Sustainable Harvesting and Cultivation Practices of Medicinal Plants

Abstract

The global demand for medicinal plants continues to grow, fueled by their integral role in
both traditional and modern healthcare systems. However, this increasing demand has brought
about challenges as unsustainable harvesting practices and habitat degradation threaten the future
of these dynamic resources. Recognizing these risks, sustainable harvesting and cultivation have
become critical strategies for safeguarding medicinal plants while still meeting the needs of those
who rely on them. This review delves into the importance of sustainable practices,exploring how
they contribute to the preservation of biodiversity, the health of ecosystems, and the socio-
economic well-being of communities. We take a closer look at the principles guiding sustainable
harvesting, identify the factors that lead to unsustainable practices, and discuss the ecological
impacts of overharvesting. The review also explores the role of cultivation as a viable alternative
to wild collection, showing how it can support wild populations, enhance genetic diversity and
ease the strain on natural habitats. By bringing together current knowledge and best practices,
this review seeks to advance the conversation on sustainable resource management. It
encourages the adoption of methods that will ensure the continued availability of medicinal

plants, preserving these precious resources for generations to come.
Introduction

Medicinal plants, also known as herbs or herbal medicines, are botanical species that
contain hioactive compounds with therapeutic properties. These plants have been utilized for
centuries across:diverse cultures and traditions for their ability to prevent, alleviate, or cure
various ailments (Chaachouay and Zidane, 2024; Fayiahet al., 2024). Their significance lies not
only in their historical and cultural roles but also in their potential contributions to modern
healthcare, drug discovery and sustainable agriculture. There are over 1300 medicinal plants
used in Europe, of which 90% are harvested from wild resources; in the United States, about 118
of the top 150 prescription drugs are based on natural sources (Popoola, 2024). Medicinal plants
serve as sources of traditional remedies, pharmaceutical drugs and herbal supplements, offering

natural alternatives to conventional medicine and addressing healthcare needs worldwide, they



play importantecological roles, supporting biodiversity, ecosystem resilience and economic
livelihoods for communities reliant on their cultivation and trade (Karki et al., 2003; Fajimniet
al., 2023)).

The importance of sustainable harvesting and cultivation of medicinal plants cannot be
overstated in today's context of escalating environmental degradation and biodiversity loss.
Sustainable practices ensure the continued availability of medicinal plant resources while
safeguarding ecosystems and biodiversity for future generations (Shukla, 2023). With adoptionof
sustainable harvesting methods, such as selective harvesting and controlled extraction, we can
mitigate the risk of overexploitation and habitat destruction, thereby preserving the natural
habitats of medicinal plants and protecting associated flora and fauna (Cooke et al., 2023).
Cultivation of medicinal plants offers an alternative to wild harvesting, providing a reliable and
regulated source of plant material while reducing pressure on wild populations (Van and
Prinsloo, 2018). Sustainable cultivation practices, such.as agroforestry and organic farming,
promote soil health, water conservation and ecosystem resilience, contributing to broader
environmental sustainability goals (Fatima et al., 2024)The long-term health of people and the
environment, ecological integrity, biodiversity protection and the availability of essential
healthcare resources are all supported.when sustainable practices are prioritised in the harvesting

and cultivation of medicinal plants.

The current state of medicinal plant resources reflects a complex interplay of challenges
and opportunities shaped .by wvarious factors such as habitat loss, overexploitation, climate
change, and socio-economic dynamics (De Meyer, 2023). While medicinal plants continue to
play animportant role in global healthcare systems, their populations face increasing threats from
unsustainable harvesting practices, habitat destruction and declining biodiversity (Mir et al.,
2021; Shafi et al., 2021). The rapid expansion of urbanization, agricultural intensification and
industrialization further exacerbates pressures on natural habitats and ecosystems where
medicinal plants thrive. In response to these challenges, there is growing recognition of the need
for conservation efforts, sustainable management practices and scientific research to address the
sustainable use and preservation of medicinal plant resources (Kala et al., 2006). Despite these
challenges, advances in technology, cultivation techniques and conservation strategies offer

promising avenues for safeguarding medicinal plant biodiversity and ensuring their availability



for future generations. Concerted efforts and interdisciplinary collaboration are essential to
navigate the complex socio-economic, ecological and cultural dimensions associated with the

conservation and sustainable utilization of medicinal plant resources in a rapidly changing world.
Sustainable Harvesting Practices

Sustainable harvesting is about extracting natural resources such as medicinal plants in a
way that maintains ecological integrity, biodiversity and long-term resource availability. At its
core, sustainable harvesting follows the principle of maintaining a balance between resource
extraction and natural regeneration, ensuring that the harvest rate does not exceed the ability of
ecosystems to renew themselves (Peters, 1994). Key principles of sustainable harvesting include
using selective harvesting techniques to minimize impacts on plant populations, respecting
traditional ecological knowledge and indigenous rights, establishing quotas or harvest limits
based on scientific assessments of population dynamics and promoting community-based
management approaches (Keats, 2020; Kaschulaet al., 2005), that enable local interest groups to
participate in decision-making processes. By adhering to these principles, sustainable harvesting
aims to ensure the environmental sustainability of medicinal plant resources while supporting the

socio-economic needs of communities dependent on these valuable natural assets.

Several factors influence sustainable harvesting practices of medicinal plants, ranging
from ecological considerations to socioeconomic dynamics. From an ecological perspective,
factors such as habitat destruction, climate change and invasive species can disrupt natural plant
populations and ecosystems and affect the availability and resilience of medicinal plants
(Applequist et al., 2020; Aryan, 2015). Overharvesting caused by increasing demand and
inadequate regulations poses a significant threat to plant populations and leads to depletion and
loss of biodiversity. Additionally, socioeconomic factors such as poverty, lack of alternative
livelihoods and inadequate access to markets and health services can exacerbate unsustainable
harvesting practices. Cultural and institutional factors, including traditional knowledge,
governance structures and land tenure systems, shape harvesting practices and influence the
sustainability of resource management (Shisanya, 2017). To address these diverse factors,
holistic approaches are required that integrate environmental, social and economic considerations
to promote sustainable harvesting practices and ensure the long-term viability of medicinal plant

resources.



Cultivation Practices for Medicinal Plants

Medicinal plant cultivation practices are fundamental to ensuring a sustainable and reliable
supply of valuable botanical resources. Cultivation offers several benefits, including reduced
pressure on wild populations, greater control over the quality and quantity of production and
promoting biodiversity conservation (Schippmannet al., 2002; Hamilton, 2004). Sustainable
farming practices such as organic farming and agroforestry emphasize ecological integrity and
minimize environmental impacts while promoting soil health and ecosystem resilience (Awazi
and Tchamba, 2019; Jose, 2009; Rehman et al., 2022). Cultivation enables the selection and
propagation of plant varieties with desired medicinal properties, thereby contributing to the
development of high-quality herbal products. Successful cultivation  requires careful
consideration of factors such as site selection, soil fertility management, pest and disease control
and appropriate harvesting techniques (Alamgir and Alamgir, 2017; Ahad et al., 2021). By
implementing best practices in cultivation, we can support the sustainable management of
medicinal plant resources, promote economic:livelihoods and ensure the availability of herbal

medicines for future generations.
Importance of cultivation for conservation and supply chain stability

The cultivation of medicinal plants is of great importance to both conservation efforts and
supply chain stability in the herbal medicine industry. Cultivation provides an alternative to wild
collection and helps reduce pressure on natural habitats and reduce the risk of over-exploitation
of wild populations (Baricevicet al., 2015; Schippmannet al., 2002). By growing medicinal
plants in controlled environments, we can control factors such as soil quality, water use and pest
control, promoting sustainable practices and preserving biodiversity. Cultivation improves
supply chain:stability by providing a consistent and reliable source of plant material for herbal
products, reducing reliance on unpredictable wild collections. Through cultivation, we can
ensure the continued availability of medicinal plants while supporting conservation goals and
promoting economic opportunities for communities involved in their cultivation and trade
(Schippmannet al., 2006).

Selection of appropriate species for cultivation



Selecting appropriate species for cultivation is a crucial factor for the success and
sustainability of medicinal plant cultivation initiatives. Factors such as market demand,
ecological suitability and cultivation requirements must be carefully considered when selecting
species for cultivation. It is important to prioritize species that have established market demand
and commercial value as this ensures economic viability for producers and stakeholders (Negi et
al., 2018). Additionally, species that are well adapted to local climate, soil cenditions, and
growing environment have a higher likelihood of thriving and producing high-quality yields
(Alamgir and Alamgir, 2017). Similarly, selecting species with documented medicinal.properties
and known therapeutic benefits increases the potential for developing valuable herbal products.
By carefully selecting appropriate species for cultivation, we can maximize the success of
cultivation efforts, promote biodiversity conservation and support sustainable livelihoods for

communities engaged in the cultivation of medicinal plants.
Sustainable cultivation techniques

In order to promote environmentally friendly and socially acceptable practices in
medicinal plant cultivation, sustainable cultivation techniques are essential (Hamilton, 2004).
These techniques focus on conserving natural resources, soil health and biodiversity while
minimizing negative impacts on ecosystems and local communities. Sustainable farming
methods include practices. such as-organic farming, agroforestry, companion planting and
integrated pest management. Organic farming avoids the use of synthetic pesticides and
fertilizers and instead relies.on natural means and biological controls to maintain soil fertility and
control pests and diseases (Letourne and Van, 2016; Verma et al., 2021). Agroforestry integrates
trees and shrubs into annual crops, improving biodiversity, soil structure and ecosystem services
(Jose, 2009; Udawattaet al., 2019). Companion planting involves the strategic placement of plant
species to promote mutual benefits such as pest control and nutrient cycling (Kuepper at al.,
2016). Integrated pest management combines multiple pest control strategies to minimize
pesticide use and reduce environmental risks (Barzmanet al., 2015). By adopting sustainable
farming techniques, we can support the long-term health of ecosystems, improve agricultural

resilience and ensure the sustainable production of medicinal plants for future generations.

Challenges and limitations of medicinal plant cultivation



Medicinal plant cultivation faces several challenges and limitations that may affect its
sustainability and effectiveness. A key challenge is the genetic diversity of crop plants, as many
medicinal species have complex genetic backgrounds (Hao and Xiao, 2015; Ala et al., 2023,
Nguyen and Lim, 2019) and can exhibit variability in their therapeutic properties (Ghutkeet
al.,2023). Pest and disease control in cropping systems can be challenging (Zeeshan et al., 2023),
particularly in organic or agroecological environments where synthetic pesticides are not used. In
addition, socioeconomic factors such as land ownership issues, lack of access to markets and
limited financial resources can hinder the adoption of farming practices by smallholder farmers
(Smith-Hall et al., 2012). Climate change also poses a significant threat, leading to unpredictable
weather patterns, shifts in growing seasons and increased vulnerability to extreme weather events
(Applequist et al., 2020; Zou et al., 2023; Das et al., 2016). The high labor intensity of medicinal
plant cultivation, coupled with fluctuating market demand and prices, can pose economic
challenges for growers (Astutiket al., 2019). Addressing these challenges requires holistic
approaches that integrate scientific research, community engagement and supportive policies to
promote the sustainable cultivation of medicinal plants and ensure the long-term viability of this

valuable resource.
Economic and Social Aspects

Economic importance of medicinal plant cultivation:

The cultivation of medicinal plants is of great economic importance and represents an
important source-of income and livelihoods for communities (Hamilton, 2004) around the world.
The cultivation of medicinal plants often offers rural farmers and indigenous communities the
opportunity-to diversify their income and improve their economic well-being (Beyene et al.,
2016). Given the growing demand for herbal medicines and natural remedies, medicinal plant
cultivation represents a lucrative sector in the global market (Sen et al., 2011). It contributes to
sustainable..economic development by promoting job creation, entrepreneurship and value
creation along the supply chain. Therefore, investments in the cultivation of medicinal plants not
only generate economic prosperity but also support the preservation of traditional knowledge and

cultural practices, thereby promoting socio-economic resilience within communities.

Socio-economic impacts on local communities:



The cultivation of medicinal plants can have profound socio-economic impacts on local
communities, influencing their social fabric, cultural heritage and general well-being. In many
regions, medicinal plant cultivation serves as a cornerstone of traditional medicine systems and
helps preserve and pass on indigenous knowledge and practices from one generation to the
next(Jacob et al., 2024; Kiene, 2009). It promotes community cohesion and social solidarity, as
families and communities often engage in joint growing and harvesting activities. The socio-
economic impact can vary depending on factors such as market access, land. ownership and
gender dynamics. While the cultivation of medicinal plants can empower marginalized groups
and provide opportunities for women's economic empowerment (Hill, 2011; Farnworth and
Hutchings, 2009), it can also exacerbate existing inequalities and lead. to environmental
degradation if not managed sustainably.

Fair trade and ethical considerations in medicinal plant trade:

Fair trade and ethical considerations are of paramount importance to ensure that trade in
medicinal plants benefits both producers and consumers while upholding the principles of social
and environmental responsibility. Fair trade. initiatives aim to promote equitable trade
relationships, transparency and fair wages for producers and harvesters involved in the
production of medicinal plants (Wynberg and Van Niekerk, 2014). By adhering to fair trade
principles, such as ensuring. fair prices, safe working conditions and community development
initiatives, the trade in. medicinal plants.can contribute to poverty alleviation and sustainable
development in producer. communities. Ethical considerations also include environmental
sustainability, the conservation of biodiversity and the protection of indigenous rights and ensure
that the trade in medicinal plants equally respects the cultural, ecological and socio-economic
integrity of communities and ecosystems.

Conservation and Biodiversity Management
Role of medicinal plant cultivation in biodiversity conservation:

The cultivation of medicinal plants plays animportant role in protecting biodiversity by
reducing pressure on wild populations and their habitats (Schippmannet al., 2002; Tomlinson
and Akerelo, 2015). Cultivation represents an alternative to wild collection, which can lead to

overexploitation and depletion of natural resources. By growing medicinal plants, we can relieve



pressure on sensitive ecosystems and contribute to the preservation of biodiversity. Cultivation
efforts often prioritize native species and promote conservation of plant genetic diversity, which
helps maintain healthy and resilient ecosystems (Salgotra and Chouhan, 2023). Cultivated
medicinal plants can serve as genetic reservoirs, securing genetic resources for future generations

and supporting conservation efforts to protect endangered species.
Conservation strategies for endangered medicinal plant species

Endangered medicinal plant species require targeted protection strategies.to ensure their
survival and recovery (Chen et al., 2016). Conservation efforts may include habitat restoration,
establishment of protected areas and population monitoring to mitigate threats such as habitat
loss, overfishing and climate change (Krishnan et al., 2011). In'situ conservation activities focus
on preserving endangered species in their natural habitats, while ex situ conservation involves
the collection and maintenance of plant specimens in botanical gardens, seed banks or living
collections (Abeli et al., 2020; Breman et al., 2021). Community-based conservation initiatives
that engage local stakeholders in sustainable harvesting practices and habitat restoration efforts
are critical to the long-term conservation of endangered medicinal plant species. Collaborative
approaches involving government agencies, non-profit organizations and indigenous
communities are critical to implementing effective conservation strategies and protecting

medicinal plant biodiversity.
Integration of cultivation with in situ and ex situ conservation efforts

Integrating cultivation with in situ and ex situ conservation efforts provides a holistic
approach to ‘biodiversity management and sustainable resource use. Cultivation offers a way to
conserve endangered -medicinal plant species ex-situ by maintaining living collections in
botanical gardens or seed banks (Rajpurohit and Jhang, 2015). Cultivated populations can serve
as sources of plant material for habitat restoration projects, strengthening in situ conservation
efforts and ‘supporting the recovery of wild populations (Maunder et al., 2004). Integrating
cultivation into in situ conservation initiatives promotes the sustainable use of medicinal plants
while preserving their natural habitats and genetic diversity. By combining these approaches, we
can increase the resilience of medicinal plant populations, promote the protection of biodiversity

and ensure the availability of valuable resources for future generations.



Emerging trends in sustainable harvesting and cultivation practices

The future of sustainable medicinal plant harvesting and cultivation practices is shaped
by several emerging trends aimed at improving environmental sustainability, socioeconomic
viabilityand technological innovation. One trend is the increasing adoption of agroecological
approaches such as permaculture and regenerative agriculture, which emphasize holistic
ecosystem management and the protection of biological diversity. In addition, there is growing
interest in the use of biotechnology and genetic engineering to improve the:cultivation of
medicinal plants, including the development of high-yielding varieties with improved medicinal
properties. In addition, community-based conservation initiatives and participatory approaches
that involve local stakeholders in decision-making processes are becoming increasingly
important, thereby promoting greater equity and social inclusion in the management of medicinal

plants.
Conclusion

In conclusion, sustainable harvesting and cultivation practices of medicinal plants are
essential to meet the dual needs of conserving biodiversity and meeting the growing demand for
herbal medicines. In this article, we have examined the multiple dimensions of sustainable
practices, ranging from the importance of nature conservation to the socio-economic impact on
local communities to the need for fair trade and ethical considerations. By adopting sustainable
harvesting methods, selecting appropriate species for cultivation, and integrating cultivation with
conservation efforts, we can protect medicinal plant resources for future generations while
promoting ecological resilience and socioeconomic well-being. However, challenges such as
overharvesting, climate change and socioeconomic inequalities remain, highlighting the need for
further research, policy innovation and stakeholder collaboration. Going forward, it is imperative
that we prioritize. sustainability in the harvesting and cultivation of medicinal plants, while

recognizing.the connection between human health, environmental protection and social justice.

Table 1. Comparison of wild harvesting and cultivation of medicinal plants

Aspect Wild Harvesting Cultivation

Source Natural habitats, forests and Controlled environments like farms

wild areas or gardens




Impact on
Biodiversity

Potentially negative due to
overexploitation and habitat

destruction

Positive, reduces pressure on wild
populations and supports
conservation

Resource Availability

Unpredictable, dependent on

natural regeneration

Predictable, with control over
quality and quantity

Sustainability

Often unsustainable without

regulation

More sustainable with best
practices like agroforestry

Economic

Opportunities

Limited, often supporting
subsistence livelihoods

Broader, can support.economic
livelihoods and entrepreneurship

Environmental Impact

Can lead to habitat
degradation

Promotes ecosystem resilience
through sustainable practices

Quiality Control

Variable, difficult to regulate

Higher, with ability to standardize

and monitor conditions

References

. Abeli, T., Dalrymple, S., Godefroid, S., Mondoni, A., Miller, J. V., Rossi, G., &Orsenigo, S.
(2020). Ex situ collections and their potential for the restoration of extinct plants. Conservation
Biology, 34(2), 303-313.

. Ala, K. G., Zhao, Z., Ni, L., & Wang, Z. (2023). Comparative analysis of mitochondrial genomes
of two alpine medicinal plants of Gentiana (Gentianaceae). Plos one, 18(1), e0281134.

. Alamgir, A. N. M., & Alamgir, A. N. M. (2017). Cultivation of herbal drugs, biotechnology, and
in vitro production of secondary metabolites, high-value medicinal plants, herbal wealth, and
herbal
Pharmacognosy, 379-452.

. Applequist, W. L., Brinckmann, J. A., Cunningham, A. B., Hart, R. E., Heinrich, M., Katerere,

trade. Therapeutic Use of Medicinal Plants and Their Extracts: Volume 1:

D. R, & Van Andel, T. (2020). Scientists’ warning on climate change and medicinal
plants. Planta medica, 86(01), 10-18.

. Aryal, P. (2015). Climate change and its impact on medicinal and aromatic plants: A
review. Clim. Change, 1, 49-53.

. Astutik, S., Pretzsch, J., & Ndzifon Kimengsi, J. (2019). Asian medicinal plants’ production and
utilization potentials: A review. Sustainability, 11(19), 5483.



10.

11.

12.

13.

14.

15.

16.

17.

Awazi, N. P., & Tchamba, N. M. (2019). Enhancing agricultural sustainability and productivity
under changing climate conditions through improved agroforestry practices in smallholder
farming systems in sub-Saharan Africa. African Journal of Agricultural Research, 14(7), 379-
388.

Bari¢evi¢, D., Mathé, A., & Bartol, T. (2015). Conservation of wild crafted medicinal and
aromatic plants and their habitats. Medicinal and Aromatic Plants of the World: Scientific,
Production, Commercial and Utilization Aspects, 131-144.

Barzman, M., Barberi, P., Birch, A. N. E., Boonekamp, P., Dachbrodt-Saaydeh, S., Graf, B., ...
&Sattin, M. (2015). Eight principles of integrated pest management. Agronomy for sustainable
development, 35, 1199-1215.

Beyene, B., Beyene, B., & Deribe, H. (2016). Review on application and management of
medicinal plants for the livelihood of the local community. Journal of Resources Development
and Management, 22(1), 33-39.

Breman, E., Ballesteros, D., Castillo-Lorenzo, E., Cockel, C., Dickie, J., Faruk, A., ... &Ulian, T.
(2021). Plant diversity conservation challenges and prospects—the perspective of botanic
gardens and the Millennium Seed Bank. Plants, 10(11), 2371.

Chaachouay, N., & Zidane, L. (2024). Plant-derived natural products: a source for drug
discovery and development. Drugs and Drug Candidates, 3(1), 184-207.

Chen, S. L., Yu, H, Luo, H. M., Wu, Q., Li, C. F., & Steinmetz, A. (2016). Conservation and
sustainable use of medicinal plants: problems, progress, and prospects. Chinese medicine, 11, 1-
10.

Cooke, S. J., Piczak, M. L., Nyboer, E. A., Michalski, F., Bennett, A., Koning, A. A., ... &
Taylor, W. W. (2023). Managing exploitation of freshwater species and aggregates to protect and
restore freshwater biodiversity. Environmental Reviews.

Das, M., Jain, V., & Malhotra, S. K. (2016). Impact of climate change on medicinal and aromatic
plants. The Indian Journal of Agricultural Sciences, 86(11), 1375-82.

De Meyer, E. (2023). Medicinal plant use among Congolese communities in urban contexts of
the Democratic Republic of Congo and Belgium (Doctoral dissertation, Ghent University).
Fajinmi, O. O., Olarewaju, O. O., & Van Staden, J. (2023). Propagation of Medicinal Plants for
Sustainable Livelihoods, Economic Development, and Biodiversity Conservation in South
Africa. Plants, 12(5), 1174.



18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

Farnworth, C., & Hutchings, J. (2009). Organic agriculture and women’s
empowerment. IFOAM, Germany, 86.

Fatima, S., Abbas, S., Rebi, A., & Ying, Z. (2024). Sustainable forestry and environmental
impacts: Assessing the economic, environmental, and social benefits of adopting sustainable
agricultural practices. Ecological Frontiers.

Fayiah, M., Fayiah, M. S., Saccoh, S., & Kallon, M. K. (2024). Value of Herbal Medicine to
Sustainable Development. In Herbal Medicine Phytochemistry: Applications and Trends (pp.
1429-1456). Cham: Springer International Publishing.

Ghutke, T. D., Parvin, K., Rashida Banu, A. M., Bansal, S., Srivastava, A., Rout, S., & Ramzan,
U. (2023). A comprehensive review on the therapeutic properties of medicinal plants. Acta
Traditional Medicine. V2i01, 13-00.

Hamilton, A. C. (2004). Medicinal plants, conservation and livelihoods. Biodiversity &
Conservation, 13, 1477-1517.

Hao, D. C., & Xiao, P. G. (2015). Genomics and evolution in traditional medicinal plants: road
to a healthier life. Evolutionary Bioinformatics, 11, EBO-S31326.

Hill, C. (2011, September). Enabling rural women’s economic empowerment: Institutions,
opportunities and participation. In Background paper: UN women expert group meeting Accra,
Ghana (pp. 20-23).

Jacob, D. E., lzah, S. C., Nelson, I. U., & Daniel, K. S. (2024). Indigenous Knowledge and
Phytochemistry: Deciphering the Healing Power of Herbal Medicine. In Herbal Medicine
Phytochemistry: Applications and Trends (pp. 1953-2005). Cham: Springer International
Publishing.

Jose, S. (2009). Agroforestry for ecosystem services and environmental benefits: an
overview. Agroforestry systems, 76, 1-10.

Kala, C. P., Dhyani, P. P., &Sajwan, B. S. (2006). Developing the medicinal plants sector in
northern India: challenges and opportunities. Journal of Ethnobiology and Ethnomedicine, 2, 1-
15.

Karki, M., Tiwari, B., Badoni, A., & Bhattarai, N. (2003, February). Creating livelihoods
enhancing medicinal and aromatic plants based biodiversity-rich production systems:
Preliminary lessons from South Asia. In Oral paper presented at The 3rd World Congress on



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Medicinal and Aromatic Plants for Human Welfare (WOCMAP I11). Chiang Mai, Thailand (Vol.
10).

Kaschula, S. A., Twine, W. E., & Scholes, M. C. (2005). Coppice harvesting of fuelwood species
on a South African common: utilizing scientific and indigenous knowledge in community based
natural resource management. Human Ecology, 33, 387-418.

Keats, B. (2020). Exploration of Indigenous knowledge in community-based monitoring
initiatives: challenges and recommendations (Doctoral dissertation, Royal Roads University
(Canada)).

Kiene, T. (2009). “The” Legal Protection of Traditional Knowledge in the Pharmaceutical
Field: An Intercultural Problem on the International Agenda. Waxmann Verlag.

Krishnan, P. N., Decruse, S. W., & Radha, R. K. (2011). Conservation of medicinal plants of
Western Ghats, India and its sustainable utilization through in vitro technology. In Vitro Cellular
& Developmental Biology-Plant, 47, 110-122.

Kuepper, G., Dodson, M., & Duncan, J. (2016). Companion Planting & Botanical Pesticides:
Concepts & Resources. ATTRA Sustainable Agriculture.

Letourneau, D., & van Bruggen, A. (2006). Crop protection in organic agriculture. Organic
agriculture: a global perspective, 93-121.

Maunder, M., Guerrant, E. O., Havens, K., & Dixon, K. W. (2004). Realizing the full potential of
ex situ contributions to global plant conservation. Ex situ plant conservation: supporting species
survival in the wild, 389-418.

Mir, T. A, Jan, M., Khare, R. K., & Bhat, M. H. (2021). Medicinal plant resources: threat to its
biodiversity and conservation strategies. Medicinal and Aromatic Plants: Healthcare and
Industrial Applications, 717-739.

Negi, V. S., Kewlani, P., Pathak, R., Bhatt, D., Bhatt, I. D., Rawal, R. S., ... & Nandi, S. K.
(2018). Criteria and indicators for promoting cultivation and conservation of medicinal and
aromatic plants in Western Himalaya, India. Ecological indicators, 93, 434-446.

Nguyen, T. K., & Lim, J. H. (2019). Tools for Chrysanthemum genetic research and breeding: Is
genotyping-by-sequencing (GBS) the best approach?. Horticulture, Environment, and
Biotechnology, 60, 625-635.

Peters, C. M. (1994). Sustainable harvest of non-timber plant resources in tropical moist forest:

an ecological primer.



40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Popoola, O. M. (2024). Towards Sustainability in the Source of Raw Materials for Herbal
Remedies. In Herbal Medicine Phytochemistry: Applications and Trends (pp. 1547-1570).
Cham: Springer International Publishing.

Rajpurohit, D., & Jhang, T. (2015). In situ and ex situ conservation of plant genetic resources
and traditional knowledge. Plant genetic resources and traditional knowledge for food security,
137-162.

Rao, M. R., Palada, M. C., & Becker, B. N. (2004). Medicinal and aromatic plants in
agroforestry systems. In New Vistas in Agroforestry: A Compendium for 1st World Congress of
Agroforestry, 2004 (pp. 107-122). Springer Netherlands.

Rehman, A., Faroog, M., Lee, D. J., & Siddique, K. H. (2022). Sustainable agricultural practices
for food security and ecosystem services. Environmental Science and Pollution
Research, 29(56), 84076-84095.

Salgotra, R. K., & Chauhan, B. S. (2023). Genetic diversity, conservation, and utilization of plant
genetic resources. Genes, 14(1), 174.

Schippmann, U. W. E., Leaman, D., & Cunningham, A. B. (2006). A comparison of cultivation
and wild collection of medicinal and aromatic plants under sustainability aspects. Frontis, 75-95.
Schippmann, U., Leaman, D. J.,, & Cunningham, A. B. (2002). Impact of cultivation and
gathering of medicinal plants on biodiversity: global trends and issues. Biodiversity and the
ecosystem approach in agriculture, forestry and fisheries.

Sen, S., Chakraborty, R., & De, B. (2011). Challenges and opportunities in the advancement of
herbal medicine: India’s position and role in a global context. Journal of Herbal medicine, 1(3-
4), 67-75.

Shafi, A., Hassan, F., Zahoor, I, Majeed, U., &Khanday, F. A. (2021). Biodiversity,
management and sustainable use of medicinal and aromatic plant resources. Medicinal and
aromatic plants: healthcare and industrial applications, 85-111.

Shisanya, C. A. (2017). Role of traditional ethnobotanical knowledge and indigenous institutions
in sustainable land management in Western Highlands of Kenya. Indigenous people, 159.
Shukla, S. K. (2023). Conservation of medicinal plants: challenges and opportunities. J. Med.
Bot, 7, 5-10.



51.

52.

53.

54.

55.

56.

57.

Smith-Hall, C., Larsen, H. O., & Pouliot, M. (2012). People, plants and health: a conceptual
framework for assessing changes in medicinal plant consumption. Journal of ethnobiology and
ethnomedicine, 8, 1-11.

Tomlinson, T. R., & Akerele, O. (Eds.). (2015). Medicinal plants: their role in health and
biodiversity. University of Pennsylvania press.

Udawatta, R. P., Rankoth, L. M., & Jose, S. (2019). Agroforestry and
biodiversity. Sustainability, 11(10), 2879.

Van Wyk, A. S., & Prinsloo, G. (2018). Medicinal plant harvesting, sustainability and cultivation
in South Africa. Biological Conservation, 227, 335-342.

Verma, R. K., Sankhla, M. S., Kesarwani, S., Parihar, K., Sonone, S. S., Jadhav, E. B., &
Bhardwaj, L. (2021). Role of Organic Crop Production System in Biological Diseases as a
Control Agents. Biointerface Research in Applied Chemistry, 12, 3681-3695.

Wynberg, R., & van Niekerk, J. (2014). Governance, equity and sustainability in non-timber
forest product value chains. In Governance for Justice and Environmental Sustainability (pp.
279-304). Routledge.

Zou, H., Chen, B., Zhang, B., Zhou, X., Zhang, X., Zhang, X., & Wang, J. (2023). Conservation
planning for the endemic and endangered medicinal plants under the climate change and human
disturbance: a case study of Gentiana manshurica in China. Frontiers in Plant Science, 14,
1184556.



