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Abstract:  

This review highlights the crucial role of medicinal plants and their secondary metabolites in treating 

various health issues. However, rapid climate change is a major threat to these plants, contributing to 

the decline of wild medicinal species. The review examines how climate change affects the distribution 

and life cycles of these plants, including the impact of high CO2 and ozone levels, temperature 

changes, and drought on secondary metabolite synthesis. These environmental factors can have both 

positive and negative effects on the yield and quality of medicinal plant products. Given the complexity 

of these impacts, the review calls for further research into the interactions of climate change and its 

effects on medicinal plants to better understand and mitigate potential risks. The effect on medicinal 

plants, which are crucial to human health, is one area of worry, especially in areas where access to 

Western medicine is limited. Climate change poses several dangers to these plants, including changes in 

temperature and precipitation patterns, strained ecological interactions, an increase in pests and diseases, 

and fragmentation of their habitat, all of which can make it more difficult for them to move and thrive. 

Furthermore, these difficulties are made worse by unsustainable harvesting methods, which may lead to 

the loss of several species of medicinal plants. Additionally, the quality and safety of medical goods may 

be impacted by climate change since it may modify the chemical makeup of medicinal plants in addition 

to reducing plant biomass. The report suggests the following measures to resolve these issues: 1) 

Preservation and regional production of important medicinal herbs.2) Harvesters’ certification and 

training in sustainability 
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INTRODUCTION 

Many secondary metabolites that are essential for daily life and treatment are produced by plants. 

However, the physiology of plants is impacted by climate change, which has an effect on the 

manufacturing of significant medicinal chemicals. The impact of fast climate change on the global loss 

of wild medicinal plant species is highlighted in this review. Though the precise effects on species 

distribution and secondary metabolite production vary among species, it is anticipated that medicinal 

plant species would suffer as a result of the upcoming climate change. Thus, after carefully reviewing 

previous publications and journals, as well as taking into account firsthand observations, this review has 

suggested adaption strategies for climatic change and described plans for the future to guarantee the 

survival of species of medicinal plants for use and additional study Future researchers should also 
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extensively examine how different direct and indirect sources of climate fluctuation interact and how 

this affects medicinal plants. Medicinal plant secondary metabolites are presently utilized as a safe 

alternative to allopathic treatment's negative effects and multidrug resistance. Since ancient times, herbal 

plants and their products have been widely utilized to cure common illnesses including diabetes, cancer, 

cholera, diarrhea, asthma, and pyrexia. Over the past 20 years, one of the most significant scientific 

issues in the world has been climate change [1]. More and more people are realizing that climate change 

poses a serious threat to all life on Earth, including humans. A plant that contains substances with 

therapeutic qualities or that serve as building blocks for the production of beneficial medications in one 

or more of its components is referred to as a medicinal or Pharmacopeia plant [2]. The life of humans 

depends critically on medicinal plants [3]. Changing climatic conditions have an adverse effect on 

biodiversity, agriculture, forestry, ecosystem function, and the normal course of human existence [4]. 

Climate change has negative consequences on a number of areas, including food security, microbial 

ecosystems, plants and their medicinal components, soil integrity, individual well-being, water and air 

quality, and secondary metabolites. The world's population explosion, fast industrialization, and 

extensive use of chemical pesticides are the main causes of climate change. agricultural fertilizers [1]. 

Changing weather patterns include rising temperatures, periods of cold, changes in rainfall patterns and 

drought. There are numerous distinct plant species that fall under the umbrella of medicinal and aromatic 

plants (MAPs), including annuals, biennials, perennials, and more. All of these plants' components are 

valuable, and they usually grow in a variety of temperatures and settings. Shrestha et al. claim that 

aromatic and medicinal plants play a key role in enhancing human well-being by providing both 

financial and health benefits [5]. Put another way, the acknowledgment of different plant types 

throughout the evolution of human civilization is ascribed to their important sustenance-contributing, 

therapeutic, restorative, and nutritional qualities that are necessary for daily life. The medical plant 

group is the most significant of these plant categories because of its secondary metabolites and 

pharmacological qualities [4,6], which are widely used in pharmaceutical, fields of nutrition, medicine, 

and cosmetics [7]. Mohammadhosseini et al. [8] state that a large number of reviews havehighlighted the 

medicinal plants' promising biological and pharmacological qualities, ethnobotany, conventional and 

traditional medicine, advantageous bioactive compounds, and other relevant characteristics in the 

literature and scientific databases to support their extraordinary effects. 

 

Modifications to Plant Productivity or Quality 

Even if a species' range is unaffected by climate change, it may have a good or negative impact on its 

quality or production, particularly its potency or chemical makeup in the case of medicinal plants. The 

whole goal of using medical plants for consumption or other purposes is to obtain health advantages 

from their bioactivities, even if variations in the chemical composition of food plants may also be more 

pertinent to human health than is often recognized (e.g., [9–13]). The primary source of the bioactivities 

is the secondary metabolites that the plant produces, whether they are endophytic symbiont-produced or 

autogenous. Therefore, if a plant's composition altered in a negative or unforeseen way, those who are 

benefiting from its use would suffer if its makeup unexpectedly or negatively changed.This is especially 

true for less affluent and traditional society users, who lack the means to conduct complex chemical 

testing to detect such changes and modify dosages to make up for them. A new generation of customers 

may overlook or misunderstand a plant medicine's diminished potency as an innate lack of effectiveness, 

which might result in the abandoning of beneficial plants. As previously mentioned, montane habitats 
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are expected to experience the largest biological consequences of climate change (e.g., [12, 11, 13]), and 

plants that live at the highest elevations are thought to be more vulnerable to extinction (e.g., [15]). 

People who live in many high-altitude areas have little access to Western treatment, thus botanicals are 

very crucial to them. Numerous It has long been thought that medicinal species are more effective when 

gathered at higher elevations (e.g., [14]) and this hasbeen verified for a few significant plants, such as 

arnica (Arnica montana L. [16]), chamomile (Matricaria chamomilla L. [17]), and bush tea 

(Athrixiaphylicoides DC. [19]). Usually, it is uncertain what causes are to blame. In contrast to bush tea, 

where the relationship between altitude and chemical content does not seem to be connected to 

temperature [19], an experimental research of arnica revealed that temperature had a significant impact 

on chemical content [20]. In contrast, it appears that temperature has little bearing on the relationship 

between altitude and chemical content for bush tea [19]. The medicinal quality of montane species 

whose chemical composition is temperature-dependent may not necessarily increase if they migrate to 

higher elevations and stay in the same temperature range, while populations that stay at their original 

elevations may see a reduction in quality. To fully comprehend the connections between therapeutic 

potency and elevation in certain species, further data is obviously required. In many regions of the 

world, harsher weather extremes such more severe droughts, torrential rain falls, heat waves, and cold 

snaps are anticipated as a result of climate change [22]. All of these extremes have the potential to 

reduce sustainable harvest levels by hindering the development and reproductive performance of plants 

that are not suited to such circumstances. Nevertheless, the concentrations of active metabolites are not 

consistently impacted by these conditions. By either reducing biomass or boosting the metabolites' 

actual synthesis, drought stress that is not severe enough to kill plants frequently raises the concentration 

of bioactive secondary metabolites. The content of bioactive chemicals in a range of species is increased 

by drought stress, according to two recent reviews of the literature [21,22]. Compound groups that may 

be impacted include alkaloids, glucosinolates, essential oils and terpenes, and simple and complex 

phenolic compounds. In drier regions, active metabolites are more prevalent in certain wild plant 

products, including shea butter (derived from Vitellaria paradoxa Gaertn.) [20]. The potency of some 

medicinal plants from such places may thus rise as a result of increasing drought stress in those areas. 

Uncontrolled natural drought, however, would often result in a drop in biomass that would offset any 

increases in the concentration of active metabolites, even if customers were aware of those increases and 

the dose was lowered to make up for them. Second, there are instances when the chemical content is 

reduced at high temperatures but higher under water stress, such as in di huang (Rehmannia glutinosa 

(Gaertn.) Steud. [23]). Any positive effects of drought on the chemical composition of these species may 

be offset by the opposite if drought is accompanied by rising temperatures. Similar to drought stress, 

high temperatures can also cause a dramatic reduction in biomass, which can result in an increase in 

secondary metabolite concentrations, as seen for American ginseng [24]. People who are used to 

collecting a specific amount of material for their own use or to sell for financial subsistence would suffer 

significant economic losses and harvest levels would become more unsustainable if biomass output 

significantly declined as a result of drought and high temperatures. 

Possible effects of climate change on plant species' life cycles and distribution: Studies have been 

conducted in Thailand [25], China [26], Indonesia [27], Pakistan [28], and Africa [30-31] to investigate 

the ways in which the changing climate is affecting the geographic range of medicinal plants. The life 

cycles and dispersion of the global The impact of climate change on vegetation, especially wild 

medicinal plants, is substantial [32]. soils as well as The fact that plants alter soil properties, which in 
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turn impact plant performance and have a variety of interactions, makes plants intimately linked .When 

plants interact with abiotic soil conditions and soil organisms, they can have an impact on other plant 

species, themselves, and their offspring. This phenomenon is known as "plant-soil feedbacks" (PSFs) 

[33]. Given that temperature has a significant influence on both organism growth and species 

distribution, a changing climate may have an effect on plant dispersion and interactions with other soil 

communities [34]. As a result, it is predicted that climate change will have a variety of impacts on plants 

and soil organisms, including both direct and indirect effects that are both important and arise from 

modifications to the physiological processes of plants as well as the amount and makeup of resources 

added to the soil. As a result, PSFs, vegetation patterns, and feedback mechanisms affecting local, 

regional, or even global climatic conditions may all experience notable consequences [32]. For instance, 

research employing the Maximum Entropy Model (MaxEnt) modeling was done to evaluate the effects 

of global climate change on the regional distribution of Gentiana rigescens.Previous studies indicate that 

this species prefers the warm, humid temperatures seen in subtropical areas.However, Shen et al.'s study 

showed that the mean temperature of the driest quarter, temperature seasonality, elevation, year 

precipitation, hottest quarter precipitation, and yearly range this species prefers the warm, humid 

temperatures rigescens [33]. Furthermore, it is anticipated that future climatic scenarios may cause many 

plant species to move from their original locations to new ones. At the expense of other species, climate 

change may benefit some and give them a suitable home. For example, the study included Huang et al.'s 

study on the regional distribution of Glycyrrhiza species in China and the impact of climate change 

showed that a few Glycyrrhiza species will find their habitats more suitable in the upcoming years due to 

changing climatic circumstances, as follows: 34.0% for Glycyrrhiza pallidiflora, 49.0% for Glycyrrhiza 

yunnanensis, 51.7% for Glycyrrhiza glabra, 65.9% for Glycyrrhiza aspera, 61.6% for Glycyrrhiza 

inflata, and 47.5% for Glycyrrhiza squamulosa [36]. However according to a recent study by 

Cahyaningsih et al., in the upcoming years, it is expected that eleven medicinal plants from Indonesia 

will have the most limited distribution regions [22]. Furthermore, by analyzing the present and 

anticipated distributions of areas that are suitable for the cultivation of Camellia sinensis (L.) O. Kuntze 

in Sri Lanka, Jayasinghe and Kumar projected that the aggregate areas classified as "optimal," 

"medium," and "marginal" suitability would decline by roughly 10.5%, 17%, and 8%, respectively, by 

2050 and 2070 [35]. This shows that climate change may create favorable conditions for certain species, 

which would significantly reduce the number of vulnerable species overall. Chronic disregard of the 

species or population characteristics and their interactions with the ecosystem may lead to an 

overestimation of the impact of climate change on plant species. Despite the possibility that certain 

species might expand their range a number of variables, including altitude [37] and human activities in 

the surrounding area, may make it more difficult for them to move. According to Harnik et al.'s results, 

local abundance, habitat breadth, and regional range all affect the determination of extinction [38]. 

Notably, the loss of geographic range is predicted to cause the extinction levels to grow even in areas 

where the population is now numerous. 

 

Medicinal Plants in Modern Era 

In the present day, medicinal plants are still very important since they have many uses and advantages in 

research, healthcare, and sustainability. With natural, sustainable, and efficient substitutes for 

manufactured medications, medicinal plants are a priceless healthcare resource in the current day. Their 

incorporation into modern medicine, in conjunction with conventional wisdom and cutting-edge 
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scientific discoveries, demonstrates their ongoing significance in tackling issues related to global health, 

fostering cultural diversity, and encouraging environmental sustainability. 

 

Traditional Wisdom and Current Studies: 

Historical Use: Due to their healing qualities, medicinal plants have been utilized by many societies for 

ages. The efficacy of natural remedies is currently being verified and enhanced by combining this 

ancient knowledge with contemporary scientific study.The identification of bioactive molecules in plants 

that have demonstrated effectiveness in treating a variety of illnesses, from infections to cancer, is the 

result of recent study. Numerous pharmacological medications have been made from plant-based 

ingredients, such as morphine from opium poppies or aspirin from willow bark 

. 

Alternative Medicine and Natural Treatments: 

Alternative Medical Treatments: Medicinal plants are being utilized more often as natural treatments 

for a range of illnesses as a result of the growing interest in complementary and holistic medicine. The 

anti-inflammatory, antibacterial, and antioxidant qualities of herbs like garlic, ginger, and turmeric have 

made them well-liked. Patients looking for more natural options may find many medicinal plants 

intriguing since they are thought to have fewer adverse effects than manufactured medications. 

 

Challenges in Global Health 

Antibiotic Resistance: Medicinal plants provide encouraging alternatives as antibiotic resistance 

becomes a more significant worldwide issue. Some plants have shown antibacterial qualities, and they 

may play a key role in the fight against viruses and bacteria that are resistant to treatment. 

Chronic Illnesses: Plants that boost the immune system and help treat ailments including diabetes, high 

blood pressure, and stress include ginseng, ashwagandha, and echinacea. They are a useful tool in the 

management of chronic illnesses, which are becoming more and more common in contemporary culture, 

because of their adaptogenic qualities. 

 

Environmental Impact and Sustainability 

Sustainable & Eco-friendly: Medicinal plants offer a sustainable alternative to synthetic medications, 

which are increasingly being criticized for their negative effects on the environment and their excessive 

dependence on chemical processes. The environmental impact of growing medicinal plants may be less 

than that of making drugs in an industrial setting. Biodiversity conservation: Overharvesting and habitat 

loss are threats to many therapeutic plants. These plants must be cultivated and conserved sustainably in 

order to maintain biodiversity and guarantee their availability for future generations. 

 

Economic Significance 

Global Market: The market for herbal goods, such as teas, supplements, and essential oils, is expanding 

quickly on a global scale. For farmers, companies, and communities involved in the production and 

distribution of therapeutic plants, this opens up financial prospects. 

Employment Creation: The desire for medicinal plants has boosted local economies, particularly in rural 

regions, by generating jobs in marketing, processing, research, and agriculture. 
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Cultural Importance 

Cultural legacy: For many indigenous and local cultures, medicinal plants are an essential part of their 

cultural legacy. Respect for traditional knowledge is fostered and cultural identity is preserved via the 

preservation of these plants and their usage. 

Spiritual and Emotional Health: In many cultures, plants are employed for their spiritual and emotional 

properties in addition to their ability to treat physical illnesses. For example, aromatherapy uses essential 

oils derived from plants to support mental and emotional health. 

 

Drug Development and Innovation 

Plant-based medications: Compounds produced from plants are still used in modern medicine 

development. The Pacific yew tree, for instance, is the source of the anticancer medication paclitaxel 

(Taxol). Potential novel treatments and cures are the result of ongoing research into plant 

chemicals.Biotechnology: Developments in biotechnology enable the improved synthesis and genetic 

alteration of therapeutic molecules from plants, boosting their effectiveness and accessibility. 

 

Future challenges of climate change and medicinal plants 

Climate change and the future of medicinal plants 

Numerous obstacles that medicinal plants must overcome as the consequences of climate change 

become more apparent may have an influence on their accessibility, effectiveness, and cultivation. 

Preserving these priceless resources and making sure they remain essential parts of both contemporary 

and traditional medicine require an understanding of these difficulties. 

 

Modified Growing Environments 

Temperature Shifts: For optimum growth, a number of medicinal plants require particular temperatures 

and environments. Climate change may cause temperature variations that impact the quality of medicinal 

substances found in these plants in addition to lowering yields. Certain plants, for instance, can need 

colder climates, and rising temperatures may force them outside of their ideal growth regions. 

Variations in Rainfall Patterns: The water supply for plants might be drastically changed by droughts 

or heavy rains, which would affect their development cycles. In example, drought stress may lessen a 

plant's capacity to generate medicinally useful bioactive chemicals or possibly cause crop 

failure.Changing Habitats and Ecosystems. 

Loss of Habitat: As a result of ecological changes brought about by climate change, medicinal plants 

are being forced from their natural habitats. Climate-related changes including deforestation, increasing 

sea levels, and habitat fragmentation are having an influence on forests, marshes, and mountain ranges—

all of which are home to a variety of medicinal plants. Numerous species of medicinal plants may 

become endangered or become extinct as a result of the disruption of these ecosystems. 

New illnesses and Pests: As a result of warming temperatures and shifting weather patterns, invasive 

species, illnesses, and pests may appear that might endanger medicinal plants. Without adaptation to 

these new dangers, plants may grow less or lose their therapeutic qualities. 

Impact of Changes in Chemical Composition on Active Compounds: The chemical makeup of 

medicinal plants can be changed by climate-related stressors such variations in temperature, light, and 

humidity. The concentration of advantageous molecules may be lowered by certain environmental 

variables, making them less useful as medications or natural cures. 
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Loss of Potency: For instance, plants' secondary metabolites—such as terpenes, flavonoids, and 

alkaloids—that give them their therapeutic qualities can be changed by extreme heat and water stress. 

This may lessen the therapeutic efficacy and potency of several plant-based medications. 

Extinction Risks: A lot of medicinal plants are extremely susceptible to going extinct as a result of 

climate change, especially those that live in isolated or specialized environments. The loss of uncommon 

and endemic species that may have potential medical uses is made worse by climate change, which 

already threatens biodiversity. 

Genetic variety: In order to develop and maintain robust crops, medicinal plants' genetic variety is 

essential. The gene pool of medicinal plants may be reduced by climate change, which would further 

restrict their availability and lessen their capacity to adapt to changing climatic conditions. 

 

The Effect on Indigenous Knowledge 

Loss of Traditional Knowledge: Medicinal herbs have long been used by local and indigenous cultures 

to promote health and healing.However, customs and knowledge that have been passed down through 

the years may disappear when these plants' environments are destroyed or changed. This can result in the 

loss of knowledge that has been applied to the sustainable management and cultivation of these plants, 

as well as the degradation of priceless cultural property.Cultural Practice Disruption: Numerous 

indigenous groups have accumulated complex knowledge about the area flora and fauna. A collapse in 

the link between these people and their natural resources might result from climate change upsetting the 

customs of agriculture, harvesting, and conservation. 

 

EconomicRepercussions 

Worldwide Supply Chain Upheavals: The world economy depends heavily on the medicinal plant 

sector, which supplies raw materials for pharmaceutical, cosmetic, essential oil, and herbal medicine 

goods. Price volatility, supply shortages, and economic instability in the businesses that rely on 

medicinal plants might result from climate change-related disturbances in their availability and 

cultivation. 

Employment Losses in Herbal Medicine and Agriculture: Due to the detrimental effects of changing 

climate conditions on crop yields, farmers who depend on farming medicinal plants may have financial 

difficulties. Small-scale manufacturers and practitioners of herbal medicine may also find it difficult to 

sustain their enterprises, which might result in job losses and financial displacement. 

 

Concerns for Conservation and Sustainability 

Overharvesting and Unsustainable Practices: The urge to overharvest medicinal plants in order to 

satisfy the rising demand for herbal goods worldwide may result in unsustainable practices, as climate 

change is already putting stress on plant populations. Without effective conservation measures, these 

plants' populations may decline and their long-term supply may be threatened if they are harvested at an 

unsustainable pace. 

Conservation Initiatives: Strategies for medicinal plant conservation are made more difficult by 

climate change. As plant species' native habitats change, protected places could no longer be appropriate 

for them. It could be necessary to modify preservation efforts for these plants to take into consideration 

the altered environmental conditions. 
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Climate Change Adaptation: Approaches and Remedies 

Biotechnology and Breeding: Utilizing biotechnology and plant breeding is one possible way to 

overcome these obstacles. Researchers may concentrate on creating therapeutic plant cultivars that are 

more adaptable to pests, droughts, and harsh temperatures. Furthermore, under shifting climatic 

conditions, biotechnology developments may improve the synthesis of therapeutic . 

Sustainable Methods of Cultivation: The effects of climate change on medicinal plants can be lessened 

by promoting sustainable agricultural methods including organic, permaculture, and agroforestry. These 

techniques help increase biodiversity, conserve water, and maintain soil health. Conservation and Seed 

Banking: In situ conservation efforts and seed banking are crucial tools for preserving genetic variety. 

This guarantees the preservation of therapeutic plant species so they can be grown or reintroduced into 

the wild in the future. To successfully execute these initiatives, cooperation between local communities, 

NGOs, and governments is essential. 

 

Conclusion 

In many regions of the world, public health is predicted to suffer from increased climatic extremes and 

economic losses brought on by climate change, while at the same time, the resilience offered by access 

to helpful medicinal plants is predicted to deteriorate. If action is not taken immediately, it may be 

anticipated that this may lead to more avoidable fatalities and human misery. Reversing the current 

trends would be ideal, and we naturally support vigorous efforts to ameliorate climate change in order to 

lessen its detrimental consequences on human societies and the ecosystem globally. Yet, as mitigation 

isn't likely to be vigorous and quick enough to completely stop disruptive climate change, adaptation 

actions are also crucial to lessen the harm that will be experienced, and they may frequently be carried 

out locally. We implore the national and local governments, nongovernmental organizations, and the 

public health and ethno botanical communities to take steps to ensure that all communities, especially 

those that rely on medicinal plants for their income or medical care, continue to have access to high-

quality traditional medicines. Promoting the growth of medicinal plants in community gardens to 

preserve local access, protecting and honoring the significance of traditional knowledge about plants and 

their sustainable use, and educating harvesters in sustainable methods are some actions that could 

support medicinal plant populations. Promoting or mandating the use of certification schemes for 

materials gathered from the wild, particularly in global trade, and putting in place immediate, extensive 

conservation initiatives, such as habitat preservation. In the event that use patterns need to be adjusted, 

consumers and product manufacturers could be informed by regional Phytochemical research or quality 

control programs that track the biomarker content of economically significant medicinal plants, 

particularly alpine species, and identify changes in their content and quality brought on by climate 

change. Although ex situ seed banking and aided migration may be necessary as last choices to stop the 

permanent worldwide extinction of valuable species, we stress that these actions will not lessen the 

impact to modern human populations. 

 

REFERENCE 

1. Union of Concerned Scientists. World Scientists Warning to Humanity. Cambridge: Union of 

Concerned Scientists; 1992. Available at https:// www.ucsusa.org/about/1992-world-

scientists.html#.XD5D4ml7ncs. Accessed November 12, 2019. 

http://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR250665020 Volume 7, Issue 6, November-December 2025 9 

 

2. Ripple WJ, Wolf C, Newsome TM, Galetti M, Alamgir M, Crist E, Mahmud MI, Laurence WF, and 

15, 364 scientist signatories from 184 countries. World Scientists warning to humanity: a second 

notice. Bioscience 2017; 67: 1026–1028 

3. Finlayson CM, Davies GT, Moomaw WR, Chmura GL, Natali SM, Perry JE, Roulet N, Sutton-Grier 

AE. The second warning to humanity – providing a context for wetland management and policy. 

Wetlands 2019; 39: 1–5 

4. Cavicchioli R, Ripple WJ, Timmis KN, Azam F, Bakken LR, Baylis M, Bergenfield MJ, Boethius 

A, Boyd PW, Classen AT, Crowther TW, Danovaro R, Foreman CM, Huisman J, Hutchins DA, 

Jansson JK, Karl DM, Koskella B, Welch DBM, Martiny JBH, Moran MA, Orphan VJ, Reay DS, 

Remais JV, Rich VI, Singh BK, Stein LY, Stewart FJ, Sullivan MB, van Oppen MJH, Weaver SC, 

Webb EA, Webster NS. Scientists warning to humanity: microorganisms and climate change. Nat 

Rev Microbial 2019; 17: 569– 586. 

5. World Health Organization. WHO traditional Medicine Strategy 2002– 2005. Geneva: World Health 

Organization; 2002. 

6. Robinson MM, Zhang X. The World Medicines Situation 2011. Traditional Medicines: global 

Situation, Issues and Challenges. Geneva: World Health Organization; 2011. 

7. Heinrich M, Jaeger AK, eds. Ethnopharmacology. Chichester: Wiley; 2015. 

8. Welch RM, Graham RD. Breeding for micronutrients in staple food crops from a human nutrition 

perspective. J Exp Bot 2004; 55: 353– 364 

9. Figàs MR, Prohens J, Raigón MD, Fita A, Garcia-Martinez MD, Casanova C, Borràs D, Plazas M, 

Andújar I, Soler S. Characterization of composition traits related to organoleptic and functional 

quality for the differentiation, selection and enhancement of local varieties of tomato from different 

cultivar groups. Food Chem 2015; 187: 517–524. 

10. Salick J, Fang Z, Byg A. Eastern Himalayan alpine plant ecology, Tibetan ethnobotany, and climate 

change. Global Environ Change 2009; 19: 147–155 

11. Gairola S, Shariff NM, Bhatt A, Kala CP. Influence of climate change on production of secondary 

chemicals in high altitude medicinal plants: issues needs immediate attention. J Med Plants Res 

2010; 4: 1825–1829. 

12. Mountain Research Initiative EDW Working Group. Elevation-dependent warming in mountain 

regions of the world. Nat Clim Chang 2015; 5: 424–430. 

13. Turner NJ, Deur D, Mellott CR. “Up on the mountain”: Ethnobotanical importance of montane sites 

in Pacific coastal North America. J Ethnobiol 2011; 31: 4–43. 

14. Haddad NM, Brudvig LA, Clobert J, Davies KF, Gonzalez A, Holt RD, Lovejoy TE, Sexton JO, 

Austin MP, Collins CD, Cook WM, Damschen EI, Ewers RM, Foster BL, Jenkins CN, King AJ, 

Laurance WF, Levey DJ, Margules CR, Melbourne BA, Nicholls AO, Orrock JL, Song DX, 

Townshend JR. Habitat fragmentation and its lasting impact on Earthʼs ecosystems. Sci Adv 2015; 1: 

e1500052. 

15. Spitaler R, Winkler A, Lins I, Yanar S, Stuppner H, Zidorn C. Altitudinal variation of phenolic 

contents in flowering heads of Arnica montana cv. ARBO: a 3-year comparison. J Chem Ecol 2008; 

34: 369–375. 

16. Ganzera M, Guggenberger M, Stuppner H, Zidorn C. Altitudinal variation of secondary metabolite 

profiles in flowering heads of Matricaria chamomilla cv. BONA. Planta Med 2008; 74: 453–457. 

http://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR250665020 Volume 7, Issue 6, November-December 2025 10 

 

17. Nchabeleng L, Mudau FN, Mariga IK. Effects of chemical composition of wild bush tea (Ahtrixia 

phylicoides DC.) growing at locations differing in altitude, climate and edaphic factors. Med Plants 

Res 2012; 6: 1662– 1666. 

18. Albert A, Sareedenchai V, Heller W, Seidlitz HK, Zidorn C. Temperature is the key to altitudinal 

variation of phenolics in Arnica montana L. cv. ARBO. Oecologia 2009; 160: 1–8. 

19. Maranz S, Wiesman Z. Influence of climate on the tocopherol content of shea butter. J Agric Food 

Chem 2004; 52: 2934–2937. 

20. IPCC. Climate Change 2014: Synthesis Report. Contribution of Working Groups I, II and III to the 

Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Core Writing Team, 

Pachauri RK, and Meyer LA, editors]. Geneva: IPCC; 2014. 

21. Chung IM, Kim JJ, Lim JD, Yu CY, Kim SH, Hahn SJ. Comparison of resveratrol, SOD activity, 

phenolic compounds and free amino acids in Rehmannia glutinosa under temperature and water 

stress. Environ Exp Bot 2006; 56: 44–53 

22. Jochum GM, Mudge KW, Thomas RB. Elevated temperatures increase leaf senescence and root 

secondary metabolite concentrations in the understory herb Panax quinquefolius (Araliaceae). Am J 

Bot 2007; 94: 819–826. 

23. Tangjitman K., Trisonthi C., Wongsawad C., Jitaree S., and Svenning J.-C., Potential impact of 

climatic change on medicinal plants used in the Karen women’s health care in northern Thailand, 

2015. 

24. Shi X., Wang J., Zhang L., Chen S., Zhao A., Ning X., Fan G. et al., Prediction of the potentially 

suitable areas of Litsea cubeba in China based on future climate change using the optimized MaxEnt 

model, Ecological Indicators, vol. 148, p. 110093, Apr. 2023. DOI: 

https://doi.org/10.1016/j.ecolind.2023.110093 

25. Cahyaningsih R., Phillips J., Magos Brehm J., Gaisberger H., and Maxted N., Climate change impact 

on medicinal plants in Indonesia, Global Ecology and Conservation, vol. 30, p. e01752, Oct. 2021. 

DOI: https://doi.org/10.1016/j.gecco.2021.e01752 

26. Khanum R., Mumtaz A. S., and Kumar S., Predicting impacts of climate change on medicinal 

asclepiads of Pakistan using Maxent modeling, Acta Oecologica, vol. 49, pp. 23–31, May 2013. 

DOI: https://doi.org/10.1016/j.actao.2013.02.007 

27. Asase A. and Peterson A. T., Predicted impacts of global climate change on the geographic 

distribution of an invaluable African medicinal plant resource, Alstonia boonei De Wild, Journal of 

Applied Research on Medicinal and Aromatic Plants, vol. 14, p. 100206, Sep. 2019. 

28. Ngarega B. K., Chaibva P., Masocha V. F., Saina J. K., Khine P. K., and Schneider H., ‘Application 

of MaxEnt modeling to evaluate the climate change effects on the geographic distribution of Lippia 

javanica (Burm.f.) Spreng in Africa’, Environ Monit Assess, vol. 196, no. 1, p. 62, Jan. 2024. DOI: 

https://doi.org/10.1007/s10661-023-12232-3 

29. Sharma M., Thakur R., Sharma M., Sharma A. K., and Sharma A. K., Changing scenario of 

medicinal plants diversity in relation to climate change : A REVIEW, 2020. 

30. Pugnaire F. I., Morillo J.A., Peñuelas J., Reich P.B., Bardgett R.D., Gaxiola A., Wardle D.A., Putten 

W.H., Climate change effects on plant-soil feedbacks and consequences for biodiversity and 

functioning of terrestrial ecosystems, Sci. Adv., vol. 5, no. 11, p. eaaz1834, Nov. 2019. DOI: 

https://doi.org/10.1126/sciadv.aaz1834 

http://www.ijfmr.com/
https://doi.org/10.1016/j.ecolind.2023.110093
https://doi.org/10.1016/j.gecco.2021.e01752
https://doi.org/10.1016/j.actao.2013.02.007
https://doi.org/10.1126/sciadv.aaz1834


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR250665020 Volume 7, Issue 6, November-December 2025 11 

 

31. Harish S., Parthasarathy S., Durgadevi D., Anandhi K., and Raguchander T., Plant Growth-

Promoting Rhizobacteria: Harnessing Its Potential for Sustainable Plant Disease Management, in 

Plant Growth Promoting Rhizobacteria for Agricultural Sustainability, A. Kumar and V. S. Meena, 

Eds., Singapore: Springer Singapore, 2019, pp. 151–187. DOI: https://doi.org/10.1007/978-981-13-

7553-8_8 

32. Shen T., Yu H., and Wang Y.-Z., 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, vol. 123, p. 107376, Apr. 2021. DOI: 

https://doi.org/10.1016/j.ecolind.2021.107376 

33. Huang S., Zhang W., Hong Z., Yuan Y., Tan Z., Wang Y., Chen Z. et al., Geographic distribution 

and impacts of climate change on the suitable habitats of Glycyrrhiza species in China’, Environ Sci 

Pollut Res, vol. 30, no. 19, pp. 55625– 55634, Mar. 2023. DOI: https://doi.org/10.1007/s11356-023-

26232-w 

34. Jayasinghe S. L. and Kumar L., Modeling the climate suitability of tea Camellia sinensis (L.) O. 

Kuntze in Sri Lanka in response to current and future climate change scenarios, Agricultural and 

Forest Meteorology, vol. 272–273, pp. 102– 117, Jul. 2019. DOI: 

https://doi.org/10.1016/j.agrformet.2019.03.025 

35. Liu H., Mi Z., Lin L., Wang Y., Zhang Z., Zhang F., Wang H. et al., Shifting plant species 

composition in response to climate change stabilizes grassland primary production, Proc. Natl. Acad. 

Sci. U.S.A., vol. 115, no. 16, pp. 4051–4056, Apr. 2018. DOI: 

https://doi.org/10.1073/pnas.1700299114 

36. Harnik P. G., Simpson C., and Payne J. L., Long-term differences in extinction risk among the seven 

forms of rarity, Proc. R. Soc. B., vol. 279, no. 1749, pp. 4969–4976, Dec. 2012. 

http://www.ijfmr.com/
https://doi.org/10.1007/978-981-13-7553-8_8
https://doi.org/10.1007/978-981-13-7553-8_8
https://doi.org/10.1016/j.ecolind.2021.107376
https://doi.org/10.1007/s11356-023-26232-w
https://doi.org/10.1007/s11356-023-26232-w
https://doi.org/10.1016/j.agrformet.2019.03.025
https://doi.org/10.1073/pnas.1700299114

