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ABSTRACT

Ethnobotany plays a pivotal role in documenting indigenous knowledge of medicinal plants among tribal
communities in India, where biodiversity hotspots coincide with rich cultural traditions. This comprehensive
review and meta-analysis synthesizes findings from over 150 ethnobotanical studies conducted across diverse
tribal regions between 1995 and 2025. The primary objectives were to quantify trends in documentation efforts,
identify commonly utilized plant parts, evaluate conservation strategies, and critically assess gaps in past
research methodologies. Data were systematically extracted from peer-reviewed journals, including the Journal
of Ethnopharmacology, Indian Journal of Traditional Knowledge, and Biodiversity and Conservation. Results
indicate a steady increase in publications post-2010, with leaves (32%) and roots (22%) being the most
frequently documented plant parts. Tribal communities in the Northeast, Central India, and Western Ghats
regions exhibit the highest ethnobotanical activity. However, critical analysis reveals significant methodological
inconsistencies, including inadequate sample sizes, lack of quantitative indices in earlier studies, and
insufficient integration of molecular validation. Major threats identified through the meta-analysis include
habitat loss (impact score 87), overharvesting (72), and policy gaps. Emerging conservation approaches such
as community-based management and ex-situ cultivation show promise but remain under-adopted (overall
adoption <60%). The findings underscore the urgent need for standardized protocols, digital databases, and
participatory approaches that integrate traditional ecological knowledge with modern conservation science.
This review provides a foundational framework for future ethnobotanical research and policy formulation

aimed at sustainable utilization and conservation of India's medicinal plant heritage.

Keywords: Ethnobotany', Medicinal plants®, Tribal communities’, Conservation®, Documentation®, Meta-

analysis®, Biodiversity hotspots’, Traditional knowledge®
1. INTRODUCTION

1.1 Background and Significance of Ethnobotanical Research in India
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India harbors one of the world's richest repositories of medicinal plants and indigenous knowledge systems, with
over 8,000 species documented for therapeutic applications. Tribal communities, comprising approximately
8.6% of the national population and residing predominantly in forested and hilly terrains, have preserved
sophisticated ethnobotanical practices spanning millennia. These communities, including the Bhils, Gonds,
Santhals, Nagas, and Todas, rely heavily on plant-based remedies for primary healthcare due to limited access to
modern medical infrastructure. Ethnobotanical documentation serves not only as a repository of traditional
wisdom but also as a critical resource for pharmaceutical bioprospecting, biodiversity conservation, and cultural
heritage preservation[1]. Past research has established that nearly 70% of the rural population in tribal belts
continues to depend on herbal medicine. However, rapid socioeconomic transformations, deforestation, and
climate change threaten both the plant resources and the transmission of this knowledge to younger generations.
Meta-analyses of ethnobotanical literature are essential to synthesize fragmented studies, identify knowledge
gaps, and guide evidence-based conservation policies. The integration of traditional ecological knowledge
(TEK) with scientific validation offers immense potential for sustainable development goals and the protection
of intellectual property rights under frameworks such as the Convention on Biological Diversity (CBD). This
review addresses these imperatives by conducting a rigorous meta-analysis focused on past work pertaining to

documentation and conservation efforts[2].
1.2 Objectives of the Present Meta-Analysis

The overarching aim of this review is to systematically evaluate and synthesize the body of past ethnobotanical
research on medicinal plants utilized by tribal communities in India. Specific objectives include: (1) mapping
the temporal and geographical distribution of documentation studies and quantifying publication trends from
1995 to 2025; (2) identifying predominant plant families, species, and plant parts employed in traditional
medicine across major tribal regions; (3) assessing the adoption and effectiveness of various conservation
strategies reported in the literature; (4) critically analyzing methodological strengths and limitations of prior
studies to highlight best practices and recurring pitfalls; and (5) formulating evidence-based recommendations
for future research and policy interventions[3]. By employing meta-analytic techniques, this study aggregates
quantitative and qualitative data from diverse sources to derive robust conclusions that transcend individual case
studies. The analysis also examines how factors such as accessibility, literacy levels, and government
interventions influence the continuity of ethnobotanical knowledge. These objectives directly respond to calls
from international bodies like the World Health Organization (WHO) and the International Union for
Conservation of Nature (IUCN) for the integration of indigenous knowledge into national biodiversity
strategies. Ultimately, the review seeks to bridge the gap between academic documentation and actionable

conservation outcomes[4].
1.3 Scope, Geographical Coverage, and Structure of the Review

This meta-analysis encompasses ethnobotanical studies conducted across 28 Indian states with a particular
emphasis on six major tribal belts: the Northeast (Assam, Nagaland, Manipur, Meghalaya), Central India
(Chhattisgarh, Jharkhand, Odisha, Madhya Pradesh), Western Ghats (Kerala, Karnataka, Maharashtra),
Himalayan foothills (Uttarakhand, Himachal Pradesh), Eastern Ghats, and the Aravalli ranges in Rajasthan and
Gujarat. Studies published in English between 1995 and 2025 were included, focusing on peer-reviewed articles
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that reported primary field data on medicinal plant use among recognized tribal groups. Excluded were purely
pharmacological or phytochemical studies lacking ethnobotanical context, as well as reviews without original
data synthesis[5]. The review is structured into eight main sections. Following the introduction, a
comprehensive survey of past literature is presented, followed by a detailed methodology section outlining the
meta-analytic protocol. A critical analysis evaluates methodological rigor and thematic gaps. Discussion
integrates findings with broader ecological and socio-cultural contexts, leading to a concise conclusion and a set
of actionable recommendations. Five original figures synthesized from aggregated data illustrate key patterns.
The references comprise 30 sources in IEEE format drawn from leading ethnobotany and conservation journals.
This structured approach ensures transparency, reproducibility, and utility for researchers, policymakers, and

conservation practitioners alike[6].
2. SURVEY OF PAST WORK AND META-ANALYSIS OF DOCUMENTATION EFFORTS

The systematic survey of past ethnobotanical literature reveals a rich but heterogencous body of research
spanning three decades. Early foundational studies in the 1990s, such as those by Jain [1] and Pushpangadan [2],
laid the groundwork by cataloging medicinal plants among the tribes of Central India and the Western Ghats.
These pioneering works were primarily qualitative inventories that recorded vernacular names, therapeutic uses,
and modes of preparation without employing quantitative indices. The period from 2000 to 2010 witnessed a
surge in regional surveys, particularly in the biodiversity hotspots of Northeast India. Researchers documented
over 300 species used by the Naga, Khasi, and Garo communities, with emphasis on plants for treating
gastrointestinal, respiratory, and dermatological ailments [3], [4]. Meta-analytic aggregation indicates that
during this decade, leaves constituted the dominant plant part (35-40%), followed by roots and bark. A landmark
contribution came from the All India Coordinated Research Project on Ethnobiology (AICRPE), which
compiled data across 24 states and identified more than 10,000 plant-based preparations [5]. However, these

compilations suffered from inconsistent methodologies and limited statistical validation.

Post-2010 research demonstrated marked improvements in methodological sophistication. The introduction of
quantitative ethnobotanical indices such as Use Value (UV), Informant Consensus Factor (ICF), and Fidelity
Level (FL) became standard practice, enabling cross-study comparisons [6], [7]. Studies in Odisha and
Chhattisgarh by researchers like Sahu et al. [8] and Sharma et al. [9] applied these indices to evaluate the
cultural importance of species such as Andrographis paniculata, Curcuma longa, and Rauvolfia serpentina
among tribal healers. The meta-analysis of 87 studies revealed that the average number of informants per study
increased from 45 (pre-2010) to 112 (2015-2025), reflecting greater community engagement. Geographically,
the Western Ghats and Northeast regions accounted for 48% of all documented species, while Central Indian
studies contributed disproportionately to knowledge of anti-malarial and anti-diabetic plants. Publication trends
analyzed in Figure 2 demonstrate a near-linear growth, with annual outputs rising from approximately 28 papers
in the late 1990s to over 450 in recent years. This expansion correlates with increased funding from the National

Medicinal Plants Board (NMPB) and the Department of Biotechnology (DBT).

A detailed examination of plant part utilization across aggregated data (Figure 3) shows leaves remain the most
frequently cited (32%), followed by roots/rhizomes (22%), bark (15%), fruits/seeds (12%), flowers (8%), whole
plants (7%), and stems (4%). This distribution aligns with global patterns and reflects ease of collection,
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seasonal availability, and traditional preferences for non-destructive harvesting. Dominant families identified in
the meta-analysis include Fabaceae (12.4%), Asteraceae (9.8%), Lamiaceae (8.1%), Euphorbiaceae (7.3%), and
Apocynaceae (6.5%). Species with highest consensus across tribal groups include Azadirachta indica, Ocimum
sanctum, Tinospora cordifolia, and Withania somnifera. Regional variations are pronounced: Himalayan tribes
heavily utilize alpine herbs such as Aconitum heterophyllum and Picrorhiza kurrooa for fever and liver
disorders, whereas Western Ghats communities emphasize tree barks and climbers for rheumatism and
snakebites [10], [11]. The Northeast stands out for its documentation of orchids and ferns in traditional healing.
Despite this wealth of data, the survey highlights that fewer than 15% of documented plants have undergone

rigorous pharmacological or clinical validation, representing a significant translational gap.

Conservation-oriented studies gained momentum after 2012, coinciding with India's ratification of the Nagoya
Protocol. Research by Rao et al. [12] and Singh and Kumar [13] assessed the status of threatened medicinal
plants in tribal areas using IUCN criteria and reported that 28% of frequently used species are vulnerable or
endangered. Community-based conservation initiatives, including sacred groves and home gardens, were
documented in 42 studies, with notable success stories among the Soliga tribe in Karnataka and the Toda in the
Nilgiris. Ex-situ approaches such as herbal gardens established by state forest departments and NGOs have
conserved over 1,200 species, yet adoption rates remain modest (Figure 5). Documentation efforts have
increasingly incorporated digital tools, including GIS mapping and mobile apps for real-time recording of uses
and distribution. The Indian Medicinal Plants Database and the Traditional Knowledge Digital Library (TKDL)
represent major national initiatives that have incorporated data from tribal surveys [14]. Nevertheless, the survey
identifies persistent challenges: limited long-term monitoring, inadequate benefit-sharing mechanisms, and the
risk of biopiracy. The meta-analysis underscores that integrated approaches combining in-situ protection,
participatory documentation, and value addition to traditional products are most effective for both conservation

and livelihood enhancement.

Thematic analysis of the literature also reveals evolving research priorities. Pre-2005 studies were
predominantly descriptive, focusing on inventorying. Between 2005-2015, emphasis shifted toward quantitative
validation and pharmacological screening. Post-2015 literature increasingly addresses socio-ecological
dimensions, climate change impacts, gender roles in knowledge transmission, and policy analysis. For instance,
studies examining the effects of climate-induced shifts in flowering phenology on medicinal plant availability in
the Himalayas have emerged [15]. Gender-disaggregated data indicate that women possess specialized
knowledge of reproductive health plants, yet they remain underrepresented in formal documentation processes.
Several meta-studies have attempted to synthesize regional knowledge; however, most were limited in scope or
relied on narrative rather than statistical synthesis. The present review addresses this lacuna by employing a
structured meta-analytic framework that quantifies effect sizes where possible and systematically evaluates
conservation outcomes. Overall, the survey of past work demonstrates substantial progress in documentation
while revealing critical deficiencies in standardization, long-term impact assessment, and translation into

actionable conservation policy.

3. METHODOLOGY
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The meta-analysis was conducted following the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines adapted for ethnobotanical literature. A comprehensive literature search was
performed across multiple electronic databases including PubMed, Scopus, Web of Science, Google Scholar,
and the Indian Citation Index using the search string: ("ethnobotany" OR "ethnomedicine" OR "traditional
medicine") AND ("tribal" OR "indigenous") AND ("India") AND ("medicinal plants" OR "herbal") AND
("documentation" OR "conservation" OR "survey"). The search was restricted to peer-reviewed articles
published in English between January 1995 and December 2025. Additional sources were identified through
backward citation searching of key review papers and reports from the National Medicinal Plants Board,
Botanical Survey of India, and Ministry of Tribal Affairs. After removal of duplicates, a total of 1,872 records
were screened by title and abstract, resulting in 312 full-text articles assessed for eligibility. Inclusion criteria
required: (i) primary field data collected from recognized tribal communities, (ii) explicit listing of plant species
with vernacular names and uses, (iii) description of collection methods and sample sizes, and (iv) focus on at
least one conservation aspect. Studies limited to single species, purely laboratory-based, or lacking
methodological details were excluded. Ultimately, 157 studies met all criteria and were included in the

quantitative synthesis.

Data extraction was performed independently by two reviewers using a standardized form capturing study
metadata (authors, year, location, tribal group, sample size), ethnobotanical parameters (number of species,
families, plant parts, ailments treated), quantitative indices (UV, ICF, FL, Relative Frequency of Citation), and
conservation-related variables (threats mentioned, strategies proposed, adoption indicators). Discrepancies were
resolved through discussion and consultation with a third reviewer. For studies reporting multiple indices, the
most commonly used metrics were prioritized. Geographical coordinates were digitized where possible to
enable spatial analysis. Publication trend data were extracted year-wise and fitted with linear regression to
quantify growth rates. Plant part usage percentages were pooled using a random-effects model to account for
between-study heterogeneity, with results presented in Figure 3. Threat impact scores were derived by coding
qualitative statements into a 0-100 scale based on frequency of mention and severity descriptors across studies,
aggregated for Figure 4. Conservation strategy adoption rates were calculated as the proportion of studies
reporting implementation or evaluation of each strategy (Figure 5). All statistical analyses were conducted using
R version 4.4 with the meta and metafor packages. Heterogeneity was assessed via I? statistic, and publication

bias was evaluated using funnel plots and Egger’s test where applicable.

Quality assessment of included studies employed a modified version of the Mixed Methods Appraisal Tool
(MMAT) tailored for ethnobotanical surveys, scoring studies on criteria including sampling strategy, informant
selection, data collection methods, and transparency of analysis. Studies scoring below 50% were retained but
flagged for sensitivity analysis. The geographical distribution map (Figure 1) was constructed by aggregating
reported study locations and weighting circle sizes by the number of species documented, using a schematic
representation of India's political boundary for visualization purposes. Limitations of the methodology include
potential language bias (only English publications), reliance on published data which may underrepresent
unpublished community knowledge, and heterogeneity in reporting standards that precluded full quantitative

pooling of all variables. Despite these constraints, the protocol ensures reproducibility and provides a
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transparent synthesis of the existing evidence base. The final dataset and analysis scripts are available upon

reasonable request to promote open science practices in ethnobotany.
4. CRITICAL ANALYSIS OF PAST WORK

A critical examination of the 157 studies included in this meta-analysis reveals substantial progress alongside
persistent methodological and conceptual shortcomings. Early inventories (1995-2005) were predominantly
descriptive and lacked statistical rigor; many relied on convenience sampling of a handful of healers without
systematic protocols, leading to potential over- or under-representation of certain knowledge domains. The
absence of quantitative indices in more than 60% of pre-2010 studies severely limits comparability and meta-
analytic synthesis. Sample sizes were often small (mean n=38 informants), raising concerns about statistical
power and generalizability. Furthermore, identification of plant specimens was frequently based solely on
vernacular names or local floras, with voucher specimens deposited in only 47% of studies, compromising
taxonomic accuracy. Several seminal works, while rich in cultural detail, failed to distinguish between plants
used for curative versus prophylactic purposes or to document dosage, preparation methods, and

contraindications with sufficient precision.

The adoption of quantitative ethnobotanical tools after 2010 represents a significant advancement. Indices such
as Use Value and Informant Consensus Factor have enabled objective prioritization of species for further
research and conservation. However, critical scrutiny reveals inconsistent application and interpretation. Some
studies calculated indices without reporting raw data or confidence intervals, while others applied the same
index across heterogeneous cultural contexts without accounting for knowledge variation. The over-reliance on
a small number of key informants (often male healers) has introduced gender and age biases; women’s
specialized knowledge of gynecological and pediatric plants is systematically underrepresented. Additionally,
many studies conflate frequency of citation with efficacy, overlooking the possibility that culturally salient
plants may be used more for symbolic than pharmacological reasons. The meta-analysis also identified a
geographic bias: states with strong research institutions (Kerala, Karnataka, Uttarakhand) are overrepresented,
whereas large tribal populations in states such as Bihar, Rajasthan, and the Northeast have fewer comprehensive
surveys. This uneven coverage distorts national-level estimates of medicinal plant diversity and conservation

priorities.

Conservation research within the ethnobotanical corpus exhibits even greater variability. While many papers list
threats such as habitat loss and overharvesting, few provide quantitative assessments of population decline or
harvesting pressure. Impact scores derived in the present analysis (Figure 4) are therefore synthesized from
narrative statements rather than direct ecological measurements. Community-based conservation initiatives are
frequently described anecdotally without rigorous evaluation of outcomes using indicators such as species
abundance, knowledge retention rates, or economic benefits. Ex-situ efforts are often reported without follow-up
data on survival rates or genetic diversity maintenance. A recurring theme is the disconnect between
documentation and action: the majority of studies conclude with generic recommendations for conservation
without specifying implementation pathways, stakeholder responsibilities, or monitoring frameworks.
Moreover, intellectual property and access-and-benefit-sharing (ABS) issues are addressed superficially in
fewer than 12% of papers, despite the legal mandates of the Biological Diversity Act (2002) and Nagoya
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Protocol. The lack of longitudinal studies tracking changes in knowledge systems over time represents a critical

gap; most data represent single snapshots that cannot capture dynamics of knowledge erosion or adaptation.

Methodological heterogeneity also hampers cross-study synthesis. Differences in interview techniques
(structured vs. semi-structured), season of data collection, and criteria for selecting informants introduce
uncontrolled variance. Few studies employed free-listing or pile-sorting techniques that could reveal cognitive
structures of plant knowledge. Molecular and phytochemical validation remains rare; only 9% of documented
species in the reviewed literature were subjected to any form of bioassay or chemical profiling within the same
study. This disconnect between traditional claims and scientific evidence weakens the case for integration into
mainstream healthcare and conservation planning. Finally, the rapid proliferation of publications has not been
matched by quality control; several journals publishing ethnobotanical work have low impact factors and lax
peer review, raising concerns about data reliability. The present meta-analysis attempted to mitigate these issues
through quality scoring and sensitivity analyses, yet the underlying limitations of the primary literature constrain
the strength of conclusions. Future research must prioritize standardized protocols, voucher deposition, gender-
inclusive sampling, long-term monitoring, and explicit linkage of documentation to conservation interventions

with measurable outcomes.
5. DISCUSSION

The findings of this meta-analysis illuminate both the achievements and challenges of ethnobotanical
documentation and conservation efforts among India's tribal communities. The exponential growth in
publications (Figure 2) reflects heightened national and international recognition of the value of traditional
knowledge. However, quantity has not uniformly translated into quality or impact. The dominance of leaf and
root utilization (Figure 3) underscores the need for sustainable harvesting protocols, particularly for slow-
growing species whose roots are targeted. Regional hotspots identified in Figure 1 align closely with areas of
high biodiversity and cultural diversity, yet these same regions face acute threats from mining, infrastructure
development, and shifting cultivation. The high impact scores assigned to habitat loss and overharvesting
(Figure 4) corroborate global assessments and emphasize that documentation alone is insufficient without

concurrent habitat protection measures.

Conservation strategy adoption rates (Figure 5) reveal encouraging trends in documentation and database
development (91% post-2015), yet policy and legislation lag significantly (48%). This disparity suggests that
while researchers have embraced digital tools and participatory recording, systemic barriers including weak
enforcement of the Biological Diversity Act, inadequate funding for community institutions, and limited
capacity of state forest departments continue to impede translation into on-ground action. Community
conservation and awareness programs show moderate-to-high adoption and appear most sustainable when they
generate tangible livelihood benefits, such as through value-added herbal products or ecotourism. The post-2015
increase in adoption across nearly all strategies indicates growing awareness following international
commitments and national policy revisions. Nevertheless, the overall adoption rates below 80% signal that

conservation remains peripheral rather than central to most ethnobotanical projects.
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Integration of findings with broader socio-ecological theory highlights the importance of viewing ethnobotanical
knowledge as a dynamic, co-evolving system rather than a static repository. Climate change, migration, and
formal education are rapidly altering transmission pathways, necessitating adaptive documentation methods that
capture both continuity and change. The underrepresentation of women’s knowledge and youth perspectives in
past studies calls for deliberate inclusion strategies. Furthermore, the limited pharmacological validation of
documented plants represents a missed opportunity for drug discovery and evidence-based integration into
primary healthcare. Successful models from other countries, such as the South African San-Hoodia benefit-
sharing agreement and Peru’s community-managed medicinal plant reserves, offer transferable lessons for India.
Ultimately, the meta-analysis demonstrates that effective conservation of medicinal plants among tribal
communities requires a transdisciplinary approach that unites ethnobotanists, ecologists, anthropologists, legal
experts, and community representatives. Future work must move beyond mere inventories toward co-designed,

long-term action research that measures both ecological and cultural outcomes.
6. CONCLUSION

This meta-analysis of 157 ethnobotanical studies provides the most comprehensive synthesis to date of
medicinal plant documentation and conservation among tribal communities in India. Key conclusions include:
(1) documentation efforts have accelerated dramatically since 2010, yet significant geographic and
methodological gaps persist; (2) leaves and roots dominate traditional usage, requiring targeted sustainability
measures; (3) habitat loss and overharvesting constitute the gravest threats; (4) community-based and
documentation-focused strategies show highest adoption but policy implementation remains weak; and (5)
critical deficiencies in standardization, gender inclusion, long-term monitoring, and translational research
undermine the utility of existing data. The review calls for the urgent adoption of standardized protocols,
establishment of national longitudinal monitoring networks, strengthened ABS mechanisms, and integration of
traditional knowledge into formal conservation planning and healthcare systems. By bridging past research with
future action, India can safeguard its invaluable ethnobotanical heritage while contributing to global biodiversity

targets and the well-being of its tribal populations.
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Figure 1: Distribution of Ethnobotanical Hotspots and Tribal Communities in India with Documented

Medicinal Plant Diversity
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Figure 1 presents a schematic representation of India highlighting the major ethnobotanical hotspots and tribal
communities where significant documentation of medicinal plants has occurred. The map delineates six primary
regions: the Northeast (high species diversity among Naga and Khasi tribes), Central India (Gond and Bhil
communities), Western Ghats (rich in endemic species used by tribal groups in Kerala and Karnataka),
Himalayan foothills, Eastern Ghats, and Aravalli ranges. Circle sizes are proportional to the relative number of
documented medicinal plant species aggregated from the meta-analysis of 157 studies. This visualization
underscores the concentration of ethnobotanical activity in biodiversity-rich zones that coincide with high tribal
populations. The figure also illustrates the geographic bias in research coverage, with denser documentation in
accessible and well-studied areas. Such spatial synthesis aids policymakers in prioritizing under-researched
tribal belts for future surveys and conservation investments while emphasizing the need for region-specific

strategies that respect local ecological and cultural contexts.
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Figure 2: Trends in Ethnobotanical Research Publications on Medicinal Plants in Indian Tribal

Communities (1995-2025)

Figure 2 illustrates the temporal trends in ethnobotanical research publications focused on medicinal plants
among Indian tribal communities from 1995 to 2025. Annual publication counts (blue bars) demonstrate a
steady rise from approximately 28 papers in the late 1990s to over 450 in recent years, reflecting increased
academic interest, funding support, and policy emphasis on traditional knowledge. The cumulative curve (red
line) shows exponential growth, crossing 1,000 studies around 2015. This surge correlates with national
initiatives such as the Traditional Knowledge Digital Library and international frameworks including the CBD
and Nagoya Protocol. The figure highlights periods of accelerated output coinciding with major research
programs and journal special issues. These trends indicate maturing of the field but also raise concerns about
quality control and the need for synthesis studies such as the present meta-analysis to consolidate knowledge

and prevent duplication of effort.
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Figure 3: Percentage Distribution of Plant Parts Utilized in Traditional Ethnobotanical Practices by

Tribal Communities

Figure 3 displays the percentage distribution of plant parts utilized in traditional ethnobotanical practices by
tribal communities, aggregated from 157 studies. Leaves emerge as the most frequently documented plant part
(32%), followed by roots/rhizomes (22%), bark (15%), fruits/seeds (12%), flowers (8%), whole plants (7%), and
stems (4%). This pattern reflects practical considerations such as ease of collection, year-round availability of
leaves, and cultural preferences for non-lethal harvesting methods. Roots and bark, while important, pose
sustainability challenges due to destructive harvesting. The doughnut chart format emphasizes proportional
contributions while allowing visual comparison. Data synthesis reveals regional variations, with Himalayan
communities showing higher root usage and Western Ghats groups favoring bark and climbers. Understanding
these preferences is crucial for developing sustainable harvesting guidelines and prioritizing species for

cultivation and conservation programs.
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Figure 4: Relative Impact of Major Threats to Medicinal Plant Biodiversity in Indian Tribal Regions
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Figure 4 summarizes the relative impact scores of major threats to medicinal plant biodiversity in Indian tribal
regions, derived through meta-analytic coding of 157 studies. Habitat loss due to deforestation and land-use
change receives the highest impact score (87), followed by overharvesting (72), lack of documentation (65),
climate change (58), policy gaps and awareness deficits (53), and invasive species (41). These scores were
calculated by weighting the frequency and severity of threat mentions across the literature. The horizontal bar
chart format facilitates direct comparison and prioritization. The figure underscores that while biological threats
are significant, socio-political and knowledge-related factors also exert substantial pressure. Conservation
interventions must therefore adopt a multi-pronged approach addressing both habitat protection and the

strengthening of traditional knowledge systems and governance frameworks.
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Figure 5: Adoption Rates of Conservation Strategies in Ethnobotanical Studies on Indian Tribal

Medicinal Plants

Figure 5 compares overall adoption rates versus post-2015 adoption rates of key conservation strategies reported
across the reviewed ethnobotanical literature. Documentation and databases exhibit the highest adoption (78%
overall, 91% post-2015), followed by community conservation (68% to 82%), awareness and education (62% to
75%), ex-situ cultivation (52% to 61%), in-situ protection (45% to 49%), and policy and legislation (35% to
48%). The grouped bar chart highlights encouraging acceleration in recent years, particularly in digital
documentation and participatory approaches. However, policy integration and in-situ measures continue to lag,
indicating implementation bottlenecks. This figure provides a quantitative benchmark for evaluating progress
and identifies priority areas especially policy mainstreaming and protected area management where future
efforts should be concentrated to achieve sustainable outcomes for both medicinal plants and the tribal

communities that depend on them.
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