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                     Abstract 
 This study investigates the ethnomedicinal plants and traditional medical practices in three remote villages along the Bha-

girathi River in Uttarkashi, Uttarakhand. Data were collected from 17 respondents, predominantly older individuals with 

minimal formal education, regarding 22 ethnomedicinal plant species. The Apiaceae, Ranunculaceae, Rosaceae, and Taxaceae 

families are the most represented, with herbaceous plants being the dominant life form and roots identifi ed as the most fre-

quently utilized plant part. Decoction emerged as the primary method of plant-based medicine preparation. A high Informant 

Consensus Factor (ICF) is recorded for the treatment of stone problems, with frequently cited plant  Bergenia ciliata . Key 

species such as  Aconitum heterophyllum ,  Bergenia ciliata ,  Asparagus racemosus ,  Berberis lycium , and  Dactylorhiza hata-
girea  exhibited the highest relative frequency of citation (RFC) and fi delity level (FL), indicating their signifi cance in local 

healthcare practices. Additionally,  Malus domestica  demonstrated the highest use value (UV) due to its frequent availability 

in the region. Notably, this study provides the fi rst documentation of the use of  Thalictrum foliolosum  for genito-urinary ail-

ments, thereby expanding its known ethnomedicinal applications. However, several medicinal species, including  Aconitum 
heterophyllum ,  Angelica glauca , and  Dactylorhiza hatagirea , are classifi ed as endangered, while  Nardostachys jatamansi  
is critically endangered due to overharvesting driven by high market demand. The fi ndings underscore the importance of 

documenting traditional knowledge and the potential of these plants for future pharmaceutical applications, while also 

emphasizing the need for conservation eff orts to protect these valuable species in their natural habitats. 

   Keywords     Bhagirathi River    ·  Ethnomedicinal plants    ·  Himalaya    ·  Threat    ·  Traditional knowledge  

      Introduction 

 The Himalayan region is renowned for its rich floral 

diversity, owing to its unique geography, wide range of 

altitudes, and varying climatic conditions. This diversity 

supports many plant species with signifi cant medicinal, 

ecological, and cultural importance. The area serves as 

a reservoir for rare and endemic species, making it a 

key hotspot for conservation and ethnobotanical studies. 

Among the various rivers originating from the Himalayas, 

the Bhagirathi River, which begins at the Gomukh (30° 

36′ N; 79° 40ʹ E; 3800 m), Gangotri glacier in Uttarkashi 

district, Uttarakhand, is notable for supporting natural veg-

etation and the livelihoods of nearby communities. Several 

villages are still isolated in the Himalayan region among 

them some villages located along the Bhagirathi River, 

depend on natural resources and the river itself for their 

livelihood and healthcare systems. These communities rely 

on the area's vegetation assemblages, which create crucial 

habitats for ecosystems and medicinal plants. Many com-

mercially important medicinal plants grow naturally here, 

off ering a lifeline to local people. Indigenous medicines 

derived from these plants provide considerable economic 
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benefi ts (Malla et al.  2015 ). The World Health Organi-

zation (WHO) reports that about 25% of modern medi-

cines are developed from plant sources traditionally used 

for healing, and research into these plants has led to the 

discovery of 75% of herbal drugs (Singh et al.  2019a ). 

The ancient medical system is believed to developed in 

the Bhagirathi Valley during the Vedic era (Singh and 

Rana  2016 ; Kumar  2017a ,  b ; Georgiadis  2020 ; Sati  2021 ; 

Kumar and Sati  2023 ). The medicinal plants of the region 

are integral to the healthcare practices of indigenous 

communities, whose traditional knowledge and environ-

mental awareness play a crucial role in treating ailments. 

However, despite their therapeutic value, many of these 

plants are increasingly under threat due to overharvesting 

driven by their high market demand. Moreover, traditional 

knowledge about these medicinal plants is gradually erod-

ing among Himalayan Indigenous communities. Younger 

generations are becoming less engaged, infl uenced by 

modern education and shifting lifestyles. As a result, this 

valuable knowledge is now largely confi ned to elders and 

traditional healers (Bisht and Adhikari  2018 ; Bhatt et al. 

 2024 ). The ethnobotanical studies off er opportunities to 

document unstudied medicinal plants for pharmaceutical 

development and to create conservation strategies (Singh 

et al.  2019b ). Given these challenges, this study aims to 

document the ethnomedicinal knowledge of remote vil-

lages around the Bhagirathi River in the Himalayas. The 

research focuses on the socio-ecological aspects of plant-

derived medicines used to treat various human ailments 

and highlights the local inhabitants' continued reliance on 

ethnomedicinal plants for healthcare. 

    Materials and methods 

   Study area 

 The present study focused on three remote villages in the 

Uttarkashi district of Uttarakhand, situated along the Bha-

girathi River in the Bhagirathi Valley: Bagori (30°04′ N, 

78°45′ E, 2584 m), Sangrali (30°44′ N, 78°26′ E, 1742 m), 

and Purali (31°01′ N, 78°42′ E, 2648 m) (Fig.  1 ). These 

villages, located in the western Himalayan region, experi-

ence a year-round cool and chilly climate due to their high 

altitudes, with snow-covered elevations persisting annually. 

The residents rely heavily on the surrounding forests for 

their livelihoods, making them dependent on local natural 

resources. The villages were chosen based on their prox-

imity to the Bhagirathi River, enabling the study of areas 

directly infl uenced by the river’s ecosystem. Due to their 

remote location in the Himalayan range, these villages face 

extreme weather conditions, which signifi cantly shape their 

environment and daily lives.         

  Fig. 1       A map of the study area showing various study sites. (Red marks denote the studies villages)  
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    Data collection 

 Before initiating the fi eldwork, a comprehensive literature 

review was conducted on the Bhagirathi River and its sur-

rounding regions to understand the local ecological and eth-

nobotanical context. A fi eld survey was carried out in the 

selected villages in May 2023, using a validated question-

naire to gather information from local informants. The ques-

tionnaire collected demographic data alongside information 

about medicinal plants, including local names, parts used, 

methods of administration, and diseases treated. Detailed 

fi eld data were documented for the reported plants, such as 

plant habits, habitat, size, and the color of fl owers and fruits. 

Plant identifi cation was conducted using local names, cross-

referencing with previous literature, and matching available 

photographs. Updated botanical nomenclature was verifi ed 

using reliable databases like Plants of the World Online 

(POWO) and World Flora Online (WFO). Not all plants were 

physically collected; some were identifi ed based on local 

names and their photographic evidence (Fig.  2 ). The identi-

fi cation process involved cross-referencing these names with 

existing literature and reliable online databases, such as the 

Global Biodiversity Information Facility (GBIF) and other 

online fl oras. Based on the questionnaire and information 

gathered from the respondents, the reported disease condi-

tions were grouped into a total of 9 key ailments categories 

(Table  1 ).          

    Quantitative analysis 

 The data were entered into an Excel sheet and quantitatively 

it was analyzed using various quantitative indices such 

as relative frequency of citation (RFC), use value (UV), 

informant consensus factor (ICF), relative importance level 

(RIL), corrected fi delity level (CFL), and fi delity level (FL). 

Apart from these the similarity indices such as Jaccard’s 

similarity index (JI%) and Sorensen’s similarity index (QS%) 

have been analyzed. 

   Relative frequency of citation (RFC) 

 RFC represents the relative importance of plant species and 

depends on the number of informants that report the use of 

the species. It has been calculated to assess the consensus 

amongst the informants on the reported taxa. RFC indicates 

the local importance of plant species which is calculated by 

using the given formula (Rehman et al.  2017 ; Balkrishna 

et al.  2024 ):

       

RFC =
FC

N

where ‘FC’ is the number of informants who reported the 

use of plant species, and ‘N’ is the total number of partici-

pating informants. 

    Use value (UV) 

 The UV is an index that indicates the relative importance of 

locally known plant taxa, depending on the number of uses 

recorded for each species. It was calculated by the following 

formula (Phillips et al.  1994 ):

       

where ‘U’ represents the number of use reports for a plant 

species, and ‘n’ is the total number of informants who 

inquired about that plant. 

    Informant consensus factor (ICF) 

 ICF expresses the consensus of informants related to the 

use of plant taxa in treating diff erent use categories (Ahmad 

et al.  2018 ; Uzun and Koca  2020 ; Balkrishna et al.  2024 ). 

High ICF values indicate that there is a consensus among 

informants about plants used for a particular disease group 

(Uzun and Koca  2020 ). ICF was calculated using the given 

formula:

       

where ‘   Nur     ’ is the number of use reports for a specifi c ail-

ment category and ‘   Nt     ’ is the number of taxa used in that 

particular category. ICF is generally used to indicate the 

consensus of knowledge on the medicinal plant used for a 

particular ailment. 

    Fidelity level (FL) 

 The more often used medicinal plants by the community 

have higher FL values than the less commonly used ones. 

The percentage of informants who assert that a certain plant 

species is used for the same primary purpose is demon-

strated by the fi delity level. This is intended to measure the 

species' signifi cance for a certain objective. The FL value 

was determined for each of the identifi ed plants as a whole 

and a specifi c disease category using the following formula 

(Friedman et al.  1986 ; Khan et al.  2014 ):

       

where ‘   Np     ’ is the number of respondents who reported the 

utilization of the plant, and ‘N’ is the total number of par-

ticipating informants. 

UV =
U

n

ICF =
Nur − Nt

Nur − 1

FL(% ) =
Np

N
× 100
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  Fig. 2       Ethnomedicinal plants.  A — Ajuga integrifolia ,  B — Angelica 
glauca ,  C — Asparagus racemosus ,  D — Bergenia ciliata ,  E — Ber-
beris lycium ,  F — Cannabis sativa ,  G — Carum carvi ,  H — Juglans 

regia ,  I — Malus domestica ,  J — Prunus cerasoides ,  K — Quercus leu-
cotrichophora ,  L — Swertia chirayita ,  M — Thalictrum foliolosum    



353Proceedings of the Indian National Science Academy (2026) 92:349–368 

    Relative importance level (RIL) 

 The RIL presents the level of prominence of each species in 

a study site. The RIL varies from 0 to 1.0, with “1” being the 

full importance of a medicinal plant for particular diseases 

and “0” no ailment cured by a plant species. The RIL value 

was calculated using the method described by Friedman 

et al. ( 1986 ) with the given formula:

       

where ‘FC’ is the number of respondents mentioning a spe-

cies and   FCt     is the total number of respondents of all species. 

    Corrected fi delity level (CFL) 

 The CFL of plant species is used as a correction factor to 

more accurately rank species based on varying FL and RIL 

values. By integrating these two metrics, the CFL provides 

a more precise representation of a plant species' signifi cance 

in the study area. The CFL is calculated by multiplying the 

FL by the RIL values, ensuring that species with high impor-

tance and consistent use are ranked appropriately. The CFL 

index is obtained using the following formula (Friedman 

et al.  1986 ; Umair et al.  2019 ):

        

    Similarity indices 

 Jaccard’s Similarity Index (JI%) and Sorensen’s Similar-

ity Index (QS%) were assessed to measure the similarities 

in the utilization of common medicinal plants between 

the current study and previously published evidence from 

adjacent locations. The following formula (Kayani et al. 

RIL =
FC

FCt

CFL = FL × RIL

 2015 ; Rahman et al.  2019 ) is used to determine the JI% by 

comparing it to previously published research and examin-

ing the percentages of mentioned species and their thera-

peutic uses:

        

 In contrast, Sorensen, a botanist, created and published 

the QS% in 1948. The following method was used to 

evaluate the percentages of the stated species and their 

medicinal applications to compare the results with previ-

ously published data (Rahman et al.  2019 ).

        

 In both the indexes, ‘a’ is the number of species in the 

cited study, ‘b’ is the number of species in the current study, 

and ‘c’ is the number of common species in both studies. 

    Statistical analysis 

 The demographic and plant-based data were plotted in Excel 

and subjected to analysis. A correlation analysis was per-

formed to explore the relationships between diff erent vari-

ables. The Pearson Correlation Coeffi  cient (r) was used to 

measure the strength and statistical signifi cance of the lin-

ear association between two component variables, providing 

insight into the degree to which changes in one variable are 

associated with changes in another. The data obtained from 

various quantitative indices were systematically arranged 

and analyzed to examine the relationships between varia-

bles. Additionally, the coeffi  cient of determination  (r 2 ) was 

calculated to quantify the proportion of variability in the 

dependent variable that could be explained by the independ-

ent variable, further allowing for the assessment of species 

variability and cross-relations between the indices. 

JI = C ×
100

a + b + c

QS =
2c

a + b
× 100

  Table 1       Ailment use categories along with their disease conditions  

  Ailment categories    Use categories    Disease conditions  

  Category 1    Dermatological disorders    Boil, Cut, Wound  

  Category 2    Fever, Cough, and Cold    Asthma, Cold, Cough, Fever  

  Category 3    Metabolic disorders    Diabetes, Diarrhea, Dysentery, Jaundice, Stomachache, Uric 

acid (Hyperuricemia)  

  Category 4    Skeleto-muscular disorders    Internal injury, Muscular pain  

  Category 5    Cardiac-neurological disorder    Blood pressure, Epilepsy  

  Category 6    Bone disorders    Arthritis or Joint pain, Bone disease, Bone fracture, Toothache  

  Category 7    Stone problem    Stone (calculus)  

  Category 8    Cancer and ulcer    Cancer, Ulcer  

  Category 9    Genito-urinary ailments    Sexual disorders, Spermatorrhea, Urinary disease  
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      Results and discussions 

   Informant’s socio-demographic characteristics 

 A total of 17 respondents from the study villages were 

interviewed and grouped into three age categories: Group 

I (25–40 years), Group II (41–60 years), and Group III 

(> 60 years). Among the villages, 35.29% of respondents 

were from Bagori, 23.53% from Sangrali, and 41.18% 

from Purali (Table   2 ). In terms of gender distribution, 

58.83% were male and 41.18% were female. As per the 

respondent's occupations, 58.82% of respondents were 

non-farmers, including constructors, LIC service work-

ers, sheep rearers, and homemakers, while 41.18% were 

farmers. Educational backgrounds were categorized 

into five categories: illiterate (zero schooling), basic 

(1–5 schooling), middle (6–8 schooling), intermediate 

(11–12 schooling), and higher education (> 12 school-

ing). The majority of respondents (47.06%) were illiter-

ate, 23.53% had attained higher education, 11.76% had 

completed middle and intermediate levels, and 5.88% had 

basic education (Table  2 ). Throughout the study, a total 

of 127 plant use reports were recorded, and there were 

45 discussions on the documented plants. These plants 

have reportedly been shown to cure 45 disease conditions 

(Table  2 ). The age of the informants statistically exhib-

ited a minor negative association with the diseases men-

tioned (y = 0.1248x,  r 2  =  − 0.414) and discussed plants 

(y = 0.1114x,  r 2  =  − 0.872).  

 This study involves interviewing a total of 17 respond-

ents, selected from villages located in remote areas with 

limited household numbers. According to the 2011 Census 

data, these villages are home to only 314 households, with 

a population of 1679 individuals. Among these house-

holds, the number of respondents knowledgeable about 

ethnomedicinal plants was notably small, primarily due to 

the decline in traditional practices among the younger gen-

eration. Among all the respondents, the number of male 

informants sharing their knowledge was slightly higher 

than that of female informants. Similar fi ndings have dem-

onstrated that male informants frequently have a greater 

infl uence on therapeutic practices (Mir et al.  2021 ; Rao 

et al.  2022 ; Lal et al.  2023 ; Ahirwar and Gupta  2024 ). 

It has been observed globally that studies with predomi-

nantly female participants are rare, although some have 

recorded female-dominated respondents (Yemele et al. 

 2014 ; Mussarat et al.  2014 ). One possible reason for fewer 

female participants is that women often face greater chal-

lenges in gathering medicinal plants from remote forest 

areas and are primarily engaged in domestic responsibili-

ties and caregiving. 

    Plant exploration 

 Most of the plants used to cure common diseases were 

known to the responders. Twenty-two plants from 19 fami-

lies have been identifi ed and their ethnomedicinal applica-

tions have been documented (Table  3 ). Of these families, 

Apiaceae, Ranunculaceae, Rosaceae, and Taxaceae had 

two plants each and the remaining 15 families (Amaryl-

lidaceae, Araceae, Asparagaceae, Berberidaceae, Canna-

baceae, Caprifoliaceae, Fagaceae, Gentianaceae, Juglan-

daceae, Lamiaceae, Liliaceae, Melanthiaceae, Orchidaceae, 

Polygonaceae, Saxifragaceae) each had a single plant 

(Fig.  3 ). Three distinct habit categories—herb, shrub, and 

  Table 2       Socio-demographic 

characteristics of the 

respondents (n = 17)  

  Categories    Variables    Age Groups (Years)    Total    %  

  25–40    41–60     > 60  

  Villages    Bagori    1    3    2    6    35.29  

  Sangrali    0    0    4    4    23.53  

  Purali    4    2    1    7    41.18  

  Gender    Male    1    3    6    10    58.82  

  Female    4    3    0    7    41.18  

  Occupation    Farmer    1    2    4    7    41.18  

  Non-Farmer    4    4    2    10    58.82  

  Education    Illiterate    1    3    4    8    47.06  

  Basic    1    0    0    1    5.88  

  Middle    1    1    0    2    11.76  

  Intermediate    1    1    0    2    11.76  

  Higher education    1    1    2    4    23.53  

  Responses    Plants used report    41    46    40    127    

    Plants discussed    12    17    16    45    

    Diseases cured    14    16    15    45    
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tree—were applied to all of the documented plants. The 

maximum 15 (68.18%) ethnomedicinal plants were found 

to be herbaceous, followed by trees (5; 22.73%), and shrubs 

(2; 9.09%) (Fig.  4 ).                  

 The study areas were dominated by the Apiaceae, Ranun-

culaceae, Rosaceae, and Taxaceae families because of their 

wider occurrence, especially in high-altitude zones (Bha-

tia et al.  2014 ). The most often used medicinal plants were 

found to be herbs, which is consistent with the overall trend 

of herbaceous species domination shown in medicinal plant 

inventories both in India and throughout the world (Bhatia 

et al.  2014 ; Rao et al.  2015 ). There have been prior reports 

of similar life-form patterns (Vijayakumar et  al.  2015 ; 

Umair et al.  2019 ). The predominance of herbaceous plants 

is attributed to their widespread availability, their traditional 

role in the preparation of herbal remedies, and their active 

participation in digestion and metabolic processes (Lulekal 

et al.  2013 ; Balkrishna et al.  2024 ). The conservation status 

of the recorded plants was assessed using the International 

Union for Conservation of Nature (IUCN) Red List Data-

base (  https:// www. iucnr edlist. org/    ). This database indicates 

that many plants in the Himalayan region are endangered 

(EN) or critically endangered (CR). Among these,  Aconitum 
heterophyllum  (EN),  Angelica glauca  (EN),  Dactylorhiza 
hatagirea  (EN),  Taxus wallichiana  (EN), and  Nardostachys 
jatamansi  (CR) were recorded in this study (Table  3 ). These 

IUCN-categorized species are of signifi cant ethnobotanical 

and economic importance, underscoring the urgent need for 

targeted conservation and management strategies to ensure 

their protection. 

   Ethnomedicinal plant parts and their modes 
of administration 

 Each plant part has medicinal properties that make the 

plant’s medicinal signifi cance. A maximum of 11 plants 

were recognized based on their root value followed by bark 

values (3 plants). The leaves and seed-valued plants showed 

two plants each while the bulb, fruits, rhizome, tuber, and 

whole plants valued were recognized by a single plant each 

(Fig.  5 ). All the identifi ed plants have a diff erent administra-

tion mode. A maximum of 11 plants were administrated as a 

decoction; the remaining plants are administered as follows: 

6 plants in paste form, 3 in powder form, 2 in raw or direct 

form, and 1 each for cooked, juice, toothbrushing, vinegar, 

and water extract form (Fig.  6 ).                 

 The most commonly used plant parts for herbal prepara-

tion in the study areas were roots, a fi nding consistent with 

previous studies in the Himalayan region (Uniyal and Shiva 

2005; Balodi et al.  2018 ; Nand and Naithani  2018 ). The 

collection of roots, rhizomes, bulbs, bark, and stems poses 

serious threats to the survival and regeneration patterns of 

mother plants (Zerabruk and Yirga  2012 ). Unsustainable Ta
bl
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harvesting practices can further endanger these plants, push-

ing species towards extinction (Balodi et al.  2018 ). In the 

study, decoction was the most frequently used administration 

method. Decoctions are a common form of herbal prepara-

tion in traditional healthcare systems due to their simplicity 

in combining herbs with a solvent of choice (Rokaya et al. 

 2010 ; Umair et al.  2019 ). The use of decoctions and pastes 

for treating various ailments is widespread across diverse 

cultures in India, with similar modes of administration 

reported in various ethnomedical studies (Rehman et al. 

 2017 ; Kumar et al.  2019 ; Ouhaddou et al.  2020 ; Rahman 

et al.  2024 ). The heating process involved in decoction 

preparation accelerates biological and metabolic processes, 

enhancing the availability of active compounds (Zhang et al. 

 2005 ; Chen et al.  2008 ). 

     Ailment categories and their quantitative analysis 

 A variety of plants were used in various sites throughout 

the study areas to treat the various disease conditions that 

were categorized into nine use categories (Table  1 ). Among 

the diff erent ailments categories, 17 respondents discussed a 

maximum of 10 plants in Category 3, followed by Category 

2 (16 respondents, 6 plants). 10 respondents discussed 5 

plants in Category 1; 7 respondents discussed 2 plants in 

Category 4; 6 respondents discussed 2 plants in Category 

5; 8 respondents discussed 3 plants in Category 6; 11 

respondents discussed 1 plant in Category 7; 4 respondents 

discussed 1 plant in Category 8; 4 respondents discussed 2 

plants in Category 9 (Table  4 ).  

  Fig. 3       Number of plants and 

their prominent families  
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  Fig. 4       Number of ethnomedicinal plants with their habits  

  Fig. 5       Diff erent used ethnome-

dicinal plant parts concerning 

the number of plants  
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 ICF is a potential method for determining the frequency 

of therapeutic plants for diff erent ailment categories. The 

current study examined a total of 9 ailment categories, with 

ICF values ranging from 0.73 to 1. The highest ICF value of 

1 was reported for Category 7 and 8 followed by Category 5 

(0.86), and Category 4 (0.83) (Table  4 ). For each Category, 

the FL value was measured and it ranged between 23.53 and 

100. The maximum of 100 FL value was recorded for Cat-

egory 3 followed by Category 2 (94.12), Category 7 (64.71), 

and Category 1 (58.82). Categories 8 and 9 were recorded 

for a least of 23.53 FL values (Table  4 ). The summary statis-

tics for these variables are summarized in Table  8 . 

 The results demonstrate a strong consensus on the 

medicinal uses of plants, as indicated by high Informant 

Consensus Factor (ICF) values across all categories. High 

ICF values suggest a strong agreement among informants 

regarding the use of certain taxa for treating specifi c ailment 

categories (Sharma et al.  2012 ). A high ICF value implies 

that a signifi cant percentage of informants use certain plant 

species to treat a wide range of diseases, whereas a low ICF 

value indicates the use of plants for a narrower range of ail-

ments (Gazzaneo et al.  2005 ; Rehman et al.  2017 ). Catego-

ries 7 and 8 exhibited the highest ICF values, likely due to 

the prevalence of stone and ulcer-related health issues in the 

study areas. Informants frequently discussed plants associ-

ated with these conditions, such as  Bergenia ciliata  for Cat-

egory 7 and  Taxus wallichiana  for Category 8. These plants 

are widely used, with similar applications reported locally 

(Uniyal and Shiva  2005 ; Singh et al.  2019b ) and throughout 

the greater Himalayan region for a variety of ailments (Sher 

et al.  2016 ). The Fidelity Level (FL) values were particularly 

high for Category 3 (metabolic disorders) and Category 2 

(fever, cough, and cold), refl ecting the high prevalence of 

these conditions and their eff ective treatment in the study 

area (Rahaman and Karmakar  2015 ; Rao et al.  2015 ). 

    Plant’s quantitative analysis 

   Relative frequency of citation (RFC) 

 The RFC describes the most frequent ethnomedicinal plants 

and their local signifi cance concerning informants. A higher 

RFC score implies that plant species are more prevalent 

among the informants. In this study, the RFC ranges from 

0.12 to 0.76. The plant with the highest RFC was  Aconitum 
heterophyllum  (0.76) followed by  Bergenia ciliata  (0.65), 

 Asparagus racemosus ,  Berberis lycium , and  Dactylorhiza 
hatagirea  each had 0.53 RFC value (Table   3 ). As these 

plants are more common and frequently used by the inhab-

itants, their RFC is high. The plant  Aconitum heterophyllum  
had the highest RFC value because it is an important herb 

found in high altitudes and used to cure common ailments 

  Fig. 6       Number of ethnomedicinal plants and their mode of administration  

  Table 4       ICF and FL values of diff erent ailments categories  

  Ailment 

categories  

  No. of plants    Used reports    No. of 

inform-

ants  

  ICF    FL  

  Category 1    5    17    10    0.75    58.82  

  Category 2    6    24    16    0.78    94.12  

  Category 3    10    34    17    0.73    100.00  

  Category 4    2    7    7    0.83    41.18  

  Category 5    2    8    6    0.86    35.29  

  Category 6    3    10    8    0.78    47.06  

  Category 7    1    11    11    1.00    64.71  

  Category 8    1    5    4    1.00    23.53  

  Category 9    2    5    4    0.75    23.53  
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such as stomachache, fever, and diarrhea which are more 

prevalent in the study areas. This plant was discussed by a 

total of 13 respondents in a total of 20 use reports (Table  3 ). 

 The RFC values, ranging from 0 to 1, refl ect the knowl-

edge and use of plant species among informants, with 

higher values indicating more frequent and widespread 

usage (Medeiros et al.  2011 ). In this study, species with 

the highest RFC values included  Aconitum heterophyllum , 
 Bergenia ciliata ,  Asparagus racemosus ,  Berberis lyceum , 
and  Dactylorhiza hatagirea , each used for distinct medicinal 

purposes.  Aconitum heterophyllum , an endangered species 

found at high altitudes, is primarily used to treat stomach-

ache, fever, and diarrhea, in line with previous studies that 

also documented its use for vomiting and cough (Gürdal 

and Kültür  2013 ; Singh  2008 ; Ojha et al.  2020 ).  Bergenia 
ciliata  was mainly employed for kidney stone treatment, 

while other studies have reported its use for fever, digestive 

issues, and urinary infections (Gaur  1999 ; Malik et al.  2015 ). 

 Asparagus racemosus  was cited for treating sexual disor-

ders and spermatorrhea, though earlier research highlights 

its broader applications for headaches, hysteria, and liver 

disorders (Bisht et al.  2012 ; Singh and Attri  2014 ).  Berberis 
lyceum  was used for muscular pain, joint pain, and arthri-

tis, while  Dactylorhiza hatagirea  was favored for wound 

healing and treating boils, with prior studies extending its 

use to burns and bleeding control (Malik et al.  2015 ; Bisht 

et al.  2012 ). These species are culturally important due to 

their long-standing use and bioactive properties (Singh et al. 

 2017 ). Still, their high RFC values suggest overexploitation, 

particularly for endangered or critically endangered species. 

The urgent need for conservation eff orts is underscored by 

their inclusion in IUCN threat categories, with some species 

at serious risk of extinction. 

    Use value (UV) 

 The UV is used for quantitative data analysis that confi rms 

the relative importance of ethnomedicinal plants to the pop-

ulation. The higher UV indicates more use reports for a plant 

species which is signifi cant among informants whereas, the 

lower UV indicates fewer use reports. In the current study 

the UV value range from 1 to 2.5. The plant with the highest 

UV is  Malus domestica  (2.5 UV) followed by  Paris poly-
phylla  (2 UV),  Cannabis sativa,  and  Taxus wallichiana  each 

had 1.75 UV (Table  3 ). The high use of these plant species 

indicates the common occurrence and importance among 

respondents as they frequently use these plants in herbal 

therapies for various ailments. The UV simply indicates the 

local importance of plant species against diff erent ailments. 

 The highest UV in this study was recorded for  Malus 
domestica , with 4 informants reporting 10 use reports. This 

species is highly cultivated in the study area for trade, mak-

ing it a commonly used plant in various forms. Interestingly, 

this study uniquely identifi es  Malus domestica  as having 

the highest UV, which contrasts with other studies that do 

not emphasize its widespread use. A possible explanation 

for this is the plant’s prevalence in nearly every household 

within the region.  Paris polyphylla  ranked second in UV, 

being frequently found in high altitudes and widely used 

for treating stomachaches and wound healing.  Cannabis 
sativa  and  Taxus wallichiana  were tied for third place in UV, 

refl ecting their common occurrence and signifi cant use in 

herbal therapies for various ailments. Although plants with 

lower UV values, as shown in Table  3 , were less frequently 

reported, they were found to be highly eff ective against vari-

ous ailments. These species hold potential for broader thera-

peutic applications and could be valuable in the development 

of human pharmaceuticals (Rehman et al.  2017 ; Balkrishna 

et al.  2024 ). 

    Fidelity level (FL) 

 The FL was calculated for each identifi ed plant species in 

the study area, indicating the frequency and intensity of their 

use by local informants. The FL values ranged from 11.76 

to 76.47 (Table  3 ), with  Aconitum heterophyllum  recording 

the highest FL (76.47), followed by  Bergenia ciliata  (64.71). 

 Asparagus racemosus ,  Berberis lyceum , and  Dactylorhiza 
hatagirea  each had an FL value of 52.94 (Table  3 ). These 

species were the most commonly used plants in the study 

area. The high FL values of these plants were consistent 

with their high RFC values, refl ecting their widespread use 

for distinct medicinal purposes. These species are predomi-

nantly found in high-altitude regions and are frequently used 

to treat local ailments (Kumar  2017a ,  b ; Ballabh et al.  2017 ). 

 The FL value of each plant was calculated within the spe-

cifi c ailment category that represents the uses of ethnome-

dicinal plants within the category (Table  5 ). In category 1, 

a total of 5 plants were used that ranged between 20 and 90 

FL values; the maximum FL was recorded for  Dactylorhiza 
hatagirea  (90), followed by  Rheum australe  (40), and each 

remaining plant ( Arisaema propinquum ,  Cannabis sativa , 
 Paris polyphylla ) had 20 FL value. Under category 2, a total 

of 6 plants were used that ranged between 12.50 and 68.75 

FL values; the  Aconitum heterophyllum  was recorded for 

its higher FL value for this category. Under category 3, a 

total of 10 plants were discussed by the respondents among 

them  Aconitum heterophyllum  recorded the highest 58.82 FL 

value. In category 4, a total of 2 plants were used and both 

had 42.86 FL value. Under category 5, a total of 2 plants 

were used among them  Nardostachys jatamansi  had 66.67 

FL and  Malus domestica  had 33.33 FL value. In category 6, 

a total of 3 plants were used among them  Berberis lyceum  
had 50 FL while the remaining plants had 25 FL values. 

Categories 7 and 8 were represented by a single plant each 

and had 100 FL values. In Category 9, a total of 2 plants 
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were used among them  Thalictrum foliolosum  had a 100 FL 

value and  Asparagus racemosus  had 75 FL values (Table  5 ).  

 Category 1, which encompasses dermatological disor-

ders, is notably common in the study area, where plants 

are frequently used to treat skin conditions like boils, cuts, 

and wounds.  Dactylorhiza hatagirea  exhibited the highest 

FL value in this category due to its high medicinal value, 

being widely used for ailments such as dysentery, diarrhea, 

chronic fever, cough, stomachache, burns, fractures, and 

general weakness (Chandra et al.  2022 ; Jodh et al.  2022 ). 

Other plants like  Rheum australe ,  Arisaema propinquum , 
 Cannabis sativa , and  Paris polyphylla  also demonstrated 

high FL values, refl ecting their frequent usage in the study 

area (Kumar  2017a ,  b ; Singh and Dixit  2017 ; Monika et al. 

 2020 ; Kumar et al.  2020 ,  2023 ; Tiwari et al.  2020 ; Painuli 

et al.  2021 ).  Aconitum heterophyllum  had the highest FL in 

Categories 2 and 3, which represent ailments such as fever, 

cough, and cold (Category 2), and metabolic disorders like 

diabetes, diarrhea, dysentery, jaundice, stomachache, and 

hyperuricemia (Category 3). This plant eff ectively treats 

these symptoms (Singh et al.  2017 ; Singh and Dixit  2017 ; 

Kumar and Singhal  2019 ; Devi et al.  2024 ).  Berberis lyceum  
and  Rheum australe  showed higher FL values in Category 

4, which addresses internal injuries and muscular pain, as 

both plants are widely used for such conditions (Ballabh 

et al.  2017 ; Bhat et al.  2021 ; Jan et al.  2021 ).  Nardostachys 
jatamansi  and  Malus domestica  were highly eff ective in 

treating cardiac-neurological disorders (Category 5). Simi-

lar patterns of these symptom control were recorded in ear-

lier studies (Bhattacharjee and Chakraborty  2018 ; Mukne 

et al.  2024 ). Meanwhile,  Berberis lyceum ,  Juglans regia , 
and  Prunus cerasoides  were used for bone-related ailments, 

  Table 5       Fidelity level (FL) of 

identifi ed ethnomedicinal plants 

within the selected ailment 

categories  

  Ailment categories    Ethnomedicinal plants    Taxa 

informants  

  Total 

informants  

  FL  

  Category 1     Arisaema propinquum  Schott    2    10    20.00  

   Cannabis sativa  L.    2    10    20.00  

   Dactylorhiza hatagirea  (D.Don) Soó    9    10    90.00  

   Paris polyphylla  Sm.    2    10    20.00  

   Rheum australe  D.Don    4    10    40.00  

  Category 2     Aconitum heterophyllum  Wall. ex Royle    11    16    68.75  

   Cannabis sativa  L.    3    16    18.75  

   Fritillaria cirrhosa  D.Don    2    16    12.50  

   Quercus leucotrichophora  A. Camus    4    16    25.00  

   Swertia chirayita  (Roxb.) H.Karst.    5    16    31.25  

   Taxus wallichiana  Zucc.    2    16    12.50  

  Category 3     Aconitum heterophyllum  Wall. ex Royle    10    17    58.82  

   Ajuga integrifolia  Buch.-Ham. ex D.Don    4    17    23.53  

   Allium humile  Kunth    2    17    11.76  

   Angelica glauca  Edgew.    4    17    23.53  

   Berberis lycium  Royle    2    17    11.76  

   Cannabis sativa  L.    3    17    17.65  

   Carum carvi  L.    2    17    11.76  

   Malus domestica  (Suckow) Borkh.    4    17    23.53  

   Paris polyphylla  Sm.    2    17    11.76  

   Quercus leucotrichophora  A. Camus    3    17    17.65  

  Category 4     Berberis lycium  Royle    3    7    42.86  

   Rheum australe  D.Don    3    7    42.86  

  Category 5     Malus domestica  (Suckow) Borkh.    2    6    33.33  

   Nardostachys jatamansi  (D.Don) DC.    4    6    66.67  

  Category 6     Berberis lycium  Royle    4    8    50.00  

   Juglans regia  L.    2    8    25.00  

   Prunus cerasoides  Buch.-Ham. ex D.Don    2    8    25.00  

  Category 7     Bergenia ciliata  (Haw.) Sternb.    11    11    100.00  

  Category 8     Taxus wallichiana  Zucc.    4    4    100.00  

  Category 9     Asparagus racemosus  Willd.    3    4    75.00  

   Thalictrum foliolosum  DC.    4    4    100.00  
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including arthritis, joint pain, bone fractures, and toothache 

(Category 6). The earlier studies also suggest these plants for 

similar disease management (Jabeen et al.  2009 ; Maqsood 

et al.  2022 ). In Category 7,  Bergenia ciliata  was frequently 

employed to treat calculus, a fi nding consistent with previ-

ous studies (Saha et al.  2014 ; Paudel et al.  2018 ; Kumar et al. 

 2018 ; Balkrishna et al.  2024 ).  Taxus wallichiana , native to 

the Himalayas, had a high FL value in Category 8 due to its 

use in treating cancer and ulcers. This plant is the source of 

taxol, a potent anticancer agent eff ective against breast and 

ovarian cancers (Kovács et al.  2007 ; Juyal et al.  2014 ), and 

its ethnobotanical importance is similar to the earlier studies 

(Bisht et al.  2013 ; Devi et al.  2024 ; Balkrishna et al.  2024 ). 

Finally, in Category 9, which addresses genito-urinary ail-

ments such as sexual disorders, spermatorrhea, and urinary 

diseases,  Asparagus racemosus  and  Thalictrum foliolosum  
were found to be highly eff ective. While  Asparagus racemo-
sus  has been well-documented for treating these conditions 

(Alok et al.  2013 ; Vyas et al.  2018 ; Ashwinidevi et al.  2021 ; 

Arya et al.  2023 ),  Thalictrum foliolosum  showed the highest 

FL value in this category, despite no prior records of its use 

for such ailments. This discrepancy highlights the need for 

further evaluation of  Thalictrum foliolosum , exploring its 

potential for pharmaceutical applications and broader ben-

efi ts for human welfare. 

    Relative importance level (RIL) 

 The importance of a plant species increases when it is used 

by informants to treat more diseases. Plants with high RIL 

values may be ascribed to both their great eff ectiveness and 

the local population's understanding of their specifi c appli-

cation in herbal medicine. Here, the RIL ranged between 

0.09 and 0.59 (Table  3 ).  Aconitum heterophyllum  had the 

highest reported RIL values at 0.59, while  Swertia chirayita  
came in second with 0.50 RIL. The RIL value increases 

proportionally with the number of respondents, indicating 

that more widely known plants tend to have higher RIL val-

ues (Umair et al.  2019 ). In this study,  Aconitum heterophyl-
lum  and  Swertia chirayita  possesses high RIL values due to 

their widespread recognition in high-altitude regions, where 

a majority of respondents were familiar with their use in 

treating local ailments. Plant species with elevated RIL val-

ues often have a broader geographic range, and higher levels 

of awareness among informants, and are linked to a greater 

degree of cultural and medicinal signifi cance. 

    Corrected fi delity level (CFL) 

 The CFL index was employed to rank plant species based 

on their FL and RIL values. In this study, CFL levels ranged 

from 1.07 to 45.19 (Table  3 ). Six plants, namely  Aconitum 
heterophyllum  (45.19 CFL),  Swertia chirayita  (32.35 CFL), 

 Rheum australe  (21.66 CFL),  Quercus leucotrichophora  
(21.66 CFL),  Taxus wallichiana  (21.66 CFL), and  Carum 
carvi  (17.11 CFL), exhibited CFL values exceeding 10. This 

refl ects the growing reliance on traditional medicine among 

the local population in the study area. These species, with 

high CFL values, also aligned with high RIL values, refl ect-

ing their widespread use and cultural importance. Therefore, 

further investigation into the medicinal properties of these 

species is recommended, including the screening of bioac-

tive compounds and evaluation of pharmacological activi-

ties. This approach may not only validate traditional uses but 

also contribute to the discovery of new therapeutic drugs and 

expand scientifi c knowledge. 

     Similarity indices 

 This study was compared with 12 published ethnomedici-

nal documents from related regional sources (Table  6 ). 

The comparative analysis revealed that the similarity 

  Table 6       Comparison of local 

and neighboring areas using 

similarity indices (JI% and 

QS%)  

 *No. of species in cited studied, **No. of species common in cited and current studies 

  Studied areas    *    **    JI%    QS%    Citation  

  Uttarkashi District, Uttarakhand    56    7    9.86    17.95    Rawat and Jalal  2011   

  Sub-Himalayan region, Uttarakhand    24    3    6.98    13.04    Sharma et al.  2013   

  Kumaon Himalaya, Uttarakhand    89    6    5.71    10.81    Singh et al.  2014   

  Tons Watershed, Uttarakhand    84    9    9.28    16.98    Kala  2015   

  Asi Ganga sub-basin, Uttarakhand    76    12    13.95    24.49    Nand and Naithani  2018   

  Jaunsari Tribe, Uttarakhand    54    5    7.04    13.16    Kumar et al.  2019   

  Uttarkashi District, Uttarakhand    82    4    4.00    7.69    Kumar and Singhal  2019   

  Bhatwari Block, Uttarkashi, Uttarakhand    60    7    9.33    17.07    Monika et al.  2020   

  Khatling Valley, Uttarakhand    68    12    15.38    26.67    Hussain et al.  2023   

  Uttarkashi District, Uttarakhand    54    8    11.76    21.05    Devi et al.  2024   

  Valley of Flowers, Uttarakhand    53    9    13.64    24.00    Basotra et al.  2024   

  Tribal Communities, Uttarakhand    238    17    7.00    13.08    Balkrishna et al.  2024   
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index for 22 documented medicinal plants ranged from 

4 to 15.38% in terms of JI%, and from 7.69 to 26.67% 

for QS% (Table  6 ). Jaccard’s and Sørensen’s similarity 

indices were used to assess fl oral similarity by comparing 

this case study with earlier reports. The Jaccard's index is 

traditionally used in community ecology, it is increasingly 

applied to compare pharmacopeias and medicinal fl ora 

(Rahman et al.  2019 ). Statistically, both indices exhib-

ited a strong positive correlation (y = 0.5579x,  r 2  = 0.993) 

with one another. A detailed summary of these indices is 

provided in Table  8 . The analytical approach of Jaccard’s 

and Sorensen’s similarity indices both determines only the 

common fl oral similarity by comparison of a case study 

with previous documentations. The higher percentages 

for these indices were observed in areas geographically 

closer to the current study, indicating that the documented 

plants are commonly found in both current and previous 

research. The comparative study with Khatling Valley 

(Hussain et al.  2023 ) and Asi Ganga sub-basin (Nand and 

Naithani 2018) showed the highest similarity they prob-

ably could be attributed to the similar culture of ethno-

botanical knowledge. The lower similar index means the 

cultural loss of ethnobotanical knowledge, and change in 

fl oral diversity among the studied areas.  

    Pearson correlation coeffi  cient matrix 

 The Pearson correlation coeffi  cient measures the strength of 

the linear association between two variables. In this study, 

diff erent indices (RFC, UV, FL, RIL, CFL) for the quan-

titative measurements of ethnomedicinal plants were ana-

lyzed and correlated at a 95% signifi cance level (p = 0.05) 

(Table  7 ). The correlation between RFC and UV was non-

signifi cant, showing a negative association (y = 2.9809x, 

 r 2  =  − 2.668). RFC displayed a strong positive correlation 

with FL (y = 100x,  r 2  = 1), RIL (y = 0.7727x,  r 2  = 1), and 

CFL (y = 40.32x,  r 2  = 0.804). Conversely, UV exhibited a 

very strong negative correlation with all the indices: FL 

(y = 0.0298x,  r 2  =  − 885), RIL (y = 3.8577x,  r 2  =  − 2.668), 

and CFL (y = 0.052x,  r 2  =  − 5.533). FL showed a strong 

positive correlation with both RIL (y = 129.41x,  r 2  = 1) and 

CFL (y = 2.1898x,  r 2  = 0.594). The correlation between RIL 

and CFL was also strongly positive (y = 0.0169x,  r 2  = 0.594). 

Summary statistics for these indices are presented in Table  8 .   

    Market value of valuable ethnomedicinal plants 

 In national and international markets, the trade in medicinal 

plants is quite important. In 2017, the National Medicinal 

Plants Board (NMPB) estimated the global trade value of 

medicinal plants to be approximately US$120 billion, with 

an annual growth rate of 2.4%. This highlights the signifi cant 

economic importance of medicinal plants in global markets, 

driven by increasing demand for natural remedies and herbal 

products. By 2050, this global market is predicted to have 

grown to US$5 trillion due to its fast expansion (Alamgir 

 2017 ). Asian nations are signifi cant contributors to this 

trade, especially India, which comes in second place to 

China (Vasisht et al.  2016 ; Caporale et al.  2020 ). The Indian 

medicinal plant market was estimated to be worth Rs. 4.2 

billion (US$56.6 million) in 2019 and is expected to reach 

  Table 7       Pearson's correlation coeffi  cient matrix among variables in 

the documented ethnomedicinal plants (p = 0.05)  

    RFC    UV    FL    RIL    CFL  

  RFC    1.00          

  UV     − 0.01    1.00        

  FL    1.00     − 0.01    1.00      

  RIL    1.00     − 0.01    1.00    1.00    

  CFL    0.98     − 0.01    0.98    0.98    1.00  

  Table 8       Summary statistics 

of diff erent indices at 95% of 

signifi cant level  

  Variables    Mean    Median    Mode    Standard error    Standard 

deviation  

  Minimum    Maximum    Sign  

  Variables for documented ethnomedicinal plants  

   RFC    0.30    0.24    0.24    0.04    0.19    0.12    0.76    0.09  

   UV    1.24    1.00    1.00    0.09    0.42    1.00    2.50    0.19  

   FL    29.68    23.53    23.53    4.12    19.34    11.76    76.47    8.57  

   RIL    0.23    0.18    0.18    0.03    0.15    0.09    0.59    0.07  

   CFL    9.56    4.28    4.28    2.55    11.96    1.07    45.19    5.30  

  Variables for diff erent ailment categories  

   ICF    0.83    0.78    0.75    0.03    0.10    0.73    1.00    0.08  

   FL    54.25    47.06    23.53    9.34    28.02    23.53    100.00    21.54  

  Variables for previous and current studies comparison  

   JI    9.49    9.31    –    1.03    3.57    4.00    15.38    2.27  

   QS    17.17    17.03    –    1.71    5.93    7.69    26.67    3.77  
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Rs. 14 billion (US$188.6 million) by 2026 (Gautam et al. 

 2023 ). Due to their scarcity, endemism, dispersed popula-

tions, and capacity to treat a variety of illnesses, Himala-

yan medicinal plants are highly sought among traded plants 

(Gautam and Raina  2016 ,  2019 ; Raina and Gautam  2020 ; 

Gautam et al.  2023 ). Based on the RFC, FL, and CFL indi-

ces, this study indicates  Aconitum heterophyllum ,  Bergenia 
ciliata ,  Asparagus racemosus , and  Berberis lycium  as plants 

of substantial value.  Allium humile  and  Paris polyphylla  are 

recognized for having strong UV and RIL indices. Further-

more, the Himalayan region makes great use of and values 

 Swertia chirayita  and  Angelica glauca . 
 The native range of  Aconitum heterophyllum  is from the 

Central Himalaya to North Pakistan. It is a perennial or 

tuberous geophyte mostly found in the temperate biome. Due 

to its numerous therapeutic applications in treating microbi-

ological infections, fever, vomiting, coughing, diarrhea, and 

indigestion, it is one of the ingredients in many Ayurvedic 

formulations where it is considered as 'Ativisha' (Ayurvedic 

Pharmacopoeia of India  2008 ; Kumar et al.  2019 ). Accord-

ing to the National Medicinal Plants Board of India, the 

product is traded annually in 100–200 metric tons for 4000 

Rs/kg (Wani et al.  2022 ). This indicates a signifi cant market 

demand. 

  Allium humile  is a highly favored herbal spice in the 

wild, and families in the Niti valley of the Nanda Devi Bio-

sphere Reserve gather roughly 1220 kg of it each year, for 

an estimated maximum of Rs 5098.62 per family (Maikhuri 

et al.  2017 ).  Allium humile  is native to North Pakistan, West 

Himalaya, and China. It is mostly found in the temperate 

biome and is a bulbous geophyte. It is employed as a blood 

purifi er, an anti-infl ammatory, an anti-asthmatic, an anti-dia-

betic, and a seasoning agent in Indian medicine because of 

its signifi cant eff ect against various diseases. Additionally, 

it is employed as an anti-cancer agent and to treat cardiovas-

cular diseases, gastrointestinal issues, asthma, jaundice, and 

other conditions (Anees et al.  2024 ). 

  Angelica glauca  is a medicinal herb that is endangered 

and endemic to the Himalaya. It is found in Uttarakhand, 

ranging from 2600 to 3700 m above sea level (Arya et al. 

 2015 ).  Angelica glauca  is native to East Afghanistan, West 

Tibet, and the West Himalaya. It grows mainly in the tem-

perate biome and is a perennial. In the market, its roots are 

sold for 900 Rs/kg (Arya et al.  2015 ). It is highly prized for 

both culinary and medicinal uses. While the entire plant is 

edible and medicinally signifi cant, the roots are primarily 

responsible for the plant's bioactive potential, which is used 

to treat a variety of conditions including bronchitis, dysmen-

orrhea, anorexia, rheumatism, amenorrhea, polycystic ovary 

syndrome, and disorders of the female reproductive system 

(Sood et al.  2019 ; Kumar et al.  2022 ; Gautam et al.  2023 ). 

  Asparagus racemosus  is a well-known Ayurvedic rasay-

ana that is used to treat a variety of conditions including 

nerve disorders, dyspepsia, tumors, infl ammation, neuropa-

thy, and hepatopathy. It also increases lifespan, improves 

mental performance, and energy, and adds vitality to the 

body (Alok et al.  2013 ). Its native is tropical Africa to North 

Australia. It grows mostly in the seasonally dry tropical 

habitat and is a climber. By 2023, the extract's worldwide 

market is anticipated to be valued at US$ 635 million, grow-

ing at a compound annual growth rate of 4.1% between 2023 

and 2033 (FMI  2024 ). It is signifi cant for the various Ayur-

vedic formulations; the Indian National Medicinal Plants 

Board estimates that it is traded up to 2000–5000 metric 

tons annually. 

  Berberis lycium  is an evergreen shrub and its native 

range is from East Afghanistan to Himalaya and India. It is 

a shrub that thrives mostly in the temperate biome. Many 

illnesses, including those of the skin and liver, oral ulcers, 

stomach issues, piles, jaundice, conjunctivitis, bone frac-

tures, leprosy, and rheumatism, can be eff ectively treated 

with it (Sevik et al.  2012 ; Ali et al.  2015 ; Wang et al.  2018 ). 

Furthermore, it is utilized for antiglycation, diabetes, ocular 

conditions, menorrhagia, fever, diarrhea, intestinal colic, and 

internal wounds (Adhikari et al.  2019 ; Ahmad et al.  2024 ). It 

is particularly vital for the various Ayurvedic formulations. 

Its market price is around 3–6 USD/kg (Ahmad et al.  2020 ), 

and the National Medicinal Plants Board of India estimated 

that its trade is about 1000–2000 metric tons annually. 

  Bergenia ciliata  is a very important plant for the vari-

ous Ayurvedic formulations. Its native range is from West 

Himalaya and South-West Nepal. It grows best in the tem-

perate biome and is a perennial. The rhizome of  Bergenia 
ciliata  has been used for a century to treat lung infections, 

piles, leucorrhea, and kidney and bladder stones (Ahmad 

et al.  2018 ; Koul et al.  2020 ). The National Medicinal Plants 

Board of India calculated that the plant is traded for between 

1000 and 2000 metric tons annually, with an average market 

price of 169.29 Rs/kg. 

  Paris polyphylla  is native to the Himalaya, Central China, 

and North Myanmar. It is a rhizomatous geophyte and is 

mostly found in the temperate biome. It is utilized in many 

medical systems to treat a variety of illnesses due to its 

immense therapeutic qualities. People all around the world 

benefi t from its anti-microbial, anti-viral, and immune-

modulating qualities (Thakur et al.  2023 ). It is well-known 

for the therapeutic qualities of its roots, and the Medicinal 

Plants Board of India estimates that its average market price 

is 3374 Rs/kg annually. 

  Swertia chirayita  grows mostly in the temperate biome 

and is either annual or biennial. Its native ranges from Hima-

laya to Asam. It has a wide range of pharmacological prop-

erties and is used in traditional medicine to treat several dis-

orders, including diabetes, liver diseases, and malaria. The 

medicinal use of this plant is extensively recorded in several 

ancient medical systems such as Ayurveda, Unani, Siddha, 
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and the Indian Pharmaceutical Codex, as well as in the Brit-

ish and American Pharmacopoeias (Mazumder et al.  2023 ). 

The National Medicinal Plants Board of India estimated that 

its yearly trade is about 500–1000 metric tons at an average 

price of 480 Rs/kg. 

     Conclusions 

 The traditional plant medicine practices of the Himalayan 

region, particularly those relying on medicinal plant species, 

are rooted in the ethnobotanical knowledge of local commu-

nities, with older generations serving as key repositories of 

this wisdom. In the high altitudes, plant families like Api-

aceae, Ranunculaceae, Rosaceae, and Taxaceae dominate 

due to their abundance, with a particular focus on their roots, 

which hold high medicinal value due to their dormancy dur-

ing harsh winter months. The study highlights the frequent 

use of medicinal plants for treating metabolic disorders, with 

plants such as  Angelica glauca ,  Aconitum heterophyllum , 
 Berberis lycium ,  Carum carvi ,  Malus domestica ,  Quercus 
leucotrichophora , and  Cannabis sativa  being central to 

traditional remedies. The ICF reveals that stone problems 

(Category 7) are highly prevalent in the region, often treated 

using  Bergenia ciliata . In terms of medicinal plant use, spe-

cies like  Aconitum heterophyllum ,  Bergenia ciliata ,  Aspara-
gus racemosus ,  Berberis lycium , and  Dactylorhiza hatagirea  
show the highest RFC and FL, indicating their common use 

and importance. Additionally,  Malus domestica  shows the 

highest UV due to its widespread availability and signifi -

cance among respondents. Notably, this study documents 

the use of  Thalictrum foliolosum  for genito-urinary ailments 

(Category 9) for the fi rst time, off ering new insights into its 

ethnomedicinal potential. However, several of these medici-

nal plants are under threat, with species like  Aconitum het-
erophyllum ,  Angelica glauca , and  Dactylorhiza hatagirea  
classifi ed as endangered, and  Nardostachys jatamansi  con-

sidered critically endangered due to overexploitation driven 

by their high market value. Immediate conservation meas-

ures are essential to protect these species and their habitats. 

The fi ndings of this study provide a valuable foundation for 

future research aimed at preserving indigenous ethnomedici-

nal knowledge, exploring the bioactive compounds of key 

medicinal plants, and identifying the most signifi cant fl ora 

for conservation in the Himalayan region. 

       Acknowledgements     The authors thank the National Mission for Clean 

Ganga (NMCG) under the Ministry of Jal Shakti Govt. of India for 

supporting this research.  

  Author contributions     AB: Conceptualization, Investigation, Meth-

odology, Project administration, Resources, Supervision, Visualiza-

tion. IPS: Data curation, Formal analysis, Resources, Visualization, 

Writing—original draft, Writing—review & editing. VP: Investiga-

tion, Methodology, Project administration, Supervision, Visualization, 

Writing—review & editing. BJ: Data curation, Resources, Visualiza-

tion. AK: Data curation, Resources. AKK: Data curation, Resources. 

RKM: Data curation, Resources.  

  Funding     The work was supported by the National Mission 

for Clean Ganga (NMCG), Government of India under the 

Ad-35013/4/2022-KPMG-NMCG.  

  Data availability     The data is provided in the article, this is own col-

lected data and not generated from any source.  

  Declarations    

   Conflict of interest     Authors declared there is no confl ict of interest. 

    Research involving human and animal participants     None of the authors 

have experimented on humans or animals for this study.   

  References 

                                                                  Adhikari, M., Thapa, R., Kunwar, R.M., Devkota, H.P., Poudel, P.: 

Ethnomedicinal uses of plant resources in the Machhapuchchhre 

rural municipality of Kaski District, Nepal. Med.  6 (2), 69 (2019). 

  https:// doi. org/ 10. 3390/ medic ines6 020069      

                                          Ahirwar, R.K., Gupta, V.: Quantitative ethnomedicinal investigation 

of medicinal plants used by traditional healers to treat various 

diseases in the district Dindori, Madhya Pradesh, India. Ethno-

bot. Res. Appl.  28 , 1–31 (2024).   https:// doi. org/ 10. 32859/ era. 

28. 15.1- 31      

                                                            Ahmad, M., Butt, M.A., Zhang, G., Sultana, S., et al.:  Bergenia ciliata : 
a comprehensive review of its traditional uses, phytochemistry, 

pharmacology and safety. Biomed. Pharmacother.  97 , 708–721 

(2018).   https:// doi. org/ 10. 1016/j. biopha. 2017. 10. 141      

                                                 Ahmad, L., Ullah, F., Semotiuk, A.J., et al.: Traditional knowledge and 

economic signifi cance of  Berberis lycium  Royle in the Lower Dir 

District, Pakistan. Ethnobot. Res. Appl.  20 , 1–12 (2020)  

                                                   Ahmad, B., Murshed, A., Zaky, M.Y., Khan, I., et al.:  Berberis lycium : 
a miracle medicinal plant with multifaceted health benefi ts. J. 

Food Qual. (2024).   https:// doi. org/ 10. 1155/ 2024/ 31524 56      

                         Alamgir, A.N.M.: Therapeutic use of medicinal plants and their 

extracts: Vol. 1. Springer, Cham (2017)  

                                                     Ali, H., Uddin, S., Jalal, S.: Chemistry and biological activities of  Ber-
beris lycium  Royle. J. Biol. Act. Prod. Nat.  5 (5), 295–312 (2015). 

  https:// doi. org/ 10. 1080/ 22311 866. 2015. 10736 27      

                                                               Alok, S., Jain, S.K., Verma, A., Kumar, M., et al.: Plant profi le, phy-

tochemistry and pharmacology of  Asparagus racemosus  (Shata-

vari): a review. Asian Pac. J. Trop. Dis.  3 (3), 242–251 (2013). 

  https:// doi. org/ 10. 1016/ S2222- 1808(13) 60049-3      

                                                               Anees, S., Manzoor, I., Fatima, K., Hamid, R., Ganie, S.A.: GC-MS 

analysis and potential therapeutic effi  cacy of extracts from  Allium 
humile  Kunth in lowering dyslipidemia in wistar rat models. J. 

Ethnopharmacol.  320 , 117478 (2024).   https:// doi. org/ 10. 1016/j. 

jep. 2023. 117478      

                                                             Arya, D., Bhatt, D., Joshi, G.C., Tewari, L.M.: Trade, population study 

and conservation aspects of Choraka/Choru in Kumaun Hima-

layas. Sci. Res. Essays  10 (2), 64–70 (2015).   https:// doi. org/ 10. 

5897/ SRE20 14. 6035      

                                                             Arya, A., Kumar, S., Suryavanshi, A., Kain, D.: Ethnobotanical and 

ethnopharmacological studies of medicinal plants used for repro-

ductive disorders: a review. Med. Plants – Int. J. Phytomed. Relat. 

Ind.  15 (4), 619–635 (2023).   https:// doi. org/ 10. 5958/ 0975- 6892. 

2023. 00063.1      



365Proceedings of the Indian National Science Academy (2026) 92:349–368 

                                                     Ashwinidevi, B., Kavitha, S., Yasodai, R.: Role of herbal medicines 

on male infertility-a review. J. Pharm. Res. Int.  33 (43B), 289–

293 (2021).   https:// doi. org/ 10. 9734/ jpri/ 2021/ v33i4 3B325 54      

   Ayurvedic Pharmacopoeia of India: Part I, vol I, DEPARTMENT of 

AYUSH, Ministry of Health and Family Welfare, Government 

of India, pp 27–28 (2008)  

                                                     Balkrishna, A., Sharma, I.P., Arya, V.: Ethno-medicinal study 

of traditional medicinal plants used by tribal communities 

of Uttarakhand, India. Proc. Natl. Acad. Sci. India Sect. B 

Biol. Sci.  94 (2), 277–299 (2024).   https:// doi. org/ 10. 1007/ 

s40011- 023- 01519-7      

                                                                                      Ballabh, B., Chaurasia, O.P., Pande, P.C.: Ethnomedicinal plants of 

western and central Himalayas. In: Ballabh, B., Chaurasia, O.P., 

Pande, P.C., Pullaiah (eds.) Ethnobotany of India, vol. 4, pp. 

149–291. Apple Academic Press, Palm Bay (2017)  

                                                             Balodi, K.N., Purohit, M.V., Shridhar, V., Arunachalam, K.: Ethno-

medicinal uses of various plants species among the Jaad Bhotiya 

community of Uttarakhand, western Himalaya. SEM  12 (3), 189–

197 (2018).   https:// doi. org/ 10. 31901/ 24566 772. 2018/ 12. 03. 558      

                                                 Basotra, M., Jayaraman, A., Maurya, R.R., Sharma, M.: Traditional 

and modern medicinal values of medicinal plants from the val-

ley of fl owers, Chamoli District of Uttarakhand. Afr. J. Bio. Sci. 

(2024).   https:// doi. org/ 10. 48047/ AFJBS.6. Si4. 2024. 6612- 6625      

                                                            Bhat, M.N., Singh, B., Surmal, O., Singh, B., et al.: Ethnobotany of the 

Himalayas: safeguarding medical practices and traditional uses 

of Kashmir regions. Biology  10 (9), 851 (2021).   https:// doi. org/ 

10. 3390/ biolo gy100 90851      

                                                             Bhatia, H., Sharma, Y.P., Manhas, R.K., Kumar, K.: Ethnomedicinal 

plants used by the villagers of district Udhampur, J&K, India. J. 

Ethnopharmacol.  151 (2), 1005–1018 (2014).   https:// doi. org/ 10. 

1016/j. jep. 2013. 12. 017      

                                                             Bhatt, S., Kumar, A., Arunachalam, A., Arunachalam, K.: Ethnome-

dicinal diversity and traditional knowledge system of the Jaunsari 

tribe in Uttarakhand, Western Himalaya. Proc. Natl. Acad. Sci. 

India Sect. B Biol. Sci.  94 (1), 177–192 (2024).   https:// doi. org/ 

10. 1007/ s40011- 023- 01514-y      

                                                         Bhattacharjee, P., Chakraborty, S.: 22 neurotransmitters in edible 

plants. In: Ramakrishna, S., Roshchina, V.V. (eds.) Neurotrans-

mitters in Plants: Perspectives and Applications, p. 387. CRC 

Press, Boca Raton (2018)  

                                       Bisht, S., Adhikari, B.S.: Ethnobotanical study of traditional medicinal 

plants used by Banraji Community in Uttarakhand, West Hima-

laya. J. Ethnobiol. Tradit. Med.  129 , 1426–1441 (2018)  

                                                            Bisht, V.K., Rana, C.S., Negi, J.S., Bhandari, A.K., et al.: Lamiaceous 

ethno-medico-botanicals in Uttarakhand Himalaya, India. J. 

Med. Plants Res.  6 (26), 4281–4291 (2012)  

                                                                  Bisht, V.K., Kandari, L.S., Negi, J.S., Bhandari, A.K., Sundriyal, R.C.: 

Traditional use of medicinal plants in district Chamoli, Uttara-

khand, India. J. Med. Plants Res.  7 (15), 918–929 (2013)  

                                                          Caporale, F., Mateo-Martín, J., Usman, M.F., Smith-Hall, C.: Plant-

based sustainable development—the expansion and anatomy of 

the medicinal plant secondary processing sector in Nepal. Sus-

tainability  12 (14), 5575 (2020).   https:// doi. org/ 10. 3390/ su121 

45575      

                                                               Chandra, N., Singh, G., Lingwal, S., Jalal, J.S., et al.: Ecological niche 

modeling and status of threatened alpine medicinal plant  Dacty-
lorhiza hatagirea  D. Don in Western Himalaya. J. Sustain. for. 

 41 (10), 1029–1045 (2022).   https:// doi. org/ 10. 1080/ 10549 811. 

2021. 19235 30      

                                                               Chen, G., Yang, M., Song, Y., Lu, Z., et al.: Comparative analysis 

on microbial and rat metabolism of ginsenoside Rb1 by high-

performance liquid chromatography coupled with tandem mass 

spectrometry. Biomed. Chromatogr.  22 (7), 779–785 (2008). 

  https:// doi. org/ 10. 1002/ bmc. 1001      

                                                     Devi, U., Bagri, A., Bajpai, A.B.: Ethno-medicinal plants used by Jadh 

Bhotiya Community of District Uttarakashi, Uttarakhand, India. 

Ecol. Quest.  35 (2), 1–23 (2024).   https:// doi. org/ 10. 12775/ EQ. 

2024. 017      

   FMI: Future Market Insights, Inc. (2024)   https:// www. futur emark etins 

ights. com/ repor ts/ aspar agus- extra ct- market      

                                                             Friedman, J., Yaniv, Z., Dafni, A., Palewitch, D.: A preliminary clas-

sifi cation of the healing potential of medicinal plants, based 

on a rational analysis of an ethnopharmacological fi eld survey 

among Bedouins in the Negev Desert, Israel. J. Ethnopharmacol. 

 16 (2–3), 275–287 (1986).   https:// doi. org/ 10. 1016/ 0378- 8741(86) 

90094-2      

                         Gaur, R.D.: Flora of the District Garhwal North West Himalaya. Trans-

media, Boca Raton (1999)  

                                             Gautam, K., Raina, R.: New insights into the phenology, genetics and 

breeding system of critically endangered  Nardostachys grandi-
fl ora  DC. Caryologia  69 (2), 91–101 (2016).   https:// doi. org/ 10. 

1080/ 00087 114. 2015. 11099 39      

                                             Gautam, K., Raina, R.: Floral architecture, breeding system, seed biol-

ogy and chromosomal studies in endangered Himalayan  Angelica 
glauca  Edgew. (Apiaceae). Caryologia  72 (3), 23–34 (2019). 

  https:// doi. org/ 10. 13128/ caryo logia- 755      

                                         Gautam, K., Raina, R., Dikshit, N.: Current knowledge on sustainabil-

ity and conservation of endangered Himalayan medicinal herb 

 A. glauca  Edgew.—a review. J. Herb. Med. (2023).   https:// doi. 

org/ 10. 1016/j. hermed. 2023. 100764      

                                                        Gazzaneo, L.R.S., De Lucena, R.F.P., de Albuquerque, U.P.: Knowl-

edge and use of medicinal plants by local specialists in an region 

of Atlantic Forest in the state of Pernambuco (Northeastern Bra-

zil). J. Ethnobiol. Ethnomed.  1 , 1–8 (2005).   https:// doi. org/ 10. 

1186/ 1746- 4269-1-9      

                                                            Georgiadis, P.: Ethnobotany of the Himalayas-the Indian Himalaya 

(Garhwal Himalaya). In: Kunwar, R.M., Sher, H., Bussmann, 

R.W. (eds.) Ethnobotany of the Himalayas, pp. 1–30. Springer, 

Cham (2020)  

                                             Gürdal, B., Kültür, Ş: An ethnobotanical study of medicinal plants in 

Marmaris (Muğla, Turkey). J. Ethnopharmacol.  146 (1), 113–126 

(2013).   https:// doi. org/ 10. 1016/j. jep. 2012. 12. 012      

                                                            Hussain, J., Mehta, J.P., Singh, A., Bagria, A.S., et al.: Ethno-medicinal 

plants of indigenous people: a case study in Khatling valley of 

Western Himalaya, India. Ethnobot. Res. Appl.  25 , 1–19 (2023). 

  https:// doi. org/ 10. 32859/ era. 25.3. 1- 19      

   Jabeen, A., Khan, M.A., Ahmad, M., Zafar, M., Ahmad, F.: Indigenous 

uses of economically important fl ora of Margallah hills national 

park, Islamabad, Pakistan. Afr. J. Biotechnol.  8 (5) (2009)  

                                                          Jan, M., Mir, T.A., Ganie, A.H., Khare, R.K.: Ethnomedicinal use of 

some plant species by Gujjar and Bakerwal community in Gul-

marg Mountainous Region of Kashmir Himalaya. Ethnobot. Res. 

Appl.  21 , 1–23 (2021).   https:// doi. org/ 10. 32859/ era. 21. 38.1- 23      

                                                             Jodh, R., Tawar, M., Burange, P., Malviya, V.: A pharmacological 

review on orchid  Dactylorhiza hatagirea  (D. Doon) soo. Asian 

J. Pharm. Technol.  12 (2), 141–145 (2022).   https:// doi. org/ 10. 

52711/ 2231- 5713. 2022. 00024      

                                                             Juyal, D., Thawani, V., Thaledi, S., Joshi, M.: Ethnomedical properties 

of  Taxus wallichiana  zucc. (Himalayan yew). J. Tradit. Com-

plement. Med.  4 (3), 159–161 (2014).   https:// doi. org/ 10. 4103/ 

2225- 4110. 136544      

                                     Kala, C.P.: Medicinal and aromatic plants of tons watershed in Uttara-

khand Himalaya. Appl. Ecol. Environ. Sci.  3 (1), 16–21 (2015). 

  https:// doi. org/ 10. 12691/ aees-3- 1-4      

                                                            Kayani, S., Ahmad, M., Sultana, S., Shinwari, Z.K., et al.: Ethnobotany 

of medicinal plants among the communities of Alpine and Sub-

alpine regions of Pakistan. J. Ethnopharmacol.  164 , 186–202 

(2015).   https:// doi. org/ 10. 1016/j. jep. 2015. 02. 004      

                                           Khan, I., AbdElsalam, N.M., Fouad, H., et al.: Application of eth-

nobotanical indices on the use of traditional medicines against 

common diseases. eCAM (2014).   https:// doi. org/ 10. 1155/ 2014/ 

635371      



366 Proceedings of the Indian National Science Academy (2026) 92:349–368

                                                          Koul, B., Kumar, A., Yadav, D., Jin, J.O.:  Bergenia  genus: traditional 

uses, phytochemistry and pharmacology. Molecules  25 (23), 5555 

(2020).   https:// doi. org/ 10. 3390/ molec ules2 52355 55      

                                                             Kovács, P., Csaba, G., Pállinger, É., Czaker, R.: Eff ects of taxol treat-

ment on the microtubular system and mitochondria of Tetrahy-

mena. Cell Biol. Int.  31 (7), 724–732 (2007).   https:// doi. org/ 10. 

1016/j. cellbi. 2007. 01. 004      

                                  Kumar, A.: Ethno-botanical diversity and conservation status of medic-

inal fl ora at high terrains of Garhwal (Uttarakhand) Himalaya, 

India: a case study in context to multifarious tourism growth 

and peri-urban encroachments. Int. J. Agri. Biosyst. Eng.  11 (5), 

361–366 (2017a)  

                                     Kumar, D.: River Ganges–historical, cultural and socioeconomic attrib-

utes. Aquat. Ecosyst. Health Manag.  20 (1–2), 8–20 (2017b). 

  https:// doi. org/ 10. 1080/ 14634 988. 2017. 13041 29      

                                          Kumar, S., Sati, V.P.: Highland-lowland interaction in mountain 

regions: a study of changing patterns among Bhotiya tribes of 

Garhwal Himalaya. Hum. Geogr.  17 (1), 87–105 (2023)  

                                 Kumar, R., Singhal, V.K.: Traditional knowledge and conservation sta-

tus of some selected medicinal herbs from Uttarkashi district in 

Uttarakhand, Western Himalayas. Taiwania (2019).   https:// doi. 

org/ 10. 6165/ tai. 2019. 64. 52      

                                                  Kumar, H., Khajuria, A.K., Bisht, N.S.: Traditional phytoremedies 

used to treat urolithiasis in Pauri (Garhwal) Uttarakhand India. 

J. Pharmacogn. Phytochem.  7 (3), 2941–2944 (2018)  

                                                               Kumar, A., Aswal, S., Chauhan, A., Semwal, R.B., et al.: Ethnomedici-

nal investigation of medicinal plants of Chakrata region (Uttara-

khand) used in the traditional medicine for diabetes by Jaunsari 

tribe. Nat. Prod. Bioprospect.  9 (3), 175–200 (2019).   https:// doi. 

org/ 10. 1007/ s13659- 019- 0202-5      

                                                  Kumar, R., Dey, P., Agnihotri, P.: Glimpses on the ethnomedicinal 

plant diversity in Pindari Valley, Uttarakhand. Pleione  14 (2), 

227 (2020).   https:// doi. org/ 10. 26679/ Pleio ne. 14.2. 2020. 227- 236      

                                               Kumar, P., Rana, V., Singh, A.N.:  Angelica glauca  Edgew.–a compre-

hensive review. J. Appl. Res. Med. Aromat. Plants  31 , 100397 

(2022).   https:// doi. org/ 10. 1016/j. jarmap. 2022. 100397      

                                                                          Kumar, A., Bisht, Y., Rautela, K., Jugran, A.K., Bhatt, I.D., Bargali, 

S.S.: Morphological and genetic diversity assessment of  Rheum 
australe  D. Don–a high value medicinal herb from the Himalaya, 

and implications for conservation strategies. S. Afr. J. Bot.  163 , 
620–629 (2023).   https:// doi. org/ 10. 1016/j. sajb. 2023. 11. 016      

                                                     Lal, M., Chandraker, S.K., Shukla, R.: Quantitative ethnobotanical 

study of therapeutic plants of Amarkantak hills in Achanakmar-

Amarkantak Biosphere Reserve, Central India. Acta Ecol. Sin. 

 43 (1), 139–153 (2023).   https:// doi. org/ 10. 1016/j. chnaes. 2022. 

03. 002      

                                                             Lulekal, E., Asfaw, Z., Kelbessa, E., Van Damme, P.: Ethnomedicinal 

study of plants used for human ailments in Ankober District, 

North Shewa Zone, Amhara region, Ethiopia. J. Ethnobiol. Eth-

nomed.  9 , 1–13 (2013).   https:// doi. org/ 10. 1186/ 1746- 4269-9- 63      

                                                             Maikhuri, R.K., Negi, V.S., Rawat, L.S., Pharswan, D.S.: Bioprospect-

ing of medicinal plants in Nanda Devi Biosphere Reserve: link-

ing conservation with livelihood. Curr. Sci.  113 (4), 571–577 

(2017).   https:// doi. org/ 10. 18520/ cs/ v113/ i04/ 571- 577      

                                                                  Malik, Z.A., Bhat, J.A., Ballabha, R., Bussmann, R.W., Bhatt, A.B.: 

Ethnomedicinal plants traditionally used in health care practices 

by inhabitants of Western Himalaya. J. Ethnopharmacol.  172 , 
133–144 (2015).   https:// doi. org/ 10. 1016/j. jep. 2015. 06. 002      

                                                  Malla, B., Gauchan, D.P., Chhetri, R.B.: An ethnobotanical study of 

medicinal plants used by ethnic people in Parbat district of west-

ern Nepal. J. Ethnopharmacol.  165 , 103–117 (2015).   https:// doi. 

org/ 10. 1016/j. jep. 2014. 12. 057      

                                                                  Maqsood, T., Munawar, T., Bibi, Y., El Askary, A., et al.: Study of 

plant resources with ethnomedicinal relevance from district 

Bagh, Azad Jammu and Kashmir, Pakistan. Open Chem.  20 (1), 

146–162 (2022).   https:// doi. org/ 10. 1515/ chem- 2022- 0129      

                                                                            Mazumder, M.A.R., Jubayer, M.F., Ansari, M.J., Ranganathan, T.V.: 

 Swertia chirayita  (Roxb. ex Flem.): Chirayata/Chiretta. In: 

Sharma, A., Nayik, G.A. (eds.) Immunity Boosting Medici-

nal Plants of the Western Himalayas, pp. 511–539. Springer, 

Singapore (2023)  

                                                  Medeiros, M.F.T., Silva, O.S., Albuquerque, U.P.: Quantifi cation 

in ethnobotanical research: an overview of indices used from 

1995 to 2009. Sitientibus Série Ciências Biológicas  11 (2), 

211–230 (2011)  

                                               Mir, T.A., Jan, M., Khare, R.K.: Ethnomedicinal application of 

plants in Doodhganga forest range of district Budgam, Jammu 

and Kashmir, India. Eur. J. Integr. Med.  46 , 101366 (2021). 

  https:// doi. org/ 10. 1016/j. eujim. 2021. 101366      

                                                     Monika, D.M., Bisht, P.S., Chaturvedi, P.: Medicinal uses of tra-

ditionally used plants in Bhatwari block, district Uttarkashi, 

Uttarakhand, India. J. Sci. Res.  64 (1), 119–126 (2020).   https:// 

doi. org/ 10. 37398/ JSR. 2020. 640117      

                                                                            Mukne, A., Dangat, S., Shirodkar, P., Sawate, K.: Herbs for auto-

immune diseases. In: Dhara, A.K., Mandal, S.C. (eds.) Role 

of Herbal Medicines: Management of Lifestyle Diseases, pp. 

361–388. Springer, Singapore (2024)  

                                                                          Mussarat, S., AbdEl-Salam, N.M., Tariq, A., Wazir, S.M., Ullah, R., 

Adnan, M.: Use of ethnomedicinal plants by the people living 

around Indus River. eCAM  2014 (1), 212634 (2014).   https:// 

doi. org/ 10. 1155/ 2014/ 212634      

                                             Nand, K., Naithani, S.: Ethnobotanical uses of wild medicinal plants 

by the local community in the Asi Ganga sub-basin, West-

ern Himalaya. J. Complement. Med. Res.  9 (1), 34–46 (2018). 

  https:// doi. org/ 10. 5455/ jcmr. 20180 50703 4822      

                                                          Ojha, S.N., Tiwari, D., Anand, A., Sundriyal, R.C.: Ethnomedicinal 

knowledge of a marginal hill community of Central Himalaya: 

diversity, usage pattern, and conservation concerns. J. Eth-

nobiol. Ethnomed.  16 , 1–21 (2020).   https:// doi. org/ 10. 1186/ 

s13002- 020- 00381-5      

                                                     Ouhaddou, H., Alaoui, A., Sezgin, A.: Ethnobotanical survey of 

medicinal plants used for treating diabetes in Agadir Ida Out-

anane region, Southwestern Morocco. AJMAP  6 (2), 72–86 

(2020).   https:// doi. org/ 10. 48347/ IMIST. PRSM/ ajmap- v6i2. 

22375      

                                                                                    Painuli, S., Semwal, P., Cruz-Martins, N., Bachheti, R.K.: Medicinal 

plants of himalayan forests. In: Husen, A., Bachheti, R.K., Bach-

heti, A. (eds.) Non-Timber Forest Products: Food, Healthcare 

and Industrial Applications, pp. 175–212. Springer, Cham (2021)  

                                                       Paudel, J., Belbase, S., Yadav, R., Kumar, S.:  Berginia ciliata  (Haw.) 

sternb: a miracle in between the stone menace to kidney stone 

its vital uses and important chemicals-a review. Int. J. Pure App. 

Biosci.  6 , 122–127 (2018)  

                                                                     Phillips, O., Gentry, A.H., Reynel, C., Wilkin, P., Gálvez-Durand, B.C.: 

Quantitative ethnobotany and Amazonian conservation. Conserv. 

Biol.  8 (1), 225–248 (1994).   https:// doi. org/ 10. 1046/j. 1523- 1739. 

1994. 08010 225.x      

                                             Rahaman, C.H., Karmakar, S.: Ethnomedicine of Santal tribe living 

around Susunia hill of Bankura district, West Bengal, India: the 

quantitative approach. J. Appl. Pharm. Sci.  5 (2), 127–136 (2015). 

  https:// doi. org/ 10. 7324/ JAPS. 2015. 50219      

                                                           Rahman, I.U., Hart, R., Afzal, A., Iqbal, Z., Ijaz, F., et al.: A new ethno-

biological similarity index for the evaluation of novel use reports. 

Appl. Ecol. Environ. Res. (2019).   https:// doi. org/ 10. 15666/ aeer/ 

1702_ 27652 777      

                                                                     Rahman, S., Jan, G., Jan, F.G., Hashmi, S.J., Rahim, H.U.: Explora-

tion of ethnomedicinal plants, diversity and their practices in 

human healthcare in Tehsil Mandan, District Buner, Khyber 

Pakhtunkhwa, Pakistan. Ecol. Front.  44 (1), 143–154 (2024). 

  https:// doi. org/ 10. 1016/j. chnaes. 2023. 08. 003      

                                                            Raina, R., Gautam, K.: Conservation and utilization of high-altitude 

threatened medicinal plants. In: Rajasekharan, P.E., Wani, S.H. 



367Proceedings of the Indian National Science Academy (2026) 92:349–368 

(eds.) Conservation and Utilization of Threatened Medicinal 

Plants, pp. 369–387. Springer, Cham (2020)  

                                                          Rao, P.K., Hasan, S.S., Bhellum, B.L., Manhas, R.K.: Ethnomedici-

nal plants of Kathua district, J&K, India. J. Ethnopharmacol. 

 171 , 12–27 (2015).   https:// doi. org/ 10. 1016/j. jep. 2015. 05. 028      

                                                     Rao, K.S., Haran, R.H., Rajpoot, V.S.: Ethnomedicinal Documenta-

tion of folk medicinal plants used by tribal communities liv-

ing in the selected villages of Pushprajgarh block of Anuppur 

District, Madhya Pradesh, Central India. Tradit. Integr. Med. 

 7 (3), 319–341 (2022).   https:// doi. org/ 10. 18502/ tim. v7i3. 10774      

                                             Rawat, V.S., Jalal, J.S.: Sustainable utilization of medicinal plants by 

local community of Uttarkashi District of Garhwal, Himalaya, 

India. Eur. J. Med. Plants  1 (2), 18–25 (2011).   https:// doi. org/ 

10. 9734/ EJMP/ 2011/ 141      

                                                                  Rehman, M.N., Ahmad, M., Sultana, S., Zafar, M., Edwards, S.: 

Relative popularity level of medicinal plants in Talagang, Pun-

jab Province, Pakistan. Rev. Bras. Farmacogn.  27 , 751–775 

(2017).   https:// doi. org/ 10. 1016/j. bjp. 2017. 09. 004      

                                                     Rokaya, M.B., Münzbergová, Z., Timsina, B.: Ethnobotanical study 

of medicinal plants from the Humla district of western Nepal. 

J. Ethnopharmacol.  130 (3), 485–504 (2010).   https:// doi. org/ 

10. 1016/j. jep. 2010. 05. 036      

                                                     Saha, S., Shrivastav, P.S., Verma, R.J.: Antioxidative mechanism 

involved in the preventive effi  cacy of  Bergenia ciliata  rhi-

zomes against experimental nephrolithiasis in rats. Pharm. 

Biol.  52 (6), 712–722 (2014).   https:// doi. org/ 10. 3109/ 13880 

209. 2013. 865242      

                                            Sati, V.P.: Geography of the Ganga Basin. In: Sati, V.P. (ed.) The 

Ganges: Cultural, Economic and Environmental Signifi cance, 

pp. 27–42. Springer, Cham (2021)  

                                                             Sevik, H., Guney, D., Karakas, H., Aktar, G.: Change to amount of 

chlorophyll on leaves depend on insolation in some landscape 

plants. Int. J. Environ. Sci.  3 (3), 1057–1064 (2012).   https:// doi. 

org/ 10. 6088/ ijes. 20120 30133 013      

                                                     Sharma, R., Manhas, R.K., Magotra, R.: Ethnoveterinary remedies of 

diseases among milk yielding animals in Kathua, Jammu and 

Kashmir, India. J. Ethnopharmacol.  141 (1), 265–272 (2012). 

  https:// doi. org/ 10. 1016/j. jep. 2012. 02. 027      

                                                                     Sharma, J., Gairola, S., Gaur, R.D., Painuli, R.M., Siddiqi, T.O.: 

Ethnomedicinal plants used for treating epilepsy by indigenous 

communities of sub-Himalayan region of Uttarakhand, India. 

J. Ethnopharmacol.  150 (1), 353–370 (2013).   https:// doi. org/ 

10. 1016/j. jep. 2013. 08. 052      

                                                             Sher, H., Bussmann, R.W., Hart, R., De Boer, H.J.: Traditional use 

of medicinal plants among Kalasha, Ismaeli and Sunni groups 

in Chitral District, Khyber Pakhtunkhwa province, Pakistan. J. 

Ethnopharmacol.  188 , 57–69 (2016).   https:// doi. org/ 10. 1016/j. 

jep. 2016. 04. 059      

                                  Singh, H.: Importance of local names of some useful plants in ethno-

botanical study. Indian J. Tradit. Knowl.  7 (2), 365–370 (2008)  

                                       Singh, P., Attri, B.L.: Survey on traditional uses of medicinal plants 

of Bageshwar Valley (Kumaun Himalaya) of Uttarakhand, 

India. Int. J. Conserv. Sci.  5 (2), 223 (2014)  

                                                                       Singh, H., Dixit, V.: Ethnomedicinal plants of Subalpine and Alpine 

region of Uttarakhand Himalaya. In: Pullaiah, T., Krishnamur-

thy, K.V., Bahadur, B. (eds.) Ethnobotany of India, vol. 4, pp. 

115–148. Apple Academic Press, Palm Bay (2017)  

                                                            Singh, R.P., Rana, P.S.: Indian sacred natural sites: ancient traditions 

of reverence and conservation explained from a Hindu per-

spective. In: Verschuuren, B., Furuta, N. (eds.) Asian Sacred 

Natural Sites, Philosophy and practice in protected areas and 

conservation, pp. 91–102. Taylor & Francis Group Routledge, 

Abingdon (2016)  

                                                                     Singh, H., Husain, T., Agnihotri, P., Pande, P.C., Khatoon, S.: An 

ethnobotanical study of medicinal plants used in sacred groves 

of Kumaon Himalaya, Uttarakhand, India. J. Ethnopharmacol. 

 154 (1), 98–108 (2014).   https:// doi. org/ 10. 1016/j. jep. 2014. 03. 

026      

                                                          Singh, A., Nautiyal, M.C., Kunwar, R.M., Bussmann, R.W.: Ethno-

medicinal plants used by local inhabitants of Jakholi block, 

Rudraprayag district, western Himalaya, India. J. Ethno-

biol. Ethnomed.  13 , 1–29 (2017).   https:// doi. org/ 10. 1186/ 

s13002- 017- 0178-3      

                                                         Singh, A., Hart, R., Chandra, S., Nautiyal, M.C., Sayok, A.K.: Tradi-

tional herbal knowledge among the inhabitants: a case study in 

Urgam Valley of Chamoli Garhwal, Uttarakhand, India. eCAM 

(2019a).   https:// doi. org/ 10. 1155/ 2019/ 56569 25      

                                                                          Singh, S., Singh, D.B., Singh, S., Shukla, R., Ramteke, P.W., 

Misra, K.: Exploring medicinal plant legacy for drug discov-

ery in post-genomic era. Proc. Natl. Acad. Sci. India Sect. B 

Biol. Sci.  89 , 1141–1151 (2019b).   https:// doi. org/ 10. 1007/ 

s40011- 018- 1013-x      

                                                                  Sood, M., Aziem, S., Iqbal, K., Hussain, A., Mahato, S.: Economic 

potential of  Angelica glauca  Edgew: an endangered plant of 

western Himalaya. G-J Environ. Sci. Technol.  6 (5), 28–30 

(2019)  

                                                               Thakur, U., Shashni, S., Thakur, N., Rana, S.K., Singh, A.: A review 

on  Paris polyphylla  Smith: a vulnerable medicinal plant spe-

cies of a global signifi cance. J. Appl. Res. Med. Aromat. Plants 

 33 , 100447 (2023).   https:// doi. org/ 10. 1016/j. jarmap. 2022. 

100447      

                                                          Tiwari, D., Sah, A.N., Bawari, S., Bussmann, R.W.: Ethnobotanical 

investigations on plants used in folk medicine by native people 

of Kumaun Himalayan Region of India. Ethnobot. Res. Appl. 

 20 , 1–35 (2020).   https:// doi. org/ 10. 32859/ era. 20. 16.1- 35      

                                                          Umair, M., Altaf, M., Bussmann, R.W., Abbasi, A.M.: Ethnome-

dicinal uses of the local fl ora in Chenab riverine area, Punjab 

province Pakistan. J. Ethnobiol. Ethnomed.  15 , 1–31 (2019). 

  https:// doi. org/ 10. 1186/ s13002- 019- 0285-4      

                                          Uniyal, B., Shiva, V.: Traditional knowledge on medicinal plants 

among rural women of the Garhwal Himalaya, Uttaranchal. 

Ind. J. Trad. Know.  4 (3), 259–266 (2005)  

                                             Uzun, S.P., Koca, C.: Ethnobotanical survey of medicinal plants 

traded in herbal markets of Kahramanmaraş. Plant Divers. 

 42 (6), 443–454 (2020).   https:// doi. org/ 10. 1016/j. pld. 2020. 12. 

003      

                                                  Vasisht, K., Sharma, N., Karan, M.: Current perspective in the inter-

national trade of medicinal plants material: an update. Curr. 

Pharm. des.  22 (27), 4288–4336 (2016)  

                                                                  Vijayakumar, S., Yabesh, J.M., Prabhu, S., Manikandan, R., Muralid-

haran, B.: Quantitative ethnomedicinal study of plants used in 

the Nelliyampathy hills of Kerala, India. J. Ethnopharmacol. 

 161 , 238–254 (2015).   https:// doi. org/ 10. 1016/j. jep. 2014. 12. 

006      

                                                  Vyas, N., Gamit, K., Raval, M.: Male infertility: a major problem 

worldwide and its management in ayurveda. Pharm. Sci. 

Monit.  9 (1), 446–469 (2018)  

                                                                          Wang, H., Zhu, C., Ying, Y., Luo, L., Huang, D., Luo, Z.: Metformin 

and berberine, two versatile drugs in treatment of common 

metabolic diseases. Oncotarget  9 (11), 10135 (2018).   https:// 

doi. org/ 10. 18632/ oncot arget. 20807      

                                                     Wani, T.A., Kaloo, Z.A., Dangroo, N.A.:  Aconitum heterophyllum  
Wall. ex Royle: a critically endangered medicinal herb with 

rich potential for use in medicine. J. Integr. Med.  20 (2), 104–

113 (2022).   https:// doi. org/ 10. 1016/j. joim. 2021. 12. 004      

                                                            Yemele, M.D., Telefo, P.B., Lienou, L.L., Tange, S.R., et al.: Ethno-

botanical survey of medicinal plants used for pregnant wom-

ens health conditions in Menoua division-west Cameroon. J. 

Ethnopharmacol.  160 , 14–31 (2014).   https:// doi. org/ 10. 1016/j. 

jep. 2014. 11. 017      



368 Proceedings of the Indian National Science Academy (2026) 92:349–368

                                          Zerabruk, S., Yirga, G.: Traditional knowledge of medicinal plants 

in Gindeberet district, Western Ethiopia. S. Afr. J. Bot.  78 , 
165–169 (2012).   https:// doi. org/ 10. 1016/j. sajb. 2011. 06. 006      

                                                     Zhang, B., Kirov, S., Snoddy, J.: WebGestalt: an integrated system 

for exploring gene sets in various biological contexts. Nucleic 

Acids Res.  33 (2), W741–W748 (2005).   https:// doi. org/ 10. 

1093/ nar/ gki475       

  Publisher's Note     Springer Nature remains neutral with regard to 

jurisdictional claims in published maps and institutional affi  liations.  

 Springer Nature or its licensor (e.g. a society or other partner) holds 

exclusive rights to this article under a publishing agreement with the 

author(s) or other rightsholder(s); author self-archiving of the accepted 

manuscript version of this article is solely governed by the terms of 

such publishing agreement and applicable law.  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2250
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


		2026-02-13T14:17:38+0530
	Preflight Ticket Signature




