
 
ASIAN JOURNAL OF PHARMACOGNOSY 
Asian J. Pharmacognosy 1(4): 41-48 
© 2022, Asian Society of Pharmacognosy. All Rights Reserved. 
eISSN-0128-1119 
 

41 
 

Accepted January 2, 2022 
 

Climate change: threats on the medicinal plants in Nepal 
 

Swastika Acharya, Sabina Sigdel, Ganga Kandel, Prabin Adhikari 
 

Institute of Forestry, Tribhuvan University, Pokhara Campus, Pokhara, Nepal 
 

 
 

Correspondence: acharyaswastika0@gmail.com 

____________________________________ 
Abstract: Medicinal plants serve a vital role in human survival. Nepal is rich in biodiversity and it is 
widely known for its medicinal plant richness, which is both unique and internationally wealthy. 
Studies have shown that there are various consequences of climate change on medicinal plants. We 
analyzed historical and contemporary research regarding the threats on the medicinal plants in Nepal 
accessed through different online sources like Research Gate and Google Scholar. The present study 
revealed that the climate change has a significant influence on life cycles and the distribution of 
medicinal plant species. It is evident that climate change is having a considerable impact on the quality 
and productivity of medicinal plants, morphology, secondary metabolite production, availability of 
medicinal plant species, etc. Compared to other commercial crops, research on medicinal plants in 
relation to climate change is intermittent and modest. The current paper emphasizes the urgent need 
to enhance our understanding of the effects of medicinal plants via diverse studies. The study 
recommends applying different adaptive measures against climatic catastrophes for the conservation 
and preservation of medicinal plants.  
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INTRODUCTION 
 

Biodiversity is commonly recognized to be disappearing at an unprecedented level (Pimm et 
al., 1995). Climate change has gradually come to be regarded as one of the major concerns for humans 
as well as for all other species on Earth, and for the world's variations in seasonal patterns, weather 
events, temperature ranges, etc. (Cavaliere, 2009). The earth's climate is warming at an alarming rate, 
owing primarily to the exponential increase in carbon dioxide and other greenhouse gas emissions 
(methane, ozone, and so on) into the atmosphere (Malla, 2008). In recent years, Nepal has faced 
significant climate change consequences, including rapid retreat of glaciers, quick temperature rises 
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(> 0.06 ℃ per year), unpredictable precipitation, huge biodiversity extinction, and an increasing 
incidence of catastrophic events such as floods and droughts (Karki et al., 2009). Nepal, being a 
country with high geographical and climatic variations, nature has bestowed the country with an 
enormous wealth of medicinal plants. Despite accounting for barely 0.1 percent of the world's 
geographical area, Nepal ranks tenth among Asian nations in terms of floral abundance, with an 
elevational distribution of 2,331 medicinal plant species (Rokaya et al., 2012; Kathmandu Post, 2017). 
According to Department of Plant Resources data from 2006, among 700 medicinal plants, 13 are 
classified in the CITES Appendices, 16 are protected by the Nepal government, and 60 are endangered 
medicinal plants (Joshi, 2012). Medicinal herbs are an essential part of health care and the majority of 
people across the globe benefit from them to treat well-being issues and relieve human suffering 
(Applequist, 2019). Almost all societies have a high level of dependence on medicinal plants (Sharma 
et al., 2020). According to the World Health Organization (WHO), they provide the primary health 
care requirements of 60% of the world's population and 80% of residents in most developing countries 
(Kursalge, 2009). Only 17% of Nepalese city dwellers have access to modern medication, while the 
rest of the population relies on herbal remedies (CBS, 2007; Uprety et al., 2010; UNEP, 2012). Plants 
can adjust to minor changes in weather patterns and climatic fluctuations, but if these changes get 
more severe, their capacity to adapt will be tested, and they simply may resort to coping (Becklin et 
al., 2016). Climate change is having a substantial influence on the life cycles and vegetation 
distribution, including wild as well as cultivated medicinal plants (Mishra, 2016). Climate change 
impacts on medicinal plants include decreases in availability, accessibility, productivity, and, most 
significantly, species extinction (Applequist, 2020), as well as influences on the phytochemical 
composition of surviving populations and their pharmaceutical qualities (Gairola, 2010).Some 
medicinal plants are endemic to areas or ecosystems that are particularly sensitive to climate change, 
putting them at danger (Neilson et al., 2005). Extreme weather events have affected the ability of 
harvesters and farmers to cultivate and collect medicinal plant species, impacting medicinal plant 
production from sowing through harvesting around Europe, such as chamomile in Germany and 
Poland (Pompe et al., 2008). The Sahel region of Africa was the site of one of the most severe droughts 
of the 20th century. The Sahel is home to a number of medicinal plants, including Hibiscus sabdariffa, 
Commiphora africana, Boswellia spp., Adansonia digitata, Moringa oleifera, and various Aloe spp. (Held et 
al., 2005). Climate change's harmful effects on medicinal plants will grow considerably more powerful 
and frequent in the future, especially if ecologically detrimental human activities continue unabated 
(Walther et al., 2002). Nepal, which is one of the climate change vulnerable country, no major research 
has been carried out on threats of climate change on medicinal plants (Harish et al., 2012). This study 
was conducted to shed light on the threats of climate change to medicinal plants. 

 
METHODOLOGY 

 
The review is devoted to examining the implications of climate change on medicinal plants in 

Nepal.  A website-based search strategy was utilized to identify literature documents pertinent to the 
review. Research Gate and Google scholar were used to access all the documents published until 
November 2021, required for the study.  
 

RESULTS AND DISCUSSION 
 

Change in Quality and Productivity of medicinal plants: With global temperature change, 
precipitation variations and CO2 concentration, as well as changes in specific climatic resources, 
diverse species have altered dynamics and balance and affected their production (Rivaes et al., 2014). 
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Detrimental effects of climate change have also been seen in the quality and quantity of medicinal 
plants produced. Endangered plant species are considered more vulnerable to climate change and may  
face a high risk of extinction due to their confined geographic distribution (Kunwar et al., 2014). Even 
though variations in chemical composition in food plants may be more significant to human health 
than is widely recognized, the entire objective of medicinal plant ingestion or other uses is to gain 
health advantages from their bioactivities (Applequist et al., 2020). Many researchers have 
demonstrated that the synthesis and accumulation of beneficial components in herbal medicines has 
a strong association with their habitat's distinct climatic environment (Mudge et al., 2016; Yang et al., 
2019; Kfoury et al., 2019). The ‘precipitation of seasonality' was determined to be suitable for the 
majority of medicinal plants, with a range of 66–120 mm. Geographically, the mid-elevation range of 
1800–4200 m was found to be more preferable for all MAPs, increasing the probability of existence 
for Acer spicatum, Neopicrorhiza scrophulariflora, Nardostachys jatamansi, and decreasing the probability of 
existence for Valeriana jatamansi, Paris polyphylla, and neutral or minimum change for Dactylorhiza 
hatagirea at the same altitudinal range in the future. (Rana et al., 2020). When looking at overall 
Morchella esculenta output from 2005 to 2014, it was declining and rainfall was also declining from 1980 
to 2018, respectively in Humla district. Likewise, when the annual output of Delphinium himalayai was 
examined from 2004 to 2014, it was discovered that the production of Delphinium himalayai dropped 
as the temperature rose. The rise in temperature appears to have impacted the growth and productivity 
of Delphinium himalayai. When yearly rainfall from 1980 to 2018 and an average temperature of 28 
years, i.e., from 1990 to 2018, were compared to Nardostachy grandiflora’s annual production from 2004 
to 2014, it was discovered that the production of Nardostachy grandiflora increased as the temperature 
increased. Likewise, with the rise in temperatures, the production of Swertia chirayita has also increased 
in the Humla district as a positive impact of climate change (Shahi et al., 2020). Rainfalls at 
inconvenient times, along with temperature rises and falls at inconvenient times, have a negative 
impact on the production of therapeutic plants. It is crucial to have knowledge of the effects of climate 
change on medicinal herb cultivation (Shahi et al., 2020). One example of a potential organism-level 
investigation is the predicted range increase of the Himalayan endemic Chinese caterpillars 
(Ophiocordyceps sinensis) (Shrestha et al., 2014).Different predictions are based on the current link 
between temperature and physiology between the fungus, and hence it is acceptable to expect changes 
at organism levels in this species that can be individually assessed. Physiological changes at the 
organism level, such as temperature-driven responses, may be assumed in studies that track and 
anticipate changes in alpine tree line dynamics (Bhattacharjee et al., 2017). Poor people used to utilize 
medical plants to cure common ailments and avoid hospitalization, but today, the same sorts of 
illnesses do not react to the same medicinal herbs (Charmarka and Mijar 2009). Plant phenology, 
growth behavior, and range have been altered as a result of climate change, putting species' 
production, product quality, and even existence in danger (Sala 2000; Kunwar et al., 2010). The 
medicinal and aromatic herbs, chiraito, jatamasi, lothsalla, and panchaunle, which are subsistence 
products of poor and marginalized people settling near forests, are all suffering from a decline in 
quality, quantity, diversity, and distribution in the Sacred Himalayan Landscape of Nepal (MoE, 
2010). 
 

Secondary metabolite production in medicinal plants: Temperature stress has been shown in certain 
studies to influence the secondary metabolites and other chemicals produced by plants, which are 
generally the basis for their therapeutic action (Schar et al., 2004). It was also observed that such 
alterations may be good or negative, but it appears that the consequences would be detrimental since 
secondary metabolites are generated in greater numbers under stressful conditions (Das et al., 2016). 
Secondary metabolite production may increase in general when plants are stressed because growth is 
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frequently hindered more than photosynthesis, and the carbon fixed that is not assigned to growth is 
instead allocated to secondary metabolites (Gairola, 2010). The most frequent defense strategy used  

 
by plants in response to high temperatures is the production and accumulation of suitable solutes. 
Amino acids, amines, c-amino-N-butyric acid, antioxidants and total sugars (fructose, sucrose, 
proline, etc.) are among the compounds (Wani and Gosal 2010; Wani et al., 2013; Harsh et al., 2016). 
Some researchers claim that secondary metabolites rise in response to higher temperatures (Litvak et 
al., 2002), while others claim the opposite (Snow et al., 2003). 
 

Decrease availability and threat to medicinal plant species: According to a recent study, over 600 
plant species have become extinct in the last 250 years (Humphreys et al., 2019). Asia and the Pacific 
had the largest number of endangered species in 2008, with severe issues in South-East Asia and an 
estimate that 25,000 species of plant may become extinct (UNEP, 2010). The average global 
temperature has increased by 16.94°C over the last century and is expected to climb by another 17.5°C 
during the next century (Sapkota and Rijal, 2016). Even these small variations in the temperature over 
a century can lead to huge hazardous situations for many species of medicinal plants. Many plant 
species are, or will soon be, threatened with extinction on a local or global scale. Nepal is located in 
the Hindu-Kush Himalayan area and, according to the Intergovernmental Panel on Climatic Change, 
the Himalayas will likely experience some of the most dramatic climate changes with temperature 
rises of 5-6°C and precipitation increases of 20-30%, which will be much worse for the rare flora that 
only thrives in these highlands (Uprety, 2021). This may directly result in the decline in availability 
and extinction of a population of highly valued medicinal plants. 
 

According to CITIES, Saussurea lappa, having high ethno-medicinal value and used for the 
treatment of diarrhea, tenesmus, vomiting, inflammation, dyspepsia, and over 43 other diseases 
(Zahara et al. 2015), is a species threatened with extinction in Nepal. The availability of Dactylorhizea 
hatagirea is declining due to haphazard collection, limitation in propagation (Magar et al., 2020), and 
on top of that, climate change is adding threats to this type of endangered life form (Awale, 2019). 
Recent research indicated substantial habitat losses in Nepal, with a 71–81% decline in suitable sites 
for Dactylorhizea hatagirea by 2050 and a 95–98% reduction by 2070 in the worst case scenario. By 
2070, the most optimistic scenario predicts a decrease of 65–85% (Shrestha et al., 2021). The Manaslu 
Conservation Area, Annapurna Conservation Area, and Lantang National Park are the home lands 
of Himalayan medicinal plants, i.e., Fritillaria cirrhosa and Lilium nepalense, which are expanding 
toward the north-west as the climatic conditions are harsh on low land and clustered forms may be 
developed which will eventually support their extinction by 2050 in hilly and lower mountainous 
regions (Rana et al., 2017). In higher elevations of Nepal, Terminalia bellirica,  Abies spectabilis, Acorus 
calamus, Aegle marmelos, Bergenia ciliata, Cissampelos pareira, Paris polyphylla, Ophiocordyceps sinensis, 
Zanthoxylum armatum, and Ziziphus mauritiana are endangered (Kunwar et al., 2014). The species 
Rheum australe, which grows well in cold dry regions with rainfall, is severely damaged by irregular 
and untimely rainfall as well as high temperatures and thought that this species has become extinct in 
Humla district (Shahi et al., 2020). 
 

Shift in morphology and phenology of medicinal plants: Climate change may have an immediate 
impact on plant fitness (Galen and Stanton, 1991), as well as on plant reproductive success and 
diversity interactions through effects on blooming phenology (Hughes, 2000). Plant life cycles are tied 
to seasonal signals, thus changes in their timing provide some of the most compelling evidence that 
global climate change is having an impact on species and ecosystems (Cleland, 2007). As global 
warming continues, spring and the growing year will be affected (Harish et al., 2012). Early flowering 
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might be detrimental if the location is prone to cold periods late in the spring season. If a cold period 
came a few days or weeks after early flowering began, those early buds or fruits froze, potentially 
destroying or impairing the output of certain commercially valuable plants (Zobayed et al., 2005). 
Adaptive characteristics of trees, such as small, stunted, and multi-stemmed individuals, were found 
at higher elevations in response to climate change. At higher elevations, Abies trees with a shorter 
height and a lower canopy were shown to be more resistant to climate change (Billings, 1974). 
Adaptive characteristics included clonal growth and strong coppicing qualities, as seen in 
Rhododendron anthopogon, and peeling bark in Rhododendron campanulatum. Salix sikkimensis showed 
early leaf emergence, but Rhododendron arboretum, Larix himalaica and Rhododendron campanulatum were 
seen to bloom early (Kunwar et al., 2014). Salix sikkimensis showed early leaf emergence, while Larix 
himalaica showed early flower initiation in the Sacred Himalayan Landscape of Nepal (Kunwar 2011). 
The impact of climate change on plant phenology is difficult to infer because it is unique to species 
and microclimates. Shifting phenologies and distributions may appear insignificant at first glance, yet 
they have the ability to pose serious threats to species' existence and livelihood (Cavaliere, 2009). 
 

Shifting ranges of medicinal plants: Climate changes also lead to the migration of plants into new 
ranges. According to studies and computer modeling tools, plant ranges have begun to migrate 
towards the poles and/or higher altitudes in an effort to "reclaim" suitable growth zones (Walther, 
2002). Habitat loss and climate-related migration problems may cause many endemic species to go 
extinct (Keutgen et al., 1997) as these plants move upward until they can no longer find higher places 
to live. The distribution records of species from lower altitudes in previous days and succeeding 
records from progressively higher altitudes corroborated with distribution upshifts in the case study of 
the Himalayan area. Larix himalaica and Pinus roxburghii upshifted 4 m each year, while Rhododendron 
arboreum upshifted 0.88 m per year. Upshift of Abies spectabilis of 2.5 meters per year in Langtang, 
Central Nepal, confirmed previous observations (Gaire and Bhuju, 2010; Kunwar, 2011) while 
vegetation upshift in response to climate change generally varies between 1-2 meters per year 
(Camarero et al., 2006). 
 

Coexistence: Species which rely on one another can, in such instances, both be pushed to 
extinction if they no longer co-occur in space and time. Pest and invasive species can spread to new 
areas, placing additional strain on sensitive populations of medicinal plants. Conservative plant 
species that have certain habitat needs or have long generation periods are more likely to be 
endangered (Benning et al., 2002). 
 

CONCLUSION 
 

Climate change may not offer the largest threat to medicinal plants, but in decades to come it 
may become a much bigger one. But the impacts on medicinal plants due to climate have not been 
thoroughly explored. The probable extinction of medicinal plant species would undoubtedly have a 
substantial influence on the lives of many vulnerable communities worldwide as many underprivileged 
people depend not just for their primary health care but also as a major source of revenue.  With the 
current scenario, climatic changes might make the herbal community more stressed and may have an 
impact on the consumers, harvesters, and producers of medicinal plants. If action is not taken 
promptly, this might lead to greater human suffering and unavoidable fatalities. Although the future 
consequences of climate change are mostly unknown, existing data shows that these phenomena are 
having an impact that certain possible risks are worth discussing. These plants are in danger of being 
lost for good unless a global move is made. Further research must be focused in the affected areas for 
developing conservation strategies. Farmers in Nepal can try to adapt to the challenges posed by the 
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climate catastrophe by employing innovative techniques as well as using traditional indigenous 
knowledge. Threatened wild medicinal plants can be preserved by its domestication or gene bank 
establishment.  
 

DECLARATION OF CONFLICT OF INTEREST 
 

No conflict of interest to declare. 
 
REFERENCES 
 

Applequist, W. L., Brinckmann, J. A., Cunningham, A. B., Hart, R. E., Heinrich, M., Katerere, D. R., & Van Andel, 
T. (2020). Scientistsʼ warning on climate change and medicinal plants. Planta medica, 86(1), 10-18. 

Awale, S. (2019). Between Existence and Extinction in Nepal | Nepali Times. Between existence and extinction in 
Nepal | Nepali Times. https://www.nepalitimes.com/banner/between-existence-and-extinction-in-nepal/. 

Becklin, K. M., Anderson, J. T., Gerhart, L. M., Wadgymar, S. M., Wessinger, C. A., & Ward, J. K. (2016). 
Examining plant physiological responses to climate change through an evolutionary lens. Plant physiology, 172(2), 635-
649. 

Benning, T.L., D. La Pointe, C.T. Atkinson and P.M. Vitousek (2002). Interactions of climate change with biological 
invasions and land use in the Hawaiian Islands: modeling the fate of endemic birds using a geographic information system. 
PANS, 99(22): 14246-14249. 

Billings, W. D. (1974). Adaptations and origins of alpine plants. Arctic and alpine research, 6(2), 129-142. 
Bhattacharjee, A., Anadón, J. D., Lohman, D. J., Doleck, T., Lakhankar, T., Shrestha, B. B., & Krakauer, N. Y. 

(2017). The impact of climate change on biodiversity in Nepal: Current knowledge, lacunae, and opportunities. Climate, 
5(4), 80. 

Charmakar, S., & Mijar, D. (2009, February). Impact of climate change on poor and marginalized people in high 
mountain region, Nepal. In IOP conference series. Earth and environmental science (Vol. 6, No. 14). IOP Publishing. 

Cavaliere, C. (2009). The effects of climate change on medicinal and aromatic plants. Herbal Gram, 81, 44-57. 
Camarero, J. J., Gutiérrez, E., & Fortin, M. J. (2006). Spatial patterns of plant richness across treeline ecotones in the 

Pyrenees reveal different locations for richness and tree cover boundaries. Global Ecology and Biogeography, 15(2), 182-
191. 

CBS (2007) Population Profile of Nepal. Central Bureau of Statistics, Kathmandu, Nepal. Flora of Nepal. (2014). 
Das, M., Jain, V., & Malhotra, S. (2016). Impact of climate change on medicinal and aromatic plants. Indian J Agric 

Sci, 86(11), 1375-1382. 
Gairola, S., Shariff, N. M., & Bhatt, A. (2010). Influence of climate change on production of secondary chemicals in 

high altitude medicinal plants: issues needs immediate attention. Journal of Medicinal Plants Research, 4(18), 1825-1829. 
Gaire, N. P., & Bhuju, D. R. (2010). Tree line dynamics with climate change: a study in Manaslu region, Nepal 

Himalaya. Annual Report, Nepal Academy of Science and Technology, Lalitpur, Nepal. 
Gaire, N. P., Koirala, M., Bhuju, D. R., & Borgaonkar, H. P. (2014). Treeline dynamics with climate change at the 

central Nepal Himalaya. Climate of the Past, 10(4), 1277-1290. 
Gaire, N. P., Dhakal, Y. R., Lekhak, H. C., Bhuju, D. R., & Shah, S. K. (2011). Dynamics of Abies spectabilis in 

relation to climate change at the treeline ecotone in Langtang National Park. Nepal Journal of Science and Technology, 
12, 220-229. 

Galen, C., & Stanton, M. L. (1993). Short‐term responses of alpine buttercups to experimental manipulations of 
growing season length. Ecology, 74(4), 1052-1058. 

Harish, B. S., Dandin, S. B., Umesha, K., & Sasanur, A. (2012). Impact of climate change on Medicinal Plants–A 
review. Anc Sci Life, 32(Suppl 1), S23. 

Harsh A, Sharma YK, Joshi U, Rampuria S, Singh G, Kumar S, Sharma R (2016) Effect of short-term heat stress on 
total sugars, proline and some antioxidant enzymes in moth bean (Vigna aconitifolia). Ann Agric Sci 61:57–64 

Held, I. M., Delworth, T. L., Lu, J., Findell, K. U., & Knutson, T. R. (2005). Simulation of Sahel drought in the 20th 
and 21st centuries. Proceedings of the National Academy of Sciences, 102(50), 17891-17896. 

Hughes, L. (2000). Biological consequences of global warming: is the signal already apparent?. Trends in ecology & 
evolution, 15(2), 56-61. 

Humphreys, A. M., Govaerts, R., Ficinski, S. Z., Lughadha, E. N., & Vorontsova, M. S. (2019). Global dataset shows 
geography and life form predict modern plant extinction and rediscovery. Nature Ecology & Evolution, 3(7), 1043-1047. 

IUCN. (2020a). The IUCN red list of threatened species. Version 2020-1. https://www.iucnredlist.org 
Joshi, L. R., (2012). Project Regarding Rare and Endangered Species of Plants in Nepal Full Report An Overview of 

Some Rare and Endangered Plants of Nepal www.ideawild.org. 



 
ASIAN JOURNAL OF PHARMACOGNOSY 
Asian J. Pharmacognosy 1(4): 41-48 
© 2022, Asian Society of Pharmacognosy. All Rights Reserved. 
eISSN-0128-1119 
 

47 
 

Karki, M., Mool, P., & Shrestha, A. (2009). Climate change and its increasing impacts in Nepal. The initiation, 3, 30-
37. 

Keutgen, N., K. Chen and F. Lenz (1997). Responses of strawberry leaf photosynthesis, chlorophyll fluorescence and 
macronutrient contents to elevated CO2. Journal of Plant Physiology, 150: 395-400. 

Kathmandu, N. (2017). The State of Nepal’s Biodiversity for Food and Agriculture. 
Kurmi, P. P., & Baral, S. R. (2004). Ethnomedical uses of plants from Salyan District, Nepal. Banko Janakari, 14(2), 

35-39. 
Kunwar, R. M., & Kathmandu, N. (2011). Assessment of climate change impacts on non-timber forest products 

(NTFPs), medicinal and aromatic plants (MAPs) and important tree species (ITS) in the sacred Himalayan landscape, 
Nepal. Kathmandu: WWF Nepal Program. 

Kunwar, R. M., Katuwal, Y., Shrestha, R. D., Karki, J., Shrestha, K., & Bussmann, R. W. (2010, June). Climate 
change, medicinal plants and ethnobotany: observations and review. In Proceeding of first national youth conference on 
environment (pp. 180-189). Himalayan Alliance for Climate Change. 

Kunwar, R. M., Lamichhane Pandey, M., Mahat Kunwar, L., & Bhandari, A. (2014). Medicinal plants and 
ethnomedicine in peril: a case study from Nepal himalaya. Evidence-Based Complementary and Alternative Medicine, 
2014. 

Kosalge, S. B., & Fursule, R. A. (2009). Investigation of licicidal activity of some plants from Satpuda Hills. 
International Journal of PharmTech Research, 1(3), 564-567. 

Kfoury, N., Scott, E.R., Orians, C.M., Ahmed, S., Cash, S.B., Griffin, T., Matyas, C., Stepp, J.R., Han, W.Y., Xue, 
D.Y., Long, C.L., Robbat, A., 2019. Front. Plant Sci. 10, 1518. http://doi:10.3389/fpls.2019.01518. 

Litvak, M. E., Constable, J. V., & Monson, R. K. (2002). Supply and demand processes as controls over needle 
monoterpene synthesis and concentration in Douglas fir [Pseudotsuga menziesii (Mirb.) Franco]. Oecologia, 132(3), 382-
391. 

Magar, M. M., Dhital, S. P., Yamada, T., & Pun, U. K. (2020). Dactylorhizahatagirea: A Critical Issue for Research 
and Development in Nepal. Nepal Journal of Science and Technology, 19(1), 26-38. 

Malla, G. (2008). Climate change and its impact on Nepalese agriculture. Journal of agriculture and environment, 9, 62-
71. 

Mishra, T. (2016). Climate change and production of secondary metabolites in medicinal plants: a review. Int J Herb 
Med, 4(4), 27-30. 

Mudge, E., Applequist, W. L., Finley, J., Lister, P., Townesmith, A. K., Walker, K. M., & Brown, P. N. (2016). 
Variation of select flavonols and chlorogenic acid content of elderberry collected throughout the Eastern United States. 
Journal of Food Composition and Analysis, 47, 52-59. 

MoE. (2010). National Adaptation Programme of Action (NAPA) to climate change. Ministry of Environment, 
Government of Nepal. Kathmandu, Nepal. 

Neilson, R. P., Pitelka, L. F., Solomon, A. M., Nathan, R. A. N., Midgley, G. F., Fragoso, J. M., ... & Thompson, K. 
E. N. (2005). Forecasting regional to global plant migration in response to climate change. Bioscience, 55(9), 749-759. 

Pimm, S. L., Russell, G. J., Gittleman, J. L., & Brooks, T. M. (1995). The future of biodiversity. Science, 269(5222), 
347-350. 

Rokaya, M. B., Münzbergová, Z., Shrestha, M. R., & Timsina, B. (2012). Distribution patterns of medicinal plants 
along an elevational gradient in central Himalaya, Nepal. Journal of Mountain Science, 9(2), 201-213. 

Rivaes, R. P., Rodríguez-González, P. M., Ferreira, M. T., Pinheiro, A. N., Politti, E., Egger, G., ... & Francés, F. 
(2014). Modeling the evolution of riparian woodlands facing climate change in three European rivers with contrasting flow 
regimes. PLoS One, 9(10), e110200. 

Rana, S. K., Rana, H. K., Ghimire, S. K., Shrestha, K. K., & Ranjitkar, S. (2017). Predicting the impact of climate 
change on the distribution of two threatened Himalayan medicinal plants of Liliaceae in Nepal. Journal of Mountain 
Science, 14(3), 558-570. 

Sala, O. E., Chapin, F. S., Armesto, J. J., Berlow, E., Bloomfield, J., Dirzo, R., & Wall, D. H. (2000). Global 
biodiversity scenarios for the year 2100. science, 287(5459), 1770-1774. 

Sapkota, R., & Rijal, K. (2016). Climate change and its impact in Nepal. Tribhuvan University. 
Schär, C., Vidale, P. L., Lüthi, D., Frei, C., Häberli, C., Liniger, M. A., & Appenzeller, C. (2004). The role of 

increasing temperature variability in European summer heatwaves. Nature, 427(6972), 332-336. 
Sharma, M., R. Thakur and M. Sharma (2020). Ethno-botanical survey of medicinal plants of unexplored hilly areas 

of district Ramban (J&K), International Journal of Botany Studies, 5(3): 55-63. 
Shahi, P., Mandal, R. A., & Mathema, A. B. (2020) Assessing the impact of climate change on medicinal herbs in 

Humla district. 
Shen, T., Yu, H., & Wang, Y. Z. (2021). Assessing the impacts of climate change and habitat suitability on the 

distribution and quality of medicinal plant using multiple information integration: Take Gentiana rigescens as an example. 
Ecological Indicators, 123, 107376. 



 
ASIAN JOURNAL OF PHARMACOGNOSY 
Asian J. Pharmacognosy 1(4): 41-48 
© 2022, Asian Society of Pharmacognosy. All Rights Reserved. 
eISSN-0128-1119 
 

48 
 

Shrestha, T.B. & Joshi, R.M. (1996). Rare, endemic and endangered plants of Nepal. WWF Nepal Programme, 
Kathmandu, Nepal. UNEP. (2010). United Nations Environment Programme State of Biodiversity in Asia and the Pacific. 

Shrestha, U. B., & Bawa, K. S. (2014). Impact of climate change on potential distribution of Chinese caterpillar 
fungus (Ophiocordyceps sinensis) in Nepal Himalaya. PLoS one, 9(9), e106405. 

Shrestha, B., Tsiftsis, S., Chapagain, D. J., Khadka, C., Bhattarai, P., Kayastha Shrestha, N., & Kindlmann, P. 
(2021). Suitability of habitats in Nepal for Dactylorhiza hatagirea now and under predicted future changes in climate. 
Plants, 10(3), 467. 

Snow, M. D., Bard, R. R., Olszyk, D. M., Minster, L. M., Hager, A. N., & Tingey, D. T. (2003). Monoterpene levels 
in needles of Douglas fir exposed to elevated CO2 and temperature. Physiologia Plantarum, 117(3), 352-358. 

UNEP. (2010). United Nations Environment Programme State of Biodiversity in Asia and the Pacific. 
UNEP (2012). Green Economy Sectorial Study: Biotrade-Harnessing the Potential for Transitioning to a Green 

EconomyThe Case of Medicinal and Aromatic Plants in Nepal. Unite 
Uprety, D (2021).Green medicine: climate crisis threatens Nepal’s medicinal plants. Practical Action                                                                                                            

https://practicalaction.org/news-media/2021/01/08/green-medicine-climate-crisis-threatens-nepals-medicinal-plants/ 
Uprety Y, Asselin H, Boon EK, Yadav S, Shrestha KK (2010) Indigenous use and bio-efficacy of medicinal plants in 

the Rasuwa District, Central Nepal. J. of Ethnobio. Ethnomed. 6(3):1–10 
Walther, G. R., Post, E., Convey, P., Menzel, A., Parmesan, C., Beebee, T. J., & Bairlein, F. (2002). Ecological 

responses to recent climate change. Nature, 416(6879), 389-395. 
Wani SH, Singh NB, Haribhushan A, Mir JI (2013) Compatible solute engineering in plants for abiotic stress 

tolerance—role of glycine betaine. Curr Genomics 14(3):157–165 
Wani SH, Gosal SS (2010) Genetic engineering for osmotic stress tolerance in plants–role of proline. IUP J Genet 

Evol 3(4) 
Yang, W., Ma, X., Laaksonen, O., He, W., Kallio, H., & Yang, B. (2019). Effects of latitude and weather conditions 

on proanthocyanidins in blackcurrant (Ribes nigrum) of finnish commercial cultivars. Journal of agricultural and food 
chemistry, 67(51), 14038-14047. 

Zahara, K., Tabassum, S., Sabir, S., Arshad, M., Qureshi, R., Amjad, M. S., & Chaudhari, S. K. (2014). A review of 
therapeutic potential of Saussurea lappa-An endangered plant from Himalaya. Asian Pacific journal of tropical medicine, 7, 
S60-S69. 

Zobayed, S.M.A., F. Afreen and T. Kozai (2005). Temperature stress can alter the photosynthetic efficiency and 
secondary metabolite concentrations in St. John’s wort. Plant Physiology and Biochemistry, 43: 977-984. 
 


