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We work over them for months, patiently noting differences and resemblances, 

assembling and segregating, seeming to have a scheme nicely worked out, only to have it 

upset by a new batch of specimens, going through all the stages of hopefulness, 

satisfaction, doubt, hopelessness, and finally tearing our hair and exclaiming óConfound 

the things! Whatôs wrong with them anyway?ô 

Hitchcock (1916) 
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ABSTRACT 

 

A taxonomic revision of the genus Elephantorrhiza Benth. (Leguminosae: Mimosoideae) 
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March 2012 

Supervisor: Prof. Dr. A.E. van Wyk 

 

Elephantorrhiza Benth. is a genus with eight species occurring in southern Africa. A 

taxonomic revision of this relatively poorly known mimosoid legume genus of medium-sized 

to small trees or shrubs and geoxylic suffrutices, is presented. Elephantorrhiza (family 

Leguminosae, subfamily Mimosoideae) is endemic to Africa, south of the equator, occurring 

in grassland and savanna with the highest species diversity in the central to eastern region of 

South Africa. Hitherto, the species delimitation and relationship among the taxa have been 

unsatisfactory. In Rossô 1974 revision of the genus (Bothalia 11) and subsequent treatment of 

the genus in Flora of southern Africa (volume 19, part 1) nine species as well as four 

varieties and two subspecies were recognised. At the time it was emphasised that the Flora 

treatment was incomplete as several poorly known and possibly new species existed. These 

included at least one insufficiently known species as well as a list of serious deficiencies in 

the knowledge of the genus and concerns about the conservation status of E. obliqua, E. 

woodii, E. schinziana and E. rangei. In the present study, macromorphological (including 

vegetative and reproductive), anatomical and micromorphological data were used to resolve 

the infrageneric classification of Elephantorrhiza. It is proposed that Elephantorrhiza 

comprises eight species with no infraspecific taxa. The species recognised are E. burkei, E. 

elephantina, E. goetzei, E. obliqua, E. praetermissa, E. schinziana, E. suffruticosa and E. 

woodii. Keys to species, nomenclature, descriptions and geographical distribution for each of 

the taxa are presented. The scope of this study did not permit detailed investigation into 

chemical or molecular evidence. However, accounts of such aspects of the genus based on 

published reports are described. An in-depth study of the characters and character states as 

well as their variation has resulted in a better understanding of the infrageneric taxonomy of 

the genus. The main output of this study is the taxonomic treatment that enables users to 
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determine correct names of Elephantorrhiza species, detailed descriptions and their 

distribution in the Flora of southern Africa region. 

 

Keywords: anatomy, characters, distribution, ecology, Elephantorrhiza, habit adaptation, 

leaflets, Leguminosae, morphology, pollen. 
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CHAPTER 1 

INTRODUCTION  

 

The first chapter serves as an introduction to the thesis and provides information to set the 

context of the study. Objectives and hypotheses are set out to test in light of the rationale 

and motivation assumed. 

 

1.1 Background 

 

The results of taxonomic studies of the genus Elephantorrhiza Benth., a relatively poorly 

known mimosoid legume genus are presented here. Information relevant to species-level 

relationships was considered in an attempt to provide a sound empirical basis for a formal 

taxonomic revision of the genus. 

 

Elephantorrhiza (family Leguminosae, subfamily Mimosoideae, tribe Mimoseae) is 

an African genus endemic to tropical Africa south of the equator, but mostly occurring in 

southern Africa. Although not formally recognised as being in need of scientific treatment 

(e.g. Meyer et al. 1997), several uncertainties have arisen and there has been significant 

taxonomic confusion particularly over species delimitation (Ross 1974; Ross 1975). Some 

species of Elephantorrhiza, mainly the more common E. burkei and E. elephantina, have 

been well-known for many years (e.g. Letty 1962; Palmer & Pitman 1972; Coates Palgrave 

1991; Van Wyk 1994; Germishuizen & Fabian 1997; Van Wyk & Malan 1997; Van Wyk & 

Van Wyk 1997; Pooley 1998; Coates Palgrave 2002; Schmidt et al. 2002; Curtis & 

Mannheimer 2005), whereas the rest of the species are relatively uncommon and a 

comprehensive taxonomic revision of the genus is long overdue. 

 

Some degree of taxonomic confusion has been perpetuated by inconsistent and 

numerous partial floristic treatments. Unfortunately, studies based on political or 

geographical boundaries cannot accurately delimit species because distribution and 

morphological variation does not coincide with such artificial boundaries (Grimes 1998). 
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This study provides the first complete account of the genus following a monographic 

approach to clarify long-standing confusion. 

 

Some of the species, particularly those with more northern distributions have been 

notoriously difficult to identify. Taxonomists should inevitably aim to make information, as 

compiled in herbaria, available to the general botanical public to aid in the identification of 

species and allow them to add to the known botanical knowledge through field observations 

and other practical activities (Brenan 1968). It is endeavoured that, in addition to scientific 

content, this study will provide a practical guide to the taxa and be of use to field workers that 

do not necessarily frequent well-kept herbaria. 

 

1.2 Rationale and motivation 

 

Elephantorrhiza has never before been revised in its entirety as a genus. In 1923 Phillips was 

the first to comprehensively investigate species of Elephantorrhiza for southern African by 

using specimens from South African herbaria. Before him, miscellaneous notes on the genus 

and some species were made and it had been treated on a small regional scale. Phillips (1923) 

noted that the shape and venation of leaflets provide the best possible characters for 

distinguishing between species and concluded with a revision of seven taxa including the 

description of several new taxa. 

 

Since Phillipsô treatment of the genus, several decades passed before Ross revisited 

the group in 1974, basing observations mainly on herbarium specimens. He systematically 

revised taxa occurring in the southern African region culminating in his contribution to the 

Flora of southern Africa [FSA] in 1975. This input to volume 16, part 1 of the FSA, with all 

its limitations, is still considered the most up to date and most reliable source of taxonomic 

information for the genus. 

 

Ross concluded that the state of knowledge of the genus left much to be desired and at 

that stage only four species (E. elephantina, E. suffruticosa, E. burkei and E. goetzei) had 

been well-documented and collected. More material of other species was required. The 
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remaining species were all inadequately known and there remained concern about their 

conservation status. He summarised some of the more serious deficiencies in knowledge 

about the genus and a plea was made to field workers to be especially observant and, if 

possible, collect some of the following: 

¶ Material, especially fruiting material, of E. obliqua which was only known from 

the type localities. 

¶ Notes on conservation status of individual plants. 

¶ Fruiting material from both varieties of E. woodii and more precise collecting 

localities as well as ecological notes and information on the conservation status of 

the species. 

¶ Additional and better material of E. woodii specifically from northern KwaZulu-

Natal. 

¶ More material, especially flowering, of E. schinziana and ecological notes and 

information with regards to its conservation status and whether or not it flowers 

when still leafless as in the case of E. suffruticosa and E. goetzei. 

¶ More material, ecological notes and information on the conservation status of the 

little known E. rangei. 

¶ More material from the same locality where Strey 11073 was collected, as the 

plants from the Umtata aerodrome area in the Eastern Cape might constitute a new 

species. 

 

During the last couple of decades, specimens of different species of the genus had 

accumulated in several southern African herbaria, which provide the basis for this new 

investigation. The motivation and also most desirable outcome of this study are the definite 

delimitation and circumscription of the genus and species boundaries. 
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1.3 Objectives 

 

The main objectives of this taxonomic treatment of the genus Elephantorrhiza were: 

¶ To investigate the comparative morphology of members of Elephantorrhiza and 

present this in the form of a morphological data set based on explicit methods to 

define characters and clearly divide them into unambiguous character states. 

¶ To do an extensive survey of literature on Elephantorrhiza and become acquainted 

with its features and how these relate to other genera within the Mimosoideae. 

¶ To re-evaluate the considerable confusion regarding the delimitation of species within 

the genus and correct it. 

¶ To pay particular attention to the relationships between different species and 

infraspecific taxa and accurately delimit the different entities. 

¶ To compile a review of pollen characters and to use them in assessing the different 

levels of taxonomic hierarchy within the genus. 

¶ To examine as many collections as possible in order to produce accurate distribution 

maps to add to the definition of the different species. 

¶ To present and publish a clear and usable taxonomic account of Elephantorrhiza 

including synonymy, species descriptions, maps, a key for herbarium and field 

identification, specimen citations and other miscellaneous notes. 

 

1.4 Hypotheses 

 

Different hypotheses concerning the following were tested in this study: 

¶ Previously proposed infrageneric delimitations of the genus Elephantorrhiza. 

¶ Classification of Elephantorrhiza within the family (Leguminosae) context. 

¶ Previously proposed infraspecific classifications of the species represented in 

southern Africa. 

¶ Taxonomic significance of habit, leaf, flower, fruit and pollen characters in the 

delimitation of taxa. 
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1.5 Thesis organisation and structure 

 

This revision of Elephantorrhiza is structured according to the chapters which are arranged 

and can be summarised as follows: 

 

CHAPTER 1: INTRODUCTION  

The first chapter serves as an introduction to the thesis and provides information to set the 

context of the study. Objectives and hypotheses are set out to test in light of the rationale and 

motivation assumed. 

 

CHAPTER 2: OVERVIEW OF THE GENUS  

The family to which Elephantorrhiza belongs is introduced and briefly placed in a worldwide 

context. Details on the Mimosoideae are given and the position of Elephantorrhiza within the 

subfamily explained. Furthermore, the genus is introduced and mention is made of its 

discovery and taxonomic history. Some traditional uses and biological associations are 

pointed out and the somewhat unusual habit of suffrutescens is discussed in some detail. 

 

CHAPTER 3: GENERAL MATERIALS AND METHODS  

The study is outlined and the different activities undertaken pointed out. Emphasis is placed 

on the type of study, taxa sampled, voucher specimens and the species concept adopted. The 

various methods to study Elephantorrhiza are mentioned. More detailed accounts of materials 

and methods followed are included in the chapters concerning specific sources of taxonomic 

evidence. 

 

CHAPTER 4: MORPHOLOGICAL ANALYSIS  

The types and choice of characters and character states used are explained and morphological 

variation within the genus considered. Vegetative and reproductive morphological characters 

of potential taxonomic significance evaluated to provide a useful set of characters for the 
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identification of Elephantorrhiza species throughout all seasons. Tables are included to 

summarise the differences and similarities between Elephantorrhiza taxa. 

 

CHAPTER 5: ANATOMY AND MICROMORPHOLOGY  

The types and choice of characters and character states used are explained. Variations in 

anatomical and micromorphological characters of Elephantorrhiza are considered. 

Anatomical and micromorphological characters of taxonomic significance are discussed and 

tables are included to summarise the differences and similarities among Elephantorrhiza taxa. 

 

CHAPTER 6: BIOGEOGRAPHY AND ECOLOGY  

The associated habitat and vegetation types of Elephantorrhiza taxa are investigated and 

treated as characters. Elephantorrhiza taxa are mapped to reveal phytogeographical patterns 

of the genus. Taxa are mostly confined to the Grassland and Savanna Biomes in southern 

Africa. Ecological aspects are considered and some speculations are made about preference. 

 

CHAPTER 7: TAXONOMIC REVISION  

This chapter provides a taxonomic treatment and nomenclatural overview of the genus, 

species and infraspecific taxa. A key to species is also provided. Descriptions are provided 

for the genus as well as all infrageneric taxa. Some representative specimens seen and 

authorities of names are indicated. 

 

CHAPTER 8: GENERAL DISCUSSION AND CONCLUSION 

The objectives of the study are revisited and the degree to which they were achieved is 

reviewed. Some recommendations are made about possible future research within the genus 

and concluding remarks are presented. 
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Literature references for all chapters are cited at the end of the last chapter. A short 

Curriculum Vitae and a contribution regarding the taxonomic status of E. rangei, as 

published in Bothalia, are included in the appendices. 

 

This thesis generally conforms and follows the style of Bothalia, in-house journal of 

the South African National Biodiversity Institute.
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CHAPTER 2 

OVERVIEW OF THE GENUS  

 

The family to which Elephantorrhiza belongs is introduced and briefly placed in a 

worldwide context. Details on the Mimosoideae are given and Elephantorrhizaôs position 

within the subfamily explained. Furthermore, the genus is introduced and mention is made 

of its discovery and taxonomic history. Some traditional uses and biological associations 

are pointed out and the somewhat unusual habit of suffrutescens is discussed in some 

detail. 

 

2.1 Leguminosae in worldwide perspective 

 

After the orchid (Orchidaceae) and daisy (Asteraceae) families, the Leguminosae (bean/pea 

family) is the third largest flowering plant family in the world. Understandably, a large 

diversity of life forms exists within this familyðincluding all life forms from trees to aquatic 

herbsðof 727 genera and approximately 19 325 species with its cosmopolitan distribution 

(Lewis et al. 2005). Indeed, except for Antarctica, the Leguminosae is represented on every 

continent on Earth in all biomes and environments (Chant 1978). The highest degree of 

diversity within this family occurs in the tropics and subtropics (National Academy of 

Sciences 1979). 

 

A frequently asked question is on the use of the family name. In many publications, as 

here, the name Leguminosae is preferred over the conserved name Fabaceae. This question 

has its roots in the treatment of the family as one or three distinct families. There is increasing 

support for the treatment of the legumes as one monophyletic family (Doyle et al. 2000), 

therefore the question of the name becomes more relevant. 
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Lewis et al. (2005) succinctly provide three options regarding the family name for the 

legumes: 

1. Leguminosae at family level with Papilionoideae, Mimosoideae and 

Caesalpinioideae at subfamily level. 

2. Fabaceae at family level with Faboideae, Mimosoideae and Caesalpinioideae 

at subfamily level. 

3. Fabaceae treated at family level with the other two families being Mimosaceae 

and Caesalpiniaceae. 

 

Clearly, the first option is the only one that avoids ambiguity, as opposed to using the 

name Fabaceae which could lead to considerable confusion regarding the rank. The suggested 

use of Leguminosae, for the family, and Papilionoideae, Mimosoideae and Caesalpinioideae 

for the three recognised subfamilies, by Lewis et al. (2005) is adopted here in an endeavour 

to avoid confusion in the literature. 

 

2.2 Agriculture and horticulture  

 

From a human perspective, of all plants used by people, the Leguminosae is only second to 

the grasses (Poaceae) in importance. It is well known that in developing countries, the fastest 

and easiest way to augment the production of food proteins is to cultivate legumes. 

Considering the size of the family, one would expect that many species would have been 

domesticated, yet less than 20 species are commercially grown. This leaves a very obvious 

and massive untapped potential resource, specifically as the need for human and animal food 

increases (National Academy of Sciences 1979). 

 

Many legumes, including Elephantorrhiza (Corby 1988), have root nodules 

containing certain species of bacteria that take up atmospheric nitrogen. This is then 

converted to other nitrogenous compounds to the benefit of the plant through it being more 

accessible. Therefore many leguminous plants are able to grow on relatively poor soils. This 

ability is also exploited agriculturally to increase and restore soil fertility, particularly in 

tropical areas. For example, several species of Crotalaria grown in tropical Africa contribute 
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to soil fertility by their ability to fix nitrogen through root symbiosis with species of 

Bradyrhizobium or Methylobacterium. Not only does this increase soil fertility for other 

plants, but they also develop a high resistance to the main species of root-knot nematodes. 

Thus, the use of Crotalaria species as a natural alternative to reduce nematode populations 

seem very attractive, as opposed to physical, chemical, genetic and biological management 

methods currently in use that may promote resistant nematode biotypes (Jourand et al. 2004). 

This is but one of many potential uses of legumes in agriculture. 

 

As far as the horticultural industry is concerned, some of the most spectacular 

ornamental species used for landscaping are legumes. The ever-increasing need for shade and 

beautification has led to the use of numerous legume species by city planners. Several 

countries, including Brazil, New Zealand, Australia, Argentina, Barbados, the Philippines, 

Hong Kong and Thailand have chosen a showy legume as a national tree or flower (National 

Academy of Sciences 1979). 

 

2.3 Family characteristics 

 

The closest family relatives of the legumes, which are also classified in the order Fabales, are 

Quillajaceae, Polygalaceae and Surianaceae (Lewis et al. 2005). 

 

Despite the size of the Leguminosae and its great range of variation, a number of 

characters are diagnostic for the family and distinguish it from other plant families. Members 

of the Leguminosae characteristically have a single carpel, with the single ovary being 

superior and surmounted by the style and stigma. Leaves vary immensely within the legumes, 

but are a relatively conservative characteristic of most genera. As a general guideline, 

legumes with ten (or less) stamens are classed in the Caesalpinioideae and Papilionoideae, 

while plants with more than ten stamens are classed in the Mimosoideae. Secretory cells and 

tannins are common in this family, and apart from a few exceptions, the fruit of the 

Leguminosae is a pod (Woodland 1991; Lewis et al. 2005; Heywood et al. 2007). 
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2.4 Subfamily Mimosoideae 

 

Subfamilies consist of a number of tribes which are made up, in turn, of a number of genera. 

Often, groups of taxonomically similar genera are sorted together within tribes. This makes it 

easier to understand the relationship among certain taxa. 

 

Since the extensive overview of the Leguminosae by Polhill (1994), the tribe Parkiae 

has been included in the Mimoseae and the total number of tribes in the subfamily 

Mimosoideae has thus been reduced from five to four namely Mimoseae, Acaciae, Ingeae, 

and the monogeneric Mimozygantheae (Lewis et al. 2005). It is proposed that the 

Mimozygantheae will also be incorporated within the Mimoseae in the near future (Luckow 

2005). 

 

A number of tribes can be recognised within the subfamily. Polhill (1994) places 36 

genera in the tribe Mimoseae. However, with the addition of the two genera from the Parkiae 

and two relatively recently described genera Kanaloa (1994) and Alantsilodendron (1994), 

the tribe currently contains 40 genera (Lewis et al. 2005). 

 

Informally, 12 generic groups have been made within the Mimoseae by Lewis & Elias 

(1981). This grouping was accepted and followed by Polhill (1994). Recently this number has 

increased and now stands at 14 groups of which the Entada group contains the genus 

Elephantorrhiza (Luckow 2005). 

 

2.5 Taxonomic history and characteristics of Elephantorrhiza 

 

During his travels into the interior of South Africa and specifically the Northern Cape 

Province, from 1811ï1815 (Gunn & Codd 1981), William John Burchell collected a 

specimen he at the time thought was a new species of Acacia. He based his Acacia 

elephantina on this specimen (Burchell 2410) in 1824. De Candolle based his Acacia 

elephantorrhiza on the same specimen the very next year. However, he was not altogether 

satisfied with his decision of placing it in the genus Acacia and questioned whether it wasnôt 
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perhaps a species of Prosopis instead. Sprengel followed this up when he transferred De 

Candolleôs Acacia elephantorrhiza to Prosopis in 1827 and Meyer in 1836 followed suit with 

Burchellôs Acacia elephantina, also placing it in Prosopis. 

 

Bentham, however, established the genus Elephantorrhiza in 1841 on Burchell 2410. 

He found it to be distinctly different from Prosopis in several ways, but paid specific 

attention to the fact that the pod is dehiscent and characteristically separates from the sutures. 

These fruiting characteristics as well as the fact that it has more pedicellate flowers and 

differs distinctively in habit and foliage appearance, convinced Bentham to warrant it being 

considered a distinct genus. 

 

Several miscellaneous notes and publications regarding some species of 

Elephantorrhiza have entered the scientific literature; however, the last relatively 

comprehensive account of the genus was given in 1975 when Ross wrote up Elephantorrhiza 

for volume 16, part 1 of the Flora of southern Africa [FSA]. The previous year, Ross also 

reviewed the genus drawing attention to some of the more serious gaps in our knowledge of 

the group. Since then, more than three decades have passed without any attempt to address 

the problems and add information on the genus. It is therefore hoped that the present study 

will help to recognise the importance of Elephantorrhiza, ecologically and taxonomically. 

Table 2.1 summarises the taxonomic history of the genus outlining different authors and their 

infrageneric classification of the genus. 

 

The genus Elephantorrhiza is an exclusively African genus and at the start of the 

present study consisted of nine species with several infraspecific taxa. Their habitats include 

almost all major biomes south of the equator. As a group, they are fairly homogeneous. 

Members of the genus are readily distinguished from any other closely related and similar 

looking taxa such as Acacia by being unarmed trees, shrubs or suffrutescent in habit, often 

with greatly enlarged underground axes (branches). Leaves are bipinnately compound with 

eglandular petioles, usually blue-green in colour. Flowers are borne in spikes and are whitish 

to yellow. Pods, at maturity, have valves separating from the persistent margin, not splitting 

transversely into segments, but the exocarp of the pod wall peeling off the mesocarp. 
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Anatomically the genus warrants further investigation. Metcalfe & Chalk (1950) 

report the presence of centric medullary bundles in E. elephantina and medullary bundles 

consisting of soft phloem surrounded by xylem almost devoid of vessels in young stems. 

Also, the central portion of the mesophyll is often differentiated from the remainder by being 

somewhat free from chlorophyll and the cells instead often containing brown tanniniferous 

materials (Metcalfe & Chalk 1950). None of the species has the tendency to become weeds 

and it seems unlikely that they will become problem plants in other parts of the world. 

Populations of E. elephantina have previously been misunderstood in this regard (Ellery & 

Walker 1986). 

 

The genus can thus formally be classified as follows: 

Division: Magnoliophyta (Angiosperms) 

Class: Magnoliopsida (Dicotyledons) 

Subclass: Rosidae 

Order:  Fabales 

Family:  Leguminosae 

Subfamily: Mimosoideae 

Tribe:  Mimoseae 

Group:  Entada 

Genus: Elephantorrhiza 

 

In a molecular phylogeny of the tribe Mimoseae it was found that Elephantorrhiza 

burkei, which is in the Entada group (Lewis & Elias 1981) is separated to its own 

independent clade form the Entada species used in the analysis. Four species of Entada and 

one species of Elephantorrhiza were used in this study (Sulaiman et al. 2003). 

 

 



14 
 

Table 2.1ðSpecies of Elephantorrhiza as recognised by different authors throughout the genusô taxonomic history. Dates of publications 

for each author are indicated for  the particular  taxon recognised 
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O.B. Miller  
  1952   1952; 
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Leistner   1967            
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Brenan & Brummitt  
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  1970   

Harvey      1862         
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2.6 Infraspecific classification 

 

Six infraspecific taxa, two at the subspecific and four at the varietal level, have been 

described since Elephantorrhiza was published by Bentham. These classifications are 

somewhat weak in their delimitations of the different infraspecific taxa relying mostly on 

characters and character states which often show great variation and phenotypic plasticity 

within the Mimosoideae. 

 

2.7 Geoxylic suffrutescent habit 

 

In horticulture the term suffrutex is often confused with the word subshrub, since the Latin 

for the latter is indeed ósuffrutexô. However, what is typically known in horticulture as a 

subshrub is not necessarily a true perennial, being only weakly woody and persisting for only 

a few years. These include plants like lavender, thyme and periwinkle. To be clear, the term 

suffrutex or the suffrutescent habit here refers to the morphological phenomenon where a 

perennial plant is slightly woody at the base only, and often has unusually large underground 

parts which are used to store organic compounds and water during unfavourable seasons or 

times when the plant has to survive without above-ground parts for whatever reason. 

 

Two species of Elephantorrhiza, namely E. elephantina and the less abundant E. 

obliqua are characteristically suffrutescent in their habit. A third species (E. woodii) is 

considered suffrutescent, but often has branching aerial stems, although the bulk of its stem is 

underground. E. elephantina is by far the most widespread and best known species in the 

genus. To such a degree is it successful, that some authors have deemed it a potential invasive 

species in some areas (Ellery & Walker 1986), although in reality this is doubtful, since they 

are not known to be aggressive growers. Furthermore, the report by Ellery & Walker (1986) 

is flawed in several ways; assumptions are made about important matters affecting the results 

of the study such as the age of certain plants in the study area. The main aim of the study was 

to investigate and compare E. elephantina with other herbaceous species (therefore 

erroneously assuming E. elephantina to be a herbaceous plant), in terms of adaptive strategy 

which allows it to succeed, apparently replacing perennial grasses and reducing grazing 

capacity. Since the species isnôt particularly palatable due to it containing large amounts of 
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tannins, it is easy to understand why overgrazing and therefore lack of perennial grass cover 

might lead to the assumption that the grasses are being outcompeted by E. elephantina when 

in reality basic veld management should be addressed. 

 

Nevertheless, E. elephantina can be assumed to be the most successful species when 

considering distribution range within the genus. Because of its distinctive tendency to grow 

and form extensive colonies underground, one could speculate about this strategy as opposed 

to the conventional above-ground habit of woody plants and its possible evolutionary 

advantages to the suffrutescent species. Several theories have been proposed as to the origin 

and selection of the (pyrogenic) geoxylic suffrutescent habit including fire, frost and 

waterlogged soils amongst other things (Steenkamp et al. 2001). In a study and the 

consequent description of the new species Catunaregam pygmaea (Rubiaceae) from the 

woodlands of southeastern Tanzania, it was proposed that geoxylic suffrutescent species are 

specialised growth forms that have evolved mainly as a response to annual burning of 

vegetation (Vollesen 1981). Vollesen (1981) also pointed out that the massive subterranean 

axes or branches are often mistakenly called rhizomes or rootstock. 

 

Surprisingly there is very little literature on the exact nature as well as the 

evolutionary advantages of plants adopting this type of growth habit. This is perhaps due to a 

lack of evidence; studying the growth of plants over time could be tedious and lead to 

inconclusive research. Logistically it is also difficult to work with plants that have extensive 

underground branches (e.g. May 2000). Because the form and habit of plants are directly 

influenced by their immediate biotic and abiotic conditions, explanations of certain particular 

growth forms might be extrapolated from ecological evidence. It is also significant to note 

that in some cases it seems the suffrutescent habit has evolved independently in different 

sections of a specific genus and that the habit carries more weight than floral characteristics 

when classifying plants (Keay 1950). 

 

Joseph Burtt Davy (1922) was one of the first to hypothesise that a suffrutescent habit 

might be an adaptation to the environmentða trait that a plant evolved deliberately in order 

to survive certain environmental constraints. He based the hypothesis on several known facts 

and gave a number of reasons including the notion that herbaceous plants are commonly 
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believed to have been derived from more ancient woody forms through reduction and 

simplification. Therefore, the suffrutescent habit may also be viewed (from a geological 

timescale point of view) as something like an intermediate form where the climatic cooling in 

the Tertiary period effectively stunted woody plants until their aerial parts persisted for no 

more than a single growing season. It seems thus that both fire and climatic changes, which 

happened over a long period of time, had an influence on the development of suffrutescent 

taxaðplants had enough time to adapt to changing environmental conditions. Burtt Davy 

(1922) concluded by noting that suffrutescent taxa on the Highveld of South Africa are the 

only ótreesô of the open veld, since óconventional treesô (with large woody aerial parts) only 

occur in sheltered kloofs, sinkholes and on rocky outcrops or hills. Large woody aerial 

organisms do not do well in this area, especially during the cold winter months as is evident 

from farmers trying to plant fruit trees on the Highveld. The suffrutescent condition persists 

even when experimentally planted under more favourable conditions. Specimens of E. 

elephantina were transplanted and after years of more favourable temperature and soil 

moisture content retained the suffrutescent habit (Burtt Davy 1922). 

 

The main reason why one could see suffrutescens as an adaptation is due to 

frequentðpast and presentðfires in large extents of the speciesô distribution range. Fire 

itself was formerly considered to be detrimental to grasslands and was thought to have an 

artificial effect caused by human interference in natural areas. It has been in conflict with 

manôs interest from an agricultural point of view and therefore the promotion of fire 

prevention campaigns were never deemed harmful to the environment. However, since it 

became known that ecosystems, grassland in particular, require fire to maintain diversity and 

promote healthy energy flow within its structure, a shift in reasoning took place with regards 

to typical grassland flora and the structure of the vegetation. As early as 1913, Gleason 

already pronounced that in order to have prairie fire, there must first be a prairie. The 

existence of grasslands and fire is intricately linked in that extremes in temperature and 

rainfall as well as fire promoted the establishment and expansion of herbaceous plants at the 

expense of typical woody angiosperms such as trees and shrubs (Vogl 1974; Sankaran et al. 

2008). Many woody grassland species have become fire tolerant and have, in fact, become 

fire dependent. These include the so-called pre-rain flowers (Roux 1969). 
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With these somewhat severe weather and environmental conditions in grasslands 

(frost, fire, temperature fluctuations, lightning etc.), the plants have developed broad 

amplitudes of tolerance to cope with growth limitations. In grasslands, many plants have 

adapted to dry season (winter) fire regimes by producing flowers in early spring (Augustï

September), irrespective of rainfall. These species are called pre-rain flowers and accumulate 

water during summer on the Highveld. The accumulated water is stored in underground 

storage organs, in the case of suffrutescent Elephantorrhiza species, in the extensive 

subterranean axes (branches). This allows plants to possibly act upon a light trigger, such as a 

change in daytime length or an increase in temperature, or perhaps smoke, to develop the 

dormant flower buds and prepare for anthesis before the grasses start resprouting. It is 

hypothesised that this gives these so-called pre-rain flowers a competitive advantage over the 

grasses with regards to flowering, since the flowers are then still able to advertise and attract 

pollinators before being overtaken by the much taller grasses. Flowers need to develop 

rapidly after a burn and all available resources are allocated for the development of 

reproductive organs. Leaves only develop later to restock the underground storage organs 

with nutrients after being depleted by the task of flowering, fruit formation and setting seed. 

 

Some researchers also argue that the heat generated by a fire might act as a mutagenic 

agent, influencing natural selection (Vogl 1974), since fires in some parts of the world (not 

southern Africa) generally occur in the growing season of plants. It is also important to note 

that fire is just one of several factors reacting with vegetation to create a unique ecosystem 

with specific attributes. Other factors may include increasing aridity, droughts, warming 

trends, thunderstorms etc. The timing of fires, however, is the most important contributor to 

the natural selection process. Fires that burn during the growing and flowering season of 

plants could affect the meiosis and gametogenesis inducing mutations and providing 

genotypic variation for selection. This could possibly have been a contributing factor in the 

development of the variety of species and ecotypes present in some grassland families and, 

indeed, within the genus of Elephantorrhiza (MacMillan 1959). Ignition sources of such fires 

are often proposed to be early and modern man, lightning and spontaneous combustion (Vogl 

1974). 

 

Another important point to contemplate is why suffrutescent species occur in different 

vegetation types. If a species has evolved in response to fire and possibly some edaphic 
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factors, why would the species be able to survive in vegetation types that do not necessarily 

conform or have the same abiotic sculpturing influences? One would expect to see the species 

outcompeted by established vegetation units, unless the faculty of being suffrutescent has 

some form of competitive advantage and such plants are able to grow and thrive amongst 

existing taxa. This seems to be the case in Elephantorrhiza and especially E. elephantina. 

 

Suffrutescent Elephantorrhiza taxa can be classified as pre-rain flowers, or more 

specifically geoxylic suffrutices, also known as underground trees (White 1977). Several 

Highveld taxa fall into this category such as Parinari capensis, Pygmaeothamnus zeyheri, 

Dichapetalum cymosum and Ziziphus zeyheriana. In his treatment of Gifblaar (Dichapetalum 

cymosum), Vahrmeijer (1970) could link the distribution limits of populations in the study 

area with a climatic boundary due to minimum air temperature and, most likely, soil 

temperature. Its distribution was also correlated with a range of other edaphic factors 

including low soil pH, well-drained, lithosolic sandy loam and a low range of calcium 

concentrations. This data suggests that geoxylic suffrutices may have preferential growing 

areas, irrespective of other climatic factors. However, in the case of Elephantorrhiza 

elephantina, no such correlations could be made as this species seems to be resilient on a 

wide variety of soil types and different edaphic factors which suggests the climatic factor of 

fire as the major driving force in the distribution of the species. From field observation where 

the two species occur sympatrically, one would usually observe E. elephantina in the lower 

lying areas of the landscape, whereas E. burkei would normally be found on rocky outcrops 

and hills amongst other similar shrub- and tree-like vegetation units. Burtt Davy (1922) 

ascribed this phenomenon where trees and shrub-like vegetation occur on hills and rocky 

outcrops and is conspicuously absent from the open veld to three reasons: 

¶ The higher elevation and rocky terrain shelters plants from cold winds sweeping 

across the plains. 

¶ A greater amount of water or soil moisture could possibly be retained in crevices and 

other vertical strata of hills. 

¶ Hills often produce springs and that these again form sheltered kloofs for woody 

vegetation. 
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Omitted was the possibility that trees and shrub-like vegetation occur on hills and rocky 

outcrops because they are generally protected from fire in such areas. Generally the fuel load 

on rocky areas is too low to sustain fires. 

 

Except for the last point which is not necessarily true, Burtt Davy might have adequately 

explained the co-occurrence of E. burkei and E. elephantina within the same vegetation 

assemblage although being ecologically and spatially disjunct within an area. This leads one 

to conclude that E. elephantina is specifically adapted to a fire regime. Closer investigation 

into the germination type of the species supports this theory. 

 

Hofmeyr (1921) recorded plumule burying in E. elephantina. As the seed germinates, the 

cotyledon tube elongates not only to carry the radicle out, but also to implant the plumule into 

the ground. At first the plumule develops fairly slowly in relation to the radicle. Each of the 

two cotyledon stalks has three collateral bundles which undergo secondary thickening to form 

a periderm (Van der Schijf & Snyman 1970). Following a study of several savanna tree and 

shrub species, Jackson (1974) noted that cryptogeal germination takes places in several 

widely separated taxa. This type of germination, characterised by the seedling burying its 

plumule and shoots thus arising from well below the ground surface, is thought to have arisen 

as a result of evolution in a habitat that has for many thousands of years been subject to 

annual burning. This is extraordinary for dicotyledons, as this type of germination is normally 

associated with the monocotyledons (Van der Schijf & Snyman 1970). 

 

The behaviour or way suffrutescent plants function has also been described to some 

degree. Groff and Kaplan (1988) proposed a structural analysis of possible topographical 

relationships between the root and sprouting systems of plants. They did not necessarily take 

suffrutescent taxa into account, but the same principle can be applied, because it is only the 

soil level that differs. The morphology, rather than anatomy and physiology has been 

highlighted, therefore, one should consider the whole plant in question as a unit (Kraus et al. 

2003). The morphology of any part of a plant can always be related to its habitat and 

function. Suffrutescent Elephantorrhiza species adhere to the structural class known as root-

borne shoots where subterranean plagiotropic branches with adventitious roots develop. The 

underground rhizomes can, reportedly be up to 8 m long (Van Wyk et al. 1997; Van Wyk & 
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Gericke 2000). Burtt Davy (1932) measured a órootô dug up at his home, Burttholm, 

Vereeniging to be 24 ft. (approximately 7.3 m) long in 1914. 

 

2.8 Ecological associations 

 

Several Elephantorrhiza species are of considerable ecological significance within their 

respective habitats. For example, E. suffruticosa is an important species of the vegetation of 

mountain tops in northwest Namibia (Burke 2005) and E. elephantina an important 

component of the so-called Egoli Granite Grassland vegetation type (Bredenkamp et al. 

2006). 

 

Some noteworthy biological associations were noted during the course of this study 

and are reported on here. They include the following: 

 

2.8.1 Pollinators 

 

Flowers of Elephantorrhiza show sequential colour change from whitish or cream to yellow 

and are scented. A multitude of pollinators are present around a flowering bush of 

Elephantorrhiza. Several wasp species hover amongst the spikes and a few butterflies have 

been observed, but it seems that the most frequent pollinator of all Elephantorrhiza species is 

the African honeybee, Apis mellifera (Figure 2.1). 
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Figure 2.1ðThe most frequent pollinator of all Elephantorrhiza species is the African 

honeybee, Apis mellifera. 

 

Other insects that seemingly do not aid in the pollination of the flowers, such as 

beetles, can be seen eating the flowers. The most common beetle found pillaging the flowers 

is the fruit chafer, Pachnoda sinuata, a member of the family Scarabaeidae (Figure 2.2) 

(Picker et al. 2002). Flowers of Elephantorrhiza species provide only pollen as reward. Other 

Mimosoid taxa providing nectar, albeit in tiny amounts as reward, seem to attract a greater 

diversity of assemblages of flower visitors than species that have only pollen to offer 

(Fleming et al. 2007). Mimosoid trees in full bloom, however, attract many insects, even 

though they represent only a few taxa. 
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Figure 2.2ðThe common fruit chafer, Pachnoda sinuata, feeding on flowers of 

Elephantorrhiza burkei. This insect does not contribute to pollination, but eats the highly 

nutritious pollen and other floral parts. 

 

2.8.2 Host plant for Gynanisa maja 

 

Apart from a few species of Acacia, Elephantorrhiza burkei is the principal host plant for the 

larvae of the majestic wattle or speckled emperor moth, Gynanisa maja. Where the natural 

distribution ranges of these two species overlap, the moth seems to prefer laying its eggs on 

Elephantorrhiza trees on rocky hills. Gynanisa maja is a large dark brown moth more or less 

dusted with white. It can be distinguished from other moths in the same genus by being one 

of the smaller species, its forewing being less than 75 mm long and not falcate. Both wings 

have a distinct dark brown marginal band. Although closely related to Athletes with its claw-

like spines on the tibiae, it has larger and thicker antennae. The speckled emperor is 

celebrated on a postage stamp of Mali where they also occur, but make use of Acacia species 

as hosts and nurseries for their caterpillars (Pinhey 1972). 
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2.8.3 Porcupines and Elephantorrhiza 

 

The Cape porcupine, Hystrix africaeaustralis, a member of the so-called Old World 

porcupines, is fairly common in Windhoek, Namibia, and surroundings, co-occurring with 

Elephantorrhiza suffruticosa. These animals have developed a special taste for the roots of E. 

suffruticosa. In the Blaaskoppie region in Windhoek, several damaged plants can be seen 

with the roots dug out and eaten. Local people hiking in the area have reported that wherever 

one sees a tree dug up for its roots, the plant is usually E. suffruticosa. It is well-known that, 

being rodents, porcupinesô diet consists mainly of bark, roots and tubers. However, 

Elephantorrhiza species contain high quantities of tannin. This specific behaviour could be 

ascribed to the fact that higher quantities of tannin may be found in the bark of trees than in 

the roots and that they are therefore more edible. Palmer and Pitman (1972) report that the 

roots of E. goetzei are also often eaten by porcupines. 

 

2.8.4 Dassies (rock hyraxes) and Elephantorrhiza burkei 

 

The Pretoria National Botanical Garden is home to many dassies (Procavia capensis). The 

population has, of recent years, become somewhat problematic due to the lack of natural 

predators. There is enough vegetation in the Garden to sustain the population, but in winter 

months they tend to overgraze and -browse the vegetation situated on the top and northern 

side of the Silverton ridge. It seems they prefer certain trees and one of these is 

Elephantorrhiza burkei. Dassies have been seen climbing up these trees, breaking branches 

and stripping them of bark. It is not known if dassies make use of other Elephantorrhiza tree 

species. This behaviour could possibly be due to the large dassie population and the 

consequent scarcity of food during winter months, rather than the palatability of and 

preference for E. burkei bark. 
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2.9 Biocultural significance 

 

Several species of Elephantorrhiza have been used in the past as very effective traditional 

medicines, amongst several other uses. With the rapid advancement of medical science and 

knowledge in the recent past, many plants traditionally used for medicines are not being 

utilised anymore. There is, however, a new trend in the manufacturing and exploration of 

traditional or alternative medicines of a natural kind and it is therefore necessary to look into 

this aspect in some detail. 

 

Many centuries of practice underlie the important and widespread use of so-called 

traditional medicine in South Africa and it is reported that 60ï80% of South Africans are 

treated by traditional practitioners using plant extracts as remedies (Brandt et al. 1995). 

Research (Brandt et al. 1995) suggests that the majority of traditional remedies used by 

patients from rural areas in Gauteng and Limpopo have minimal side effects. A small number 

of these remedies, however, cause toxic symptoms, often necessitating hospitalisation and in 

some cases (e.g. Elephantorrhiza elephantina) are the cause of accidental death. Active 

(toxic) compounds of Elephantorrhiza are unknown, although the related genus, Entada, 

contains the pentacyclic triterpenoid entagenic acid. It is possible that these or structurally 

similar terpenoids and their saponins are present in Elephantorrhiza (Van Wyk et al. 1997). 

 

Elephantorrhiza species have however been used in other noteworthy projects 

unrelated to their possible medicinal value such as attempts at separating climatic and man-

induced range degradation in Botswana (Ringrose et al. 1990). 

 

2.9.1 Elephantorrhiza burkei 

 

Roots of E. burkei were used in Botswana by many people of different cultural groups for 

tanning, while its root bark has been used as an astringent (Watt & Breyer-Brandwijk 1962). 

A soft porridge is also prepared from the roots for the treatment of diarrhoea (Mathabe et al. 

2006). 

 



27 
 

Elephantorrhiza burkei has been mentioned as a possible ethnobotanical plant used 

for the treatment of sexually transmitted diseases (Tshikalange et al. 2005). 

 

2.9.2 Elephantorrhiza goetzei 

 

Elephantorrhiza goetzei is a well-established medicinal plant of Zimbabwe and other areas 

where it occurs (Chinemana et al. 1985). It is also known to be used for its bark fibres 

(Jansen & Cardon 2005). 

 

The powdered root of E. goetzei is said to be mixed with the powdered seeds of a 

cucurbit and some powdered CMR beetles. This is then used as a purifier and cleanser after a 

wild party. Large doses of this concoction have proven to be fatal (Palmer & Pitman 1972). 

The root of Annona stenophylla infused with E. goetzei is used to treat syphilis in Botswana 

(Van Wyk & Gericke 2000). In recent years a number of different compounds were isolated 

from E. goetzei. Wanjala & Majinda (2001) report on a new stilbene glycoside and Moyo et 

al. (1999) report on a new flavan. Several other compounds, used as a mixture, show 

moderate activity against gram positive bacteria and fungi (Majinda et al. 2001). Mølgaard et 

al. (2001) investigated the potential anthelmintic activity of E. goetzei bark extracts which 

proved to be effective. 

 

The synthesis of elephantorrhizol, a flavanol isolated from E. goetzei through the 

oxidation of catechin derivatives, has also been accomplished (Boyer et al. 2005; Boyer et al. 

2006). 

 

2.9.3 Elephantorrhiza elephantina 

 

Probably due to its wider distribution, E. elephantina has many more recorded uses amongst 

a wide variety of cultural groups. In recent years several antimicrobial and chemical studies 

have been conducted using extracts of parts of the plant (Aaku et al. 1998). Although it is 

said to be the basis of an advertised nostrum of South African origin (MacOwen 1897), the 

literature suggests otherwise. Xhosa and Zulu medicinal uses include using the root as a 
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remedy for dysentery and diarrhoea, stopping bleeding, treating intestinal disorders, 

haemorrhoids, heart ailments and syphilis (Watt & Breyer-Brandwijk 1962; Van der Schijff 

& Snyman 1970; Hutchings et al. 1996; Appidi et al. 2008). It has also been used as an 

aphrodisiac and a decoction from it has been used as a remedy for human, bovine and equine 

diarrhoea (Steyn 1949; Watt & Breyer-Brandwijk 1962; Mathabe et al. 2006; Appidi et al. 

2008). Crude extracts of the plant proved successful in inhibiting the growth of four species 

of pathogenic bacteria (Pretorius et al. 2003). MacOwen (1897) states that an extract of the 

fleshy underground parts is used to treat sunburn, while Thonner (1915) maintains that it is an 

effective remedy for haemorrhoids and can be used both as a fish poison and a medicine. 

Further studies on aqueous extracts of E. elephantina roots revealed significant anti-

inflammatory and anti-nociceptive activity (Maphosa et al. 2009). Although tested, E. 

elephantina was not found to be active against schistosomiasis-causing pathogens, even 

though these plants are frequently used for this purpose by traditional healers in Zimbabwe. 

Its apparent efficacy may be ascribed to other effective plants frequently used in conjunction 

with it (Ndamba et al. 1994). Burtt Davy (1932) further reports that the long roots were used 

by inhabitants of the area formerly known as Magatas country (an area in North West 

Province, north of Rustenburg, near Pilanesberg) as moulds for making copper wire. 

 

Recently a Southern African Development Community (SADC) ministerial consultive 

meeting focusing on Nutrition and HIV and Aids paid special attention to the role of 

traditional therapies in improving health. E. elephantina was prominently mentioned as a so-

called broad spectrum medicinal plant used in Botswana for anything from earache to 

diarrhoea, wounds and sexually transmitted diseases. Its anti-fungal activity is of special 

interest (South African Development Community 2003). 

 

Ethnomedicinal and ethnoveterinary uses of E. elephantina have been documented for 

several different plant parts. The bark was traditionally also used to tan leather. The bright 

red colour of the rhizome indicates the presence of tannins known to have antidiarrhoeal, 

antiseptic, antibacterial and antifungal properties. (Watt & Breyer-Brandwijk 1962; Van Wyk 

et al. 1997; Victor et al. 2005). 
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The combination of isocratic high performance liquid chromatography (HPLC) with 

on line UV spectrum detection via a diode array configuration has been applied to the 

detection and identification of E. elephantina, amongst other traditional medicines and plants, 

in people treated for poisoning (Foukaridis et al. 1994). Maphosa et al. (2010b) conformed 

the potential toxicity of aqueous extracts of underground parts of E. elephantina when 

elevated levels of these are ingested. 

 

Some taboos are also associated with the species such as a Tsonga (Shangaan) 

tradition which dictates that if the remaining root system of E. elephantina is not covered 

after a portion has been removed, the patients treated with it will not get better. This may be 

interpreted as a means to prevent the over-harvesting of plant material, thus aiding 

conservation efforts albeit in a somewhat unconventional way (Van Wyk et al. 1997). 

 

Elephantorrhiza elephantina is a well-known ethnomedicinal plant (McGaw & Eloff 

2008). More recently, in a study investigating the efficacy of acetone extracts of E. 

elephantina and Aloe marlothii (both known ethnoveterinary plants) against Ehrlichia 

ruminantium, both plants showed inhibitory action. The acetone extracts also demonstrated 

antibacterial activity against Escherichia coli and Staphylococcus aureus as well as Babesia 

caballi (Naidoo et al. 2005; Naidoo et al. 2006). To validate their anthelminthic activities on 

the eggs and larvae of Haemonchus contortus, a gastrointestinal nematode parasite of goats in 

the Eastern Cape, studies were conducted using crude aqueous extracts of E. elephantina. 

They showed 100% inhibition of eggs hatching at concentrations as low as 2.5 mg/ml 

(Maphosa et al. 2010a). 

 

Roasted, the seeds have sometimes been used as a coffee substitute, although 

reportedly it has an acquired taste. Otherwise the seeds are toxic to several animals, including 

humans having caused one known death and two recoveries after hospitalisation at Ga-

Rankuwa Hospital, Pretoria (Brandt et al. 1995). Investigation of its toxicity showed that it 

causes acute gastro-enteritis with numerous haemorrhages and marked degeneration of the 

liver (Steyn 1949). Steyn (1949) also noted that the roots contain tannic acid, but that this is 

not necessarily the toxic component present in the seeds. Deaths in rabbits and in sheep are 

caused by less than 23 g and 24 g of the seeds respectively. 
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From the literature (Watt & Breyer-Brandwijk 1962; Hutchings 1989; Hutchings et al. 

1996), it is known that several species of Elephantorrhiza have also been used for tanning in 

the past. Indeed, the Afrikaans vernacular name, leerbossie or looiersboontjie reflects the 

popularity of this plant for tanning leather. The oldest evidence regarding the commercial 

potential of using the so-called óelands boontjeô for tanning date back to a letter written to the 

editor of the Agricultural Journal of Cape of Good Hope by Hatcher in 1897. The letter is a 

somewhat emotional plea to the government to investigate the possibility of using the óelands 

boontjeô commercially as it might develop into a paying industry for the half ruined farmers 

with waning fortunes in the northern territory (today the territory encompassed by the 

Provinces of the Northern Cape and Northwest in South Africa, and Botswana). The elands 

boontje referred to in the letter is E. elephantina. Mr. Hatcher goes as far as to propose that if 

the elands boontje can be used for tanning, there is enough in the Vryburg area to supply half 

the world with dye. Watt and Breyer-Brandwijk (1962) report that dyes of a khaki colour are 

made from the bark of E. elephantina ótubersô. Roots that are crushed in water are used by the 

Southern Sotho to impart a reddish colour to skins and also to make them supple (Jacot 

Guillarmod 1971; Van Wyk & Gericke 2000). Although the root bark contains about 25ï30% 

of tannin, the root extracts contain too much sugar (about 16.8%) for them to be exploited 

commercially. The sugar tends to ferment, giving the leather a rather unattractive red colour. 

It is recommended that the underground plant parts be cut up in sections to facilitate drying, 

piled in open order and dried in a shady shed or similar place to keep rain out, claiming that 

óa mouldy boontje is a spoilt boontjeô (MacOwen 1897). 

 

2.9.4 Elephantorrhiza suffruticosa 

 

Miscellaneous notes from Floras as well as Jansen & Cardon (2005) mention this species as a 

medicinal plant. One of its common names (looiersbossie) alludes to the fact that the bark 

might have been used to tan leather in the past.
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CHAPTER 3 

GENERAL MATERIALS AND METHODS  

 

The study is outlined and the different activities undertaken pointed out. Emphasis is 

placed on the type of study, taxa sampled, voucher specimens and the species concept 

adopted. The various methods to study Elephantorrhiza are mentioned. More detailed 

accounts of materials and methods followed are included in the chapters concerning 

specific sources of taxonomic evidence. 

 

3.1 Introduction 

 

The general methods employed and materials used are discussed here. The purpose of this 

chapter is to serve as an introduction to the methodological principles followed, hence the 

somewhat extensive notes on the type of study and species concept adopted. More detailed 

procedures followed for the comparative study of specific sources of taxonomic evidence will 

be discussed in the various chapters dealing with those facets of the study. 

 

3.2 General materials 

 

In situ field observation of different sympatrically growing species growing in the Pretoria 

National Botanical Garden. Valuable observations were made with regard to the effect of fire 

and frost on some of the species and their reaction to such environmental extremes on the 

Highveld of South Africa. Observations regarding pollinators and phenology were also made 

in this way. Specimens collected on field expeditions are housed at PRU and PRE. 

 

Pollen and leaflets used for electron microscopy were obtained from specimens 

deposited at the National Herbarium (PRE), South African National Biodiversity Institute, 

and the H.G.W.J. Schweickerdt Herbarium (PRU), University of Pretoria. Taxa and voucher 

specimens are listed where applicable. Pollen and leaflets were observed using the 
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JEOL 6000 F in-lens field emission scanning electron microscope which is housed at the 

Laboratory for Microscopy & Micro-analysis, University of Pretoria. 

 

Images of types were downloaded from the African Plants component of the Aluka 

website (www.aluka.org) and only holotypes and illustrations are shown to impart an 

impression of each of the different species. Where scans were added, references to literature 

are clearly made and cited in the list of references. 

 

3.2.1 Vouchers for leaflet analysis 

 

Voucher specimens examined for the comparative study of leaflets are listed in Table 3.1 

below. 

 

Table 3.1ðVoucher specimens examined for the comparative study of leaflets. All 

specimens are housed in the National Herbarium, Pretoria. Type specimens are also 

indicated 

Taxon Voucher 

E. burkei De Winter 417 

Galpin 7081  

Hilliard  (Hillary?) & Robertson 477  

Jeppe 8 

Mogg 37357  

Merwe 79  

Smith 3423  

Van der Schijff 3356  

Van Warmelo 5116/10  

Vorster 1955  

Wells 2022  

Wild 5970 

E. elephantina Baur 379  
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Taxon Voucher 

Biegel 4155  

Biegel 4180  

Botha & Ubbink 1052  

Brueckner 1160  

Burgoyne & Snow 4859  

Codd 5723  

Cole 1408  

Cole 993  

Compton 29160  

Cross 277  

Du Plessis 407  

Eyles 2654  

Galpin 1917  

Gubb 142/30  

Herbert PRE 53643  

Hofmeyr 57  

Jacobsz 2256  

Junod 435  

Kreulen 478  

Leach 9674  

Leeman 2 

Leendertz 8429  

Liebenberg 8476  

Marais 193  

Marsh 139  

Pentz PRE 53660  

Phillips 48  

Smith 1368 

Strey 5120  

Sutton 604 

Van Wyk & Theron 4887  
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Taxon Voucher 

E. goetzei subsp. goetzei Barnard 143 

Codd 9477 

De Menezes 3290  

Jansen 8042  

Kerfoot 7981  

Müller 3012  

Pawek 13616  

Smith 2057  

Tinley 2181  

Van der Schijff 3848 

Van Wyk BSA1479  

Van Wyk BSA 1910 

Vorster & Coetzer 2099 

E. obliqua var. glabra Barker 804  

Codd 10119  

De Wet 389  

Eiselen H1229 (type) 

Germishuizen 3351  

Jenkins H9128 (type) 

Westfall 1589  

Westfall 2040  

E. goetzei subsp. lata Smith 2057 

E. obliqua var. obliqua Pole Evans H13185 

E. obliqua var. glabra Codd 10119 

Dyer 3934 

Gower s.n. 

E. praetermissa Acocks 20969  

Burgoyne 6618  

Codd 9830 (type) 

Vorster 2128  

E. schinziana Dinter 5300  
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Taxon Voucher 

Giess & Loutit 14209  

Giess & Müller 13937 

Giess 14791  

E. suffruticosa Auret 5614  

Biegel 4794  

Carr 33  

Garnet 79 

Corby 1409  

Giess & Loutit 14190  

Hines 1087  

Hobohm 1-39 

Range 3467 

Rogers 29755  

E. woodii var. woodii Jenkins (TRV)9296  

Strey 10000  

Strey 9730  

Strey 9760 

E. woodii var. pubescens Wood 2867 
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3.2.2 Vouchers for pollen samples 

 

Voucher specimens examined for the comparative study of pollen grains are listed in Table 

3.2 below. 

 

Table 3.2ðVouchers for pollen samples are listed here. All specimens are housed in the 

National Herbarium, Pretoria. Type specimens are also indicated 

Taxon Voucher 

E. obliqua var. glabra Eiselen H1229 (type) 

Westfall 1589  

Germishuizen 3351  

Barker 804  

Jenkins H9128 (type) 

E. praetermissa Codd 9830 (type) 

Burgoyne 7647  

Burgoyne 6618  

E. woodii var. woodii Wood 7958 (type) 

Strey 9760  

E. obliqua var. obliqua Pole Evans 13185 

E. elephantina Cole 1408  

Du Toit 5129  

E. burkei Cole 1076  

Van Wyk 2962  

E. goetzei subsp. goetzei Smith 1457  

Story 3967  

E. schinziana Giess 14791 

E. suffruticosa Van Wyk BSA 1262  

Auret 5614  
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3.3 General methods 

 

This study was conducted at the University of Pretoria and the National Herbarium of the 

South African National Biodiversity Institute, Pretoria, South Africa. Various herbaria were 

visited to gather data on the habitat and distribution, phenology as well as 

macromorphological characters of species. Several experienced scientists working on the 

Mimosoideae were also consulted for advice, comments and ideas. Herbaria consulted 

include PRU, PRE, WIND, NH, PEU, GRA, K (electronic format) and all types were seen on 

the electronic database, Aluka (www.aluka.org or otherwise hosted by JSTOR at 

http://plants.jstor.org) under the African Plants Initiative (API). Herbarium acronyms are 

abbreviated according to Thiers (continuously updated) which is based on Holmgren & 

Holmgren (1998). 

 

Fieldwork was conducted in southern Africa to identify and observe plants in their 

natural habitat. This led to a better understanding of the two different growth forms within the 

genus specifically between E. elephantina (suffrutescent colonies) and E. burkei (shrubs or 

trees). 

 

A variety of features of the genus Elephantorrhiza were studied using scanning 

electron microscopy as the main tool for investigation. Both acetolysed and untreated 

material was used in the study of the pollen grains, whereas only untreated material was used 

for the study of the leaflets. The apertures of pollen grains are often modified by acetolysis 

(Blackmore 1984), therefore untreated material was also studied to ascertain the availability 

of any other possible additional characters. 

 

Drawings and illustrations are means of qualitative data display enabling the viewer to 

see prominent characters of plants. It was therefore necessary to include these to add value 

and comply with the envisioned outcomes of this study. All other photographs were taken by 

the author. Distribution maps were compiled using point data obtained from SIBIS 

(http://sibis.sanbi.org) which utilises several different data sources, including specimen data 

from the PRECIS (PRE Computerised Information System) database of the National 

Herbarium. Dots on the individual distribution maps (genus as well as species) indicate actual 
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sample points where specimens were collected. The demarcated distribution area (Franklin 

2009) is based on the interpretation of point data as well as distribution notes in literature 

references (e.g. Brenan & Brummitt 1970; Van Wyk & Van Wyk 1997; Coates Palgrave 

2002; Schmidt et al. 2002; Leistner 2005; Boon 2010; A. de Castro pers. comm.). The 

distribution of E. goetzei, known to also occur in Malawi and Tanzania, was not demarcated 

due to insufficient point data and an arrow indicates its presence north of the focus area for 

this study, southern Africa. 

 

Descriptive terms for macromorphological characters are according to the glossary by 

Leistner (2000, 2005) and those used for pollen grains and associated characters are 

according to Hesse et al. (2009). Author abbreviations follow Brummitt & Powell (1992). 

 

In all tables, the geoxylic suffrutescent species (E. elephantina, E. obliqua and E. 

woodii) are listed first and their rows shaded in grey to distinguish them from shrub- and tree-

like species. 

 

3.4 Approach towards taxonomic revision 

 

Colless (2006) states that morphological and molecular characters are not independent and so 

cannot be accommodated in the same character space. They provide separate spaces that yield 

separate taxonomies, for mutual comparison. These so-called different and separate 

taxonomies (often holistically referred to as systematics) have variously been interpreted as 

being one of two kinds, namely taxonomy and phylogeny reconstructions (Buys & Smith 

2006). Traditionally these have been understood as two different types of investigations 

focusing on different parts of the botanical hierarchy. Taxonomy is traditionally the science 

employed to study botany at the lower taxonomic levels (species and infraspecific levels) 

which require a high degree of accuracy and considerable detail, whereas phylogenetic 

reconstruction has in the past been the preferred method of higher hierarchical level focus for 

example at the generic and family ranks. 
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The ultimate aim of taxonomy is to have a comprehensive encyclopaedia of life with 

all features of all biota known in the greatest possible detail (Wilson 2003). Unfortunately 

taxonomic studies have been stereotyped, especially of late with the onset of the so-called 

molecular age, diplomatically termed as amateuristic, unfundable and unfocused (Stevens 

2002; Wortley et al. 2002; Buys & Smith 2006). These claims have, in general, been 

promoted by advocates of molecular studies, since most modern phylogenetic reconstructions 

have of late become the exclusive domain of DNA sequence analysis (Buys & Smith 2006). 

Such studies are not without problems and, as the whole of Africa is still focussed on gaining 

knowledge from an alpha-taxonomic point of view (Stace 1980), morphology and anatomy is 

still, for all practical purposes, the only way to do systematic studies in most plant groups. 

 

With the current need to document and monitor biological diversity enshrined by 

different international conventions, it is unfortunate that descriptive taxonomy finds itself 

marginalised within the scientific community and even in traditional centres of excellence 

such as natural history museums, herbaria and universities. There is a widespread perception 

among non-taxonomists that the description of our flora was already completed years ago 

(Christenhusz et al. 2009). This is somewhat of a misconception, since descriptive taxonomy 

forms the basis of all molecular studies, using those taxonomies generated through 

morphological study as starting point, therefore assuming it is accurate and constitutes 

reliable science. For this reason it is critical to promote descriptive taxonomy and publish 

results of such studies. At the moment, and especially concerning Africa, these are the only 

reliable sources of taxonomic information. 

 

From the onset of this study, it was decided to do a descriptive taxonomic study, as 

defined by Wheeler (2004), and to add experimental work to a hypothesis-driven revision of 

Elephantorrhiza. The rationale behind this approach was to accommodate end-users of this 

study and, in a very small way, contribute to the envisioned encyclopaedia of life (Wilson 

2003; Wilson 2004). Working in herbaria, one is constantly aware of the lack of recent 

taxonomic work and a decline in capacity. One must frequently rely on work done by 

scientists prior to the dawn of the molecular age to do basic activities such as identifying 

specimens by using a dichotomous key. Clearly molecular research and phylogenies are seen 

as the future of plant sciences. However, there is still a great need for providing a solid basis 
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whereupon such studies can be built which can only be provided through traditional 

taxonomic investigations. 

 

Admittedly, DNA sequences and the interpretation of phylogenies can be useful as a 

complementary tool to the study of classical taxonomy by providing support of hypotheses 

(Endress 2003), but it should never become the exclusive technique used when studying 

species. Staunch critics of taxonomical treatises as associated almost entirely with 

morphology (Buys & Smith 2006) should perhaps consider why the only strictly 

taxonomical/nomenclatural mycological journal has recently been revisiting its focus and 

now excludes purely phylogenetic papers (Korf 2005). The latter explicitly states that without 

monographs and inventories, no real progress in taxonomy can ever occur. These documents 

are the summation of scattered reports on species and subordinate taxa, carefully 

reconsidered and revisited. Virtually all species descriptions of angiosperms are solely based 

on morphological characteristics and to equate DNA sequences with taxonomic insight are 

impossible (Wheeler 2004; Korf 2005; Buys & Smith 2006; Wheeler & Valdecasas 2007). As 

the focus of morphological studies shift to evolutionary reconstruction, morphology is, 

ironically, more efficient than earlier (Endress 2003). For these reasons the biodiversity crisis 

(Eldredge 2000) is also fuelled as lack of knowledge, and failure to gain the expertise 

inevitably causes inadequate or no conservation of species (Korf 2005). No phylogenetic and 

molecular research will be able to answer the question of how many species exist on earth, 

since the only absolute conclusion such studies can come to is that the studied organisms 

share a distant, often extinct, common ancestor or have no relation to each other at all. In my 

view, molecular phylogenies should be used as an additional character to support or reject a 

hypothesis which should be based on morphology, since morphology is the expression of the 

molecular makeup of the organism. 

 

It is furthermore envisioned that the resulting information of this study should be 

usable (e.g. plant descriptions and keys) and be of both practical and academic value. With 

the current lack of taxonomic expertise, one is hesitant to employ DNA-based taxonomy 

since the bulk of molecular work currently makes use of gene sequencing, which has hardly 

ever been successfully applied to the level of species (Buys & Smith 2006). For African 

plants in particular, the emphasis is still on ongoing alpha-taxonomy which includes the 

discovery, description and mapping of taxa and the completion of the Flora of southern 
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Africa (Buys & Smith 2006). If this cannot be achieved, the survival of southern African 

biodiversity is at stake, as species may already be lost without ever even knowing of their 

existence. 

 

For the different reasons stated above, preference was given to morphology and 

anatomy as opposed to molecular studies whilst doing this revision. 

 

3.5 Species concept 

 

A species name is defined as the binomial Latin or botanical name of a known plant made up 

of the genus name and the specific epithet (Woodland 1991). The species concept is the 

action of accepting the so-called órealityô (Stuessy 1990; Simpson 2006; Stuessy 2009) of a 

species by applying one or a mixture of several species concepts to give meaning to either 

individual or groups of plants. This places natural entities into a workable context whereby 

one may do scientific investigations. 

 

Since the species of Elephantorrhiza under investigation are sexually reproducing 

flowering plants within a single genus, the species concept adopted in this study, as 

recommended by Stuessy (1990), is the biological species concept. This concept was 

explicitly defined by Mayr (1940) when he stated that a species consists of a group of 

populations which replace each other geographically or ecologically and of which the 

neighbouring ones intergrade or hybridise wherever they are in contact or which are 

potentially capable of doing so (with one or more of the populations) in those cases where 

contact is prevented by geographical or ecological barriers. Simply put, a species is a group 

of interbreeding populations, which are reproductively isolated from other such groups (Mayr 

1969). In essence this implies the morphological species concept, but adheres to the broader 

conceptual base by also covering the reproductive biological aspects even though such 

empirical data is not necessarily available. 
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The views on infraspecific concepts for practising plant taxonomists researching 

sexually reproducing angiosperm taxa, are based on that of Stuessy (1990) for the consistent 

and effective employment of these categories. These categories are summarised in Table 3.3. 

 

Table 3.3ðCriteria and characters to be used in distinguishing infraspecific taxa of 

subspecies, variety and forma as adapted from Stuessy (1990) 

Infraspecific 

taxon 

Characters 

Morphological 

differentiations 

Geographical 

patterns 

Genetic 

divergence 

Likelihood of 

natural 

hybridization  

Fertility of 

hybrids 

Subspecies 

Several 

conspicuous 

differences 

Cohesive; 

distribution 

distinct from 

areas occupied 

by other 

subspecies of 

the same 

species 

Usually 

markedly 

multigenic 

Possible along 

contact zones 

Markedly 

reduced 

fertility  

Variety 

One or a few 

conspicuous 

differences 

Cohesive; 

sharing an area 

with one or 

more varieties 

of the same 

species 

Multigenic or 

with some 

simple control 

Probable in 

overlap region 

Somewhat 

reduced 

fertility  

Forma 

Usually a single 

conspicuous 

difference 

Sporadic; 

coexist in the 

same area 

Simple control 

(usually a 

single gene) 

Always 

expected 

Complete 

fertility  

 

  



43 
 

3.6 Character definition and variation 

 

Taxonomy, per definition, is a major part of systematics that, according to Simpson (2006), 

includes four components namely: 

¶ Description 

¶ Identification 

¶ Nomenclature and 

¶ Classification 

 

The very first step in this process of different activities is description. When describing 

plants, certain features or attributes are assigned to taxa to distinguish between different units. 

These features are known as characters. Each character should be able to take on one of two 

or several forms known as character states. Thus, the raw data for taxonomic revisions are 

characters and their differing states. Expressed differently, taxa are delimited by 

discontinuous taxonomic variation and are thus circumscribed by their discontinuities from 

one another (Stace 1980). In this chapter these parameters are defined for the different 

Elephantorrhiza taxa. 

 

Whereas identification has to do with the construction of keys, nomenclature is the 

formal naming of taxa in accordance with a standardised system, and classification is the 

arrangement of taxa in a systematic order. Nomenclature is done in compliance with the 

International Code of Botanical Nomenclature, the latest version being the Vienna Code 

(McNeill et al. 2006). 

 

Due to the nature of the features of the plant, characters are necessarily classified as 

being either quantitative or qualitative. Quantitative characters are empirical attributes that 

can be measured or counted or expressed as some kind of physical entity. Qualitative 

characters, however, have different states that can only be expressed by descriptive 

terminology (Stuessy 1990). Both quantitative and qualitative characters are important in the 
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delimitation of different taxa although more emphasis is often placed on quantitative 

characters due to their empirical value. 

 

Because the species of Elephantorrhiza are relatively difficult to distinguish, the choice 

of characters is important both for systematic diagnosis of each species, and in producing a 

working taxonomy for the genus. The latter is more important for the end-users of 

classifications and emphasis was thus laid on morphological characteristics.
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CHAPTER 4 

MORPHOLOGICAL ANALYSIS  

 

The types and choice of characters and character states used are explained and 

morphological variation within the genus considered. Vegetative and reproductive 

morphological characters of potential taxonomic significance are studied in more detail in 

an attempt to provide a useful set of characters for the identification of Elephantorrhiza 

species throughout all seasons. Tables are included to summarise the differences and 

similarities between Elephantorrhiza taxa. 

 

4.1 Introduction 

 

To define the genus Elephantorrhiza comprehensively and evaluate the differences among 

species more objectively, it was decided to do further studies and literature searches with 

regards to vegetative and reproductive aspects of the genus. Additional characters are 

provided to accurately define species, and literature was studied to gain a more complete 

concept of the genus. 

 

Bentham, in Hookerôs Journal of Botany (1842), distinguished Elephantorrhiza from 

all closely related other mimosoid legumes (at that stage Prosopis) by referring to the 

following morphological characters: more and pedicellate flowers, the suffrutescent habit of 

some species, the lack of foliar glands and lower numbers of pinnae and leaflets, and the 

unilocular pod which separates from its sutures. He further stated that it is closer to 

Adenanthera but that the habit and pod characters are sufficient grounds for considering it a 

distinct genus. 

 

Elephantorrhiza is a genus with a relatively diverse display of macro- and 

micromorphological features although species may seem remarkably uniform at first glance. 

Differences in habit, leaf, flower and fruit morphology are taxonomically significant in 

distinguishing among species. Macromorphological characters are more accessible than 

micromorphological ones when identifying plant specimens. However pollen characters 
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prove to be of taxonomic significance at species level. Fortunately, by using a combination 

of other characters, different species may easily be distinguished without the aid of a 

scanning electron microscope. 

 

The main characters of taxonomic significance for Elephantorrhiza are expounded on 

in this and in the next chapter. These characters have been implemented in the taxonomic 

treatment of the genus. A list of characters and their respective character states are given in 

Table 4.1. The different species of Elephantorrhiza are evaluated against the characters and 

the variety of their states and is summarised after the description of each of these. Only 

characters which have fairly consistent states throughout the distribution range were 

considered. Unreliable characters such as pubescence and flower colour were not considered. 

Such characters are considered unreliable since it has been found that their phenotypic states 

may vary on plants within the same colony or even on individual plants. 

 

4.2 Vegetative morphological analysis 

 

For most plants the vegetative and aerial parts are the most prominent aspects at all times of 

the year. Researchers often emphasise the reproductive organs and their characters (such as 

flower colour, pod shape and size etc.) in revisions. Although this is of taxonomic value and 

helps to complete the overall visual depiction of the species, it does not help the field 

researcher who wants to identify different species at times of the year when these features are 

not evident or only fragmentary. Therefore taxonomists should try to make their revisions 

more accessible to field botanists by producing works which clearly focus on the vegetative 

characters, if possible and practical, more than on obscure or ephemeral reproductive 

characters. 

 

4.2.1 Habit 

 

The early dicots, or ancestral flowering plants, are universally regarded as arborescent to 

shrubby magnolialeans with large, complex flowers consisting of many parts. Habit has been 

shown to be a taxonomically useful character within the legume family. Since it is a very 
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large family and contains representatives of almost every possible variation in habit it is a 

useful tool when classifying different genera and has some use at subfamily level as well. 

Within groups where woody and herbaceous groups are concerned, it is generally accepted 

that woodiness in plants represents the ancestral character state and therefore the more basal 

members of the group. 

 

Table 4.1ðA summary of the taxonomically significant characters and character states 

recorded in the genus Elephantorrhiza 

Character Character states 

Habit   

Growth form Shrub/tree Geoxylic suffrutex 

Height of stems Ò 0.3 m > 0.3 m 

Leaf  

Leaflet shape 

Oblique, ovate, ovate-oblong, narrowly oblong, oblong, 

narrowly oblanceolate, narrowly elliptic, linear and linear-

oblong 

Rachis length Ò 75ï90 mm > 75ï90 mm 

Pinna pairs per leaf Ò 12 > 12 

Leaflet pairs per pinna Ò 12ï13 > 12ï13 

Leaflet venation Prominent Inconspicuous 

Midrib orientation 
From distal corner of leaflet-

base becoming ± central 
Marginal throughout 

Flower  

Pedicel length Ò 1 mm > 1 mm 

Calyx length Ò 1.75 mm > 1.75 mm 

Petal shape Linear-oblong Lanceolate 

Petal length Ò 3 mm > 3 mm 

Filament length Ò 5.5 mm > 5.5 mm 

Anther gland colour Red to brown White to yellow 

Ovary length Ò 2 mm > 2 mm 
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In Elephantorrhiza all species are woody, although some species have developed a 

suffrutescent habit. This is considered to be a more recent development in the genus in 

response to adverse environmental conditions, particularly fire and frost. The suffrutescent, as 

opposed to shrubby, habit corresponds (to some extent) to environmental factors which are 

discussed later. 

 

Height of above-ground plant parts are an important character in the suffrutescent 

taxa. The height of plants is also useful where a distinction is made between plants taller and 

shorter than 1 m. 

 

4.2.1.1 Growth form 

 

Two distinct and easily observable growth forms occur in Elephantorrhiza. Plants are either 

suffrutescent with unbranched or branched aerial stems, or shrubs/trees with branched aerial 

stems. Of all the characters this is the most useful for distinguishing between the two distinct 

groups within the genus. 

 

4.2.1.2 Height of stems 

 

The height of aerial stems is of particular importance in distinguishing between taxa in the 

group of suffrutescent species. Distinction is made between taxa that are up to 0.3 m and 

those taller than 0.3 m. 

 

An evaluation and summary of the important habit characters is given in Table 4.2. 
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Table 4.2ðSpecies of Elephantorrhiza evaluated against habit characters of taxonomic 

significance. A closed circle (ǒ) indicates the state in which the character occurs. Where 

closed and open circles (ƺ) are used, the closed circle indicates the dominant state and 

the open circle the occasional state. Geoxylic suffrutescent species are shaded 

Taxon 

Habit  

Growth form  Height of stems 

Geoxylic suffrutex  Shrub/tree Ò 0.3 m > 0.3 m 

E. elephantina ǒ  ƺ ǒ 

E. obliqua ǒ  ǒ  

E. woodii ǒ   ǒ 

E. burkei  ǒ  ǒ 

E. goetzei  ǒ  ǒ 

E. praetermissa  ǒ  ǒ 

E. schinziana  ǒ  ǒ 

E. suffruticosa  ǒ  ǒ 

 

4.2.1.3 Plant architecture 

 

Plant architecture refers to the way in which plants, viewed as a purely physical entity, are 

built up and of what types of shapes they consist. Except for cryptic species, the architecture 

of any plant (especially woody, perennial species) makes for an interesting investigation and 

very useful morphological character. In the case of Elephantorrhiza this is even more so with 

some species having a suffrutescent habit while others are shrubby. 

 

A plant is made up of components of various types and shapes. The geometrical and 

topological organisation of these components defines the plant architecture (Godin 2000). 

The architecture of a plant depends on the nature and relative arrangement of each of its 

parts. It is, at any given time, the expression of equilibrium between endogenous growth 

processes and exogenous constraints exerted by the environment. The architecture is 

composed of hierarchical root and shoot systems, which are, in turn, represented in part by 
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cells and meristems. The four levels of plant morphological organisation are cell, meristem, 

metamer and module. Elements that compose any level together construct the next, more 

complex level. Architecture is thus the study of repeating modules, since combinations of 

modules build higher levels of organisation, namely the root and shoot systems (Barlow 

1989). By studying and analysing the architecture of plants (i.e. by means of observation and 

sometimes experiments), these endogenous processes can be identified and separated from 

the plasticity of their expression resulting from external, environmental influences (Hallé et 

al. 1978; Barthélémy & Caraglio 2007). 

 

Before the early 1970s, botanical drawings were the only means to represent plant 

architecture (Godin 2000). During the past three decades, however, high performance 

computerised methods have become available for plant growth analysis and simulation, 

triggering the development of various formal representations and notations of plant 

architecture. In 2000, Godin suggested that the primary most important task of the plant-

modelling community should be the definition of common data formats and tools in order to 

create standard plant architecture database systems that may be shared by independent 

researchers and research teams. Consequently, the most useful and applicable systems were 

found to be those introduced by Barthélémy & Caraglio (2007). This system, as well as notes 

from Hallé (1986), was used to define the plant architecture of the different species in 

Elephantorrhiza. 

 

Elephantorrhiza is one of a few woody genera with members representing trees or 

shrubs as well as suffrutescent plants. Other well-known Highveld genera displaying this 

kind of morphological variation are Parinari (Chrysobalanaceae) with P. capensis a suffrutex 

and P. curatellifolia a large bushveld tree, and Ziziphus (Rhamnaceae) with Z. zeyheriana a 

suffrutex and Z. mucronata a large grassland and savanna tree. 

 

Suffrutescent plants can, in the context of plant architecture, be considered to be trees, 

although they do not necessarily conform to the stereotypical impression of a tree. Plants 

become trees in a variety of different ways. For most of the Elephantorrhiza species, the 

development of the crown, trunk and root systems happens synchronously, maintaining 

constant proportion in parts. Two species of Elephantorrhiza (E. elephantina and E. obliqua), 
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however, have adopted a completely different developmental method. It has also been noted 

for E. woodii to some extent. These species show a proliferation of trunks and crowns by 

subterranean branching. Only the tips of branches are visible above-ground. Often, especially 

after the veld has been burnt, only determinate shoots, in the form of inflorescences are 

visible above ground with leaves developing long after anthesis. This method is somewhat 

advantageous in the sense that the plant can initially make use of the existing root system 

(Hallé et al. 1978). 

 

Four major morphological categories are used as criteria for plant architecture description 

and analysis namely: 

¶ Growth process 

¶ Branching process 

¶ Morphological differentiation of axes, and 

¶ The position of reproductive structures: lateral or terminal. 

 

Growth process 

 

The primary growth of a plant can be defined as the result of several processes. These can be 

grouped into two distinct, but co-ordinated morphogenetic events, namely organogenesis and 

extension (Barthélémy & Caraglio 2007). 

 

The initiation of new organs, i.e. organogenesis, results from undifferentiated cells at 

the apical meristems, located at the root and stem tips. These develop into functional units. At 

the shoot tips small cell masses with different potentialities develop into embryonic leaves, 

then leaves on elongated stems (Lyndon 1988). 

 

A stem is the succession of internodes where internodes are defined as the spaces 

between nodes, or places of leaf insertion. The basic entity formed by the node and its 

associated leaf/leaves and axillary bud(s) plus the subtending internode, represents the basic 

plant structural unit known as the phytomer or metamer (Barlow 1989; Barthélémy & 



52 
 

Caraglio 2007). Shoot apices are more than just meristematic zones giving rise to new leaf 

primordia. The apical meristem is the originator of coordinated and repeated sets of parts that 

eventually constitute the mature shoot. By excluding organogenesis processes and secondary 

or radial growth and considering the extension process of the metamers, the specific growth 

process of Elephantorrhiza can be determined. 

 

Shoots of Elephantorrhiza have apices that can either have determinate or 

indeterminate/indefinite growth. A shoots showing determinate growth loses its core function 

when it commits to becoming a specialised structure in the form of an inflorescence. 

Indeterminate or infinite growth (theoretically infinite up to the point of plant death) refers to 

all other axes where apical meristems indefinitely maintain their potential to grow and which 

will only be terminated through mechanical damage or pathogenesis (Barthélémy & Caraglio 

2007). 

 

Since they occur in temperate regions, all species of Elephantorrhiza are affected by 

seasonal changes in their environment and therefore show rhythmic (Barthélémy & Caraglio 

2007) or diffuse/intermittent (Hallé et al. 1978) growth. This is expressed by periods of rest 

in meristem activity alternated by periods of active growth flushes or shoot extension. 

Continuous growth, whereby shoots show no marked endogenous cessation of shoot 

extension, is a rare phenomenon in woody plants and generally only known from uniform 

equatorial climatic regions (Barthélémy & Caraglio 2007). 

 

Branching patterns 

 

It is generally accepted that roots and shoots of plants are independent classes of organs 

(Reyneke et al. 1979; Grobbelaar et al. 1979). However, primordial sites on plants may give 

rise to either roots or shoots depending on the need of the plant, especially after physiological 

disturbance such as wounding (Barlow 1989). This illustrates the plasticity within plants and 

how they, being sedentary organisms, cope with adverse environmental factors beyond their 

control. This is, however, an extreme case not often observed in Elephantorrhiza and one 

may conclude that roots and shoots should be considered two different and independent 

organs. 
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Branching can be defined as a repetitive process whereby a more complex 

architecture consisting of several axes, one derived from another, is obtained in vascular 

plants (Barthélémy & Caraglio 2007). These axes (for aerial shoots) or fundamental units can 

also be termed metamers consisting of a leaf, the node, internode and associated bud. From 

observing branches, it is evident that the sequence of metamers is arranged into 

morphologically dissimilar groups that correspond to a pattern of growth which is interrupted 

by seasonal periods (winter) of dormancy of the meristematic apex (Hallé et al. 1978; Barlow 

1989). Branching takes place when axillary buds start growing and every metamer therefore 

contains a site with the potential to form another module. The shoot system is effectively a 

collection of metamerically constructed modules with apical meristems of varying ages and 

activity. Meristems only enter their final phase of development when they are committed to 

becoming flowers (Barlow 1989) as flowers are, by definition, determinate axes with 

modified leaves functioning as reproductive organs. 

 

For roots, the metamers forming the root system are rather more complex and neither 

common nor well understood. It is, however, evident from root branching patterns that this 

system must also have a modular character. Tree root systems are sometimes divided into the 

long roots of unlimited growth and determinate short roots. Due to the lack of a prolonged 

dormant phase, such as which shoots undergo in winter months, the roots are only influenced 

by the apex from which they are descendent and this determines the distance from the apex at 

which primordia are initiated and the position at which they later óbranchô or emerge as 

young lateral roots. This would account for the difficulty in defining the exact modular 

character of root systems (Barlow 1989). Roots of Elephantorrhiza species contain rhizobial 

nodules that are 37ï100 × 30ï78 ɛm in size (Corby 1988). 

 

Shoot branching in Elephantorrhiza relies on the delimitation of a zone of embryonic 

cells just aside the leaf, that is, the axillary meristem. This is known as lateral branching as 

opposed to branching which occurs when an initial apical cell splits directly giving rise to 

two or more sibling axes resulting in, respectively, dichotomy or polytomy (Barthélémy & 

Caraglio 2007). 
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Morphological differentiation of the axes 

 

The overall growth strategy of a plant is determined by the general orientation of its leafy 

axis and the spatial disposition of the leaves. Some of these axes may grow underground 

while others are aerial (Barthélémy & Caraglio 2007). 

 

In Elephantorrhiza in particular, some axes are involved in space exploration while 

others are involved in vegetative and sexual reproductive strategies while yet others are 

exploiting their micro-environments for plant nutritional or photosynthetic needs. This is 

known as axis polymorphism. It is a common occurrence in plants and represents a true 

morphological differentiation related to meristem expression and activity (Hallé 1986; 

Barthélémy & Caraglio 2007). 

 

Depending on the erect or horizontal habit of shoots, they can be described using 

certain criteria. Orthotropic shoots are erect with essentially radial symmetry, phyllotaxis 

spiral or decussate (as in the case of Elephantorrhiza), branching three-dimensional, axis 

negatively geotropic, and often non-flowering (not always in the case of Elephantorrhiza). 

This describes most of the species of Elephantorrhiza. However, the branching of the two 

suffrutescent species (E. elephantina and E. obliqua) as well as E. woodii to some extent, is 

termed plagiotropic. Plagiotropic shoots are more or less horizontal with dorsiventral 

symmetry, leaves either distichous or (as in the case of E. elephantina and E. obliqua) 

secondarily arranged in one plane, branching two-dimensional, axis diageotropic, often 

flowering (not always in the case of the E. elephantina and E. obliqua) (Hallé et al. 1978). 

 

Position of reproductive structures 

 

The impact that reproductive structures have on the growth of a plant is immense and they are 

thus considered as a whole when doing architectural studies. Only two possibilities are 

considered, namely whether these structures are derived from the lateral or terminal meristem 

and thus whether the associated reproductive structures are lateral or terminal in location 

(Barthélémy & Caraglio 2007). 
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Because there is considerable variation within Elephantorrhiza regarding plant 

architecture, it was deemed important to add a section on this subject in an attempt to explain 

the presence of the suffrutescent as well as the shrub/tree habit encountered in the genus.  

 

Table 4.3 summarises the four morphological categories used as criteria for plant architecture 

description and analysis for Elephantorrhiza species. 

 

Table 4.3ðEvaluation of the architecture of Elephantorrhiza species using the four 

major morphological categories for plant architecture description as criteria. Geoxylic 

suffrutescent species are shaded 

Elephantorrhiza 

taxa 
Growth process 

Branching 

process 

Morphological 

differentiation of 

axes 

Reproductive 

structures: 

lateral or 

terminal  

E. elephantina 

E. obliqua 

E. woodii 

Determinate (ending in 

inflorescences) and 

indeterminate; 

rhythmic (seasonally 

bound) 

Lateral Subterranean 

plagiotropic shoots 

with possible 

orthotropic distal 

ends 

Lateral 

E. burkei 

E. goetzei 

E. praetermissa 

E. schinziana 

E. suffruticosa 

Determinate (ending in 

inflorescences) and 

indeterminate; 

rhythmic (seasonally 

bound) 

Lateral Aerial orthotropic 

shoots 

Lateral 

 

4.2.2 Leaves 

 

After habit, leaf features are the most diagnostic of all characters. Except for phenotypic 

plasticity, which may affect the leaflet size, the shape and other features present highly usable 

characters of taxonomic significance. 

 

In the Leguminosae a wide variety of leaves are present and are diagnostic of certain 

groups. Elephantorrhiza leaves are bipinnate with eglandular petioles which distinguishes the 
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genus from most other mimosoid taxa. Pinnae consist of 3ï42 opposite pairs; the pinnae each 

with many pairs of leaflets, some leaflets with glands at their bases. 

 

However superficially uniform, the leaves provide a very useful tool in the 

identification of Elephantorrhiza species. The characters below were found to be diagnostic. 

 

The first set of characters is qualitative (Table 4.3), whereas the second set is 

quantitative and empirical (Table 4.4). 

 

4.2.2.1 Leaflet shape 

 

Size and shape of leaflets are often used as characters within the legume family (particularly 

in Papilionoideae) and many species may be distinguished based on different variations of 

leaf shape and size. Within the Mimosoideae they have been proven useful, although the size 

of leaflets may vary a lot. The shape of leaflets seems to be constant and predictable for each 

species and depends on the orientation of the midrib. Leaflet shape varies between oblique, 

ovate, ovate-oblong, narrowly oblong, oblong, narrowly oblanceolate, narrowly elliptic, 

linear and linear-oblong. 

 

4.2.2.2 Leaf venation 

 

A stable character in mature leaves. Distinction is made between taxa with prominent (i.e. 

veins raised above leaflet surface) and those with inconspicuous (i.e. veins not raised above 

leaflet surface or otherwise obscure) venation. In some species lateral nerves are prominent 

wheras in others they are inconspicuous. 

 

  



57 
 

4.2.2.3 Midrib orientation 

 

This character varies among species but is constant within a species. It is a reliable character 

in leaflets of mature leaves. The midrib in Elephantorrhiza leaflets is positioned either from 

the distal corner of the leaflet-base becoming almost central or is completely marginal 

throughout. 

 

An evaluation and summary of the important qualitative leaf characters are provided 

in Table 4.4. 

 

4.2.2.4 Rachis length 

 

Where mature leaves are concerned, this character, as well as several other leaf characters 

(pinna length, number of pinnae per leaf, number of leaflets per pinna, leaflet venation and 

midrib orientation), is stable and may be used with a high degree of confidence. Rachis 

length may be used to distinguish between two groups; those with a length of less than 75ï90 

mm and those with a length of more than 75ï90 mm. 

 

4.2.2.5 Number of pinna pairs per leaf 

 

A reliable and consistent character in mature leaves. Distinction is made between taxa with 

more than, or up to, 12 pairs of pinnae per leaf. 

 

4.2.2.6 Number of leaflet pairs per pinna 

 

A stable character in mature leaves. Distinction is made between taxa with more than, or up 

to, 12 or 13 pairs of pinnae per leaf. 
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An evaluation and summary of the important quantitative and empirical leaf 

characters are given in Table 4.5. 

 

Table 4.4ðSpecies of Elephantorrhiza evaluated against qualitative leaf characters of 

taxonomic significance. A closed circle (ǒ) indicates the state in which the character 

occurs. Where closed and open circles (ƺ) are used, the closed circle indicates the 

dominant state and the open circle the occasional state. Geoxylic suffrutescent species 

are shaded 

Taxon 

Leaf 

Leaflet shape Leaflet venation Midrib orientation  

Description 

Prominent 

(raised 

above 

surface) 

Inconspicuous 

(not raised above 

surface/obscure) 

From distal 

corner of 

leaflet-base 

becoming ± 

central 

Marginal 

throughout 

E. elephantina 

Linear to 

linear-oblong, 

rarely narrowly 

oblanceolate 

ǒ ǒ   

E. obliqua 

Oblique, ovate 

to ovate-

oblong 

ǒ  ǒ  

E. woodii 
Linear to 

linear-oblong 
 ǒ ǒ  

E. burkei 

Narrowly 

oblanceolate to 

narrowly 

elliptic, or 

linear-oblong 

ǒ ǒ   

E. goetzei 

Linear-oblong 

to narrowly 

oblong 

 ǒ ǒ  

E. schinziana 
Linear-oblong 

to oblong 
 ǒ ǒ  

E. suffruticosa 
Linear-oblong 

to linear 
 ǒ  ǒ 

E. praetermissa 
Linear or 

linear-oblong 
 ǒ ǒ  
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Table 4.5ðSpecies of Elephantorrhiza evaluated against quantitative and empirical leaf 

characters of taxonomic significance. A closed circle (ǒ) indicates the state in which the 

character occurs. Where closed and open circles (ƺ) are used, the closed circle indicates 

the dominant state and the open circle the occasional state. Geoxylic suffrutescent 

species are shaded 

Taxon 

Leaf 

Rachis length Pinna pairs per leaf Leaflet pairs per pinna 

Ò 75ï90 mm > 75ï90 mm Ò 12 > 12 Ò 12ï13 > 12ï13 

E. elephantina ǒ ǒ ǒ ǒ  ǒ 

E. obliqua ǒ  ǒ  ǒ ƺ 

E. woodii  ǒ ǒ   ǒ 

E. burkei ǒ ǒ ǒ  ƺ ǒ 

E. goetzei  ǒ ƺ ǒ ƺ ǒ 

E. praetermissa ǒ  ǒ   ǒ 

E. schinziana ǒ ǒ ǒ   ǒ 

E. suffruticosa  ǒ  ǒ  ǒ 

 

4.3 Reproductive morphological analysis 

 

Although pollination and fruit set are crucial aspects of Elephantorrhiza biology, they remain 

unstudied for all species. Some species of Elephantorrhiza (e.g. E. praetermissa, E. 

schinziana, E. woodii and E. obliqua) exist as localised populations in habitats that are 

constantly under threat of some form of human disturbance. Therefore, understanding the link 

between floral visitation and seed set not only reveals links between plants and the 

biodiversity of flower visitors, but will also be crucial to understanding factors which may, in 

future, limit recruitment of dwindling populations of some species (Stone et al. 2003). 

 

The flowers of Elephantorrhiza, like those of most mimosoid genera, are relatively 

simple in structural organisation being pentamerous, bisexual and borne spirally on spicate 

inflorescences. Individual flowers are small and somewhat inconspicuous with the perianth 

not showy. Nonetheless being crowded in a spike they present a more intense visual impact to 

possible pollinators. Hence, the inflorescence is the equivalent of petals (Ross 1979). 
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Therefore the decrease in size and loss of original functions of the perianth does not lead to 

the loss of function (Endress 2008). 

 

The flowers of most Elephantorrhiza species are mostly yellowish white in colour 

turning somewhat golden with age. The colour change may be an indication to pollinators 

that the flowers are spent and that energy should not be wasted on them, but rather on flowers 

that still provide a rewardðtherefore maximising pollinator efficiency. Flowers of E. goetzei 

may sometimes be tinged with pink or purple. Pollinators include bees, wasps, sometimes 

butterflies and, to a lesser extent, beetles. The fruit chafers seen on species of 

Elephantorrhiza are anthophagous and do not contribute much to pollination (see Chapter 2; 

2.8.1; Figure 2.2). The genus therefore represents a case of generalist entomophily, since the 

same kinds of pollinators were observed in different populations of the same species. 

 

As far as phenology is concerned, it seems all trees or suffrutescent species in a 

population of conspecific plants display synchronisation of phenoevents such as flowering 

time, anthesis, leaf production and fruit set. In general, species of Elephantorrhiza flower 

from early spring to mid-summer after which fruit development takes place. The pods start 

disintegrating by autumn and the remains of the margins may be seen dangling from trees 

throughout winter. 

 

4.3.1 Gynoecium and androecium 

 

This section aims to review the flower-visitor assemblages, floral reward and flower 

phenology. This is represented by a review of the gynoecium and androecium and by 

focusing on the structures that facilitate the process of pollination. 

 

The gynoecium is defined as the female part of the flower, consisting of ovary, style 

and stigma; also called the pistil. 

 

Hitherto, most aspects of the gynoecia of Elephantorrhiza species were unknown. A 

characteristic of mimosoid legumes is the low number of pods or fruit set per inflorescence 
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(Kenrick 2003) and Elephantorrhiza is no exception. Typically only up to five pods are found 

per inflorescence. Some hypotheses have been proposed as to why this happens including 

biennial/alternate bearing and the presence of some kind of self-incompatibility complex. 

Several mimosoid genera are known to be highly self-incompatible (e.g. Fleming et al. 2007). 

Environmental and climatic effects are so great and diverse that it will be very difficult to 

determine whether biennial bearing occurs in Elephantorrhiza. The presence of a self-

incompatibility system, insufficient viable pollen grains, limitation/unavailability of 

pollination vectors, environmental conditions or a combination of these factors may all 

contribute to the low fruit set in Elephantorrhiza. 

 

Seeds of Elephantorrhiza species (specifically E. elephantina and E. burkei) have 

been found to be parasitised quite often and new seedlings have never been encountered in 

the field. This is despite their apparent germination vigour under experimental conditions 

(Ellery & Walker 1986). This might be ascribed to a rather simple seed alkaloid composition 

present in the seeds which weakens the defence capability of the seeds to insect pests, 

although further biochemical studies need to be done in order to confirm this possibility (Wei 

et al. 2007). These apparent limitations have, however, not prevented the genus from being 

successful with regards to its range of distribution. 

 

The androecium is defined as the stamens and accessories of one flower. A stamen is 

the pollen-producing structure in the flower consisting of an anther and a filament. Different 

aspects of the stamens of Elephantorrhiza are discussed in more detail below. 

 

4.3.2 Flower 

 

Vegetative and floral morphology offers the most useful data for taxonomic purposes in 

almost all groups of flowering plants, and at all levels of taxonomic hierarchy (Stuessy 1990). 

Several characters of the flowers of Elephantorrhiza are of taxonomic significance. They are 

characterised by being arranged in spiciform racemes which are axillary, solitary or fascicled, 

often ° aggregated. Flowers are pentamerous, pale yellowish white to bright yellow and on 

pedicels of 1ï2 mm long. Flower features are typically stable and are therefore reliable 

taxonomic characters. 
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The first set of characters is qualitative (Table 4.6), whereas the second set is 

quantitative and empirical in nature (Table 4.7). 

 

4.3.2.1 Petal shape 

 

As with most reproductive characters in plants, in the Leguminosae and all three subfamilies, 

petal shape is generally a conservative character. Petals are either linear-oblong or lanceolate. 

This is a very conservative character in Elephantorrhiza flowers although it is not particularly 

useful taxonomically. 

 

4.3.2.2 Glandular hair (trichome)  colour 

 

Glands (usually extrafloral nectaries) are a prominent feature of the Leguminosae and 

especially the subfamily Mimosoideae. Glands are mostly distributed along the leaf rachis in 

mimosoid genera but Elephantorrhiza generally lacks glands on leaves. However, minute 

trichomes are present at the bases of the pedicels in Elephantorrhiza. They function to 

improve pollination and have distinctively different colours in dried specimens. Distinction is 

made between trichomes that are either reddish to brown or white to yellow in colour. 

 

An evaluation and summary of the important quantitative floral characters are 

provided in Table 4.6. 
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Table 4.6ðSpecies of Elephantorrhiza evaluated against qualitative floral characters of 

taxonomic significance. A closed circle (ǒ) indicates the state in which the character 

occurs. A hyphen (-) denotes uncertain or unknown states. Geoxylic suffrutescent 

species are shaded 

Taxon 

Flower 

Petal shape Glandular hair (trichome)  colour 

Linear-oblong Lanceolate Red to brown White to yellow 

E. elephantina ǒ  ǒ  

E. obliqua ǒ  ǒ  

E. woodii  ǒ - - 

E. burkei ǒ  ǒ  

E. goetzei ǒ   ǒ 

E. praetermissa ǒ  ǒ  

E. schinziana ǒ   ǒ 

E. suffruticosa ǒ  ǒ  

 

4.3.2.3 Pedicel length 

 

An often overlooked character of taxonomic significance, pedicel length is more widely used 

in the Papilionoideae of the Leguminosae. Ross (1975) was the first to introduce this 

character to the definition of Elephantorrhiza. Although it has limited usefulness, it remains a 

distinguishing feature. Distinction is made between pedicel lengths of up to 1 mm and longer 

than 1 mm. 

 

4.3.2.4 Calyx length 

 

A useful character particularly used for the Papilionoideae of the Leguminosae. Ross (1975) 

was the first to introduce this character to the definition of Elephantorrhiza. Within the genus 

it is a stable character and distinction is made between species with calyces up to 1.75 mm 

long and those with calyces longer than 1.75 mm. 
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4.3.2.5 Filament length 

 

Filament length is a very good character and often used in other groups of the 

Leguminosaeðe.g. in the Papilionoideae genus Indigofera (Schrire 1991)ðdue to the 

persistent nature of filaments even when other floral parts disintegrate. In Elephantorrhiza 

distinction is made between filament lengths of up to 5.5 mm and more than 5.5 mm. 

 

4.3.2.6 Ovary length 

 

Ovary length is a very good diagnostic character and often used in other groups of the 

Leguminosaeðe.g. in the Papilionoideae genus Indigofera (Schrire 1991). Ovary length is a 

constant and reliable character and was first introduced by Ross (1975). In Elephantorrhiza 

distinction is made between ovary lengths of up to 2 mm and more than 2 mm. 

 

4.3.2.7 Petal length 

 

The length of mature and open petals was measured and found to be a good diagnostic 

character consistent for each species. Although uncommonly used, it does provide a useful 

taxonomic character for many of the genera in the three Leguminosae subfamilies and is 

often very useful at species level. In Elephantorrhiza distinction was made between petals 

with lengths up to and more than 3 mm. 

 

An evaluation and summary of the important quantitative and empirical floral 

characters are provided in Table 4.7. 
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Table 4.7ðSpecies of Elephantorrhiza evaluated against quantitative and empirical 

floral characters of taxonomic significance. A closed circle (ǒ) indicates the state in 

which the character occurs. Geoxylic suffrutescent species are shaded 

Taxon 

Flower 

Pedicel 

length 
Calyx length 

Filament 

length 

Ovary 

length 

Petal length 

Ò 1 

mm 

> 1 

mm 

Ò 1.75 

mm 

> 1.75 

mm 

Ò 5.5 

mm 

> 5.5 

mm 

Ò 2 

mm 

> 2 

mm 

Ò 3 

mm 

> 3 

mm 

E. elephantina  ǒ ǒ   ǒ ǒ  ǒ  

E. obliqua  ǒ  ǒ  ǒ ǒ   ǒ 

E. woodii  ǒ ǒ   ǒ ǒ   ǒ 

E. burkei  ǒ  ǒ ǒ  ǒ   ǒ 

E. goetzei ǒ  ǒ  ǒ  ǒ  ǒ  

E. praetermissa  ǒ ǒ  ǒ  ǒ  ǒ  

E. schinziana ǒ  ǒ  ǒ   ǒ  ǒ 

E. suffruticosa ǒ  ǒ  ǒ  ǒ   ǒ 

 

4.3.3 Fruit 

 

Fruit morphology is important in the classification, delimitation and identification of seed 

plants, because generally they provide characters very reliable in the characterisation of 

genera and families (Lawrence 1951). However, they are not always readily available for 

study and are therefore not always useful from a practical point of view. Fruit and seed 

characters were not used in this study. 

 

The only noteworthy fruit character which applies to all species of Elephantorrhiza is 

the pod valves that separate from the persistent margins. E. goetzei (both subspecies) are also 

known to have much longer and more slender pods than other species. This character easily 

distinguishes it from all other species in the genus. The significance of this has not been 

established. 
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4.3.4 Seed 

 

Seed morphology has never been investigated in detail in Elephantorrhiza. Seed size and 

weight differ quite significantly between species with the largest seeds found in the Highveld 

species, E. elephantina and E. burkei. The seeds of E. obliqua have never been recorded and 

remain unstudied. Hofmeyr (1921) recorded plumule burying in E. elephantina. This is 

extraordinary for dicotyledons, as this type of germination is normally associated with the 

monocotyledons (Van der Schijf & Snyman 1970). Notes on the seed and seedling 

development of E. elephantina have been summarised in section 2.7 Geoxylic suffrutescent 

habit.
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CHAPTER 5 

ANATOMY AND MICROMORPHOLOGY  

 

The types and choice of characters and character states used are explained. Variations in 

anatomical and micromorphological characters of Elephantorrhiza are considered. 

Anatomical and micromorphological characters of taxonomic significance are discussed 

and Tables are included to summarise the differences and similarities between 

Elephantorrhiza taxa. 

 

5.1 Introduction 

 

Scanning electron microscopy (SEM) of the leaflets reveals noteworthy and taxonomically 

useful surface characters. Anatomical studies of the leaflets further confirm what is seen on 

the outside of the leaflets and this section completes the comparative morphological and 

anatomical investigation of the genus. 

 

5.2 SEM study of leaflets 

 

Characters of the leaf are second to only those of flowers and fruits in the extent to which 

they are used, and in their value, in taxonomic studies being strictly comparable over a wide 

taxonomic range and being generally present in plants. With many leaf-surface characters 

there is a danger in taking apparent short cuts which often lead to wrong conclusions. An 

example of this may be the observation of characters by only low-power microscopy or by 

inferring developmental sequences from mature structures (Stace 1984). 

 

SEM involves a narrow beam of electrons scanning over the surface of a specimen in a 

vacuum. Specimens are prepared by coating them with a thin metal layer, usually gold. This 

layer of gold then gives off secondary electrons that are collected by a detector to produce an 

image on a monitor. This type of microscopy permits the development of three-dimensional 

images. 
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Over the last three and a half decades of SEM studies, an extraordinary diversity of 

microstructures has been revealed on plant surfaces. Barthlott (1990) groups surface 

characters in four categories: 

¶ Cellular arrangement or cellular pattern. 

¶ Shape of cells (the óprimary sculptureô). 

¶ Relief of the outer cell walls (the ósecondary sculptureô superimposed on the primary 

sculpture) caused mainly by cuticular striations and superficially visible wall 

inclusions and wall thickenings. 

¶ Epicuticular secretions (the ótertiary sculptureô superimposed on the preceding 

structures), i.e. mainly waxes and related substances. 

 

The taxonomic importance of certain surface structures in plants can be very high at all 

hierarchical levels depending on the aim of the study. This is a potentially useful character. 

This can be particularly helpful and of practical importance if there is a notable difference 

between the surface structures in closely related taxa, i.e. at species level. Therefore it seemed 

an important source of taxonomic evidence to explore in the species of Elephantorrhiza. 

 

5.2.1 Materials and methods 

 

Leaflets from different Elephantorrhiza species were collected from specimens in the 

National Herbarium, Pretoria (PRE). Voucher specimens are listed in Chapter 3 detailing the 

materials and methods (Table 3.1) of this study. No special treatment was given to the leaflets 

and they were simply stuck onto metal plates by using double-sided tape after which they 

were sputter-coated with a thin layer of gold. Care was taken to handle the individual leaflets 

as little as possible to avoid any indentation or contamination of the leaf surface that would 

be clearly visible under SEM. Both the adaxial and abaxial sides of the leaflets were studied 

and photographed at different magnifications. 
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5.2.2 Results and discussion 

 

High resolution SEM studies of wax crystalloids provide valuable new data for the 

classification of angiosperms up to the superorder level. Noteworthy results obtained from 

SEM are discussed in greater detail below based on the groups of surface characters 

(Barthlott 1990). 

 

5.2.2.1 Cellular arrangement or cellular pattern 

 

At low magnification, one can easily get an overall idea of cellular arrangement and diversity 

as well as the distributional pattern of certain idioblastic elements like trichomes and stomata 

on the leaflets. 

 

Trichomes are uncommon but are occasionally found on the adaxial surfaces of 

leaflets. It is noteworthy that a secretion of epicuticular wax crystalloids is absent from 

trichomes, whereas the rest of the epidermal cells show heavy secretions of wax. Trichomes 

have no distinct wall sculpturing (Figure 5.1). 
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Figure 5.1ðSEM image of the adaxial leaflet surface of E. burkei (Mogg 37357) showing 

an often observed, yet never clearly described characteristic of surface sculpturing. 

Epicuticular wax on the trichome is absent even though the epidermal cells of the rest of 

the leaflet show a particularly heavy secretion of wax. Trichomes have no wall 

sculpturing. 

 

Reports of the presence of glandular hairs on leaflets of Elephantorrhiza (Metcalfe & 

Chalk 1950) were not confirmed by the present study. The observation by Metcalfe & Chalk 

(1950) that the epidermis is sub-papillose is, however, supported. Leaflets are amphistomatic 

with the density of stomata on the abaxial leaflet surfaces consistently higher than on the 

adaxial surfaces. Epidermal cells in the regions of veins and on the leaflet margins are 

elongated or longitudinal in shape (Figure 5.2). 
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Figure 5.2ðSEM image of the abaxial leaflet surface of E. obliqua var. glabra (Eiselen 

H1229). The density of stomata on the abaxial side of leaflets is consistently higher than 

on adaxial surface. Individual epidermal cells are polygonal in outline and the outer 

tangential walls convex, whereas cells above veins and along the leaflet margins are 

somewhat longitudinally elongated. 

 

5.2.2.2 Shape of cells (the óprimary sculptureô) 

 

The most obvious feature of surface sculpturing is the shape of cells. For all species of 

Elephantorrhiza, both adaxial and abaxial cells are superficially polygonal (hexagonal) in 

outline and slightly convex except for those situated above primary (and to some extent 

secondary) veins and the leaflet margins (Figure 5.3). 
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The superficially visible cell boundaries (anticlinal walls) are straight and are of no 

taxonomic significance, since no variation was observed in any of the species. Anticlinal 

boundaries and cell junctions are channelled and show no particular microcharacters. In some 

leaflets the outer periclinal walls of the epidermal cells are more or less plane, and not 

somewhat convex which gives the impression of a macroscopically smooth leaflet surface. 

 

 

Figure 5.3ðSEM image of the abaxial leaflet surface in E. elephantina (Leach 9674) 

showing the primary sculpture, or shape of cells. 
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5.2.2.3 Epicuticular secretions 

 

In the present study it was noted that a layer of cuticular waxes was consistently found on 

both adaxial and abaxial surfaces of leaflets of all members of Elephantorrhiza. This 

character was consistently found on all examined leaflets, on both adaxial and abaxial 

surfaces. 

 

The epicuticular waxes are irregularly orientated platelets of a solid lipophilic 

substance secreted by non-specialised epidermal cells. These wax platelets indicate high 

structural diversity. Waxes consist chemically of alkanes, long-chain alcohols, ketones and 

esters of long-chain fatty acids (Kim et al. 2007). Waxes also frequently contain cyclic 

compounds like phytosterols, pentacyclic triterpenoids and epicuticular flavenoids (Kim et al. 

2007). No interspecific variation was recorded and wax secretions are of no significant 

taxonomic importance at species level in Elephantorrhiza. 

 

The possible functions of the epicuticular waxes on leaflets are open to some 

assumptions and speculation. When considering any specialised function of plant life, one 

should always take into account the physical, morphological characters present. Waxes are 

hydrophobic which would mean that they have a water-repellent function on the leaflet 

surfaces of Elephantorrhiza species. Conversely, the hydrophobic nature of waxes would also 

act to reduce water loss through transpiration and gas exchange. They may also increase the 

mechanical stability of the leaflet surface. Species of Elephantorrhiza are often found in 

environments where temperatures may be high, especially during summer months. The wax 

sculpturing on leaflet surfaces may thus also have some insulation function where it protects 

the living cells from temperature extremes as experienced in direct sunlight. It is proposed 

(Barthlott 1990) that the spectral properties of leaves may be altered by crystalloid waxes, 

possibly increasing the reflection of incoming radiation and therefore protecting the 

epidermal cells from temperature-related damage. Another function of the crystalloid wax 

projections may be that they provide an anti-adhesive mechanism to reduce the adhesion of 

microscopic dust particles and pathogens to cell surfaces. Evidence suggests that this might 

promote better plant health since the cuticular surface is the functional boundary layer 
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between the plant and its immediate aerial environment which often contains pathogenic 

microorganisms (Barthlott 1990; Kim et al. 2007). 

 

5.2.3 Morphology and architecture of Elephantorrhiza leaflets 

 

Using SEM to study the leaflets, it was possible to note several characteristics that can not 

necessarily be seen using normal light microscopy. The following summary was made using 

the architectural classification system proposed by Hickey (1973) but adapted to 

accommodate leaflets and not whole leaves. 

 

¶ Leaflet margins: all species of Elephantorrhiza have entire or smooth margins 

although some species might have a few single-celled hairs or trichomes projecting 

from cells constituting the margin. This, however, is rather rare and these trichomes 

never have a wax layer on them like the rest of the epidermis (Figure 5.1). 

¶ Balance and symmetry: where the whole lamina is concerned all but E. obliqua are 

symmetrical. However, when considering the bases, all species have asymmetrical 

leaflets except E. burkei which has slightly asymmetrical to symmetrical leaflets. The 

most pronounced asymmetry can be seen in E. suffruticosa due to the midrib being 

marginal throughout the leaflets. 

¶ Shape: a wide variety of shapes can be seen in Elephantorrhiza leaflets. Within the 

genus the shape ranges from oblique, ovate to narrowly elliptic, linear including 

ovate-oblong, linear-oblong, narrowly oblanceolate and narrowly falcate. For specific 

shapes of species, please refer to Table 4.4. 

¶ Apex: in Elephantorrhiza the leaflet apices are generally slightly mucronate to 

sometimes very slightly retuse. 

¶ Base: leaflet bases are generally rounded to cuneate and sometimes auriculate. 

¶ Petiolule: in Elephantorrhiza the petiolules are mostly conventional (without 

noticeable thickenings or other processes) to slightly inflated where pulvini occur. 

¶ Venation: in all species of Elephantorrhiza the venation type is pinnateðwith a single 

primary vein (midvein) serving as the origin of the higher order venation. The primary 
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vein is straight, lacking noticeable curvature or change in course. Divergence of 

secondary veins varies irregularly and the angle of diversion is moderate. The course 

of secondary veins is sinuous showing repeated smooth changes in curvature. 

¶ Stomata: leaflets of all species studied are amphistomatic with stomata occurring on 

both the adaxial and abaxial leaf surfaces. Stomata on the adaxial side are less 

frequently encountered (Figure 5.4 & 5.5). 

 

5.3 Leaflet anatomy 

 

Due to the difficulty in identifying species of Elephantorrhiza, an anatomical study of the 

leaflets was undertaken. This was primarily done to gain more knowledge of variation in the 

genus and, additionally, to investigate anatomical features which may prove useful in the 

delimitation of taxa. 

 

 

Figure 5.4ðAbaxial surface of leaflets from E. obliqua (Pole Evans H13185) showing 

stomata along one of the minor veins. 
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Figure 5.5ðAdaxial side of leaflets from E. obliqua (Pole Evans H13185) with numerous 

stomata scattered across the surface. 

 

5.3.1 Materials and methods 

 

For anatomical studies, fresh leaflets were fixed directly in FAA (formaldehyde:acetic 

acid:96% alcohol:water; 10:5:50:35). Dried leaflets were rehydrated and then fixed in FAA 

for 24 hours. A modification of the method of Feder & OôBrien (1968) was used for 

embedding in glycol methacrylate (GMA); a minimum of five days was used for the third 

infiltration in GMA. Sections were stained according to the periodic acid Schiff/toluidine 

blue staining method (Feder & OôBrien 1968). Transverse sections of leaflets were made with 

a microtome and slides were prepared for microscopic study. 

 

5.3.2 Results and discussion 

 

The observations based on the anatomical investigation of Elephantorrhiza leaflets are 

reported here and conclusions are drawn. 
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5.3.2.1 Internal structure 

 

The general anatomy of the leaf of the Elephantorrhiza species studied agrees with that 

described for the Leguminosae by Metcalfe & Chalk (1950). Anatomical characters are 

generally regarded as conservative and very little difference was observed in the internal 

structure of leaflets of the different species. Nevertheless, a noteworthy character (paraveinal 

mesophyll) was noticed and is discussed in more detail in the next section (5.3.2.2 Paraveinal 

mesophyll). 

 

The abaxial and adaxial epidermis is a single cell layer covered by a cuticle on both 

leaf blade surfaces. The ordinary epidermal cells are square to rectangular as seen in 

transverse section with no marked size difference between the adaxial and abaxial cells 

(Figure 5.6). Trichomes were not often observed and only near the leaf margins (Figure 5.1). 

Leaflets of all species are amphistomatic with stomata occurring on both the adaxial and 

abaxial leaf surfaces. Stomata on the adaxial side were less frequently encountered. 

 

 

Figure 5.6ðTransverse section of E. praetermissa (Vorster 2128). Ordinary epidermal 

cells are square to rectangular in shape. 

0.5 mm 
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The mesophyll consists of a single or, less frequently, double layer of palisade 

parenchyma. Below the palisade parenchyma are undifferentiated layers of spongy 

parenchyma and intercellular air spaces to facilitate gaseous exchanges (Figure 5.7). The 

spongy parenchyma tended to be more compact in younger leaflets. Between veins paraveinal 

mesophyll occurs which may function as either storage or transport tissue. It was noted that 

the thickness of the leaflets contributed to the amount of paraveinal mesophyll. 

 

 

Figure 5.7ðTransverse section of E. elephantina (Jacobsz 2256). The mesophyll tissue 

consists of a layer of palisade parenchyma with undifferentiated layers of spongy 

parenchyma below. 

 

5.3.2.2 Paraveinal mesophyll 

 

Elephantorrhiza leaflets contain an unusual anatomical character called paraveinal mesophyll 

(PVM) (Figure 5.8). Mesophyll is the photosynthetic parenchymatous tissue situated between 

the two epidermal layers of the leaflet (Fahn 1990). According to Brubaker & Lersten (1995), 

PVM can be defined as an anatomical feature in which a single, rarely double, mesophyll cell 

layer is visibly distinguishable from both the palisade and spongy mesophyll cell layers. 

0.5 mm 
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PVM stretches horizontally between major veins by means of cells with conspicuously 

extended arms and it can contact minor veins laterally or subtend them by incorporating 

abaxial bundle sheath cells into the PVM. Bundle sheath cells may or may not have 

horizontal extensions that interdigitate with PVM cells. PVM cell components are irrelevant 

for the definition of PVM, although the best known example has smaller and paler 

chloroplasts than those found in spongy and palisade parenchyma cells (Brubaker & Lersten 

1995). 

 

 

Figure 5.8ðTransverse section of E. woodii (Strey 9760). Minor veins are visible in the 

blade with the paraveinal mesophyll tissue linking them. 

 

The first studies on Elephantorrhiza leaflet anatomy were done by Coester in 1894 

(Brubaker & Lersten 1995). He reported on so-called óMittelschichtô in some of the species 

he examined from eight genera of the subfamily Mimosoideae. Brubaker & Lersten (1995) 

note that the term óMittelschichtô was first introduced as óMittlere Gewebeschichteô by 

Radlkofer in 1890 to describe this distinctive median mesophyll layer. 

0.5 mm 
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The function of PVM is largely still unknown. It is possible that it may act as a 

storage layer within the leaflets as they have very little photosynthetic capability (Dubbs & 

Grimes 2000; Sinclair 2004). It is also analogous to Kranz anatomyða morphological feature 

of leaves that may or may not act as a specialised physiological compartment. The PVM cells 

might also act as transport cells (Sinclair 2004). 

 

PVM is common in the Papilionoideae, uncommon in the Mimosoideae and uncommon or 

absent from the Caesalpinioideae (Brubaker & Lersten 1995). 

 

5.4 Anther structure and gland investigation 

 

5.4.1 Anther structure 

 

Flowers of Elephantorrhiza are pentamerous with a single whorl of sepals and petals, two 

whorls of stamens and a single carpel. According to Tucker (1996) the two whorls of stamens 

are initiated successively, even though they may, at maturity, appear to be part of a single 

whorl of ten stamens. 

 

The characters of the stamens of  Elephantorrhiza can be summarised as follows using 

Tuckerôs (1996) parameters of stamen diversity: 

¶ Shape: distinct dorsifixed, tetrasporangiate anther with filaments. 

¶ Development: anthers are always basifixed at first; later elongating basally as the 

connective expands abaxially, the filament attachment thus becoming displaced 

towards an adaxial position. 

¶ Dehiscence: stamens dehisce by means of introrse slits. 

¶ Filament features: unlike many papilionoid and caesalpinioid taxa, hairs are absent 

from the stamen filaments of Elephantorrhiza. There is no difference in the filament 

length of the two whorls and the filament surfaces are smooth. In the bud the 
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filaments are coiled to enable the packaging of the many, long filaments in a small 

place (Endress 2008). 

¶ Connective features: terminal connective glands are found in ca. 25 mimosoid genera 

in the tribes Adenanthereae, Mimoseae and Parkieae. The exact function is still, for 

the most part, completely unknown (see section 5.4.2). Elephantorrhiza species have 

terminal connective glands. 

¶ Size: relative to papilionoid and caesalpinioid taxa, the anthers of Elephantorrhiza, 

like all other taxa in the Mimosoideae, are consistently very small. 

¶ Fusion: androecial fusion is exceptionally common in the Papilionoideae and to a 

lesser extent so in the Caesalpinioideae. Some amount of basal fusion is found in the 

Mimoseae and Acacieae of the Mimosoideae. However, this is absent in 

Elephantorrhiza. 

¶ Changes in organ number: in the Mimosoideae the loss or suppression of anthers is 

somewhat rare. Instead it is far more common in many taxa to find a proliferation of 

organs. Some researchers (Derstine & Tucker 1991) have noted that the 

developmental processes by which stamen proliferation occurs in legumes vary 

greatly, indicating an interesting occurrence of parallel evolution for this character. 

Elephantorrhiza shows a definite proliferation in stamens with two whorls of five 

stamens each. The rest of the perianth is reduced to a large extent. 

¶ Order of stamen initiation: in Elephantorrhiza the pattern of inception is known as 

simultaneous whorled initiation. 

¶ Androecial heteromorphy: this characteristic, the difference in size, filament length, 

anther shape and time of dehiscence between members of the two stamen whorls, is 

noted in several legume genera, but does not apply to Elephantorrhiza or any related 

taxa. 

¶ Endothecial thickening: the endothecial thickening in Elephantorrhiza is most 

prominent at the baseplate (Manning 1996). 
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5.4.2 Anther glands: observations and discussion 

 

A noteworthy and somewhat unusual character of Elephantorrhiza stamens is the presence of 

glands attached apically to the anthers. Apical anther appendages are relatively common in 

other taxa e.g. in the Asteraceae (DôArcy 1996). Anther glands are thought to be evolutionary 

relics that are still morphologically essential for the rigid fixation of anthers on filaments so 

that the anthers can unite in a tube. 

 

5.4.2.1 Evidence from the fossil record 

 

Anther glands in the legumes are not recent structures. Many Acacia flowers possess anther 

glands (Tandon et al. 2001; Kenrick 2003). Luckow and Grimes (1997) suggested that 

perhaps the absence of glands can be explained as a secondary loss rather than the ancestral 

condition. Dilcher et al. (1992), however, found evidence indicating otherwise in the fossil 

record. 

 

Dilcher et al. (1992) investigated numerous fossil flowers, fruit, and leaves that were 

discovered as inclusions in amber mined in the Dominican Republic. Small, wedge-shaped 

flowers within the amber are conspicuous because of their large number of stamensðthe 

long, thin filaments of which terminate in small anthers that bear stalked anther glands. The 

combination of characters observed is diagnostic of the genus Acacia. The pollination 

syndrome as indicated by the anther glands exists today in some Caribbean species of Acacia. 

 

Many of these extant species with anther glands have fragrant, densely crowded white 

flowers. The functionality of anther glands has long been disputed and is still largely 

unknown. However, it seems plausible that they may act as food bodies which, in turn, might 

suggest something about the type of pollinator visiting such flowers and their possible 

presence today. The amber under investigation was obtained from sediments dated as early 

Miocene, although the amber itself is probably older, even as old as late Eocene (Dilcher et 

al. 1992). The fossil record of the legumes dates back to the Upper Cretaceous (Wheeler & 

Baas 1992) and the Mimosoideae in particular are documented in the fossil record by the 
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lower Eocene (Dilcher et al. 1992). By the middle Eocene the subfamily was represented by 

considerable diversity, particularly in Africa, and it is plausible to assume the genesis of 

Elephantorrhiza at or around this time. It is thought the genus might even have evolved as a 

unique and clearly distinguishable identity at a much earlier time when considering the rich 

extant diversity of legumes on the continent as well as evidence from the Cretaceous and 

Palaeocene fossils (Herendeen et al. 1992). Clearly, though, the anther glands co-evolved 

with the radiation and in response to insect pollination, specifically aimed at targeting bees 

for better pollination of the flowers, perhaps by imparting a scent. 

 

5.4.2.2 Types and structure of anther glands in Elephantorrhiza and Entada 

 

Anther glands are present in the majority of genera in the basal tribes of mimosoids (Luckow 

& Grimes 1997), but due to their caducous nature, they are often overlooked as taxonomic 

characters. Luckow & Grimes (1997) identified four different kinds of anther glands namely 

the Piptadenia-type gland, Pentaclethra-type gland, Gagnebina-type gland and Prosopis 

africana-type gland. Two different subtypes of the Piptadenia-type gland were also 

identified. It seems apparent that characters of anther glands provide for clear taxonomically 

significant markers, especially at higher taxonomic ranks. 

 

Elephantorrhiza glands are classified as Piptadenia-type glands. This type of anther 

gland is the most common in the lower mimosoids. The glands of Elephantorrhiza have 

stipitate stalks and the glands are spheroid in shape (Figure 5.9). They are 130ï188 µm in 

size and the cells that make up the glands are 7ï27 µm in diameter for the measured 

specimens. These cells are relatively large and correspond with those of other old world 

genera investigated e.g. Adenanthera, Calpocalyx and Tetrapleura (Luckow & Grimes 1997). 

The cell sculpturing can be described as scabrate (rough; covered with small projections) and 

the cells only have a single plane. The glands of Entada appear similar in most aspects 

although their stalks are sometimes absent and the cell sculpturing is rugulate (cell wall with 

elongated elements longer than 1 µm that are irregularly arranged) as opposed to the scabrate 

cells of Elephantorrhiza (Hesse et al. 2009). The glands are also somewhat larger (up to 

24 µm) but the cell diameters are within the same range as those of Elephantorrhiza. Endress  
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& Stumpf (1991) noted that most mimosoid anthers are introrse and dorsifixed meaning that 

they are facing inward, turned toward the axis and attached at, or by their backs to the 

filaments. 

 

 

Figure 5.9ðScanning electron micrograph of an anther from Elephantorrhiza 

elephantina (Du Toit 5129) showing the manner of longitudinal dehiscence with some 

pollen grains still wedged within the opened slits. The spheroid, concave, terminal 

anther gland can also clearly be seen. 

 

5.4.2.3 Histochemistry 

 

Elephantorrhiza glands are grouped within the Piptadenia-subtype which has isodiametric 

cells, meaning the cells have equal diameters of axes, and are of nearly equal size throughout 

the structure. They have neither large intercellular spaces, nor epidermal cells that are well-
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differentiated from those at the centre of the gland. The peripheral cells contain the largest 

vacuoles. 

 

Luckow & Grimes (1997) conducted some histochemical tests to obtain information 

on the compounds produced by the glands and their anatomy. It was found that ferric chloride 

does not react with the glands. From this it may be deduced that tannins and other 

polyphenols are absent. Likewise Sudan IV showed no reaction with the cells, indicating the 

absence of lipids. A positive reaction with Nile blue, however, indicated that some lipids are 

present within the cell walls. Coomassie blue also reacted positively, indicating the presence 

of proteins within the cell walls. None of the abovementioned reagents or colourants reacted 

with the vacuolar contents and it may be inferred that the vacuoles contain carbohydrates or 

possibly terpenoids. Reactions of the cell walls of the anther glands paralleled those of the 

connective, designating their derivation from the tissue of the connective. 

 

5.4.2.4 Function of anther glands 

 

Several hypotheses on the functionality of anther glands, specifically within the Mimosaceae, 

have been contemplated. Since they are relatively rare, being only present in a few taxa other 

than certain mimosoids such as members of Violaceae and Myrtaceae (Chaudhry & 

Vijayaraghavan 1992), they must have a very specific function. Because of the manifestation 

of such glands in very different families, this may also be an exceptional example of 

convergent evolution if their functions seem to correspond to each other. 

 

Anther glands are particularly common in members of Acacia where they become 

erect on their stalks as the anthers dehisce, apparently as part of the process of anther opening 

(Stone et al. 2003). In a study on the structure and function of anther glands in Prosopis 

juliflora , Chaudhry & Vijayaraghavan (1992) proposed that the glands act as reward by being 

a food source for pollinators. They found that at the earliest stage of anthesis, the glands are a 

homogenous mass of cells that contain only proteins. As they develop further, the glands 

become differentiated into a multicellular, globose head, supported by a long, narrow, 

multicellular stalk. Immature glands are devoid of polysaccharides, but as they mature the 

cells become densely cytoplasmic containing proteins and polysaccharides. This happens 
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through storage vesicles that accumulate upon the surface, the protoplast of the secretory cells 

lyses and the exudate is released. When secretory pressure becomes maximal, the exudate is 

forced through the cuticular openings which are present at the sites of common walls between 

secretory cells. This protein-carbohydrate complex serves as a food source for pollinators and 

ensures the visits of a wide range of insects, particularly Hemiptera. As insects feed on the 

gland surface, they are dusted with a layer of pollen. The secretion of exudates from the 

anther glands in Prosopis juliflora binds the pollen grains together, acts as a food source and 

facilitates pollen dispersal by foraging insects (Chaudhry & Vijayaraghavan 1992). 

 

Whether or not the anther glands of Elephantorrhiza have the same function and 

produce the same chemical constituents as Prosopis juliflora, remains to be tested, but one is 

able to speculate as to their function. Also, it is not mentioned in the literature whether the 

anther glands of Prosopis juliflora are also deciduous shortly after anthesis as this provides 

for a major difference in the functionality of glands. From herbarium specimens of Prosopis 

juliflora , this does however seem to be the case. 

 

Stone et al. (2003) report that microscopic analyses of pollen loads collected in 

Tanzania show that the pollen dusting the underside of syrphid hoverflies contains substantial 

proportions of anther glands and also of entire anthers although this does not confirm that 

these insects actually feed on these flower parts. Bee pollen loads generally contain very few 

anther glands, suggesting that bee foraging behaviour does not harvest these bodies and 

neither do they harvest them by default and then reject them when packaging pollen into their 

corbicula. Stone et al. (2003) also mention the possibility of the glands acting as 

pseudopollenða mimetic device to attract pollinators to receptive stigmas before and after 

real pollen awards becomes available. Since the anther glands are raised slightly above the 

floral spikes as a particulate layer, they apparently resemble a powdery coating of pollen. If 

this strategy is effective, they would promote visitation by pollen-seeking (and pollen-

carrying) insects in both protandrous and protogynous systems. 
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5.4.2.5 Development of floral appendages such as anther glands 

 

Generally, with the evolution of an elaborate perianth, the stamens became exempt from 

protective and attractive functions. However, conspicuous sterile appendages do occur in 

more specialised plant groups. These are usually associated with very precise and specialised 

functions e.g. in the Asclepiadaceae, Asteraceae and Orchidaceae. From this one can see that 

such structures may occasionally reappear given that there is a need for such appendages 

(Endress 1994; Endress 1996). The other alternative is of course that these specific functions 

never disappeared altogether, but that they were shaped during the evolution of the specific 

taxon for its specific pollinator requirements and that plant-pollinator co-evolution occurred. 

 

Elephantorrhiza anthers do not supply pollinating bees with so-called feeder pollen. 

Feeder pollen, of which the development of the exine is arrested in the anther, is produced by 

a second set of anthers and presented as a reward to bees foraging for their offspring. This 

might explain the necessity of anther glands. Since taxa that produce dimorphic pollen rarely 

produce nectar, pollen is the only reward offered to pollinators (Bernhardt 1996). 

 

Two modes of anther presentation exist, namely passive and active pollen collection 

(Bernhardt 1996). Elephantorrhiza employs the active pollen collection mode where the 

pollen that pollinators receive as primary reward is found only on the anther and not on any 

other floral parts. 

 

The timing of anther dehiscence and floral aestivation is more than just a mechanism 

to restrict self-pollination. Variation in the timing of anther dehiscence could protect pollen 

from environmental damage (Bernhardt 1996), effectively prolonging the plantôs floral 

lifespan. The anthers of Elephantorrhiza species function as sources of both primary 

attraction and primary reward. Pollinators are initially attracted by scents produced by the 

anther glands but receive pollen as the only edible or otherwise usable (e.g. in the case of 

honeybees) reward, since the glands are deciduous and fall off soon after anthesis. 
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During field observations of inflorescences and flowers of Elephantorrhiza as well as 

the insects that pollinate them, insect behaviour was observed for any possible patterns in 

floral visitation. None were noticed. 

 

Because these glands are very early deciduous, simply falling off the anthers soon 

after anthesisðrarely or never being present on herbarium specimensðone must conclude 

that they have a very definite, albeit short-lived, role during the flowering time of 

Elephantorrhiza. Proximal flowers (those positioned nearest the point of attachment of the 

floral stalk on the receptacle) open first and are then followed, in sequence, by the distal 

flowers. The glands are thus always situated more towards the distal end of the inflorescence 

where new flowers are continually opening. From these facts one may reason that the purpose 

of these glands is to produce scents that attract pollinators directly to newly opened flowers 

and direct them purposely away from already spent flowers. Perhaps, within the microclimate 

of the inflorescence, the anther glands function as guides and allow pollinators to move 

towards the most recently opened flowers. This is similar in function to floral guides in other 

taxa, particularly monocots, which can only be seen under ultraviolet light. These guides 

direct the interest of the insect directly towards the source or focal point of the reward. 

 

5.5 SEM investigation of pollen 

 

Palynology is unique in that through no other study can one obtain as great an amount of 

information from so little material in such short a time (Erdtman 1943; Walker & Doyle 

1975). 

 

In order to investigate the pollen of Elephantorrhiza species, it was decided to do a 

SEM study. This lead to the discovery that not all speciesô pollen looks alike and it has 

significant taxonomic value. Table 5.1 summarises the results obtainedwith notes from the 

SEM survey. 
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5.5.1 Materials and methods 

 

The SEM uses a focused beam of high-energy electrons to generate a variety of signals at the 

surface of solid specimens. The signals that derive from electron-sample interactions reveal 

information about the sample which includes external morphology or texture. Preparation of 

the samples starts with the collection of pollen. Material for the scanning electron microscope 

(SEM) study of pollen was collected from specimens at the National Herbarium (PRE). For a 

list of the specimens used, see Table 3.2. in Chapter 3 dealing with the general materials and 

methods. 

 

Specimens with flowers were investigated under a dissecting microscope to determine 

if pollen could be obtained from them. Stamens were removed and added to labelled 

Eppendorf tubes from where the collected pollen was placed onto metal plates which were 

sputter-coated with a film of gold. No special treatment was given to the pollen. Care was 

taken to handle the individual stamens as little as possible to avoid any indentation or 

contamination of the pollen that would be clearly visible under SEM conditions. Photographs 

were taken at different magnifications. 

 

5.5.2 Results and discussion 

 

Walker & Doyle (1975) grouped pollen characters into seven categories namely: aperture 

type, pollen wall architecture, pollen-unit, polarity, symmetry, shape, and grain size. The 

pollen of Elephantorrhiza was examined and compared according to these characters. 

 

5.5.2.1 Pollen apertures 

 

Apertures are specially delimited areas which differ considerably in morphology and/or 

anatomy from the rest of the pollen grain and are situated in the outer pollen wall or exine. 

When germination takes places, the pollen tube usually emerges through one of the apertures. 

Number, type and position of apertures are genetically determined and usually fixed within a 

species (Walker & Doyle 1975; Hesse et al. 2009). 
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Aperture terminology is determined by the pollen polarity (Hesse et al. 2009) or shape 

(Walker & Doyle 1975). If situated globally or equatorially, such as in the case of 

Elephantorrhiza, an elongated aperture is called a colpus. 

 

Aperture number is important in the terminology. All pollen grains of 

Elephantorrhiza have three elongated apertures per pollen grain and are therefore tricolpate. 

 

5.5.2.2 Pollen wall architecture 

 

The pollen wall (also known as the sporoderm) consists of two main parts namely the exine 

and the intine. The exine is primarily made up of sporopollenins which are acetolysis and 

decay-resistant biopolymers. The intine is mainly composed of pectin and cellulose. In the 

aperture regions of pollen grains, the pollen wall is often devoid of an exine or has a greatly 

reduced exine and often a thicker double intine layer. Within the exine, two layers can be 

distinguished; the inner endexine and outer ectexine. 

 

Pollen wall structure can only be determined through transmission electron 

microscopic investigation. However, this was not part of the present study. 

 

5.5.2.3 Pollen-unit  

 

Mature pollen is shed in dispersal units. The post-meiotic products either remain permanently 

united (resulting in dyads, tetrads or polyads) or become completely separated (resulting in 

monads). Unlike several other Mimosoideae taxa, such as Acacia (Bernhardt et al. 1984) and 

Desmanthus balsensis (Luckow 1993), Elephantorrhiza does not display pollen arranged in 

polyads composed of tetrahedral tetrads. Pollen grains are dispersed individually (monads) 

through the aid of pollinators. 
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5.5.2.4 Pollen grain polarity 

 

The shape and aperture location of pollen grains directly relates to pollen grain polarity. This 

is determined by the spatial orientation of the microspore in the meiotic tetrad and can only 

be examined in the tetrad stage (Hesse et al. 2009). Because pollen was not investigated at 

the precise post-meiotic stage, the polarity of Elephantorrhiza pollen grains could not be 

accurately determined, although it has been assumed that the colpi are equatorially placed. 

 

5.5.2.5 Pollen grain symmetry 

 

The symmetry of pollen grains is related to the polarity. When the pollen grain polarity is 

determined through investigating the post-meiotic products, the symmetry may be established 

(Hesse et al. 2009). Since the ontogeny of Elephantorrhiza pollen grains was not studied, the 

symmetry has been inferred. 

 

5.5.2.6 Pollen grain shape 

 

The shape of pollen is determined by the ratio of the length of the polar axis (P) to the 

equatorial diameter (E), or P/E. Pollen grains with the polar axis ± equal to the equatorial 

diameter are called spheroidal or isodiametric (Hesse et al. 2009). Examples of these in 

Elephantorrhiza include E. goetzei, E. woodii and to a lesser extent E. praetermissa. 

 

Where pollen grains have polar axes longer than equatorial diameters, pollen grains 

are referred to as prolate in shape. Most species of Elephantorrhiza have prolate pollen, 

including E. burkei, E. schinziana, E. suffruticosa, E. obliqua and E. elephantina. 

 

5.5.2.7 Pollen grain size 

 

To indicate pollen size, the largest diameter is used. However, due to different methods of 

preparation and degree of hydration, which influence the size measured a bandwidth is 



92 
 

recommended. In general Elephantorrhiza pollen lengths vary between 29 and 52 ɛm; widths 

vary between 17 and 38 ɛm. 

 

Table 5.1 summarises the main results obtained with notes from the SEM survey. 

 

Table 5.1ðScanning electron micrographs showing the different types of pollen within 

Elephantorrhiza with a summary of the main characters noted 

Species and 

specimen 
SEM image 

Notes on 

characteristics 

E. goetzei 

(Story 3967) 

 

¶ Length: 29ï33 ɛm 

¶ Width: 27ï31 ɛm 

¶ Shape: spheroidal 

¶ Surface detail: 

rugulate 

E. woodii 

(Wood 7958ð

type specimen) 

 

¶ Length: 21ï26 ɛm 

¶ Width: 19ï23 ɛm 

¶ Shape: spheroidal 

¶ Surface detail: 

rugulate 

 

E. praetermissa 

(Burgoyne 

6618) 

 

¶ Length: 31ï37 ɛm 

¶ Width: 23ï29 ɛm 

¶ Shape: oblate 

¶ Surface detail: 

rugulate 
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Species and 

specimen 
SEM image 

Notes on 

characteristics 

E. obliqua 

(Pole Evans 

13185) 

 

¶ Length: 47ï52 ɛm 

¶ Width: 33ï38 ɛm 

¶ Shape: oblate 

¶ Surface detail: 

rugulate 

 

E. burkei 

(Van Wyk 

2962) 

 

¶ Length: 32ï38 ɛm 

¶ Width: 19ï24 ɛm 

¶ Shape: prolate, 

lobate 

¶ Surface detail: 

consistently 

perforate throughout 

 

E. schinziana 

(Giess 14791) 

 

¶ Length: 38ï44 ɛm 

¶ Width: 17ï22 ɛm 

¶ Shape: prolate, 

lobate 

¶ Surface detail: 

rugulate and 

somewhat perforate 

towards polar 

regions 

 



94 
 

Species and 

specimen 
SEM image 

Notes on 

characteristics 

E. suffruticosa 

(Van Wyk BSA 

1262) 

 

¶ Length: 38ï44 ɛm 

¶ Width: 18ï23 ɛm 

¶ Shape: prolate, 

lobate 

¶ Surface detail: 

rugulate becoming 

perforate towards 

polar regions 

 

E. elephantina 

(Du Toit 5129) 

 

¶ Length: 41ï47 ɛm 

¶ Width: 19ï25 ɛm 

¶ Shape: prolate, 

lobate 

¶ Surface detail: 

rugulate becoming 

perforate towards 

polar regions 
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5.5.3 Classification of Elephantorrhiza pollen 

 

Table 5.2 summarises the classification of Elephantorrhiza pollen as discussed in the 

previous section. 

 

Table 5.2ðSummary of the classification of different Elephantorrhiza species according 

to the observed pollen characters as proposed by Walker & Doyle (1975). Geoxylic 

suffrutescent species are shaded 

Taxa 
Pollen grain characters 

Aperture Unit  Shape Surface detail Size 

E. elephantina Tricolpate Dispersed 

individually 

Prolate, lobate Rugulate becoming 

perforate towards 

polar regions 

41ï47 ɛm × 

19ï25 ɛm 

E. obliqua Tricolpate Dispersed 

individually 

Oblate Rugulate 47ï52 ɛm × 

33ï38 ɛm 

E. woodii Tricolpate Dispersed 

individually 

Spheroidal or 

isodiametric 

Rugulate 21ï26 ɛm × 

19ï23 ɛm 

E. burkei Tricolpate Dispersed 

individually 

Prolate, lobate Consistently 

perforate 

throughout 

32ï38 ɛm × 

19ï24 ɛm 

E. goetzei Tricolpate Dispersed 

individually 

Spheroidal or 

isodiametric 

Rugulate 29ï33 ɛm × 

27ï31 ɛm 

E. praetermissa Tricolpate Dispersed 

individually 

Oblate Rugulate 31ï37 ɛm × 

23ï29 ɛm 

E. schinziana Tricolpate Dispersed 

individually 

Prolate, lobate Rugulate and 

somewhat perforate 

towards polar 

regions 

38ï44 ɛm × 

17ï22 ɛm 

E. suffruticosa Tricolpate Dispersed 

individually 

Prolate, lobate Rugulate becoming 

perforate towards 

polar regions 

38ï44 ɛm × 

18ï23 ɛm 
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CHAPTER 6 

BIOGEOGRAPHY AND ECOLOGY  

 

The associated habitat and vegetation types of Elephantorrhiza taxa are investigated and 

treated as characters. Elephantorrhiza taxa are mapped to reveal phytogeographical 

patterns of the genus. Taxa are mostly confined to the Grassland and Savanna Biomes in 

southern Africa. Ecological aspects are considered and some speculations are made about 

preference. 

 

6.1 Introduction 

 

Habitat and its associated vegetation are also regarded as characters, although they are often 

more useful at lower taxonomic levels. When considering a landscape, certain vegetation 

types can be distinguished within the broader matrix of plants, since some species, for 

whatever reasons, grow in identifiable units together within certain areas. When mapping the 

natural distribution of a species, one may be able to draw conclusions as to their relative 

evolutionary successes, centres of origin and endemism and their climatic adaptability by 

overlaying ecology and geology over the distribution. Biogeography, or the mapping of the 

distributions of species, deals specifically with these aspects. Ecology focuses on the 

relationship of plants and how they relate to other living and non-living entities within a 

specified area, in this case, within the natural distributional range of each species. 

 

6.2 Biogeography 

 

All species of Elephantorrhiza have a sub-Saharan, and more specifically a southern African 

distribution with the exception of E. burkei, E. goetzei, E. elephantina and E. suffruticosa 

which also occur in more tropical regions (Klopper et al. 2006). The genus occurs in 11 

countries but is not recorded further north than Tanzania and the genus is thus essentially 

restricted to Africa south of the equator. The countries in which the genus occurs are 

summarised in Table 6.1. 
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Table 6.1ðDistribution of Elephantorrhiza taxa in terms of countries. Geoxylic 

suffrutescent species are shaded 

Elephantorrhiza species Distribution by country  

E. elephantina 
Botswana, Lesotho, Mozambique, Namibia, South 

Africa, Swaziland, Zimbabwe 

E. obliqua South Africa 

E. woodii Lesotho, South Africa 

E. burkei Botswana, Mozambique, South Africa, Zimbabwe 

E. goetzei 
Angola, Botswana, Malawi, Mozambique, South 

Africa, Tanzania, Zambia, Zimbabwe 

E. praetermissa South Africa 

E. schinziana Namibia 

E. suffruticosa Angola, Mozambique, Namibia, Zimbabwe 

 

The foremost student of African flora and vegetation was Frank White [1927ï1994] 

who produced a remarkably detailed map of African vegetation. By overlaying the entire 

distribution of Elephantorrhiza on Whiteôs map of phytochoria, all the floristic units the 

genus occupies can be determined. The different floristic units can often be linked to 

prevailing geological or climatic (e.g. Peel et al. 2007) conditions. 

 

According to the floristic classification of White (1983), as refined by Van Wyk & 

Smith (2001), species of Elephantorrhiza are distributed in six main phytochoria, namely the 

Karoo-Namib, Kalahari-Highveld, Afromontane and Afroalpine, Maputaland-Pondoland, 

Zambezian and Swahilian/Maputaland phytogeographical regions. Takhtajan (1986) lists 

these regions as Karoo-Namib, Uzambara-Zululand and the Sudano-Zambezian regions 

which make up part of the Palaeotropical Floristic Kingdom. The majority of species occur in 

the Kalahari-Highveld and Zambezian phytogeographical regions. The genus and individual 

species are distributed throughout the major southern African biomes and bioregions as 

summarised in Table 6.2. 
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The genus is fairly common throughout its range; however the majority of species are 

restricted to South Africa. This country has the highest diversity of species of the genus with 

six species occurring there. One might propose that this be the origin of the genus and 

subsequent populations established themselves further north into more tropical regions of the 

continent as the genus evolved. However, the area with the highest concentration of species is 

not necessarily the origin of the genus (Good 1964). Patterns of endemism and distribution 

cannot be correlated to any historic environmental event. 

 

Local centres of endemism are also important aspects to consider as these often 

indicate very specific specialisation by plants to local environmental of geological conditions. 

Only E. praetermissa seems to be restricted to the Sekhukhuneland centre of endemism and 

is a recognised endemic species (Van Wyk & Smith 2001) adapted to the unusual soils 

associated with this area. Although E. woodii is restricted to a very small area within the 

Maputaland-Pondoland region, it is not restricted to any specific centre of plant endemism. 
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Table 6.2ðDistribution of Elephantorrhiza within biomes (all species) and associated 

bioregions (Mucina & Rutherford 2006) (species occurring in South Africa, Lesotho 

and Swaziland). Geoxylic suffrutescent species are shaded 

Elephantorrhiza 

species 
Associated biomes Associated bioregions 

E. elephantina Nama-Karoo, Savanna and 

Grassland Biomes 

Namaqualand Hardeveld, Bushmanland, 

Upper Karoo, Drakensberg Grassland, 

Dry Highveld Grassland, Mesic 

Highveld Grassland, Sub-Escarpment 

Grassland, Central Bushveld, Mopane, 

Lowveld, Sub-Escarpment Savanna, 

Eastern Kalahari Bushveld Bioregions 

and Indian Ocean Coastal Belt 

Bioregions 

E. obliqua Grassland and possibly 

Savanna Biomes 

Mesic Highveld Grassland and possibly 

Central Bushveld Bioregions 

E. woodii Grassland Biome Sub-Escarpment Grassland Bioregion 

E. burkei Grassland and Savanna 

Biomes 

Dry Highveld Grassland, Mesic 

Highveld Grassland, Sub-Escarpment 

Grassland, Central Bushveld, Mopane, 

Lowveld and Eastern Kalahari Bushveld 

Bioregions 

E. goetzei Savanna Biome Central Bushveld, Mopane and Lowveld 

Bioregions 

E. praetermissa Savanna Biome Central Bushveld Bioregion 

E. schinziana Savanna Biome Not applicable 

E. suffruticosa Nama-Karoo and Savanna 

Biomes 

Bushmanland Bioregion 
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6.3 Ecology 

 

Ecology is the study of living organisms and how they relate with other living organisms and 

no-living entities within a defined geographical area. 

 

An example of how different species of Elephantorrhiza are affected by their 

immediate environs can be seen when examining leaflet size. Leaves are often subject to 

phenotypic plasticity which means that, depending on various external factors, leaf size may 

vary considerably within a species. This phenomenon is illustrated in Elephantorrhiza when 

considering the geoxylic suffrutex vs. shrub habits. In the suffrutescent species the size of 

leaflets varies immensely whereas the shrubby species show smaller and more insignificant 

variation. This relates to ecology as follows: suffrutescent speciesðespecially E. elephantina 

which is widely distributed throughout the range of the genusðneed to compete for light as 

energy resource with other low-growing plants (mainly grasses) and therefore often have 

larger leaflets to maintain a competitive advantage. This is not always the case and depends 

on the extent to which fire plays a role in the ecosystem. When a fire has cleared much of the 

previous growing seasonôs vegetation and Elephantorrhiza shoots start to resprout, the 

leaflets are typically small. It should be remembered that E. elephantina is one of the first 

species to resprout in late winter/early spring. It is proposed that the smaller leaflet size is due 

to the lack of other vegetation surrounding individual branches and there is thus no need to 

produce larger leaflets since there is no restraint on sunlight as energy resource. 

 

Further conclusions can be drawn from ecology as driving force behind the 

manifestation of plants, i.e. their morphology. Plants growing in harsher and drier 

environments are typically smaller-leaved than their contemporary species in wetter areas. 
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6.4 Geology 

 

Elephantorrhiza species occur gregariously on several different substrates and are in no way 

limited or confined to one specific type of geology. Several species occur on all three types 

(sedimentary, metamorphic and igneous) of rocks. The only species showing some form of 

geological preference is the southern African E. praetermissa which occurs exclusively on 

the heavy metal soils of the Steelpoort valley, Sekhukhuneland (Siebert et al. 2001). 

 

6.5 Rainfall 

 

According to the 2008 Precipitation map of Africa (Stock Map Agency), Elephantorrhiza 

species occur in areas with rainfall between 100ï1250 mm per year. Most of the species 

occur in areas where rainfall averages between 500 and 1250 mm per year.
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CHAPTER 7 

TAXONOMIC REVISION  

 

This chapter provides a taxonomic treatment and nomenclatural overview of the genus, 

species and infraspecific taxa. A key to species is also provided. Descriptions are provided 

for the genus as well as all infrageneric taxa. Some representative specimens seen and 

authorities of names are indicated. 

 

7.1 Introduction 

 

Below follows the generic description to the genus Elephantorrhiza, a key to the species and 

descriptions for all species. All specimens examined are listed at the end of the chapter with 

only a few representative specimens noted below each species description. 

 

7.2 Generic description 

 

Elephantorrhiza Benth. in Hook., J. Bot. 4: 344(1841); Harv. in F.C. 2: 277(1862); Benth. & 

Hook.f., Gen. Pl. 1: 590 (1865); Harv., Gen. Pl., ed. 2: 91 (1868); Benth. in Trans. Linn. Soc. 

Lond. 30: 365 (1875); Taub. in Pflanzenfam. 3,3: 122 (1892); Sim, For. Fl. Cape Col. 209 

(1907); Harms in Engl., Pflanzenw. Afr. 3,1: 398 (1915); Phillips in Bothalia 1: 187 (1923); 

Bak.f., Leg. Trop. Afr. 3: 800 (1930); Burtt Davy, Fl. Transv. 2: 331 (1932); Phill., Gen. 392 

(1951); Torre in C.F.A. 2: 263 (1956); Brenan in F.T.E.A. Legum.ïMimos.: 19 (1959); 

Hutch., Gen. Fl. Pl. 1: 288 (1964); Schreiber in F.S.W.A. 58: 16 (1967); Brenan & Brummitt 

in F.Z. 3,1: 23 (1970); Palmer & Pitman: 825 (1972); Ross in Bothalia 11: 247 (1974); Dyer: 

235 (1975); Ross: 138 (1975); Lock: 90 (1989); Coates Palgrave: 308 (2002); Schmidt et al.: 

174 (2002); Leistner: 192 (2005); Boon: 196 (2010). 
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Type species: E. elephantina (Burch.) Skeels (=E. burchellii Benth.). 

 

ï Prosopis sensu E. Mey., Comm. 1: 165 (1836); Eckl. & Zeyh., Enum. 259 (1836), non 

Prosopis L., Mant. 1: 10(1767). 

 

Small trees, shrubs or geoxylic suffrutices, unarmed, deciduous; suffrutices with greatly 

enlarged underground taproot. Roots with nitrogen-fixing bacterial nodules. Leaves 

bipinnate; petioles eglandular; pinnae 3ï42 pairs; pinnae each with many pairs of leaflets. 

Inflorescences of spiciform racemes which are axillary, solitary or fascicled, often ° 

aggregated. Flowers normally hermaphrodite, 5-merous, pale yellowish white to bright 

yellow, on pedicels 1ï2 mm long, glands at base of pedicels. Calyx somewhat gamosepalous, 

small, 1ï2.5 mm long, 5-toothed. Petals 5, free or shortly united basally. Stamens 10, fertile; 

filaments 4ï7.5 mm long, free among themselves, slightly adnate to the corolla basally; 

anthers with a rapidly deciduous apical gland. Ovary usually sessile, glabrous; style filiform; 

stigma terminal. Pods straight or somewhat curved, never spirally twisted, often large and up 

to 450 mm long, somewhat compressed, without transverse septa within; at maturity the 

valves separating from the persistent margins, but not splitting transversely into segments; the 

outer layer (exocarp) of the pod wall often peeling off the mesocarp, the layers remaining 

intact or breaking up irregularly. Seeds usually ° compressed. 

 

Eight species are formally recognised in this genus. Elephantorrhiza is characterised by 

unarmed branches, bipinnate, often bluish green leaves and ten fertile stamens. Pods are often 

large and with, at maturity, the valves separating from the persistent margins. 

 

Distribution: the genus is distributed throughout a wide range of vegetation types and 

phytochoria. Elephantorrhiza is restricted to southern Africa; Angola, Botswana, Lesotho, 

Malawi, Mozambique, Namibia, South Africa, Swaziland, Tanzania, Zambia and Zimbabwe 

(Figure 7.1). 

 

Notes: The generic name is a Greek compound meaning óelephant rootô, alluding to the large 

roots of E. elephantina. 
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Figure 7.1ðDistribution map of Elephantorrhiza in southern Africa. The genus is 

restricted to southern and south-central Africa occurring in Angola, Botswana, Lesotho, 

Malawi, Mozambique, Namibia, South Africa, Swaziland, Tanzania, Zambia and 

Zimbabwe. The highest number of species occurs in South Africa. 

 

7.3 Keys to the species of Elephantorrhiza 

 

7.3.1 Comprehensive key to species of Elephantorrhiza incorporating vegetative and 

reproductive characters 

 

Below follows a comprehensive key to the genus Elephantorrhiza based on vegetative and 

reproductive characters. For an inclusive summary representing all proposed species of the 

genus as investigated with notes on the quantitative and/or qualitative characters, see Table 

7.1 and 7.2. 
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1a Geoxylic suffrutex with unbranched (unless damaged) annual aerial stems up to 0.75(1) m 

high ................................................................................................................................... 2 

1b Shrub or small tree with woody branched aerial stems up to 7 m high, very rarely a 

suffrutex with branched procumbent stems ...................................................................... 4 

2a Aerial stems branched, procumbent ............................................................ 8. E. woodii 

2b Aerial stems unbranched .............................................................................................. 3 

3a Pinnae (1)2ï6 pairs per leaf; leaflets 4ï13(21) pairs per pinna, 2ï6.5 mm wide, ovate to 

ovate-oblong, very oblique basally, midrib starting in the distal corner of the leaflet-base and 

gradually becoming ± central in the leaflet, lateral nerves and veins usually prominent; South 

Africa: North West, Limpopo and Mpumalanga ........................................... 4. E. obliqua 

3b Pinnae (2)8ï17 pairs per leaf; leaflets (7)12ï45(55) pair per pinna, 0.5ï2(2.5) mm wide, 

linear to linear-oblong, rarely narrowly oblanceolate, asymmetric basally; venation not 

prominent; Botswana, Lesotho, Mozambique, Namibia, Swaziland, Zimbabwe, South Africa: 

Northern Cape, Eastern Cape, Mpumalanga, Free State, Gauteng, North West, KwaZulu-

Natal and Limpopo ................................................................................. 2. E. elephantina 

4a Leaflets with the midrib marginal throughout ................................... 7. E. suffruticosa 

4b Leaflets with the midrib central or nearly so, at least towards the apex ...................... 5 

5a Geoxylic suffrutex; branched aerial stems procumbent, longitudinally striate, glabrous to 

densely puberulous........................................................................................... 8. E. woodii 

5b Shrub or small tree; branched aerial stems erects, glabrous ........................................ 6 

6a Leaflets only slightly asymmetric basally, with the proximal side cuneate to slightly 

rounded, 1.5ï3.5(4.5) mm wide; leaves with (1)4ï8(9) pairs of pinnae ......... 1. E. burkei 

6b Leaflets strongly asymmetric basally, with the proximal side broadly rounded-truncate to 

almost auriculate and the distal side cuneate; leaves with 2ï41 pairs of pinnae .............. 7 

7a Leaves with (9)12ï30(41) pinnae pairs; leaflets 0.7ï2.5 mm wide, usually on very short 

petiolules; pods 13ï22 mm wide, very narrow in proportion to their length, when mature the 

position of the seeds usually marked by distinct raised bumps ...................... 3. E. goetzei 

7b Leaves with 2ï12(14) pinnae pairs; leaflets 0.9ï3.5 mm wide, sessile; pods 20ï39 mm 

wide, ± compressed, position of seeds not marked by distinct raised bumps ................... 8 
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8a Leaflets 0.9ï1.5 mm wide; racemes short, 40ï55 mm long, usually aggregated on short 

lateral branchlets, less frequently solitary or fascicled; pods 120ï180 × 20ï32 mm; South 

Africa: Limpopo and Mpumalanga ....................................................... 5. E. praetermissa 

8b Leaflets (1)1.5ï3.5 mm wide; racemes 55ï95 mm long, axillary, solitary or paired; pods 

(150)185ï405 × 20ï39 mm; Namibia: Grootfontein and Otavi areas ...... 6. E. schinziana 

 

7.3.2 Key to species of Elephantorrhiza based on vegetative characters 

 

Below follows a comprehensive key to the genus Elephantorrhiza based on vegetative 

characters. For an inclusive summary representing all proposed species of the genus as 

investigated with a comparison of the quantitative and/or qualitative characters, see Table 7.1 

and 7.2. 

 

1a Suffrutex with annual aerial stems 0.15ï0.9 m long ................................................... 2 

1b Shrub or small tree with branched aerial stems up to 7 m high, or if a suffrutex (rarely) 

with branched procumbent stems...................................................................................... 4 

2a Aerial stems branched, procumbent ............................................................ 8. E. woodii 

2b Aerial stems unbranched .............................................................................................. 3 

3a Pinnae (1)2ï6 pairs per leaf; leaflets 4ï13 (21) pairs per pinna ............... 4. E. obliqua 

3b Pinnae (2)8ï17 pairs per leaf; leaflets (7)12ï45(55) pairs per pinna ............................ 

................................................................................................................. 2. E. elephantina 

4a Suffrutex, stems procumbent, longitudinally striate ................................... 8. E. woodii 

4b Shrub or small tree, stems erect, not longitudinally striate .......................................... 5 

5a Leaflets with midrib marginal throughout ......................................... 7. E. suffruticosa 

5b Leaflets with midrib central or nearly so, at least towards the apex............................ 6 

6a Leaflets only slightly asymmetric basally, proximal side cuneate to slightly rounded; 

leaves with (1)4ï8(9) pairs of pinnae .............................................................. 1. E. burkei 

6b Leaflets strongly asymmetric basally, proximal side broadly rounded-truncate to almost 

auriculate; leaves with 2ï41 pairs of pinnae ..................................................................... 7 
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7a Leaves with (9)12ï30(41) pinnae pairs; leaflets 0.7ï2.5 mm wide, usually on very short 

petiolules ......................................................................................................... 3. E. goetzei 

7b Leaves with 2ï12(14) pinnae pairs; leaflets 0.9ï3.5 mm wide, sessile ....................... 8 

8a Leaflets 0.9ï1.5 mm wide; South Africa: Limpopo and Mpumalanga .........................  

............................................................................................................... 5. E. praetermissa 

8b Leaflets (1)1.5ï3.5 mm wide; Namibia: Grootfontein and Otavi areas ........................  

................................................................................................................... 6. E. schinziana 

 

7.3.3 Key to species of Elephantorrhiza based on vegetative and floral characters 

 

Below follows a comprehensive key to the genus Elephantorrhiza based on vegetative and 

floral characters. For an inclusive summary representing all proposed species of the genus as 

investigated with a comparison of the quantitative and/or qualitative characters, see Table 7.1 

and 7.2. 

 

1a Flowers usually produced before any leaves appear .................................................... 2 

1b Flowers usually produced together with new flush of leaves ...................................... 4 

2a Plants suffrutexes ............................................................................... 2. E. elephantina 

2b Plants trees or shrubs ................................................................................................... 3 

3a Plants from central to western Namibia or Angola ............................ 7. E. suffruticosa 

3b Plants from extreme eastern part of Caprivi strip in Namibia, Zambia, Zimbabwe, 

Botswana and South Africa ............................................................................ 3. E. goetzei 
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4a Plants suffrutexes ......................................................................................................... 5 

4b Plants trees or shrubs ................................................................................................... 7 

5a Aerial stems branched, procumbent ............................................................ 8. E. woodii 

5b Aerial stems unbranched .............................................................................................. 6 

6a Pinnae (1)2ï6 pairs per leaf; leaflets 4ï13 (21) pairs per pinna ............... 4. E. obliqua 

6b Pinnae (2)8ï17 pairs per leaf; leaflets (7)12ï45(55) pairs per pinna ............................  

................................................................................................................. 2. E. elephantina 

7a Leaflets only slightly asymmetric basally with the proximal side cuneate to slightly 

rounded ............................................................................................................ 1. E. burkei 

7b Leaflets strongly asymmetric basally with the proximal side broadly rounded-truncate to 

almost auriculate ............................................................................................................... 8 

8a Racemes short, 40ï55 mm long, usually aggregated on short lateral branches, less 

frequently solitary or fascicled; South Africa: Limpopo and Mpumalanga ....................... 

............................................................................................................... 5. E. praetermissa 

8b Racemes 55ï95 mm long, axillary, solitary or paired; Namibia: Grootfontein and Otavi 

areas .......................................................................................................... 6. E. schinziana 

 

The following comprehensive summary represents all proposed species of the genus 

investigated and the quantitative and/or qualitative comparisons of characters. Table 7.1 

represents a summary of character features: Elephantorrhiza burkeiïE. obliqua var. obliqua. 

Table 7.2 continues the summary from Elephantorrhiza praetermissaïE. sp. 
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Table 7.1ðSummary of character features: Elephanthorrhiza burkei, E. elephantina, E. goetzei and E. obliqua 

Character E. burkei E. elephantina 

E. goetzei subsp. 

goetzei E. goetzei subsp. lata 

E. obliqua var. 

glabra 

E. obliqua var. 

obliqua 

Growth form  shrub/small tree suffrutex shrub/small tree shrub/small tree suffrutex suffrutex 

Aerial stems branched, ascending 

unbranched, 

ascending branched, ascending branched, ascending 

unbranched, 

ascending 

unbranched, 

ascending 

Height of stems 1ï3(6) m 0.2ï0.9 m 1ï4(7) m 1ï4(7) m 0.3 m 0.3 m 

Stem pubescence glabrous 

glabrous (rarely 

pubescent) glabrous glabrous glabrous pubescent 

Branchlet colour dark-grey to reddish   

grey-brown to dark 

brown or reddish-

brown to purplish, 

often becoming 

blackish       

Leaf pubescence glabrous or almost so 

glabrous/sparingly 

pubescent glabrous or almost so glabrous or almost so glabrous pubescent 

Petiole length 2.6ï6.5 cm 1.3ï3.6(8) cm 1ï5(7.5) cm   2ï6 cm 2ï6 cm 

Rachis length 3.6ï14.5 cm 3.5ï13.5(17.5) cm 6ï20(45.5) cm   (0)1.5ï9 cm (0)1.5ï9 cm 

Rachis 

characteristics     sulcate above sulcate above     

Pinna pairs (1)4ï8(9) 

2ï4 increasing to 7ï

17 (3)14ï30(41) 4ï15 (1)2ï6 (1)2ï6 

Rhachillae length 3.5ï12.5 cm 3ï9(10.5) cm (1.8)3.5ï9(9.5) cm 6.5ï15 cm 2ï11 cm 2ï11 cm 

Leaflet pairs per 

pinna (9)12ï23(32) (7)12ï45(55) (9)20ï40(48) 9ï28 4ï13(21) 4ï13(21) 

Leaflet size 7ï17 x 1.5ï3.5(5) mm 

(4)5ï10(15) x 

(0.3)0.5ï2(2.5) mm 

3.5ï12 x 0.7ï2.75(3) 

mm 12ï22 x 4ï8 mm 5.5ï15 × 2ï6.5 mm 5.5ï15 × 2ï6.5 mm 

Leaflet shape 

narrowly oblanceolate 

to narrowly elliptic, or 

linear-oblong 

linear to linear-

oblong, rarely 

narrowly oblanceolate 

linear-oblong to 

narrowly oblong 

linear-oblong to 

narrowly oblong 

oblique, ovate to 

ovate-oblong 

oblique, ovate to 

ovate-oblong 
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Character E. burkei E. elephantina 

E. goetzei subsp. 

goetzei E. goetzei subsp. lata 

E. obliqua var. 

glabra 

E. obliqua var. 

obliqua 

Leaflet symmetry slightly asymmetric asymmetric asymmetric asymmetric asymmetric asymmetric 

Midrib      

distal corner of leaflet 

base becoming almost 

central 

distal corner of leaflet 

base becoming almost 

central 

distal corner of 

leaflet-base becoming 

central 

distal corner of 

leaflet-base becoming 

central 

Proximal side of 

leaflet base rounded to cuneate rounded to cuneate 

rounded and almost 

auriculate 

rounded and almost 

auriculate     

Leaflet venation prominent or not prominent or not 

inconspicuous or not 

visible 

inconspicuous or not 

visible 

prominent above and 

below 

prominent above and 

below 

Glands             

Raceme position 

axillary, solitary or 

fascicled, often on 

lateral shoots 

lower part of stem, 

axillary, solitary or 

clustered 

solitary, fascicled or 

borne on short lateral 

shoots 

solitary, fascicled or 

borne on short lateral 

shoots 

axillary, often 

solitary, on lower or 

apical part of stem 

axillary, often 

solitary, on lower or 

apical part of stem 

Raceme length (incl. 

peduncle) 5ï10(12.5) cm (2)3.5ï8(12) cm (2)5ï20 cm (2)5ï20 cm 3.5ï6 cm 3.5ï6 cm 

Raceme pubescence glabrous 

glabrous, very rarely 

pubescent glabrous glabrous 

glabrous/very 

sparingly pubescent 

glabrous/very 

sparingly pubescent 

Flower colour yellowish-white yellowish-white 

yellowish-white, 

sometimes tinged 

with pink or purple 

yellowish-white, 

sometimes tinged 

with pink or purple yellowish-white yellowish-white 

Pedicel length 2 mm 1.5 mm 1 mm 1 mm 1.5 mm 1.5 mm 

Pedicel articulation near the middle near the middle near the middle near the middle     

Glands 

reddish, at base of 

pedicels 

reddish or reddish-

brown at base of 

pedicels 

pale, yellowish-white, 

at base of pedicels 

pale, yellowish-white, 

at base of pedicels 

reddish, at base of 

pedicel 

reddish, at base of 

pedicel 

Calyx shape 

campanulate, 5-

toothed, teeth up to  

0.75 mm long 

campanulate, shortly 

5-toothed acutely 5-toothed acutely 5-toothed 

campanulate, shortly 

5-toothed 

campanulate, shortly 

5-toothed 

Calyx length 2.5 mm 1.75 mm 1.5ï1.75 mm 1.5ï1.75 mm 2 mm 2 mm 
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Character E. burkei E. elephantina 

E. goetzei subsp. 

goetzei E. goetzei subsp. lata 

E. obliqua var. 

glabra 

E. obliqua var. 

obliqua 

Calyx pubescence glabrous glabrous glabrous glabrous glabrous glabrous 

Petal size 4.5 x 1 mm 2.75ï3.75 x 1 mm 2.5ï3 mm long 2.5ï3 mm long 4.5 × 1 mm 4.5 × 1 mm 

Petal shape linear-oblong linear-oblong linear-oblong linear-oblong linear-oblong linear-oblong 

Petal pubescence glabrous glabrous glabrous glabrous glabrous glabrous 

Petal bases & apices 

shortly united basally, 

inflexed apically 

free or slightly 

connate basally, 

inflexed apically 

shortly united below, 

becoming almost free 

in open flowers, 

inflexed apically 

shortly united below, 

becoming almost free 

in open flowers, 

inflexed apically 

shortly united below, 

inflexed apically 

shortly united below, 

inflexed apically 

Stamen 

characteristics 

free, slightly adnate to 

corolla basally 

free, slightly adnate to 

corolla basally 

free, slightly adnate to 

the corolla basally 

free, slightly adnate to 

the corolla basally 

free, slightly adnate to 

corolla basally 

free, slightly adnate to 

corolla basally 

Filament length 5 mm 6.5 mm 4.5 mm 4.5 mm 7.5 mm 7.5 mm 

Anther length 0.75 mm 1 mm 1 mm 1 mm 0.8 mm 0.8 mm 

Glands deciduous, apical deciduous, apical deciduous, apical deciduous, apical deciduous, apical deciduous, apical 

Ovary length 2 mm 1.75 mm 2 mm 2 mm 2 mm 2 mm 

Ovary shape   linear linear linear     

Ovary pubescence glabrous glabrous glabrous glabrous glabrous glabrous 

Ovary 

characteristics   shortly stipitate     sessile sessile 

Pod colour 

dark brown to 

reddish-brown 

dark brown or 

reddish-brown 

dark brown or 

reddish- or purplish-

brown 

dark brown or 

reddish- or purplish-

brown dark purplish-brown dark purplish-brown 

Pod size 10ï19(28) x 2.5ï4 cm 

(5)9.5ï15(21) x 3ï5.7 

cm 

15ï30(44) x 1.3ï2.2 

cm 

15ï30(44) x 1.3ï2.2 

cm 11 × 4 cm 11 × 4 cm 

Pod venation transversely venose transversely venose     transversely venose transversely venose 

Pod characteristics 

straight or slightly 

curved, oblong, 

compressed 

straight or slightly 

curved, compressed, 

umbonate over seeds 

straight or curved, 

umbonate over the 

seeds 

straight or curved, 

umbonate over the 

seeds straight, compressed straight, compressed 
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Character E. burkei E. elephantina 

E. goetzei subsp. 

goetzei E. goetzei subsp. lata 

E. obliqua var. 

glabra 

E. obliqua var. 

obliqua 

Pod valves 

separating from 

persistent margins 

separating from 

persistent margins 

separating from the 

persistent margins 

separating from the 

persistent margins     

Seed size 9ï13 x 8ï12 mm 

18ï26 x 13ï18 x 6ï13 

mm 

11ï20 x 9ï18 x 7ï12 

mm 

11ï20 x 9ï18 x 7ï12 

mm     

Seed shape   ellipsoid ellipsoid to lenticular ellipsoid to lenticular     

 

Table 7.2ðSummary of character features: Elephanthorrhiza praetermissa, E. rangei, E. schinziana, E. suffruticosa, E. woodii and E. sp. 

Character E. praetermissa E. rangei E. schinziana E. suffruticosa 

E. woodii var. 

pubescens 

E. woodii var. 

woodii E. sp. 

Growth form  shrub 

shrub/(? or small 

tree) 

shrub/(? or small 

tree) shrub/small tree suffrutex suffrutex suffrutex 

Aerial stems 

branched, 

ascending 

branched, 

ascending 

branched, 

ascending 

branched, 

ascending 

branched, 

procumbent 

branched, 

procumbent unbranched 

Height of stems 1ï2 m 4 m 2.5 m 1ï5 m 0.6 m 0.6 m 0.6ï0.8 m 

Stem pubescence glabrous glabrous glabrous 

glabrous or 

sometimes 

puberulous to 

shortly pubescent pubescent 

glabrous or almost 

so glabrous 

Branchlet colour 

grey- or reddish-

brown 

reddish-brown to 

purplish 

grey- or reddish- to 

purplish-brown 

grey-brown to 

dark- or reddish-

brown       

Leaf pubescence glabrous glabrous glabrous 

glabrous to 

puberulous or 

shortly pubescent pubescent 

glabrous or almost 

so glabrous 

Petiole length 2.2ï4 cm 2ï4.5 cm 2.2ï3.5(5.2) cm (0.6)1.5ï3.5 cm 0.8ï1.6 0.8ï1.6 cm 3ï4.5 cm 

Rachis length 4ï9 cm (1.5)3ï7.5 cm 

(4.5)7.5ï

14.5(20.5) cm 

(0.5)10ï17(25.4) 

cm (1)3.5ï8.5(13) cm (1)3.5ï8.5(13) cm 7.5ï18 cm 

Rachis 

characteristics sulcate above       sulcate above sulcate above   
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Character E. praetermissa E. rangei E. schinziana E. suffruticosa 

E. woodii var. 

pubescens 

E. woodii var. 

woodii E. sp. 

Pinna pairs (3)5ï10(12) (1)3ï7(9) (2)6ï11(14) (2)15ï27(42) (2)5ï10 (2)5ï10 3ï8 

Rhachillae length (2.8)3.5ï6(7) cm 5ï8.5(9) cm 5.5ï10(14) cm (1.4)2ï3.5(6.8) cm 1.8ï6 cm 1.8ï6 cm 7.5ï10 cm 

Leaflet pairs per 

pinna 20ï40 24ï36 (14)21ï40 (17)27ï40(50) 12ï28 12ï28 13ï22 

Leaflet size 

5ï10 x 0.9ï1.5 

mm 

6ï9(12) x 1ï

2.75(4) mm 

(5)7ï14 x 1.5ï3.5 

mm 

3ï7.5 x 0.5ï1.2 

mm 

2.5ï6(9) x 1ï

1.8(2.25) mm 

2.5ï6(9) x 1ï

1.8(2.25) mm 9ï11 x 3ï5 mm 

Leaflet shape 

linear or linear-

oblong 

linear-oblong to 

oblong, sometimes 

slightly falcate 

linear-oblong to 

oblong 

linear-oblong to 

linear 

linear to linear-

oblong 

linear to linear-

oblong 

very oblique, 

broadly truncate 

basally 

Leaflet symmetry asymmetric asymmetric asymmetric asymmetric asymmetric asymmetric asymmetric 

Midrib  

distal corner of 

leaflet-base 

becoming central 

distal corner of 

leaflet-base, 

becoming almost 

central 

distal corner of the 

leaflet-base, 

becoming almost 

central 

marginal 

throughout 

distal corner of 

leaflet-base 

becoming central 

distal corner of 

leaflet-base 

becoming central 

distal corner of the 

leaflet-base 

becoming almost 

central 

Proximal side of 

leaflet base rounded 

rounded to almost 

auriculate rounded rounded rounded rounded slightly auricled 

Leaflet venation inconspicuous inconspicuous inconspicuous inconspicuous inconspicuous inconspicuous   

Glands 

sometimes minute 

dark purplish 

glands at base of 

leaflets             

Raceme position 

solitary, fascicled 

or aggregated on 

abbreviated lateral 

branchlets 

axillary, solitary or 

paired 

axillary, solitary or 

paired 

axillary, solitary or 

2ï3 together, or 

borne on lateral 

shoots 

axillary, often 

solitary 

axillary, often 

solitary   

Raceme length 

(incl. peduncle) 4ï5.5 cm 5.5ï8 cm 7ï9.5 cm (4)6ï14(18) cm 4.5ï9.5 cm 4.5ï9.5 cm   

Raceme 

pubescence glabrous glabrous glabrous 

pubescent or 

sometimes 

glabrous pubescent glabrous   
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Character E. praetermissa E. rangei E. schinziana E. suffruticosa 

E. woodii var. 

pubescens 

E. woodii var. 

woodii E. sp. 

Flower colour yellowish-white greenish-yellow yellowish-white yellowish-white yellowish-white yellowish-white   

Pedicel length 1.5ï2 mm 1ï1.75 mm 0.75 mm 1 mm 1.25 mm 1.25 mm   

Pedicel 

articulation  

near or below the 

middle 

just below the 

middle towards the apex near the middle near the middle near the middle   

Glands 

dark reddish, at 

base of pedicels 

yellowish, at base 

of pedicel 

yellowish, at base 

of pedicels 

reddish or reddish-

brown at base of 

pedicels at base of pedicels at base of pedicels   

Calyx shape 5-toothed 

campanulate, 5-

toothed 

cupular, shortly 5-

toothed 

cupular, shortly 5-

toothed shortly 5-toothed shortly 5-toothed   

Calyx length 0.75ï1.25 mm 2ï2.25 mm 1.5 mm 1 mm 1.5 mm 1.5 mm   

Calyx pubescence glabrous glabrous glabrous 

glabrous or 

sometimes 

sparingly 

pubescent glabrous glabrous   

Petal size 2ï3 mm 3ï4 x 1 mm 3ï3.75 x 1 mm 3ï3.75 x 1 mm 3.25 x 1.25 mm 3.25 x 1.25 mm   

Petal shape linear-oblong oblong linear-oblong linear-oblong lanceolate lanceolate   

Petal pubescence glabrous glabrous glabrous glabrous glabrous glabrous   

Petal bases & 

apices 

shortly united 

basally 

shortly united 

basally, inflexed 

apically 

shortly united 

basally, inflexed 

apically 

shortly united 

basally, inflexed 

apically 

free or slightly 

connate basally, 

inflexed apically 

free or slightly 

connate basally, 

inflexed apically   

Stamen 

characteristics 

free, slightly 

adnate to corolla 

basally 

free, slightly 

adnate to the 

corolla basally 

free, slightly 

adnate to the 

corolla basally 

free, slightly 

adnate to the 

corolla basally 

free, slightly 

adnate to corolla 

basally 

free, slightly 

adnate to corolla 

basally   

Filament length 4ï5 mm 5.5 mm 5 mm 5 mm 6 mm 6 mm   

Anther length   0.9 mm 0.8 mm 0.8 mm 1mm 1 mm   

Glands deciduous, apical deciduous, apical deciduous, apical deciduous, apical deciduous, apical deciduous, apical   

Ovary length 2 mm 4 mm 2.25 mm 2 mm 2 mm 2 mm   

Ovary shape linear linear   linear linear linear   

Ovary 

pubescence glabrous glabrous glabrous glabrous glabrous glabrous   

Ovary 

characteristics   shortly stipitate     subsessile subsessile   
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Character E. praetermissa E. rangei E. schinziana E. suffruticosa 

E. woodii var. 

pubescens 

E. woodii var. 

woodii E. sp. 

Pod colour 

dark brown or 

reddish-brown 

dark brown or 

reddish-brown 

dark brown or 

reddish-brown 

dark brown or 

reddish-brown 

dark reddish-

brown 

dark reddish-

brown   

Pod size 12ï18 x 2ï3.2 cm 

18.5ï20(22) x 2ï

2.5 cm 

(15)19ï30(40.5) x 

3ï3.9 cm 

8.5ï30.5 x 1.8ï

2.25 cm 9 x 3.2 cm 9 x 3.2 cm   

Pod venation 

obscurely or 

prominently 

venose 

transverse venation 

relatively 

inconspicuous 

prominently 

transversely 

venose 

prominently 

transversely 

venose 

transversely 

venose 

transversely 

venose   

Pod 

characteristics 

straight or slightly 

curved, 

compressed 

straight or almost 

so, oblong, slightly 

umbonate over the 

seeds 

straight or slightly 

curved, oblong, 

compressed, 

umbonate over the 

seeds 

straight or slightly 

curved, linear-

oblong to oblong, 

compressed, 

umbonate over the 

seeds 

falcate, 

compressed, 

umbonate over 

seeds 

falcate, 

compressed, 

umbonate over 

seeds   

Pod valves 

separating from the 

persistent margins 

separating from the 

persistent margins 

separating from the 

persistent margins 

separating from the 

persistent margins       

Seed size 15 x 13 x 3.5 mm     13ï15 x 9ï12 mm       

Seed shape       roughly ellipsoid       
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7.4 Species treatment 

 

1. Elephantorrhiza burkei Benth. in Hook., Lond. J. Bot. 5: 81 (1846); Harv. in F.C. 2: 278 

(1862); Benth. in Trans. Linn. Soc. Lond. 30: 365 (1875); Phillips in Bothalia 1: 192, t.5 fig. 

4 (1923); Bak.f., Leg. Trop. Afr. 3: 801 (1930); Burtt Davy, Fl. Transv. 2: 332 (1932); 

O.B.Miller in J. S. Afr. Bot. 18: 31 (1952); Wild, Guide Fl. Vict. Falls 149 (1953); Van der 

Schijff: 51 (1969); Brenan & Brummitt in F.Z. 3,1: 27 (1970); Palmer & Pitman, Trees S. 

Afr. 2: 825 (1973); Ross in Bothalia 11: 251 (1974); Ross: 143 (1975); Tree Society of 

southern Africa: 264 (1974); Ross: 1859 (1982); Germishuizen & Fabian: 168 (1997); Retief 

& Herman: 432 (1997); Van Wyk & Malan: 164 (1997); Van Wyk & Van Wyk: 512 (1997); 

Coates Palgrave: 308 (2002); Schmidt et al.: 176 (2002); Boon: 196 (2010). 

 

Type: Transvaal, Magaliesberg, Burke & Zeyher (K, holo. e!; BM e!, TCD e!, Z e!, iso). 

 

E. elephantina (Burch.) Skeels var. burkei (Benth.) Merr. in Contr. Gray Herb. 59: 18 (1919). 

Type as above. 

 

A branched shrub or small tree 1ï3(6) m high, occasionally as small as 0.3 m, but then the 

aerial stems distinctly woody and branched and the inflorescences normally borne on lateral 

shoots of the current seasonôs growth; bark dark grey to reddish; young branchlets glabrous. 

Leaves glabrous or almost so: petiole 26ï65 mm long; rachis 36ï145 mm long; pinnae (1)4ï

8(9) pairs; rhachillae 35ï126 mm long; leaflets (9)12ï23(32) pairs per pinna, 7ï17 ³ 1.5ï

3.5(5) mm, narrowly oblanceolate to very narrowly elliptic or linear-oblong, usually 

glaucous, glabrous, base slightly asymmetric (less so than E. elephantina), with the proximal 

side rounded to cuneate, apex symmetric, obtuse to rounded, generally mucronate, lateral 

nerves and veins prominent or not. Racemes axillary, solitary or fascicled, often on lateral 

shoots, 50ï100(125) mm long (including the peduncle), glabrous. Flowers yellowish-white, 

on pedicels up to 2 mm long, pedicels articulated near the middle, with minute reddish glands 

at the base of the pedicels. Calyx campanulate, up to 2.5 mm long, 5-toothed, the teeth up to 

0.75 mm long, glabrous. Petals shortly united basally, up to 4.5 mm long, 1 mm wide, linear-

oblong, inflexed apically, glabrous. Stamens free among themselves, slightly adnate to the 

corolla basally; filaments up to 5 mm long, anthers up to 0.75 mm long, with a deciduous 



117 
 

apical gland. Ovary up to 2 mm long, glabrous. Pods dark brown to reddish brown, 100ï

190(280) ³ 25ï40 mm, straight or slightly curved, oblong, compressed, sometimes 

prominently transversely venose, at maturity the valves separating from the persistent 

margins, the outer layer of the pod wall peeling off the inner layer, the layers remaining intact 

or breaking up irregularly. Seeds ° 9ï13 ³ 8ï12 mm. 

 

Representative specimens 

De Winter 417 (PRE); Louw 597 (PRE); Schlieben 10528 (PRE); Story 1411 (PRE); Theron 

1561 (PRE); see also Figure 7.3 and 7.4. 

 

Distribution: in rocky places in savanna, scrub and grassland; Botswana, Mozambique, 

Zimbabwe, South Africa: Northern Cape, North West, Gauteng, Free State, Eastern Cape, 

Limpopo and Mpumalanga (Figure 7.2). 

 

Notes: This species differs from E. elephantina primarily in being a shrub or tree with 

branched perennial aerial stems and not a geoxylic suffrutex with annual aerial stems. 

Elephantorrhiza burkei generally has smaller seeds (9ï13 ³ 8ï12 mm) and less asymmetric 

leaflet bases than E. elephantina. The tree is the principal host plant for the larvae of the 

majestic wattle or speckled emperor moth, Gynanisa maja (Pinhey 1972). Watt & Breyer-

Brandwijk (1962), Tshikalange et al. (2005) and Mathabe et al. (2006) reported on its 

medicinal value and it has been recorded as a natural remedy for diarrhoea, sexually 

transmitted diseases and is used as an astringent and for tanning leather. Common names for 

this species include: basboontjie, basbos, breëpeulbasboontjie, looibos, skroefboontjie 

(Afrikaans); broadpod elephantroot, elephantroot, sumachbean, sumach elephantroot 

(English); Gerbhülsenstrauch (German); ililamba, intolwane (Northern Ndebele); leġitġane 

(Northern Sotho); mositsane, mosidi, mosidi-godimo, mosidi-mogolo (Tswana); tshisese-

thavha, gumululo, tshisesevhufa (Venda) (Smith 1966; Van Wyk et al. 2011). 

Elephantorrhiza burkei is Red Listed as LC (Least Concern) (Raimondo et al. 2009). 
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Figure 7.2ðDistribution map of E. burkei in southern Africa. This species occurs in 

Botswana, Mozambique, Zimbabwe, South Africa: Northern Cape, North West, 

Gauteng, Free State, Eastern Cape, Limpopo and Mpumalanga. 
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Figure 7.3ðHolotype of Elephantorrhiza burkei Benth. (Burke & Zeyher s.n., K). 
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Figure 7.4ðProfusely flowering specimen of E. burkei on the Silverton Ridge, Pretoria. 

This species is a hub for pollinators, especially bees, but also attracting insects that 

forage for pollen such as Pachnoda sinuata. 
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2. Elephantorrhiza elephantina (Burch.) Skeels in U.S. Dept. Agric. Bur. Pl. Ind. Bull. 176: 

29 (1910); Bak.f., Leg. Trop. Afr. 3: 800 (1930); Burtt Davy, Fl. Transv. 2: 332 (1932); O.B. 

Miller in J. S. Afr. Bot. 18: 31 (1952); Compton: 117 (1966); Leistner, Mem. Bot. Surv. S. 

Afr. 38: 123, t.14 (1967); Schreiber in F.S.W.A. 58: 16 (1967); Van der Schijff: 51 (1969); 

Van der Schijff & Snyman in J. Arn. Arb. 51: 114 (1970); Brenan & Brummitt in F.Z. 3,1: 27 

(1970); Ross, Fl. Natal 194 (1973); in Bothalia 11: 249 (1974); Ross: 140 (1975); Compton: 

239 (1976); Plowes & Drummond: 53 (1976); Onderstall: 87 (1996); Germishuizen & 

Fabian: 164 (1997); Retief & Herman: 432 (1997); Van Wyk & Malan: 164 (1997); Pooley: 

150 (1998); Schmidt et al.: 176 (2002); Germishuizen & Clarke: 101 (2003); Curtis & 

Mannheimer: 190 (2005). 

 

Type: Cape Province, Kuruman Distr., between Matlowing [Mashowing] River and Kuru, 

Burchell 2410 (K, holo. e!; P e!). 

 

Acacia elephantina Burch., Trav. 2: 236 (1824). Type as above. A. elephantorhiza DC., 

Prodr. 2: 457 (1825) nom. illegit. Type as above. 

 

Prosopis elephantorrhiza (DC.) Spreng., Syst. Cur. Post. iv: 165 (1827); Eckl. & Zeyh., 

Enum. 259 (1836). Type as above. P. elephantina (Burch.) E.Mey., Comm. 165 (1836). Type 

as above. 

 

Elephantorrhiza burchellii Benth. in Hook., J. Bot. 4: 344 (1841) nom. illegit.; Harv. In F.C. 

2: 277 (1862); Benth. in Trans. Linn. Soc. Lond. 30: 365 (1875); MacOwan in Agric. J. Cape 

G.H. 10: 29(1897); Schinz in Mém. Herb. Boiss. 1: 116 (1900); Sim., For. Fl. Cape Col. 209, 

t.16, viii (1907); Dinter, Deutsch-Sudwest-Afrika Fl. Forst und landwirtschaft. Frag. 78 

(1909); Harms in Engl., Pflanzenw. Afr. 3,1: 400, t.229 (1915); Dinter in Feddes Repert. 17: 

190 (1921); Hofmeyer in S. Afr. J. Nat. Hist. 3: 215 (1921); Phillips in Bothalia 1: 189, t.5 

fig. 2 (1923); Marloth, Fl. S. Afr. 2: fig. 26 (1925). Type as above. 
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E. rangei (órangeriô) sensu Phillips in Bothalia 1: 192, t.5 fig. 5 (1923) pro parte quoad 

specim. Dinter 2264 et Herb. Mus. Austro-Afr. 4485, non Harms sensu stricto. E. dinteri 

Phillips ined. 

 

Geoxylic suffrutex producing annual stems 200ï900 mm high from the woody end of a ° 

elongate rhizome at ground level; aerial stems unbranched except for inflorescences (rarely 

branched after damage to the main apex); young stems glabrous or rarely pubescent. Leaves 

glabrous or sparingly pubescent: petiole 13ï36(80) mm long; rachis 35ï135 (175) mm long; 

pinnae 2ï4 pairs in lower leaves increasing to 7ï17 opposite or subopposite pairs in upper 

leaves; rhachillae 30ï90(105) mm long; leaflets (7)12ï45(55) pairs per pinna, (4)5ï10(15) ³ 

(0.3)0.5ï2(2.5) mm, linear to linear-oblong, rarely narrowly oblanceolate, glabrous or almost 

so, base nearly always asymmetric, with the proximal side rounded to cuneate, apex 

symmetric to asymmetric, acute, usually mucronate or rarely obtuse, lateral nerves and veins 

prominent or not. Racemes usually confined to the lower part of the stem, axillary, solitary or 

fascicled, (20)35ï80(120) mm long (including the peduncle), glabrous or very rarely 

pubescent. Flowers yellowish-white, on pedicels up to 1.5 mm long, pedicels articulated near 

the middle, with minute reddish or reddish-brown glands at the base of the pedicels. Calyx 

shortly campanulate, up to 1.75 mm long, 5-toothed, glabrous. Petals free or slightly connate 

basally, 2.75ï3.75 mm long, up to 1 mm wide, linear-oblong, inflexed apically, glabrous. 

Stamens free among themselves, slightly adnate to the corolla basally, filaments up to 6.5 

mm long, anther up to 1 mm long, with a deciduous apical gland. Ovary up to 1.75 mm long, 

linear, shortly stipitate, glabrous. Pods dark brown or reddish brown, (50)95ï150(210) ³ 30ï

57 mm, straight or slightly curved, oblong, compressed, usually prominently transversely 

venose, often umbonate over the seeds, at maturity the valves separating from the persistant 

margins, the outer layer of the pod-wall peeling off the inner layer, the layers usually 

breaking up irregularly. Seeds 18ï26 ³ 13ï18 ³ 6ï13 mm, ° ellipsoid. 

 

Representative specimens 

Huntley 1492 (PRE); Marloth 852 (PRE); Marsh 58 (PRE); Repton 66 (PRE); Sutton 604 

(PRE); see also Figure 7.6 and 7.7. 
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Distribution: occurs in large colonies (clones) in open grassland and scrub. Found in 

Namibia, Botswana, Zimbabwe, Mozambique, Lesotho, Swaziland and South Africa: 

Northern Cape, Eastern Cape, Mpumalanga, Free State, Gauteng, North West, KwaZulu-

Natal and Limpopo (Figure 7.5). 

 

 

Figure 7.5ðDistribution map of E. elephantina in southern Africa. This species occurs 

in Namibia, Botswana, Zimbabwe, Mozambique, Lesotho, Swaziland and South Africa: 

Northern Cape, Eastern Cape, Mpumalanga, Free State, Gauteng, North West, 

KwaZulu -Natal and Limpopo. 

 

Notes: Ross (1975) noted that although E. elephantina is typically suffrutescent in habit with 

unbranched aerial stems, exceptions do occur when the growing apex of branches is damaged 

resulting in the development of lateral branches. This is the most common and widespread of 

all species of Elephantorrhiza. Elephantorrhiza elephantina shows considerable variation in 

leaf characteristics. However, this variation is continuous over the speciesô range and distinct 
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infraspecific taxa cannot be delimited. Germination of seeds is interesting: the cotyledon tube 

elongates not only to carry the radicle out, but also to implant the plumule into the ground 

(Van der Schijff & Snyman 1970). It is thought that this may be an adaptation to its 

suffrutescent habit and its associated difficulties in producing offspring. The species is a 

known ethnomedicinal and ethnoveterinary plant; the bark was traditionally also used to tan 

leather. The bright red colour of the rhizome indicates the presence of tannins known to have 

antidiarrhoeal, antiseptic, antibacterial and antifungal properties (Watt & Breyer-Brandwijk 

1962; Van Wyk et al. 1997; Victor et al. 2005). Common names for E. elephantina include: 

baswortel, elandsboontjie, elandswortel, leerbossie, looiersboontjie, looiersbossie, 

looierswortel, olifantswortel (Afrikaans); dwarf elephant-root, elandôs wattle, elephantôs root 

(English); gerbwurzel (German); n/oan (Ju|ôhoan); #nunib (Khoekhoegowab); mositsane 

(Sotho); intolwane (Xhosa and Zulu); ugweje, umdabu (Zulu); mupangara, omundjoze (other 

indigenous southern African languages) (Smith 1966; Curtis & Mannheimer 2005). 

Elephantorrhiza elephantina is Red Listed as LC (Least Concern) (Raimondo et al. 2009). 
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Figure 7.6ðType of Elephantorrhiza elephantina (Burch.) Skeels. (Burchell 2410, P). 
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Figure 7.7ðAfter a veld fire, E. elephantina is often one of the first resprouters in 

Highveld grasslands during late winter or early spring. Here a plant is resprouting in 

the Pretoria National Botanical Garden after a controlled burn on the estate. Note that 

leaves and flowers appear simultaneously. 
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3. Elephantorrhiza goetzei (Harms) Harms in Engl., Pflanzenw. Afr. 3,1: 400 (1915); 

Bak.f., Leg. Trop. Afr. 3: 802 (1930); Brenan, Checklist Tang. Terr. 344 (1949); Wild, Guide 

Fl. Vict. Falls 149 (1953); Williamson, Useful Pl. Nyasal. 52 (1955); Brenan in F.T.E.A. 

Legum.-Mimos.: 19, fig. 4 (1959); White, For. Fl. N. Rhod. 91 (1962); Brenan & Brummitt: 

189 (1965); Van der Schijff: 51 (1969); Brenan & Brummitt in F.Z. 3,1: 24, t.4 (1970); 

Palmer & Pitman, Trees S. Afr. 2: 827 (1973); Ross in Bothalia 11: 253 (1974); Ross: 145 

(1975); Retief & Herman: 432 (1997); Coates Palgrave: 309 (2002); Schmidt et al.: 176 

(2002); Curtis & Mannheimer: 192 (2005). 

 

Type: Tanzania, Rufiji District, Goetze 82 (B, holo. À; BM, drawing e!, K, e!, iso.) 

 

Piptadenia goetzei Harms in Engl., Bot. Jahrb. 28: 397 (1900). Type as above. 

 

E. goetzei subsp. goetzei. Brenan & Brummitt in Bol. Soc. Brot., Sér. 2,39: 189 (1965); in 

F.Z. 3,1: 24 (1970); Ross in Bothalia 11: 253 (1974). Type as above. 

 

E. rubescens Gibbs in J. Linn. Soc. Bot. 37: 441 (1906); Eyles in Trans. Roy. Soc. S. Afr. 5: 

364 (1916). Type: Rhodesia, Matopo Hills, Gibbs 184 (BM, holo.). E. cf. petersiana sensu 

Gomes e Sousa, Pl. Menyharth. 70 (1936). E. cf. goetzei (Harms) Harms, Torre in C.F.A. 2: 

263 (1956). E. sp. sensu Torre l.c.: 264. 

 

Acacia rehmanniana sensu M. A. Exell in Bol. Soc. Brot. Sér. 2,12: 16 (1937), non Schinz. 

 

E. goetzei subsp. lata Brenan & Brummitt in Bol. Soc. Brot., Sér. 2, 39: 189 (1965). Type: 

Zambia, Katombora, Morze 55 (FHO, holo. e!). 

 

E. sp. 1 White in F.F.N.R.: 91 (1962). 

 

Shrub or small tree 1ï4(7) m high; bark grey-brown to dark brown or reddish-brown to 

purplish, often becoming blackish; young branchlets glabrous. Leaves glabrous or nearly so; 
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petiole 10ï50(75) mm long; rachis 60ï200(455) mm long, sulcate above; pinnae 3ï30(41) 

opposite or subopposite pairs; rhachillae18ï90 mm long; leaflets 9ï40(48) pairs, 3.5ï12 (22) 

³ 0.7ï2.75(8) mm (in the FSA area leaflets are short whereas specimens from Zambia and 

Zimbabwe have much longer leaflets), linear-oblong to narrowly oblong; midrib starting in 

the distal corner of the leaflet-base, gradually becoming almost central in the leaflet, proximal 

side of the base rounded and almost auriculate, apex acute to rounded, mucronate, nearly 

symmetric, glabrous, lateral nerves and veins not or scarcely visible. Racemes solitary, 

fascicled or borne on short lateral shoots, (20)50ï200(230) mm long (including the 

peduncle), glabrous. Flowers yellowish-white, sometimes tinged with pink or purple, on 

pedicels up to 1 mm long; pedicels articulated near the middle, with minute pale yellowish-

white glands at the base. Calyx 1.5ï1.75 mm long, with 5 acute teeth, glabrous. Corolla with 

petals shortly united below, becoming almost free in open flowers, 2.5ï3 mm long, linear-

oblong, inflexed apically, glabrous. Stamens free among themselves, slightly adnate to the 

corolla basally, filaments up to 4.5 mm long; anthers up to 1 mm long, with a deciduous 

apical gland. Ovary up to 2 mm long, linear, glabrous. Pods dark brown or reddish- or 

purplish-brown, 150ï300(440) ³ 13ï22(30) mm, linear, straight or curved, raised over the 

seeds, at maturity the valves separating from the persistent margins, the outer layer of the 

pod-wall peeling off the inner layer, the layers remaining intact or breaking up irregularly. 

Seeds 11ï20 ³ 9ï18 ³ 7ï12 mm, ellipsoid to lenticular. 

 

Representative specimens 

Biegel, Pope & Russell 4114 (PRE); Codd 10393 (PRE); Lang TRV32109 (PRE); Leach 

10598 (PRE); Vorster & Coetzer 2099 (PRE); see also Figure 7.9 and 7.10. 

 

Distribution: occurs in rocky places in woodland, scrub and savanna. Found in Botswana, 

Zimbabwe, Mozambique, Angola, Tanzania, Malawi, Zambia and South Africa: Limpopo 

and Mpumalanga (Figure 7.8). 

 



129 
 

 

Figure 7.8ðDistribution map of E. goetzei in southern Africa. This species occurs in 

South Africa, Botswana, Zimbabwe, Mozambique, Angola, Tanzania, Malawi, Zambia 

and South Africa: Limpopo and Mpumalanga 

 

Notes: Ross (1975) mentioned a single isotype (Goetze 82) in his FSA contribution of 

Elephantorrhiza. The holotype was destroyed in World War II. Goetze 82 in K was therefore 

chosen as the lectotype. A possible earlier name for this taxon may be E. petersiana Bolle in 

Peters, Reise Mossamb. Bot. 1: 9 (1861). However, with the holotype destroyed and the 

description too imperfect to positively identify the species, the issue remains unresolved and 

the current name is upheld. Previous subspecific ranks were designated based on leaf 

characters (pinna pairs and leaflet sizes). These claimed differences do not hold when 

comparing material and the variation is continuous, therefore subspecific ranks cannot be 

upheld. Elephantorrhiza goetzei is a known ethnomedicinal plant with recorded uses for the 

treatment of sexually transmitted diseases and for a cleanser (Palmer & Pitman 1972; Van 

Wyk & Gericke 2000). Several compounds have been isolated from various plant parts of E. 

goetzei (Moyo et al. 1999; Majinda et al. 2001; Wanjala & Majinda 2001; Boyer et al. 2005; 
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Boyer et al. 2006). Mølgaard et al. (2001) investigated the potential anthelmintic activity of 

E. goetzei bark extracts which proved to be effective. Schmidt et al. (2002) reports that roots 

are traditionally mixed with those of Anonna stenophylla to treat syphilis in Zimbabwe. 

Common names for this species include: basterbasboontjie, smalpeulbasboontjie (Afrikaans); 

narrowpod elephantroot, bastard sumachbean, false sumachbean, large elephantroot, longpod 

elephantroot (English); kakolamvula (Lozi); ililamba, intolwane (Northern Ndebele); 

mugudzuru, muzezepasi (Shona); mositsane (Tswana) (Smith 1966; Van Wyk et al. 2011). 

Only the taxon previously known as E. goetzei subsp. goetzei has been Red Listed as LC 

(Least Concern) (Raimondo et al. 2009). The taxon previously known as E. goetzei subsp. 

lata occurs in Zimbabwe and has never been Red Listed. With the subspecies now being 

disregarded the distribution of the species is, in a sense, extended and the Red List status will 

remain unchanged as LC (Least Concern). Loots (2005) listed E. goetzei subsp. goetzei as 

being Data Deficient. 
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Figure 7.9ðDrawing of type of Elephantorrhiza goetzei (Harms) Harms (BM). 
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Figure 7.10ðIllustration of Elephantorrhiza goetzei (Harms) Harms from Flora 

zambesiaca. 
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4. Elephantorrhiza obliqua Burtt Davy  in Kew Bull. 1921: 191 (1921); Phillips in Bothalia 

1: 189 (1923); Burtt Davy, Fl. Transv. 2: 332 (1932) pro parte excl. specim. Rogers 22011; 

Ross in Bothalia 11: 248 (1974); Ross: 139 (1975); Retief & Herman: 433 (1997) Schmidt et 

al.: 178 (2002). 

 

Type: Transvaal, between Carolina and Oshoek, at an outspan ° 1,6 km from Robinsonôs, 

Burtt Davy 2976 (BM, holo. e!; FHO e!, K e!). 

 

E. obliqua var. obliqua. Phillips in Bothalia 1: 189 (1923); Burtt Davy, Fl. Transv. 2: 332 

(1932) pro parte excl. specim. Rogers 22011; Ross in Bothalia 1.c.:248. Type as above. 

 

E. obliqua var. glabra Phillips in Bothalia 1: 189, t.5 fig. 1 (1923); Burtt Davy, Fl. Transv. 2: 

332 (1932); Ross in Bothalia 1.c.: 249. Syntypes: Transvaal, Middelburg Distr., Botsabelo, 

Eiselen sub PRE 1229 (GRA, K e! PRE!); Middelburg, Jenkins sub TRV 9128 (PRE!). 

 

Geoxylic suffrutex producing at ground level annual herbaceous stems up to 0.3 m high from 

a number of underground rhizomes; aerial stems unbranched (rarely branched after damage to 

main apex), longitudinally striate, pubescent or glabrous. Leaves pubescent or glabrous: 

petiole 20ï60 mm long; rachis 15ï90 mm long; pinnae (1)2ï6 pairs; rhachillae 20ï110 mm 

long; leaflets 4ï13(21) pairs per pinna, 5.5ï15 × 2ï6.5 mm, very oblique, ovate to ovate-

oblong, broadly truncate basally, asymmetric and attached by one corner, midrib starting in 

the distal corner of the leaflet base and gradually becoming almost central in the leaflet, 

usually with 2ï3 other prominent veins arising from the leaflet base, midrib and lateral nerves 

prominent and above and below, acute or distinctly mucronate apically, glabrous or sparingly 

pubescent on the margins. Racemes axillary, often solitary, on the lower or the apical part of 

the stem, 35ï60 mm long (including the peduncle), glabrous or very sparingly pubescent. 

Flowers yellowish white, on pedicels up to 1.5 mm long, with minute reddish glands at the 

base of the pedicel. Calyx campanulate, up to 2 mm long, shortly 5-toothed, glabrous. Petals 

shortly united below, up to 4.5 mm long, 1 mm wide, linear-oblong, inflexed apically, 

glabrous. Stamens free among themselves, slightly adnate to the corolla basally; filaments up 

to 7.5 mm long; anthers up to 0.8 mm long, with a deciduous apical gland. Ovary up to 2 mm 
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long, glabrous, sessile. Pod (only one collected) dark purplish brown, 110 × 40 mm, straight, 

compressed, prominently transversely venose. 

 

Representative specimens 

Codd 10119 (PRE); Du Plessis 1074 (PRE); Dyer 3934 (PRE); Gower PRE53617 (PRE); 

Pole Evans H13185 (PRE); see also Figure 7.12. 

 

Distribution: occurs in grassland. Found in South Africa: North West, Mpumalanga and 

Limpopo (Figure 7.11). 

 

 

Figure 7.11ðDistribution map of E. obliqua in South Africa. This species occurs in 

South Africa: North West, Mpumalanga and Limpopo. 
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Notes: Elephantorrhiza obliqua differs from E. elephantina in that it has fewer pairs of 

pinnae per leaf, fewer pairs of leaflets per pinna and in its oblique, rather large leaflets. 

Previous subspecific ranks were designated. These claimed differences do not hold when 

comparing material; therefore subspecific ranks cannot be upheld. There are no recorded 

common names for this species, although it might share some of the common names of E. 

elephantina due to their superficial similarity in appearance. Both subspecies of E. obliqua 

have been Red Listed and E. obliqua subsp. glabra is categorised as LC (Least Concern), 

whereas E. obliqua subsp. obliqua is categorised as DDT (Data DeficientðTaxonomically 

Problematic). With subspecific ranks not recognised, the species could possibly fall into the 

category of Declining due to the impact coal mining and forestation have on the habitat and 

natural distribution of this species. In 2010 a search was conducted to try and locate the plant 

and collect pods from its type locality. None were found as the whole area had been 

converted to accommodate silviculture. Few open spaces were left between the plantations 

and it is considered unlikely to rediscover E. obliqua in that area. 
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Figure 7.12ðType specimen of Elephantorrhiza obliqua Burtt Davy  (Burtt Davy 2976, 

PRE). 
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5. Elephantorrhiza praetermissa J.H.Ross in Bothalia 11: 252 (1974); Ross: 144 (1975); 

Retief & Herman: 433 (1997); Schmidt et al.: 178 (2002). 

 

Type: Transvaal, Lydenburg Distr., Steelpoort valley, near Sarahshof, Codd 9830 (PRE, 

holo.!; BM e!, K e!). 

 

Shrub 1ï2 m high; young branchlets grey- or reddish-brown, glabrous. Leaves glabrous: 

petiole 22ï40 mm long; rachis 40ï90 mm long, sulcate above; pinnae (3)5ï10(12) opposite 

or subopposite pairs; rhachillae (28)35ï60(70) mm long; leaflets 20ï40 pairs, 5ï10 × 0.9ï1.5 

mm, linear or linear-oblong, sessile, glabrous, asymmetric basally, midrib starting in the 

distal corner of the leaflet-base and gradually becoming almost central in the leaflet, proximal 

side of the base rounded, apex rounded or acute, nearly symmetric, lateral nerves not visible 

or inconspicuous beneath, sometimes with minute glands at base of leaflets. Inflorescence 

racemose, racemes solitary, fascicled or aggregated on abbreviated lateral branchlets, 40ï45 

mm long (including the peduncle), glabrous. Flowers yellowish-white, pedicellate, pedicels 

1.5ï2 mm long, articulated near or below the middle, with minute dark reddish glands at the 

base of the pedicels. Calyx 0.75ï1.25 mm long, 5-toothed, glabrous. Petals shortly united 

basally, 2ï3 mm long, linear-oblong, glabrous. Stamens free among themselves, slightly 

adnate to the corolla basally; filaments 4ï5 mm long; anthers with a deciduous apical gland. 

Ovary ± 2 mm long, linear, glabrous. Pods dark brown or reddish-brown, 120ï180 × 20ï32 

mm, oblong, straight or slightly curved, compressed, obscurely or prominently venose, at 

maturity the valves separating from the persistent margins. Seeds ± 15 × 13 × 3.5 mm. 

 

Representative specimens 

Acocks 20969 (PRE); Burgoyne 6618, 7647 (PRE); Vorster 2128, 2129 (PRE); see also 

Figure 7.14 and 7.15. 

 

Distribution: occurs on rocky, dry, wooded hillsides. Found in South Africa: Mpumalanga 

and Limpopo (Figure 7.13). 
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Figure 7.13ðDistribution map of  E. praetermissa in South Africa. This species occurs in 

South Africa: Mpumalanga and Limpopo. 

 

Notes: This species is sometimes confused with E. burkei which occurs sympatrically with it 

in Sekhukhuneland, a local centre of floristic endemism in Mpumalanga and Limpopo which 

is becoming increasingly threatened by mining activities. The area and ultramafic nature of 

the geology is particularly rich in heavy metals and many plants show adaptations to the soils. 

There are no recorded common names for this species, although it might share some of the 

common names of E. burkei due to their superficial similarity in appearance. Elephantorrhiza 

praetermissa is Red Listed as LC (Least Concern) (Raimondo et al. 2009). 
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Figure 7.14ðType specimen of Elephantorrhiza praetermissa J.H.Ross (Codd 9830, 

PRE). 
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Figure 7.15ðFruiting specimens of E. praetermissa growing in bushveld areas around 

the Steelpoort Valley. 
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6. Elephantorrhiza schinziana Dinter  in Feddes Repert. 17: 190 (1921); Bak.f., Leg. Trop. 

Afr. 3: 802 (1930); Schreiber in F.S.W.A. 58: 17 (1967); Ross in Bothalia 11: 255 (1974); 

Ross: 148 (1975); Curtis & Mannheimer: 193 (2005); Mannheimer & Curtis (2009). 

 

Type: South West Africa, Grootfontein Distr., Otavi, Dinter 745 (SAM e!, lecto.). 

 

A branched shrub (or small tree) up to 2.5 m high; bark grey- to dark- or reddish-brown; 

young branchlets grey- or reddish- to purplish-brown, glabrous. Leaves glabrous: petiole 22ï

35(52) mm long; rachis (45)75ï145(205) mm long; pinnae (2)6ï11(14) opposite or 

subopposite pairs; rhachillae 55ï100(140) mm long; leaflets 14(21)ï40 pairs per pinna, (5)7ï

14 × 1.5ï3.5 mm, linear-oblong to oblong, midrib starting in the distal corner of the leaflet-

base, gradually becoming almost central in the leaflet, proximal side of the base rounded, 

apex rounded and sometimes distinctly mucronate, nearly symmetric, lateral nerves scarcely 

visible, glabrous, somewhat glaucous. Racemes axillary, solitary or paired, 70ï95 mm long 

(including the peduncle), glabrous. Flowers yellowish-white, on pedicels up to 0.75 mm long, 

pedicels articulated towards the apex, with minute yellowish glands at the base of the 

pedicels. Calyx cupular, up to 1.5 mm long, glabrous, shortly 5-toothed. Petals shortly united 

basally, 3ï3.75 mm long, 1 mm wide, linear-oblong, inflexed apically, glabrous. Stamens 

free among themselves, slightly adnate to the corolla basally; filaments up to 5 mm long; 

anthers up to 0.8 mm long, with a deciduous apical gland. Ovary up to 2.25 mm long, 

glabrous. Pods dark brown or reddish-brown (150)190ï300(405) × 30ï39 mm, straight or 

slightly curved, oblong, compressed, umbonate over the seeds, prominently transversely 

venose, at maturity the valves separating from the persistent margins, the outer layer of the 

pod-wall peeling off the inner layer, the layers tending to break up irregularly. Seeds 

immature, mature seeds unknown 
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Representative specimens 

Dinter 5300 (PRE); Giess 14791, 15158 (PRE); Giess & Loutit 14209 (PRE); see also Figure 

7.17. 

 

Distribution: occurs on dolomite-derived soils in northern Namibia: Grootfontein and Otavi 

areas (Figure 7.16). 

 

 

Figure 7.16ðDistribution map of E. schinziana in Namibia. This species occurs in 

northern Namibia: Grootfontein and Otavi areas. 
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Notes: This species shows considerable leaf variation. The only recorded common names are 

otavibasboontjie (Afrikaans) and Otavi elephantroot (Curtis & Mannheimer 2005; Van Wyk 

et al. 2011). No Red List assessment for this species has been done. It is a locally common 

species although it has a rather restricted distribution in Namibia and it would be expected to 

be classified in the Least Concern category. Loots (2005) lists E. schinziana as being Data 

Deficient. 
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Figure 7.17ðType specimen of Elephantorrhiza schinziana Dinter  (Dinter 745, PRE). 


