000 (1999)
Europe | 130-150 100,000 Lubbe and Verpoorte (2011)
Finland |30 <5000 -
Poland | 60 20,000 -
Hungary | 40 - -
Romania | 52 4000 -
Italy 100 - -
Spain 16 6000 -
Latvia |20 300 -
Serbia |30 <5000 -
UK 26 4200 -
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Table 1.12 Conservation of medicinal plants globally

Country Conservation efforts

India Botanical survey of India and CIMAP conserves 418 MPs in seed gene banks, 244
MPs in field gene banks, 44 MPs in in vitro gene banks, 53 MPs in DNA banks
TBGRI conserves 30,000 plants

Croatia 900 accessions of 180 MPs are conserved
Czech 973 accessions of 78 MPs are conserved
republic

Poland 159 accession of 13 MPs are conserved

Slovenia 650 accessions of MPs are conserved

Israel 197 in situ, 584 ex situ, and 576 seed accessions of 15 MPs are conserved

MPs medicinal plants

1.6 Conservation Strategy

The World Conservation Strategy defines conservations as “the management of
human use of the biodiversity so that it may yield the greatest sustainable benefit to
present generation while maintaining its potential to meet the needs and aspirations
of future generations.” The above definition invokes two complementary compo-
nents “conservation” and “sustainability.” The primary goals of biodiversity conser-
vation as envisaged in the World Conservation Strategy can be summarized as
follows:

1. Maintenance of essential ecological processes and life support systems on which
human survival and economic activities depend.

2. Preservation of species and genetic diversity.

3. Sustainable use of species and ecosystems which support millions of rural com-
munities as well as major industries.

Medicinal plants are potential renewable natural resources. Therefore, the conserva-
tion and sustainable utilization of medicinal plants must necessarily involve a long-
term, integrated, scientifically oriented action program. This should involve the
pertinent aspects of protection, preservation, maintenance, exploitation, conserva-
tion, and sustainable utilization. A holistic and systematic approach envisaging
interaction between social, economic, and ecological systems will be a more desir-
able one. The most widely accepted scientific technologies of biodiversity conserva-
tion are the in situ and ex situ methods (Table 1.13).

1.6.1 In Situ Conservation

The aim of in situ conservation is to allow the population to perpetuate itself within
a given ecosystem, to which it is adapted, thus ensuring its potential for continued
evolution (5,6). For majority of situations, in situ conservation is the ideal method
of conserving wild plant species.
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Table 1.13 Most common methods used for germplasm conservation and the corresponding PGR

categories
SL. Predominantly conserved PGR categories by
No | Methods corresponding method

1

Biosphere reserve

Ecosystem/biodiversity by and large

2 Nature reserve Specific habitat/wild and/or weedy species gene pool
3 Gene sanctuary Ecosystem (specific)/wild species gene pool
4 On farm conservation (mass Agro-ecosystems/land races
reservoirs, bulk hybrid
populations)
5 | Botanical garden/arboretum Wild species, obsolete cultivars, tree crop germplasm
6 Field gene bank Wild species, vegetatively propagated crops, tree crop
germplasm
7 Plant organ storage Vegetatively propagated crops, mainly in the form of
roots, tubers, and bulbs
8 Seed storage All plant species which produce fertile and orthodox
seeds
9 | Pollen storage In principle all species which produce long living pollen
10 | In vitro storage Wild and cultivated species which produce recalcitrant or
no seeds, vegetatively propagated crops, disease free
germplasm, as well as orthodox seeds
11 | Cryopreservation Germplasm mentioned above which permits
cryopreservation
12 | DNA and gene libraries Special genetic stocks; in principle applicable for all

germplasm

For and effective in situ conservation, it is important to identify the “hotspots” of
genetic diversity. This can be done in two steps.

1. An extensive geographic distribution map of the species needs to be developed
to identify sites (hotspots) with viable population sizes.

2. Among these sites, populations that are genetically rich need to be identified
such sites can be considered for its in situ conservation of genetic resources.
While there have been attempts to map the geographic distribution of the medici-
nal plants, that of identifying the hotspots of genetic action has been singularly
lacking.

1.6.1.1 Advantages of In Situ Conservation

1. It usually allows increased probabilities of conserving a large range of poten-
tially interesting alleles.

2. It is especially adapted to species, which cannot be established or regenerated
outside the natural habitats. These species may be divided in three groups.

(a) Species which are members of complex climax ecosystems

(b) Species with seeds presenting fugacious germination or with seeds possess-
ing dormancy, which cannot be broken by known artificial methods.
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(c) Species which have highly specialized breeding systems, depending on a
single species of insect, bird, or bat for pollination which in turn is depen-
dent on other components of the ecosystem.

3. It allows natural evolution to continue, a valuable option for conserving of dis-
ease and pest-resistant species, which can co-evolve with their parasites, provid-
ing breeders with a native source of resistance.

4. Tt can serve several sectors at once and gene pools of value to different sectors

(e.g., crop breeding, forestry, forage production wild life).
. It facilitates research on species in their natural habitats.
6. It assures protection of associated species biosphere reserve concept.

W

In July 1993, FRLHT, Bangalore, in close collaboration with state forest depart-
ment of Karnataka, Kerala, and Tamil Nadu, research institutions, individuals,
researchers, and environmental NGOs of southern India launched a pilot project for
conservation and sustainable use of the region’s medicinal plant diversity. This has
been done through the establishment of a network of 30 medicinal plant conserva-
tion areas (MPCAs) in the three states. The MPCAs are each averaging 200 hect-
ares. Degraded forest areas are taken up for production of medicinal plants. These
are called medicinal plant development areas (MPDAS); six such MPDAs have been
set up in the project states.

In has been well established that the best and cost-effective way of protecting the
existing biological and genetic diversity is the in situ or on-the-site conservation
wherein a wild species or stock of a biological community is protected and pre-
served in its natural habitat. The prospect of such an “ecocentric” rather than a
species-centered approach is that it should prevent species from becoming endan-
gered by human activities and reduce the need for human intervention to prevent
premature extinctions. Establishment of biosphere reserves, national parks, wild life
sanctuaries, sacred groves, and other protected areas forms examples of in situ
methods of conservation. The idea of establishing protected area network has taken
a central place in all policy decision process related to biodiversity conservation at
national, international, and global level.

In India, 4.5% of its total geographical area constitute protected area network,
comprising 8 designated biospheres, 87 national parks, and 447 wild life sanctuar-
ies. This network encompasses various biogeographic zones and biomes rich in
biotic diversity, including medicinal and aromatic plants. In addition to this, there
are a number of sacred groves in different parts of the country particularly in South,
West, and Eastern parts which are also active centers on in situ conservation of
medicinal plants. Such conservation area network can attribute significantly toward
the conservation and sustainable management of biological resources of our country.

However, experiences have amply demonstrated that in a densely populated
developing country like India, where a sizeable population are living in close prox-
imity to forests, declaring protected areas will not entirely be sufficient to ensure
conservation on the fast eroding biological diversity. The success of any conserva-
tion program vests solely on the efficient management of protected areas. The
involvement of local communities in conservation activities has now been
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increasingly realized. A people nature-oriented approach thus becomes highly
imperative. This will help to generate a sense of responsibility among the local
people about the values of biodiversity and the need to use it sustainably for their
own prosperity and the maintenance of ecosystem resilience.

In situ conservation of medicinal plants in India can be accomplished through the
active support and participation of people who dwell in or near and around the pro-
tected forest areas. Involving the local mass in all phases of conservation programs,
such as planning, policy-decision process, and implementation will be a significant
component in achieving efficient management and utilization of medicinal plant
resources. A few such in situ conservation areas have been marked and declared as
medicinal plant in situ conservation areas on the forests of three Southern States of
Kerala, Tamilnadu, and Karnataka by the joint efforts of the forest departments of
these States and FRLHT, Bangalore.

1.6.2 Ex Situ Conservation

Conservation of plant genetic resources outside their natural habitat is known as ex
situ conservation, also known as “off-site conservation.” It can be achieved in the
following five ways: (1) seed gene banks, (2) field gene banks, (3) botanical or
herbal gardens, (4) medicinal plants conservation parks (MPCPs), and (5) in vitro
repositories. Ex situ conservation facilitates conservation in controlled conditions
and makes possible reintroduction of species into wild.

Conservation Medicinal plants conservtion can be accomplished by ex situ, i.e.,
outside, natural habitat by cultivating and maintaining plants in botanic gardens,
parks, other suitable sites, and long-term preservation of plant propagules in gene
banks (seed bank, pollen bank, DNA libraries, etc.) and in plant tissue culture repos-
itories and by cryopreservation.

Botanical gardens can play a key role in ex situ conservation of plants, especially
those facing imminent threat of extinction. Several gardens in the world are special-
ized in cultivation and study of medicinal plants, while some contain a special
medicinal plant garden or harbor special collection of medicinal plants.

India has a network of about 140 botanical gardens which include 33 botanical
gardens attached to 33 university botany departments. However, hardly 30 botanical
gardens have any active program on conservation. Tropical Botanical Garden and
Research Institute (TGBRI), located in a degraded forest region of Western Ghats
mountains in Kerala, has an excellent example in ex situ conservation of plant diver-
sity in India. The field gene bank program launched by TBGRI from 1992 to 1999
is now well acclaimed as a very effective method of conservation of medicinal and
aromatic plant genetic resources. This field gene bank of medicinal and aromatic
plants at TBGRI, Thiruvananthapuram, is essentially a blend of the ex situ and in
situ situations.

Field gene bank of medicinal plants The concept of establishing field gene banks
of plants provides ample options for long-term preservation of the genetic variabil-
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ity (interspecific) of species. Field gene banks are better established in a degraded
forest where efforts could be made to reforest/restock the missing species com-
plexes, trees, shrubs, herbs, climber, etc. It is indeed a recreation of a forest or rather
simulation of a typical forest. Before attempting to establish such a field gene bank,
it is essential to have a clear understanding of the natural ecosystem such as the
spatial distribution and pattern of association, i.e., structure and functional dynam-
ics of the species in question. After undertaking an in-depth study on the natural
distribution pattern of the medicinal plants and the associated floristic elements —
including their microecological niche —a well-planned action program of recreating
the same in a degraded forest area or place close to the species found in nature can
be attempted. TBGRI has accomplished this task of simulating the nature while
establishing the field gene bank of medicinal and aromatic plants under the G-15-
GBMAP sponsored by DBT, Government of India. TBGRI’s experience now pro-
vides ample opportunity to repeat the same elsewhere in the country.

Identification of the keystone species and umbrella species is very important in
these methods. After planting the keystone and umbrella species, other species com-
plexes which include the medicinal aromatic plants in question have to be intro-
duced. The sampling and selection of samples for introduction have to be highly
knowledge and science intensive. To capture the maximum possible genetic diversity
of the target species, it is extremely important to collect all valuable information such
as morphological variants, chemical variants, or genetic variants or chemical screen-
ing of the population of the targeted species by using the latest methods and tools.

The field gene bank of TBGRI has covered 30,000 accessions of 250 medicinal
and aromatic plant species which include 100 endemic, rare, and endangered
medicinal and aromatic plants of the tropical region of India. A broad spectrum of
the genetic diversity of these species were captured and introduced in this gene bank
which covered morphotypes, cytotypes, and chemotype, and the number of samples
from each species varied from 50 to 1000 plants.

1.7 Medicinal Plant Conservation Areas (MPCAs)

Since 1993, Foundation for Revitalization of Local Health Traditions (FRLHT),
Bangalore, has pioneered the in situ conservation of India’s medicinal plant diver-
sity in conjunction with the state forest departments (SFDs) in the states of
Karnataka, Tamil Nadu, Kerala, Andhra Pradesh, and Maharashtra, as well as with
local communities, nongovernmental organizations (NGO), and research institu-
tions. A medicinal plant conservation area (MPCA), a network of approximately 10
conservation sites, is officially designated for each state of 200-300 hectares. In
Southern India, the sites are located in relatively undisturbed forests of varying
vegetation types, lying in different altitude ranges, soil types, and rainfall patterns.
This is an attempt to capture the wild populations of medicinal plant diversity of the
state across the MPCA network. Forest areas with high biodiversity, sites tradition-
ally valued for medicinal plant diversity, or sites with known red-listed medicinal
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plant species are identified for creating an MPCA. The MPCA boundaries may cor-
respond to the natural boundary features of the selected site, and ideally an MPCA
should be located in a discrete micro watershed (Somashekar 2011). The MP-CAs
are categorized as no-harvest sites. Their protection and management involve the
participation of the local communities. In order to meet the community require-
ments, the forest department is required to establish medicinal plant nurseries in the
MPCA and to supply local households with (1) plant species of high economic
value to grow and sell and (2) medicinal plant seedlings for their primary health-
care needs. These act as live field gene banks for medicinal plants. In situ conserva-
tion will not be restricted to medicinal plants and other plant species, and the fauna
of the area will also be protected. This is to conserve medicinal plants within their
ecosystems. In Karnataka, 13 such MPCAs were established representing all major
forest types and different altitude zones of the state (Somashekar 2011).

1.8 Medicinal Plant Development Areas (MPDAs)

MPDAs are small areas in non-timber forest product (NTFP) circles and on degraded
forests which are used for production of medicinal plants by planting the locally
available indigenous species of medicinal plants and trees through people participa-
tion. The local communities and the Forest Department share the returns through
sustainable harvesting of plants. A total of 12 MPDAs were established in three
Southern India states Kerala, Karnataka, and Tamil Nadu under the Danish
International Development Assistance (Singh et al. 2008). MPDA facilitates conser-
vation and sustainable use of medicinal plants because it ensures people’s participa-
tion in conservation and development of medicinal plants and its contribution to the
welfare of the participating community (Singh et al. 2008). Twenty-one medicinal
plant development areas declared in Arunachal Pradesh, Chhattisgarh, and
Uttarakhand have concentrated efforts in MAP species diverse locations under the
UNDP project on Mainstreaming Conservation and Sustainable Use of Medicinal
Plants Diversity in three Indian States by the Government of India (www.in.undp.org).

1.9 Sacred Groves

These are the forest fragments of varying sizes, which are communally protected
and which usually have a significant religious connotation for the protecting com-
munity. They are also known as “sacred natural sites” as per the ICUN (Oviedo
et al. 2005). There exist more than 10,000 sacred groves in the tribal inhabited belt
in India (http://www.ecoheritage.cpreec.org). Hariyali sacred grove, near Ganchar
in Chamoli District of Uttarakhand, and the deodar grove in Shipin near Simla in
Himachal Pradesh are the largest sacred grove in India. A good number of studies
have shown the presence of many endemic and rare species in the groves (Bhakat
and Pandit 2003).
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1.10 Seed Gene Banks

In seed banks, germplasm is stored as seeds of various accessions. It is the easy,
most effective, and efficient way of conservation of species that produce orthodox
seeds. Orthodox seeds are seeds which will survive drying and/or freezing. Most
of crop seeds belong to this category. Seed banks facilitate conservation of wide
genetic variability in less space. However, success depends on careful monitoring
of controlled conditions and testing of seed viability. Seed viability can be
5-25 years in medium-term storage (0—-50C and 35% RH), whereas it can be up to
hundred years in long-term storage (—10 °C to —20 °C) (Srivastava and Kumar
2010). There are four national seed gene banks for medicinal and aromatic plants
at Tropical Botanical Garden and Research Institute (TBGRI), Thiruvanantha-
puram; Central Institute of Medicinal and Aromatic Plants (CIMAP), Lucknow;
National Bureau of Plant Genetic Resources (NBPGR), New Delhi; and Indian
Institute of Integrative Medicine (IIIM), Jammu, in India where base collections
are conserved. A total of about 6123 accessions of prioritized species are con-
served as base collections at NBPGR, New Delhi (Annonymous 2012). About, 48
trait-specific germplasm accessions of 39 MAP species were also registered with
NBPGR (Annonymous 2012).

1.11 Botanical or Herbal Gardens

Botanic gardens contain collections of plants for education, scientific purposes, and
display, now means they play a key role in plant conservation particularly of rare
and threatened plants. According to the [IUCN Red List of threatened plants, 34,000
taxa are considered globally threatened with extinction. As per the estimate of the
Botanic Gardens Conservation International (BGCI), currently, over 10,000 threat-
ened species, approximately a third, are in botanic garden cultivation. These plants
contribute to species recovery programs and provide long-term backup collections.
These gardens are maintained by ancient doctors, healers, sages, royal families, and
others supporting conservation. National biodiversity authority (NBA), an autono-
mous and statutory body of the Ministry of Environment and Forests, Government
of India, listed existence of 109 botanical gardens across 18 states in India (http://
nbaindia.org/link/241/34/1/SBBs.html). Ministry of agriculture under horticultural
division has established 16 herbal gardens all over the India which are maintaining
about 150 medicinal plants (Srivastava and Kumar 2010). The major botanic gar-
dens in India include Jawaharlal Nehru Tropical Botanic Garden and Research
Institute, Thiruvananthapuram (Kerala); Medicinal and Aromatic Plant Garden and
Herbarium, Pune; Lal bagh Botanical garden, Bangalore; Royal Botanical garden,
Kolkata; and Lloyd Botanical Gardens, Darjeeling.
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1.12 Ex Situ Conservation

The work of a medicinal plant gene pool should employ a combination of methods;
the appropriate strategy depends on factors such as geographic sites, biological
characteristics of plants (Table 1.10), available infrastructure and network having an
access to different geographical areas, human resources, and number of accessions
in a given collection.

1.12.1 Conservation of Plants

Most of the medicinal plants can be conserved in field gene banks (FGB). In the
different forms of ex situ conservation, field gene banks are probably the most
costly in terms of establishing and maintaining of requirements, especially labor
and supports. Due to economic as well as practical problems in management of field
gene banks and simultaneous urgent needs for crop improvement, it has become
evident that firm linkages between conservation and use needed for the sustainable
long-term management of field gene bank. Field gene banks are established in the
form of medicinal plants conservation parks (MPCPs) where plants of medicinal
value are planted in near in situ locations and maintained as live specimens. Other
strategies include ethnomedical forests (EMFs), herbarium material, and raw drug
containing plant parts. In India, about 3200 home herbal gardens (HHGs) have been
established in over 300 villages of the southern region. Besides this, the existing
botanical gardens, arboreta, etc. are useful in conservation ex situ.

1.12.2 Conservation of Seeds

Seeds are best suited for storage in gene banks, but for species that do not set seeds
or produce them sterile or recalcitrant, it is difficult to conserve. Seeds of most of
the medicinal plants belong to this category. Seeds also should be able to survive
when subjected to drying, i.e., desiccation up to 10%. Hence, only those species
whose seed could be survive this conserved.

1.12.3 Conservation of Tissues

Six major steps defined in the conservation use cycle (40) are collection, quarantine,
propagation, characterization, evaluation, monitoring, storage, and distribution. The
role of in vitro conservation techniques in the overall conservation strategies should
be indicative of the fact that it should complement other conservation strategies
within the total program of a given species or population. The methods chosen
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should be carefully considered taking into account the feasibility, practicality, econ-
omy, and security.

Generally, field conservation of medicinal plants requires more space and is
labor intensive and expensive. They also run the risk of being damaged by natural
calamities and biotic stress factors. Techniques to conserve such species in vitro
have recently been developed. For some species, while in situ conservation is the
only option available, tissue culture systems offer advantages, which are as follows:

1. Very high multiplication rates.
2. Aseptic system

— Free from fungi, bacteria, viruses, and insect pests.
— Production of pathogen free stocks

3. Reduction of space requirements
4. Genetic erosion reduced to zero under optimal storage conditions.
5. Reduction of the expenses in labor costs.

In vitro collections of species could be maintained at the same or separate site, but
should have clear linkages with field gene banks. The properties required for a suc-
cessful in vitro conservation system as defined by Grout are as follows:

1.13 Way Forward

The increase in human population is one of the main causes for concern in meeting
the daily requirements of medicine as the economy and livelihoods of human societ-
ies living in developing countries primarily depend on bioresources. This phenom-
enon is leading to continuous erosion of medicinal plant populations in the wild,
thus making challenge to meet the requirements as well as to conserve them. In situ
conservation along with ex-situ or off-site conservation is especially desirable in
case of species where wild populations have dwindled to critical levels and viable
populations for some of these species are not available. Biotechnological approaches
are imperative for rapid multiplication and conservation of the threatened medicinal
plants. Thus, strategies and vision for conservation of threatened medicinal plant
diversity and sustainable use of the same in the 21st century is of far reaching sig-
nificance for sustainable development
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Chapter 2
Threatened Medicinal Plants of Eastern
Ghats and Their Conservation

N. Sivaraj, Kamala Venkateswaran, S. R. Pandravada,
M. Thirupathi Reddy, and P. E. Rajasekharan

Abstract Traditional medicine has a long history of cultural heritage and ethnic
practices in India and in recent years has gained much recognition worldwide. The
Eastern Ghats, inhabited by nearly 54 tribal communities, constituting nearly 30%
of total population, are a diverse and rich source of threatened medicinal and aro-
matic plants used in drug, pharmaceutical, and perfumery industries. Out of 2500
species of flowering plants belonging to angiosperms, gymnosperms, and pterido-
phytes known to occur in Eastern Ghats, about 77 species (67 dicots, 9 monocots,
and 1 gymnosperm) are endemic. The variations in altitude and climatic conditions,
especially in rainfall, have immensely contributed to the evolution of rich ethnic
floristic diversity in the Eastern Ghats. At least 788 medicinal plant taxa and 40
aromatic plants are concentrated in this area which are used in various medicinal
systems including codified and folklore which belong to 132 families and 384 gen-
era. The dominant medicinal plant families in the Eastern Ghats are Leguminosae
(67 spp.), Apocynaceae (29 spp.), Malvaceae (26 spp.), Euphorbiaceae (25 spp.),
Orchidaceae (22 spp.), Solanaceae and Rubiaceae (16 spp. each), Asteraceae (15
spp.), Acanthaceae, Asteraceae and Lamiaceae (14 spp. each), Cucurbitaceae and
Zingiberaceae (13 spp. each), Rutaceae (12 spp.), and Araceae (10 spp.). These
medicinal plant genetic resources are distributed in various vegetation types in the
Eastern Ghats region. Ethnobotanical knowledge from the Eastern Ghats region has
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been recorded by several workers. Indian systems of medicine are reported to utilize
around 2500 plant species of which about 800 species are used by the industry and
approximately 25% of species are under cultivation. India ranks sixth in essential oil
production and export of products derived from medicinal plants. It is estimated that
India has a potential to export plant base crude drugs to the tune of Rs. 400 billion
but manages to export produce worth only about Rs. 12.6 billion. India with its rich
biodiversity and tradition of use of herbal drugs in healthcare holds tremendous
opportunity for growth in a multibillion global trade, particularly in the herbal area,
which has vast potential for developing multiple products for nutrition, cosmetics,
and prevention and cure of diseases. This article provides an overview of the threat-
ened medicinal plants of the Eastern Ghats, their distribution, and reported uses
in local health traditions. Blending traditional knowledge with modern science
including genomics is a priority area to meet the forthcoming challenges in the light
of climate change, and thus conservation strategies, both ex situ and in situ, for these
diverse species are also discussed.

Keywords Eastern Ghats - Conservation - Threatened medicinal plants

2.1 Introduction

Plants are being utilized as medicines for thousands of years all over the globe and
are a source of many potent and powerful drugs. Traditional medicine has become
more popular in the treatment of many diseases due to belief that these are safe, eas-
ily available, and with fewer side effects. At least 80% of the population of develop-
ing countries depend on plant drugs for their primary healthcare needs (Farnsworth
et al., 1985). Medicinal plants are vital components and play a significant role in the
healthcare of rural people all over the world. The use of traditional medicine and
medicinal plants in most developing countries, as a normative basis for the mainte-
nance of good health, has been widely observed (Reddy et al., 2019). There are
many traditional systems of medicine associated with their own different philosophies
and cultural origins. The herbal medicines/ traditional medicaments have been
derived from rich traditions of ancient civilizations and scientific heritage. The ear-
liest recorded evidence of their use in Indian, Chinese, Egyptian, Greek, Roman,
and Syrian texts dates back to about 5000 years. The classical Indian texts including
Rig-Veda, Charaka Samhita, and Sushruta Samhita are the evidences for these
age-old traditions (Kamboj, 2000).

The Eastern Ghats have a diverse and rich source of threatened medicinal and aro-
matic group of plants used in drugs, pharmaceutical, and perfumery industries. In the
modern era, though synthetic chemicals are contributing appreciably in the pharma-
ceutical application, the plant-based drugs remain vital source of modern medicine.
The spurt in demand of the raw material in world trade has caused large-scale collec-
tion of the naturally occurring populations, thus threatening the very existence of
these irreplaceable gene pools. The quantity gathered from natural habitats is so large
that even protected areas are no longer safe, despite notification from the Government
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time to time. Even the ban on ruthless collection of medicinal plants/species has not
improved the frequency of their distribution. For example, Eastern Ghats region has
lost large populations of several medicinal plants in the past, viz., Rauvolfia serpen-
tina, Commiphora wightii, Chlorophytum tuberosum, Dioscorea deltoidea, etc.
Threatened medicinal plants are used in various indigenous systems of medicine such
as Siddha, Ayurveda, Amchi, Unani, and even in allopathy, with pharmaceutical
industries depending on plants for preparation of the medicines. Herbal drugs or
medicinal plants, their extracts, and their isolated compounds have demonstrated a
wide spectrum of biological activities. Such natural medicines have been used and
continue to be used as medicine or as food supplements for various disorders as
described in various texts and folklore. Safe, effective, and inexpensive indigenous
remedies are currently gaining popularity among the people of both the urban and
rural areas in India. Plant-based ethnic and traditional knowledge systems have
become a recognized tool in search of drugs and pharmaceuticals (Reddy et al., 2019).
An attempt has been made to review the conservation strategies, traditional knowl-
edge systems of threatened medicinal plants prevailing in Eastern Ghats of India.

2.2 Eastern Ghats

The Eastern Ghats, one of the major hill ranges of India, located between 77°22’ and
85%20” E and 11°30" and 21°00” N, form an assembly of discontinuous ranges, hills,
plateaus, escarpments, and narrow basins and spread in an area of about 75,000 km?.
The Eastern Ghats stretching from Odisha, Chhattisgarh, through Andhra Pradesh
to Tamil Nadu and parts of Karnataka are endowed with a large number of biologi-
cal species, geological formations, and indigenous tribal groups (Fig. 2.1). For
Eastern Ghats, the Mahanadi basin marks the northern boundary, while the southern
boundary lies in the Nilgiri hills. The tips of Bastar, Telangana, Karnataka plateaus,
and Tamil Nadu uplands form the boundary in the West, while the coastal belt forms
the boundary in the East.

The Eastern Ghats region is inhabited by nearly 54 tribal communities, which
constitute nearly 30% of total population (Chauhan, 1998). The major tribes in the
Eastern Ghats are Arondhan, Irular, Kota, Kotanayakam, Kurmar, Puniyan,
Pulayan, Sholaga and Tuda, and Malayali in the southern region; Bagata, Chenchu,
Gadaba, Jatapu, Kammara, Kondadora, Konda Kapu, Konda Reddy, Kandha,
Kotiobenthu Oriya, Koya/Goud, Kulia, Mali, Mukadora, Mannedora, Nayaka,
Paraja, Reddidora, Savara, Valmiki, Yenadi, and Yerukala in central region; and
Bathudi, Birjhal, Bhuiyan, Dhuma, Bhumis, Bhuttada, Gond, Khana, Kisan, Kolba,
Munda, Oraon, Soarha, and Sounti in the northern region. The variations in altitude
and climatic conditions, especially in rainfall, have immensely contributed to the
evolution of rich ethnic floristic diversity in the Eastern Ghats. This region is very
rich in terms of natural wealth, which is manifested, in its greatest biological diver-
sity. Out of 2500 species of flowering plants belonging to angiosperms, gymno-
sperms, and pteridophytes known to occur in Eastern Ghats, about 77 species (67
dicots, 9 monocots and 1 gymnosperms) are endemic.
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Fig. 2.1 Location map of
Eastern Ghats, India.
(Courtesy: Dr Sudhakar
Reddy, NRSC, Hyderabad)

Telangana

Karnataka

Tamil Nad

- Eastern Ghats
@ State boundary

2.3 Status of Medicinal Plant Genetic Resources
in Eastern Ghats

The rich and diverse heritage of traditional indigenous medicinal and aromatic
plants in Eastern Ghats is threatened due to various abiotic and biotic stresses cou-
pled with the technological advancement. With increasing interest in herbal medi-
cines worldwide, conservation of medicinal plants in Eastern Ghats has assumed
considerable importance. The Eastern Ghats are endowed with rich floristic diver-
sity consisting of more than 2000 species of plants including medicinal plant spe-
cies (1800) belonging to angiosperms, gymnosperms, and pteridophytes. Eastern
Ghats vegetation includes 454 endemic species belonging to 243 genera and 78
families (Reddy et al., 2002a, b). At least 788 medicinal plant taxa and 40 aromatic
plants are concentrated in this area which are used in various medicinal systems
including codified and folklore which belong to 132 families and 384 genera. The
dominant medicinal plant families in the Eastern Ghats are Leguminosae (67 spp.),
Apocynaceae (29 spp.), Malvaceae (26 spp.), Euphorbiaceae (25 spp.), Orchidaceae
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(22 spp.), Solanaceae and Rubiaceae (16 spp. each), Asteraceae (15 spp.),
Acanthaceae, Asteraceae and Lamiaceae (14 spp. each), Cucurbitaceae and
Zingiberaceae (13 spp. each), Rutaceae (12 spp.), and Araceae (10 spp.). These
medicinal plant genetic resources are distributed in various vegetation types in the
Eastern Ghats region (Table 2.1). A total of 560 tree taxa fewer than 262 genera
belonging to 80 families are reported to occur in the Eastern Ghats (Rani and
Pullaiah, 2002). Dye yielding plants occurring in the southern most point of Eastern
Ghats is recorded (Krishnamurthy et al., 2002). The Eastern Ghats region is being
exploited in an unregulated manner for this natural wealth. Several published floras
by eminent botanists from the region are available on Eastern Ghats such as
H.H. Haines, J.S. Gamble, C.E.C. Fischer, C.A.Barber, C.H. Beddome, T. Spring,
J.L.Ellis, K.M. Matthew, R.S.Rao, G. Rao, B. Suryanarayana, T. Pullaiah,
H.F. Mooney, etc., and changes in plant biodiversity pattern of the region were also
a subject of review recently (Pandravada et al., 2004). Genera such as Anaphalis,

Table 2.1 Predominant medicinal taxa including threatened species occurring in different
vegetation types of Eastern Ghats

Scrub Deciduous Evergreen/semi-evergreen
Acacia chundra Adina cordifolia Arisaema sp.

Albizia amara Andrographis paniculata Bridelia tomentosa
Anogeissus latifolia Bauhinia vahlii Callicarpa tomentosa
Apluda mutica Boswellia ovalifoliolata Calycopteris floribunda
Atalantia monophylla Bridelia retusa Celtis cinnamomea
Capparis sepiaria Careya arborea Centella asiatica
Carissa spinarum Cassia fistula Cinnamomum zeylanicum
Cassia auriculata Cipadessa baccifera Coelogyne nervosa
Cissus quadrangularis Dendrocalamus strictus Couroupita guianensis
Curculigo orchioides Garuga pinnata Dillenia pentagyna
Cymbopogon flexuosum Grewia tiliifolia Elaeocarpus serratus
Decalepis hamiltonii Helicteres isora Entada pursaetha
Dichrostachys cinerea Kydia calycina Ichnocarpus frutescens
Dodonaea viscosa Madhuca longifolia Ixora montana

Eclipta alba Memecylon umbellatum Macaranga peltata
Emblica officinalis Mucuna pruriens Mallotus philippensis
Euphorbia antiquorum Pterocarpus marsupium Mangifera indica
Euphorbia tirucalli Schleichera trijuga Mesua nagassarium
Hemidesmus indicus Sterculia urens Michelia champaca
Holarrhena antidysenterica Terminalia arjuna Naravelia zeylanica
Hugonia mystax Terminalia chebula Ochna gamblei
Pergularia daemia Terminalia tomentosa Pimpinella tirupatiensis
Phyllanthus amarus Tinospora cordifolia Plumbago zeylanica
Santalum album Toddalia asiatica Rauvolfia serpentina
Strychnos nux-vomica Woodfordia fruticosa Toona ciliata

Tridax procumbens Wrightia tinctoria Xylia xylocarpa

Source: Sivaraj et al. 2006
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Bulbophyllum, Callicarpa, Clematis, Debregeasia, Delphinium, Dillenia, Ensete,
Eulophia, Exacum, Lobelia, Mallotus, Meliosma, Mucuna, Pimpinella, Prunus,
Raphidophora, Sapium, Saussurea, Syzygium, Tinospora, Vanilla, and Viburnum
present in the Eastern Ghats are common to the Himalayas, Khasi, and Jaintia hills
of Meghalaya and the Western Ghats (Reddy et al., 2002a, b; Sahu and Dhal, 2012;
Sivaraj et al., 2015). Cycas beddomei, Cycas circinalis, and Gnetum scandens and
about 30 species of ferns including Cyathea gigantea, a tree fern, are also distrib-
uted in this region. The following are the red list categories which are applicable to
threatened medicinal plant taxa of Eastern Ghats region:

e Critically endangered (CR) — in a particularly and extremely critical state (e.g.,
Rauvolfia serpentina, Litsea glutinosa, Cycas beddomeli, etc.)

* Endangered (EN) — very high risk of extinction in the wild, meets IUCN criteria
for endangered (A-E) (e.g., Homalium zeylanicum, Butea monosperma,
Rhynchosia heynei, Tephrosia calophylla, Saraca asoca, Entada rheedii,
Plumbago indica, Strychnos colubrina, Ceropegia spiralis, Decalepis hamilto-
nii, Plectranthus barbatus, Piper nigrum, Santalum album, Vanilla wightiana,
Acorus calamus, etc.)

¢ Vulnerable (Vu) — meets one of the five red list criteria and thus considered to be
at high risk of unnatural (human-caused) extinction without further human inter-
vention (e.g., Hildegardia populifolia, Sterculia urens, Aegle marmelos, Rubia
cordifolia, Gymnema sylvestre, Oroxylum indicum, Euphorbia fusiformis,
Phyllanthus indofischeri, Stemona tuberosa, Gloriosa superba, etc.).

Detailed threatened category of medicinal plants of Eastern Ghats, species, and
family wise are provided in Table 2.2.

2.4 Traditional Knowledge on Threatened Medicinal
Plant Systems

Ethnobotanical knowledge from the Eastern Ghats region has been recorded by
several workers (Saxena and Dutta, 1975; Banerjee, 1977; Reddy, 1980; Rao and
Harasreeramulu, 1985; Thammanna and Rao, 1998; Ravisankar and Henry 1992;
Goud and Pullaiah, 1996; Rao and Henry, 1996; Vedavathy et al., 1997; Pandravada
and Sivaraj, 1999; Pandravada et al., 2000, 2006; Pullaiah, 2002; Rao and Reddi
2002; Reddy et al., 2002a, b; Basha and Sudarsanam, 2010, Dikshit and Sivaraj,
2014). The tribes living in the Eastern Ghats depend mostly on various forest prod-
ucts, but their careless collection resulted in much damage to the forest wealth par-
ticularly rare and endangered medicinal plant species. Many tribal communities are
practicing their local health traditional methods using medicinal herbs to cure vari-
ous ailments. Their understanding of the medicinal flora around them and related
indigenous knowledge systems are transmitted through successive generations and
practiced as a part of their tradition and culture. Medical practices of local and
indigenous people have remained unchanged over long periods of time. In the face
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Table 2.2 Threatened medicinal plant families of Eastern Ghats

Family Threatened status | Botanical name Distribution
Acanthaceae Endangered Phlebophyllum jeyporense | Chhatisgarh, Odisha,
(Bedd.) Bremekamp Andhra Pradesh
Santapaua madurensis Tamil Nadu
Balakr. & Subram.
Extinct or Neuracanthus neesianus Tamil Nadu
possibly extinct | (Wight ex T. Anders.)
Clarke
Indeterminate Lepidagahis difusa Clarke | Karnataka, Tamil Nadu
Strobilanthes dupenii Bedd. | Peninsular India
ex Clarke (Anamalais)
Rare Lepidagathis barberi Tamil Nadu
Gamble
Mackenziea caudata Karnataka, Tamil Nadu
(T. And.) Ramam.
Nilgirianthus circarensis Andhra Pradesh, Odisha
(Gamble) Bremek.
Amaranthaceae NA Aerva wightii Hook. f. Tamil Nadu
Anacardiaceae Endangered Nothopegia aureo-fulva Tamil Nadu
Bedd. ex Hook. f.
Annonaceae Endangered Desmos viridiflorus (Bedd.) | Tamil Nadu
Safford
Uvaria eucincta Bedd. ex Odisha
Dunn
Rare Goniothalamus Tamil Nadu
rhynchantherus Dunn
Orophea uniflora Hook. f. | Tamil Nadu, Karnataka
& Thoms.
Polyalthia rufescens Hook. | Tamil Nadu
f. &Thoms.
Popowia beddomeana Tamil Nadu
Hook. f. &Thoms.
Vulnerable Miliusa nilagirica Bedd. Tamil Nadu
Apiaceae Endangered Pimpinella tirupatiensis Andhra Pradesh
(globally) Balakr. et Subram.
Rare Peucedanum Tamil Nadu
anamallayense Clarke
Vanasushava pedata S. India (Shervaroy, Pala
(Wight) Mukh. et Const. ni, and Anamalis hills)
Apocynaceae Critically Rauvolfia serpentina Andhra Pradesh
endangered
Endangered Anodendron paniculatum Andhra Pradesh
Near threatened | Holostemma ada-kodien Andhra Pradesh
Aponogetonaceae | Indeterminate Aponogeton appendiculatus | Tamil Nadu

van Bruggen

(continued)
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Family Threatened status | Botanical name Distribution
Araceae Endangered Acorus calamus Andhra Pradesh
Lasia spinosa Andhra Pradesh
Rhaphidophora decursiva | Andhra Pradesh
Vulnerable Amorphophallus sylvaticus | Andhra Pradesh
Cryptocoryne cognatoides | Karnataka, Maharashtra
Blatt. &McC.
Asclepiadaceae Endangered Ceropegia barnesii Bruce | S. India
et Chatterjee
Ceropegia omissa Huber Tamil Nadu
[C. intermedia Wight var.
wightii Hook. f.]
Toxocarpus longistigma Andhra Pradesh
(Roxb.) Wight & Arn. Ex
Steud.
Endangered Decalepis hamiltonii Andhra Pradesh
(globally)
Extinct or Ceropegia fantastica Karnataka, Goa
possibly extinct | Sedgw.
Ceropegia maculata Bedd. | Tamil Nadu
[C. parviflora Trimen]
Near threatened | Holostemma ada-kodien Andhra Pradesh
Rare Ceropegia decaisneana Kerala, Tamil Nadu
Wight
Ceropegia metziana Miq. Karnataka, Tamil Nadu
Ceropegia pusilla Wight et | Karnataka, Tamil Nadu
Arn.
Marsdenia raziana Yog. et | Karnataka
Subr.
Toxocarpus beddomei Tamil Nadu
Gamble
Vulnerable Ceropegia fimbriifera Bedd. | Karnataka, Tamil Nadu
Ceropegia spiralis Wight Andhra Pradesh,
Karnataka, Tamil Nadu
Ceropegia thwaitesii Hook. | Tamil Nadu
Gymnema sylvestre Andhra Pradesh
Asparagaceae Indeterminate/ Asparagus rottleri Baker Deccan Peninsula
insufficiently
known
Least concerned | Chlorophytum Andhra Pradesh
arundinaceum
Asteraceae Endangered Senecio kundaicus Fischer | Tamil Nadu
Extinct or Vernonia recurva Bedd. ex | Tamil Nadu
possibly extinct | S. Moore
Rare Helichrysum perlanigerum | Tamil Nadu

Gamble

(continued)



2 Threatened Medicinal Plants of Eastern Ghats and Their Conservation 39

Table 2.2 (continued)

Family Threatened status | Botanical name Distribution
Senecio mayurii Fischer Karnataka
Athyriaceae Rare Diplazium travancoricum | South . India
Bedd.
Balsaminaceae Endangered Impatiens neo-barnesii Tamil Nadu
Fischer
Impatiens nilagirica Tamil Nadu
Fischer
Rare Impatiens talbortii Hook. f. | Karnataka

Bignoniaceae Vulnerable Oroxylum indicum Andhra Pradesh

Burseraceae Endangered Boswellia ovalifoliolata Andhra Pradesh
(globally)

Callophyllaceae Not evaluated Mesua ferrea Andhra Pradesh

Capparaceae Indeterminate Cleome burmanni Wight et | Tamil Nadu

Arn.

Rare Capparis fusifera Dunn Kerala, Tamil Nadu
Capparis rheedii DC. Tamil Nadu, North

Kanara

Vulnerable Capparis diversifolia Wight | Tamil Nadu
& Arn.
Capparis shevaroyensis Tamil Nadu
Sundararaghavan

Caryophyllaceae Vulnerable Polycarpaea diffusa Wight | Tamil Nadu

& Arn.

Celastraceae Endangered Euonymus angulatus Wight | Karnataka, Tamil Nadu
Extinct or Euonymus serratifolius Tamil Nadu
possibly extinct | Bedd.

Extinct or Salacia malabarica Gamble | Karnataka
possibly extinct

Near threatened | Celastrus paniculatus Andhra Pradesh
Rare Salacia beddomei Gamble | Tamil Nadu

Caesalpiniaceae Endangered Saraca asoca Andhra Pradesh
Extinct or Euonymus serratifolius Tamil Nadu
possibly extinct | Bedd.

Salacia malabarica Gamble | Karnataka
Near threatened | Celastrus paniculatus Andhra Pradesh
Rare Salacia beddomei Gamble | Tamil Nadu
Combretaceae Endangered Terminalia pallida Andhra Pradesh
Commelinaceae Endangered Belosynapsis kewensis Tamil Nadu
Hassk.
Indeterminate Cyanotis cerifolia Rolla Tamil Nadu
Rao et Kammathy
Rare Commelina indehiscens Karnataka, Tamil Nadu

Barnes

(continued)
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Table 2.2 (continued)
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Family Threatened status | Botanical name Distribution
Murdannia lanuginose Deccan Plateau,
(Wall. ex Clarke) Bruckn. Sahyadri hills
Vulnerable Commelina tricolor Barnes | Tamil Nadu
Commelina wightii Rolla Tamil Nadu
Rao
Murdannia lanceolata Tamil Nadu
(Wight) Kammathy
Convolvulaceae Least concerned | Merremia turpethum Andhra Pradesh
Crassulaceae Rare Kalanchoe olivacea Dalz. | Tamil Nadu
Cucurbitaceae Near threatened | Trichosanthes cucumerina | Andhra Pradesh
Cyatheaceae Endangered Sphaeropteris crinita Tamil Nadu
(Hook.) Tryon [Cyathea
crinita (Hook.) Copel.]
Cycadaceae Critically Cycas beddomei Andhra Pradesh
endangered
Vulnerable Cycas beddomei Dyer Andhra Pradesh
Cyperaceae Indeterminate Carex pseudo-aperta Tamil Nadu
Kuekenth.
Carex vicinalis Boott Tamil Nadu
Indeterminate or | Carex christii Boeck. Tamil Nadu
possibly extinct
Dicranopteridaceae | Vulnerable Dicranopteris linearis Tamil Nadu
(Burm. f.) Underw. var.
sebastiana Panigr. & Dixit
Dioscoreaceae Near threatened | Tacca leontopetaloides Andhra Pradesh
Dipterocarpaceae | Rare Hopea jacobi Fischer Karnataka
Endangered Shorea tumbaggaia Andhra Pradesh
Near threatened | Shorea robusta Andhra Pradesh
Elaeocarpaceae Rare Elaeocarpus blascoi Weibel | Tamil Nadu
Elaeocarpus recurvatus Tamil Nadu
Corner
Elaphoglossaceae | Endangered Elaphoglossum nilgiricum | Tamil Nadu
Krajina ex Sledge
Euphorbiaceae Endangered Phyllanthus Andhra Pradesh
narayanaswamii Gamble
Indeterminate Pseudoglochidion Tamil Nadu
anamalayanum Gamble
Rare Dalechampia stenoloba Karnataka
Sundararaghavan et
Kulkarni
Phyllanthus talbotii Sedgw. | Karnataka
Vulnerable Euphorbia fusiformis Andhra Pradesh
Phyllanthus indofischeri Andhra Pradesh

(continued)
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Table 2.2 (continued)

Family Threatened status | Botanical name Distribution
Fabaceae Endangered Crotalaria clavata Wight et | Tamil Nadu
Arn.
Crotalaria fysonii Dunn Tamil Nadu
var. glabra Gamble
Crotalaria kodaiensis Tamil Nadu
Debberm. ef Biswas
Crotalaria longipes Wight | Tamil Nadu
et Arn.
Crotalaria sandoorensis Karnataka
Bedd. ex Gamble
Entada pursaetha Andhra Pradesh
Humboldtia bourdilloni Tamil Nadu
Prain
Humboldtia unijuga var. Tamil Nadu
unijuga Bedd.
Butea monosperma var. Andhra Pradesh
lutea
Near threatened | Pueraria tuberosa Andhra Pradesh
Rare Acacia campbellii Arn. Andhra Pradesh

Albizia thompsonii Brandis

Andhra Pradesh, Tamil
Nadu, Odisha

Crotalaria digitata Hook.

Tamil Nadu

Crotalaria globosa Wight
et Arn.

Tamil Nadu, Karnataka

Crotalaria lutescens Dalz.

Karnataka, Maharashtra

Crotalaria peduncularis
Grah. ex Wight et Arn.

Tamil Nadu

Crotalaria priesleyoides
Benth. ex Baker

Tamil Nadu

Crotalaria rigida Heyne ex
Roth

Tamil Nadu, Karnataka

Crotalaria scabra Gamble | Tamil Nadu
Cynometra travancorica Karnataka
Bedd.

Eleiotis trifoliolata Cooke | Karnataka
Humboldtia decurrens Tamil Nadu

Bedd. ex Oliver

Indigofera barberi Gamble

Andhra Pradesh, Tamil
Nadu

Indigofera constricta
(Thw.) Trimen

Goa, Karnataka

Kingiodendron pinnatum
(Roxb. ex DC.) Harms

Karnataka, Tamil Nadu

Rhynchosia beddomei
Baker

Karnataka

(continued)
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Family Threatened status | Botanical name Distribution
Tephrosia barberi Drumm. | Tamil Nadu
Tephrosia calophylla Bedd. | Tamil Nadu, Karnataka
Vulnerable Cynometra bourdillonii Karnataka
Gamble
Rhynchosia velutina Wight | Tamil Nadu
et Arn.
Endangered Pterocarpus santalinus Andhra Pradesh
(globally)
Flacourtiaceae Endangered Hydnocarpus macrocarpa | Tamil Nadu
(Bedd.) Warb. ssp.
macrocarpa
Gesneriaceae Rare Didymocarpus missionis Tamil Nadu
Wall. ex R. Br.
Lamiaceae Endangered Leucas mukerjiana Subba | Andhra Pradesh
Rao et Kumari
Plectranthus barbatus Andhra Pradesh
Pogostemon paludosus Tamil Nadu
Benth.
Indeterminate Acrocephalus palniensis Tamil Nadu
Mukherjee
Plectranthus bourneae Tamil Nadu
Gamble
Possibly extinct | Plectranthus bishopianus | Tamil Nadu
Gamble
Rare Anisochilus wightii Hook. f. | Tamil Nadu
Leucas angustissima Karnataka
Sedgw.
Pogostemon atropurpureus | Tamil Nadu
Benth.
Vulnerable Anisochilus argenteus S. India
Gamble
Lauraceae Critically Litsea glutinosa Andhra Pradesh
endangered
Endangered Actinodaphne bourneae Tamil Nadu
Gamble
Actinodaphne lanata Tamil Nadu
Meisner
Rare Actinodaphne lawsonii Tamil Nadu
Gamble
Liliaceae Endangered Iphigenia sahyadrica Karnataka
Ansari et Rolla Rao
Urginea congesta Wight S. India
Indeterminate Dipcadi minor Hook. f. Deccan Plateau
Possibly extinct | Dipcadi concanense (Dalz.) | S. India

Baker

(continued)
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Table 2.2 (continued)

Family Threatened status | Botanical name Distribution

Presumed extinct | Urginea polyphylla Hook. | Deccan Peninsula
f.
Vulnerable Gloriosa superba Andhra Pradesh

Linaceae Rare Hugonia belli Sedgw. Karnataka

Loganiaceae Endangered Strychnos colubrina Andhra Pradesh

Loranthaceae Indeterminate Viscum mysorense Gamble | Karnataka

Malpighiaceae Rare Aspidopteris canarensis Karnataka, Maharashtra.
Dalz.

Aspidopterys tomentosa Odisha
var. hutchinsonii (Haines)
Srivastava

Malvaceae Endangered Decaschistia rufa Craib Peninsular India

Rare Decaschistia trilobata Peninsular India
Wight

Marattiaceae Endangered Angiopteris evecta Andhra Pradesh

Melastomataceae Endangered Kendrickia walker (Wight) | Tamil Nadu
Hook. f. ex Triana
Memecylon flavescens Tamil Nadu
Gamble

Indeterminate Memecylon sisparense Tamil Nadu
Gamble

Meliaceae Vulnerable Aglaia talbotii Karnataka
Sundararaghavan

Myrsinaceae Rare Antistrophe serratifolia Tamil Nadu
(Bedd.) Hook. f.

Myrtaceae Endangered Eugenia discifera Gamble | Tamil Nadu
Meteoromyrtus Tamil Nadu
wynaadensis (Bedd.)

Gamble

Syzygium courtallense Tamil Nadu

(Gamble) Alston

Syzygium gambleanum Tamil Nadu

Rathakr. ez Chitra

Syzygium alternifolium Andhra Pradesh
Extinct or Eugenia singampattiana Tamil Nadu
possibly extinct | Bedd.

Orchidaceae Endangered Nervilia aragoana Andhra Pradesh
Extinct or Anoectochilus rotundifolius | Tamil Nadu
possibly extinct | (Blatt.) Balakr.

Indeterminate or | Chrysoglossum hallbergii | Peninsular India (Tamil
insufficiently Blatt. Nadu)

known

Possibly extinct | Vanda wightii Reichb. f. Tamil Nadu

Rare Bulbophyllum acutiflorum | Tamil Nadu

A. Rich.

(continued)
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Family Threatened status | Botanical name Distribution
Bulbophyllum albidum Tamil Nadu
Hook. f.
Corymborkis veratifolia Tamil Nadu
(Reinw.) Bl
Eria albiflora Rolfe Tamil Nadu, Karnataka
Habenaria barnesii Tamil Nadu
Summerh.
Oberonia brachyphylla Karnataka
Blatt. & McCann
Vanilla wightiana Lindl. Tamil Nadu
Vulnerable Bulbophyllum elegantulum | Karnataka
(Rolfe) J.J. Sm.
Coelogyne mossiae Rolfe | Peninsular India
Liparis biloba Wight Tamil Nadu
Periplocaceae Endangered Utleria salicifolia Bedd. Tamil Nadu
Piperaceae Endangered Piper nigrum Andhra Pradesh
Plumbaginaceae Endangered Plumbago indica Andhra Pradesh
Poaceae Presumed extinct | Eragrostis rottleri Stapf S. India
Eriochrysis rangacharii Tamil Nadu
Fischer
Hubbardia heptaneuron Karnataka
Bor
Rare Glyphochloa divergens Karnataka
(Hook.) Clayton
Isachne mysorensis Karnataka
Raghavan
Podostemonaceae | Rare or Indotristicha tirunelveliana | Tamil Nadu
vulnerable Sharma, Karthi. & Shetty
Ranunculaceae Indeterminate Thalictrum dalzellii Hook. | Karnataka, Maharashtra
Rare Clematis theobromina Tamil Nadu
Dunn
Rosaceae Vulnerable Cotoneaster buxifolius Tamil Nadu
Wall. ex Lindley
Rubiaceae Endangered Acranthera grandiflora Tamil Nadu
Bedd.
Hedyotis albonervia Bedd. | Tamil Nadu
Psychotria globicephala Tamil Nadu
Gamble
Indeterminate Neanotis carnosa (Dalz.) Karnataka
Lewis
Near threatened | Paederia foetida Andhra Pradesh
Possibly extinct | Hedyotis hirsutissima Tamil Nadu
Bedd.
Pavetta wightii Hook. f. Tamil Nadu

(continued)
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Table 2.2 (continued)

Family Threatened status | Botanical name Distribution
Presumed extinct | Ophiorrhiza brunonis Tamil Nadu, Karnataka
Wight ef Arn.
Wendlandia angustifolia Tamil Nadu
Wight ex Hook. f.
Rare Hedyotis buxifolia Bedd. Tamil Nadu
Hedyotis cyanantha Kurz Tamil Nadu,
Maharashtra, Karnataka
Hedyotis eualata (Bedd. ex | Tamil Nadu
Gamble) Henry et
Subramanyam
Hedyotis swersioides Hook. | Tamil Nadu
f.
Vulnerable Hedyotis barberi (Gamble) | Tamil Nadu
Henry et Subramanyam
Hedyotis ramarowii Tamil Nadu
(Gamble) Rolla Rao et
Hemadri
Neanotis prainiana (Talbot) | Karnataka
Lewis
Ochreinauclea missionis Tamil Nadu, Karnataka
(Wall. ex G. Don) Ridsd.
Pavetta hohenackeri Brem. | Tamil Nadu
Rubia cordifolia Andhra Pradesh
Tarenna agumbensis Karnataka
Sundararaghavan
Rutaceae Endangered Zanthoxylum rhetsa Andhra Pradesh
Rare Glycosmis macrocarpa Tamil Nadu
Wight
Vulnerable Aegle marmelos Andhra Pradesh
Melicope indica Wight Tamil Nadu
Santalaceae Endangered Santalum album Andhra Pradesh
Sapotaceae Indeterminate Isonandra villosa Wight Tamil Nadu, Andhra
Pradesh
Insufficiently Madhuca diplostemon Peninsular India
known (Clarke) van Royen
Possibly extinct | Madhuca insignis (Radlk.) | Karnataka
H.J. Lam
Smilacaceae Rare Smilax wightii A. DC. Tamil Nadu
Stemonaceae Vulnerable Stemona tuberosa Andhra Pradesh
Sterculiaceae Endangered Hildegardia populifolia Andhra Pradesh, Tamil
(Roxb.) Schott & Endl. Nadu
Rare Pterospermum reticulatum | Karnataka, Tamil Nadu
Wight & Arn.
Vulnerable Eriolaena lushingtonii Andhra Pradesh, Tamil

Dunn

Nadu

(continued)
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Table 2.2 (continued)

Family Threatened status | Botanical name Distribution
Sterculia urens Andhra Pradesh
Hildegardia populifolia Andhra Pradesh

Thelypteridaceae Endangered Pseudocyclosorous griseus | Tamil Nadu

(Baker) Holtt. & Grimes
[Neprodium griseum Bake]

Vitaceae Vulnerable Cayratia roxburghii (Wight | Tamil Nadu
et Arn.) Gagnepain
Zingiberaceae Endangered Zingiber roseum Andhra Pradesh
Near threatened | Costus speciosus Andhra Pradesh
Rare Amomum microstephanum | Tamil Nadu
Baker
Vulnerable Paracautieya bhatii Smith | Karnataka

of increasing industrialization and modernization, the knowledge base of local
health traditions has begun to erode. Acacia catechu, Acacia concinna, Cassia
auriculata, Cassia fistula, Cassia javanica, Cassia senna, Ceratonia siliqua,
Glycyrrhiza glabra, Mucuna pruriens, Psoralea corylifolia, and Pueraria tuberosa
are some of the medicinal legumes, and Caesalpinia and Indigofera are some of the
dye yielding plants from Eastern Ghats in India. Legumes used for treating various
ailments of the body, i.e., ear, nose, throat, and eyes (ophthalmic, odontalgic, ster-
nutatory); chest and lungs (antiasthmatic, demulcent, expectorant); heart and blood
(cardiac, blood purifier, vasodilator); liver and kidneys (hepatic, antbilious); stom-
ach (emetic, stomachic, digestive); bowels and bladder (purgative, laxative, carmi-
native); nerves and muscles (antispasmodic, nervine); bones (anti-inflammatory,
antirheumatic); skin, hands, and feet (acrid, skin applications); sex and reproduction
(abortifacient, aphrodisiac, galactogogue); wounds and bruises (antiseptic, poultice,
vulnerary); fever (febrifuge); infectious diseases (antiperiodic, VD); bites and stings
(antidote, stings); cancer (cancer); and fungi and bacteria (antibacterial, antifungal)
are reviewed and reported earlier (Pandravada et al., 2006; Varaprasad et al., 2006).

The Malayali tribes of the Southern Eastern Ghats region are using 189 plant
species belonging to 86 families for the treatment of 85 diseases (Suresh, 2010).
Tribals of Rayalaseema region of Eastern Ghats are using about 54 plant species
belonging to 50 genera and 34 families for treating asthma alone (Anjaneyulu and
Sudarsanam, 2013). The tribal areas of Rayalaseema have reported about 70 medic-
inal plant species for gynecological and abortive properties (Nagalakshmi, 2001).
Eastern Ghats of Odisha has a potential ethnomedicinal resource for treating vari-
ous human diseases particularly rheumatism for about 62 genera with 78 plant spe-
cies including Acanthus ilicifolius, Thunbergia fragrans, Cerbera odollam, Guizotia
abyssinica, Derris scandens, Flacourtia indica, Pandanus fascicularis, Sesamum
indicum, and Stachytarpheta jamaicensis (Panda et al., 2014). Some of the major
Eastern Ghats ethnic groups and their traditional healthcare knowledge systems on
threatened medicinal plant taxa are presented in Table 2.3.
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Table 2.3 Ethnic groups and traditional healthcare knowledge systems in Eastern Ghats
Number of plant
families/genera/
Tribal group species used Major species and ailments Reference(s)
Southern-Eastern Ghats
Malayalis 86 plant Achyranthes aspera (piles) Alagesaboopathi
families/147 Aegle marmelos (fever) et al. (1999)
genera/250 Andrographis paniculata Dwakaran et al.
species (poisonous bite) (1994)
Clematis gouriana (eye diseases) | Francis Xavier
Macaranga peltata (kidney etal. (2011)
stones) Karthik et al.
Michelia champaca (scorpion (2011)
sting), Murugesan et al.
Naravelia zeylanica (skin (2011)
disease), Prabu and
Nymphaea nouchali (urinary Kumuthakalavalli
problem) (2012)
Randia dumetorum (lice and Senthilkumar et al.
dandruff) (2013)
Tinospora sinensis (theumatism), | Suresh (2010)
Wattakaka volubilis (diabetes) Suresh et al.
(2011)
Vaidyanathan
et al. (2013)
Irulas 57 species Achyranthes bidentata Tariq et al. (2012)
(antifertility) Kadavul and Dixit
Blepharis maderaspatensis (2009)
(mother care) Karthick (2013)
Caralluma attenuata (urinary
troubles)
Cymbopogon citratus (repellent)
Datura innoxia (mental illness)
Ocimum americanum (lice
treatment)
Solanum virginianum (cough)
Nakkala, Sugalis or | 120 families/179 | Abrus precatorius (gonorrhea, Anjaneyulu and
Lambadas, Yerukalas | genera/204 night blindness) Sudarsanam
species Cassia auriculata (bone fracture) | (2013)

Nerium oleander (cuts and
wounds)

Naidu et al. (2012)
Thammana and
Rao (1998)
Vedavathy and
Rao (1994)
Vedavathy et al.
(1997)

(continued)
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Tribal group

Number of plant
families/genera/
species used

Major species and ailments

Reference(s)

Middle Eastern Ghats

Chenchus

69 plant species

Syzygium cumini (earache,
dysentery)

Andrographis paniculata (fever,
jaundice)

Euphorbia hirta (ulcers and
fissures, warts) Andrographis
echioides,

Boerhavia diffusa, Canavalia
ensiformis,

Phyllanthus amarus, Physalis
minima, Tephrosia purpurea
(liver ailments)

Rao and Sunita
(2