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CHAPTER 2

LITERATURE REVIEW OF THE LIVINGSTONE POTATO
(PLECTRANTHUS ESCULENT US N.E.Br.)

2.1 Introduction

The root crops are staple foods for many people in developing areas, and the people most
dependent on them are usually the very poor. Although the potato and sweet potato are well
known tuber and root crops, several others are also utilized. The roots and tubers generally
have low labour requirements and can be stored in the ground for periods when the main
staple has failed (FAO, 1988). Some of the lesser known root and tuber crops are receiving
attention from agricultural researchers because of their tolerance to marginal conditions
(Plucknett, 1983). This tolerance is considered to be of great importance in South Africa
as many rural people need to produce crops in areas where the soil and/or environmental
conditions are marginal. Plectranthus esculentus (N.E.Br.) is a promising crop in this

regard. In this review available information on Plectranthus esculentus is summarized.

2.2 Origin and distribution in South Africa

Plectranthus eculentus seems to be Affican in origin, and according to Greenway (1944)
there appear to have been two centres of dispersal, one in south-central Africa (Malawi or
Zambia), and the other Ethiopian. Portéres (1962) and Harlan, de Wet & Stenler (1976),
however, state that this plant was initially cultivated through selection of wild populations
in the Upper Niger valley of the Hausaland and in the Central African Republic, with the
central African area being considered as the primary centre. The plant apparently spread
from these centres of origin by the migration of people. Plectranthus is presently distributed
from Equatorial Africa southwards to Angola, northern Namibia, Swaziland, and South
Africa. In South Affica it is found in Mpumalanga, the Northern Province and coastal
Kwazulu-Natal (Codd, 1975; Codd, 1985). It is said to occur in the North-West Province
or the Northern Cape Province (Fox & Norwood-Young, 1982), but this has yet to be




confirmed. This species normally occurs in dry wooded areas (Codd, 1975; Fox &
Norwood-Young, 1982; Codd, 1985). Areas where the plant has been recorded by

collectors from the National Botanic Institute in South Africa are shown in Figure 1.1.
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Figure 1.1  Collection sites of Plectranthus esculentus in South Africa, Swaziland and
Namibia (NBI, 2000)

Gerstner (1938) states that this plant has been grown by the Zulus since prehistoric times,
and Fox & Norwood-Young (1982) state that it is still utilized by the Tswanas in the
Kuruman district of the Northern Cape province. The plant is presently being used by people
in the Mpumalanga province in South Africa, and enquiries in rural areas of South Africa
suggest that this crop might have been much more popular and in general use during the

early part of the 20th century, at least in the northern and eastern parts of the country.



23 Botany

2.3.1 Taxonomy

Plectranthus esculentus belongs to the family Lamiaceae (Labiatae), a family consisting
mostly of herbs and shrubs. This family contains many useful plants such as sage (Salvinia),
and mint (Mentha), and is generally regarded as one of the most highly evolved of all
dicotyledonous families (Hedge, 1979). The old taxonomic system as proposed by Bentham
& Hooker (1862 - 1883) has undergone a number of changes, and many of the old names
have either disappeared, or are now only used in an informal way, for example, the
Subdivision Angiospermae is no longer used in the modern taxonomic systems, and plants
are only informally classified as angiosperms (van Wyk, 1996 - personnal communication').

The full taxonomy of the plant according to modern systems is as follows:

Kingdom Plantae

Division Anthophyta

Class Magnoliopsidae

Subclass Asteridae

Order Lamiales

Family Lamiaceae (Alternatively : Labiatae)
Sub-Family Nepetoideae

Tribe Ocimeae

Sub-tribe Plectranthinae

Genus Plectranthus

Species Plectranthus esculentus (Cantino & Sanders, 1986;

Brummitt, 1992; Cantino, Harley & Wagstaff, 1992; Harley
& Reynolds, 1995).

In the more traditional system of taxonomy as used at the Royal Botanic Gardens (Kew),

Prof. B. Van Wyk
Botany Department
University of Pretoria
Pretoria 0002

South Africa
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the plant is classified as follows:
Kingdom 3 Plantae
Division : Spermatophyta
Sub-division Angiospermae
Class ) Dicotyledones
Subclass : Gamopetalae
Group : Bicarpellatae
Order : Lamiales
Family : Lamiaceae  (Labiatae)
Sub-Family Ocimeae
Genus ; Plectranthus
Species : Plectranthus esculentus (Paton, 1996 - personal
communication®)

The following synonyms have been found:
P. floribundus N.E.Br., Coleus dazo A. Chev. & Perrot., C. esculentus (N.E.Br.)
G. Tayl, C. floribundus Bak., - var. longipes (N.E.Br.) Robyns & LeBrun,
Englerastrum floribundum (N.E Br.)Th. Fries jun., - var. longipes (N.E.Br.) Th.
Fries jun. (Codd, 1975; Codd, 1985; Tindall, 1983; Burkill, 1995). Codd (1975) felt
that both P. densus N.E.Br. and P. primulinus Bak. should also be included as
synonyms, but did not undertake an investigation of these two species in his work

on P. esculentus.

Dr A. Paton

Royal Botanic Gardens, Kew
Richmond

Surrey

TW9 3AE

England
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2.3.2 Common names

A list of common names for P. esculentus is given in Table 1.1. As the common names of
many organisms differ from language to language, and even from district to district within
the same language group; the same common name is sometimes applied to different
organisms; and can be very misleading (Kendrick, 1992). Plectranthus esculentus or P.

esculentus is used throughout this manuscript.

2.3.3 Physiology

The plant is an erect to decumbent perennial aromatic herb or shrublet ranging in height
from 600 to 1 200 mm. Several stems arise annually from the branching tuber. These striate,
hairy stems are four sided, subwoody and sparingly branched. The oval, serrate, irregularly
puckered leaves are covered with short hairs on both sides, and are arranged opposite each
other on the stem. They are fairly thick-textured, subsessile and 50 to 70 mm in length by
10 to 25 mm wide. The abaxial surface is covered with brown gland dots. The inflorescences
occupy the upper 200 to 600 mm of the stems, and consist of two to four short pseudo-
racemes, which are 30 to 50 mm long and may occasionally be branched, arising from each
node. The plant flowers in the early spring, while the previous season’s stems are still
leafless. The tubular flowers are yellow in colour and are found singly in the axil of each
bract. These flowers are 14 to 16 mm long, in an opposite to sub-opposite arrangement 2
to 5 mm apart on the rachis. The mature calyx of this particular species is 8 to 10 mm long.
The lower lip of the corolla is deeply boat shaped and 7 to 8 mm long, while the upper lip
is only 2 mm in length. The stamens, which are usually united at the base, are curved and
6 to 7 mm long.The lower pair of stamens is usually longer than the upper pair. The style
is approximately 1 to 2 mm longer than the stamens, and at maturity protrudes beyond the
lower lip of the corolla by 2 mm. The fruit is a small brown ovoid nutlet about 1 mm long.
(Morton, 1962; Codd, 1975, Fox & Norwood-Young, 1982; Tindall, 1983, Codd, 1985,
Tregold, 1986; Dupriez & De Leener, 1989; van Jaarsveld & Jaques, 2002). The seeds are
very small, with four seeds in each ovary, which in turn is to be found in the enlarged calyx

(van Jaarsveld & Jaques, 2002).
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TABLE 1.1 Common names used for P. esculentus in South Africa (from Bryant, 1907,
Tindall, 1983; Fox & Norwood-Young, 1982; Allemann & Coertze, 1996).

|| Language | Name II

English Livingstone Potato
Hausa Potato

Native Potato
Elongated Native Potato
Scrambled Eggs
Swedish begonia
Umbondive

Afrikaans Wilde Aartappel

Venda Mutada
Matheta

Siswati Mlata

Shona Shezha
Tsenga
Tensa

Tsenza

Tswana Makwele e Sechuana

Sotho Tapole emahlo (wild)
Tapole-ea-mahlo

Xhosa Itapile

Zulu Ibonda
Ugilo
Ulucanqu
Uluhlaza
Isigwili
Ushizane
Umbhlati
Ulujilo
Umbondive
Imbondwe
uJwangu
uShizan
ulilo
ulikwe
uHlazaluti
iZambhane

The shallow, fibrous root system produces tubers which are roughly cylindrical, 50 to

100 mm long and up to 20 mm in diameter. The tubers may be branched, are softly hairy,
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cylindrical and clustered at the base of the stem (Dalziel, 1937; Codd, 1975; Tindall, 1983).
According to Dalziel (1937) the tubers are regarded as rhizomes in the nature of stolons,
while Tindall (1983) suggests that they might be either rhizomes or root tubers. Smith
(1966) and Codd (1975) refer to the plant having an edible rootstock which is tuberous. On
the other hand, Morton (1962), Fox & Norwood-Young (1982), Codd (1985) and Burkill
(1995) identified them as tuberous roots, while Williamson (1974) states that these organs
are thickened underground stems which grow from a central point. The prostrate, lateral,
trailing branches form both roots and tubers at the nodes which are in contact with the soil

(Tindall, 1983).

24 Environmental requirements

This crop is reported to occur from humid areas in Equatorial Africa to the dry regions of
the Northern Cape (Codd, 1975; Fox & Norwood-Young, 1982; Codd, 1985; Kyesmu,
1994; Allemann & Coertze, 1996). The plants thrive in almost all climates, growing as
successfully in the heavy humid areas as in hot dry climatic conditions. Burkill (1995) states
that where distinct wet and dry seasons occur, the plants are cultivated near water in
Senegal, and occur naturally on the margins of swampy areas, while according to Codd
(1975; 1985) and Fox & Norwood-Young (1982) the species is found in dry wooded areas
in Southern Africa. It is also found on forest margins and in rocky sites throughout its range
(Burkill, 1995).

According to Roecklein & Leung (1987), this plant requires in the order of 1 000 mm of
rainfall for satisfactory production. Data from the SEPASAL (Survey of Economic Plants
for Arid and Semi-Arid Lands) database indicates that the plant requires more than 750 mm
of water per annum for production (Kew, 1996), but it would appear as though it can
survive and produce with less rain than this if the areas of distribution in South Africa are
any indication. Although the plants are adapted to relatively high rainfall conditions, they
are tolerant of droughts. Optimum yields will only be obtained in areas which receive a well
distributed precipitation (Kay, 1973; Tindall, 1983; Dupriez & De Leener, 1989; Allemann
& Coertze, 1996).
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Kay (1973) and Tindall (1983) maintain that well-drained sandy soils are preferable to clay
soils as the crop is sensitive to waterlogging, which causes irregular tuber formation and a
reduction in yield. Plectranthus thrives in full sunlight on well-loosened soils which are
moist but not saturated (Dupriez & De Leener, 1989). Some varieties of this plant do occur
naturally in the heavier soils on the margins of swampy areas (Burkill, 1995), while in
Zambia, Zimbabwe and Senegal they are grown on the margins of wet areas during the dry
season (Whitlow, 1983; Burkill, 1995). In South Africa this species can be found in the dry
to sub-humid bush veld (savannah) regions, normally on rocky hillocks (van Jaarsveld &
Jaques, 2002), althoughit is also found in dry wooded areas (Codd, 1975; Fox & Norwood-
Young, 1982; Codd, 1985). This was borne out by investigation of specimens in the

herbarium at the National Botanical Institute in Pretoria.

2.5  Cultivation of the plant

There is a paucity of literature regarding the precise cultural practices used for Plectranthus
esculentus. Tindall (1983) contends that the cultural requirements of P. esculentus are
similar to those of Solenostemon rotundifolius, another closely related member of the
Lamiaceae. The cultural requirements of S. rotundifolius have been presented where no

information on P. esculentus is available.

2.5.1 Planting

The plant may be propagated by tubers, suckers from tubers, or softwood cuttings, although
the latter are apparently difficult to root (Kay, 1973; Tindall, 1983; Burkill, 1995). Van
Jaarsveld & Jaques (2002), observed that cuttings of P. esculentus as well as ornamental
Plectranthus species are very easy to root, taking approximately 14 days under ideal
conditions. P. esculentus can be planted in pure stands, or intercropped with low-growing

crops (Dupriez & De Leener, 1989).

The usual method of propagation is via tubers, and these are established on mounds, ridges
or prepared beds at the beginning of the rainy season (Tindall, 1983; Dupriez & De Leener,
1989; Burkill, 1995). P. esculentus is typically grown on ridges, which serve for both



= 5=

drainage and irrigation, in the vlei areas of Zimbabwe (Whitlow, 1983; Sutton, 1984). In
Zambia field planting may be done on mounds, while it is planted on ridges in Burkina Faso
(Burkill, 1995).

The tubers are usually planted at depths of 50 to 100mm, in rows 500 to 900mm apart when
planted on ridges, or 600 to 700mm apart on beds. Spacing between the tubers in the row
varies from 150 to 300mm (Tindall, 1983; Dupriez & De Leener, 1989). Rooted suckers or
cuttings are planted to a depth of 50 to 80 mm, or at 50 mm when planted horizontally
(Kay, 1973; Tindall, 1983). Dalziel (1937) states that the main cluster of tubers from one
plant can produce about 100 new plants by being cut into comparatively small sections,
while Tindall (1983) reports that approximately 1 100 kg of tubers are required to plant
1 ha. If suckers or cuttings are used for establishment, they require more care than when
tubers are used. Rooted cuttings should be planted about 600 mm apart (van Jaarsveld &

Jaques, 2002).

2.5.2 Husbandry

S. rotundifolius plants usually receive two inter-row cultivations after emergence, one
about three weeks after planting, and the other one month later, in order to control weeds.
During the latter cultivation the plants are usually earthed up to encourage the production
of tubers (Kay, 1973). Tindall (1983) contends that earthing up the tubers of P. esculentus
is advantageous, while Dupriez & De Leener (1989) maintain that earthing up is essential
in sandy soils. Tubers which are exposed to the light will turn green and produce leaves if
they are not covered. However, by covering them with soil once the leaves have been

produced, it is possible to produce a second crop of tubers in those areas which have a

suitable climate (Dalziel, 1937).

No specific information is available on water requirements or irrigation scheduling for
Plectranthus esculentus. Tindall (1983) states that irrigation is required in dry areas,
although the crop appears to be drought resistant. In most areas of Africa where thereis a
distinct dry season, the plant is cultivated along the margins of moist areas (Whitlow, 1983;
Sutton, 1984; Burkill, 1995).
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The literature search revealed no published information on the fertiliser requirements of this
species. Ornamental varieties of Plectranthus react favourably to the application of compost
or manure to the soil before planting (van Jaarsveld, 1987). S. rotundifolius reacts well to
applications of these substances, as well as to the application of wood ash and diluted cattle
urine (Pannikar, 1950). This appears to indicate that the application of N and K fertiliser

would be beneficial in increasing yields (Allemann & Coertze, 1996).

2.5.3 Harvesting and storage

The tubers can be harvested 180 to 200 days after planting, when the plants are lifted with
the tubers still attached. Tubers can also be lifted as they reach maturity by gently excavating
them from the hills or ridges, leaving the growing plants intact (Tindall, 1983; Dupriez &
De Leener, 1989; Burkill, 1995). A practice of ‘cut-and-come-again’ may be possible, with
the tubers near the surface being removed and the base of the plant earthed up to produce
a second batch of tubers (Burkill, 1995). In Zimbabwe the tubers are edible from September
to March (Tregold, 1986), while in Malawi the tubers are normally harvested in March or
April (Williamson, 1974).

Recorded yields of Plectranthus esculentus are in the region of 2 to 6t.ha’’, and yields of
4t ha™ have been obtained in eastern Mpumalanga (Tindall, 1983; Roecklein & Leung, 1987,
Allemann & Coertze, 1996). Under proper cultivation in central Africa this species is
estimated to give a larger yield than that of any other Labiate, and yields in the order of 13
to 25t ha™ have been obtained (Dalziel ,1937; Burkill, 1995). Burkill (1995) considers that
these low yields could be improved upon under conditions of improved husbandry, for
example, with better weed control, fertilisation and better seed material. Experimental work
in South Africa has indicated that the crop has a yield potential in excess of 60t.ha™ under
good growing conditions (Allemann & Coertze, 1996).

Seed tubers can be stored in underground silos, or kept indoors in baskets that have been
packed with straw. Tubers can also be stored successfully in dry sand, or in cool, well
ventilated conditions (Dupriez & De Leener, 1989). The tubers are stored in the shade in

well ventilated locally made barns for up to a month in nothern Nigeria (Temple, Ojobe &
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Onobun, 1991). In the Mpumalanga province of South Africa the tubers are placed in bags
after harvest and left in the sun for four days in order to dry out slightly before being stored
for the winter (Allemann & Coertze, 1996).

Genetic material of this species can be stored either as seed, or as vegetative material. Seeds
of the genus all exhibit orthodox seed storage behaviour, and so can be stored at low
temperature. Vegetative material can be stored in the form of tubers, or as in vitro plantlets.
Protocols for the successful in vitro storage of both Nigerian and Cameroonian varieties of
P. esculentus have been developed (Miege & Moncousin, 1989; Kyesmu, 1994). These

techniques will also aid in the rapid multiplication of promising genetic material.

2.5.4 Pests and diseases

A number of pests and diseases have been noted in Plectranthus, although the majority of
these are are rarely serious (Tindall, 1983; van Jaarsveld, 1987). No published information
is available on the pests which attack P. esculentus, but they would in all probability be the
same as those which attack the ornamental varieties of Plectranthus. A number of insect
pests, such as stem-borer, stink-bugs, scale insects, aphids, whitefly and grasshoppers infest
these plants (van Jaarsveld, 1987). The plants are susceptible to attack by nematodes, and
the soil should preferably be treated for this pest. The major problem in this regard is the
root knot nematode, Meloidogyne incognita, although M. javanica and M. arenaria, as well
as other Meloidogyne sp. have been identified as attacking plants of this genus (Goodey,
Franklin & Hooper, 1965).

Very few diseases have been noted on Plectranthus plants, but rust or blight have been
noticed on plants grown in pots. Pythium occasionally attacks seedlings which have been
sown too thickly and kept too damp (van Jaarsveld, 1987). P. esculentus, however, appears
to be surprisingly free of problem pests and diseases. No serious attacks by either insects or
diseases have been noted in field trials near Pretoria (Allemann & Coertze, 1996). Some
wild animals appeaf to present a problem, as it has been reported from Malawi that they are
reputed to grout up the root-stock for eating (Burkill, 1995). Slight damage caused by

porcupines has been noted in field trials at Roodeplaat.
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2.6  Nutritional quality and uses

There is a paucity of knowledge regarding the nutritional values of wild edible plants in
general (Wehmeyer, 1986). Until recently the nutritional value of most root and tuber crops
had not received much attention. They are normally regarded as being only starchy foods,
with the value of their vitamins, minerals, and even proteins often being overlooked by the

majority of people (Plucknett, 1983).

The analysis of freshly harvested tubers of P. esculentus in Nigeria is given in Table 1.2,
while an analysis of the mineral content is given in Table 1.3. From Table 1.2 it can be seen
that the tubers contain a fair amount of protein. The protein value of the tubers is better than
that of potatoes, while the fat and total ash levels are higher than the reported values for

roots and tubers (Temple et al., 1991).

TABLE 12 Chemical analyses (dry mass basis) of freshly harvested Nigerian
Plectranthus esculentus tubers (from Kyesmu & Akueshi, 1989; Temple ef

al., 1991).
Comp-ound Content

(%)

Crude protein 6.35-7.71

Crude fibre 5.99

Fat 027-2.63

Total Ash content 448 -5.56

I Carbohydrate _ 2932 - 85.40=

Temple et al. (1991) found higher values for the sodium (31.35 mg.100 g™'), magnesium
(92.75 mg.100 g™*) and manganese (5.61 mg.100 g') content of Nigerian tubers than those
found by Gila (1984), while the values for potassium (129.5 mg.100 g?) and iron
(2.56 mg.100 g) were appreciably lower than those obtained by the latter author. The
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values for calcium (78.16 mg.100 g™) and copper (0.5 mg.100 g') obtained by Temple et
al. (1991) fell within the range obtained by Gila (1984). From Table 1.3 it can be seen that
wide variation in the mineral content of freshly harvested Plectranthus esculentus tubers is

found in Nigeria.

TABLE1.3  Mineral content offreshly harvested Nigerian Plectranthus esculentus tubers
(from Gila, 1984).

Element Amount
(m&%)g‘l dry tuber mass)

Sodium (Na) 8.00 - 21.75
Calcium (Ca) 55.00 - 90.00
Potassium (K) 1225.00 - 15 000.00
Iron (Fe) 100.00 - 155.00
Magnesium (Mg) 15.50 - 64.75
Copper (Cu) 0.50 - 1.00
Mangenese (Mn) 1.00 - 3.00

Oyenuga (1968) studied the composition of the protein of P. esculentus tubers and found
that the isoleucine, leucine, phenylalanine, tyrosine, methionine and valine contents were
lower than that of most tubers, while the value of threonine was higher. More recent work
by Temple e al. (1991) shows that methionine is the most limiting amino acid in the tubers
of this plant, while the values of threonine and phenylalanine are higher than the FAO

reference values for these amino acids.

Delpeuch, Favier & Charbonniere (1978) found that the grains of starch from P. esculentus
are hemisherical to spherical in shape with a diameter of 5 to 12 xm, and that the starch has
a crystalline structure similar to that of the starches found in Manihot esculenta (cassava),
Ipomoea batatas (sweet potato), Xanthosoma sagittifolium (Tannia) and Artocarpus

integra (chempedak).
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As a food source the storage organs of Plectranthus esculentus used to be well liked by
both Africans and Europeans, being used as a substitute for potato or sweet potato. They
are usually prepared by being scraped, washed and boiled, roasted or baked like potatoes,
but can also be boiled in their skins before being peeled and eaten (Bryant, 1907, Watt &
Breyer-Brandwijk, 1962; Williamson, 1955; Williamson, 1974: Fox & Norwood-Young,
1982; Tregold, 1986; Temple ef al., 1991). Although the tubers can be eaten raw, they are
usually cooked in stews or fried, and are also suitable for pickling (Dalziel, 1937; Fox &
Norwood-Young, 1982; Burkill, 1995). The prepared tubers can be eaten either on their
own or with a variety of side-dishes (Fox & Norwood-Young, 1982). While this species is
cultivated in certain areas of Africa (Nigeria, Burkina Faso, Congo, Malawi, Zimbabwe and
Zambia), some people only utilise the tubers from the wild as a supplementary food, or in
times of scarcity (Fox & Norwood-Young, 1982; Okigbo, 1990; Burkill, 1995).

The tubers have a uniquely pleasant taste, being likened to that of turnips or parsnips, and
make a delicious vegetable (Bryant, 1907, Fox & Norwood-Young, 1982; Tregold, 1986).
A slightly bitter taste has been reported by some authors, and Bryant (1907) claimed that
the skins contained an unusual proportion of tannin, hence the recommendation that the
organs be peeled prior to cooking. This seems to have been speculation on Bryant’s part as
no investigation appears to have been carried out to determine the identity of the compound
responsible for the bitterness. The precise cause of this bitterness needs to be investigated

as indications are that the immature tubers are bitter, while mature tubers are not.

It is not only the tubers of the plants which are used in the preparation of food. In the Embu
district of Kenya P. esculentus is used to sweeten gruel. The herbaceous stems are crushed
on stone querns (hand mills) and soaked in water for approximately one hour. The mixture
is then sieved, and the solution mixed with the gruel (Kew, 1996). People in the Njomke
district of Tanzania pickle the flowers of this species (NBI, 1999°).

Herbarium specimen
National Botanical Institute
Pretoria

South Africa
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Although the leaves of Plectranthus esculentus are strongly aromatic and very bitter, they
have medicinal uses in certain areas of Africa. A decoction is taken in the Ubangi area of
Zaire for taenia (human tape worm), and a bolus of crushed leaf is used as an anal
suppository for oxyuris (human threadworm) (Burkill, 1995). A critical chemotaxonomic
survey of this plant should be undertaken, as the biochemical constituents could be of
potential medicinal significance, or have other uses (Kyesmu, 1994). The isolation of
Coleonol or Forskolin from Plectranthus barbatus confirms the medicinal potential of the
plants of this genus. This compound is a potent stimulant and pharmacological studies
suggest it has potential for the treatment of hypertension, glaucoma, asthma and certain
cancers (Valdes, Mislankar & Paul, 1987). According to Richardson (1992) a survey of
Plectranthus species will undoubte.dly reveal significant chemical substances not yet

reported. It is probable that the plants have anti-bacterial/anti-fungal properties.

The plant is also valuable from a craft point of view, as the Zulu people in the Ngomi district
of KwaZulu-Natal used the long pliable stems of this plant to weave baskets and other items
during the early 1900's (NBI, 1999%).
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