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Abstract: Africa has the largest diversity of the genus Hypoxis, accounting for 61% of the current
globally accepted taxa within the genus, including some endemic species. Using Hypoxis
hemerocallidea as a case study, this review addresses the conservation concerns arising from the
unsustainable, wild harvesting of a number of Hypoxis species. Hypoxis hemerocallidea is one of the
wild-harvested, economically important, indigenous medicinal plants of southern Africa, with
potential in natural product and drug development. There are several products made from the
species, including capsules, tinctures, tonics and creams that are available in the market. The use of
H. hemerocallidea as a “cure-all” medicine puts an important harvesting pressure on the species.
Unsustainable harvesting causes a continuing decline of its populations and it is therefore of high
priority for conservation, including a strong case to cultivate the species. Reviewing the current
knowledge and gaps on cultivation of H. hemerocallidea, we suggest the creation of a platform for
linking all the stakeholders in the industry.

Keywords: African potato; conservation; commercialization; cultivation; Hypoxidaceae; medicinal
plant; unsustainable harvesting; wild harvesting

1. Introduction

The African continent is known for its rich floral biodiversity, high levels of endemism [1] and
increasing reliance on its natural resources based on its indigenous knowledge systems, for economic
growth and development. The increasing reliance of a growing population coupled with other factors
such as habitat destruction, alien species invasion and other anthropogenic factors has resulted in an
increasing strain on African plant diversity, creating the need for urgent biodiversity conservation
interventions [2]. Globally, there are 119 accepted taxa, including species and infra-species levels
within the genus Hypoxis [3]. Using the latest information from the African Plant database [4], there
are 72 of these taxa with accepted names [3,5] that are naturally distributed in tropical Africa,
southern Africa, North Africa and Madagascar (Table 1). According to Balogun et al. [6], about 40
Hypoxis species are known in southern Africa, which is regarded as the main center of the species
diversity and endemism [7]. Some of the species have been grouped into another genera following
recent taxonomic reclassification [3,5]. About 32 Hypoxis species were recorded in Tropical East Africa
including Uganda, Kenya, and Tanzania [8]. Hypoxis species are regarded as valuable medicinal
plants for the treatment of numerous ailments in most parts of Africa [9]. In southern Africa, Hypoxis
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hemerocallidea is the top Hypoxis species with commercial value, seconded by H. colchicifolia [10,11].
This review therefore focuses on H. hemerocallidea as a case study of species within the genus although
other African Hypoxis species of medicinal importance are also highlighted.

Hypoxis hemerocallidea Fisch., C.A.Mey. & Avé-Lall. (family: Hypoxidaceae), commonly known
as African potato, iLabatheka, iNkomfe, moli and star flower, is listed in southern Africa as one of
the indigenous medicinal plants with potential in natural product and drug development [12-14],
hence being one of the commercially important medicinal plants in the region. It is the only Hypoxis
species listed among the 51 plant species in the African Herbal Pharmacopoeia [15]. The commonly
used part is its corms. Thus, during harvesting the corms are dug out, killing the plant [16,17]. This
has most likely led to a decline in its wild populations and thus the need for conservation strategies
[15]. The current review paper aims at discussing the cultivation of H. hemerocallidea as a conservation
strategy, research work and information generated in the cultivation of the species, and
recommendations going forward, which can be applicable to other Hypoxis species.

Hypoxis Species in Africa

The African continent alone accounts for 61% (N = 72) of the current globally accepted taxa
within the genus Hypoxis. Some of the taxa such as H. fischerii var. hockii (De Wild.) Wiland & Nordal,
H. fischerii var. zernyi (G. M. Schulze) Wiland & Nordal, H. gregoriana Rendle, H. kilimanjarica subsp.
kilimanjarica, H. kilimanjarica subsp. prostrata E. M. Holt & Staubo and H. urceolata Nel are endemic to
East Tropical Africa [8]. Many Hypoxis species are used in the management of HIV/AIDS, cancer,
tuberculosis, sexually transmitted diseases and infertility (Table 1), because of their similarity in
chemical constituents [18]. As a result, some of these taxa are used interchangeably in African
Traditional Medicine [8]. For example, H. angustifolia Lam, H. goetzei Harms, H. nyasica Baker, and H.
obtusa Burch. ex Ker Gawl. are all used in traditional medicine for similar purposes in Tanzania [7].
The corm is often the plant part used and its harvest is rather unsustainable and might lead to
decimation of natural populations. At present, only Hypoxis malaissei Wiland has been listed in the
TUCN Red List of Threatened Species [19] as ‘Data Deficient’. However, this species and H. fischeri
var. katangensis (De Wild.) Wiland & Nordal are suggested to be in the East Tropical Africa ‘Critically
Endangered’ list [8]. Most species only appear on National Red List Data as ‘Least Concern’, but H.
fischeri var. colliculata (Wiland) Wiland & Nordal, H. kilimanjarica Baker, H. kilimanjarica subsp.
Prostrata., and H. polystachya Welw. ex Baker are listed as ‘Vulnerable’ in the East Tropical Africa [8],
and five other species are listed as ‘Near Threatened’ (Table 1).
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Table 1. Hypoxis species diversity in Africa (adapted from African Plant Database [4]).
et e Plant Nature of .
Plant Species Synonymilof the Accepted : DISt:El.mon m Part(s) Diseases/Condition Conss ervation Main Threats Reference
ames rea Used Plant is Used Against tatus
Hypoxis boranensis Cufod.;
Hypoxis neghellensis Cufod.;
1Hypoxis abyssinica Hypoxis petitiana A Rich.; TA
Hochst. ex A. Rich. Hypoxis schweinfurthiana Nel;
Hypoxis simensis Hochst.;
Hypoxis tristycha Cufod.
Hypoxis acuminata Baker SA LC*
Hypoxis angustifolia var. Skin ulcers, HIV/AIDS,
Hypoxis angustifolia Lam. angustifolia; Hypoxis biflora MA-SA-TA Corm wounds, sickle cell LC* [7,8,20]
Baker diseases, ringorms
, s Hypoxis obliqua var. woodii
Hypoxis ungu.?‘t ifolia var. (Byaier) Nel?Hypoxis woodii SA LC*
buchananii Baker
Baker
Hypoxis angustifolia var. ) .
luzuloides (Robyns & Hypoxis luzuloides Robyns & MA-TA LCe 8]
Tournay) Wiland Tournay
Hypoxis angustifolia var. MA
madagascariensis Wiland
Hypoxis ag:lilzu Harv. ex Hypoxis argentea var. argentea SA-TA Corm Stomachache, diarrhoea LC* [21]
Hypoxis argentea var. flaccida
(Baker) Baker; Hypoxis dregei
Hy;'mxts argentea var. (Baker) Nel; H'ypox‘zs sericeq SA-TA Corm Diabetes LC* 22]
sericea (Baker) Baker Baker; Hypoxis sericea var.
dregei Baker; Hypoxis sericea
var. flaccida Baker
Overgrazing, tree
Hypoxis bampsiana subsp. TA NTe cutting, soil (8]
tomentosa Wiland erosion,
agriculture
. . . Hypoxis bampsiana subsp.
Hypoxis bampsiana Wiland . TA
bampsiana
Hypoxis lanceolata Nel; Hypoxis
Hypoxis camerooniana ledermannii Nel; Hypoxis TA

Baker

petrosa Nel; Hypoxis recurva

(Baker) Nel; Hypoxis thorbeckei
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Nel; Hypoxis villosa var.
recurva Baker
TA

Hypoxis canaliculata Baker
Hypoxis distachya Nel; Hypoxis

jlgiana Nel; Hi is latifoli
Hypoxis colchicifolia Baker griguani el Hypoxts i ,lfo " SA
Hook.; Hypoxis oligotricha
Baker
SA
Hypoxis costata Baker SA-TA
Hypoxis cuanzensis Welw.
TA
ex Baker
Anthericum ensiforme Vell.;

Anthericum sessile Mill.;
Hypoxis breviscapa Kunth;
Hypoxis caricifolia Salisb.;
Hypoxis decumbens var.
dolichocarpa G.L.Nesom;
Hypoxis decumbens var. major
Seub.; Hypoxis elongata Kunth;
Hypoxis gracilis Lehm.; Hypoxis
pusilla Kunth; Hypoxis racemosa
Donn.Sm.; Niobea nemorosa
Willd. ex Schult. & Schult.f.;
Niobea pratensis Willd. ex
Schult. & Schult.f.
Hypoxis demissa Nel TA
Hypoxis dinteri Nel SA-TA
Hypoxis exaltata Nel SA

SA

Hypoxis decumbens L.

Hypoxis biflora De Wild.;

Hypoxis caespitosa Baker ;
Hypoxis dregei var. biflora Nel
ex De Wild.; Hypoxis malosana
Baker; Hypoxis muenznerii Nel

SA-TA

Hypoxis filiformis Baker

H; is fischeri var. fischeri;
ypoxis fischeri var. fischeri; TA

Hyposxis fischeri Pax Hypoxis multiflora Nel

H is hockii var. colliculat
ypoxis hockii var. colliculata TA

Hypoxis fischeri var.
Wiland

colliculata (Wiland) Wiland
& Nordal

Corm

Diabetes, cancer,
osteoporosis, purgative

4 of 20

LC* [7,20-23]
LC*
LC*
LC* LCe
Possible damage
to its scattered,
'@
NT island-like habitat
range
Known from only
four collections in
@
vu East Tropical

Africa

(8]

(8]

(8]
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Hypoxis fischeri var. hockii
(De Wild.) Wiland &
Nordal

Hypoxis fischeri var.
katangensis (De Wild.)
Wiland & Nordal

Hypoxis fischeri var. zernyi
(G. M. Schulze) Wiland &
Nordal
Hypoxis flanaganii Baker
Hypoxis floccosa Baker

Hypoxis galpinii Baker

Hypoxis gerrardii Baker

Hypoxis goetzei Harms

Hypoxis gregoriana Rendle

Hypoxis hemerocallidea
Fisch. & Avé-Lall.

Hypoxis interjecta Nel

Hypoxis kilimanjarica
Baker

Hypoxis kilimanjarica
subsp. prostrata E. M. Holt
& Staubo

Hypoxis hockii De Wild.;
Hypoxis pedicellata Nel

Hypoxis aculeata Nel; Hypoxis
hockii var. katangensis (Nel)
Wiland; Hypoxis katangensis
Nel
Hypoxis matengensis
G.M.Schulze; Hypoxis zernyi
G.M.Schulze

Hypoxis ecklonii Baker

Hypoxis infausta Nel; Hypoxis
pungwensis Norl.; Hypoxis
stricta Nel

Hypoxis junodii Baker

Hypoxis esculenta De Wild.;
Hypoxis rubiginosa Nel; Hypoxis
turbinata Nel
Hypoxis araneosa Nel

Hypoxis elata Hook.f.; Hypoxis
obconica Nel; Hypoxis patula
Nel; Hypoxis rooperi T.Moore;
Hypoxis rooperi var. forbesii
Baker

Hypoxis alpina R.E.Fr. ; Hypoxis
incisa Nel; Hypoxis kilimanjarica
subsp. kilimanjarica

TA

TA

TA

SA

SA

SA-TA

SA

SA

TA

TA

SA-TA

SA

TA

TA

Corm Testicular swelling
Corm Testicular swelling
Corm Abdominal cramps
Corm Epilepsy, HIV/AIDS,
stomachache
Cancer, HIV/AIDS,

urinary tract diseases,
reproductive system
diseases, prostate
hypertrophy, benign
prostate hyperplasia,
Tuberculosis, Syphilis,
Diabetes

Corm

LCe

CE®

LCe

LC*
LC*

LC*, NT@

LC*

LCe

LCe

LC*

LC*
LC*

vue

vue

5 of 20

(8]
[8]
[8]
Near threatened in
the East Tropical
Africa due to [8]
disjunct
distributions
[24]
[7,8]

(8]

[8,20,25-28]

Human activities,
does not survive
in cultivated fields
or after fires

(8]

Increasing tourist
activities

(8]
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Hypoxis kraussiana
Buchinger ex C. Krauss
Hypoxis lata Nel
Hypoxis lejolyana Wiland
Hypoxis leucotricha Fritsch
Hypoxis limicola B. L. Burtt

Hypoxis longifolia Baker

Hypoxis ludwigii Baker
Hypoxis lusalensis Wiland

Hypoxis malaissei Wiland

Hypoxis membranacea
Baker
Hypoxis monanthos Baker

Hypoxis muhilensis Wiland

Hypoxis multiceps
Buchinger ex Baker
Hypoxis neliana Schinz

Hypoxis nyasica Baker

Hypoxis oblonga Nel

Hypoxis obtusa Burch. ex
Ker Gawl.

Hypoxis parvifolia Baker
Hypoxis parvula Baker

Hypoxis polystachya Welw.
ex Baker

Hypoxis longifolia var.
thunbergii Baker

Hypoxis muhilensis subsp.
muhilensis

Hypoxis campanulata Nel;
Hypoxis engleriana Nel; Hypoxis
engleriana var. scottii Nel;
Hypoxis ingrata Nel; Hypoxis
probata Nel; Hypoxis retracta
Nel

Hypoxis angolensis Baker;
Hypoxis iridifolia Baker;
Hypoxis nitida Verd.; Hypoxis
obtusa var. chrysotricha Nel;
Hypoxis villosa var. obtusa
(Burch. ex Ker Gawl.)
T.Durand & Schinz

Hypoxis brevifolia Baker;
Hypoxis parvula var. parvula

Hypoxis orbiculata Nel; Hypoxis
polystachya var. andongensis
Baker; Hypoxis subspicata Pax

SA

SA
TA
TA
SA

SA

SA
TA

TA

SA
TA
TA

SA-TA

SA

TA

SA

SA-TA

SA-TA
SA

TA

Gynaecology and
Corm obstetric disorders
Corm Coughs, HIV/AIDS

Diabetes, ulcers,
Corm HIV/AIDS, abdominal
pains

Testicular swelling,

Corm fungal infection of scalp

LC*
LC*

LC*

LC*
LC*

Data
Deficient*, CE®

LC*

LC*
LC*

LCe

LC*

LC*, NT@

LC*
LC*

vue

6 of 20

[29]

(8]

(8]

Near threatened in
the East Tropical
Africa due to
disjoint
distribution, and
regular gathering
for herbarium
collections

[7,8,30]

Strong
antropogenic
pressure, [8]
collection for
medicinal purpose
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Hypoxis protrusa Nel

Hypoxis rigidula Baker

Hypoxis rigidula var.
pilosissima Baker

Hypoxis robusta Nel ex De

Wild.
Hypoxis sagittata Nel

Hypoxis schimperi Baker

Hypoxis setosa Baker

Hypoxis sobolifera Jacq.

Hypoxis stellipilis Ker
Gawl.
Hypoxis suffruticosa Nel
Hypoxis symoensiana
Wiland

Hypoxis tetramera Hilliard

& B. L. Burtt
Hypoxis uniflorata
Markotter

Hypoxis upembensis Wiland

Hypoxis cordata Nel; Hypoxis
elliptica Nel; Hypoxis laikipiensis
Rendle; Hypoxis rigidula var.
rigidula; Hypoxis volkmanniae
Dinter

Hypoxis arnottii Baker

Hypoxis macrocarpa E.M.Holt &
Staubo

Hypoxis canescens Fisch. &
C.A.Mey.; Hypoxis krebsii
Fisch.; Hypoxis pannosa Baker;
Hypoxis sobolifera var. accedens
Nel; Hypoxis sobolifera var.
pannosa (Baker) Nel; Hypoxis
villosa var. canescens (Fisch. &
C.A Mey.) Baker; Hypoxis
villosa var. pannosa (Baker)
Baker; Hypoxis villosa var.
sobolifera (Jacq.) Baker

Hypoxis lanata Eckl. ex Baker

TA

SA-TA

SA-TA

TA
SA

TA

SA

SA

SA
TA
TA

SA

SA
TA

Corm Gall sickness LC*, LCe

LC*

LC*

Corm Coughs NTe

LC*

Corm Immune boosting LC*

Corm Immune boosting LC*

LC*

DDT*

Limited and
scattered island-
like distribution;

possibility of
being used as a

substitute for
other more
commonly used
Hypoxis species

7 of 20

(8]

(78]

[31]

(31]
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Hypoxis urceolata Nel

Hypoxis villosa L. f.

Hypoxis zeyheri Baker

Hypoxis apiculata Nel; Hypoxis
arenosa Nel; Hypoxis bequaertii
De Wild.; Hypoxis crispa Nel;
Hypoxis cryptophylla Nel;
Hypoxis textilis Nel
Fabricia villosa Thunb.; Hypoxis
decumbens Lam. [Illegitimate];
Hypoxis fabricia Gaertn.;
Hypoxis microsperma Avé-Lall.;
Hypoxis obliqua Jacq.; Hypoxis
scabra Lodd.; Hypoxis tomentosa
Lam.; Hypoxis villosa var.
fimbriata Nel; Hypoxis villosa
var. obliqua (Jacq.) Baker;
Hypoxis villosa var. scabra
(Lodd.) Baker; Hypoxis villosa
var. villosa

TA

SA-TA

SA

LCe

LC*

LC*

(8]

8 of 20

1Boldly written taxa are accepted names according to The Plant List [5] and World Checklist of Selected Plant Families [3]. 2 Distribution in Africa: TA: Tropical
Africa Area (EPFAT Area, country-based, south of the Sahara, complementary to the following); SA: Southern Africa Area (South Africa, Namibia, Botswana,
Lesotho, Swaziland); NA: North Africa (Mauritania, Morocco, Canary Isl.,, Algeria, Tunisia, Libya, Egypt, Madeira); MA: Madagascar (Malagasy Republic).  Global
conservation status according to IUCN [32]. * Conservation status according to The Red List of South African Plants (SANBI) [33]; LC: Least Concern; DDT: Data
Deficient —Taxonomically Problematic; VU: Vulnerable. @ East Tropical Africa Conservation status [8]; CE: Critically Endangered; VU: Vulnerable; NT: Near
Threatened; LC: Least Concern.
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2. Natural History and Distribution of Hypoxis hemerocallidea

Hypoxis hemerocallidea, previously known as H. rooperi [3,5], is a perennial corm with long, broad,
and slightly hairy leaves [34,35] (Figure 1). Some species have a close morphological resemblance
with H. hemerocallidea, such as H. acuminata Baker, H. colchifolia Baker, H. galpinii Baker, and H. obtusa
[36]. The long, hairy and sickle shaped leaves of H. hemerocallidea differentiate it from the other species
[36].

(a) (b) (c)

Figure 1. The yellow flowers (a), hairy leaves and black seeds (b) of Hypoxis hemerocallidea and its
corm (c).

Hypoxis hemerocallidea has yellow star-shaped flowers [36], of which between one to three open
within an interval of an hour per day, a strategy to encourage cross-pollination [37]. Although H.
hemerocallidea plants produce many seeds, very low germination percentages were reported [38], due
to the hard, shiny, black seed coat which may be impermeable to water and may restrict oxygen
movement to the embryo, thus delaying germination [37,38]. Most mature corms, which are dark-
brown to black outside and yellow inside, are approximately 10-15 cm in diameter and about half a
kilogram in weight [39]. The fleshy corm is a survival mechanism that enables the plant to withstand
cold conditions, drought, and veld fire [40]. In South Africa, H. hemerocallidea grows naturally in the
savanna grasslands in KwaZulu-Natal, Eastern Cape, Mpumalanga, Limpopo, Gauteng, and Free
State Provinces, and also grows in other countries such as Lesotho, Swaziland, Mozambique, and
Zimbabwe [41].

3. Uses and Chemical Composition of Hypoxis hemerocallidea

Hypoxis hemerocallidea is traditionally used as a tonic, purgative, diuretic or to treat infertility,
inflammation, prostate gland disorder, wounds and burns [14,42]. Promising anticancer activities of
H. hemerocallidea have also been reported [43], which support the listing of H. hemerocallidea as one of
the species used for the treatment of cancer in the Eastern Cape Province of South Africa [44].
Furthermore, it is also used for the treatment of diabetes in Eastern Cape and Eastern Free State [6,16].
The species was made famous by the South African Health Ministry when it was recommended as
an immune booster for people living with HIV/AIDS [16,44,45]. The 14 member states of the Southern
African Development Community (SADC) supported the use of * African potato’ in HIV management
[46]. Hypoxis hemerocallidea was found to be a good source of trace elements such as zinc, copper, and
manganese, which could account for its use as a pro-fertility ingredient and for boosting the immune
system [47]. However, there are warnings of a potential herb-drug-interaction if H. hemerocallidea is
used with conventional drugs for the management of HIV/AIDS [45]. It was also mentioned as one
of the three most used plant species in the treatment of sexually transmitted diseases, in KwaZulu-
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Natal and Limpopo Provinces of South Africa [48,49]. In support of its traditional use as an anti-
miscarriage medicine, apart from being used for bronchial asthma [50], a study by Nyinawumuntu
etal. [51] showed that H. hemerocallidea corm extracts possess uterolytic activity. Hypoxis hemerocallidea
is mentioned as one of the species used for the treatment of tuberculosis in Limpopo Province of
South Africa [52]. The species was one of the most cited medicinal plants in the medicinal markets
[53], used for treatment of malaria and venereal diseases in Mozambique [26,54]. Different Hypoxis
spp. are used in the treatment of prostate cancer in Zimbabwe [55]. A description of the history, first
research reports and prominent promotion of commercial uses of H. hemerocallidea [43] is adapted in
Figure 2. Traditional uses and chemical constituents of 11 Hypoxis species, including 14 H.
hemerocallidea herbal formulations indicating the commercial importance of this species, are
summarized in other reports [56].

Scientific report
supporting traditional
use in treatment of
bronchial asthma

In-vi ti
n vwostpurgir;a;ga ion 2020

Popular publication -
remarkable recovery of an HIV-
infected patient

2010

Scientific report
............... " supporting use in
preventing premature
abortions
Ministry of Health-
South Africa
promotes H.
hemerocallidea in
the management of

Scientific report supporting traditional
use in treatment of adult-induced
diabetes mellitus

HIV-AIDS Report on
10100 T EO— B potencyof
Culitiva*n research - fertilizers and rooperol on
herbjcides A ... K- E cancerand HIV

More analogues sysnthesized. More
patents filed. Seed dormancy and

germination studie1990

First report of
toxicity of some
Hypoxis extracts

In-vitro
B, propagation
Research studies
focus on bio- it IS /] U.K. patent by S.E.
activity. 5 = Drewes and R.W.
Liebenberg.

In-depth chemistry study

H. hemerocallidea . .
studies in Rome l """"""" - University of Natal. P2A
Italy I compound isolated.

Detailed studies on
chemical
constituents.

Commercial product 1960

launched.

First commercial
interest - Johannesburg,
South Africa

Figure 2. The timeline (1960-2020) of research and commercial use of Hypoxis hemerocallidea.
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A glycoside called hypoxoside is mentioned as the main component of H. hemerocallidea, with
sterols (stigmasterol, [-sitosterol, campesterol), sterolins, norlignan, daucosterols and stanols
(stigmastanol) as additional constituents [42,46,57-59]. Amongst these phytochemicals, daucosterols,
[-sitosterol, and hypoxide are associated with the plants” therapeutic activities [60]. Phenylalanine
and f-cinnamic acid are reported to be precursors of hypoxoside in whole H. hemerocallidea plants
[61]. Although some studies have proved that Hypoxis extracts with 45% hypoxoside are not toxic
[41], even after long-term use of H. hemerocallidea products [56], treatment of diabetic rats with a high
dose of 800 mg/kg resulted in abnormal kidney function [58].

Hypoxis hemerocallidea, H. rigidula Baker, H. galpinii, and H. obtusa showed similar phytochemical
profiles, although further studies were recommended to confirm their safety [60]. A higher
concentration of ergosterol and stigmasterol was reported in H. rigidula when compared to H.
hemerocallidea [62]. When H. hemerocallidea was compared to H. stellipilis Ker Gawl. and H. sobolifera
Jacq., it was found that both sterol and hypoxoside contents varied amongst the species, which
questions the indiscriminate use of Hypoxis spp. in traditional medicine [60]. Several studies have
been conducted to investigate the hypoglycaemic effects [63,64], typhlocolitic effects [65] and its
effects on pharmacokinetics of efavirenz [57], antibiotic and immune modulation phytotherapies [66].

The common name “African potato’ is misleading, as many perceive H. hemerocallidea as edible.
Hypoxis hemerocallidea has been reported as one of the indigenous and traditional food crops
consumed in the North West Province of South Africa [67]. This species could be confused with the
edible Plectranthus esculentus N.E.Br. as they both share the same common name of “African potato’
[67]. Hypoxis hemerocallidea has low crude protein value and low accumulation of selected elements
[68], compared to human daily requirement, but its high iron content makes it a good candidate for
use in overcoming iron deficiencies [47]. Some geophytes of Hypoxis were found in the caves in South
Africa, evidence for cooking of edible rhizomes centuries ago [69].

4. Market Demand of Hypoxis hemerocallidea

Products incorporating extracts of medicinal plants such as H. hemerocallidea, which were used
solely in traditional medicine are increasinlgy becoming commercialized [70]. The first Hypoxis
hemerocallidea product was developed in 1967, in Johannesburg, South Africa and was successfully
marketed in Germany [71]. An increase in the market share of H. hemerocallidea and H. colchifolia in
2001 was attributed to the publicity of the species received after several media releases proclaiming
its healing properties [72]. Even before this increase in consumption, it was found that 77% of the
Hypoxis corms sold in the Witwatersrand informal medicinal plant markets were 2—7 cm in diameter,
with traders compensating for the smaller size by selling a large number of smaller corms [72]. This
could be an indication of the depletion of bigger corms in the wild, leading to smaller immature bulbs
being harvested. For example, the size of Eucomis autumnalis (Mill.) Chitt bulbs sold in the market,
decreased in size between 1995 and 2001, indicating the negative impacts of harvesting for trade [72].
Nevertheless, pressure on this resource continues as Hypoxis spp. (H. hemerocallidea and H. colchifolia)
were ranked fourth in terms of volumes sold in 2007, at the Faraday market in Johannesburg [72] and
was one of the 19 species that had a high demand in Zululand market [73]. “African potato” was one
of the top 10 most frequently sold medicinal plant species, reaching 11,000 kg/annum to the value of
R 322,500 (approximately 21,930 USD; at the 2019 average rate of R 1.00 =0.068 USD), in Eastern Cape
Province of South Africa [74]. Approximately 31,300 corms of H. hemerocallidea were sold annually
from 54 outlets in Durban, South Africa [75]. A factory in KwaZulu-Natal (South Africa) was reported
in 2004 to be processing 1.5 tons of H. hemerocallidea derived products and this was expected to
increase annually [29]. In Lesotho, H. hemerocallidea was mentioned as one of the medicinal plants
frequently used for a wide range of ailments [76]. This plant was the second most commonly used
species in Kimberly, South Africa [77]. In Maputo, Mozambique, H. hemerocallidea topped the list of
medicinal plant species mentioned by 71% of traders interviewed [78]. Figure 3 shows H.
hemerocallidea corms displayed at an informal market in northern KwaZulu-Natal, South Africa.

Many products made from H. hemerocallidea, which include capsules, tinctures, tonics and
creams, are available in the market [79]. Hypoxis hemerocallidea is exported, in a preprocessed form, to
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Asia and Europe, where the extracts are used for treatment of prostate problems [14]. In a review on
medicinal plants with potential in the development of drugs, H. hemerocallidea is mentioned as one of
the famous African medicinal plants [80] with an ever-increasing demand.

Figure 3. Hypoxis hemerocallidea corms displayed (red arrow at middle bottom of the picture) at an
informal market in northern KwaZulu-Natal, South Africa, with other medicinal plants.

5. Conservation Status of Hypoxis hemerocallidea

The conservation status of H. hemerocallidea is described as declining, and although not
endangered with extinction, harvesting would cause a continuing decline of its populations and it is
therefore of priority for conservation [40,81], with frequent monitoring warranted [74]. The only
conservation effort was reported in KwaZulu-Natal, South Africa, where 250 hectares of land has
been reserved for protection of H. hemerocallidea [81].

The use of H. hemerocallidea as an “all-purpose”, “cure-all”, or “wonder plant” medicine [37,50]
has put pressure on wild populations because it presents an opportunity for income generation,
through species-specific trade network [56]. During harvesting, the whole plant is uprooted, resulting
in total destruction of the plant [75]. There is a need for urgent propagation intervention [73] as their
populations in the wild are declining [1]. For example, in Swaziland, H. hemerocallidea has become
threatened with extinction [82]. In an effort to come up with sustainable harvesting strategies,
Katerere and Eloff [83] found that H. hemerocallidea leaves cannot be used as a substitute for the corms
due to lack of similarities in phytochemical content and bioactivity. However, it was suggested that
the leaves of H. hemerocallidea might be used as substitutes for the corm in the treatment of some
bacterial and fungal diseases as there seemed to be a shift in activity between plant organs in different
seasons [56]. Hypoxoside was reported to be hydrolysed in the leaves and then transported to the
corms [61], with this activity shifting from the leaves to the corms in summer [56]. Du Toit et al. [84]
reported that harvesting season affected the concentration of active ingredients produced from the
corms during the year. Therefore, the correct timing of collection of H. hemerocallidea leaves could
ease the pressure off wild populations. The activity was higher in the leaves in spring [56], a period
in which the corms are regrowing the leaves after a period of dormancy when there are fewer or
smaller leaves available. In summer, when there is a greater number of bigger leaves, the activity is
shifted to the corms and this could be another reason for continued use of the corms than the leaves.

6. Propagation and Cultivation of Hypoxis hemerocallidea

Due to the value of H. hemerocallidea in traditional medicine and the likely diminishing wild
populations, there is a strong case to cultivate the species for sustainable supply of good quality corms
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[35,45,75], agreeing with Katerere and Eloff [83] who mentioned that the only viable alternative to
unsustainable wild harvesting of H. hemerocallidea is propagation and domestication. In essence,
cultivation will not only alleviate pressure on natural resources, but it also has practical implications
on optimising secondary metabolite production, facilitating standardisation, and increased safety by
reducing inconsistency in quality and composition of plant material, reducing the risk of adulteration
and increasing yield through management practices [85]. Encouragement of cultivation of wild
harvested medicinal plants and development of nurseries to propagate the species will take off the
pressure on wild stocks [44]. Cultivation of medicinal plants is becoming popular, with increasing
government support to meet the high demands for plant materials [86]. The bioprospecting economy
and related strategies in South Africa have put an important drive to mass propagation and
cultivation of commercially important medicinal plants, of which H. hemerocallidea is within the top
25. However, one of the major factors hindering the improvement in cultivation of H. hemerocallidea
is lack of knowledge of its agronomic and quality traits [40].

Propagation of H. hemerocallidea was identified as problematic since seed dormancy is difficult
to be broken and the species does not propagate easily from corms; thus studies relating to
reproductive biology and seed physiology of the species were recommended as a priority [12,40].
Seed germination of H. hemerocallidea is also a barrier because of unpredictable seed viability,
combinational dormancy, poor seedling establishment, while vegetative propagation is rare [38].
Micropropagation of H. hemerocallidea is the only vegetative propagation method that has been
thoroughly studied by many researchers [87]. Corm explants of H. hemerocallidea seem to take at least
nine weeks to respond positively in in vitro culture compared to other Hypoxis species [88]. Other
challenges with in vitro propagation of H. hemerocallidea include browning of explants and nutrient
medium which necessitates regular subculturing of the shoots at six weeks’ interval [81]. Endogenous
contamination was also reported as a major challenge when underground organs were used as
explants [75]. Ndong et al. [40] explored the regeneration potential of H. hemerocallidea corm explants
by inoculating them on culture media with a wide range of plant growth regulator combinations and
concentrations. The study concluded that no shoots were formed without plant growth regulators;
shoot formation frequency and intensity were mainly dependent on cytokinin concentration and the
best results were obtained with kinetin than with benzylaminopurine (BA). In a similar study,
Nsibande et al. [89], reported that corm explants of H. hemerocallidea were very slow and relatively
poor in responding to in vitro culture, with the majority of the treatments forming no callus,
compared to other three Hypoxis spp. (H. filiformis, H. argentea, and H. acuminata). Direct shoot
development started 10 weeks after transferring of the corm explants to a Murashige and Skoog
medium supplemented with cytokinins, although growth of the shoots was prolonged [89].
Cytokinins have been reported to have a promoting effect on shoot formation in tuberous plants
including Hypoxis spp. [40]. The stimulation of shoot regeneration, proliferation and growth by
cytokinins is a species-dependent phenomenon, which is influenced by structure-activity
relationship, cytokinin homeostasis, concentration of inherent endogenous plant growth regulators
and auxin-cytokinin cross-talk [81]. Somatic embryogenesis, which involves the development of
embryos from normal plant tissue, with the use of 2,4-D and BA produced a high number of somatic
embryos while GAsz was successful in developing the somatic embryos into plantlets [79].

Seedling emergence of H. hemerocallidea was observed a year after sowing [38]. Gillmer and
Symmonds [90] have successfully germinated a large number of H. hemerocallidea seed by watering
them three times in a day. In other experiments, there was no germination of intact seeds of H.
hemerocallidea at three different temperatures (20, 25, and 30 °C), even when the seeds were treated
with several chemicals [38]. Complete removal of the seed coat with incubation at 20 °C under white
light resulted in 36% germination compared to dark conditions where only 6% germinated [38]. Seed
coat seem to inhibit prompt germination of H. hemerocallidea seeds. Gibberellic acid (GAs) at 10 3*mol
dm?increased germination of coatless seeds, at 25 °C [37], as well as mechanical scarification and
subsequent soaking for 24 h in 50 ml of GAs at 1200 ppm, which increased germination to 60% [38].
The scarification could have removed the physical barrier, while the GAs could have broken the
embryo dormancy. The positive effect of GAs further suggests the presence of embryo dormancy in
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addition to the physical dormancy. For example, seeds harvested in early November (early summer)
from Mountain Rise in KwaZulu-Natal (KZN), South Africa, reached a germination percentage of
52% at 25 °C, compared to 16% and 9% achieved from seeds harvested at the same site in early
December and early January (mid-summer) [35]. The study by Hammerton et al. [35] suggests that
microclimates and differences in soil conditions from different sites may have affected seed viability
and dormancy. Seeds collected from a second site (Hayfields in KZN) in late December only achieved
approximately 13% germination [35].

Although work has been done on in vitro propagation and seed germination of H. hemerocallidea,
there is a need to develop methods that can supply the market with the material at reasonable costs
[41]. In an effort to develop an easy and affordable propagation method for H. hemerocallidea, chipping
into equal segments and scooping to remove the growth tip were found to be effective propagation
methods [87].

Care is also needed as H. hemerocallidea plants to which herbicides were not applied grew better
and had a higher hypoxoside content, compared to herbicide-treated plants [91]. Competition with
weeds could have led to plant stress and thus an increase in secondary metabolite synthesis. It seems
that high levels of nutrients (N, P, and K) are only required initially to produce a suitable H.
hemerocallidea biomass and after plant establishment, fertilizer treatment can be discontinued [91].
Although H. hemerocallidea prefers poor soils with little nutrients, site selection for cultivation of the
species is essential as exposure to cadmium (Cd) and aluminium (Al) significantly decreased the
accumulation of hypoxoside [86]. Du Toit et al. [84] found that growing media and harvesting season
affected the amount of compounds or active ingredients produced from the corms during the year.

7. Gaps in Cultivation Research of Hypoxis hemerocallidea

Currently, cultivation information, including the response of H. hemerocallidea to agronomic
practices, is limited to few studies. Although H. hemerocallidea seems to be a drought-tolerant species,
there is no official record of it growing in the Northern Cape and Western Cape Provinces of South
Africa (Figure 4). According to the South African National Biodiversity Institute (SANBI), the species
mostly grows in areas having 600 to 1000+ mm/annum rainfall, which includes the semi-arid and dry-
sub humid zones of South Africa, with warm temperate climate, cool to hot summers, and humid to
dry winters [92]. This indicates a need to investigate watering requirements from the seedling
establishment stage to maturity. Imposing water stress at specific growth stages or even for a specific
period before harvesting could increase growth while ensuring good content of active compounds.
Ideally, cultivation at a commercial scale, provides an opportunity for manipulation of growing
conditions to shorten the period to reach maturity, increase potency and predictability of extracts.
Pelargonium sidoides DC. plants grown under greenhouse conditions, for example, showed equivalent
concentrations of the compound of interest, umckalin, and approximately six times greater growth
rates [93]. Excessive watering (twice and thrice a week) of Dioscorea dregeana (Kunth) T. Durand &
Schinz seedlings reduced vegetative growth but significantly improved seedling weight and tuber
size, while watering once a week resulted in better above ground biomass [94].
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Figure 4. Distribution of Hypoxis hemerocallidea in South Africa, showing no records in Northern (NC)
and Western Cape (WC) Provinces (Source: South African National Biodiversity Institute; SANBI).
Provinces: WC: Western Cape; NC: Northern Cape; EC: Eastern Cape; FS: Free State; NW: North West;
GP: Gauteng; KZN: KwaZulu-Natal; Mp: Mpumalanga; Lp: Limpopo.

The effect of fertilizers or exposure to different nutrient status on growth and medicinal activity
of H. hemerocallidea is not fully understood. For example, in Siphonochilus aethiopicus (Schweif.) B.L.
Burt, plants exposed to low nitrogen levels with severe water stress showed increased flavonoids,
phenolics, and antioxidants indicating that fertilizer application and irrigation can alter secondary
metabolite content [95]. Understanding of the strategies employed by H. hemerocallidea under water
and nutrient stress conditions in relation to its growth, physiology, and secondary metabolite
production is important.

Furthermore, field observations by Mofokeng et al. [96] showed that cultivated Pelargonium
sidoides was susceptible to root-knot nematodes, such that root yield was negatively affected. The
quality of H. hemerocallidea corms could be negatively affected if the species can be found to be
susceptible to root-knot nematodes. Figure 5 shows a potential pest (African bollworm: Helicoverpa
armigera Hiibner) of H. hemerocallidea, feeding on the leaves and seeds, observed in a small scale
plantation.

Figure 5. A potential pest and its potential damage on Hypoxis hemerocallidea plants. (A) African
bollworm (Helicoverpa armigera) feeding on the leaves and (B) on the seed pods (Source: Agricultural
Research Council-Vegetable and Ornamental Plant Research Station).

Other important aspects of commercial cultivation of H. hemerocallidea include optimum size and
timing before harvesting the species, as it is not clear at what age or size are the medicinally active
compounds available or optimum in the corm. In general, the target compounds in medicinal plants
are secondary metabolites which serve as an adaptation strategy to environmental stress, infection,
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or herbivory. Thus, agronomic practices that can manipulate the growth and synthesis of secondary
metabolites in H. hemerocallidea need to be fully understood if the species is to be successfully
cultivated.

8. Conclusions

The decline in wild populations and the increasing demand for H. hemerocallidea present an
opportunity to cultivate the species for conservation purposes but also as an alternative cash crop for
different communities. Sustainable harvesting methods and the use of leaves as an alternative to
corms should be further researched, including increasing leaf biomass and manipulating active
compound content in the leaves. The main challenges for cultivation of H. hemerocallidea, as with
many perennial medicinal plants, are the relatively long period before harvesting, in competition
with wild harvest, which may reduce prices, and spatial-temporal competition with food crops.
Opportunities are increasing since government legislation on wild harvesting is becoming stricter; as
the demand for natural health products is also increasing, and with cultivation, pharmaceutical
companies are assured of reliable supply of quality material. For example, the South African
government has started to promote cultivation of commercially important indigenous medicinal
plants and created a platform for linking all stakeholders in the industry. Furthermore, funding for
initial investment, which is a big problem for rural poor farmers, can be made available through the
abovementioned platform. As the current wild harvesting of H. hemerocallidea is probably
unsustainable and considering its substitution with other Hypoxis species, it is imperative that
population studies of many African Hypoxis species and their conservation status be reviewed for
more information in order to facilitate timeous conservation and management strategies.

Author Contributions: All authors have read and agree to the published version of the manuscript.
Conceptualization, MM.M. and H.T.A.; writing—original draft preparation, M.M.M., D.S., and H.T.A;;
writing —review and editing, S.0.A., S.V., and M.W.B.; supervision, C.P.d.P. and P.W.M.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Moyo, M,; Aremu, A.O.; Van Staden, J. Medicinal plants: An invaluable, dwindling resource in sub-Saharan
Africa. |. Ethnopharmacol. 2015, 174: 595-606.

2. Van Wyk, A.S;; Prinsloo, G. Medicinal plant harvesting, sustainability and cultivation in South Africa. Biol.
Conserv. 2018, 227, 335-342.

3. World Checklist of Selected Plant Families. Available online:
https://wesp.science.kew.org/namedetail.do?name_id=278949. (accessed on 30 January 2020)

4. African Plant Database. (Version 3.4.0). Conservatoire et Jardin botaniques de la Ville de Geneve and South
African National Biodiversity Institute, Pretoria, 2012, Available online: http://www.ville-
ge.ch/musinfo/bd/cjb/africa/ (accessed on 25 December 2019).

5. The Plant List. Version 1.1. Available online: http://www.theplantlist.org/ (accessed on 25 December 2019).

6. Balogun, F.O.; Tshabalala, N.T.; Ashafa, A.O.T. Antidiabetic medicinal plants used by Basotho tribe of
Eastern Free State: A review. |. Diabetes Res. 2016, 1-13. doi:10.1155/2016/4602820.

7. Pereus, D.; Otieno, ].N.; Ghorbani, A.; Kocyan, A.; Hilonga, S.; de Boer, H.]J. Diversity of Hypoxis species
used in ethnomedicine in Tanzania. S. Afr. |. Bot. 2019, 122, 336-341.

8.  Wiland-Szymanska, J. The genus Hypoxis L. (Hypoxidaceae) in the East Tropical Africa: variability,
distribution and conservation status. Biodivers. Res. Conserv. 2009, 14, 1-129.

9. Nsibande, B.E.; Gustavsson, K-E.; Zhu, L-H. Analysis of health-associated phytochemical compounds in
seven Hypoxis species. Am. |. Plant Sci. 2018, 9, 571-583.

10. Appleton, M.R.; Ascough, G.D.; Van Staden, J. In vitro regeneration of Hypoxis colchicifolia plantlets. S. Afr.
J. Bot. 2012, 80, 25-35.

11. Cumbe, ].T. Antidiabetic compounds from Hypoxis colchicifolia and Terminalia sericea. MSc dissertation,
University of KwaZulu-Natal, South Africa, 2015.


http://www.theplantlist.org/

Diversity 2020, 12, 122 17 of 20

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Van Wyk, B-E. A broad review of commercially important southern African medicinal plants. J.
Ethnopharmacol. 2008, 119, 342-355.

Williams, V.L; Balkwill, K.; Witkowski, E.T.F. Size-class prevalence of bulbous and perennial herbs sold in
the Johannesburg medicinal plant markets between 1995 and 2001. S. Afr. ]. Bot. 2007a, 73, 144-155.
Hostettmann, K.; Marston, A.; Ndjoko, K.; Wolfender, J.L. The potential of African plants as a source of
drugs. Curr. Org. Chem. 2000, 4, 973-1010.

Sathekge, N.R. Comparison of secondary metabolite content and antimicrobial activity of four Hypoxis
species used in traditional medicine. MSc dissertation, University of Pretoria, South Africa, 2010.

Erasto, P.; Adebola, P.O.; Grierson, D.S.; Afolayan, A.J. An ethnobotanical study of plants used for the
treatment of diabetes in the Eastern Cape Province, South Africa. Afr. ]. Biotechnol. 2005, 4, 1458-1460.
Malungu, N. Self-reported use of traditional, complementary and over-the-counter medicines by HIV-
infected patients on antiretroviral therapy in Pretoria, South Africa. Afr. ]. Tradit. Complement. Altern. Med.
2007, 4, 273-278.

Bassey, K.; Viljoen, A.; Combrinck, S.; Choi, Y.H. New phytochemicals from the corms of medicinally
important South African Hypoxis species. Phytochem. Lett. 2014, 10, Ixix-Ixxv.

Eastern Arc Mountains & Coastal Forests CEPF Plant Assessment Project 2009. Hypoxis malaissei. The IUCN
Red List of Threatened Species 2009, e.T158059A5181441. Available online:
http://dx.doi.org/10.2305/[UCN.UK.2009-2.RLTS.T158059A5181441.en (accessed on 27 December 2019).
Mpiana, P.T.; Ngbolua, K.N.; Mudogo, V.; Tshibangu, D.S.T.; Atibu, E.K.; Mbala, B.M.; Kahumba, B.;
Bokota, M.T.; Makelele, L.T. The potential effectiveness of medicinal plants used for the treatment of sickle
cell disease in the Democratic Republic of Congo Folk medicina: A review. Progress in traditional and Folk
Herbal Medicine 2012, 1, 1-11.

Wintola, O.A.; Otang, W.M.; Afolayan, A.]. The prevalence and perceived efficacy of medicinal plants used
for stomach ailments in the Amathole district municipality, Eastern Cape, South Africa. S. Afr. |. Bot. 2017,
108, 144-148.

Odeyemi, S.; Bradley, G. Medicinal plants used for the traditional management of diabetes in the Eastern
Cape, South Africa: pharmacology and toxicology. Molecules 2018, 23, 2759; d0i:10.3390/molecules23112759.
Madikizela, B.; McGaw, LJ. In vitro cytotoxicity, antioxidant and anti-inflammatory activities of
Pittosporum viridiflorum and Hypoxis colchicifolin Baker used traditionally against cancer in Eastern Cape,
South Africa. S. Afr. ]. Bot. 2019, 126, 250-255.

Aremu, A.O.; Ndhlala, A.R.; Fawole, O.A ; Light, M.E.; Finnie, ].F.; Van Staden, J. In vitro pharmacological
evaluation and phenolic content of ten South African medicinal plants used as anthelmintics. S. Afr. J. Bot
2010, 76, 558-566.

Amusan, O.0.G.; Sukati, N.A,; Dlamini, P.S.; Sibandze, F.G. Some Swazi phytomedicines and their
constituents. Afr. |. Biotechnol. 2007, 6, 267-272.

Bandeira, S.0.; Gaspar, F.; Pagula, F.P. African ethnobotany and healthcare: emphasis on Mozambique.
Pharm. Biol. 2001, 1, 70-73.

Bhat, R.B. Medicinal plants and traditional practices of Xhosa people in the Transkei region of Eastern Cape,
South Africa. Indian ]. Tradit. Know. 2014, 13, 292-298.

Kose, L.S.; Moteetee, A.; Van Vuuren, S. Ethnobotanical survey of medicinal plants used in the Maseru
district of Lesotho. J. Ethnopharmacol. 2015, 170, 184-200.

Drewes, S.E.; Elliot, E.; Khan, F.; Dhlamini, ].T.B.; Gcumisa, M.S.S. Hypoxis hemerocallidea—not merely a cure
for benign prostate hyperplasia. J. Ethnopharmacol. 2008, 119, 593-598.

De Wet, H.; Ngubane, S.C. Traditional herbal remedies used by women in a rural community in northern
Maputaland (South Africa) for the treatment of gynaecology and obstetric complaints. S. Afr. ]. Bot. 2014,
94, 129-139.

Maroyi, A. Traditional use of medicinal plants in south-central Zimbabwe: review and perspectives. J.
Ethnobiol. Ethnomed. 2013, 9, 31.

IUCN. TUCN Red List of Threatened Species (ver. 2009.2). Available online:
https://dx.doi.org/10.2305/IUCN.UK.2009-2.RLTS.T168039A6451430.en (accessed on 25 December 2019).
SANBI. Red List of South African Plants. Available online: http://redlist.sanbi.org.wwwb57.cptl.host-
h.net/genus.php?genus=1603. (accessed on 26 December 2019).

Ncube, B.; Ndhlala, A.R.; Okem, A.; Van Staden, J. Hypoxis (Hypoxidaceae) in African traditional medicine.
J. Ethnopharmacol. 2013, 150, 818-827.


http://dx.doi.org/10.2305/IUCN.UK.2009-2.RLTS.T158059A5181441.en
http://redlist.sanbi.org.www57.cpt1.host-h.net/genus.php?genus=1603
http://redlist.sanbi.org.www57.cpt1.host-h.net/genus.php?genus=1603

Diversity 2020, 12, 122 18 of 20

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Hammerton, R.D.; Smith, M.T.; Van Staden. J. Factors influencing seed variability and germination in
Hypoxis hemerocallidea Fisch. & Meyer. Seed Sci. Technol. 1989, 17, 613-624.

Singh, Y. Hypoxis-yellow star of horticulture, folk remedies and conventional medicine. Veld and Flora
1999, 85, 123-125.

Shaik, S.; Govender, K.; Leanya, M. GAs mediated dormancy alleviation in the reputed African potato,
Hypoxis hemerocallidea. Afr. |. Tradit. Complement. Altern. Med. 2014, 11, 330-333.

Hammerton, R.D.; Van Staden, J. Seed germination of Hypoxis hemerocallidea. S. Afr. ]. Bot. 1988, 54, 277—
280.

Katerere, D.R. Hypoxis hemerocallidea (African potato): A botanical whose time has come? In African
natural products: Discoveries and challenges in chemistry, health and nutrition; Juliani, H., et al., Eds.; American
Chemical Society: Washington DC, USA, 2013. Volume II, pp. 51-61.

Ndong, Y.A.; Wadouachi, A.; Sangwan-Norreel, B.S.; Sangwan, R.S. Efficient in vitro regeneration of fertile
plants from corm explants of Hypoxis hemerocallidea landrace Gaza—the “African potato”. Plant Cell Rep.
2006, 25, 265-273.

Street, R.A.; Prinsloo, G. Commercially important medicinal plants of South Africa: A review. |. Chem. 2013,
Article ID 205048. doi.org/10.1155/2013/205048.43.

Boukes, G.J.; Van de Venter, M. In vitro modulation of the innate immune response and phagocytosis by
three Hypoxis spp. and their phytosterols. S. Afr. ] Bot. 2016, 102, 120-126.

Ojewole, J.A.O. Anticonvulsant activity of Hypoxis hemerocallidea Fisch. & C.A. Mey. (Hypoxidaceae) corm
(“African potato’) ageous extracts in mice. Phytother. Res. 2008, 22, 91-96.

Drewes, S.E.; Khan, F. The African potato (Hypoxis hemerocallidea): a chemical-historical perspective. S. Afr.
J. Sci. 2004, 100, 425-430.

Koduru, S.; Grierson, D.S.; Afolayan, A.J. Ethnobotanical information of medicinal plants used for
treatment of cancer in the Eastern Cape Province, South Africa. Curr. Sci. 2007, 92, 906-908.

Fasinu, P.S.; Gutmann, H.; Schiller, H.; Bouic, P.J.; Rosekranz, B. The potential of Hypoxis hemerocallidea for
herb-drug interaction. Pharm. Biol. early online 2013, 51, 1-9.

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. ]. 2005, 4, 19-25.

Otunola, G.A; Afolayan, A.]. Proximate and elemental composition of leaf, corm, root and peel of Hypoxis
hemerocallidea: A Southern African multipurpose medicinal plant. Pak. ]. Pharm. Sci. 2019, 32, 535-539.

De Wet, H.; Nzama, V.N.; Van Vuuren, S.F. Medicinal plants used for the treatment of sexually transmitted
infections by lay people in northern Maputaland, KwaZulu-Natal Province, South Africa. S. Afr. |. Bot.
2012, 78, 12-20.

Semenya, S.S.; Potgieter, M.].; Erasmus, L.J.C. Indigenous plant species used by Bapedi healers to treat
sexually transmitted infections: Their distribution, harvesting, conservation and threats. S. Afr. ]. Bot. 2013,
87, 66-75.

Ojewole, ].A.O.; Olayiwola, G.; Nyinawumuntu, A. Bronchorelaxant property of ‘African potato” (Hypoxis
hemerocallidea corm) aqueous extract in vitro. J. Smooth Muscle Res. 2009, 45, 241-248.

Nyinawumuntu, A.; Awe, E.O.; Ojewole, ]J.A.O. Uterolytic effect of Hypoxis hemerocallidea Fisch. & C.A.
Mey. (Hypoxidaceae) corm [‘African potato’] aqueous extract. J. Smooth Muscle Res. 2008, 44, 167-176.
Semenya, S.S.; Maroyi, A. Medicinal plants used for the treatment of tuberculosis by Bapedi traditional
healers in three districts of the Limpopo province, South Africa. Afr. J. Tradit. Complement. Altern. Med. 2013,
10, 316-323.

Barbosa, F.; Hlashwayo, D.; Sevastyanov, V.; Chichava, V.; Mataveia, A.; Boane, E.; Cala, A. medicinal
plants sold for treatment of bacterial and parasitic diseases in humans in Maputo city markets,
Mozambique. BCM Complimentary Medicine and Therapies 2020, 20, 19, doi.org/10.1186/s12906-019-2809-9.
Bruschi, P.; Morganti, M.; Mancini, M.; Sigronini, M.A. Traditional healers and laypeople: A qualitative
and quantitative approach to local knowledge on medicinal plants in Muda (Mozambique). ].
Ethnopharmacol. 2011, 138, 543-563.

Viol, D.I,; Chagonda, L.S.; Moyo, S.R.; Mericli, A.H. Toxicity and antiviral activities of some medicinal
plants used by traditional medical practitioners in Zimbabwe. Am. ]. Plant Sci. 2016, 7, 1538-1544.

Ncube, B.; Finnie, J.F.; Van Staden, J. Seasonal variation in antimicrobial and phytochemical properties of
frequently used medicinal bulbous plants from South Africa. S. Afr. ]. Bot. 2011, 77, 387-396.



Diversity 2020, 12, 122 19 of 20

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

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

Goboza, M.; Aboua, Y.G.; Meyer, S.; Oguntibeju, O.O. Diabetes mellitus: economic and health burden,
treatment and the therapeutical effects of Hypoxis hemerrocallidea plant. Medical Technol. S. Afr. 2016, 40, 39—
46.

Nair, V.D.P.; Kanfer, L. Sterols and sterolins in Hypoxis hemerocallidea (African potato). S. Afr. ]. Sci. 2008,
104, 322-324.

Zimudzi, C. African Potato (Hypoxis Spp): Diversity and comparison of the phytochemical profiles and
cytotoxicity evaluation of four Zimbabwean Species. . Appl. Pharm. Sci. 2014, 4, 079-083.

Van Staden, J.; Upfold, S.J. Transport and metabolism of hypoxoside in intact plants of Hypoxis
hemerocallidea. S. Afr. ]. Bot. 1994, 60, 225-226.

Mkhize, N.; Mohanlall, V.; Odhav, B. Isolation and quantification of PB-sitosterol, ergosterol and
stigmasterol from Hypoxis rigidula Baker var. rigidula and Hypoxis hemerocallidea Fisch., C.A.Mey. & Avé-
Lall (Hypoxidaceae). Int. J. Sci. 2013, 2, 118-134.

Zibula, S.M.X.; Ojewole, ].A.O. Hypoglycaemic effects of Hypoxis hemerocallidea (Fisch. and C.A. Mey.) corm
'African potato' methanolic extract in rats. Med. ]. Islamic World Acad. Sci. 2000, 13, 75-78.

Oguntibeju, O.O.; Meyer, S.; Aboua, Y.G.; Goboza, M. Hypoxis hemerocallidea significantly reduced
hyperglycaemia and hyperglycaemic-induced oxidative stress in the liver and kidney tissues of
streptozotocin-induced diabetic male wistar rats. Evid. Based Complement. Alternat. Med. 2016, 1-10. DOI
: 10.1155/2016/8934362.

Liu, Z.; Wilson-Welder, ].H.; Hostetter, ].M.; Jergens, A.E.; Wannemuehler, M.]. Prophylactic treatment
with Hypoxis hemerocallidea corm (African potato) methanolic extract ameliorates Brachyspira hyodysenteriae
- induced murine typhlocolitis. Exp. Biol. Med. 2010, 235, 222-229.

Muwanga, C. An assessment of Hypoxis hemerocallidea extracts, and actives as natural antibiotic, and
immune modulation phytotherapies. MSc dissertation, University of the Western Cape, South Africa, 2006.
Cloete, P.C.; Idsardi, E. Bio-fuels and food security in South Africa: The role of indigenous and traditional
food crops. Selected Paper prepared for presentation at the International Association of Agricultural
Economists (IAAE) Triennial Conference, Foz do Iguagu, Brazil, 2012.

Jonnalagadda, S.B.; Kindness, A.; Kubayi, S.; Cele, M.N. Macro, minor and toxic elemental uptake and
distribution in Hypoxis hemerocallidea, “the African potato”—an edible medicinal plant. |. Environ. Sci. Health
Part B 2008, 43, 271-280.

Wadley, L.; Backwell, L.; d’Errico, F.; Sievers, C. Cooked starchy rhizomes in Africa 170 thousands years
ago. Science 2020, 367, 87-91.

Makunga, N.P.; Philander, L.E.; Smith, M. Current perspectives on an emerging formal natural products
sector in South Africa. |. Ethnopharmacol. 2008, 119, 365-375.

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.

Williams, V.L.; Witkowski, E.T.F.; Balkwill, K. Volume and financial value of species traded in the
medicinal plant markets of Gauteng, South Africa. Int. ]. Sust. Dev. World 2007b, 14, 584—603.

Ndawonde, B.G.; Zobolo, A.M.; Dlamini, E.T.; Siebert, S.J. A survey of plants sold by traders at Zululand
muthi markets, with a view to selecting popular plant species for propagation in communal gardens. Afr.
J. Range Forage Sci. 2007, 24, 103-107.

Dold, A.P.; Cocks, M.L. The trade in medicinal plants in the Eastern Cape Province, South Africa. S. Afr. J.
Sci. 2002, 98, 589-597.

Mugomeri, E.; Chatanga, P.; Raditladi, T.; Makara, M.; Tarirai, C. Ethnobotanical study and conservation
status of local medicinal plants: towards a repository and monograph of herbal medicines in Lesotho. Afr.
J. Tradit. Complement. Altern. Med. 2016, 13, 143-156.

Monakisi, C.M. Knowledge and use of traditional medicinal plants by the Setswana - speaking community
of Kimberley, Northern Cape of South Africa. MSc dissertation, University of Stellenbosch, South Africa,
2007.

Krog, M.; Falcao, M.P.; Olsen, C.S. Medicinal plant markets and trade in Maputo, Mozambique. Forest and
Landscape Working Papers no. 16-2006. Danish Centre for Forest, Landscape and Planning, KVL Royal
Veterinary and Agricultural University, Denmark, 2006.



Diversity 2020, 12, 122 20 of 20

79. Kumar, V.; Moyo, M.; Van Staden, ]. Somatic embryogenesis in Hypoxis hemerocallidea: An important
African medicinal plant. S. Afr. J. Bot. 2016, 108, 331-336.

80. Gurib-Fakim, A. Medicinal plants: Traditions of yesterday and drugs of tomorrow. Mol. Aspects Med. 2006,
27,1-93.

81. Moyo, M.; Amoo, S.0.; Aremu, A.O.; Gruz, |.; Subrtova, M.; Dolezal, K.; Van Staden, J. Plant regeneration
and biochemical accumulation of hydroxybenzoic and hydroxycinnamic acid derivatives in Hypoxis
hemerocallidea organ and callus cultures. Plant Sci. 2014, 227, 157-164.

82. George, J.; Laing, M.D.; Drewes, S.E. Phytochemical research in South Africa. S. Afr. J. Sci. 2001, 97, 93-105.

83. Katerere, D.R; Eloff, ].N. Anti-bacterial and anti-oxidant activity of Hypoxis hemerocallidea (Hypoxidaceae):
Can leaves be substituted for corms as a conservation strategy? S. Afr. ]. Bot. 2008, 74, 613-616.

84. Du Toit, E.S.; Maltzahn, 1.V.; Soundy, P. Chemical analysis of cultivated Hypoxis hemerocallidea using thin
layer chromatography. HortScience 2005, 40, 1119.

85. Nigro, S.A.; Makunga, N.P.; Grace, O.M. Medicinal plants at the ethnobotany-biotechnology interface in
Africa. S. Afr. ]. Bot. 2004, 70, 89-96.

86. Okem, A, Stirk, W.A.; Street, R.A.; Southway, C.; Finnie, ].F.; Van Staden, J. Effects of Cd and Al stress on
secondary metabolites, antioxidant and antibacterial activity of Hypoxis hemerocallidea Fisch. & C.A. Mey.
Plant Physiol. Biochem. 2015, 97, 147-155.

87. Mofokeng, M.M.; Kleynhans, R.; Sediane, L.M.; Morey, L.; Araya, H.T. Propagation of Hypoxis
hemerocallidea by inducing corm buds. S. Afr. J. Plant Soil 2018, 35, 359-365.

88. Nsibande, B.E.B. In vitro regeneration of four Hypoxis species and transformation of Camelina sativa and
Crambe abyssinica. MSc dissertation, Swedish University of Agricultural Sciences, Sweden, 2012.

89. Nsibande, B.E.B.; Li, X.; Ahlman, A.; Zhu, L.H. In vitro regeneration of endangered medicinal Hypoxis
species. Am. J. Plant Sci. 2015, 6, 2585-2595.

90. Gillmer, M.; Symmonds, R. Seed collection and germination: Hypoxis hemerocallidea (Hypoxidaceae).
Plantlife 1999, 21, 36-37.

91. McAlister, B.G.; Van Staden, ]. Effect of artificially induced stress conditions on the growth of the medicinal
plant Hypoxis hemerocallidea. S. Afr. ]. Bot. 1995, 61, 85-89.

92. Kottek, M; Grieser, J.; Beck, C.; Rudolf, B.; Rubel, F. World map of the Képpen-Geiger climate classification
update. Meteorol. Z. 2006, 15, 259-263.

93. White, A.G.; Davies-Coleman, M.T.; Ripley BS. Measuring and optimising umckalin concentration in wild-
harvested and cultivated Pelargonium sidoides (Geraniaceae). S. Afr. |. Bot. 2008, 74, 260-267.

94. Kulkarni, M.G,; Street, R.A.; Van Staden, ]. Germination and seedling growth requirements for propagation
of Dioscorea dregeana (Kunth) Dur. and Schinz — A tuberous medicinal plant. S. Afr. ]. Bot. 2007, 73, 131-
137.

95. Mokgehle, S.N.; Tesfay, S.Z.; Araya, H.T.; du Plooy, C.P. Antioxidant activity and soluble sugars of African
ginger (Siphonochilus aethiopicus) in response to irrigation regimen and nitrogen levels. Acta Agric. Scand. B-
S P.2017, 67, 425-434.

96. Mofokeng, M.M.; Visser, D.; Kleynhans, R.; du Plooy, C.P.; Prinsloo, G.; Soundy, P. Estimation of
Pelargonium sidoides root damage by Meloidogyne spp. ]. Entomol. Nematol. 2013, 5, 38—41.

© 2020 by the authors. Licensee MDP], Basel, Switzerland. This article is an open access
@ @ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



