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Abstract

This article highlights the significance of global trends, conservation strategies, resource management, and sustainable development for
medicinal plant species. By integrating these all-encompassing strategies, we can create a long-term sustainable path. For the property use
of meditative plant resources, we tend to emphasize that all conservation techniques (such as in situ and ex situ conservation and cultivation
practices) and resource management (such as prudent agricultural practices and property use solutions) should be considered. This tendency
suggests that in order to increase yield and alter the efficiency of meditation plants, biotechnical methods (such as tissue culture, micro
propagation, artificial seed technology, and molecular marker-based approaches) should be used. The business harvest of seasoned drugs to
satisfy the growing urban demand has become Associate in nursing environmentally damaging activity in several countries. Non-sustainable
gathering not solely threatens the survival of meditative plant species, however additionally those that depend upon them. Our three-party
analysis enabled United States of America to tell apart between species while not property issues (abundant, domesticated, cultivated,
restricted market price, disturbance species or living harvest) and species with conservation priorities.
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Introduction

The use of medicinal plants for therapeutic purposes has been practiced since ancient times. Herbal medications are mostly made from
medicinal plants. Ancient traditional medical systems, such as Chinese, Egyptian, and Ayurvedic, have relied heavily on these plants. As an
alternative source of health-promoting medications, medicinal plant products have taken center stage in the healthcare system over time. The
primary reasons for the increased popularity of medicinal plants are the increasing inefficiency and negative effects of many modern synthetic
drugs, such as a rise in bacterial resistance. Approximately two-thirds of the world's population in developing countries receives their primary
medical care from plant-based traditional medicines and herbal remedies, according to estimates from the World Health Organization (WHO)
(Alum, 2025).

Human ailments, both major and minimal, are treated with medicinal herbs. They are also utilized as raw materials to make a variety of
goods, from modern to traditional medications. Regular scientific research has emphasized the importance of many plant families, including
the Asteraceae, Apocynaceae, Liliaceae, Rutaceae, Caesalpiniaceae, Solanaceae, Piperaceae, Ranunculaceae, Apiaceae, Sapotaceae, etc., and their
medicinally useful bioactive compounds as contributing to the abundance of nature. Effective disease prevention and treatment, symptom
relief, and beneficial regulation of the body's physical and mental conditions are only a few of the therapeutic applications for the medicinally
relevant bioactive components extracted from these plants (Shukla, 2023).

The production of plants as raw materials for fine chemicals must, however, take into account a number of factors, including
understanding how trade in these ingredients and raw materials is structured and regulated both domestically and internationally, recognizing
current industry trends and potential future demands, and looking into the potential need for the production of the final product. Over the past
few decades, there has been a significant increase in interest in the production of commercially significant natural and recombinant bioactive
compounds (Shafi et al., 2021).

Herbal medications made from medicinal plants have a long history and are generally accepted to be both safe and efficacious. A medicine
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strategy that emphasizes policy, safety/quality/efficacy, access, and the sensible application of traditional medicine should be in place to
encourage the appropriate use of both traditional medicine and medicinal plant products. Unfortunately, the use of natural herbal health cures
has increased due to the enormous inflation of the human population. The accurate identification and description of medicinal plants has
benefited greatly from the use of botanical sciences such as plant systemic analysis, plant morphology, physiological research, and molecular
features. More thought is given to plant morphological characteristics in high-refined morphological systems, which evaluate plants based on
evolutionary and genetic concepts (Sharma et al., 2021).

A helpful tool to support precise identification of medicinal plants is the study of gene structure, function, and the method by which genes
are replicated and encoded to control metabolism in botanical categorization (see Molecular Systematics). Moreover, the significance of
secondary metabolites in plant systematics seems to have been partially alleviated by recent developments in underlying biological processes.
The various pharmacological activities of medicinal plants, such as their anti-inflammatory, antibacterial, and antifungal properties, have a
substantial effect on human health. The existence of certain compounds that cause a particular physiological reaction in the human body is
what gives medicinal plants their usefulness. These phytochemicals are widely dispersed throughout the kingdom of plants and have a number
of physiological and ecological functions (Mir et al., 2021).

The main function of these bioactive secondary metabolites is to aid plants in fending off a range of biotic and abiotic stresses, such as
chemical defense against infections, predators, and allopathic agents. The active ingredients in medicinal plants that have therapeutic value are
called secondary metabolites. Their purpose in plant life is generally unknown, despite the fact that they are very small chemical compounds
that are widely distributed throughout the plant kingdom. The main chemical processes that create these metabolites in medicinal plants are
oxidation, reduction, substitution, and condensation reactions. Numerous phytochemicals, including phenolic compounds, flavonoids, alkaloids,
tannins, and terpenes, are synthesized and accumulated by medicinal plants and are used either as precursors for synthesis or for therapeutic
purposes (Ssenku et al., 2022).

Deterioration is also caused by physical elements like light, oxygen content, temperature, and humidity, either separately or in
combination. The physical appearance and degradation of the herbs are caused by elevated temperatures and humidity, which accelerate
enzymatic activities shown in figure 1. Excessive oxygen levels cause the active components in medications to oxidize, which frequently leads
to essential oils becoming rancid or resignified. Bacterial and fungal spore contamination of dried herbs can occur, usually with the development
of mold. This can cause changes in the plant material's appearance, disintegration in some situations, and even the production of an unpleasant
odor (Madsen & Smith-Hall, 2023).

Fig. 1: showing loss of biodiversity
of medicinal plants

Invasion of
exotic species

Threats to Medicinal Plants
Loss of Habitat and Disintegration

The loss and fragmentation of habitat is one of the most urgent challenges to medicinal plants. Natural habitats are being quickly altered
or destroyed as a result of growing infrastructure, deforestation, urbanization, and agriculture. Because medicinal plants frequently have
particular ecological needs, their populations are at risk when those habitats are destroyed or fragmented. Fragmentation lowers population
sizes, interferes with gene flow, and raises the possibility of local extinctions. To guarantee the survival of medicinal plant species, conservation
initiatives must focus on the restoration and maintenance of appropriate habitats. Unsustainable practices and excessive harvests. The
populations of medicinal plants are seriously threatened by uncontrolled and unsustainable harvesting. Unsustainable collecting methods
combined with the growing demand for herbal treatments can cause overexploitation and the decline of natural populations (Mishra et al.,
2023).

The implementation of sustainable harvesting practices, such as encouraging cultivation and certification programs, can ease the pressure
on wild populations. Climate Variability and Environmental Elements Medicinal plants are at serious risk from climate change because altered
precipitation patterns, higher temperatures, and intense thunderstorms can upset the delicate ecological balance that is essential to their
survival. The growth, reproduction, and general health of medicinal plants can all be impacted by variations in temperature, moisture, and
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other environmental factors. Furthermore, species' geographic distribution may be impacted by climatic change, leading to range expansions
or shifts (Ogwu & Osawaru, 2022).

Finding species that are climate robust and preserving a variety of habitats that act as ecological buffers are two examples of adaptation
and mitigation methods that should be incorporated into conservation plans. A multifaceted strategy that includes habitat conservation,
sustainable harvesting methods, and climate change adaptation is needed to address these issues. Important habitats for medicinal plants can
be preserved by establishing nature reserves and protected areas. Pressure on wild populations can be lessened by promoting the growing of
medicinal plants through community-based projects or agroforestry systems. Long-term preservation also depends on educating consumers,
herbal medicine professionals, and local communities about sustainable harvesting methods and the value of protecting medicinal plants. In
conclusion, medicinal plants confront numerous hazards to their survival, such as habitat loss, overharvesting, and climate change (Mofokeng
etal., 2022). Implementing conservation measures that prioritize habitat preservation, sustainable practices, and adaption techniques is crucial
to addressing these concerns.

Conservation Strategies
In situ Conservation

The preservation and management of therapeutic plants in their native environments is known as "in situ conservation." Medicinal plants
can be preserved in situ using a variety of strategies. Important habitats for these plants can be legally safeguarded and their long-term survival
can be guaranteed by creating nature reserves and protected areas. Conservation goals, such as preventing habitat degradation, controlling
invasive species, and encouraging natural regeneration, should guide the management of these sites (Manzoor et al., 2023). For in situ
conservation projects to be successful, cooperation between stakeholders, indigenous peoples, and local populations is essential.

Ex situ Conservation

Ex situ conservation is the practice of preserving species of medicinal plants away from their natural environments. For species that are
rare, endangered, threatened, or have small numbers, this strategy is especially crucial. Botanical gardens and arboreta are essential because
they preserve living collections of therapeutic plants. These establishments offer a regulated setting for public teaching, research, and cultivation
(Rahman et al., 2022). They guarantee the preservation of the genetic diversity of medicinal plant species by storing their seeds or tissue
samples. For reintroduction attempts, slow-growing or uncommon medicinal plants can be quickly propagated using tissue culture and micro
propagation techniques.

Frameworks for Law and Policy

At the national and international levels, strong legal and regulatory frameworks must be established in order to conserve medicinal plants.
Convention on International trading in Endangered Species of Wild Fauna and Flora (CITES) and Convention on Biological Diversity (CBD) are
two examples of international treaties and accords that give guidelines and limits for the sustainable use and trading of medicinal plant species.
National laws should address sustainable harvesting practices, habitat conservation, access and benefit-sharing, and intellectual property rights.
It is also crucial to integrate traditional knowledge and practices into legislative frameworks to ensure that the rights and contributions of
indigenous groups are recognized and protected.

The integration of ex situ and in situ conservation methods, along with the development of robust legal and policy frameworks, can
enhance the management and protection of medicinal plants. These approaches provide a comprehensive approach to protecting species in
their natural habitats and ensure the availability of genetic resources for research, cultivation, and sustainable use. To secure the future of
medicinal plants and implement successful conservation policies, cooperation between governments, conservation organizations, local people,
and other stakeholders is essential (Nazakat et al., 2021).

Challenges in Medicinal Plant Conservation
Absence of Public Support and Awareness

The general public's lack of awareness of the importance of medicinal plants and the threats they confront is a major barrier to their
conservation. There is a lack of knowledge on the economic, cultural, and ecological relevance of medicinal plants. Therefore, the absence of
public support for conservation activities makes it challenging to generate money and implement effective conservation measures. Raising
awareness through education programs, public campaigns, and community engagement is essential to gaining public support and fostering a
sense of responsibility for the conservation of medicinal plants. Material and Financial Restrictions Insufficient funding and resources
significantly hinder medicinal plant conservation initiatives (Dey et al., 2021).

Research, rehabilitation of habitat, outreach to the public, and capacity building are just a few of the tasks that conservation programs
need financial assistance for. However, conservation financing is frequently either irregular or insufficient. Furthermore, the implementation
of comprehensive conservation measures is hampered by a lack of infrastructure, expertise, and human resources. In addition to creative
strategies like public-private partnerships and sustainable financing systems, overcoming these obstacles calls for more funding for
conservation from both governmental and non-governmental sources (Ansari et al., 2023).

Inadequate Data and Research

One major barrier to the conservation of medicinal plants is the lack of comprehensive research and data on them. There is still much to
learn about the ecology, distribution, population dynamics, and hazards of many therapeutic plant species. This information gap hinders
conservation planning and decision-making. This problem requires further research, including botanical surveys, population estimations, and
ecological studies.
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This information vacuum can be filled and data that guides conservation plans can be produced through cooperative research
collaborations involving scientists, local people, and traditional healers. Setting Priorities for Conservation and Making Trade-offs Prioritization
and trade-offs are frequent problems for conservation initiatives. Prioritizing particular species or ecosystems for conservation efforts becomes
vital when resources are scarce (Groner et al., 2022).

Setting priorities, however, can be difficult and involve factors including a species' ecological responsibilities, cultural significance,
economic value, and conservation status. Trade-offs between various goals, such conservation and sustainable use, may be necessary when
making conservation decisions. Careful consideration, stakeholder involvement, and participatory decision-making procedures are necessary
to balance these trade-offs. Diverse parties must work together and put up collaborative effort to overcome these obstacles. Governments,
conservation groups, researchers, local communities, traditional healers, and the business sector must work together to address the problems
of awareness, funding, research, and decision-making in the protection of medicinal plants. By increasing awareness, securing adequate
funding, doing top-notch research, and taking part in inclusive conservation planning processes, it is possible to get over these challenges and
ensure the long-term preservation of medicinal plants for future generations (Anand et al., 2023).

Risks to the Biodiversity of Medicinal Plants

The continuous harm to the world's medicinal plant supplies worries environmentalists and resource users alike. Due to the increased
demand in recent years for herbal remedies, medicinal plants in the pharmaceutical business, and other natural goods, plants are being taken
from the wild and exploited in an unsustainable manner. Because of overexploitation, habitat degradation, land use changes, and other similar
problems, threats to genetic diversity and species survival have also increased in the case of medicinal plant resources. Furthermore, medicinal
plants are being traded in an unsustainable manner for monetary benefit (Kidane & Kejela, 2021).

Along with putting plant resources at risk, habitat loss or alteration also seriously jeopardizes cultural variety, traditional community life,
and the understanding of the medicinal potential of particular endemic species. More than 20% of the wild medicinal plants are already extinct
due to the increasing human population and plant consumption. However, the nature, extent, and impact of these factors, as well as the degree
of risk, vary from country to country. In order to employ practical conservation techniques to preserve medicinal plants, it is crucial to
investigate their biological traits and geographic distribution (Maroyi, 2022).

Destruction of Habitat

Destroying habitat is regarded as a serious hazard that could lead to the extinction of living species, including medicinal plants
found around the world. Humans have an impact on the natural habitats of animals and plants everywhere in the world today, in cluding
high alpine regions, coasts, rainforests, and deserts. The variety of medicinal plants may be impacted by this danger (habitat
degradation) in a number of ways. The rapid extinction of significant plant species due to ecological damage is one of the biggest worries
(Shivali & Namrata, 2022).

Furthermore, the soil in places where natural vegetation has been removed is vulnerable to uncontrollable soil erosion if it is not permitted
to return to its native state. Consequently, the natural vegetation and its medicinal plants are lost forever. Wetlands and coastal plant species
are lost as a result of the destruction of mangrove forests in many developing countries for aquaculture, farming, and other purposes. Plant
species now have a restricted range of tolerance to changing climatic conditions as a result of habitat architectural changes brought about by
anthropogenic activity and climate change over the past century. One of the 34 biodiversity hotspots in the world, the Himalayan area, has lost
more than 70% of its natural environment (Petelka et al., 2022).

Because of the expanding population in these areas, there has been a larger conversion of woods, marshes, and grasslands to agricultural
land and human settlements. Road development across natural regions has ultimately led to habitat fragmentation, increased spread of invasive
species, insects, and deadly illnesses, and finally, the loss of critical medicinal flora. Therefore, there is an urgent need to better identify and
assess the threats to various plant species and their ecosystems, with a particular emphasis on their spectrum of adaptability.

Overuse

The variety of medicinal plants is seriously threatened by anthropogenic overexploitation. In our human-dominated society, where
no one is aware of the depletion of the planet's resource capital, overuse of medicinal plant resources has become a major threat to the
survival of the diversity of medicinal plants worldwide. In addition to using the resources found on the surface of the earth, humans
also encroach on deeper layers, which is completely unsustainable. Overharvesting of medicinal plant species is threatening some of
the precious wild species and their habitats, as well as reducing access to traditional medicines. The World Conservation Union (IUCN)
estimates that between 50,000 and 80,000 medicinal plants are employed in traditional healthcare systems worldwide; overharvesting
of these plants could pose a concern. While many species of medicinal plants are not affected by harvest pressure, some can be driven
extinct even at the lowest harvest levels. Future generations will be impacted as a result of humans' depletion of the planet's precious
resources (Marcelino et al., 2023).

Erosion of Genetics

Along with other threats, genetic erosion poses a severe threat to medicinal plant species. In addition to the natural genetic process of
erosion, humans also modify genes through various mutations. The growth and enhancement of different types of medicinal plants often results
in genetic alterations that cause the concentration of particular compounds to be amplified. These variations happen quite fast in comparison
to the typical changes that take place over a few years. These changes disturb the plants' natural balance even though they initially have the
desired benefits. The long-term therapeutic advantages of these plants are still up for debate, despite the fact that these desired components
may be removed to treat a range of ailments (Kumar et al., 2021).
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Ineffective Regulation

The decline of customary laws that have traditionally regulated the exploitation of natural resources has put medicinal plants in greater
danger. Such laws have been easily undermined by modern socioeconomic forces. Many European countries have developed national and
regional laws to address a range of medicinal plant conservation issues, in addition to being bound by the Convention on International Trade
on Endangered Species of Flora and Fauna (CITES) and the Convention on Biological Diversity (CBD). Some of the community norms that
traditionally safeguarded the medicinal plants have been replaced by forest regulations, which are still not well applied and enforced, especially
in the more isolated areas of the larger Himalayas. Due to illicit trafficking in Nepal and along the Indian border, the population of some prized
aromatic plants, such as Nardostachys grandiflora and Picrorhiza kurroa, has decreased (Halder et al., 2021).

The Necessity of Conservation

As long as forest resources are being destroyed, the variety of medicinal plants and their natural habitats will continue to be threatened
by overexploitation. Conservation is therefore crucial in order to protect the natural habitats of medicinal plant species that are at risk and to
achieve sustainable extraction in less vulnerable areas.

Despite the acknowledged importance and usefulness of medicinal plants, their existence in their natural habitats is threatened by the
degradation of their natural ecosystems. Several valuable medicinal plant species are disappearing at an alarming rate due to forest destruction,
and some of the medicinal raw materials used in various pharmaceutical enterprises around the world are already running low. If deforestation
continues at its current pace, mass extinction is expected to occur, and a significant amount of genetic variety is thought to be lost. Habitat
fragmentation and destruction negatively impacts the diversity of rare species (Ahad et al., 2021).

Concerns about Conservation

The conservation of medicinal plant resources is gaining a lot of attention worldwide for traditional healthcare due to the risks they face
and their increasing significance. The shortcomings of contemporary allopathic medications are reviving interest in natural herbal remedies
inside the healthcare system. Numerous conservation concerns pertaining to medicinal plants have been brought about by it.

Issues with Ecological and Biological Conservation

These kinds of problems pertaining to the preservation of medicinal plants are regarded as the main ones that environmentalists are
particularly worried about. The resources of medicinal plants are constantly in danger of going extinct because of factors like habitat
degradation, overexploitation, population growth, environmentally unfriendly harvesting methods, and the illicit trade in medicinal plants.
Because of this declining biodiversity, environmentalists developed robust conservation policies. It is critical to prevent resource depletion
because many plant species are in danger of going extinct and many have already done (Dutta et al., 2022).

Preservation of Customary Knowledge

Understanding how to use medicinal plants is a pressing problem that is fading over time and requires careful consideration. This
knowledge is in grave danger of being lost forever while it is being passed down from one generation to the next. Traditional knowledge on the
varieties, distribution, management, extraction techniques, and beneficial qualities of medicinal plants is fast dwindling. In South Asian rural
areas, traditional herbal healers and people have been using traditional medicines for hundreds of years.

Provision of High-Quality Healthcare

Health policymakers are becoming more aware of the need to provide appropriate arrangements for healthcare due to the reduction in
traditional medical knowledge and plant resources. Western medicine was advocated in almost every nation until recently, but this is
increasingly changing, particularly in China and India. Conservation is impacted by the lack of official acknowledgment because recognition
policies have the power to elevate village-level practitioners, who are the most knowledgeable members of their communities and have a deep-
seated belief in the preservation of medicinal plants (Alemu et al., 2024).

Conclusion

In addition to the unregulated trade in these resources, they are endangered due to the unsustainable use of medicinal plant resources for
food, medicine, fuels, and grazing. In order to maintain this diminishing legacy, medicinal plant resources need to be managed, researched,
protected, and made more widely known. These wealth of medicinal plants and their environments must be preserved. The government ought
to prioritize these resources and encourage their limited and sustainable use. The establishment of natural protected places, such as botanical
gardens, wild nurseries, and wild reserves, should be promoted. Improved cultivation is necessary for the bulk production and preservation of
therapeutic plants. Furthermore, the ability to address the current damage to these resources and encourage alternate agricultural development
of these resources will determine the future of medicinal plants globally. Many scholars emphasized the necessity for sustainable management
strategies to conserve medicinal plant resources; therefore, these strategies must explore the current patterns of medicinal plant collecting,
distribution, and use. Investigating the elements that can be used as preventive strategies to address these activities or provide information
about how detrimental they are to the sustainability of medicinal plants in a particular location is desperately needed. In order to preserve this
priceless legacy, it is crucial to work toward the conservation and sustainable use of medicinal plant resources.
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