'i‘) Check for updates

AUTHORS:

Motiki M. Mofokeng'?
Christian P du Plooy’
Hintsa T. Araya'?
Stephen 0. Amoo'?
Salmina N. Mokgehle'
Kgabo M. Pofu?

Phatu W. Mashela*

AFFILIATIONS:

'Agricultural Research Council -
Vegetables, Industrial and Medicinal
Plants (ARC-VIMP), Pretoria,

South Africa

2Green Biotechnologies Research
Centre, University of Limpopo,
Polokwane, South Africa
Department of Botany and Plant
Biotechnology, University of
Johannesburg, Johannesburg,
South Africa

“Current: School of Agricultural
Sciences, University of Mpumalanga,
Mbombela, South Africa

CORRESPONDENCE TO:
Motiki Mofokeng

EMAIL:
mofokengm@arc.agric.za

DATES:

Received: 01 Sep. 2021
Revised: 27 Jan. 2022
Accepted: 18 Feb. 2022
Published: 28 July 2022

HOW TO CITE:

Mofokeng MM, Du Plooy CP, Araya
HT, Amoo SO, Mokgehle SN, Pofu KM,
et al. Medicinal plant cultivation for
sustainable use and commercialisation
of high-value crops. S Afr J Sci.
2022;118(7/8), Art. #12190. https://
doi.org/10.17159/sajs.2022/12190

ARTICLE INCLUDES:
Peer review

I Supplementary material

DATA AVAILABILITY:

[ Open data set

O All data included

O On request from author(s)
I Not available

Not applicable

EDITOR:
Teresa Coutinho

KEYWORDS:

traditional medicine, medicinal use,
unsustainable use, medicinal plant
trade, medicinal plant industry

FUNDING:

None

© 2022. The Author(s). Published
under a Creative Commons
Attribution Licence.

Review Article

https://doi.org/10.17159/sajs.2022/12190

Medicinal plant cultivation for sustainable use and
commercialisation of high-value crops

Many traditional healing systems are based on natural biological resources, and there is a general shift in
most parts of the world towards natural medicine, with direct implications on the demand and supply of
medicinal plants. This review highlights the economic importance of medicinal plants, their contribution
to healthcare systems, and potential opportunities for rural economic development through cultivation.
A systematic literature review with specific search terms related to medicinal plants was used to collect
scientific and non-scientific information from peer-reviewed literature and grey literature databases.
The findings indicate that trade in medicinal plants is increasing, and although they are considered minor
crops compared to major food crops, their value is among the highest in the list of traded plants globally.
The trade also serves as a revenue source for many rural livelihoods, with women playing a significant
role. Medicinal plants contribute to primary health care in many developing countries, and they are also an
essential source of modern drug discovery. Cultivation of medicinal plants offers emerging rural farmers an
opportunity to grow these plants as new and alternative crops, thus reducing unsustainable wild harvesting
and competition with established commercial farmers who mostly focus on food crops. Furthermore,
medicinal plant cultivation should be promoted as one of the options for local economic development
and sustainability through job creation, the revival of the rural economy, and income generation for small
businesses, such as the transport businesses, involved in the value chain. Land accessibility, financial
resources, and direct market access for rural communities can elevate their contribution to the industry.
Formalisation of the lower levels of the medicinal plant trade is also recommended.

Significance:

e (Cultivation is a viable option for biodiversity conservation of medicinal plants and ensuring a good-
quality supply of plant materials.

¢ Cultivation of medicinal plants — a source of natural products used in product development — can
contribute to job creation, income generation, and rural economies in developing countries.

e This review underlines the importance of medicinal plants in product development, the contribution of
the industry to economies of different countries, and the potential for cultivation.

Introduction

Plant biodiversity fulfils various needs for daily human livelihoods, including health care." The contribution of medicinal
and aromatic plants to the agriculture output is relatively small compared to food crops. Still, their value in terms
of volumes traded is among the highest in the list of traded plants. Thus they are amongst the high-value minor
crops.? Notwithstanding the potential contribution to national agriculture through commercial cultivation, medicinal
plants contribute to primary health care in many developing countries, and they are also an important source in
modern drug discovery.® There is a general shift in many countries from acute disease incidences and management,
towards chronic disease incidence, with implications on pharmaceutical demand and supply.* Many traditional healing
systems are based on natural biological resources, particularly plants. For example, 20% of India’s flora, 18.9% in
China, 17.1% in Vietnam, 16.5% in Sri Lanka, 15.5% in Thailand®, and 10% in South Africa® are used as medicinal
plants. Guided by the indigenous use of many plant species, several plant-based health supplement products are
produced and marketed globally with the resultant increasing demands on good-quality plant raw materials.

Developmental pressure, with related habitat destruction and unsustainable harvesting, result in biodiversity l0ss.
Cultivation of medicinal plants provides several opportunities, including preservation of indigenous knowledge,
access to primary health care through traditional medicine, local economic development, and job creation.”®
The developments mentioned above can be achieved through micro-enterprise development by indigenous and
rural communities.® However, the cultivation of medicinal plants can sometimes be unprofitable due to competition
with freely accessible wild-harvested plant materials.”® Commercial wild harvesters can cause significant damage
to medicinal plant populations and the environment.® This could be attributed to the pressure to generate income,
with less concern for conservation. Recent statistics on medicinal plant trade and consumption are scanty, with
limited information as medicinal plant trade is mostly part of an informal economy.” This review highlights the global
trade and use of medicinal plants, the effects of cultivation practices on bioactivity, and perspectives on cultivated
medicinal plants.

Methodology

A systematic literature review was used to collect scientific and non-scientific information related to the aim of
the study. Search terms were created to extract sources from peer-reviewed literature on the Web of Science,
Scopus, Science Direct, and grey literature databases such as Google. The search terms were “commercialization
of medicinal plants”, “trade in medicinal plants”, “cultivation of medicinal plants”, “use of medicinal plants”, and
“acceptance of cultivated medicinal plants”. Scientific articles and non-scientific literature published between

1995 and 2021, at the time of submission of the manuscript, were considered. To minimise non-target articles,
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less relevant publications were excluded after scanning through their
titles and abstracts. To develop a list of selected medicinal plants
and compounds isolated from their different parts for medicinal use,
medicinal plants that were already commercialised or had the potential
to be commercialised, originating from Africa or naturalised through
cultivation, were considered.

The global trade in medicinal plants

The development of plant-based drugs has been listed as the next
significant development in commercial biotechnologies as it would
offer an opportunity to supply low-cost, quality pharmaceuticals
to marginalised communities in developing countries.* The trade
in medicinal plants occurs at three primary levels: national (within
countries), regional (across borders on a continent), and international
(the formal export trade)." At all levels, the value of medicinal plants is
not only in financial income but also in health care, cultural identity, and
livelihood security. The global trade in medicinal plants is dominated by a
few countries, with three international trade centres: Germany, the USA,
and Hong Kong."

The formal trade in plant-based medicine has had an attractive
return on investment over the past years. The global traditional
medicine industry was estimated to be worth USD60 billion in 2006.2
In 2014, the worldwide trade in plant-based medicine was worth
USD940 billion.* This shows an increase in the global trade from the
estimated USD30 billion in 2000." Accurate estimates in the trade are
difficult because medicinal plants are also used for other non-medicinal
purposes, and also because the increased global interest in medicinal
plants has led to an ‘underground’ trade which is mostly not recorded.™
In general, the reports show an increase in investment in the trade by
individual countries, despite differences in the figures reported. For
example, compared to USD800 million in 1980* and USD1.6 billion in
1999" USD17 billion was spent in the USA on traditional medicine in
20005, which was a relative increase of 20-25%. The traditional Chinese
medicine industry alone was estimated to be worth USD83 billion in
2012.% In India, the trade in herbal products was estimated to be worth
USD120 billion in 2015 and is expected to reach USD?7 trillion by 2050.6
In general, Europe imports from Africa and Asia an estimated 400 000
tonnes of medicinal plants per annum, to the value of USD1 billion.>"”
The supply of raw materials in Germany was approximately 30 700 tons
with a value of EUR84 million (USD 101 938 200) in 2019, with 90% of
the plant materials being imported.'® Pakistan exported therapeutic plant
materials valued at USD10.5 million and similarly imported materials
valued at USD130 million in 2012.2 Qverall, high-income countries such
as Germany, Japan, and USA, with only 15% of the world population,
dominated the formal trade with an increase in shared value from
89.1% in 1985 t0 92.9% in 1999.% In contrast, the combined shared
value of low-income countries for the same period decreased from
10.9% to 7.1%.* The international status, in terms of demand, of many
South African medicinal plant species is increasing. For example, wild
ginger (Siphonochilus aethiopicus (Schweinf.) B.L. Burtt) and African
potato (Hypoxis hemerocallidea Fisch., C.A.Mey. & Avé-Lall.) have
become more prominent as a growing number of venture companies
started utilising them in their formulations.™

The national and regional trade is characterised by informal markets
(Figure 1) managed by harvesters, hawkers, healers, small traditional
medicine chemists, and large traditional medicine markets. The majority
of people, between 200 000 and 300 000 in South Africa alone, involved
in the value chain of this ‘hidden economy’ come from rural households
and disadvantaged socio-economic backgrounds.”? The informal
medicinal plant trade in Africa has a significant socio-economic role as
it enables millions of people living in rural areas to generate income.?'
In 1998, an estimated 20 000 tons of South African medicinal plant
materials were traded at a value of USD38 million.?" Thirteen years later,
in 2011, the total value of the South African bioprocessing segment,
which includes primary and secondary processing of indigenous
resources, was estimated at ZAR482 million.?? Based on the average
2011 currency exchange rate (ZAR7.27 = USD1%), this translated to
USD66 million. There are, however, variations reported in the value of

Review Article
https://doi.org/10.17159/sajs.2022/12190

Commercialisation of medicinal plants
Page 2 of 7

the medicinal plant trade. For example, other reports estimated that the
total value of the trade was ZAR2.9 billion per annum in 2006%, whereas
Myles et al.? estimated the value to be approximately ZAR520 million
in the same period (2006 exchange rate®: ZAR6.78 = USD1). This
could be because the trade is mostly informal and, at times, there is
supplementation of the plant materials in South Africa with materials
from neighbouring countries such as Botswana, Lesotho, Zimbabwe,
and Mozambique.* Most of the cross-border trade in medicinal plants
that was reported between Malawi and other SADC countries such as
Botswana, Lesotho, Zimbabwe, Zambia, Mozambique, and South Africa,
is illegal® and thus poorly recorded. For example, although there was
no record of trade in Mondia whitei (Hook. F) Skeels — an endangered
species of high demand in South Africa — the government of Malawi
reported evidence of trade in this species between the two countries.?

(a) Traditional medicine products displayed in a small traditional
medicine chemist and (b) dried plant raw materials displayed
by hawkers in an informal street market.

Figure 1:

Plant secondary metabolites and their global
use in medicines

Plant secondary metabolites play an essential role in plants’ interaction
with the environment, protecting plants against or helping them to survive
biotic and abiotic stress.?” The production of secondary metabolites
in plants is dependent on growth conditions and the physiological
responses of plants to different environmental conditions.? Plant-specific
secondary metabolites include phytoalexins, which are antimicrobial
compounds synthesised by plants after infection with microorganisms,
and may act individually, additively, or synergistically to improve human
health.?”29%0 Secondary metabolites play a role in the signalling and
regulation of primary metabolic pathways in plants.®'

Natural products from plants (phytochemicals) play an important role in
drug development processes. The use of some medicinal plants has led
to the discovery and isolation of drugs used in the treatment of various
human diseases and ailments.? For instance, artemisinin from Artemisia
annua L. has been successfully used as an effective anti-malarial.?®32
Ellipticine from elliptic yellowwood (Ochrosia elliptica Labill.) has
been used as an anti-cancer drug.?® Extracts from African geranium
(Pelargonium sidoides DC.), which contains coumarins, have promising
lead candidates for developing herbal drugs for HIV management.’
Some of the phytochemicals from African potato corms — including
daucosterol, beta-sitosterol, and hypoxoside — have therapeutic
properties®, which have been exploited in the management of HIV/AIDS,
cancer, and sexually transmitted diseases®>®". Aloe ferox Mill. leaf gel,
which contains aloin as an active ingredient, and Lessertia frutescens
(syn. Sutherlandia frutescens L.; Fabaceae) containing pinitol and
canavanine, were found to be promising in alleviating or preventing non-
communicable diseases such as cancer, neurodegeneration, diabetes,
and cardiovascular diseases.®*38 The cited examples demonstrate some
crucial roles that plant-based medicines can play in managing chronic
and acute diseases. Some plant bioactive compounds used in modern
therapeutics are listed in Table 1.

Medicinal plants also have potential in combating or managing pandemic
diseases of viral origin due to some plant secondary metabolite
antimicrobial (antivirus, antibacterial and antifungal) properties or
their attenuating effect on the disease. At least four medicinal plants
(Azadirachta indica A. Juss., Eurycoma longifolia Jack, Nigella sativa L.,
and Vernonia amygdalina Delile) showed potential in the management of
CQVID-19 due to their antiviral, anti-inflammatory and immunomodulatory
properties.® Four bioactive compounds, which are arabic acid, L-canavine,
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Table 1:  Selected medicinal plants and compounds isolated from their different parts for medicinal use
Plant origin Compounds Plant parts used Medicinal uses Commercial products = References
. . S ... | Buchu oil, Buchu tea,
Agathosma be.tullna Isomenthone and diosphenol Leaf AL ERITEG, u.r|nary LERSCIELLY Buchu powder, Buchu | 41, 42
(PJ.Bergius) Pillans cholera, rheumatism, gout .
tincture
Alog ferox Mill Aloeresin A, alogin and aloin Leaf Anti-inflammatory, cosmetic Mloe gel, alog lumps | 43, 44
applications
Artemisia afra Jacq. ETEAE, exAfans), BAIfas, Aerial parts Respiratory ailments, stomach pains JITELNTES s, 44
camphor and borneol herbal teas
Artemisia annua L. Artemisinin Aerial parts Anti-malaria Tablets, tinctures, 32,45
herbal teas
R Anti-spasmodic
SRS (T Aspalathin and aspalalinin Leaf Herbal teas 46
f) R. Dahigren Anti-ageing and anti-eczema
gi’;’; lotheca acuminata Camptothecin Bark and stem Anticancer Tinctures 47
Cinnamomum camphora Camphor Wood Qough, neurodermatitis, fungal lleimes, gimrs | 0
(L.) J. Presl infections
Coffea arabica L. Caffeine Seed Metabolic stimulant Hot drinks 49, 50
Curcuma longa L. Curcumin Rhizome Chn_)leretlc, antl-mf_lammatory, Qil extracts 51
antioxidant, arthritis
Erythroxylum coca Lam. Cocaine Leaf Local anaesthetic Medmmal drugs, 52
tinctures
Eucalyptus globulus Labill. | Eucalyptol (Cineole) Leaf Cough treatment Qil extracts, tinctures | 53
Gastrodia elata Blume Gastrodin Anti-convulsion, analgesic Tuber powder, tinctures | 54, 55
AT Harpagoside, harpagide Tuber cuts/powder,
procumbens (Burch.) DC. 7 ’ Roots Anti-inflammatory/analgesic . ’ 44
) procumbide tablets, tinctures
ex Meisn.
Hypoxis hemerocallidea . . )
Fisch. & C.A. Mey. Hypoxoside Root Anti-inflammatory, anticancer Harzol® 44
Lessertia frutescens (L.)
Bt (Y ‘JC ST L-ca_ngvanme, CIIIIE, (AT Seeds and leaves | Diabetes, fever, HIV/AIDS management | Tablets 44, 56
(Sutherlandia frutescens D-pinitol
(L.)R.Br)
Merwilla natalensis Proscillaridin A Bulb Antlschlstospmal, anti-inflammatory Unknown 57,58
(Planch.) Speta and anthelmintic
LTI Prodelphinidin, coumarins Tuberous roots Cough, antibacterial and antiviral Umckaloabo 44,59

sidoides DC.

Siphonochilus aethiopicus | .. ) Roots and .
(Schweint) B. L. Burtt Siphonochilone thizomes Cough, asthma, anti-inflammatory Tablets, tuber powder | 60
. ) Warburgar.lal, pOIVQOdI?I’ Venereal diseases, rheumatism,
Warburgia salutaris salutarisolide, muzigadial, ) .
) S ) Stem bark stomach ulcers, malarial fevers, Tablets, tinctures 61, 62
(G. Bertol.) Chiov. ugandensidial, isopolygodial, o
. pneumonia, diarrhoea
mukaadial
Xysmalobium undulatum Uzarin, xysmalorin, allouzarin Diarrhoea, hysteria, syphils, urinary
4 . Xy ) ' ' Roots tract antiseptic, heart failure, malaria, | UZARA® 63, 64
(L.) W. T. Aiton alloxysmalorin )
and typhoid fever
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hypoxoside, and uzarin from Acacia senegal (L.) Willd. (syn. Senegalia
senegal (L.) Britton), Sutherlandia frutescens, Hypoxis hemerocallidea,
and Xysmalobium undulatum (L.) W.T Aiton, respectively, all of which are
South African medicinal plants, may be exploited as therapeutic agents
against SARS-CoV-2 based on their molecular modelling.*°

Globally, more than 25% of pharmaceutical drugs are of plant origin."
Between the years 2000 and 2005, five medicinal plant-based
drugs were developed in the USA, and seven more were in clinical
trials.® In Germany, more than 90% of the citizenry reportedly used
herbal medicines alongside pharmaceutical drugs.” Alternative and
complementary medicine, which relies on extracts from plant materials,
gained popularity in America, where more than 62% of the populace was
reportedly using plant-based remedies." Close to 50% of the Australian
and French populations reportedly used traditional medicine.’® In
China, approximately 40% of the consumed medicine was attributed to
traditional herbal medicine.'” The Chinese government made public their
intentions to integrate traditional Chinese medicine into their healthcare
system by 2020."® The intentions popularised the value of plant-based
medicine in treating human ailments. Ayurvedic medicine (‘Ayurveda’ for
short), which is one of the oldest holistic healing systems developed more
than 3000 years ago in India, uses over 1200 medicinal plant species
and has been included in the national healthcare system in India.'>'
The national health policy of Bhutan, a landlocked country in South Asia,
integrates the traditional medicine system into its healthcare system, with
the traditional medicine hospitals providing a free healthcare service.® At
least 90% of the Ethiopian population was reported to be using herbal
remedies for primary health care.®

Cultivation effects on the medicinal value of
medicinal plants

The increasing threat of extinction coupled with the scarcity of several
medicinal plants, such as Warburgia salutaris (G. Bertol.) Chiov. and
Siphonochilus aethiopicus, as well as the related genetic loss warrants
cultivation as a solution.t> The commercialisation of selected medicinal
plants and their medicinal value is driving and directing medicinal plant
cultivation research (Figure 2); for example, research on understanding the
growth requirements and genetics of medicinal plant species. Cultivation is
acrucial element in conservation strategies due to increasing urbanisation,
habitat loss, population growth, and industrial developments.®é Cultivation
of medicinal plants can provide opportunities for improving purity and
quality, consistency and bioactivity, and biomass production of raw
materials.® Sustainable production of a number of innovatively developed
plant-based products is often hampered by the inconsistent supply of high-
quality plant raw materials. Cultivation can improve biomass production
for sustainable supply without negatively affecting the bioactivities of
the medicinal plants through the manipulation of the growing conditions.
For example, the cultivation of P sidoides under well-watered conditions
increased the total biomass significantly, without significant alteration in
the content of active compounds.®” Similar results have been reported,
where greenhouse cultivation of P sidoides did not result in significant
reductions in umckalin concentrations compared to the wild-collected
plant material.%

Figure 2:  Cultivation research: (a) fertiliser application trials on Pelargonium

sidoides and (b) mulching trials on Siphonochilus aethiopicus.

Additionally, in vitro cloned and greenhouse-acclimatised P sidoides
plants retained their phytochemical composition, based on phenolic
compound profiling.®® Greenhouse-grown, tissue-culture-derived tubers of
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Harpagophytum procumbens (Burch.) DC. ex Meisn. had a significantly
higher total iridoid content than wild-harvested tubers.® Active compound
concentrations can be affected by a number of factors such as the ecotype,
age of plant, size, and season of collection.® Although the tubers were
collected from different sites, the results indicated that cultivation could
maintain the active compound content of the medicinal plant. Application
of chemical fertilisers and irrigation improved the concentrations of the
potent volatile compounds in Siphonochilus aethiopicus.™® A study
by McAlister and Van Staden’™ showed that high levels of nitrogen,
phosphorus, and potassium are necessary for increasing the biomass
of Hypoxis hemerocallidea. However, once the plants are established,
the nutrient application can be discontinued to increase the hypoxoside
concentrations. This perhaps suggests that hypoxoside synthesis is
enhanced when plants are under nutrient stress conditions, providing an
opportunity to manipulate the growing conditions by altering the nutrient
supply during plant growth.

When bulbs of cultivated Bowiea volubilis Harv. ex Hook. f. plants were
compared to the wild-harvested ones sold in markets, there was no
wide variation in the biological activities.”? P sidoides extracts from
greenhouse-acclimatised plants demonstrated similar antimicrobial
and antioxidant properties compared to the extracts from wild-collected
plants, supporting the feasibility for large-scale cultivation.®® The above
studies indicate that the bioactivity of medicinal plants could be increased
or maintained through the manipulation of agronomic practices.

Although cultivation of medicinal plants is recognised as being important
for the development of the formal medicinal plant industry” and as a
conservation strategy, there remains a paucity of information on the
response of several commercially important medicinal plants to cultivation
practices. Yet, as illustrated above, different agronomic practices,
including irrigation, spacing, fertilisation, and plant growth management,
influence not only yield but the quality of cultivated medicinal plants.
Hence, the use of standardised and optimised cultivation procedures
for each commercially important species becomes important to ensure
a consistent supply of good-quality medicinal plant raw materials for
the industry. However, some species are difficult to cultivate because
of certain biological features or ecological requirements.”® Other
medicinal plants, particularly those whose underground parts are used
medicinally, may take a long time to reach maturity, and some growers
may not be able to afford to wait more than a year before harvesting
due to economic feasibility challenges that may arise with initial capital
investment requirement.”* Research can play a significant role in
technology development and transfer as a contribution to the medicinal
plant industry and supporting the development of cultivation sites which
can create jobs and revive rural economies. Availability of and access to
plant materials can also contribute to the preservation of the indigenous
knowledge related to various medicinal plants through continued use and
generational information dissemination.

A paradigm shift on the use of cultivated
medicinal plants?

Many users of traditional medicine view cultivated medicinal plants with
much uncertainty, and this is because they are aware of the effect of
the environment on the ‘medicinal power’ of the plants.” Many refer
to the risk of ‘metaphysical’ dangers destroying the ‘medicinal power’
of medicinal plants cultivated outside their natural environment.? For
example, nitrogen application resulted in reduced and unstable quantities
of the active compounds in Salvia miltiorrhiza Bunge compared to the
content in wild populations.” Such results highlight the need for further
investigations into environmental factors or stimulus of secondary
metabolites, such as water stress, soil type, and shading, which could
influence the active ingredient quantities. Nonetheless, traditional healers
and traditional knowledge holders are also aware that traditional health
care is at risk because medicinal plants are becoming scarce.’s’
For example, traditional healers in Zimbabwe recommended the
cultivation of two threatened species, Warburgia salutaris, and Alepidea
amatymbica Eckl. & Zeyh., to meet future demands of the species.”
Furthermore, as many as 98 medicinal plant species were listed as
being ‘allowed’ to be cultivated, whereas 68 were ‘not allowed’ to be
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cultivated by traditional healers in KwaZulu-Natal and Gauteng Provinces
of South Africa.® Cultivation of medicinal plants has been recommended
in many platforms, by traditional health practitioners, leading to efforts
by the South African government to develop medicinal plant nurseries in
various provinces.

Kelatwang™ reported that 77% of the traditional healers interviewed
appreciated a decline in populations of medicinal plants, a further
indication of their understanding of the risk of extinction of some medicinal
plants. About 69% of traditional healers interviewed in a survey by
Dzerefos et al.” perceived a decrease in populations of medicinal plants,
and the development of medicinal plant nurseries was recommended as
the majority (58%) of the traditional healers mentioned that nursery-grown
plants were acceptable for use. It seems that traditional health practitioners
are now accepting cultivated medicinal plants, as 83% of those interviewed
by Nefhere?® showed interest in cultivating the plants, whereas 80% were
willing to buy cultivated medicinal plant species. Similarly, 74% and 83%
of the traditional healers and traders, respectively, accepted cultivation
as a solution for declining medicinal plant populations.”® Furthermore,
88% of street traders and vendors of medicinal plants were willing to buy
cultivated medicinal plants.®’ Due to the time requirement of cultivation,
58% of the interviewed traditional healers and traders recommended
farmers for commercialising medicinal plant cultivation.'®

On the other hand, pharmaceutical companies need consistency in the
quality and market value of herbal products.®® Appropriate standard
operating procedures and proper management of raw materials through
cultivation have been advocated as a strategy for quality assurance
because medicinal plant materials can be collected from the same area
and grown under the same conditions over a period. The optimisation of
propagation and cultivation techniques will ensure the supply of good-
quality planting materials for local growers and the supply of good-quality
harvested materials to the industry.' Cultivation of medicinal plants
is of great interest to pharmaceutical companies as it allows for the
sustainability of supply, reliability in botanical identification of the plant
materials, and guaranteed chemical homogeneity. At the same time, it
allows for optimisation of secondary metabolite production through
manipulation of the growing plants’ environment.#476 Cultivation can
also provide an opportunity for increasing the yields of secondary
metabolites. As an example, the ‘trichome management’ technique
not only increased biomass yields of leaves and stems and the related
glandular trichome density, but it also increased the production and
alkaloid (camptothecin) yield in trichomes of Camptotheca species.”
The need for increased cultivation is a reality. For example, in Germany,
750 farmers were reported to be cultivating medicinal plants in a total
area of 12 240 ha, and this area was reported to be only 12% of the
area required to meet the industry needs™ as domestic consumption
was increasing.

Recommendations and conclusion

South Africa is faced with challenges in job creation, enterprise
development, and revival of the economy. The medicinal plant industry
can play a critical role in addressing these challenges as farming is a
labour-intensive sector. The medicinal plant industry makes significant
contributions to the economies of developing countries, such as
South Africa. This contribution is through job creation, rural economy
revival, and income generation for small businesses, such as the
transport businesses, involved in the value chain. Furthermore, rural
communities use medicinal plants for primary health care, as they are
affordable and accessible. Cultivation of medicinal plants, which are in
most cases harvested unsustainably from the wild, offers opportunities
over and above the conservation of the species. These opportunities
include more jobs, as more people will be needed to maintain the
cultivated fields, increased income, and improved livelihoods of
communities. Better prices can also be negotiated because quality
and traceability can be guaranteed. However, land, financial resources,
and direct market access for rural communities should be addressed
as these can also unlock the industry. Research efforts optimising
practices for improved yield without compromising quality should be
intensified with appropriate funding support for technology development
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and transfer. In South Africa, different research institutions, government
departments — such as the Departments of Science and Innovation (DSI),
Trade, Industry and Competition (DTIC), Small Business Development
(DSBD), Forestry, Fisheries and Environment (DFFE) — in collaboration
with knowledge holders, are already putting in significant efforts in an
attempt to formalise the medicinal plant industry. However, there is room
for improvements, especially to ease the administrative and compliance
burden placed on researchers. Government regulations should be
balanced to protect the environment but also to promote sustainable use
of natural resources. With enough support, research findings can inform
conservation and biodiversity management strategies for effective
protection and efficient use of South African biodiversity.

Oversupply of medicinal plant materials can have a negative impact on
prices. Therefore, production needs to be managed in relation to market
demand. It is also essential to formalise the local medicinal plant trade,
especially because traditional health practitioners are starting to accept
cultivated medicinal plants so that the contribution to the economy can be
recognised. The local trade can be used to develop the emerging growers
of medicinal plants, such that they can understand the industry and then
graduate to the cross-border trade and ultimately to the international trade
where they can supply international pharmaceutical companies.

Competing interests
We have no competing interests to declare.

Authors’ contributions

M.M.M.: Conceptualisation; writing — the initial draft. C.Pd.P: Critical
review; commentary; writing —revisions. H.TA.: Conceptualisation;
review of the draft. S.0.A.. Critical review. S.N.M.: Inputs in writing
the initial draft. K.M.P: Inputs in writing the initial draft. PW.M.: Critical
review, commentary; writing — revisions.

References

1. Maroyi A. Diversity of use and local knowledge of wild and cultivated plants in
the Eastern Cape province, South Africa. J Ethnobiol Ethnomed. 2017;13:43.
http://doi.org/10.1186/s13002-017-0173-8

2. Sher H, Aldosari A, Ali A, De Boer H.J. Economic benefits of high-value
medicinal plants to Pakistani communities: An analysis of current practice
and potential. J Ethnobiol Ethnomed. 2014;10:71. http://doi.10.1186/1746-
4269-10-71

3. Wangchuk P, Togbay T. Contributions of medicinal plants to the gross national
happiness and biodiscovery in Bhutan. J Ethnobiol Ethnomed. 2015;11:48.
https://doi.org/10.1186/s13002-015-0035-1

4. Bukar BB, Dayom DW, Uguru MO. The growing economic importance of
medicinal plants and the need for developing countries to harness from it: A
mini review. IOSR J Pharm. 2016;6(5):42-45.

5. Williams VL, Victor JE, Crouch NR. Red listed medicinal plants of South Africa:
Status, trends, and assessment challenges. S Afr J Bot. 2013;86:23-35.
http://doi.org/10.1016/j.sajb.2013.01.006

6. Magoro MD, Masoga MA, Mearns MA. Traditional health practitioners’
practices and the sustainability of extinction-prone traditional medicinal
plants. Int J Afr Renaiss Stud. 2010;5:229-241. https://doi.org/10.1080/1
8186874.2010.534842

7. Smith-Hall C, Larsen HO, Pouliot M. People, plants and health: A conceptual
framework for assessing changes in the medicinal plant consumption. J
Ethnobiol Ethnomed. 2012;8:43. https://doi.org/10.1186/1746-4269-8-43

8. Ndawonde BG, Imenda SN. Biographical characteristics of medicinal plant
sellers in Northern KwaZulu-Natal. Ethno Med. 2015;9:327-336. https://doi.
org/10.1080/09735070.2015.11905450

9. Hamilton AC. Medicinal plants, conservation, and livelihoods. Biodivers Conserv.
2004;13:1477-1517. https://doi.org/10.1023/B:BI0C.0000021333.23413.42

10. Mbongwa NS. The perceptions, attitudes and knowledge of traditional healers
and traders about using cultivated plants in South Africa [MSc dissertation].
Johannesburg: University of the Witwatersrand; 2018.

Volume 118| Number 7/8
July/August 2022


https://doi.org/10.17159/sajs.2022/12190
https://www.sajs.co.za/
http://doi.org/10.1186/s13002-017-0173-8
http://doi.10.1186/1746-4269-10-71
http://doi.10.1186/1746-4269-10-71
https://doi.org/10.1186/s13002-015-0035-1
http://doi.org/10.1016/j.sajb.2013.01.006
https://doi.org/10.1080/18186874.2010.534842
https://doi.org/10.1080/18186874.2010.534842
https://doi.org/10.1186/1746-4269-8-43
https://doi.org/10.1080/09735070.2015.11905450
https://doi.org/10.1080/09735070.2015.11905450
https://doi.org/10.1023/B:BIOC.0000021333.23413.42 


1.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Lubbe A, Verpoorte R. Cultivation of medicinal and aromatic plants for
specialty industrial materials. Ind Crops Prod. 2011;34:785-801. https://doi.
org/10.1016/j.indcrop.2011.01.019

Lange D. International trade in medicinal and aromatic plants. In: Bogers RJ,
Craker LE, Lange D, editors. Medicinal and aromatic plants. Wageningen:
Springer; 2006. p. 155-170.

Tanga M, Lewu FB, Oyedeji OA, Qyedeji 00. Cultivation of medicinal plants
in South Africa: A solution to quality assurance and consistent availability
of medicinal plant materials for commercialization. Acad J Med Plants.
2018;6(7):168—177. http://doi.org/10.15413/ajmp.2018.0133

International Trade Centre. Medicinal plants. International Trade Forum
Magazine. 2001; Issue 3.

Allkin B. Useful plants — medicines: At least 28,187 plant species are currently
recorded as being of medicinal use. In: Willis KJ, editor. State of the world’s
plants. London: Royal Botanical Gardens, Kew; 2017.

Hoareau L, Da Silva EJ. Medicinal plants: A re-emerging health aid. Electron J
Biotechnol. 1999;2(2):56-70. https://doi.org/10.2225/vol2-issue2-fulltext-2

Sen S, Chakraborty R. Towards the integration and advancement of herbal
medicine: A focus on traditional Indian medicine. Botanics: Targets and
Therapy 2015;5:33-44. https://doi.org/10.2147/BTAT.S66308

Argyropoulos D. Plant-based medicinal and cosmetic products. EIP-Agri
Focus Group discussion paper [webpage on the Internet]. ¢2019 [cited 2021
May 30]. Available from: https://ec.europa.eu/eip/agriculture/en/publications/
eip-agri-focus-group-plant-based-medicinal-and-cosmetic-products

Makunga NP, Philander LE, Smith M. Current perspectives on an emerging
formal natural products sector in South Africa. J Ethnopharmacol.
2008;119:365-375. https://doi.org/10.1016/j.jep.2008.07.020

Reihling HCW. Bioprospecting the African Renaissance: The new value
of muthi in South Africa. J Ethnobiol Ethnomed. 2008;4:9. https://doi.
org/10.1186/1746-4269-4-9

Rasethe MT, Semenya SS, Maroyi A. Medicinal plants traded in informal
herbal medicine markets of the Limpopo province, South Africa. Evid
Based Complementary Altern Med. 2019; Art. #2609532. https://doi.
org/10.1155/2019/2609532

South African Department of Forestry, Fisheries and Environment.
Bioprospecting economy [webpage on the Internet]. No date [cited 2021
May 30]. Available from: www.environment.gov.za/projectsprogrammes/
bioprospectingeconomy

Nedbank. Annual average exchange rates [document on the Internet]. No date
[cited 2020 Jan 10]. Available from: https://www.nedbank.co.za/content/
dam/nedbank/site-assets/AboutUs/Economics_Unit/Forecast_and_data/
Daily_Rates/Annual_Average_Exchange_Rates.pdf

Van Wyk AS, Prinsloo G. Medicinal plant harvesting, sustainability, and
cultivation in South Africa. Biol Conserv. 2018;227:335-342. https://doi.
org/10.1016/j.biocon.2018.09.018

Myles M, Ntuli L, Diedrichs N, Mavundla K. Economics of the traditional
medicine trade in South Africa. S Afr Health Rev. 2007;189-196.

Meke GS, Mumba RFE, Bwanali RJ, Williams VL. The trade and marketing of
traditional medicines in southern and central Malawi. Int J Sustain Dev World
Ecol. 2017;24(1):73-87. https://doi.org/10.1080/13504509.2016.11712621

Pagare S, Bhatia M, Tripathi N, Pagare S, Bansal YK. Secondary metabolites of
plants and their role: Overview. Curr Trends Biotechnol Pharm. 2015;9:293-304.

Isah T. Stress and defense response in plant secondary metabolites production.
Biol Res. 2019;52:39. https://doi.org/10.1186/s40659-019-0246-3

Chae L, Lee I, Shin J, Rhee SY. Towards understanding how molecular
networks evolve in plants. Curr Opin Plant Biol. 2012;15:177-184. https://
doi.org/10.1016/j.pbi.2012.01.006

Verpoorte R. Exploration of nature’s chemodiversity: The role of secondary
metabolites as leads in drug development. Drug Discov Today. 1998;3:232—
238. https://doi.org/10.1016/S1359-6446(97)01167-7

Mahomoodally MF. Traditional medicine in Africa: An appraisal of ten potent
African medicinal plants. Evid Based Complement Alternat Med. 2013;
Art. #617459. https://doi.org/10.1155/2013/617459

Review Article
https://doi.org/10.17159/sajs.2022/12190

32.

33.

34.

35.

36.

37.

38.

39.

40.

4.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Commercialisation of medicinal plants
Page 6 of 7

Zhao SX, Ye WC, Gu JH, Liu JH, Zhang XQ, Yin ZQ, et al. Medicinal plant
resources in Lingnan area and emergency medicine in Ge Hong zhou hou bei
ji fang. Asia Pac Tradit Med. 2012;8:11-12. http://doi.org/10.1007/s43188-
021-00090-5

Helfer M, Koppensteiner H, Schneider M, Rebensburg S, Forcisi S, Milller C, et
al. The root extract of medicinal plant Pelargonium sidoides is a potent HIV-1
attachment inhibitor. PLoS ONE. 2014;9, e0087487. https://doi.org/10.1371/
journal.pone.0087487

Goboza M, Aboua YG, Meyer S, Oguntibeju 00. Diabetes mellitus: Economic
and health burden, treatment and the therapeutical effects of Hypoxis
hemerrocallidea plant. Medical Technology South Africa. 2016;40:39-46.

Fasinu PS, Gutmann H, Schiller H, Bouic P Rosenkranz B. The potential of
Hypoxis hemerocallidea for herb-drug interaction. Pharm Biol. 2013;51:1499—
1507. https://doi.org/10.3109/13880209.2013.796393

Mills E, Cooper C, Seely D, Kanfer I. African herbal medicines in the treatment
of HIV: Hypoxis and Sutherlandia. An overview of evidence and pharmacology.
Nutr J. 2005;4:19-24. https://doi.org/10.1186/1475-2891-4-19

Mogatle S, Skinner M, Mills E, Kanfer I. Effect of African potato (Hypoxis
hemerocallidea) on the pharmacokinetics of efavirenz. S Afr Med J.
2008;98:945-949.

Aboyade OM, Styger G, Gibson D, Hughes G. Sutherlandia frutescens: The
meeting of science and traditional knowledge. J Altern Complement Med.
2014;20(2):71-76. https://doi.org/10.1089/acm.2012.0343

Lim XY, Teh BP Tan TYC. Medicinal plants in COVID-19: Potential and
limitations. Front Pharmacol. 2021;12, Art. #611408. https://doi.org/10.3389/
fphar.2021.611408

Dwarka D, Agoni C, Mellem JJ, Soliman ME, Baijnath H. Identification of
potential SARS-CoV-2 inhibitors from South African medicinal plant extracts
using molecular modelling approaches. S Afr J Bot. 2020;133:1-12. https://
doi.org/10.1016/j.sajb.2020.07.035

Posthumus MA, Van Beek TA, Collins NF, Graven EH. Chemical composition
of the essential oils of Agathosma betulina, A. crenulate and an A. betulina x
crenulata hybrid (Buchu). J Essent Qil Res. 1996;8:223-228. https://doi.org
/10.1080/10412905.1996.9700606

Muller C. The role of buchu (Agathosma botulina and Agathosma crenulata)
cultivation in livelihoods and conservation [MPhil dissertation]. Cape Town:
University of Cape Town; 2015.

Van Wyk B, Van Qudsthoorn B, Gericke N. Medicinal plants of South African.
Pretoria: Briza Publications; 2009.

Van Wyk B-E. The potential of South African plants in the development
of new medicinal products. S Afr J. Bot. 2011;77:812-829. https://doi.
org/10.1016/j/sajb.2011.08.011

Li'Y. Qinghaosu (artemisinin): Chemistry and pharmacology. Acta Pharmacol
Sin. 2012;33:1141-1146. https://doi.org/10.1038/aps.2012.104

Shimamura N, Miyase T, Umehara K, Warashina T, Fujii S. Phytoestrogens
from Aspalathus linearis. Biol Pharm Bull. 2006;29:1271-1274. https://doi.
org/10.1248/bpb.29.1271

Li F, Jiang T, Li Q, Ling X. Camptothecin (CPT) and its derivatives are known
to target topoisomerase | (Top1) as their mechanism of action: Did we miss
something in CPT analogue molecular targets for treating human disease
such as cancer? Am J Cancer Res. 2017;7:2350-2394.

Zhou Y, Yan W. Conservation and applications of camphor tree (Cinnamomum
camphora) in China: Ethnobotany and genetic resources. Genet Resour Crop
Evol. 2016;63:1049-1061. https://doi.org/10.1007/s10722-015-0300-0

Chen X. A review on coffee leaves: Phytochemicals, bioactivities and
applications. Crit Rev Food Sci Nutr. 2019;59:1008—1025. https://doi.org/10
.1080/10408398.2018.1546667

Patay EB, Nemeth T, Nemeth TS, Filep R, Vlase L, Papp N. Histological and
phytochemical studies of Coffea benghalensis B. Heyne Ex Schult., compared
with Coffea arabica L. Farmacia. 2016;64:125-130.

Luthra PM, Singh R, Chandra R. Therapeutic uses of Curcuma longa
(turmeric). Indian J Clin Biochem. 2001;16:153-160. https://doi.org/10.1007/
BF02864854

Johnson EL. Content and distribution of Erythroxylum coca leaf alkaloids. Ann
Bot. 1995;76:331-335. https://doi.org/10.1006/anbo.1995.1104

Volume 118| Number 7/8
July/August 2022


https://doi.org/10.17159/sajs.2022/12190
https://www.sajs.co.za/
https://doi.org/10.1016/j.indcrop.2011.01.019
https://doi.org/10.1016/j.indcrop.2011.01.019
http://doi.org/10.15413/ajmp.2018.0133
https://doi.org/10.2225/vol2-issue2-fulltext-2
https://doi.org/10.2147/BTAT.S66308
https://ec.europa.eu/eip/agriculture/en/publications/eip-agri-focus-group-plant-based-medicinal-and-cosmetic-products
https://ec.europa.eu/eip/agriculture/en/publications/eip-agri-focus-group-plant-based-medicinal-and-cosmetic-products
https://doi.org/10.1016/j.jep.2008.07.020
https://doi.org/10.1186/1746-4269-4-9
https://doi.org/10.1186/1746-4269-4-9
https://doi.org/10.1155/2019/2609532
https://doi.org/10.1155/2019/2609532
www.environment.gov.za/projectsprogrammes/bioprospectingeconomy
www.environment.gov.za/projectsprogrammes/bioprospectingeconomy
https://www.nedbank.co.za/content/dam/nedbank/site-assets/AboutUs/Economics_Unit/Forecast_and_data/Daily_Rates/Annual_Average_Exchange_Rates.pdf
https://www.nedbank.co.za/content/dam/nedbank/site-assets/AboutUs/Economics_Unit/Forecast_and_data/Daily_Rates/Annual_Average_Exchange_Rates.pdf
https://www.nedbank.co.za/content/dam/nedbank/site-assets/AboutUs/Economics_Unit/Forecast_and_data/Daily_Rates/Annual_Average_Exchange_Rates.pdf
https://doi.org/10.1016/j.biocon.2018.09.018
https://doi.org/10.1016/j.biocon.2018.09.018
https://doi.org/10.1080/13504509.2016.11712621
https://doi.org/10.1186/s40659-019-0246-3
https://doi.org/10.1016/j.pbi.2012.01.006
https://doi.org/10.1016/j.pbi.2012.01.006
https://doi.org/10.1016/S1359-6446(97)01167-7
https://doi.org/10.1155/2013/617459
http://doi.org/10.1007/s43188-021-00090-5
http://doi.org/10.1007/s43188-021-00090-5
https://doi.org/10.1371/journal.pone.0087487
https://doi.org/10.1371/journal.pone.0087487
https://doi.org/10.3109/13880209.2013.796393
https://doi.org/10.1186/1475-2891-4-19
https://doi.org/10.1089/acm.2012.0343
https://doi.org/10.3389/fphar.2021.611408
https://doi.org/10.3389/fphar.2021.611408
https://doi.org/10.1016/j.sajb.2020.07.035
https://doi.org/10.1016/j.sajb.2020.07.035
https://doi.org/10.1080/10412905.1996.9700606
https://doi.org/10.1080/10412905.1996.9700606
https://doi.org/10.1016/j/sajb.2011.08.011
https://doi.org/10.1016/j/sajb.2011.08.011
https://doi.org/10.1038/aps.2012.104
https://doi.org/10.1248/bpb.29.1271
https://doi.org/10.1248/bpb.29.1271
https://doi.org/10.1007/s10722-015-0300-0
https://doi.org/10.1080/10408398.2018.1546667
https://doi.org/10.1080/10408398.2018.1546667
https://doi.org/10.1007/BF02864854
https://doi.org/10.1007/BF02864854
https://doi.org/10.1006/anbo.1995.1104

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Puig CG, Gongalves RF, Valentdo P, Andrade PA, Reigosa MJ, Pedrol N.
The consistency between phytotoxic effects and the dynamics of allelochemicals
release from Eucalyptus globulus leaves used as bioherbicide green manure.
J Chem Ecol. 2018;44:658-670. https://doi.org/10.1007/s10886-018-0938-8

Gong QH, Shi JS, Yang DL, Huang B, Xie XL. Pharmacological action and its
mechanism of gastrodin in central nervous system. Chin J New Drugs Clin
Rem. 2011;30:176-179.

Gong DH, Zheng WH, Luo N, Tang GC. Effects and the mechanism of
gastrodin on chemotherapy-induced neuropathic pain through the expression
of Ibal of spinal dorsal horn. Chin J Chin Pharmacol Ther. 2014;19:743-746.

Mncwangi NP, Viljoen AM. Quantitative variation of amino acids in Sutherlandia
frutescens (Cancer bush)-towards setting parameters for quality control.
S Afr J Bot. 2012;82:46-52. https://doi.org/10.1016/j.sajb.2012.06.009

Sparg SG, Van Staden J, Jdger AK. Pharmacological and phytochemical
screening of two Hyacinthaceae species: Scilla natalensis and Ledebouria
ovatifolia. J Ethnopharmacol. 2002;80:95-101. https://doi.org/10.1016/
§0378-8741(02)00007-7

Sparg SG, Jdger AK, Van Staden J. The effect of cultivation and plant age
on the pharmacological activity of Merwilla natalensis bulbs. S Afr J Bot.
2005;71:191-196. https://doi.org/10.1016/S0254-6299(15)30132-0

Brendler T, Van Wyk BE. A historical, scientific and commercial perspective on
the medicinal use of Pelargonium sidoides (Geraniaceae). J Ethnopharmacol.
2008;119:420-433. https://doi.org/10.1016/j.jep.2008.07.037

Viljoen AM, Demirci B, Baser KHC, Van Wyk BE, Jager AK. The essential oil
composition of the roots and rhizomes of Siphonochilus aethiopicus. S Afr J
Bot. 2002;68:115-116. https://doi.org/10.1016/50254-6299(16)30463-71

Drewes SE, Crouch NR, Mashimbye MJ, De Leeuw BM, Horn MM. A
phytochemical basis for the potential use of Warburgia salutaris (pepper-bark
tree) leaves in place of bark. S Afr J Sci. 2001;97:383-386.

Maroyi A. Warburgia salutaris (Bertol. f.) Chiov.: A multi-use ethnomedicinal
plant species. J Med Plants Res. 2013;7:53-60. http://doi.org/10.5897/
JMPR12.1019

Vermaak |, Enslin GM, Idowu TO, Viljoen AM. Xysmalobium undulatum
(uzara) — review of an antidiarrhoeal traditional medicine. J Ethnopharmacol.
2014;156:135-1486. https://doi.org/10.1016/j.jep.2014.08.016

Kanama S, Viljoen A, Enslin G, Kamatou G, Chen W, Sandasi M, et al. Uzara
— a quality control perspective of Xysmalobium undulatum. Pharm Biol.
2016;54:1272-1279. https://doi.org/10.3109/13880209.2015.1073335

Xego S, Kambizi L, Nchu F. Threatened medicinal plants of South Africa:
Case of the family Hyacinthaceae. Afr J Tradit Complement Altern Med.
2016;13:168-180. https://doi.org/10.4314/ajtcam.v13i3.20

Bairu MW, Amoo SO, Van Staden J. Comparative phytochemical analysis of
wild and in vitro-derived greenhouse-grown tubers, in vitro shoots and callus-
like basal tissue of Harpagophytum procumbens. S Afr J Bot. 2011;77:479-
484, https://doi.org/10.1016/j.sajb.2010.09.009

Mofokeng MM, Prinsloo G, Araya HT, Du Plooy CP, Sathekge NR, Amoo SO, et
al. Yield and metabolite production of Pelargonium sidoides DC. in response
to irrigation and nitrogen management. Metabolites. 2020;10, Art. #219.
https://doi.org/10.3390/metabo10060219

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

Commercialisation of medicinal plants
Page 7 of 7

White AG, Davies-Coleman MT, Ripley BS. Measuring and optimizing umckalin
concentration in wild-harvested and cultivated Pelargonium sidoides
(Geraniaceae). S Afr J Bot. 2008;74:260-267. https://doi.org/10.1016/j.
sajb.2007.11.015

Moyo M, Aremu AO, GruzJ, Subrtova M, Sziigova L, Dolezal K, etal. Conservation
strategy for Pelargonium sidoides DC: Phenolic profile and pharmacological
activity of acclimatized plants derived from tissue culture. J Ethnopharmacol.
2013;149:557-561. https://doi.org/10.1016/j.jep.2013.07.021

Mokgehle SN, Tesfay Sz, Araya HT, Du Plooy CP, Suinyuy TN. Volatile profiling
of aromatic African ginger (Siphonochilus aethiopicus) in response to
irrigation regimes and nitrogen levels. Acta Hortic. 2019;1251:37-48. https:/
doi.org/10.17660/ActaHortic.2019.1251.5

McAlister BG, Van Staden J. Effect of artificially induced stress conditions
on the growth of the medicinal plant Hypoxis hemerocallidea. S Afr J Bot.
1995;61(2):85-89. https://doi.org/10.1016/50254-6299(15)30484-1

Masondo NA, Ndhlala AR, Aremu AQ, Van Staden J, Finnie JF. A comparison
of the pharmacological properties of garden cultivated and muthi-market sold
Boweia volubilis. S Afr J Bot. 2013;86:135-138. https://doi.org/10.1016/j.
sajb.2013.02.169

Makunga NP, Philander LE, Smith M. Current perspectives on an emerging
formal natural products sector in South Africa. J Ethnopharmacol.
2008;119:365-375. https://doi.org/10.1016/j.jep.2008.07.020

Schippmann U, Leaman DJ, Cunningham AB. Impact of cultivation and
gathering of medicinal plants on biodiversity: Global trends and issues.
In: Biodiversity and the ecosystem approach in agriculture, forestry, and
fisheries. Satellite event on the occasion of the Ninth Regular Session of the
Commission on Genetic Resources for Food and Agriculture; 2002 October
12-13; Rome, ltaly. Rome: Inter-Departmental Working Group on Biological
Diversity for Food and Agriculture, FAQ; 2002.

Kelatwang TS. The acceptability of medicinal plant gardens: Healers’
perspective from Nkomanzi East Region [master’s dissertation]. Pretoria:
University of Pretoria; 2002.

Li' S, Yuan W, Yang P Antoun MD, Balick MJ, Cragg GM. Pharmaceutical
crops: An overview. Pharm Crop. 2010;1:1-17. https://doi.org/10.2174/22
10290601001010001

Oladele AT, Alade GO, Omobuwajo OR. Medicinal plants conservation and
cultivation by traditional medicine practitioners (TMPs) in Aiyedaade local
government area of Osun state, Nigeria. Agric Biol J N Am. 2011;2:476-487.
http://doi.org/10.5251/abjna.2011.2.3.476.487

Maroyi A. Ethnobotanical study of two threatened medicinal plants in
Zimbabwe. Int J Biodivers Sci Manag. 2008;4:148-153. https:/doi.
org/10.3843/Biodiv.4.3:2

Dzerefos CM, Witkowski ETF, Kremer-Kéhne S. Aiming for the biodiversity
target with social welfare arrow: Medicinal and other useful plants from a
critically endangered grassland ecosystem in Limpopo Province, South
Africa. Int J Sust Dev World Ecol. 2017;24:52-64. https://doi.org/10.1080
/13504509.2016.1174963

Nefhere KV. Perceptions of traditional healers regarding ethnobotanical
importance and conservation status of indigenous medicinal plants of
Thulamela, Limpopo [MSc dissertation]. Pretoria: University of Pretoria; 2019.

Review Article
https://doi.org/10.17159/sajs.2022/12190

Volume 118| Number 7/8
July/August 2022


https://doi.org/10.17159/sajs.2022/12190
https://www.sajs.co.za/
https://doi.org/10.1007/s10886-018-0938-8
https://doi.org/10.1016/j.sajb.2012.06.009
https://doi.org/10.1016/S0378-8741(02)00007-7
https://doi.org/10.1016/S0378-8741(02)00007-7
https://doi.org/10.1016/S0254-6299(15)30132-0
https://doi.org/10.1016/j.jep.2008.07.037
https://doi.org/10.1016/S0254-6299(16)30463-71
http://doi.org/10.5897/JMPR12.1019
http://doi.org/10.5897/JMPR12.1019
https://doi.org/10.1016/j.jep.2014.08.016
https://doi.org/10.3109/13880209.2015.1073335
https://doi.org/10.4314/ajtcam.v13i3.20
https://doi.org/10.1016/j.sajb.2010.09.009
https://doi.org/10.3390/metabo10060219
https://doi.org/10.1016/j.sajb.2007.11.015
https://doi.org/10.1016/j.sajb.2007.11.015
https://doi.org/10.1016/j.jep.2013.07.021
https://doi.org/10.17660/ActaHortic.2019.1251.5
https://doi.org/10.17660/ActaHortic.2019.1251.5
https://doi.org/10.1016/S0254-6299(15)30484-1
https://doi.org/10.1016/j.sajb.2013.02.169
https://doi.org/10.1016/j.sajb.2013.02.169
https://doi.org/10.1016/j.jep.2008.07.020
https://doi.org/10.2174/2210290601001010001
https://doi.org/10.2174/2210290601001010001
http://doi.org/10.5251/abjna.2011.2.3.476.487
https://doi.org/10.3843/Biodiv.4.3:2
https://doi.org/10.3843/Biodiv.4.3:2
https://doi.org/10.1080/13504509.2016.1174963
https://doi.org/10.1080/13504509.2016.1174963

	_Hlk24362385
	_Hlk11152902

