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Abstract
[bookmark: _Hlk210212882][bookmark: _Hlk210212941][bookmark: _Hlk210212972]The Ladakh region (trans-Himalayan) and has a cold, dry climate and very steep terrain, is home to a wide variety of plants used as medicine that are very important to local health care systems and cultural traditions. In this paper, the richness, diversity, traditional use and conservation status of medicinal plants in Ladakh have been analysed based on secondary data on the published literature. The plants which are more often used in the conventional Amchi system of medicine are a key human health-care resource in the region. The most frequently used parts of the plant are the leaves, roots and flowers are applied in the treatment of a broad range of ailments such as common colds to more complex conditions such as hepatic and respiratory diseases. Although these species are culturally and medically important, little conservation work has been done so far, with only a small number of species being listed or grown and traditional knowledge is rapidly being lost due to social cultural shifts and limited intergenerational transfer. Current investigation calls for an integrated conservation strategy that includes community-based initiatives, sustainable harvesting practices, promotion of traditional knowledge, and policy support. Strengthening the role of local communities, especially Amchis, in conservation planning is vital to preserving both the biodiversity and the cultural heritage of Ladakh. This research not only underscores the need for immediate conservation actions but also offers a foundation for future studies and policies aimed at sustaining the medicinal plant heritage of this ecologically fragile and culturally rich landscape.
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Introduction
[bookmark: _Hlk210213142]The term "medicinal plants" was first used in 1967 to describe plant species whose parts, such as “roots, stems, leaves, flowers, fruits, or seeds”, are used as medicine to treat diseases. This knowledge is crucial for preserving biological and cultural diversity among different ethnicities. The bond between humans and medicinal plants is ancient and symbiotic. Medicinal plants have been essential to human survival and health since the beginning of civilisation. This relationship encompasses medicinal, cultural, ecological, and economic dimensions1. Plants are essential for life, but they face threats like habitat loss, over-exploitation, pollution, illicit trade, and climate change. These pressures are predicted to push eEarth beyond its tipping points. In order to identify plant species that urgently need conservation, the "Convention on Biological Diversity" (CBD) has promoted the assessment of threat status at the regional, national, and international levels. Empirical evaluation of biodiversity threat status is crucial for assessing extinction risk, developing conservation policies, and raising public attention to declining habitats and species. The numerous components of traditional herbs have been proven to have therapeutic value and may be utilized to prevent, treat, or cure human illnesses 3. Humanity relies on ecosystem services, including plant biodiversity, which provide economic and cultural benefits such as food, fodder, timber, firewood, and herbal remedies4,5,6. 	Comment by DB: Please delete this format and use simple superscript 
Various plant resources have a cultural value such as in religion, in education, as totems, for aesthetics among others and are essential in industrial and socio-economic activities7.  Communities rely on traditional plant foraging for food, fodder, and medicine, highlighting its importance in sustainable food systems and discovering new local gastronomies in remote tribal areas8. Ethnomedical practises have led to the creation of conventional medical systems like “Unani, Siddha, Sowa-Rigpa, and Ayurveda” and form part of  various allopathic medicines9. Medicinal plants have existed since the dawn of civilisation. The history of medicinal plants goes back to the beginning of civilization.  It dates back to the "Vedic era (5000–1500 BC)” in India. Certain plants described in the "Rig Veda," such as "Ficus religiosa Linn" and "Bombex ceiba Linn," can be identified with a fair amount of accuracy. "Atharveda" has extensive details about 2000 medicinal plants and their various applications. Following the "Vedic era," 700 medications for everyday usage and specific purposes were covered in "Charak and Susruta", "Charak Samhita” and “Susruta Samhita”. Due to a lack of modern medical facilities, people in developing countries are especially reliant on traditional medicines based on the plants 10. 
Traditional knowledge effectively conserves biological resources, crucial for biodiversity conservation. Indigenous communities should be involved in conserving plant diversity, as they understand interaction factors and can manage complex relationships4.  The Himalayan region, a global biodiversity hotspot, is home to numerous medicinal and aromatic plants. The Indian trans-Himalayas with an area of 186,000 km2 has low species diversity but supports more than 1000 plant species and 225 avian species. The Ladakh region has the highest geographical area for this region 3,11. Ladakh, a region in India, is surrounded by the “Karakoram Mountains, Himalaya, and Tibetan plateau” 12. Ladakh's medicinal and wild food plant history is rich, but limited studies identify potential sources. The oldest human healthcare system is the herbal medicine system (Sowa-Rigpa)13. 
Records of this vital knowledge must be preserved just as much as medical plants14. Ladakh, nestled in the trans-Himalayas, is one of the highest plateaus on Earth. Covering 59,146 km², it is a vast and remote region, with a population of just 290,492 according to the 2011 census. This gives rise to an extremely low population (4.91 per km², density), lowest in India, which characterizes its rugged, sparsely populated terrain 15.  Ladakh is a cold, dry region with less than 120mm annual rainfall and heavy snowfall in winter. The flora is rich in medicinal and  aromatic plants which are divided into alpine mesophytes, arid, and oasitic vegetation 4. The Amchi (system of medicine) is highlighted by Ladakh's medicinal flora and, endemic diversity, which are endangered by overexploitation for the pharmaceutical sector, which destroys native plant populations 16. In western Ladakh, nearly 60% of the population continues to depend on traditional medicine, particularly the Sowa-Rigpa system. This reliance highlights its role as the primary healthcare option in remote Himalayan regions where modern facilities are limited 17.
[bookmark: _Hlk210213187]Traditional System of Medicine
[bookmark: _Hlk210213224]India is viewed as one of the world’s leading nations in terms of the richness of conventional systems of knowledge to be used when dealing with plant species. The nation is a fortunate owner of the diverse and rich heritage of “Ayurveda, Siddha, Unani and Sowa-Rigpa” (traditional medicinal systems). In western countries the “Sowa-Rigpa” is also known as the “Tibetan medicine system”. Allegedly, major Indian traditional medicinal systems use large numbers of plant species - Siddha (1121), Ayurveda (2000), Tibetan (337) and Unani (751) 18.  The old medical tradition is most common in “Darjeeling, Sikkim, Ladakh, and Arunachal Pradesh”. It is practiced throughout the areas of “Bhutan, Tibet, India, Mongolia, Nepal, China, and the Soviet Union”. Buddhists, who make up a sizable portion of the population in Ladakh, use the Amchi medical system, which has been popular and widely used for a long time. It provides interesting information about the ancient system of medicine. 
Khardung La is one of the most important localities for medicinal plant collection in Ladakh, where locals, Amchis, and commercial collectors congregate annually to harvest wild MAPs19. At present, only 36 Amchis remain in western Ladakh, and they provide about 30% of public healthcare needs. However, the transfer of knowledge to the next generation is very low, with only 25% of youth in Kargil learning this tradition17. Traditional knowledge (TK) in Ladakh encapsulates wisdom cultivated over millennia, yet younger generations are increasingly disconnected from these practices. This erosion highlights the urgent need to document and preserve TK for biodiversity protection and sustainable development20.Unsustainable harvesting, driven by market demand, has caused rapid decline in several high-value species in Ladakh, necessitating urgent conservation strategies. Integrating ecological, cultural, and economic criteria is essential for developing effective frameworks21. 
The trans-Himalaya medicinal plants provide a source of alternate healing, and income for developing countries. They provide novel biomolecules and provide a good position for natural pressure 22. Tibetan medicine, or “Sowa Rigpa”, is Ladakh’s traditional health system since more than 1000 years and combines Ayurveda and Chinese medicine and at present accounts for more than 50% of public health 23,24,25.  Tibetan medicine, influenced by “Mongolia, China, India, Persia, and Nepal”, primarily consists of plant materials, animal products, minerals, and salts. Amchis gather medicinal plants from surrounding areas, these may be pure plant species and their parts. The medicine is rarely a single ingredient, and is typically comprised of 3 to 40 ingredients 25,26,27.  Western countries have picked up Tibetan medicine that is largely based on plant species of high altitude Ladakh because of the growing awareness of side effects of allopathic medicines 28. 
[bookmark: _Hlk210213360]Ladakh's Medicinal Flora
To understand the diversity of life forms and ecological patterns in spatial variability, knowledge of the flora at the landscape level is needed 29. Ladakh’s flora is different from the rest of Himalayas because of its unique climatic and physiography. There is no tree line but annual and perennial herbs predominate, and over “540 dicots, 750 plant species, 65 monocots, and 2 gymnosperms” 30,31,32.  429 plant species were found between 11000-12000 ft asl (above sea level) after which the number of species reduced with increase in altitude. Numerous high-altitude plants have demonstrated strong medicinal benefits. High altitudinal medicinal plants can withstand harsh environmental factors like intense UV radiation, low temperatures, and low oxygen levels 33. 
[bookmark: _Hlk210213394]Angmo et al. (2025) developed a Conservation Priority Score (CPS) based on density, harvesting pressure, frequency of collection, and use diversity. This integrated approach allowed researchers to identify Category I species requiring strict conservation action and Category II species with limited harvest potential21. Surveys conducted by Angmo et al. (2016) around Khardung La recorded 55 species of vascular plants from 23 families, with Asteraceae, Boraginaceae, and Rosaceae as dominant groups19. A total of 246 plant species belonging to 53 families were reported from Western Ladakh, with the highest number used for medicinal (126) and fodder (124) purposes. Other categories included wild ornamentals, food, fuel wood, dyes, and plants with religious significance20. Ladakh's medicinal plants may provide opportunities for economic expansion in the developing global market. Furthermore, given the environmental stress, it has been discovered that “trans-Himalayan medicinal plants” have a significant advantage in terms of the potential for producing novel biomolecules27.  	Comment by DB: Check format of this journal
Ladakh's medicinal plants are classified into “alpine mesohytes, oasitic vegetation, and desert vegetation”. The Ssuru valley receives a lot of rainfall and humidity, characterized by alpine mesophytes like “lotus corniculatus” and “podophyllum hexandrum”. Other medicinal plants include “dactylorhiza hatagirea, mentha longifolia, potentilla cuneata, allium przewalskianum, peroveskiana, hippophae rhamnoides, and sedum ewersii”. Desertic vegetation can be found in arid areas like the "Jndus and Changthang valleys" and near high passes like the "Khardungla, Changla, and Tanglangla” 27. The unique climatic conditions of the Ladakh region like – “low humidity, high insulation, high wind speeds, low temperatures, and minimal precipitation” are reflected in its cold desert environment and low levels of diversity, productivity, and richness. The cold desert is home to 3054 plant species among which main are - “967 endemic angiosperm”,  “872 genera”, “604 broad range endemics” and “363 small range endemics” and others 34.
[bookmark: _Hlk210213417]The table 1, presents a detailed compilation of medicinal plants, including their botanical and local names, part used for medicinal properties, and the diseases they cure.  Each entry provides insight into how these plants are used in traditional medicine and their potential as a therapy in a wide variety of health conditions.  For example, Amaranthus spinosus L. (Green amaranth) is used for treating wound healing, bone fractures, and pulmonary diseases, with its leaves and twigs being the primary medicinal parts. Similarly, Allium humile Kunth (Bulb onion) is used to address issues such as sexual vitality, gynecological disorders, and insomnia, with both its bulbs and leaves being used for medicinal purposes.
[bookmark: _Hlk210213494]Table 1. Medicinal Plants in the Ladakh 15,35, 36, 37, 38, 34, 4,39, 40,41, 42,43, 43, 44, 45, 46, 18,27,47, 48, 30,49,22,50,51, 18
	Botanical Name
	Local Name / English Name
	Part Used
	Medicinal Properties

	Amaranthus spinosus L.
	Rgya-sho / Green amaranth
	Leaves, Twigs
	Food, wound healing, pulmonary treatment

	Allium humile Kunth.
	Sko-tse / Kue Bulb onion
	Bulbs, Leaves
	Increases vitality, appetite, digestion, elephantiasis

	Allium przewalskianum Regel.
	Hdzim-nag-gam-ri-sGog
	Bulbs
	Food, used in treating headaches

	Angelica glauca Edgew.
	Lcha-ba / Angelica
	Roots
	Strengthener, balances phlegm, treats stomachic disorders

	Anaphalis triplinervis
	Spra-rgod / Pearly everlasting
	Leaves
	Used in treating fever, stone, lymph issues

	Arctium lappa L.
	Byi-bzung / Greater burdock
	Roots, Seeds, Leaves
	Anti-cancer, urinary tract, nerve issues

	Artemisia absinthium L.
	Bur-tse / Wormwood
	Leaves
	Analgesic, digestive aid, treatment for leukemia

	Artemisia dracunculus L.
	Tse-phat / Tarragon
	Leaves
	Treats digestive disorders and toothaches

	Aster flaccidus Bunge.
	Me-tok-lug-mig / Alpine aster
	Flowers, Leaves
	Anti-poison, anti-fever, and anti-infectious properties

	Acantholimon lycopodioides
	Long-zay / Prickly thrift
	Leaves
	Used for cardiac issues

	Aconogonum tortuosum
	Rnyalo / Twisted Knotweed
	Roots
	Treats digestive issues, back pain

	Aconitum heterophyllum
	Boona-karpo / Indian atees
	Roots
	Pain relief, used for toothache and headaches

	Aconitum richardsonianum
	Bong-nag-lo-pohra / Monkshood
	Roots
	Treats cold, pneumonia, and asthma

	Aconitum violaceum
	Boona-nagpo / Violet monkshood
	Roots
	Used for respiratory problems like cold and cough

	Anemone rivularis
	Srub-ka / Riverside windflower
	Roots
	Treats poison, body pain, and swelling

	Aquilegia fragrans Benth.
	Doftakleja / Fragrant columbine
	Flowers
	Used for ornamental purposes

	Arnebia euchroma
	Bri-mok / Pink arnebia
	Roots
	Blood purifier, treats cough and lung issues

	Arnebia guttata
	Deemok / Arnebia
	Roots
	Treats cough and cold

	Bergenia ciliata
	Pasanbheda / Winter begonia
	Whole plant
	Used for renal health and herbal tea

	Berberis dictyophylla
	Sker-pa / Netleaf barberry
	Bark
	Used for diabetes and kidney issues

	Carum carvi L.
	Kos-nyod / Caraway
	Seeds
	Used in cooking and digestive aid

	Cortia depressa
	Bam-po-mo-rig / Iranian knapweed
	Bulbs, Leaves
	Used to reduce swelling and spasms

	Carthamus lanatus L.
	Gur-gum / Safflower
	Flowers
	Liver and blood tonic, purifies blood

	Cosmos bipinnatus Cav.
	Pun-da-Re-ka / Garden cosmos
	Roots
	Hemostatic properties, stops bleeding

	Cremanthodium ellisii
	Ming-chan-nagpo / Himalayan mini-Sunflower
	Roots, Leaves, Flowers
	Used for inflammation and larynx issues

	Codonopsis ovata Benth.
	Klup-dud-rdo-rje / Kashmir bonnet bellflower
	Leaves, Flowers
	Treats arthritis, rheumatism, and nerve issues

	Capparis spinosa L.
	Kabra / Flinders rose
	Flowers, Fruits
	Used as food and flavouring

	Caragana brevifolia Kom.
	Brama / Caragana
	Roots, Fruits
	Used for muscle and nerve disorders

	Caragana tibetica Kom.
	Mdzo-mo-shing 
	Roots
	Treats blood and skin issues

	Caragana versicolor Benth.
	Tama 
	Whole plant
	Used for fuel and fodder

	Chesneya cuneata
	Byangbu / Wedge-leaf chesneya
	Roots, Fruits
	Roots for infections, fruits as vegetables

	Cicer microphyllum Benth.
	Sari / Himalayan chickpea
	Whole plant
	Used as fodder and food (raw or cooked)

	Corydalis govaniana Wall.
	Stong-zil 
	Roots, Leaves
	Diuretic and pain relief for fever and muscular issues

	Clematis montana Buch.-Ham.
	Dbye-mong-karpo / Himalayan clematis
	Stem, Flowers
	Used for diabetes treatment

	Clematis tibetana Kuntze.
	Dbi-mong / Chinese clematis
	Flowers, Stem
	Treats pulmonary diseases, digestive heat, and burns

	Datura stramonium L.
	Esman / Thorn apple
	Seeds
	Smoke for exorcism, asthma and anti-inflammatory use

	Debregeasia edulis
	Ga-dur 
	Fruits
	Used as food

	Delphinium brunonianum Royle
	Bya-rgod-spos / Musk larkspur
	Stem, Leaves
	Used for poisoning, fever, itching, and snakebite treatment

	Delphinium cashmerianum Royle
	Ba-ru-ra / Kashmir larkspur
	Leaves
	Used as insecticide

	Dactylorhiza hatagirea
	Ambo-lakpa / Himalayan marsh orchid
	Roots
	Used for weak people, as energy booster

	Dracocephalum heterophyllum
	Jib-rtse-Karpo / White dragonhead
	Leaves, Flowers
	Treats toothache, eye diseases, irritation, pain

	Dracocephalum tanguticum
	Pri-yang-ku  
	Leaves
	Used for digestive issues and arthritis

	Doronicum falconeri
	Mentok-serpo / False leopard’s bane
	Leaves, Flowers
	Used for swelling and bacterial diseases

	Echinops cornigerus DC.
	Aczema / Blue globe thistle
	Roots, Leaves
	Treats jaundice, septic wounds

	Ephedra gerardiana Wall.
	Tsepat, Chhepat / Gerard jointfir
	Leaves, Stem, Flowers
	Used for fever, hepatic diseases, and bronchial asthma

	Epilobium latifolium L.
	Byar-pan-chu-tse / Dwarf fireweed
	Flowers, Leaves
	Used for dropsy, urinary issues, and arthritis

	Fritillaria verticillata
	Shri khanta 
	Bulbs
	Treats cough, expectoration, and purgative properties

	Ferula jaeschkeana Vatke.
	Wild Hing / Wild Asafoetida
	Roots
	Used topically for wounds and cuts

	Gentiana chirayita Roxb.
	Tik-ta / Indian gentian
	Whole plant
	Treats fever, indigestion, and acts as a blood purifier

	Gentiana urnula Harry Sm.
	Ganga-chung / Starfish succulent
	Whole plant
	Used as a laxative and for deworming

	Gentiana algida Pall.
	Tiktas / Whitish gentian
	Flowers
	Reduces inflammation, treats cough and hoarseness

	Herminium monorchis (L.) R.Br.
	Bye-lche-lag-pa / Musk orchid
	Roots
	Improves vitality, acts as aphrodisiac

	Hippophae rhamnoides L.
	Gla ba tsher ma / Sea-buckthorn
	Whole plant
	Anti-aging, energy booster, used for memory enhancement

	Heracleum candicans Wall.
	Spru-nag / Cartwheel flower
	Roots
	Used for sunburn, skin problems

	Iris lactea Pall.
	Dres-ma / Milky iris
	Whole plant
	Treats appetite, intestinal cramps, and food poisoning

	Ixeris gracilis (DC.) Stebbins
	Rtga-mkhris 
	Whole plant
	Used for dysentery and reducing blood sugar

	Inula racemosa Hook.f.
	Ma-nu / Indian elecampane
	Roots
	Treats bronchial issues and acts as an expectorant

	Jurinea dolomiaea Boiss.
	Bya-rog-nyungs-ma / Dhoop
	Leaves, Bark
	Used for antiseptic purposes and rheumatic pain relief

	Juniperus indica Bertol.
	Shukpa / Black juniper
	Leaves, Bark
	Used for spiritual purposes and treating inflammation

	Juniperus recurva Buch.-Ham.
	Shug-pa-tser-chan / Drooping juniper
	Leaves, Fruits
	Used for kidney problems and muscular issues

	Lactuca dissecta D. Don.
	Khala / Split-leaf lettuce
	Leaves, Stem
	Used topically for infections of female genital organs

	Lonicera spinosa (Decne.)
	Phang-ma / Spiny Honeysuckle
	Flowers
	Used for asthma, headache, and women's health issues

	Leonurus japonicus Houtt.
	Zin-tig / Oriental motherwort
	Leaves, Stem
	Used for regulating menstrual disorders and diuretic

	Lagotis cashmeriana Rupr.
	Hong-len / Kashmir lagotis
	Roots
	Treats fever, liver fever, and muscular spasms

	Myricaria squamosa Desv.
	Om-bu / Scaly false tamarisk
	Stem
	Used for treating food poisoning

	Myricaria elegans Royle.
	Hom-bu / Elegant false tamarisk
	Stem
	Treats fever, stomach issues, and diarrhea

	Meconopsis aculeata Royle.
	Ud-pal-sngon-po / Poppy
	Leaves
	Used for relieving headaches

	Morina longifolia Wall. ex DC.
	Spyang-tsher / Himalayan whorl flower
	Roots, Twigs
	Treats cancer, swelling, and digestive issues

	Nepeta floccosa Benth.
	Shangukuram / Woolly catmint
	Leaves
	Used as a flavouring agent

	Oxytropis microphylla (Pall.) DC.
	Tag-sha nagpo / Small leaved locoweed
	Whole plant
	Used as fragrance in homes

	Onosma hookeri C.B. Clarke.
	Bri-mog / Xi hua dian zi cao
	Roots, Bark, Leaves
	Used for treating respiratory issues and fever

	Picris hieracioides Sibth. & Sm.
	Rgya-mkhur / Hawkweed oxtongue
	Whole plant
	Treats gastrointestinal issues and fever

	Pedicularis cheilanthifolia Schrenk.
	Lug-ru-smog-po / White Lousewort
	Stem
	Used for stomach-ache

	Pedicularis longiflora Rudolph.
	Lug-ru-ser-po / Long tube lousewort
	Flowers
	Used for liver and gallbladder disorders

	Piper longum L.
	Pi-pi-ling / Long pepper
	Roots, Fruits
	Used in treatment and prevention of prostate cancer

	Plantago depressa Willd.
	Tha-ram / Blond psyllium
	Leaves, Stem, Flowers
	Treats dysentery, burns, and inflammation

	Polygonum aviculare L.
	Byi-na-sa / Knotgrass
	Whole plant
	Used for treating urinary issues and skin problems

	Potentilla anserina L.
	Gro-lo sa-hdzin / Silverweed
	Leaves
	Used for diarrhea and as a health tonic

	Picrorhiza kurroa Royle.
	Hong-len / Kutki
	Roots, Flowers
	Used for asthma, fever, and purification of blood

	Physochlaina praealta (Decne.) Miers.
	Lantang / Praealtus
	Seeds, Leaves
	Treats eye diseases and as a vermifuge

	Rhodiola imbricata Edgew.
	Shro lo / Greek rhodon
	Roots
	Used for respiratory issues and cold

	Rhodiola sacra Prain ex Raym.
	Srolo-marpo / Arctic root
	Roots, Leaves
	Used as a tonic, for memory enhancement, and as a vegetable

	Rhododendron anthopogon D. Don.
	Ba-lu / Brass Shrub
	Leaves, Flowers
	Treats respiratory issues and chronic bronchitis

	Ribes orientale Desf.
	Askuta / Oriental gooseberry
	Fruits
	Treats hepatitis, swollen limbs, and fever

	Rheum webbianum Royle.
	Chu-rtsa / Indian rhubarb
	Roots, Stem, Leaves
	Used for digestive issues, wounds, and as a laxative

	Ranunculus adoxifolius Hand.-Mazz.
	Ga-tsah-am-lche-tsah / Buttercup
	Leaves, Flowers
	Treats digestive heat and fluid retention

	Rosa sericea Wall. ex Lindl.
	Shayh / Silky rose
	Whole plant
	Used for ornamental purposes and as fuel or fodder

	Rosa webbiana Wall. ex Royle.
	Seba / Webb’s rose
	Flowers
	Used for ornamental purposes

	Rubia cordifolia L.
	Btsod / Common madder
	Stem
	Used for treating blood disorders and fever

	Rheum spiciforme Royle.
	Lachhu / Spiked rhubarb
	Roots
	Treats rheumatism and joint pain

	Salix pycnostachya Andersson.
	Malchang / Willow Tree
	Branches, Stem, Leaves
	Used in religious practices, and as fuel or fodder

	Stipa orientalis Trin. ex Ledeb.
	Malchang / Feather grass
	Whole plant
	Used for fuel and fodder

	Stachys tibetica Vatke.
	Yakzas / Tibetan woundwort
	Whole plant
	Used for treating mental health issues

	Sedum ewersii Ledeb.
	Srolo-karpo / Pink sedum
	Whole plant
	Used to increase milk production in cattle

	Saussurea bracteata Decne.
	Spang-rtsa / Narrow-leaved saw-wort
	Flowers
	Used to treat boils and skin issues

	Saussurea lappa (Decne.) Sch.Bip.
	Kuth / Kust
	Roots
	Treats respiratory issues, asthma, and fever

	Saussurea roylei C.B. Clarke.
	Kon-pa-gab-skyes-che-ba / Royle’s saw-wort
	Leaves, Flowers
	Treats chronic wounds, nerve issues, and bleeding

	Tylophora fasciculata Buch.-Ham. ex Wight.
	Go-snyod / Country ipikakyun
	Fruits
	Used for digestive issues and gallbladder health

	Tanacetum dolichophyllum (Kitam.) Kitam.
	Mkhan-chung-ser-mgo / Garden tansy
	Leaves, Flowers
	Used for respiratory issues and inflammatory conditions

	Tanacetum gracile Hook.f. & Thomson.
	Khamchu / Daisy
	Leaves, Flowers
	Leaves and flowers used for oil production

	Thlaspi arvense L.
	Bre-ga / Field pennycress
	Leaves
	Used for lung and kidney diseases

	Trigonella emodi Benth.
	Hbu-su-hang / Himalayan fenugreek
	Seeds, Leaves
	Treats sores, fractures, and kidney disorders

	Urtica hyperborea Jacq. ex Wedd.
	Rza-sot / Northern nettle
	Leaves
	Treats digestive heat and wind diseases

	Waldheimia tomentosa (Decne.) Regel.
	Palu / Yellow berried nightshade
	Whole plant
	Used for acidity, headaches, and arthritis



[bookmark: _Hlk210213525]Table 1 classifies plants based on its therapeutic value which includes its ability to cure diseases like cancer, respiratory diseases, digestive disorders and hepatitis. An example is Artemisia absinthium (wormwood) which is an analgesic, used to relieve pain, treat leukaemia and digestion. Similarly, plants like the Arctium lappa (Greater burdock) are known to have anti-cancer and urinary tract advantages thus demonstrating the wide range of healing potentials that botanical resources have. Besides their use as medicine, some plants are also used in food preparation; an example being Carum carvi (caraway) which is used to add flavour and stimulate digestion. This highlights the applicability of this flora, since they can be applied not only in therapeutic applications, but also in improving quality of food and ancillary functional properties. In general, Table 1 forms a valuable source of information that can be used by researchers that are studying the role of plants in healthcare by providing an extensive synthesis of various applications of the plant in the treatment of different pathological conditions.
Of the 84 medicinal plants assessed by Angmo et al. (2025), 33 species fell under Category I (high priority) and 51 under Category II. Key species included Acantholimon lycopodioides, Arnebia euchroma, Dactylorhiza hatagirea, and Aconogonum tortuosum, all characterized by low density and high extraction pressure21. Altogether 42 medicinal species were collected, the most widely harvested being Waldheimia spp. and Aconitum rotundifolium, used for ailments ranging from headache and joint pain to rheumatism and gastric disorders19. Wild edible plants remain integral to traditional diets, with 84 species recorded across valleys. Despite increased market access, 71% of respondents still consume traditional foods, underlining their cultural resilience and nutritional value20. Several plants hold especially high ethnomedicinal value in the Amchi system. These include Aconitum heterophyllum, Dactylorhiza hatagirea, Codonopsis ovata, Carum carvi, Rheum webbianum, and Arnebia euchroma, which were reported with the highest use values17.
[bookmark: _Hlk210213639]Ladakh’ Plant Endemism and Herbal Product Development 
Threat to plant species is challenging to define due to their natural consequences, past or present human activities, and their continuous changes in “size and density” over time.  These changes may make plant species rare or endangered, and even extinct 52, 53.  Unscientific exploitation, natural calamities, road construction, and overgrazing have resulted in a reduction of frequency of medicinal and aromatic plants in Ladakh. This has led to the extinction of many species, with many considered critically endangered or endangered. Famous villages and areas for medicinal plant wealth include “Sapi, Kanji, Kardhungla, Changla, North Pullu, South Pullu, Hunder, and Summur”  27.The forest department in Ladakh is trying to conserve natural habitats through the creation of three protected areas, five wildlife reserves and three game reserves in the region.  Participatory rural appraisal and GIS-based habitat suitability mapping revealed distinct valley-wise assemblages, with Suru, Wakha-chu, and Lower Indus valleys hosting unique plant populations. Local communities also contributed detailed maps of resource zones and protected sacred groves21. Arnebia euchroma emerged as the most culturally significant species with diverse uses in rituals, dye, medicine, and firewood. Likewise, Juniperus semiglobosa and Artemisia spp. hold high cultural importance across valleys, symbolizing their role in both ecological and spiritual life20. 
However, the position of Ladakh’ medicinal plants is under pressure, and many wild species are critically endangered, and many plant species are hanging along roadside near high motorable passes 54,55. In recent years, there has been a tremendous interest by business and research institutions both locally and internationally in herbal based medicinal products56. The “World Health Organisation” (WHO) is concentrating on the development, use of herbal products and medicine for maximum global health impact with cost effectivity and with minimal side effects 56,26. DIHAR (“Defence Institute of High-Altitude Research”), DRDO (“Defence Research and Development Organisation”), is developing sea buckthorn-based herbal multivitamin beverages, antioxidant supplements, and appetizers. They also have blended brands such as “pineapple-sea buckthorn nector, apple-sea buckthorn nector, mango-sea buckthorn nector, guava-sea buckthorn nector, orange-sea buckthorn nector, apricot based UV protective oil , and apricot-sea buckthorn nector”. Ladakh Foods is creating a portfolio of products from sea buckthorn berry, which provide a great medicinal and nutritional value to residents and troops 27.
[bookmark: _Hlk210213665]Conservation of Medicinal Plants Consumption
The study highlights significant threats to this ethnobotanical wealth, including overharvesting, habitat degradation due to climate change, overgrazing, and infrastructure development. The rich in wild medicinal plants of Himalayan region are vital to the livelihoods and health of local communities, but overexploitation because of market demand has resulted in species depletion 57. The absence of a detailed threat status of species prevents effective conservation measures 58. Climate change has emerged as a critical global challenge, profoundly influencing ecosystems and biodiversity. Medicinal plants, integral to traditional and modern medicine, are particularly vulnerable to the shifting climatic conditions1. Use of herbal medicines is becoming more common as well as increasing day in day59. India, one of the largest producers of raw materials in South Asia is actively conducting researches on the conservation, propagation and the use of medicinal plants in Ladakh.  Medicinal and aromatic plants are of great economic and human welfare value to the world, and a lot of them in developing countries are being harvested from wild 60.  DIHAR in Ladakh has organised workshops as well as field investigations on the conversation practises of “medicinal and aromatic plants” (MAPs) to satisfy industry needs and lessen extraction pressures27. 
Most local people are uninformed about the economic importance of “medicinal plant species” like “Podophyllum, Hippophae, and Dactylorhyza”.  Villagers lack knowledge and coordination regarding their importance in modern medicine systems, and therefore, they do not want to grow these herbs. To increase awareness and knowledge, collective information sharing and technology for cultivation is needed. Medicinal crops offer advantages such as better returns, high domestic and export demand, long storage, minimum resources, lower cultivation costs, and better market prices. Cultivation of MAPs could potentially boost incomes in harsh environments like Ladakh27. One of the most pressing threats to medicinal plant diversity in Ladakh is unregulated and unsustainable harvesting. Due to increasing commercial demand for herbal and natural remedies, many plant species such as Aconitum heterophyllum, Podophyllum hexandrum, and Arnebia euchroma are harvested extensively, often without scientific oversight or replenishment efforts25. The lack of regulation has led to the overexploitation of several endemic and rare species, pushing them towards the brink of extinction61. Many species such as Aconitum violaceum (CR), Arnebia euchroma (EN), and Artemisia maritima (EN) are threatened, with destructive harvesting methods leading to further decline19. Low income and the deteriorating social status of Amchis have accelerated the decline of this traditional system. Many healers are compelled to take up alternative livelihoods, reducing their focus on medicinal plant conservation17. The absence of community-based resource management and inadequate enforcement of collection norms exacerbate the problem.
Habitat degradation caused by overgrazing, tourism, and land-use change is another major factor threatening the medicinal flora of Ladakh. Grazing pressure from livestock compacts the soil and reduces the regeneration capacity of fragile alpine and subalpine ecosystems. Tourism, a rapidly growing sector in Ladakh, contributes to waste accumulation, trampling of vegetation, and increased resource extraction. The construction of hotels, homestays, and trekking trails often disrupts plant habitats and ecological corridors. Consequently, plant populations become fragmented and lose genetic diversity, affecting their adaptability and long-term survival 30,62.
Rapid infrastructural expansion, such as road construction, military installations, and hydropower projects, has significantly altered the native landscapes of Ladakh. While development initiatives aim to improve connectivity and local livelihoods, they also lead to habitat fragmentation and soil erosion. In many cases, construction activities occur without comprehensive ecological impact assessments, resulting in the displacement or destruction of medicinal plant habitats. Additionally, the increased vehicular movement in remote areas facilitates the spread of invasive species, further threatening native medicinal flora63,. Climate change poses a complex and long-term challenge to the medicinal plant biodiversity of the cold arid Trans-Himalayan zone. Rising temperatures, changing precipitation patterns, and glacial retreat are altering the phenology, distribution, and reproductive cycles of many high-altitude medicinal plants. Species adapted to narrow ecological niches may not survive these rapid changes. For example, warming-induced upward migration of vegetation zones may cause competition between native alpine herbs and generalist lower-altitude species. Furthermore, erratic weather patterns and reduced snow cover impact soil moisture and microhabitats crucial for plant regeneration53.
Despite the growing threats, policy interventions for medicinal plant conservation in Ladakh remain limited and fragmented. While national initiatives such as the “National Medicinal Plants Board” (NMPB) aim to promote conservation and sustainable utilisation, their implementation in remote areas like Ladakh is often inadequate64. There is a lack of local-specific policy frameworks that incorporate traditional ecological knowledge, especially from the Amchi practitioners who have historically managed these plant resources sustainably. Moreover, community involvement in conservation planning is minimal, resulting in top-down approaches that fail to resonate with local contexts65. Strengthening conservation in Ladakh requires integrated policy frameworks that combine scientific, community-based, and traditional knowledge systems. “In-situ conservation” through the establishment of “Medicinal Plant Conservation Areas” (MPCAs), promotion of cultivation of threatened species, and awareness programs are vital steps forward. Simultaneously, ecological impact assessments should be made mandatory for all developmental activities to ensure that biodiversity conservation is not sidelined in the name of progress.
[bookmark: _Hlk210213681]Conclusion 
The cold arid region of Ladakh, despite its extreme climatic and geographical constraints, harbours a remarkably rich repository of medicinal plant diversity that supports the traditional healthcare practices of its indigenous communities, particularly the Amchi system of medicine. With hundreds of documented plant species (many of which are endemic and exhibit significant therapeutic potential) the region represents a critical zone for ethnobotanical research and biodiversity conservation. This study has highlighted not only the cultural and medicinal relevance of these plants but also their vulnerability in the face of anthropogenic pressures such as unregulated harvesting, habitat destruction, infrastructural development, and climate change. The alarming decline in species frequency and the risk of extinction faced by several high-value medicinal plants necessitate immediate attention.  While institutions such as DIHAR have initiated promising steps towards conservation and value addition, widespread community unawareness and lack of coordinated policy interventions remain major impediments. Additionally, the viability of Ladakh's indigenous medical systems is under jeopardy due to the decline of traditional knowledge, especially among younger generations. Effective conservation must thus be multifaceted integrating scientific research, traditional ecological knowledge, community participation, and policy support. Emphasis should also be placed on sustainable cultivation, “in-situ and ex-situ” conservation strategies, and promotion of herbal product development tailored to both local and global markets.  By doing so, not only can the region’s biological heritage be preserved, but it can also become a source of economic empowerment and resilience for Ladakh’s communities. 
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