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Ethics, land use, and the responsibilities of Botanists

B Page
School of Life and Environmental Sciences, University of KwaZulu-Natal,
Durban 4041, South Africa

It is common cause amongst biologists that a large proportion of
the world’s biota will be extinct within the next several decades. The
primary forces driving the extinction process are extirpation, habitat
destruction and accelerated climate change that arise as a conse-
quence of the economies established by rapidly increasing human
populations. In particular, refugia that could harbour remnants of
species with contracting ranges under a particular climate shift, and
dispersal corridors for species with expanding ranges under the
same shift, have been removed from landscapes. The result of
these biogeographic changes will be extinction cascades of varying
magnitude. To a large extent awareness of the threat of the 6th

extinction event still resides with professional biologists.
Development of land in southern Africa is occurring at unprecedent-
ed, very high rates. Professional biologists and environmental sci-
entists are to a large extent failing to prevent impacts from develop-
ment. Several recent examples from the urban setting in Durban,
the toll road through Pondoland, and development in the Greater St
Lucia Wetland Park, are used as examples. Some suggestions
about how Botanists might improve the situation are made.

Papers

Analysis of the interactive effects of elevated CO2, nodu-
lation and mineral N supply on growth and leaf devel-
opment of Pisum sativum L. using the plastochron
index 

OE Ade-Ademilua and CEJ Botha
Botany Department, Rhodes University, PO Box 94, Grahamstown 6140,
South Africa

The effect of elevated CO2 (1 000µmol mol–1) on the growth and
leaf development of nodulating and non-nodulating Pisum sativum
L. var. Greenfeast was studied under both nitrogen (6mM) and nitro-
gen-free nutrient solution supply. Seeds were sown and kept under
ambient and elevated CO2 throughout their subsequent growth peri-
od. Growth studies were based on the use of the plastochron index
as a growth parameter. Short-term exposure to elevated CO2
induced plant growth under all treatments. Long-term elevated CO2
treatment did not affect leaf appearance rate (LR) in nodulated
plants irrespective of mineral N supply, but enhanced LR in non-
nodulating plants supplied with mineral N. Mineral N supply induced
leaflet elongation rate significantly under both ambient and elevated
CO2 in nodulated as well as in non-nodulated plants. However,
leaflet elongation rate was not significantly affected by nodulation.

Leaf elongation rate was greater in plants under elevated CO2, with
leaves under elevated CO2 emerging a day ahead of plants grown
under ambient CO2 conditions. Plastochron age differed in plants
grown under control and elevated CO2, with leaves of the same
plastochron age not being of the same length. Lateral branching
was prominent in plants under elevated CO2 and mineral N supply.
The evidence from the experiments conducted thus far, shows that
the growth of nodulating plants was enhanced under elevated CO2
when mineral N is supplied. However, the growth of non-nodulating
plants was significantly enhanced over that of nodulating plants in
the presence of mineral N supply. 

I believe: a short history of technology in the classroom

A Amory
Centre for IT in Higher Education, University of KwaZulu-Natal, Durban 4041,
South Africa

Educational practices range from instruction to construction.
Instructivists believe that the teacher is the source of all knowledge
and through instruction knowledge is passed from teacher to pupil.
Also, information is often taught through abstract examples that are
habitually memorised, is supported by external motivation that often
attempts to modify behaviour, allows for no learner control or co-
operation and attempts to realise specific learning goals. Social con-
structivists believe that everyone knows something, that learning
occurs when new information is incorporated into an existing world
view and that inconsistencies between new information and existing
knowledge are resolved through social interaction. Constructivist
approaches support the use of concrete examples where the goals
are not clearly defined. Also, the use of constructivism is closely
allied with cognitive development and collaborative tasks that allow
for individual differences and can be open ended. Many education-
ists believe that the marriage between technology and learning will
only succeed in constructivist learning environments. This paper
explores how advances in technologies influenced my teaching
practices and thereby my worldview over the past 10 years.
Hyperlink technology (late 1980s), the corner stone of the Internet
(1991), was initially conceived to represent the way our brains map
knowledge. PlantSex (1994), a hypermedia document of plant
reproduction, provided learners with a resource to support their col-
laborative problem-solving exercises. While this hyperlinked
resource helped learners complete their tasks, many students only
used it as the source of information. The development of Internet
database technologies (1993–1995) allowed for the storage and
retrieval of content and student assignments. Such database tech-
nology was used to develop a tool where individual learners wrote
assignments on the Web that were reviewed by peers, experts and
the course co-ordinator (1998). The tool allowed learners to devel-
op critical review skills and simultaneously reflect on their own
insights and change the way in which assignments are written and
reviewed. Web-based databases were also used to investigate the
value of the Internet as a content distribution tool (2000). A course
on carbohydrate metabolism provided diverse views of a single



Conference Abstracts332

knowledge domain and included the ability to search for information
represented in different ways (multifaceted representation of infor-
mation). The lipid metabolism course was designed as a ‘notes-on-
the-Web’ module (single linear representation). Both were taught
using problems solved by small groups of learners. Student pass
rate was superior in the carbohydrate course which suggests that
interactive components that foster constructivist-based learning
skills are more effective in on-line learning environments than pres-
entation of information. Despite such findings and others that learn-
ing has little to do with content management and distribution, ven-
dors persist in the publishing of expensive student- and content
management Web-based systems. The emergence of the Open
Source movement (from 1998) has made available Web-based
scripting (e.g. PHP V. 3.0, 1998) and database tools that provide
building blocks to develop software that makes use of construc-
tivism both in software and course design. The Open Learning
System (OLS) was developed to meet these aims and provides an
easy mechanism to expand the software to provide tools that sup-
port cognitive development and co-operation between all members
of a learning community (2002). OLS was used to deliver four mod-
ules to Honours and MA students (2003) that clearly showed that
students perform best when they are given tools that support coop-
erative learning. The past eight years has also seen rapid techno-
logical advances in 3D-graphics on the desktop which supported the
explosive development of computer games (e.g. DirectX V. 3.0,
2000). The Game Object Model (GOM) was created to explore the
relationship between educational theories, game design and game
development, that attempts to provide a practical framework for the
development of complex interactive learning environments and was
the result of two research projects investigating the use of games in
education. In the first project (2001), it was argued that misconcep-
tions could be overcome though solving puzzles. However, it
appears that many players solved puzzles though memorisation of
solutions and therefore use the same techniques they have always
used in the traditional classroom and examination system. In the
second project (2002–2003), puzzles are used to present players
with authentic challenges, but here players must work together
using communication devices (email, chat and a virtual cell phone)
to solve the problems. While all these projects were based on con-
structivism, it is only those where social interactions are important
that deep learning appears to occur. However, this is not a univer-
sal belief and some educationalists still strongly argue that technol-
ogy can be used as an instructivist device where, for example, an
intelligence agent can present learners with the correct knowledge
(read information) when and where they need it. In my opinion such
tools are nothing but ‘The Infernal Babble Machines of Doctor
Hoffman’ (with apologies to Angela Carter) that neither foster cogni-
tive development nor deep learning, but reinforce the concept that
information is knowledge.

Cyperaceae: Cyperales or Poales?

C Archer
National Herbarium, National Botanical Institute, Private Bag X101, Pretoria
0001, South Africa

In 1985 a seminal synthesis of monocotyledon phylogeny,
Dahlgren et al. (1985) appeared. Phylogenetic reconstruction was
based largely on morphological but also other (non-molecular) evi-
dence. The classification presented was cladistic but partly intuitive,
as many nodes were unresolved. In the following nearly two
decades gene sequencing was perfected as a tool to reconstruct
phylogenies and to test existing classifications. One of the most
commonly used is the plastid rbcL gene. Many papers on this sub-
ject have appeared culminating in APG II (2003), in which numerous
changes to present Angiosperm classification are suggested.
Focusing on monocotyledons, it is interesting that Dahlgren et al.’s
Bromeliiflorae–Zingiberiflorae–Commeliniflorae (plus Areciflorae)
group is largely congruent to APG II’s Commelinid clade.
(Relationships between orders within Commelinids, however, are by
no means fully resolved.) The delimitation of orders and placement
of families does however differ widely between the two hypotheses.
Taking Cyperaceae as an example, in the former it is treated within
Order Cyperales, including Juncaceae and Thurniaceae. APG II

include Cyperaceae within a greatly-enlarged Order Poales. Bremer
(2002) using rbcL and atpB sequences combined, shows that
Cyperaceae, Juncaceae and Thurniaceae constitute a well-support-
ed Cyperoid clade, while Poaceae, Restionaceae, etc. constitute a
well-supported Graminoid clade, with Xyridaceae–Eriocaulaceae
falling between. Clearly Cyperales sensu Dahlgren et al. is para-
phyletic and not permitted according to strict cladistic theory, but
subsuming Cyperales into Poales sensu lato will cause a certain
loss of predictive information. Much discussion has taken place in
recent years on the inapplicability of cladistic methodology with
respect to Angiosperm phylogeny. Using Cyperaceae as an illustra-
tion, and considering our present state of knowledge I ask: How
appropriate is it to impose the changes suggested by cladification
practices onto our existing Linnaean taxonomy?

A new look at Malpighiales?

RH Archer
National Herbarium, National Botanical Institute, Private Bag X101, Pretoria
0001, South Africa

The Malpighiales is presently one of the largest orders recog-
nised by the Angiosperm Phylogeny Group (1998, 2003). At least 18
(or 20) of the 29 (or 37) families are represented in southern Africa.
Numbers differ because provision is made by them for optional,
acceptable monophyletic alternatives. Our improved understanding
of relationships within the order in a relatively short time is consid-
erable. Who would have imagined the aquatic Podostemaceae near
Clusiaceae? Or that Callitriche and Aphloia would prove to be com-
pletely unrelated and best fitted elsewhere? Malpighiales is now a
heterogeneous assemblage of highly specialised groups, as well as
primitive ones. From a historical perspective, the changes are not
as radical as they may seem. The traditionally ill-defined
Flacourtiaceae has been split into two groups and subsumed within
the enlarged Salicaceae and Achariaceae respectively.
Euphorbiaceae is divided into the uniovulate Euphorbiaceae and
the biovulate Picrodendraceae, Phyllanthaceae and Putranjivaceae
(Drypetes). Dichapetalaceae, Turneraceae and Erythoxylaceae are
optionally subsumed within Chrysobalanaceae, Passifloraceae and
Rhizophoraceae respectively. These changes will be discussed and
the question asked whether they should be accepted or are there
equally correct alternative classificatory hypotheses?

Doubled haploid production in wheat using isolated
microspore culture

GD Ascough, NP Makunga and J van Staden
Research Centre for Plant Growth and Development, University of KwaZulu-
Natal Pietermaritzburg, Private Bag X01, Scottsville 3209, South Africa

Wheat microspores can be induced to follow an embryogenic
route of development resulting in formation of haploid embryos.
These embryos will often double their chromosome numbers spon-
taneously, and germinate into homozygous plants capable of pro-
ducing offspring. This allows for selection and establishment of
desirable parents for commercial production of hybrids. In addition,
haploids and doubled haploids are used for mutation studies, trans-
formation and genetic analysis. Wheat spikes were harvested at the
mid- to late-uninucleate stage and placed in a sterile beaker with
50ml of various sterile inducing solutions and incubated at 33°C in
the dark for 48–96h. The optimum time period for induction was
72h. The inducing solution that produced the greatest number of
androgenic microspores was 100mg l–1 2-hydroxynicotinic acid with-
out benzyladenine or 2,4-D. Within 3 days, approximately one third
of viable microspores had become non-viable, while some had
begun dividing. In most cases, entire microspore populations had
become non-viable in culture after seven days. Several multicellular
structures were observed, but did not complete androgenic devel-
opment and form embryos. A possible reason that success was not
achieved could be genotypic recalcitrance of the wheat used, since
production of doubled haploid wheat has not been reported for
South African cultivars.
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Tolerance of sugar beet (Beta vulgaris L.) callus to salin-
ity and drought

M Assila and G Naidoo
School of Biology, University of KwaZulu-Natal Westville, Private Bag
X54001, Durban 4000, South Africa

Tolerance to drought or salt is a polygenic character and involves
highly complex osmo-regulatory functions. In this tissue culture
study, simulated drought and salt stressed environmental conditions
were achieved on MS-Murashige and Skoog basal media supple-
mented with NaCl or PEG-4000. The objective of this study was to
obtain a callus that is salt and drought tolerant. Sugar beet callus
was habituated gradually to increasing levels of NaCl (0–400mM).
Up to 100mM NaCl the callus exhibited normal growth. At 150mM
and 200mM NaCl callus growth declined. Adapted calli, however,
recovered and sustained constant growth. At 250mM NaCl, the cal-
lus showed severe growth reduction. On subsequent experiments,
calli derived from the resistant lines (150mM and 200mM NaCl)
were habituated to increasing levels of PEG-4000 (0–200g l–1.
Callus showed normal growth at 100g l–1, but when subcultured onto
the 150g l–1 there was no growth. The resistant calli from NaCl treat-
ments did not tolerate the 150g l–1 PEG-4000. Calli tolerated osmot-
ic potentials induced by NaCl (–1.85 MPa) but not those imposed by
PEG-4000 (–1.23 MPa).

Is Botany the key to a career in the sugar industry?

CM Baker
South African Sugar Association Experiment Station, Private Bag X02, Mount
Edgecombe 4430, South Africa

Most researchers based in agricultural research institutes have
some tertiary training in plant science. An investigation into current
final year numbers of plant science students at a number of South
African universities reveals a wealth of expertise that is not suc-
cessfully harnessed by agricultural research organisations. This
paper examines the necessary qualifications for a research career
in agriculture generally and at the South African Sugar Association
Experiment Station (SASEX) in particular. The impact of current
botanical research emphases on the nature and focus of research
programmes at SASEX are discussed.

Recent classificatory changes in the Lamiales

K Balkwill
CE Moss Herbarium, School of Animal, Plant and Environmental Sciences,
University of the Witwatersrand, Private Bag 3, WITS 2050, South Africa

Cladistics and molecular systematics have wrought many
changes in traditional classification paradigms in the plant kingdom.
In many cases, these new insights have provided a better under-
standing of variation and relationships and have thus led to a more
predictive classification. The Lamiales was previously known as the
Tubiflorae, was subsequently divided into the Polemoniales,
Scrophulariales and the Lamiales, but now comprises the latter two.
Significant changes within this order that affect southern African
taxa include the inclusion of the Thunbergiaceae and Avicenniaceae
into the Acanthaceae, changes in the boundaries of the
Verbenaceae and Lamiaceae and the rearrangement of groups for-
merly considered to comprise Scrophulariaceae among the
Plantaginaceae, Scrophulariaceae and Orobanchaceae.

Synergistic activity of 7-methyljuglone combined with
standard antimycobacterial drugs in vitro against
Mycobacterium tuberculosis

B Bapela1,3, B Fourie1, N Lall2, T Muthivhi1 and C Medlen3
1 Medical Research Council of South Africa, TB Research Lead Programme,
Pretoria 0001, South Africa
2 Department of Botany, University of Pretoria, Pretoria 0002, South Africa
3 Department of Pharmacology, University of Pretoria, Pretoria 0002, South
Africa

A bioactive compound 7-methyljuglone, belonging to the second-
ary metabolite group of ‘naphthoquinones’ was isolated from the
roots of Euclea natalensis (Ebenaceae) using different chromato-
graphic techniques. 7-Methyljuglone has been proved to be bacteri-
cidal against both drug-sensitive and drug-resistant strains of
Mycobacterium tuberculosis. A synergistic effect of this naphtho-
quinone on tuberculosis strains was done by combining 7-methylju-
glone with antimycobacterial drugs and investigating its antimy-
cobacterial activity against clinical isolates of both sensitive and
resistant strains of Mycobacterium tuberculosis. A rapid radiometric
BACTEC method and the colorimetric Alamar Blue method were
used for antimycobacterial bioassay. Remarkable synergistic inter-
action was evident when 7-methyljuglone was combined with isoni-
azid and rifampicin against all drug-sensitive strains. Compound
and drug showed good inhibitory activity at sub-minimum inhibitory
concentrations against TB strains. There was no synergy shown
against drug-resistant strains. The ability of 7-methyljuglone to
inhibit the growth of Mycobacterium tuberculosis and its ability to
enhance the activity of standard antituberculous drugs in vitro indi-
cate that it may serve as a promising lead compound for future drug
development for the treatment of Mycobacterium tuberculosis infec-
tions. It can be speculated that 7-methyljuglone combined with
existing TB drugs may shorten the TB-treatment period from 6–9
months to 2–3 months.

Variations in the concentration of naphthoquinones in
seedlings of Euclea natalensis

MJ Bapela1, N Lall1, JJM Meyer1, JH Isaza-Martinez2 and T
Regnier3
1 Department of Botany, University of Pretoria, Pretoria 0002, South Africa
2 Grupo Polifenoles UTP, Universidad Tecnologica de Pereira, Fucultad de
Tecnologia, Escuela de Quimica, La Julita, AA 097, Pereira, Risalda,
Colombia
3 Department of Microbiology and Plant Pathology, University of Pretoria,
Pretoria 0002, South Africa

Variation in the concentration of secondary metabolites is com-
monly attributed to many factors such as availability of resources,
plant-soil interactions, developmental stages, seasonal changes
and the metabolic pathway involved. Three naphthoquinones name-
ly, diospyrin, 7-methyljuglone and shinanolone, isolated from the
roots of Euclea natalensis (Ebenaceae) have been identified with
potent antituberculosis activity. The appropriate growth stage of E.
natalensis should be identified in order to harvest the plant at a par-
ticular growth stage, which can give the maximum yield of bioactive
compounds. This led to the evaluation of the concentration of three
naphthoquinones (shinanolone, 7-methyljuglone and diospyrin) in
the seedlings of E. natalensis grown under controlled conditions.
The seedlings were harvested at five different stages using shoot
and root length as variable factor. Four replicas of 100mg of each
sample was accurately weighed and extracted with 2ml of chloro-
form three times at 2h intervals. The extracts were further analysed
using thin layer and high performance liquid chromatography.
Quantitative analysis of variation in the concentration of naphtho-
quinones from the seedlings showed significant correlation between
growth and the synthesis of these secondary metabolites. The three
naphthoquinones displayed similar patterns in the shoots of E.
natalensis seedlings, with an increase of the concentration of 7-
methyljuglone relative to shinanolone and diospyrin. In the roots of
the seedlings, it was found that the levels of 7-methyljuglone and
shinanolone exhibited significantly similar patterns during the first
growth stage with 7-methyljuglone detected at elevated level as
compared to shinanolone. Diospyrin was detected at high levels in
the fifth growth stage when the concentration of the other naphtho-
quinones was very low. This suggests that because 7-methyljuglone
and shinanolone are the precursors of diospyrin, it probably might
be the end product of the metabolic pathway of naphthoquinones.
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Inferring phylogenetic relationships from molecular
systematic analyses in the African genera Disa and
Streptocarpus

DU Bellstedt
Department of Biochemistry, University of Stellenbosch, Private Bag XI,
Matieland 7602, South Africa

Plant systematics has in the past used characters from morphol-
ogy, anatomy, embryology, chromosomes, palynology, secondary
plant compounds and proteins to infer relationships. More recently,
DNA sequences have provided an important source of information
and this has lead to the rapidly developing field of molecular sys-
tematics. Early proponents of molecular systematics claimed that
molecular data would replace morphological data, but it has now
been found that molecular analyses are subject to many of the prob-
lems that morphological analyses are as well. However, the advan-
tage of molecular data is that large data sets are easy to produce
and fairly easy to analyse. As a result, molecular data are now wide-
ly used for generating phylogenetic hypotheses. In this presenta-
tion, a brief introduction to molecular systematics will be presented.
Approaches as to which genes should be used and what their short-
comings are will be outlined. The value of the data will be discussed
and compared to morphological data. The role of molecular sys-
tematic techniques in defining species and generic concepts will be
illustrated using our research into the relationships in the African
genus Disa (Orchidaceae). The phytogeographic implications of this
research will also be outlined. The choice of gene region to be
analysed is largely determined by the level at which the analysis is
to be performed, i.e. for higher order relationships more conserved
genes should be chosen, whilst for closely related species or popu-
lations more variable regions must be used. As an example of this,
the results of our recent research to establish the relationships with-
in the Southern African representatives of the genus Streptocarpus
will be presented. In this genus, populations of some closely related
species and putative hybrids are restricted to forest patches in the
Western and Eastern Cape and KwaZulu-Natal. In order to unravel
the relationships, we have employed chloroplast restriction frag-
ment length polymorphisms and nuclear microsatellites which are
more informative at this level. The data reveals complex evolution-
ary patterns including evidence of recent radiations into the south-
ern Cape forests, a gross shrinkage of the forest patches in inland
KwaZulu-Natal during the last glacial maximum and evidence of
very old refugia along the Pondoland coast. Not only does this illus-
trate the complex relationships within the genus, it also documents
the important refugial status of the Pondoland coastal forest patch-
es.

A tale of two cations

P Berjak1 and DJ Mycock2
1 Plant Cell Biology Research Unit, School of Life and Environmental
Sciences, University of KwaZulu-Natal, Durban 4041, South Africa
2 School of Animal, Plant and Environmental Sciences, University of the
Witwatersrand, 7 York Road, Parktown 2193, Johannesburg, South Africa

The rehydration procedure has been consistently overlooked as
a factor contributing to successful cryostorage of partially-dehydrat-
ed, embryonic axes excised from recalcitrant seeds. The present
study, on axes of Trichilia dregeana Lam., analysed the effects of
conventional rehydration in distilled water which was associated
with the lack of gravitropism of the root pole of axes cultured in vitro.
In comparison, there was a strong gravitropic response of axes
rehydrated in a solution containing Ca2+ and Mg2+, although no
marked ion loss had occurred in either case. Differentiation of the
starch-packed statoliths and other amyloplasts occurred rapidly in
both non-dehydrated axes and those rehydrated in the divalent
cation solution, but not following axis rehydration in water. After 48h
in culture, whereas root-cap columella cells of axes that had been
rehydrated in the Ca2+–Mg2+ solution had accumulated Ca2+, this did
not occur in those rehydrated in water and lack of uptake of Ca2+ by
columella cells was also apparent when axes were rehydrated in
solutions containing either Ca2+ or Mg2+ alone. The data suggest that
dehydration followed by rehydration in the absence of both cations
results in perturbations at the cell surface that interfere with the

operation of trans-plasmalemma channels and pumps. The actin
component of the cytoskeleton was associated with the nucleus and
with the statoliths that were located distally in statocytes of axes
rehydrated in the divalent cation solution, but was confined to the
perinuclear area in root-cap columella cells of the agravitropic,
water-rehydrated axes. The present results indicate a definitive pri-
mary role for Ca2+ with Mg2+, in graviperception via starch metabo-
lism and in the determination of statolith morphology, which appears
to be linked with maintenance of the actin component of the
cytoskeleton in root statocytes.

Vegetative propagation of Eucalyptus in Mondi Forests

FC Blakeway1, BJH Janse1, MP Watt2 and DJ Mycock3
1 Mondi Forests, PO Box 12, Hilton 3245, South Africa
2 School of Life and Environmental Sciences, University of KwaZulu-Natal,
Durban 4041, South Africa
3 School of Animal, Plant and Environmental Sciences, University of the
Witwatersrand, 7 York Road, Parktown, Johannesburg 2193, South Africa

Mondi Forests owns, manages and leases 520 800ha of land in
South Africa, 319 873ha of which are planted. 58.9% of this area is
planted to Eucalyptus. Mondi annually deploys between 20 and 23
million seedlings and vegetatively produced planting stock, approx-
imately 15 million of which are Eucalyptus vegetatively produced
plants from Mondi’s clonal programme. The company has a robust
breeding programme, which delivers genetically improved material
to the propagation operations for bulking up and deployment into
Mondi’s Value Chains. The vegetative propagation programme
makes use of cuttings production using macro-hedges (clonal gar-
dens), hydroponics systems and in vitro facilities, with production
taking place in three commercial nurseries and one tissue culture
laboratory. Advances in the programme are facilitated by in-house
research, as well as mature co-operative research programmes with
academic partners. The presentation will review the Eucalyptus
clonal programme in Mondi Forests, and will refer to a number of
poster presentations linking specific research projects to the com-
mercial operations.

Visualisation of transport in grass leaves — apoplasmic
or symplasmic?

CEJ Botha
Department of Botany, Rhodes University, Grahamstown 6140, South Africa

There are three principal routes that are involved in the uptake of
assimilates in leaves. These are apoplasmic, where no intercellular
connections exist, and transmembrane transfer from cell to cell that
allows the build-up of significant solute concentrations as the
phloem tissue is approached. Secondly, cell-to-cell transport may
involve plasmodesma, which interlink large cell masses into sym-
plasmic domains, through which assimilates move along a concen-
tration gradient. The majority of plant species make use of a mixed
mode of transport exists partly apoplasmic, and partly symplasmic.
The apoplasmic domain usually occurs in proximity to the phloem,
thereby allowing active apoplasmic loading of the phloem, and
increased assimilate concentrations in the companion cell-sieve
tube complexes. Many attempts have been made to visualise trans-
port within these pathways. Whilst some success has been
achieved using micro-injection techniques, the drawback is that
excised leaf segments are used, and not whole leaves (with obvious
source-sink consequences). This paper explores the transport and
potential phloem loading pathways, as visualised using fluorescent
probe movement in whole leaf tissue in grasses.

The magical margo-rapid retrieval pathway between the
apoplasm and symplasm in grasses

CEJ Botha and RHM Cross
Department of Botany and Electron Microscopy Unit, Rhodes University,
Grahamstown 6140, South Africa

The leaf blade bundles in monocot foliage leaves are involved in
the movement of xenobiotic substances such as ferric chloride, fer-
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ric sulphate (precipitated as Prussian Blue) and potassium nitrate
within the xylem. Evidence exists that these substances, as well as
sucrose, may be retrieved from the xylem and that at least sucrose
ends up in the phloem elements (phloem parenchyma, companion
cell sieve tube complexes, and thick-walled sieve tubes). We have
studied the transport of polar and non-polar fluorescent probes such
as HPTS and 5,6-carboxyfluorescine diacetate (5,6-CFDA) free
GFP and Texas Red, by offering these probes to the leaves via the
transpiration stream. The probes traffic some distance in the xylem,
before offloading. The nature of the cell wall complex between the
non-living apoplasmic compartment (the xylem) is reported, specifi-
cally where this abuts living parenchyma cells which have common
contact to the phloem through functional plasmodesma. This region
termed the margo is a highly complex wall structure, consisting of
an unusual interspersed apoplasmic and symplasmic matrix, which
appears to be composed primarily of a fenestrated tubular mesh-
work, which allows free passage to some polar as well as non-polar
compounds. We report on our investigations of the trafficking capac-
ity of the margo in leaf blade vascular bundles in grasses.

Botanical research in South Africa: opinions of
botanists assessed by means of a questionnaire

CL Bredenkamp and GF Smith
National Herbarium, National Botanical Institute, Private Bag X101, Pretoria
0001, South Africa

The National Botanical Institute has become concerned with the
state of botany in South Africa, leading to an assessment by means
of a questionnaire. The data was collected, computerised and
analysed by means of Excel. The results indicate that National gov-
ernment is still the most important source of funding, but institutions
are expected to become more self-reliant. There is a need for
improvement in research collaboration in South Africa. Capacity at
institutes can only be maintained by constant financial support, in
most cases from government. The aging of practising botanists is a
source of concern, but the most alarming aspect is the decrease in
the number of young scientists currently employed. Postgraduate
training via research is seen as one of the ways in which a country
can expand the pool of available skills. South African publications
have to become internationally competitive and comply with biblio-
metrical standards. In addition, authors should explore electronic
publishing and on-line journals. The most important reasons for the
possible impediment in botany, as indicated by the respondents, are
the incompatibility of civil service salaries to those of the private sec-
tor; expensive equipment, the obtainability of research funding and
job insecurity.

Elephant utilisation of woody species in Pongola Game
Reserve

LS Broomhall, B Page, K Duffy and R Slotow
School of Life and Environmental Sciences, University of KwaZulu-Natal,
Durban 4041, South Africa

Wildlife managers are concerned with the potentially negative
impacts a growing elephant population may have on the woody veg-
etation in their usually small, enclosed reserves. In order that appro-
priate management steps are taken a thorough understanding of the
utilisation and impacts of elephant on the vegetation is required. The
preliminary results of elephant utilisation of woody vegetation in
Pongola Game Reserve, northern KwaZulu-Natal, are presented.
Forty-one transects were conducted in four different vegetation
types, namely Euclea and Acacia thickets, river line thickets, mixed
Acacia open woodland, and Acacia and marula open woodland. The
availability (number of trees per ha), % contribution to the diet, and
% utilisation of all species in each vegetation type were analysed.
Sixty-eight species were identified in the four vegetation types, of
which 65% were utilised. Of all the trees available, 20% were
utilised to some extent. The Euclea and Acacia thickets was the
most utilised habitat. This habitat also carried at least twice the den-
sity of trees compared to the other vegetation types. Within each
vegetation type, 50–60% of the diet was made up of only three to

four species. Important species in the Euclea and Acacia thickets in
terms of greater relative abundances and high % utilisation were
Ehretia rigida, Pappea capensis and Gymnosporia nemorosa. In the
river line thickets and Acacia and marula woodland, there was low
% utilisation of abundant species which reflects the low % utilisation
overall. There was mostly low % utilisation of abundant species in
the mixed Acacia woodland, except Acacia nilotica was an impor-
tant species contributing 40% to the diet and showing almost 50%
utilisation. Important rare species showing a high % utilisation were
Acacia tortilis, Acacia xanthophloea, Ziziphus mucronata, Pappea
capensis, Sclerocarya birrea, Aloe marlotthi, Cassine transvaalen-
sis, Euclea undulata, Capparis tomentosa, Uvaria lucida, Mystrix
aethiopica and Combretum microphyllum.

Molecular advances in the family Mesembryanthemaceae:
implications for our current view of mesembs

PM Burgoyne
National Herbarium, National Botanical Institute, Private Bag X101, Pretoria
0001, South Africa

Virtually endemic to southern Africa, the Mesembryanthemaceae
is one of the largest succulent plant families in the world, with
±1 695 species currently grouped into ±126 genera. Identifications
have always been problematic as the vast number of names con-
fuse anyone attempting taxonomic work in the family. First listed by
Linnaeus as Mesembryanthemum (1753), added to by Haworth
(1821), fragmented by NE Brown (1925), G Schwantes and by L
Bolus, the history of this family emphasises the difficulty experi-
enced by students of the group. The last-mentioned three taxono-
mists worked on the group at the same time, often duplicating each
other’s work in the race to publish, the aftermath of which has yet to
be unravelled. Hartmann has contributed by concentrating on fruit
characters, Klak has done molecular work on the Lamprathus
Group (subfamily Ruschioideae) and Chesselet has emphasised
the importance of flower morphology. From molecular studies, it
seems that much work remains to be done. Resolution of phyloge-
netic trees is poor and molecular studies using different sequences
do not support each other or morphological data. However, consid-
ering that only 58 of the total 1 695 possible taxa have been sam-
pled, this is not surprising. The poor resolution may be due to:
i Under-sampling as workers have been forced to concentrate on

certain groups
ii Recent diversification of the family
iii Hybridisation
iv Possible erroneous current genus concepts that need to be

sharpened, with some genera possibly redefined. The expan-
sion and re-examination of molecular data may be able to assist
this process.

It seems that this group of plants has suffered from over-examina-
tion but by using Occam’s Razor to slice away non-essentials we
may find enlightenment.

Pre-adaptation of Cape elements to nutrient-poor envi-
ronments in southern Africa

C Carbutt, TJ Edwards and RP Beckett
School of Botany and Zoology, University of KwaZulu-Natal Pietermaritzburg,
Private Bag X01, Scottsville 3209, South Africa

The sclerophyllous vegetation (‘fynbos’) of southern Africa has a
disjunct distribution. Although the main concentration of species
occurs in the Cape Floral Kingdom, considerable floristic ties exist
between this centre of endemism and (1) the sandstone vegetation
of the Pondoland Centre and (2) the high-altitude vegetation of the
Drakensberg Alpine Centre (‘Drakensberg’). Why have Cape (‘fyn-
bos’) elements remained prominent in the floras of these two
regions whose climate and soils are so different, yet have been lost
from intervening vegetation? To address this question we undertook
a number of reciprocal field experiments of a Cape element along a
gradient of soil nitrogen (N) and temperature, to determine whether
or not the interaction of climatic and edaphic environments at each
site produce nutritional niches that favour Cape elements. Our
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results show that the high potential fertility of Drakensberg soil is not
realised at high-altitude due to temperature-effects. The
Drakensberg environment is therefore a nutrient-poor one for clima-
tological reasons, whilst Pondoland is edaphically so. An ordination
of morphological characters consistently grouped the Drakensberg
and Pondoland sites together. This grouping of sites indicates simi-
lar treatment effects (growing conditions) on morphology. Cape ele-
ments are therefore pre-adapted to the Drakensberg and
Pondoland because these regions, like the CFK, are nutrient-poor
(either temperature-induced or intrinsically so).

Determining possible causes of Pinus patula mortality
when re-established on sites with high harvesting
residue loads

CA Carlson1 and R Allan2
1 Horticultural Science Department, University of KwaZulu-Natal
Pietermaritzburg, Private Bag X01, Scottsville 3209, South Africa
2 Shaw Research Centre, Sappi Forests (Pty) Ltd, PO Box 473, Howick 3290,
South Africa

High harvesting residue (slash) loads have been found to nega-
tively affect the survival of Pinus patula seedlings. Removal of the
slash through burning has the potential to cause environmental
problems and increases the risk of seedling mortality due to Rhizina
undulata. Seedling mortality leading to reduced stocking has major
long-term financial implications for forestry companies. A number of
experiments were carried out to identify possible causes for the
seedling mortality associated with high slash loads. A series of field
trials extending across Mpumalanga and Swaziland examined the
role that insects and fungal pathogens play. Application of a com-
bined insecticide-fungicide treatment substantially improved sur-
vival. The application of either of these treatments on their own was
not as effective in improving survival. Microclimate investigations
indicated that air temperatures at ground level were higher in the
slash during the day compared to areas where slash had been
removed. A controlled environment investigation attempted to deter-
mine whether the high temperatures experienced in the slash could
be the sole causal agent for the observed mortality. Potted P. patu-
la seedlings were exposed to four different temperatures in an illu-
minated growth chamber for periods of between 1h and 3h on 7
days in a 10-day period. Respiration rates were found to increase at
the high temperatures, while the chlorophyll a, b and total chloro-
phyll concentrations were reduced at the highest temperature.
Increasing temperature also reduced both height increment and
new root growth of the seedlings during the experiment. Although no
mortality was observed during the experiment, the results indicate
that continued exposure to high temperatures over an extended
period has the potential to cause seedling mortality. However, com-
parisons with field symptoms tend to support the hypothesis that
high temperatures predispose the seedlings to attack by pests and
pathogens on site.

The cryopreservation of sugarcane somatic embryos

C Cheruiyot, P Berjak, J Wesley-Smith and JI Kioko
Plant Cell Biology Research Unit, School of Life and Environmental Sciences,
University of KwaZulu-Natal, Durban 4041, South Africa

Recent advances in the micropropagation of the N12 sugarcane
variety by South African Sugar Experimental Station (SASEX) using
direct somatic embryogenesis led to a study to optimise in vitro cul-
ture conditions for the production and germination of the embryos.
The success of that study makes it possible for the protocol to be
applied in propagation and research programmes. Propagated
germplasm, particularly if it is genetically modified, needs to be pre-
served and so this study was set up to establish pre- and post-freez-
ing treatments and conditions in order for embryos to be success-
fully cryopreserved. The study included an investigation of the
effects of pre-growth, dehydration, freezing, thawing, sterilisation,
recovery and regeneration on the ability of somatic embryos to ger-
minate and develop into plantlets. These investigations where suc-
cessful in putting together a protocol where globular embryo clumps

excised, then pre-grown in medium with a high concentration of
sucrose. Depending on the concentration of sucrose, embryos were
dehydrated from a water content of 4.25 ± 0.162g H2O g–1 dry mass
(g g–1) to, for example, 0.248 ± 0.011g g–1 in 0.8M sucrose. This des-
iccation process did not cause irreversible desiccation damage,
thus did not affect the viability of the embryos. The desiccated
embryos were frozen at –210°C using the ultra-fast freeze method,
thawed rapidly at 40°C in a solution containing calcium and magne-
sium ions, and surface sterilised in 0.5% (w/v) calcium hypochlorite
for 1min. After sterilisation, embryos were recovered for 10 days in
the dark before being put out to a growth chamber with an 8h
dark/16h light photoperiod. These embryos callused, but the callus
was embryogenic and formed indirect somatic embryos.

If the Internet is the solution — what’s the problem?

P Clarke
Centre for Information Technology in Higher Education, University of
KwaZulu-Natal, Durban 4041, South Africa

Touching on the Internet’s ‘dark’ and flip sides, this paper draws
some comparisons between the pre- and post-Internet work experi-
ence of the presenter as both a researcher and a teacher and con-
siders a range of questions — and answers — related to the perva-
siveness of online technology. ‘The wise revolutionary keeps an eye
on the dark side of the changes he or she would initiate’ (Howard
Rheingold: The Virtual Community 1993).

Ecological restoration of land with particular reference
to mining: a review of theory and practice

JA Cooke
School of Life and Environmental Sciences, University of KwaZulu-Natal,
Durban 4041, South Africa

The restoration of mined land in practice can largely be consid-
ered as ecosystem reconstruction — the re-establishment of the
land’s capability to capture and retain fundamental resources. In
restoration planning, it is imperative that goals, objectives and suc-
cess criteria be clearly established to allow the restoration to be
undertaken in a systematic way while realising that these may
require some modification later in light of the direction of the restora-
tion succession. A restoration planning model is presented where
the presence or absence of topsoil conserved on the site has been
given the status of the primary practical issue for consideration in
ecological restoration in mining. Examples are used to explore the
important problems and solutions in the practice of restoration in the
mining of metals and minerals. Even though ecological theory lacks
general laws with universal applicability at the ecosystem level of
organisation, ecological knowledge does have high heuristic power
and applicability to site-specific restoration goals. However, moni-
toring and management are essential, as the uncertainties in
restoration planning can never be overcome. The concept of adap-
tive management and the notion that a restored site be regarded as
a long-term experiment is a sensible perspective. Unfortunately, in
practice, the lack of post-restoration monitoring and research has
meant few opportunities to improve the theory and practice of eco-
logical restoration in mining.

Exudation of carboxylates by cluster roots

MD Cramer1, M Shane2 and H Lambers2
1 Botany Department, University of Stellenbosch, Private Bag XI, Matieland
7602, South Africa
2 School of Plant Biology, Faculty of Natural and Agricultural Sciences, The
University of Western Australia, Crawley, WA 6009, Australia

‘Cluster’ or proteoid roots are an important adaptation to acquire
sparingly soluble phosphate from nutrient poor soils. Their develop-
ment is particularly remarkable in the Proteaceae (e.g. Hakea pros-
trata) where most of the species are non-mycorrhizal. Cluster roots
are short-lived, ephemeral structures that exude large amounts of
carboxylates (i.e. citrate and malate) to displace phosphate from
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insoluble (mineral) precipitates. The origin of the exuded carboxy-
lates is thought to be from root glycolytic and TCA cycle metabolism.
Anaplerotic activity of PEPc is essential to achieve a net production
of carboxylates for exudation from cluster roots. We therefore
assessed the role of PEPc for providing carboxylates during sever-
al stages of cluster root development (0–21 days) in Hakea prostra-
ta. The CO2 and O2 flux, and the concentrations of carboxylates in
cluster root tissues and exudates was measured at each stage of
cluster root development. We found that concentrations of carboxy-
lates in cluster-root tissue gradually increased prior to a burst of car-
boxylate exudation when cluster roots were approximately two-
weeks old. The results of our RQ measurements (ratio of CO2:O2
flux) and Western blots for PEPc protein abundance provided no
evidence to support the notion of variable PEPc expression or activ-
ity associated with carboxylate exudation from mature cluster roots.
We conclude that a gradual synthesis and accumulation of car-
boxylates preceding a variation in the transcriptional or post-tran-
scriptional regulation of the organic anion channels are responsible
for carboxylate efflux. The associated kinetics of organic acid efflux
will be discussed.

Computer aided identification of biological specimens
using Self Organising Maps

EJ Dean1, AP Engelbrecht2 and A Nicholas3
1 Department of Information Technology, Durban Institute of Technology,
South Africa
2 Computer Science Department, University of Pretoria, Pretoria 0002, South
Africa
3 Botany Department, University of KwaZulu-Natal Westville, Private Bag
X54001, Durban 4000, South Africa

It is often necessary or desirable that biological material be iden-
tified. However, given that there are an estimated 10 million living
organisms on Earth, the identification of biological material can be
problematic and consequently the services of a taxonomist special-
ist are often required. If such an expert is not readily available it is
necessary to attempt an identification using an alternative method;
but some of the alternative methods available are unsatisfactory or
can lead to a wrong identification. One of the most common prob-
lems encountered when identifying specimens is that important
diagnostic features are often not easily observed, or may even be
completely absent. A number of techniques can be used to try to
overcome this problem, one of which, the Self Organising Map (or
SOM), is a particularly appealing technique because of its ability to
handle missing data. This paper explores the use of SOMs as a
technique for the identification of indigenous trees of Acacia in
KwaZulu-Natal, South Africa. The ability of the SOM technique to
perform exploratory data analysis through data clustering is utilised
and assessed, as is its usefulness for visualising the results of the
analysis of numerical, multivariate botanical datasets. The SOM’s
ability to investigate, discover and interpret relationships within
these datasets is examined, and the technique’s ability to identify
tree species successfully is tested. The tests performed so far have
provided promising results and suggest that the application of the
SOM to the problem of biological identification should be investigat-
ed further.

The prevention of chilling injury and heat stress in
bananas

BJ de Villiers and CS Whitehead
Department of Botany, Rand Afrikaans University, PO Box 524, Auckland Park
2006, Johannesburg, South Africa

The banana fruit are sensitive to temperatures outside of their
acclimated range. Due to ineffective storage and faulty handling
procedures, cold and heat stress is a universal problem in bananas.
Large amounts of fruit are lost due to heat and cold stress. Chilling
injury occurs when bananas experience or are stored at tempera-
tures below 13°C, for a few hours to a few days. Temperatures
slightly above 30°C may cause extensive heat damage. The pre-
vention of cold and heat stress is investigated by monitoring the
effect of short-term heat treatment, controlled atmosphere storage,

and treatment with ethylene inhibitors on the ripening of the fruit. To
determine changes in ripening the following eight ripening parame-
ters are monitored: yellowing, firmness of the pulp, sugar concen-
tration, starch content, ethylene synthesis and sensitivity, respiration
rate, acidity and aroma production. The time and temperature
parameters for chilling injury and heat stress induction have been
established. The parameters for normal ripening and the effect of
different exposure times of heat treatments, controlled atmosphere
and 1-MCP on the two stress conditions will be discussed.

Rates and durations of fibre production and differentia-
tion in two Eucalyptus clones growing at sites contrast-
ing in rainfall

D Drew1,2 and NW Pammenter1
1 School of Life and Environmental Sciences, University of KwaZulu-Natal,
Durban 4041, South Africa
2 UN–CSIR Forestry and Forest Products Research Centre, PO Box 17001,
Congella 4013, South Africa

Two clones, contrasting in terms of their drought tolerance,
(Eucalyptus grandis x camuldulensis and E. grandis x urophylla (GC
and GU)) were studied over a six-month period at contrasting sites
in northern KwaZulu-Natal. The rates and durations of xylem fibre
development were quantified in the three phases of cell division, cell
enlargement and cell maturation. The study was based on the prem-
ise that the properties of the xylem cells are a function of the dynam-
ics of fibre production and subsequent processes of differentiation,
these processes being a function of genotype, age of the cambium
and the current environmental conditions. Monthly diameter growth
was measured over a period of five months in order to ‘mark’ the
ranks of developing cells. Light microscopical observations were
made of the cambium and recently differentiated cells. Fibre pro-
duction rate and the period of time for which cells remain in the
phase of cell division were calculated, as well as rates of cell
enlargement and secondary wall thickening and the period of time
for which cells continued to enlarge radially and to develop second-
ary walls. Height growth, changes in leaf area index and the rate of
leaf litter fall were measured, in order to assess the physiological
status of the trees. The dynamics of fibre production, enlargement
and secondary wall thickening were significantly affected by the
water availability at the two sites, in terms of both the historic water
status and the erratic changes in short-term availability from rainfall
events. The xylem developmental responses of the two clones at
the same site were quite different. It was also found that the num-
ber of metabolically active cells in a radial rank is a potential indica-
tor of rates of fibre production.

How does botany fit into an industrial environment?
Plantation Forestry as a case study

C Dyer
Institute for Commercial Forestry Research, PO Box 100281, Scottsville
3209, South Africa

In many respects the plant sciences have always had a close
association with industrial applications, from food and medicines to
building materials. Plants have been domesticated very successful-
ly over the past 10 000 years and today yield a wide range of prod-
ucts. To gain maximum yield from these in a sustainable manner,
industries that are dependent on plant-based raw materials need an
extensive knowledge of the plants they deal with and the ways in
which these interact with their environment. In this presentation the
South African forest industry will be used as a case study to illus-
trate the role that the plant sciences play in a highly competitive
business. Using a supply chain model, from seedling to mill, the role
of the plant sciences, from ecology to biotechnology, will be demon-
strated. The world demand for timber and paper is steadily increas-
ing and the great boreal forests in the northern hemisphere will not
be able to supply all of the raw material needs. There is a view that
plantation grown trees, particularly in the southern hemisphere, will
play an ever increasing role in supplying global forest products in
the future. Like any intensively grown crop, exotic tree plantations
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need to be managed intensively and responsibly. This technology-
based business relies completely on an understanding of the tree
and its interaction with the environment.

Antibacterial, anti-inflammatory and anti-oxidant activi-
ty of seven flavonoids isolated from Combretum ery-
throphyllum (Combretaceae)

JN Eloff, ND Martini and DRP Katerere
Programme for Phytomedicine, University of Pretoria, Private Bag X04,
Onderstepoort 0110, South Africa

Combretum erythrophyllum [River Bushwillow] is widely used as
a herbal medicine in Africa. Preliminary studies indicated substantial
antimicrobial activity against Gram-positive and Gram-negative bac-
teria [1,2]. Seven antibacterial flavonoids were isolated by bioassay-
guided fractionation, i.e. apigenin, genkwanin, 5-hydroxy-7,4’-
dimethoxyflavone, rhamnocitrin, kaempferol, quercetin-5,3’-
dimethylether, rhamnazin. Antimicrobial activity against several bac-
teria and one fungus was tested using a serial dilution microplate
method [3]. Toxicity was assayed by LDH leakage of human neu-
trophils [4] and anti-oxidant/anti-inflammatory activity was deter-
mined by a luminol chemiluminescence assay of zymosan
opsonized human serum [5]. All compounds had good activity
against Vibrio cholerae and Enterococcus faecalis, with MIC values
in the range of 25–50mg ml–1. Rhamnocitrin and quercetin-5,3’-
dimethylether also inhibited Micrococcus luteus and Shigella sonei
at 25mg ml–1. With the exception of 5-hydroxy-7,4’-dimethoxy-
flavone the flavonoids were not toxic towards human lymphocytes.
This compound is potentially toxic to human cells and exhibited the
poorest anti-oxidant activity whereas rhamnocitrin and rhamnazin
exhibited strong anti-oxidant activity. Genkwanin, rhamnocitrin,
quercetin-5,3’-dimethylether and rhamnazin had a higher anti-
inflammatory activity than the positive control mefenamic acid.
Although these flavonoids are known, this is the first report of bio-
logical activity with several of these compounds and the first report
of six in Combretaceae.

Antibacterial and anthelminthic activity and toxicity of
16 plant species used in ethnoveterinary medicine in
South Africa

JN Eloff, LJ McGaw and D van der Merwe
Phytomedicine Programme, Department of Paraclinical Science, University of
Pretoria, Private Bag X04, Onderstepoort 0110, South Africa

Structured interviews were conducted with rural stock farmers in
the northern part of South Africa. From this a list was drawn up of
plants used for several animal diseases. The disease was con-
firmed by a qualified veterinarian surgeon and the identity of the
plants were determined by voucher specimens in the National
Herbarium of the National Botanical Institute [PRE]. Different parts
of 16 plant species were collected, dried, ground and extracted with
hexane, methanol and water. The following plants were investigat-
ed: Berchemia zeyheri, Cissus quadrangularis, Cussonia spicata,
Dicerocaryum eriocarpum, Dombeya rotundifolia, Gnidia capitata,
Hippobromus pauciflorus, Pouzolzia mixta, Pouzolzia mixta,
Pterocarpus angolensis, Rhus lancea, Ricinus communis,
Schkuhria pinnata, Schotia brachypetala, Sclerocarya birrea,
Secamone filiformis, Synadenium cupulare and Ziziphus mucrona-
ta. The extracts were dried and reconstituted with solvents that
would not affect the subsequent bioassay. Antibacterial activity was
determined by a serial microplate dilution method using
Staphylococcus aureus (Gram-positive) [American Type Culture
Collection number 29213], Pseudomonas aeruginosa (Gram-nega-
tive) [ATCC 27853], Escherichia coli (Gram-negative) [ATCC 25922]
and Enterococcus faecalis (Gram-positive) [ATCC 21212].
Anthelminthic activity by an assay using a free-living nematode and
toxicity was determined by using the brine shrimp mortality test.
Most of the plants had some antibacterial activity with the best value
0.1mg ml–1, while few plants had any anthelminthic activity and most
of the extracts were not toxic to brine shrimp. MSc students are cur-
rently investigating some of the plants that had promising activity. In

general the results confirmed the ethnoveterinary use of these
plants.

Fruit and seed development in the recalcitrant species
Ekebergia capensis Sparrm

DP Erdey, NW Pammenter and P Berjak
Plant Cell Biology Research Unit, School of Life and Environmental Sciences,
University of KwaZulu-Natal, Durban 4041, South Africa

The post-harvest behaviour of seeds can be classified along a
continuum that extends from the orthodox type at one end, to those
seeds that are highly recalcitrant on the other end. Orthodox seeds
acquire desiccation tolerance during development, and may be
stored in the dry state for predictable periods under defined condi-
tions. In contrast, recalcitrant seeds under go little, or no, maturation
drying and remain desiccation-sensitive both during development
and after they are shed. Despite the inability of recalcitrant seeds to
survive desiccation below relatively high water contents, partial des-
iccation has been reported, but not investigated further, to stimulate
germination in some species. In a preliminary investigation, it as
observed that immature seeds of Ekebergia capensis (extracted
from green, immature fruits) germinated faster than undried (con-
trol) seeds when dried to axis relative water contents (RWC)
between 0.87 and 0.63 (i.e. relative to the water content at harvest).
In contrast, mature seeds (extracted from red fruits) partially dried to
equivalent RWCs germinated slower than undried seeds. Thus,
while seed maturity may play a central role in the response of these
seeds to partial desiccation, very little is known about the morpho-
logical and physiological changes that occur during seed develop-
ment in this species. The aim of the present study, therefore, was to
characterise the development of E. capensis fruits and seeds, and
to disseminate the relationship between fruit and seed maturity in
this species.

Screening of Euclea natalensis seedlings and calli for
the antimycobacterial compound diospyrin

JM Farrant, B Hamman, JJ Meyer and AL Monjane
Molecular and Cell Biology, University of Cape Town, Private Bag,
Rondebosch 7701, South Africa

The medicinal property of many plants has encouraged the
search for novel secondary metabolites that may be used to coun-
teract the resurgence of diseases like tuberculosis. Diospyrin [2, 6′
-bis (5-hydroxy-7-methyl-1, 4-naphthoquinone)], present mainly in
mature roots of Euclea natalensis, a tree common to the eastern
regions of South Africa, has been shown to inhibit drug-sensitive
and drug-resistant strains of Mycobacterium tuberculosis. E. natal-
ensis seedlings were therefore explored as a possible sustainable
source of diospyrin. Calli were established for the first time, and
analysed for diospyrin accumulation. Leaf, stem, root and calli
extracts were tested for activity against Mycobacterium aurum by
bioautography on thin-layer chromatograms. The presence of
diospyrin in active fractions of these extracts was confirmed using
thin-layer chromatography and high-pressure liquid chromatogra-
phy. All four extracts also contained various other antimycobacterial
compounds. Seedlings, and calli derived from E. natalensis
explants, therefore represent a suitable supplementary and non-
destructive source of a compound that successfully inhibits the
growth of M. tuberculosis. 

In vitro 5-lipoxygenase inhibitory activity and anti-oxi-
dant activity of medicinal plants used topically to treat
skin diseases 

Y Frum and AM Viljoen
Department of Pharmacy and Pharmacology, Faculty of Health Sciences,
University of the Witwatersrand, 7 York Road, Parktown 2193, Johannesburg,
South Africa

Various plants have been reported to be effective in the treatment
of a wide variety of skin disorders. A common theme underlying
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many skin ailments is inflammation. Furthermore, free radicals play
an important role in the inflammatory process. A total of 24 plant
species were selected based on a literature review. The 5-lipoxyge-
nase assay was used to determine the anti-inflammatory activity of
the selected medicinal plants. Inhibitory activity was confirmed by a
reduction in UV absorbance at 234nm over 10min. The DPPH (α,α-
diphenyl-β-picrylhydrazyl) anti-oxidant assay was used to determine
the free radical scavenging activity of selected medicinal plants.
Free radical scavenging activity was confirmed by a reduction in
UV-absorbance at 550nm over 30min. Both aqueous and methanol
extracts were tested for 5-lipoxygenase inhibitory activity and anti-
oxidant activity. Extracts of Pentanisia prunelloides exhibited prom-
ising 5-lipoxygenase inhibitory activity and anti-oxidant activity with
IC50 values of 38ppm and 12ppm respectively. Various other medic-
inal plants, which are reported to be used topically for skin diseases
exhibited promising anti-oxidant activity and these included
Melianthus comosus, Croton sylvaticus and Halleria lucida.

A comparison between different pans in the grassland
biome

J Gerber and GJ Bredenkamp
Department of Botany, University of Pretoria, Pretoria 0002, South Africa

Two pans near Kempton Park (Gauteng) were compared with two
pans near Arnot Station (Mpumalanga). At each location, the two
pans differed due to macrotopological variation. Similar communi-
ties were discerned at each pan, but the extent and composition of
these communities was determined by the macrotopological varia-
tion. Microtopological variation resulted in further variation, resulting
in a mosaic of communities where the slope was flat to gradual, and
distinct zonation where the slope was steeper. The proximity of pans
to each other should not be taken as an indication that they are
more than superficially similar. As a result, conserving a particular
pan does not mean that pan ecosystems are adequately conserved.

Testing the basic assumption of the JIP-test of PSII
behaviour

M Gilbert and BS Ripley
Department of Botany, Rhodes University, Grahamstown 6140, South Africa

The measurement of chlorophyll fluorescence is an easy way to
study the behaviour of the photosynthetic apparatus. Two methods
are available to interpret fluorescence data: Pulse Amplitude
Modulated (PAM) fluorimetry and the JIP-test of Strasser and
Strasser (1995). While PAM fluorimetry is easy to use, the alterna-
tive JIP-test is potentially more informative and is used to analyse
the fluorescence transients produced on the illumination of dark-
adapted leaves. Fluorescence transients reveal steps that have
been labelled O-J-I-P and the values recorded at time intervals cor-
responding to these steps are used as original data in the JIP-test,
including: the maximum fluorescence intensity (FM), the fluores-
cence intensity at 50µs (F0), 300µs (F300µs), 2ms (FJ), and 30ms (FI).
In the JIP-test the slope (M0(DCMU)) of the initial fluorescence transient
of DCMU poisoned leaves, calculated as 4*(F300µs – F0)/(FM – F0),
represents the closure of reaction centres or the rate of QA reduc-
tion. In non-poisoned leaves this slope (M0) represents the reduction
of QA and its subsequent re-oxidation by electron transport. The dif-
ference between these slopes (M0(DCMU) – M0) can be used to calcu-
late the energy flux to electron transport. Many of the parameters
calculated with the JIP-test are based upon the assumption of
Strasser and Strasser (1995) that the M0(DCMU) of non-poisoned
leaves can be calculated from M0 according to the equation: M0(DCMU)
= M0/VJ, where VJ= (FJ – F0)/(FM – F0). This investigation tested this
basic assumption and showed that the M0 of non-poisoned leaves,
when corrected according to Strasser and Strassers’ (1995) above
equation, underestimated M0(DCMU) by approximately 25%. This has
implications for the calculation of specific fluxes, electron transport
rates and reaction centre densities as is done by the JIP-test.

Evaluation of factors affecting the potential for cryos-
torage of embryonic axes of Trichilia dregeana

M Goveia, JI Kioko and P Berjak
Plant Cell Biology Research Unit, School of Life and Environmental Sciences,
University of KwaZulu-Natal, Durban 4041, South Africa

Trichilia dregeana produces recalcitrant seeds, for which there
are ongoing investigations aimed at the cryopreservation of the
excised embryonic axes. Recent studies have shown that success-
ful in vitro germination of axes is possible only if there is a piece of
cotyledon attached on either side of the embryonic axis to enable
shoot development. However, the attached cotyledons increase the
total mass and volume of the axis, jeopardising cryopreservation.
This study aimed to optimise the size of the attached cotyledon to
allow development without compromising cryopreservation. It was
shown that although leaving only the cotyledonary attachment intact
on the axis intact is sufficient for shoot development, the size of the
cotyledon segment remaining attached to the axis is directly related
to the rate of shoot growth, and inversely related to the rate of root
development. It is possible that the injury associated with cotyledon
detachment precludes shoot formation, especially as no leaf pri-
mordia were observed in embryonic axes from newly-shed seeds.
The inhibition of root growth by the larger cotyledon attachments
may be a consequence of the leaching of toxic substances from the
cut edges of the cotyledons into the medium into which the roots
should grow. Axes with a 1mm piece of cotyledon attached on either
side of the axis promoted the best shoot and root growth, and also
withstood the highest degree of dehydration without intracellular
damage. The results will contribute to the utilisation of appropriate
explants for the cryopreservation of the zygotic germplasm of T.
dregeana. However, further analyses are required to optimise in
vitro root development in axes with cotyledonary attachments.

Malaria and fever-associated plants of the FSA region:
findings of a bibliographic survey

OM Grace, NR Crouch and GF Smith
1 Ethobotany Unit, National Botanical Institute, PO Box 52099, Berea Road
4007, South Africa
2 Research Directorate, National Herbarium, National Botanical Institute,
Private Bag X101, Pretoria 0001, South Africa

Southern Africa has a rich heritage of plant use by the many peo-
ples who live here; 15% (approx. 4 000) of the recorded 24 000
plant taxa are used in ethnomedicine. Many of these are reportedly
associated with the treatment of malaria, its symptoms and causal
agents. Malaria ranks among the three most lethal diseases in sub-
Saharan Africa, and, globally, the vast majority of cases (90%) occur
on the subcontinent. Over 600 malaria-associated plant taxa of the
FSA region were identified in a literature survey, amounting to some
2.5% of the region’s flora. We present analyses of this data set, and
highlight similarities and contrasts with a comparable survey of the
Latin American flora (Milliken 1997). Families and genera showing
strong associations with malaria and its symptoms were considered
in relation to both the ethnomedicinal and total flora of the region.
Analyses revealed patterns in recorded malaria-plant associations
that may hold chemotaxonomic and/or chemotherapeutic signifi-
cance, and influence natural products research efforts.

A pilot study of the impact of subsistence farming on
peat swamp forests at Kosi Bay, Maputaland

R Grobler and GJ Bredenkamp
Department of Botany, University of Pretoria, Pretoria 0002, South Africa

A research inventory was carried out in May 2003 to investigate
the effects of rural subsistence farming, in particular with regards to
banana cultivation on coastal peat swamp forests. In the past large
areas of these unique ecosystems were situated around the catch-
ment area of Kosi Bay’s lakes system, but they have been rapidly
declining as a result of increased population growth and develop-
ment. Peat swamp forests are of an extreme importance, because
they form a crucial component in the continued present day exis-
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tence of the surrounding terrestrial and aquatic ecosystems. The
focus of the study is to better understand the little known floral com-
position of pristine peat swamp forests and their subsequent vege-
tation changes due to farming related disturbances. Disturbances
include cultivation, fire, peat drainage, as well as the cutting and
clearing of natural vegetation. A vegetation classification was per-
formed by means of a TWINSPAN classification algorithm, refined
by Braun-Blanquet procedures. This led to the identification of 10
distinct communities that could be divided into three types: intact
swamp forests, cultivated gardens, and open swamp areas.
Ecological interpretation of these communities may provide the
insight into ecological principles needed to develop land-use man-
agement programs that may lead to a sustainable livelihood for both
the forest and the people living in the area.

The antimicrobial activity and essential oil chemistry of
African wormwood (Artemisia afra)

LT Gwebu1, AM Viljoen1, SF van Vuuren1, B Demirci and KHC
Bas¶7er2
1 Department of Pharmacy and Pharmacology, Faculty of Health Sciences,
University of the Witwatersrand, 7 York Road, Parktown 2193, Johannesburg,
South Africa
2 Department of Pharmacognosy, Faculty of Pharmacy, Anadolu University,
26470 Eskis¶ehir, Turkey

Artemisia afra Jacq., also known as African wormwood, is an aro-
matic shrub belonging to the Asteraceace. Due to the popular use
of A. afra, herbal tinctures have been prepared for commercial dis-
tribution. As the chemotypic variation remains unrecorded it has
been impossible to standardise extracts containing A. afra. The aer-
ial parts of sixteen plants from four natural populations were
hydrodistilled and the essential oil analysed by GC–MS and tested
for antimicrobial activity on ten bacteria, two yeasts and two fungi.
Using the disc diffusion assay, it was noted that the essential oil dis-
tilled from all the individual plants was active against all organisms
studied except Pseudomonas aeruginosa and Enterococcus fae-
calis. The oil exhibited better antifungal properties than antibacteri-
al activity. Minimum inhibitory concentrations were determined for
eight bacteria and two yeasts. The essential oil composition varied
quantitatively and qualitatively within and between natural popula-
tions and standardising of commercial products will be problematic
without cloning of a favourable chemotype. Selection of favourable
chemotypes should be based on efficacy (i.e. wide spectrum antimi-
crobial activity) and safety index (e.g. low thujone content). With the
aid of cluster analysis, several chemotypes have been identified
based on the presence and quantity of the following compounds; α-
thujone (5.6–77.7%), β-thujone (1.4–57.7%), camphor (1.0–49.0%),
1.8-cineole (2.3–50.1%), artemisia ketone (14.5–28.0%), artemisia
alcohol (9.3–27.8%) and santolinyl acetate (4.1–24.3%). The chem-
ical variation did not correlate to geographical distribution and simi-
lar essential oil compositions did not give correlating antimicrobial
results.

In vitro field collection of Eucalyptus explants for micro-
propagation

E Hajari1, A Makhathini1, M Banasiak1, MP Watt1, P Berjak1, B
McAlister2 and FC Blakeway2
1 School of Life and Environmental Sciences, University of KwaZulu-Natal,
Durban 4041, South Africa
2 Mondi Forests, PO Box 12, Hilton 3245, South Africa

A simple method was established for the collection and short-term
storage of shoot material from field-grown Eucalyptus grandis and
E. grandis hybrids for micropropagation. Initial studies were under-
taken with plants grown outside a greenhouse, which were neither
fertilised nor treated with fungicides. The method was then tested
and adapted for field-grown clones. It involved collecting 35–50mm
long stems with three nodes and no leaves, spraying them with 70%
(v/v) ethanol and storing them in glass bottles containing moist ster-
ile vermiculite for 48h. Addition of 1g l–1 calcium hypochlorite to the
culture media inhibited endogenous contamination. Multiplication
yields after storage of field-grown explants were 160–264

shoots/100 explants, depending on the clone. This offers an alter-
native, improved means for explant collection over present standard
procedures of maintaining parent plants in hedges or transporting
shoots to the micropropagation laboratory in buckets.

Enhancing desirable characteristics in indigenous
plants through the induction of polyploidy

K Hannweg
Agricultural Research Council, Institute for Tropical and Subtropical Crops,
Private Bag X11208, Nelspruit 1200, South Africa

South Africa has the highest recorded plant species density in the
world. A large number of these species have only marginal com-
mercial and social potential due to size constraints. To realise the
full potential of this genetic heritage normally requires expensive
long-term breeding programmes. Chromosome doubling (induction
of autopolyploids) is the only technique that can negate these size
constraints within a short research period. This technique usually
results in an increase in cell volume and consequently an increase
in the size of plant parts. Several species were evaluated for their
potential in both the commercial and resource-poor farming sectors
after polyploidy had been induced (over five hundred species were
chosen for their potential). An undertaking of this scale requires the
knowledge and expertise of a multidisciplinary consortium compris-
ing of six universities and the Agricultural Research Council. Many
of the induced polyploids were expected to have at least one of the
following characteristics which would result in the improvement, or
development of new economically important plants: larger tuber, rhi-
zome or root size; increased fruit size; enhanced flower size and/or
colour intensity, improved drought tolerance, increased bio-mass;
improved photosynthetic capacity; larger and/or thicker leaves;
dwarfism; increased secondary metabolite production, e.g. medici-
nal compounds. Enhancement and/or decline of marketable char-
acteristics of a number of species will be presented and discussed.

Characterisation of protein tagging by K63-linked
polyubiquitin chains in Arabidopsis

PD Hare and NH Chua
Laboratory of Plant Molecular Biology, The Rockefeller University, New York,
USA

Protein modification by ubiquitination plays a pivotal regulatory
role in eukaryotic signalling. An internal lysine(s) of the substrate is
covalently attached to the C-terminus of ubiquitin (Ub). Further con-
jugation of Ub to lysine 48 (K48) of the preceding Ub moiety results
in the formation of multi-ubiquitin chains that target the substrate to
the 26S proteasome, a multi-subunit protease. Approximately 5% of
the Arabidopsis genome encodes components of ubiquitination and
proteasomal pathways, most of which act at the level of Ub conju-
gation. Multiubiquitin chains may adopt different geometries
depending on the lysine residue that is used for chain elongation.
The topologies of Ub chains apparently convey different signals. In
yeast and animals, conjugation of substrates to polyubiquitin chains
linked via K63 residues does not destabilise substrates, but rather
alters the function of signalling intermediates, possibly through
affecting protein-protein interactions. In comparison with the vast
number of gene products that catalyse K48 modifications, the enzy-
matic apparatus required for K63 modifications in Arabidopsis
appears to be much simpler. This makes it a realistic goal to assign
K63 modification of specific proteins to distinct gene products. In
plants, only a few proteins have been unambiguously defined as tar-
gets of the Ub/26S proteasome system and there is no evidence for
polyubiquitination via lysines other than K48 in regulating cellular
responses independent of proteolysis. A tagged ubiquitin in which all
lysines other than K63 were mutated to arginine was expressed in
Arabidopsis in order to enrich extracts for proteins conjugated to
polyubiquitin chains that contain K63 linkages. Mass spectrometry
of tryptic digests of the purified tagged proteins will enable their
identification. Mutants or transgenic lines defective in the small fam-
ily of gene products predicted to catalyse K63 linkages will enable
identification of the enzymes responsible for conjugating K63-linked
polyubiquitin chains to specific substrates.
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Thermoinhibition in Tagetes minuta L. (Khakibos): the
role of gene expression

PN Hills and J van Staden
Research Centre for Plant Growth and Development, University of KwaZulu-
Natal Pietermaritzburg, Private Bag X01, Scottsville 3209, South Africa

Thermoinhibition differs from thermodormancy in that high tem-
perature incubation does not induce a state of secondary dormancy
in the seeds, but merely inhibits their germination for the duration of
the high temperature exposure. The seeds are thus able to germi-
nate rapidly when the temperature is reduced below the thermoin-
hibitory threshold temperature for the species. In most species, ther-
moinhibition is a passive process, brought about by such high-tem-
perature induced changes as increased hard-seededness and
changes in the relative levels of various phytohormones. Tagetes
minuta L. achenes appear to be the only example of seeds in which
thermoinhibition is actively controlled by gene expression. Two-
dimensional polyacrylamide gel electrophoresis has shown that at
35°C, several proteins are expressed which are not expressed at all
during germination at favourable temperatures (25°C), and that the
expression of these proteins is very closely linked with the onset
and release of thermoinhibition. Differential display of mRNA was
then used to isolate genes which are specific to thermoinhibited
achenes. Following cloning and automated DNA sequencing, it was
found that one of the cDNAs thus isolated shows significant homol-
ogy to several dormancy-associated genes. Other cDNAs may rep-
resent genes involved in the protection of the biological machinery
at high temperatures.

Hypersalinity induces morphological, ultrastructural and
physiological changes in leaves of Avicennia marina

O Hiralal1, Y Naidoo2 and G Naidoo1
1 School of Biology, University of KwaZulu-Natal Westville, Private Bag
X54001, Durban 4000, South Africa
2 Electron Microscope Unit, University of KwaZulu-Natal Westville, Private
Bag X54001, Durban 4000, South Africa

Hypersalinity is an environmental stress that causes a decline in
mangrove stature along steep salinity gradients. Alterations in leaf
morphology and ultrastructure of Avicennia marina were compared
at seawater salinity (35‰) and hypersalinity (50‰) using morpho-
metric measurements, Transmission (TEM) and Scanning Electron
Microscopy (SEM). On the adaxial leaf surface, salt glands were
generally protruding from individual crypts at seawater salinity whilst
they appeared sunken and occluded by cuticular material under
hypersalinity. At seawater salinity, leaf chloroplasts possessed typi-
cal well-developed grana and stoma lamellae, orientated parallel to
the long axis of the plastid. Mitochondria appeared spherical to
tubular with a smooth outer membrane and a highly convoluted
inner membrane. Hypersalinity induced ultrastructural damage to
granal stacking and lamellar spacing of leaf chloroplasts such as
swelling, i.e. separation and disintegration of the thylakoid mem-
branes. Hypersalinity caused swelling and vacuolation of mitochon-
drial membranes, cristae and induced mitochondrial clustering in
the cytoplasm around the chloroplasts. Extensive lipid accumulation
in the form of large dense plastoglobuli occurred in the leaf chloro-
plasts under hypersalinity. Hypersalinity significantly increased leaf
and cuticle thickness by 27.6% and 29%, respectively. Proline accu-
mulation decreased by 27.1% at hypersalinity. Hypersalinity
reduced specific leaf area (SLA) by 17%, salt gland frequency on
the adaxial leaf surface by 22%, water content per gram dry mass
by 26% and relative water content by 7.8%. Hypersalinity reduced
total chlorophyll content by 27%, with a significantly higher reduction
in chlorophyll b than chlorophyll a.

Psychotropic plants in South Africa

AK Jäger1, M Sandager1, ND Nielsen1, J Risa1, A Risa1, A
Adsersen1, D Staerk1, GI Stafford2 and J van Staden2
1 Department of Medicinal Chemistry, The Danish University of
Pharmaceutical Sciences, 2 Universitetsparken, 2100 Copenhagen O,
Denmark

2 Research Centre for Plant Growth and Development, University of KwaZulu-
Natal Pietermaritzburg, Private Bag X01, Scottsville 3209, South Africa

Traditional healers treat many patients with mental disorders and
apparently do rather well, which could be ascribed to the holistic
healing methods employed. Medicinal plants form part of this treat-
ment. Until recently there has been limited scientific interest in these
potentially psychotropic plants. In our project we have constructed a
database on plants used for mental problems in traditional medi-
cine, and plants have according to indication been tested in bioas-
says for acetylcholinesterase inhibition, GABAA-benzodiazepine
receptor binding and binding to the serotonin transporter. Plants
with activity have been discovered in all assays. Isolation of active
compounds is underway and two alkaloids with activity on the sero-
tonin transporter have been isolated from Boophane disticha.

The conservation biology and taxonomic status of the
threatened endemic grassland daisy Gerbera aurantiaca

I Johnson1 and TJ Edwards2
1 Natal National Botanical Garden (National Botanical Institute), PO Box
21667, Mayors Walk 3208, South Africa
2 KwaZulu-Natal University Herbarium, School of Botany and Zoology,
University of KwaZulu-Natal Pietermaritzburg, Private Bag X01, Scottsville
3209, South Africa

The Hilton Daisy, Gerbera aurantiaca, is under threat from
afforestation, agriculture and urban sprawl, which have confined the
remaining nine populations to isolated fragments of moist mistbelt
grassland in KwaZulu-Natal in southern Africa. G. aurantiaca is a
long-lived clonal species, but seedling recruitment is low in most
populations. While the populations are predominantly red-flowered,
preliminary observations indicate considerable variation in petal
colour and shape both within and between populations. The pres-
ence of a yellow-flowered population at the northern end of the dis-
tribution range raises questions about pollinator shifts. Genetic
analyses using allozymes and AFLPs will be used to investigate
genetic variation within the species.

Vegetation patterns in the Kruger National Park, south
of the Sabie River

RE Joubert, GJ Bredenkamp and F Siebert
African Vegetation and Plant Diversity Research Centre, Department of
Botany, University of Pretoria, Pretoria 0002, South Africa

This is a phytosociological study with a difference. Instead of
solely relying on data generated by the student, ‘old’ data are used
to draw conclusions about the area. This study will be able to tell
whether ‘old’ data can be used for future studies. About thirty years
ago, former KNP officer, Piet van Wyk, undertook a vegetation sur-
vey of the area. The original data sheets containing the environ-
mental data were lost, however the floristic data were captured elec-
tronically. In order to draw ecological conclusions, the raw data
needed to be processed. New vegetation and environmental data
were collected from the same area to supplement the data of Van
Wyk, and these were classified. The new data will enlarge the exist-
ing database and ensure adequate environmental data for mean-
ingful plant community classification. This vegetation classification
and description should provide a significant contribution to the
ecosystems of the southern district of the KNP.

More revelations on the plants used for the treatment of
sexually transmitted infections in the Eastern Cape

L Kambizi and AJ Afolayan
Department of Botany, University of Fort Hare, Alice 5700, South Africa

This is a continuation of our ethnomedical studies into the plants
used for the treatment of STIs in the Eastern Cape. Previous infor-
mation obtained from traditional healers and rural dwellers revealed
18 plant species used for the treatment of the infections in this geo-
graphical area. Based on the information, plants which were con-
sistently identified were collected for antimicrobial screening and
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phytochemical analysis. The selected species showed a broad-
spectrum antibacterial property. Chemical work on one of the plants,
Aloe ferox, led to the isolation of three compounds, namely: aloe-
emodin, chrysophanol and aloin. Though not novel, this is the first
time chrysophanol was isolated from A. ferox. Structures of the
compounds were determined by chemical and spectroscopic stud-
ies. The antibiotic property of all the compounds was demonstrated
using bioautographic assay on TLC plates and their minimum
inhibitory concentrations (MIC) were determined by the microplate
dilution method.

Atmospheric CO2: a powerful control of carbon econo-
my and recovery from injury in African savanna trees

BS Kgope1, GF Midgley1 and WJ Bond2
1 National Botanical Institute, Kirstenbosch Research Centre, Private Bag X7,
Claremont, Cape Town 7735, South Africa
2 Botany Department, University of Cape Town, Private Bag, Cape Town,
Rondebosch 7701, South Africa

Significant effort has focused on increasing atmospheric carbon
dioxide (CO2), plant and ecosystem response but much of the
Pleistocene has experienced far lower CO2 levels. Increasing
atmospheric CO2 may favour a switch in dominance from graminoid
to woody components in African savannas not because of photo-
synthetic pathway differences but due to enhanced carbohydrate
accumulation and partitioning facilitating escape from injury (fire and
herbivory) in the woody components. We investigated the sensitivi-
ty of tree and grass species to the full range of glacial to projected
anthropogenic CO2 levels (180–1 000ppm). We tested the proposed
hypothesis by growing Acacia karroo, Acacia nilotica, Dichrostachys
cinerea and Themeda triandra in open top chambers with manipu-
lated atmospheric CO2 concentrations (180ppm, 280ppm, 370ppm,
550ppm, 700ppm and 1 000ppm). The latter species were chosen
because they dominate southern African savannas and are the main
culprits with respect to bush encroachment. Analyses to date have
revealed growth and photosynthetic stimulation, accompanied by
reduced stomatal conductance, increased water use and nutrient
use efficiency in two (A. karroo and A. nilotica) of the three woody
species where atmospheric CO2 was elevated from 180ppm to
700ppm. Importantly, root mass and carbohydrate content of roots
increased in trees grown in high CO2 and this was associated with
increase in resprout rate. These findings suggest a positive
response by dominant African savanna trees to increasing atmos-
pheric CO2 since the last glacial maximum, and may explain histor-
ical records on increasing bush encroachment from African savan-
nas into adjoining grasslands.

Seed recalcitrance — from the known to the unknown

JI Kioko
Plant Cell Biology Research Unit, School of Life and Environmental Sciences,
University of KwaZulu-Natal, Durban 4041, South Africa

The physiology of seeds places them in a continuum of post-har-
vest behaviour: at one extreme are seeds with the ability to with-
stand a high degree of desiccation and remain viable for predictably
long periods under conditions of low temperature and low water
contents (orthodox seeds); while seeds at the other extreme are
damaged by dehydration below a relatively high water content, are
often chilling-sensitive, and are generally short-lived and unstorable
for useful periods (recalcitrant seeds). Between the two extremes,
seeds tolerate the stresses of desiccation and low temperature to
different degrees. The biological basis non-orthodox seed behaviour
has been ascribed to many factors, including: patterns of develop-
ment, intracellular physical characteristics, the synthesis of protec-
tive molecules and operation of protective mechanisms during
dehydration, and ecological and evolutionary features. However,
these bases may not be the same for all species, particularly as
most of the available information on seed biology is derived from
research on less than 0.1% of all higher plants. This paper will pres-
ent a current assessment of seed recalcitrance, and review
unknown or challenging aspects which may lead to better under-

standing of recalcitrance and handling of recalcitrant seeds. Such
challenges include: whether the processes known to be associated
with the deterioration of recalcitrant seeds are the cause, or a con-
sequence, of such deterioration; whether the metabolic processes
associated with dehydration-induced death are similar to those
associated with storage-induced death; the quantification of desic-
cation sensitivity; genetic control of desiccation tolerance; the use of
recalcitrant seeds as model systems to study stress in vegetative
tissue; and the challenge of recalcitrant-seed germplasm storage
and exchange. These considerations constitute fascinating avenues
of research for botanists, and are necessary in order to utilise recal-
citrant-seeded species prudently in meeting current and future
needs of our society.

Influence of environmental factors on seed germination
of medicinal plants from Lesotho

MG Kulkarni and J van Staden
Research Centre for Plant Growth and Development, University of KwaZulu-
Natal Pietermaritzburg, Private Bag X01, Scottsville 3209, South Africa

There are many plant species found along the riparian zones of
Lesotho that are used by the local inhabitants for medicinal purpos-
es. Comprehensive knowledge about the environmental conditions
required for seed germination of these plants is an important pre-
requisite for propagation strategies. In this study, ten important
medicinal plants were selected and their seed germination response
to different temperatures, temperature shifts, dark and light condi-
tions, and cold stratification were investigated. Temperatures of
20–25°C appeared most suitable for optimal germination in most of
the plant species examined. Dianthus basuticus, Kniphofia
caulescens and Rumex lanceolatus gave the highest percentage
germination at 10–20°C. Overall, the majority of the species showed
the order of percentage germination as 20°C > 25°C > 30°C. A tem-
perature shift from 10°C to 20°C and 30°C to 20°C increased the
final percentage germination indicating the optimum temperature
requirement of some species. Seeds of Eucomis autumnalis
responded significantly to the continuous dark treatment, while
Urginea capitata responded to the continuous light treatment. After
15 days of cold stratification at 5°C, Anthospermum rigidum and
Scabiosa columbaria exhibited an increase in the rate of germina-
tion at 25°C.

Genetic diversity of Warburgia in Africa: an assessment
using PCR–RAPDs and sequencing of the chloroplast
trnL(UAA) intron and trnL/F intergenic spacer

JM Lamb, P Naidoo, T Ralph, C Govender, J Gellately, JI Kioko,
P Berjak and R Slotow
Plant Cell Biology Research Unit, School of Life and Environmental Sciences,
University of KwaZulu-Natal, Durban 4041, South Africa

The wild cinnamon family, Canellaceae, comprises only five gen-
era. The small genus, Warburgia, is restricted to Africa. Reports
exist giving either three species, Warburgia salutaris (Bertol. f.)
Chiov., W. breyeri Pott and W. ugandensis (Sprague), or only one
species, W. salutaris, with the other names regarded as synonyms.
In South Africa, W. salutaris takes the form of a shrub or small to
medium sized tree (4–8m) and is found in the bushveld and forests
of Zululand, the Northern Province and Mpumalanga. In Zululand,
this tree occurs in the Tembe Elephant Reserve and at Lake St.
Lucia. Warburgia salutaris is among the most endangered plant
species in southern Africa owing to lack of seedling recruitment, and
the non-sustainable level of bark stripping for use in traditional med-
icine. Efforts have been made in South Africa to conserve W. salu-
taris. At Silverglen Medicinal Plant Nursery plantlets have been
propagated from ‘root suckers’ obtained from the wild populations.
At the north of its range, in tropical Africa, the tree grows to a height
of 43m in forest. Here the name W. ugandensis tends to be used.
The tree is widely distributed in Tanzania and Kenya, and has not
been recorded as endangered. This work has involved investigation
of genetic diversity of Warburgia samples from Kenya, Tanzania,
Tembe, St Lucia and Silverglen. The techniques used were
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sequencing of the chloroplast trnL(UAA) intron and trnL/F intergenic
spacer, as well as PCR–RAPD fingerprinting. Results from the
sequencing and fingerprinting techniques are congruent, and indi-
cate a high level of genetic uniformity in South African samples.
Sequencing results show 100% genetic identity within these sam-
ples and between them and the Warburgia salutaris sample lodged
on the GENBANK (AY004147). Sequence data indicate that the
samples from Tanzania and South Africa form one clade (100%
bootstrap support) although the Tanzanian samples show a Kimura
2-parameter genetic distance of 0.01 to 0.04 from the South African
samples. Thus the Tanzanian samples are likely to be W. salutaris.
Samples from Kenya appear to be rather different. Both maximum
parsimony and neighbour-joining analysis of sequence data indicate
that the Kenya samples do not group with the other Warburgia sam-
ples, and are unlikely to be Warburgia salutaris, or even members
of the genus Warburgia.

Growth inhibition of plant pathogenic fungi by extracts
of Allium sativum and Tulbaghia violacea

KL Lindsey and J van Staden
Research Centre for Plant Growth and Development, University of KwaZulu-
Natal Pietermaritzburg, Private Bag X01, Scottsville 3209, South Africa

An important stage in tissue culture is the acclimatising of the in
vitro grown plantlets to conditions outside the culture flask.
Unfortunately many plantlets succumb to fungal attack at this stage
resulting in significant financial loss. The use of plant extracts as
possible anti-fungal agents is of great interest in this regard.
Aqueous extracts of Tulbaghia violacea and Allium sativum
(Alliaceae) were used to treat plantlets of Harpagophytum procum-
bens (devils claw) by pre-soaking plantlets in extract before planting
out into pots or by applying extracts as a soil drench after planting
plantlets into pots. Results obtained after a two-week period showed
that plantlets treated with extracts of T. violacea had a higher per-
centage survival than did those treated with extracts of A. sativum.
Applying T. violacea extract as a soil drench was most effective at
increasing plantlet survival. In an in vitro screening for anti-fungal
activity, extracts of T. violacea had greater activity than A. sativum
against the fungal pathogens: Botrytis cinerea, Pythium ultimum
and Rhizoctonia solani. Our results suggest that aqueous extracts
of T. violacea may be used as an alternative, or additive to, synthetic
fungicides in order to increase plantlet survival of H. procumbens
during acclimatisation.

Rescue and restoration planning at Coega Kop, Eastern
Cape

RA Lubke1 and AM Avis2
1 Department of Botany, Rhodes University, PO Box 94, Grahamstown 6140,
South Africa
2 Coastal and Environmental Services, Grahamstown 6140, South Africa

The vegetation and flora of Coega Kop in the Algoa Basin of the
Eastern Cape, about 15km north of Port Elizabeth, is unique in
many ways. With the development of a deep-water harbour at
Coega, the Cape Supergroup rocks of Coega are destined for jet-
ties off the harbour. The succulent vegetation of the rock outcrops
contains important endemics, viz. Orthopterum coegana and endan-
gered species, e.g. Aloe bowie. The limestone grasslands have a
unique suite of species, whereas the mesic succulent thicket is well
represented throughout the area. Following a number of detailed
environmental studies, recommendations were made for use of the
twin rocky ‘kops’ with the reserve of the endangered species.
Thousands of the plants have been translocated to new protected
sites in the same area and others have been temporarily located in
nurseries to be used in rehabilitation of these sites when the quar-
rying has been completed. We will need to wait many years to
review the success of these programmes but at present the plan-
ning of the study can be considered in this presentation.

The effect of acetylcaranine on ascorbate biosynthesis
and acetylcholinesterase activity

J Ludlow, N Rodda and MT Smith
School of Life and Environmental Sciences, University of KwaZulu-Natal,
Durban 4041, South Africa

The development of new pharmaceuticals is dependent on appro-
priate in vitro and in vivo bioassays. The known alkaloids atropine,
lycorine, galanthaminFe, sparteine and the novel compound acteyl-
caranine were tested for their effects on ascorbate biosynthesis and
acetylcholinesterase activity. Results indicated that both acetylcara-
nine and lycorine significantly inhibited ascorbate biosynthesis at
concentrations of 100µM and 200µM. The inhibition was both con-
centration- and time-dependent. Acetylcaranine-induced inhibition
resulted in greater DHA/ascorbate ratios, when compared with com-
parable concentrations of lycorine. Acetylcaranine thus appeared to
induce greater oxidative stress in the test system by an unknown
mechanism. Assays for cetylcholinesterase activity also showed dif-
ferences between lycorine and acetylcaranine. Acetylcaranine at
500µM and 200µM showed a significant inhibitory effect, while the
response to lycorine appeared to be bimodal. Sparteine was also
seen to inhibit acetylcholinesterase activity. The two assays repre-
sent efficient and reproducible approaches in the screening of natu-
ral products.

Recent advances in somatic embryogenesis of Pinus
patula

RB Malabadi, J van Staden and AV Ramarosandratana
Research Centre for Plant Growth and Development, University of KwaZulu-
Natal Pietermaritzburg, Private Bag X01, Scottsville 3209, South Africa

Somatic embryogenesis coupled with cryopreservation consti-
tutes a powerful strategy to speed-up the breeding program of
conifers. Cryopreservation of embryogenic tissue allowed the stor-
age of progenies from controlled crosses while multisite trials are
being conducted. However, only a low percentage of material will be
selected raising consequently the cost of maintenance and testing
due to unwanted genotypes. The best alternative would be to estab-
lish embryogenic cultures from mature elite trees. We report for first
time the initiation of embryogenic tissue from shoot apical dome of
15–25-year-old Pinus patula trees. The growth of embryogenic lines
are comparable to those obtained from immature zygotic embryos.
Plantlets were regenerated and their growth and morphology were
compared with those of seedlings from the same family.

A revised generic synopsis of Hyacinthaceae in sub-
saharan Africa, based on molecular evidence

JC Manning1, P Goldblatt2 and MF Fay3
1 Compton Herbarium, National Botanical Institute, Private Bag X7, Claremont
7735, South Africa
2 Krukoff Curator of African Botany, Missouri Botanical Garden, PO Box 299,
St Louis, Missouri 63166, USA
3 Jodrell Laboratory, Royal Botanic Gardens, Kew, Richmond TW9 3DS,
United Kingdom

A revised generic synopsis of sub-Saharan Hyacinthaceae is pre-
sented, based on a molecular phylogenetic analysis of the family.
Generic rank is accorded only to reciprocally monophyletic clades
that can be distinguished by recognisable morphological disconti-
nuities, thereby permitting an appropriate generic assignment of
species not included in the analysis. Three subfamilies are recog-
nised within the region. Subfamily Ornithogaloideae, characterised
by flattened or angular seeds with tightly adhering testa, is consid-
ered to include the single genus Ornithogalum, which is expanded
to include the genera Albuca, Dipcadi, Galtonia, Neopatersonia and
Pseudogaltonia. Recognising any of these segregates at generic
level renders the genus Ornithogalum polyphyletic, while subdivi-
sion of Ornithogalum into smaller, morphologically distinguishable
segregates in order to preserve the monophyly of each is not pos-
sible. Subfamily Urgineoideae, characterised by flattened or winged
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seeds with brittle, loosely adhering testa, comprises the two main-
land African genera Bowiea and Drimia. The latter is well circum-
scribed by its deciduous, short-lived perianth and includes the pre-
viously recognised genera Litanthus, Rhadamanthus, Schizobasis
and Tenicroa. The monotypic Madagascan Igidia is provisionally
included in the subfamily as a third genus on the basis of its seeds,
pending molecular confirmation of its relationships. Subfamily
Hyacinthoideae resolves into three clades, distinguished as tribes
Hyacintheae, Massonieae and Pseudoprospereae tribus nov. The
genus Ledebouria is expanded to include Drimiopsis and Resnova,
the genus Whiteheadia is most appropriately included in Massonia,
and the genus Lachenalia is only monophyletic if it includes
Polyxena.

The hydraulic limitation hypothesis: a test using long-
term root chilling of two Eucalyptus spp. clones

P Manoharan and NW Pammenter
School of Life and Environmental Sciences, University of KwaZulu-Natal,
Durban 4041, South Africa

The hydraulic limitation hypothesis suggests that low soil-to-leaf
hydraulic conductances can lead to low leaf water potentials which
can reduce stomatal conductance and CO2 assimilation, and hence
growth. This hypothesis was assessed by decreasing hydraulic con-
ductivity by long term (3 month) chilling (15°C) of the roots of two
Eucalyptus spp. clones (GU210 and TAG14). Diurnal variation in
leaf water potential (ΨL), transpiration rate (E), stomatal conduc-
tance (gs) and net CO2 assimilation rate (A) were measured prior to
harvest. Hydraulic conductances of roots, shoots and whole plants
were measured at harvest using the high-pressure flow meter. ΨL
did not decline as much in plants subjected to root chilling as in con-
trol plants, suggesting stomatal limitation to transpiration. Root chill-
ing significantly reduced gs and A: the relationship between A and gs
was linear, suggesting stomatal limitation of assimilation, this being
more pronounced in plants subjected to root chilling, and more so in
GU210 than TAG14. Root chilling decreased the whole plant dry
mass, the effect being smaller in TAG14, with this clone showing
morphological adjustment, in that root growth was less affected than
shoot growth. Adjustment of leaf area in response to chilling in
TAG14 was such that a reduction root conductivity per unit leaf area
was observed only in GU210. As the roots constitute the major
hydraulic resistance, whole plant conductivity per unit leaf area
largely reflected those of the roots. Long-term root chilling signifi-
cantly affected leaf physiological characteristics, despite the lack of
significant effect on hydraulic conductance in TAG14. The data from
GU210 support the hydraulic limitation hypothesis; because of the
morphological and physiological adjustment to root chilling in
TAG14, the data are unsuitable to directly assess the hypothesis.

Antimicrobial activity of Pelargonium sidoides

SPN Mativandlela, N Lall and JJM Meyer
Department of Botany, University of Pretoria, Pretoria 0002, South Africa

African medicines have long been used to treat microbial infec-
tions. Due to the increasing resistance of infectious pathogens and
the growing interest in herbal medicines, scientists are focusing on
the investigation of antimicrobial activity of plant extracts. The genus
Pelargonium, belonging to the genera Geranium and family
Geraniaceae, are known for the aromatic and herbal properties.
Pelargonium reniforme CURT and Pelargonium sidoides DC,
indigenous to South Africa, are being used by the traditional healers
to treat wounds, diarrhoea, stomach problems, coughs, colds and
respiratory problems. Sequential extraction of the roots of P.
sidoides with chloroform, ethylacetate and 70% acetone resulted in
7.0%, 0.4% and 29.9% of the corresponding extracts. Liquid parti-
tioning of 70% acetone extract resulted in ethylacetate, butanol and
water residues. All these extracts were tested for their antibacterial
and antimycobacterial activity using agar diffusion and radiometric
method respectively. 70% acetone exhibited the best activity
against Gram-positive bacteria Bacillus cereus at 0.5mg ml–1. Ethyl
acetate and butanol extracts were found to be active against a sen-

sitive strain of Mycobacterium tuberculosis at concentration ranging
from 2.5mg ml–1. A further fractionation of 70% acetone on silica gel
resulted in ethyl acetate, butanol and water residues. Compounds
are currently being purified from active extracts.

Expression behaviour of primary carbon metabolism
genes during sugarcane culm development

AJ McCormick1,2, BI Huckett1,2,3, FC Botha1,3 and DA Watt1,2,3
1 South African Sugar Association Experiment Station, Private Bag X02,
Mount Edgecombe 4430, South Africa
2 Institute for Plant Biotechnology, University of Stellenbosch, Private Bag X1,
Matieland 7602, South Africa
3 School of Life and Environmental Sciences, University of KwaZulu-Natal,
Durban 4041, South Africa

Despite numerous attempts involving a variety of target genes,
the successful transgenic manipulation of sucrose accumulation in
sugarcane remains elusive. It is becoming increasingly apparent
that enhancing sucrose storage in the culm by molecular means
may depend on the co-ordinated modification of the activity of mul-
tiple gene targets. One possible approach to identify target genes
playing crucial coarse regulatory roles in sucrose accumulation is to
assess gene expression during the developmental transition of the
culm from a non- to a sucrose accumulatory function. Using reverse
Northern hybridisation analysis, this study examined the expression
behaviour of a suite of ninety carbohydrate metabolism-related
genes in three developmentally distinct regions of the culm. The
goal of this work was to extend the limited knowledge of the regula-
tion of sucrose metabolism in sugarcane, as well as to complement
existing data from physiological, biochemical and enzymological
studies. As indicators of enzyme-gene expression, three mRNA
populations derived from the different culm regions were assayed
and their hybridisation intensities to the gene probes statistically
evaluated, thus affording a comparable representation of the
change of sucrose-related gene expression at differing stages of
culm maturity. A variety of genes exhibiting differential transcription-
al activity were identified and the expression patterns of a sub-set of
these were confirmed with conventional Northern hybridisation tech-
niques. Combined with knowledge of the levels of key metabolites
and metabolic intermediates this gene expression analysis data will
assist in the identification of multiple gene targets for future manip-
ulation by transgenic approaches.

Implication of the nucleo- and cyto-skeleton in the des-
iccation sensitivity of recalcitrant seeds

V Merhar1, Z Gumede2 and P Berjak2
1 Electron Microscope Unit, University of KwaZulu-Natal, Durban 4041, South
Africa
2 Plant Cell Biology Research Unit, School of Life & Environmental Sciences,
University of KwaZulu-Natal, Durban 4041, South Africa

Recalcitrant seeds are shed at high water contents and are des-
iccation-sensitive throughout their pre- and post-shedding lifespan,
losing viability after often only modest dehydration. Studies to eluci-
date the effects of dehydration on the subcellular organisation of
these seeds have identified various deficiencies contributing to their
desiccation sensitivity. It is implicit that the maintenance of the
integrity of nucleo- and cyto-skeletons during dehydration or their
repair on rehydration is a major requirement for seed desiccation
tolerance. The cytoskeleton is a dynamic 3-dimensional framework,
which confers intracellular organisation, while the nucleoskeleton is
thought to provide structural basis for intranuclear order.
Immunofluorescent labelling, using Anti-Lamin B antibody specific
for the nucleoskeleton and FITC-phalloiden against microfilament
component of the cytoskeleton, enabled us to visualise the nucleo-
and cytoskeleton of the meristematic cells of germinated Trichilia
dregeana root and shoot tips developed from undried embryonic
axes and to compare these structures with that of the axes subject-
ed to 3h and 5h rapid flash-drying followed by 60 days in vitro ger-
mination. Flash-drying had a deleterious effect on axes viability with
only 10% germination after 3% and 2% germination after 5h drying.
Fluorescence microscopy revealed a bright fluorescence of the
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inner nuclear lamina and matrix components of the nucleoskeleton
of germinated embryonic axes, which were not subjected to any
dehydration. The cytoskeletal features of these seeds were also
well preserved as indicated by the relative abundance and structur-
al arrangement of the actin microfilaments. The elements of the
nucleoskeletons from axes, which failed to germinate aggregated
peripherally, as indicated by the intense fluorescence in this region
of the nucleus. The actin meshwork in these embryonic axes also
showed signs of progressive deformation of shape and a failure of
reconstitution. Our data suggest that failure of the nucleo- and
cytoskeletons to reassemble following dehydration of recalcitrant
seeds might contribute to their desiccation-sensitivity.

The vegetation of the western Soutpansberg conser-
vancy as part of the Soutpansberg Centre of Plant
Endemism

THC Mostert, GJ Bredenkamp and N Hahn
African Vegetation and Plant Diversity Research Centre, Department of
Botany, University of Pretoria, Pretoria 0002, South Africa

This study presents an ecological account of the vegetation rep-
resenting the western section of the Soutpansberg Centre of
Endemism. TWINSPAN was used to classify the vegetation data,
while table-sorting procedures based on the Braun-Blanquet
approach was used for further refinement. The classification lead to
six major vegetation types, consisting of 23 syntaxa, interpreted as
High Lying Wetland Vegetation, Afromontane Forests, Androstachys
johnsonii Closed Woodland, Protea caffra Cool Moist Grasslands,
Arid Mountain Bushveld and Cool Mistbeld Mountain Bushveld.
Plant communities of each major vegetation type are described,
while diagnostic and threatened or rare species are highlighted.
Vegetation-ecology and -patterns in the western Soutpansberg are
driven mainly by the dramatic rain-shadow effect of the east-west
running ridges of the mountain, and its influence on the distribution
of precipitation. The underlying geology seems to play only a minor
role in the region’s phytosociology. High topographical diversity
within this small area, together with its connectedness with the sur-
rounding centres of endemism, resulted in the high alpha and beta
diversities observed. The Western Soutpansberg Conservancy can
be regarded as an important botanical hotspot of diversity, with veg-
etation including arid Kalahari sandveld, Afromontane forest, moist
mist belt vegetation, arid mountain bushveld, wetlands and high
lying grasslands.

New floristic–biogeographical classification of indige-
nous forests of South Africa and Swaziland

L Mucina1, CJ Geldenhuys2 and G von Maltitz3

1 Department of Botany, University of Stellenbosch, Private Bag X1, Matieland
7602, South Africa
2 Forestwood cc, Pretoria, South Africa
3 CSIR, Environmentek, Pretoria, South Africa

The indigenous forests of South Africa were subject to classifica-
tion using floristic and biogeographic criteria. The classification is
based on around 4 500 vegetation relevés featuring floristic compo-
sition of the tree and shrub layers and to some extent also under-
storey levels. Various numeric-analytical tools (clustering, pooling,
ordination, scaling) were used to reveal the coeno-taxonomic pat-
terns in the studied data set. The resulting scheme features all
afrotemperate, palaeo-subtropical and neo-subtropical forests found
in the area, classified into 25 (22 zonal and 3 azonal) Forest Types
and summarised into eight zonal and three azonal Forest Groups.
The Forest Groups served as basis for definition of mapping units of
the National Vegetation Map (VegMap). The new classification, con-
tracted by the Department of Water Affairs and Tourism, should pro-
vide scientifically sound basis for national policy development and for
conservation of biodiversity in the indigenous forests in South Africa.
Mapping coverage of the extant patches of the indigenous in
Western Cape, KwaZulu-Natal and Mpumalanga Provinces was
revised and incorporated into the VegMap. The floristic–biogeo-
graphic classification was also applied to the forests of Swaziland.

Development of a DNA-based diagnostic method for
detection of fungal pathogens of embryonic axes of
recalcitrant seeds of South African provenance

M Mukherjee1, P Berjak1 and DA Watt2
1 Plant Cell Biology Research Unit, School of Life and Environmental
Sciences, University of KwaZulu-Natal, Durban 4041, South Africa
2 South African Sugar Association Experiment Station, Private Bag X02,
Mount Edgecombe 4430, South Africa

A polymerase chain reaction (PCR) protocol was developed that
specifically detected the three most common fungal genera associ-
ated with recalcitrant seeds in South Africa, namely, Fusarium sp.,
Penicillium sp. and Aspergillus sp. Recalcitrant seeds are predis-
posed to pathogenic fungal proliferation. Where excised embryonic
axes are used for long-term cryopreservation of the germplasm of
recalcitrant seeds, fungal infection has proved to be a major hin-
drance. Three universal fungal primers, ITS1, ITS4 and ITS5, were
used in combination to amplify the internal transcribed spacer
regions of the 28S ribosomal RNA gene. Based on multiple
sequence alignment among these sequences, specific primer-pairs
were designed for each of the fungal genera: F1 and F2 for
Fusarium sp.; P1 and P2 for Penicillium sp.; and A1 and A3 for
Aspergillus sp. A comparative study of various DNA extraction pro-
tocols for embryonic axes of a recalcitrant seed was done. The
genus-specific primers were subsequently used to detect specific
fungal pathogens from experimentally inoculated embryonic axes of
a recalcitrant seed, Quercus robur L. This molecular assay forms a
part of certification of the phytosanitary status of explants for
germplasm preservation by cryogenic storage. Should the latter
become a reality, then health testing of the explants by rapid and
highly reliable means would be a vital component. The advantage of
this approach was that one set of primers was used for the detec-
tion of specific fungal pathogens in seeds before cryopreservation.
Alternatively, in mixed infections, primer-pairs can be utilised to
detect several pathogens, and the main pathogens can be identified
with ease based on the length of the amplified fragments. This pro-
vides a quick, reliable diagnostic method for the detection of
Fusarium, Penicillium and Aspergillus infections in recalcitrant
seeds, as compared to more time-consuming conventional methods
of seed-pathogn identification.

Biomass and photosynthetic productivity of water
hyacinth Eichhornia crassipes as affected by nutrient
supply and biocontrol by the mirid Eccritotarsus catari-
nesis

L Muller, BS Ripley, GM Whittington-Jones and MP Hill
Departments of Botany and Entomology, Rhodes University, Grahamstown
6140, South Africa

Observations and field trials have shown that the successful bio-
control of water hyacinth is affected by the nutrient status of the
water body containing the plants and this has important manage-
ment implications. Further, controlled studies have shown that the
impact of two species of weevils (Neochetina eichhorniae and N.
bruchi) on hyacinth productivity is affected by nutrient supply. This
study investigated the impact of the mirid on the biomass and pho-
tosynthetic productivity, chlorophyll content and intensity of her-
bivory as affected by four growth-medium nutrient levels. Nutrient
supply had a significant effect on plant productivity, chlorophyll con-
tent, gas exchange and PSII performance. Plants supplied with the
lowest concentrations of nitrogen had significantly reduced photo-
synthetic performance, which was not significantly different between
treatments with or without mirids. Reduced photosynthetic perform-
ance included reduced chlorophyll content, PSII photochemical effi-
ciency, carboxylation and quantum efficiencies, and light and CO2
saturated photosynthetic rates. The low nitrogen supplied plants
were unable to support experimental levels of mirid herbivory as
indicated by the reduced levels of insect-frass production and
declining myrid numbers. Plants unlimited by nutrient supply were
unaffected by mirid herbivory despite supporting increasing popula-
tions of mirids. Plants supplied with intermediated levels of nitrogen
and subjected to mirid herbivory showed significantly decreased
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photosynthetic productivity and chlorophyll content relative to plants
not subjected to herbivory. The biomass of intermediate nutrient
plants was decreased by the mirids but unlike the photosynthetic
parameters measured, this was not significant at the end of the 4-
week experimental period. Conclusions are that measured photo-
synthetic parameters and chlorophyll content are more sensitive
measures of mirid herbivory than is biomass and may potentially be
used to predict the effectiveness of biocontrol. The biocontrol of
hyacinth by mirids was effective at intermediated nutrient levels,
with low nitrogen levels being unable to support mirid populations
and high nutrient levels allowing plants to compensate for mirid her-
bivory.

Ecophysiological responses of Juncus kraussii to salin-
ity and flooding stresses

G Naidoo and J Kift
School of Biology, University of KwaZulu-Natal Westville, Private Bag
X54001, Durban 4000, South Africa

Juncus kraussii, a salt marsh macrophyte, is intensively harvest-
ed for many commercially orientated products and current popula-
tions are under threat of overexploitation. In saline intertidal mud
banks, this species occurs on higher ground, suggesting that it is
adapted to lower salinities and less frequent inundation. We tested
the hypothesis that growth and productivity of this species is affect-
ed by substrate salinity and soil moisture. Plants collected from the
field were subjected to 0.2%, 10%, 30%, 50% and 70% seawater
under drained or flooded conditions in a randomised complete block
experiment, for three months. Measurements were made of bio-
mass accumulation, CO2 exchange, chlorophyll fluorescence, ion
and water relations. Total dry biomass accumulation, as well as the
number and height of culms, decreased with increase in salinity
under both flooded and drained conditions. Generally, CO2
exchange, stomatal conductance, Photosystem II (PSII) quantum
yield and electron transport rate (ETR) through PSII declined with
increase in salinity in both the flooded and drained treatments.
Predawn and midday Ψ decreased with increase in salinity, being
lower under drained than flooded conditions. Inorganic solute con-
centrations increased with increase in salinity, with Na+ and Cl–
being the predominant ions. Na+/K+ ratios increased significantly
with increase in salinity. Proline concentrations, which increased
with salinity, were considerably higher under drained than flooded
conditions. This study has demonstrated that J. kraussii is a highly
salt and flood tolerant species, being able to grow and survive in
salinities up to 70% seawater, under both drained and flooded con-
ditions. Maximal growth occurred at low salinities (<10% seawater)
under flooded conditions.

Post-harvest seed behaviour and long-term germplasm
conservation of selected Amaryllid species

S Naidoo, P Berjak and NW Pammenter
Plant Cell Biology Research Unit, School of Life and Environmental Sciences,
University of KwaZulu-Natal, Durban 4001, South Africa
$ Awarded Van Staden Prize for best oral presentation by a

MSc student
The family Amaryllidaceae (Monocotyledonae) forms an integral

part of the arid zone flora of southern Africa. Land clearing and non-
sustainable harvesting of amaryllid bulbs for the herbal medicine
trade threaten the existence of many species. Short-lived seeds and
poor/inconsistent potential for vegetative reproduction also charac-
terise the members of this family. The seeds of all species were
shed at high water contents (2.46–4.98g g–1) and germinated with-
out any additional water suggesting non-orthodox post-harvest
characteristics. Excised axes of Crinum macowanii, Amaryllis bel-
ladonna, Haemanthus bakerae, Haemanthus humulis humulis,
Nerine bowdenii, Brunsvigia gregaria, Nerine humilis, Boophane
disticha and Crinum bulbispermum all displayed typical recalcitrant
behaviour, with ~80–90% losing viability when rapidly dehydrated to
water contents below 0.2g g–1, while 40% of Nerine filifolia,
Scadoxus punicieus and Strumaria discifera axes lost viability below

this water content. Brunsvigia orientalis axes lost all viability when
similarly dried below 0.4g g–1. For all species hydrated seeds ger-
minated in 7–21 days at 16°C in storage; while partially dehydrated
axes did not survive storage. Hydrated storage at 6°C curtailed ger-
mination to 15% but an increasing loss in percentage viability
occurred between 30 and 60 days. Germination in amaryllid seeds
is unusual in that part of the cotyledon, to which the embryonic axis
is attached, grows right out of the seed. This however, makes the
axis accessible for excision as an explant for cryopreservation.
When the excised axes of selected species were rapidly dehydrat-
ed to axis water contents of 0.2–0.4g g–1 and subjected to rapid
freezing within cryovials (LN, –196°C), 30–40% of H. bakerae, B.
gregaria, B. orientalis and S. discifera axes and 10–20% of N.
humulis and N. filifolia axes produced normal plants, either with or
without the application of various cryoprotectants. With the combi-
nation of vitrification and rapid freezing this was true for only
10–20% of N. humilis, B. gregaria, N. filifolia and S. discifera axes.
The seeds of all species germinated when dried in silica gel but
when the excised axes of N. filifolia (dried to below 0.2g g–1) were
cryopreserved, 60% of these axes produced normal plants. Rapid
rehydration in Ca Mg–1 solution (i.e. direct immersion) was most
suitable for all species while dehydration and cryoprotection
induced either abnormal or retarded growth in many species. Plants
were generated also from in vitro derived bulb scales (C. macow-
anni, N. bowdenii, B. gregaria, H. bakerae, H. humulis humulis),
leaves (H. humulis humilis) or root tips (H. humilis humulis).
Greenhouse studies and monitoring of wild populations has yielded
valuable information on re-establishment strategies for both cryop-
reserved and micropropagated material.

Effects of atmospheric CO2 enrichment on growth, phys-
iology and competitive ability of Chromolaena odorata

S Naidoo and NW Pammenter
School of Life and Environmental Sciences, University of KwaZulu-Natal,
Durban 4041, South Africa

Chromolaena odorata (L.) R. M. King and H. Robinson
(Asteraceae, C3), is presently the most aggressive alien invasive
weed in the warm, mesic regions of South Africa. In the short-term
elevated atmospheric [CO2] enhances photosynthesis and growth in
most C3 species but with long-term exposure many exhibit some
degree of photosynthetic down-regulation. This study looked at the
effects of elevated CO2 on growth, physiology and competitive abil-
ity of C. odorata, when grown in monospecific and mixed arrays with
the Chysanthemoides monilifera (L.) T. Nord. (Asteraceae, C3).
Plants were grown in open-top chambers at ambient [350µmol CO2
(mol air)–1] or elevated [700µmol CO2 (mol air)–1] CO2 under green-
house conditions. Under conditions of intense interspecific competi-
tion C. odorata leaves grown and measured at elevated CO2 dis-
played reduced CO2- and light-saturated photosynthetic rates (µmol
m–2 s–1) as well a reduction in instantaneous A and gs. Elevated CO2
did not enhance growth or competitive ability in C. odorata and the
competitive dominance of C. monilifera promoted a reduction in the
height and biomass of C. odorata within the mixed arrays, with more
carbon being allocated to leaves and less to stems as interspecific
competition intensified. The dominating canopy architecture dis-
played by C. monilifera within the mixed arrays appears to have
shaded C. odorata, triggering the production of thinner leaves (high
SLA). The lower CO2- and light-saturated photosynthetic rates dis-
played by these leaves growing at elevated CO2 may be attributed
to a reduction in photosynthetic machinery, characteristic of shad-
ed/thinner leaves. Reductions in photosynthetic machinery driven
by the combined effects of shade and CO2 enrichment appear to
have brought about a more complete physiological adjustment to
elevated CO2, than either factor alone. A plant’s response to elevat-
ed CO2 will depend not only on its physiological and structural
adjustment to CO2 enrichment but its ability to compete for limiting
resources, like light. Neighbours will in turn modify each other’s
response to elevated CO2.
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Zulu Botanical Knowledge Project

MA Ngwenya and R Williams
National Botanical Institute, Natal Herbarium, Botanic Gardens Road, Durban
4001, South Africa

Several years back, the Zulu Botanical Knowledge Project was
conceptualised at a significant meeting between botanists and
isiZulu language specialists at the Natal Herbarium in Durban.
Initially the intention was to focus on the entire province and to pro-
duce a Zulu Plant Names Dictionary, an authoritative work for the
region. However, it was quickly realised that the scale of this project
was enormous — the region is blessed with an exceptionally rich
plant diversity, which is mirrored by the richness of the Zulu lexicon.
Coupled to this was the geographic extent of the province and the
fact that it was the first time that botanists and isiZulu linguists would
be working together in this way. A common understanding on the
methodology, the extent of the work, the products as well as clarity
on issues around intellectual property rights, access and benefit
sharing was needed. A pilot project was therefore designed to
explore these issues and to document botanical knowledge in three
areas of KwaZulu-Natal: Bulwer and eLotheni in the mountainous
western interior, oNgoye and eNkandla in Zululand in the north, and
eNtimbankulu in the south. This project ended in November 2003
with the production of ‘Ulwazi LwamaZulu Ngezimila:
isingeniso/Zulu Botanical Knowledge: an introduction’. This paper
focuses on the pilot project. The institutional base of the pilot proj-
ect was the National Botanical Institute’s Natal Herbarium in
Durban. The working group was made up of botanists and linguists
from six organisations in KwaZulu-Natal: the National Botanical
Institute, the Universities of Natal, Durban-Westville and Zululand,
Mangosuthu Technikon and Ezemvelo KwaZulu-Natal Wildlife. The
project was sponsored by WWF–SA (World Wide Fund for Nature)
and the NRF (National Research Foundation).

Genetic modification of a commercially important soft-
wood species by Agrobacterium-mediated gene transfer

SA Nigro1, NP Makunga1, NB Jones2 and J van Staden1
1 Research Centre for Plant Growth and Development, University of KwaZulu-
Natal Pietermaritzburg, Private Bag X01, Scottsville 3209, South Africa
2 Sappi Forests Research, PO Box 473, Howick 3209, South Africa

Rapid global deforestation rates coupled with an increased world
population and higher living standards has resulted in an increased
world demand for pulp, paper and timber products which has
prompted scientific and commercial focus to improve genetic timber
stocks. The simultaneous development of genetic engineering and
biotechnology has facilitated molecular tree improvement. Pinus
patula is one of the South African forestry’s most important softwood
species for pulp production and makes up 375 000ha of the total
plantation area in South Africa. The production of transgenic Pinus
patula would have enormous influence on the timber and pulp pro-
duction in South Africa. We have established a biolistic protocol for
embryonal suspensor masses (ESM) where positive PCR analysis
of both GUS and bar transgenes indicated successful transforma-
tion of Pinus patula by the pAHC25 plasmid — the first successful
report in this species. These results warrant a more comprehensive
examination into the use of Agrobacterium as a vessel for gene
transfer. The present study investigates the use of mature zygotic
embryos (MZEs), solid-medium-derived ESM and liquid suspension
cultures of Pinus patula ESM as explants for transformation.

The biological activity, essential oil composition and
molecular phylogenetic reconstruction of Eriocephalus
L. (Asteraceae)

EW Njenga1, G Reeves2, AM Viljoen1 and SF van Vuuren1
1 Department of Pharmacy and Pharmacology, Faculty of Health Sciences,
University of the Witwatersrand, 7 York Road, Park Town 2193,
Johannesburg, South Africa
2 Leslie Hill Molecular Systematics Laboratory, Kirstenbosch Research
Centre, National Botanical Institute, Private Bag X7, Claremont 7735, Cape
Town, South Africa

The genus Eriocephalus L. commonly known as ‘wild rosemary’,
‘Cape snow bush’ or ‘kapok bush’ belongs to the family Asteraceae,
tribe Anthemideae. It is endemic to southern Africa and comprises
of 32 species of which several are economically important in the
medicinal and fragrance industries. Species delimitations within the
genus are complex and have led to varying treatments often char-
acterised by substantial confusion in the ranking of some of its con-
stituent taxa. This study has utilised essential oil composition and
DNA sequence data to help resolve species delimitations within the
genus. Plant parts collected from wild populations were hydrodis-
tilled using the Clevenger apparatus to obtain essential oils, which
were analysed using GC–MS to elucidate their composition. Disc
diffusion and minimum inhibitory concentration (MIC) assays were
carried out to evaluate antimicrobial activity of plant extracts and
essential oils against Staphylococcus aureus, Bacillus cereus,
Bacillus subtilis, Klebsiella pneumoniae, Escherichia coli,
Cryptococcus neoformans and Candida albicans. For the disc diffu-
sion assay the essential oils generally showed higher activity than
the extracts. However, the actetone extract of E. aromaticus had the
lowest MIC (0.4mg ml–1) for B. cereus. In a preliminary analysis, two
plastid and nuclear DNA regions, comprising the psbA-trnH inter-
genic spacer and internal transcribed spacer (ITS) respectively,
were sequenced to reconstruct species-level relationships within
the genus.

A synopsis of the genus Lessertia (Fabaceae, Galegeae)

T Nkonki1 and B-E van Wyk2
1 National Botanical Institute, Pretoria 0001, South Africa
2 Department of Botany, Rand Afrikaans University, PO Box 524, Auckland
Park 2006, Johannesburg, South Africa

The genus Lessertia DC. (subendemic to southern Africa, with
more than 30 species in the Northern, Western and Eastern Cape
Provinces) has not been studied in its entirety for more than a cen-
tury. The most recent published revision dates back to Harvey
(1862), who recognised and described 30 species. A comprehen-
sive study of available material showed that the genus includes at
least 56 species. More than a thousand herbarium specimens were
examined to evaluate the taxonomic value of various morphological
characters and to establish the pattern of geographical distribution
of the genus and species. The most useful taxonomic characters in
Lessertia were found to be (1) the growth form, (2) shape and size
of fruits, (3) vestiture of the stigma, style and ovary, (4) structure of
the inflorescence (capitate or elongate), (5) length of the peduncle,
(6) shape and dimensions of the petals, and (7) the shape and
dimensions of the calyx lobes. For ease of identification, the species
were divided into six infrageneric groups, based on the vestiture of
the stigma, style and ovary. The aim of this paper is to give an
overview of useful taxonomic characters, to briefly introduce the
species that are recognised and to present the geographical distri-
bution of Lessertia species.

Genetic improvement of selected indigenous
Cucurbitaceae species important for food and medicinal
purposes

N Ntuli1, DP Ferreira1 and K Hannweg2
1 Botany Department, University of Zululand, Private Bag, KwaDlangezwa
3886, South Africa
2 Agricultural Research Council, Private Bag X11208, Nelspruit 1200, South
Africa

The family Cucurbitaceae consists of about 119 genera and 775
species (Pooley 1998). Eighteen genera occur in southern Africa.
Cucurbitaceae is commonly called the Cucumber/ Pumpkin/ Gourd
family. It is herbaceous with prostrate, trailing or climbing stems and
with spirally coiled tendrils. Cultivated or exotic important food
plants include pumpkins, squashes, cucumbers, watermelons, orna-
mental gourds and luffas. Many indigenous cucurbitaceae species
have been used for food and medicinal purposes. Coccinia adoen-
sis (Hochst. ex A. Rich.) Cogn., Lagenaria sphaerica (Sond.) Naud.,
Momordica foetida Schumach. and Momordica balsamina L. were
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selected for this study. Leaves of these species are eaten as
spinach while fruits are mixed with other food or eaten alone. M.
foetida and M. balsamina L. occur in woodland and riverine forests
of KwaZulu-Natal and are used medicinally to treat skin problems,
high blood pressure and diabetes. L. sphaerica and C. adoensis are
eaten as spinach and also used traditionally to treat stomach prob-
lems and glandular swellings. The purpose of this study is to genet-
ically improve these selected species to ensure increased yield.
Suitable germination and growth conditions for normal and polyploid
plants will be determined. Natural and polyploid plants will be com-
pared in terms of their phenology, morphology, anatomy, and yield.

Phytochemistry and in vitro biological activities of
indigenous Vitex species

E Nyiligira1, AM Viljoen1, RL van Zyl1, SF van Vuuren1, FR van
Heerden2, Y Frum1 and KHC Bas¶er3
1 Department of Pharmacy and Pharmacology, Faculty of Health Sciences,
University of the Witwatersrand, 7 York Road, Parktown 2193, Johannesburg,
South Africa
2 Department of Chemistry and Biochemistry, Rand Afrikaans University, PO
Box 524, Auckland Park 2006, Johannesburg , South Africa
3 Department of Pharmacognosy, Faculty of Pharmacy, Anadolu University,
26470 Eskis¶ehir, Turkey

The genus Vitex (Verbenaceae) has been used in traditional med-
icine to treat many ailments such as depression, venereal diseases,
malaria, asthma and allergy. Phytochemical studies and in vitro
antimicrobial, anti-inflammatory and antimalarial investigations have
been done on five South African Vitex species: V. rehmannii, V. obo-
vata ssp. obovata, V. obovata ssp. wilmsii, V. pooara and V. zeyheri.
The chemical composition of the essential oils was established
using gas chromatography coupled to mass spectroscopy
(GC–MS). The antimicrobial activity of both the essential oils and
acetone extracts were assessed on selected Gram positive and
Gram negative pathogens and one active compound has been iso-
lated and identified from V. rehmannii using bioactivity guided frac-
tionation. The anti-inflammatory activity of the essential oils and
acetone extracts was assessed using the 5-lipoxygenase assay.
The essential oils from all five species were found to be active, with
V. pooara being the most active (IC50 value: 25ppm). The antiplas-
modial activity of the acetone and methanol extracts were assessed
on the chloroquine-resistant Gambian FCR-3 strain using the
hypoxanthine incorporation assay. The MTT cellular viability assay
was used to determine the toxicity profile of the extracts. V. zeyheri
and V. rehmannii acetone extracts were the most active but also
showed high toxicity.

Polyploid synthesis in the genus Sutherlandia using
colchicine

C O’Brien and L O’Reilly
Department of Botany, Rand Afrikaans University, PO Box 524, Auckland Park
2006, Johannesburg, South Africa

The genus Sutherlandia frutescens subspecies microphylla, com-
monly known as the cancer bush, is part of the Fabaceae family.
This shrub is extensively used in the horticultural field but more
importantly in the medicinal field as it contains active compounds
such as canavanine and pinitol reported to have cancer healing
properties. This species is restricted to South Africa, Botswana and
Namibia and commonly occurs as a diploid. The possibility of creat-
ing a polyploid variety shows great potential and could be an
improvement in the medicinal field. It is thought that a polyploid
plant will be larger, with the overall increase in the leaf number and
stem thickness all used for their medicinal properties. The aim of
this research project is to induce a polyploid state in the
Sutherlandia frutescens.

Reassessment of the generic circumscription of
Hemizygia and Syncolostemon (Ocimeae–Labiatae)
based on three plastid DNA regions and morphology

DF Otieno1, K Balkwill1 and A Paton2

1 School of Animal, Plant and Environmental Sciences, University of the
Witwatersrand, 7 York Road, Parktown 2193, Johannesburg, South Africa
2 The Herbarium, Royal Botanic Gardens, Kew, Richmond Surrey, TW9 3AB,
United Kingdom

The relationships between Hemizygia (Benth.) Briq. and
Syncolostemon E. Mey. ex Benth. are investigated. Parsimony
analysis based on one morphological and three molecular data sets,
the trnL intron, trnL-trnF intergenic spacer and the rps16 intron were
carried out. Various analyses were done with a restricted set of 23
taxa for which morphological and molecular data were available.
Morphological and combined morphological and molecular analyses
of a total of 54 taxa were also carried out. The separate and com-
bined data analyses largely show strong support for the two genera
together as a monophyletic group. This clade is recognised under
the earliest name Syncolostemon and can be diagnosed by the pres-
ence of fused anterior stamens. Neither genus as currently circum-
scribed is monophyletic. Inclusion of taxa that lacked molecular data
in the analysis of the combined data for the complete taxon set did
not have a profound effect on tree topology. Twelve potential lineag-
es are identified but not formally recognised due to lack of support.

Lipid peroxidation and Maillard chemistry in seed ageing

M Patchappa, MT Smith and N Rodda
School of Life and Environmental Sciences, University of KwaZulu-Natal,
Durban 4041, South Africa

Seed deterioration is a phenomenon known to occur during long-
term storage. The ageing process involves a series of complex
changes in many cellular constituents. Both lipid peroxidation and
Maillard reactions are likely to occur at the low moisture content typ-
ical of stored seeds. During lipid peroxidation fatty acids are
attacked by free radicals, leading to the formation of hydroperox-
ides. The Maillard reaction refers to the non-enzymatic addition of
reducing sugars with free amino groups, typically of proteins and
subsequent reactions leading to irreversible modifications. This
study reports on the effect of two ageing regimes (43% and 85% rel-
ative humidity at 35°C) on maize (starchy) and soya (oily) seeds.
The levels of lipid hydroperoxides and protein-bound carbonyls
were assayed and viability and membrane conductivity were meas-
ured. Preliminary results showed that maize seeds retained viability
longer than soya seeds at 85% RH. At 43% RH viability was less
impaired at the end of ageing regime for both maize and soya
seeds. Maize seeds again retained viability longer than soya seeds.
As expected, conductivity increased with ageing for both seeds and
treatments. In maize seeds lipid hydroperoxides appeared to
decrease progressively at both relative humidities. Soya seeds
showed an increase in lipid hydroperoxides at 85% RH, but remains
relatively unaltered at 43% RH. At 85% RH, soya seeds had higher
levels of lipid hydroperoxides at the end of ageing, but at 43% RH
the levels are similar in both seed types. In maize seeds a progres-
sive increase in protein-bound carbonyls was observed at 43% RH
but at 85% RH carbonyls increased and then remained constant.
Soya seeds appeared to increase and then levelled off at both 43%
and 85% RH. Maize and soya seeds exhibited a similar amount of
protein-bound carbonyls at the maximum ageing period for the 85%
RH regime. This did not occur at 43% RH, where maize seeds
showed a higher carbonyl content relative to soya seeds. These
studies highlighted differences in both seed type (oily, starchy) and
type of ageing regime in relation to deteriorative changes.
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Phytosociology of Transkei grasslands

AR Phamphe, GJ Bredenkamp and F Siebert
African Vegetation and Plant Diversity Research Centre, Department of
Botany, University of Pretoria, Pretoria 0002, South Africa

A plant ecological study was conducted in the grasslands of
Transkei to develop a better understanding of the distribution, struc-
ture and composition of the plant communities found in the area.
The agricultural sector in developed and rapidly developing areas of
southern Africa is faced with problems like veld deterioration and the
loss of natural areas that effectively contribute to the depopulation
of rural areas. The Grassland Biome Project was initiated to address
the problem of increased destruction of natural resources because
the most suitable area for agriculture falls within the grasslands of
this country. The aim of the Grassland Biome Project is to integrate
knowledge, comprehension and expertise, which will enable scien-
tists to forecast the results of the available options of grassland
management programmes. Vegetation of Transkei forms part of this
project. The study area (Transkei) borders on the kingdom of
Lesotho in the north and on the Indian Ocean in the southeast. In
the northeast it borders on KwaZulu-Natal, and in the northwest and
in the west on the Eastern Cape Province. Relevés were compiled
in 379 random sample plots and four major plant communities,
namely: bush and grassland vegetation of drier areas, wet and dis-
turbed grassland, grassland of undulating areas and moist grass-
lands on flat plains, were found. The vegetation was classified by
means of TWINSPAN and Braun-Blanquet procedures.

Rubisco stability and activity under cold stress in trans-
genic tobacco expressing oryzacystatin I

A Prins and KJ Kunert
Department of Botany, Forestry and Agricultural Biotechnology Institute,
Department of Botany, University of Pretoria, Pretoria 0002, South Africa

One of the most important photosynthetic enzymes in a plant is
ribulose-1,5-bisphosphate carboxylase/oxygenase (Rubisco), which
plays a key role in carbon fixation. Under stress this enzyme is
degraded by proteases, leading to decreased carbon fixation and
poor photosynthetic performance by the plant. It is therefore of inter-
est to investigate possible ways of protecting Rubisco during stress
conditions in order to generate plants that would perform better
under extreme climates. In this study the effect of an expressed,
exogenous rice cysteine proteinase inhibitor (oryzacystatin I — OCI)
in transformed tobacco plants on Rubisco content and activity under
chilling was investigated. Results show no significant protective role
for exogenous OCI on the degradation of Rubisco when tobacco
plants are exposed to chilling. Also, no significant difference in
Rubisco activity or activation state was found between transformed
and non-transformed tobacco after exposure to a chill. This indi-
cates that the expression of exogenous OCI does not detectably
interfere with the biochemical processes that govern Rubisco activ-
ity and quantity. Rubisco was quantified using a native gel-based
quantification assay, immuno-blotting, and a radioactive quantifica-
tion assay. Rubisco activity was determined by measuring the
amount of 14C incorporated into 3-phosphoglycerate in an activation
reaction using NaH14CO3.

Phylogenetics of the genus Kniphofia Moench
(Asphodelaceae)

S Ramdhani1, NP Barker1 and H Baijnath2
1 Molecular Systematics Facility, Department of Botany, Rhodes University,
Grahamstown 6140, South Africa
2 Botany Department, University of KwaZulu-Natal Westville, Private Bag
X54001, Durban 4000, South Africa
$ Awarded Van Staden Prize for best oral paper presented by

a PhD student
The genus Kniphofia contains approximately 70 species with an

African-Malagasy distribution, including one species from Yemen.
The centre of diversity is the Drakensberg Mountain Range. Species
relationships and complexes are poorly understood due to morpho-

logical homogeneity. This study is part of a multidisciplinary effort to
resolve the systematics of the entire genus. Here we report on pre-
liminary studies of the phylogenetic relationships of South African
representatives of Kniphofia using DNA sequence data from the
trnT-trnL region of the chloroplast genome and leaf surface anatom-
ical data. Preliminary DNA sequence data results suggest that there
are three sub-generic groups, characterised by insertions/deletions.
The molecular data does not support previous sub-generic classifi-
cations or the segregate genus Notosceptrum. Anatomical data
although variable, failed resolve species relationships. Furthermore,
it could not be correlated with morphological groupings and/or the
chloroplast DNA phylogeny. A nuclear molecular phylogeny is need-
ed for comparison with the chloroplast DNA phylogeny. Increased
sampling and morphological support for these groups are needed.

Pharmacological activity and chemical composition of
selected Helichrysum species

D Reddy1, ACU Lourens1, AM Viljoen1, SF van Vuuren1 and KHC
Bas¶er2
1 Department of Pharmacy and Pharmacology, Faculty of Health Sciences,
University of the Witwatersrand, 7 York Road, Parktown 2193, Johannesburg,
South Africa
2 Department of Pharmacognosy, Faculty of Pharmacy, Anadolu University,
26470 Eskis¶ehir, Turkey

The genus Helichrysum consists of about 500 species, of which
245 are indigenous to South Africa. These plants are used medici-
nally to treat various ailments, such as backache and infections.
Since this genus exhibits a wide variety of activities and has been
the source of many interesting compounds (e.g. phloroglucinols,
flavonoids and terpenes) four indigenous species of Helichrysum,
namely: H. petiolare, H. felinum, H. dasyanthum and H. excisum
were investigated. Methanol and acetone extracts were prepared
and essential oils were hydrodistilled. Anti-inflammatory activity was
determined by employing the 5-lipoxygenase assay and a DPPH
microplate method was used in the determination of the anti-oxidant
activity. A preliminary antimicrobial screening was first done to iden-
tify any extracts with activity (disc diffusion assay), thereafter MIC
(minimum inhibitory concentration) values for active extracts were
determined. Both the essential oils of H. felinum and H. petiolare
exhibited promising anti-inflammatory activity with IC50 values of
below 25ppm. The methanol extracts showed very promising results
in the DPPH anti-oxidant assay with IC50 values of H. dasyanthum
and H. petiolare in the order of 15ppm. In the disc diffusion assay
the extracts were more active against S. aureus and B. cereus than
the neomycin control. MIC values of all acetone extracts were below
25mg/ml for S. aureus and B. cereus. With the exception of H.
excisum, the essential oils generally had no or poor antimicrobial
activity. Since very little is known about the essential oil composition
of South African species of Helichrysum, GC–MS was employed to
analyse the essential oil composition of the selected species.
Compounds that featured in high percentages include a-pinene,
1,8-cineole, p-cymene and β-caryophyllene.

Contemporary classificatory paradigms in higher
Angiosperms: Boraginaceae, Lamiaceae and
Verbenaceae

E Retief
Botanical Research Institute, Private Bag X101, Pretoria 0001, South Africa

During much of the 20th century, plant classification has been fol-
lowing the Englerian-Besseyan mould, which in its most detailed
form was documented by Engler and Prantl. For a long time the
major traits of this classification remained stable, perhaps spurious-
ly so, but eventually changes were introduced by the employment of
important new characters (Kubitzki 1998). One of the most exciting
new developments has been the application of nucleic acid data.
The interrelationships and delimitation of the families Boraginaceae
and Hydrophyllaceae have been matters of controversy for very
long. A comparison between members of the Hydrophyllaceae and
Boraginaceae in southern Africa, based on pollen and macromor-
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phological characters, shows a strong overlap of features between
the two families. A phylogenetic analysis of evolutionary relation-
ships within the Hydrophyllaceae was published showing that the
family is nested within a paraphyletic Boraginaceae s.l. This
approach contradicts other workers who recognise separate micro-
families on the basis of molecular data. However, a cladistic analy-
sis of atpB gene sequences gives strong support for Boraginaceae
s.l. and the Boraginoideae. Members of Boraginaceae show simi-
larity to those of the families Lamiaceae and Verbenaceae, in pres-
ence of nutlets and gynobasic styles. Differences in ovule orienta-
tion in the Boraginaceae and these families suggest possible inde-
pendent origins of the ostensibly similar gynoecial structure of the
two groups. A cladistic analysis of members of the Lamiaceae and
Verbenaceae shows that there are indeed no apomorphies uniting
Boraginaceae with them. The family Boraginaceae s.l. is an
unplaced family in the EUASTERIDS I, whereas the families
Lamiaceae and Verbenaceae belong to the order Lamiales as
defined by the Angiosperm Phylogeny Group.

Flora of the Free State

E Retief and GF Smith
National Botanical Institute, Private Bag X101, Pretoria 0001, South Africa

An account on the flora of the Free State is long overdue.
Although the vegetation is dominated by grasses, it also contains
elements of the Savanna and Nama Karoo Biomes. A publication
that will be modelled on Flora of Lesotho (Jacot Guillarmod 1971);
Plants of the northern provinces of South Africa: keys and diagnos-
tic characters (Retief and Herman 1997) and Cape plants: a con-
spectus of the Cape flora of South Africa (Goldblatt and Manning
2000), is in preparation. It will also be based on the latest informa-
tion in Plants of southern Africa: an annotated checklist
(Germishuizen and Meyer 2003). Flora of the Free State: keys and
diagnostic characters is aimed at professional botanists, nature con-
servationists, students, amateur botanists and informed lay people.
It seeks to assist in the identification of plants of the province, to pro-
vide essential information as well as to stimulate and promote an
interest in the flora of the region. In compiling the publication, spec-
imens and information at the following institutions will be studied:
the National Herbarium of the National Botanical Institute, herbaria
at the botany departments of the following Universities: Free State,
Pretoria, the Witwatersrand and the Rand Afrikaanse University, as
well as in the Botany Department of the National Museum in
Bloemfontein. Officers of the SA National Parks and Department of
Environmental Affairs and Tourism of the Free State will also be con-
sulted.

Treatments with anolyte and sodium bicarbonate to
improve quality and longevity of cut Chrysanthemum
flowers

J Rilley, CS Whitehead and PM Tilney
Department of Botany, Rand Afrikaans University, PO Box 524, Auckland Park
2006, Johannesburg, South Africa

Chrysanthemum morifolium var. Sunny Reagan and White
Reagan flowers were grown using anolyte and a sodium bicarbon-
ate treatment in an attempt to improve productivity, quality and
longevity. This was effective to a certain extent with the plants
sprayed with anolyte four times per day during the growth phase.
Productivity and biomass were increased, in turn increasing quality.
This proved to be a downfall at the time of harvesting due to exces-
sive wilting caused by the increased leaf size. Anatomical differ-
ences were also observed. Increased lignification of the vascular tis-
sue and greater vessel diameter were observed in the stems of
plants sprayed with anolyte whereas, in the sodium bicarbonate
treatment, the vascular tissue of the stems and leaves is more com-
pact, and the leaf size greatly diminished. Plants sprayed with sodi-
um bicarbonate flowered two weeks earlier than the other treat-
ments due to the salt stress induced by this treatment. Further study
is needed to assess the value of anolyte on various other plant
types.

The effect of treatment with sodium bicarbonate and
electrically activated sodium bicarbonate solutions on
productivity and postharvest quality of hydroponically
grown tomatoes

I Risenga and CS Whitehead
Department of Botany, Rand Afrikaans University, PO Box 524, Auckland Park
2006, Johannesburg, South Africa

Tomato (Lycopersicon esculentum Mill) is an important commer-
cial crop. High quality tomatoes for the local and export markets are
grown hydroponically. In this study, an electrically activated sodium
bicarbonate solution was sprayed onto tomato plants to improve
their production. Sodium bicarbonate is a ready source of carbon
dioxide. By using a novel technique developed by Radical Waters
(Pty) Ltd, ionised bicarbonate (anolyte) can be produced from sodi-
um bicarbonate and applied to plants to stimulate photosynthesis
and improve yield and postharvest quality. The effect on growth,
yield and postharvest quality was studied by measuring growth rate,
total yield, respiration, ethylene production, heat production, mois-
ture loss, soluble solids content, concentration of K+, Na+, NO3

– in
leaves and fruits, photosynthetic rate, chlorophyll content, starch
concentration in leaves, fruit pH, fruit firmness, vitamin C content,
rate of fruit ripening at 12°C and 23°C and fruit longevity. Anatomical
and ultrastructural studies revealed that treatment with anolyte stim-
ulates cell growth and photosynthesis. These results were con-
firmed by comparing the CO2-uptake of treated and untreated
plants. Application of anolyte stimulated photosynthesis thus
improving yield and fruit quality. Treatment with sodium bicarbonate
resulted in stress and calcium deficiencies.

Does self-compatibility contribute to invasiveness in
Acacia?

J Rodger and SD Johnson
School of Botany and Zoology, University of KwaZulu-Natal Pietermaritzburg,
Private Bag X01, Scottsville 3209, South Africa

Baker’s law states that self-compatibility increases the success of
colonising species as self-compatible individuals can find new pop-
ulations even if only one is dispersed. The link between self-com-
patibility and invasiveness is well established in non-woody plants
but there is comparatively little evidence to suggest that it plays a
role in the invasion of woody species. Acacia is a large woody
genus which has produced many weed species. Obligate outcross-
ing through self-incompatibility is most commonly found in Acacia
but the breeding system extends to complete self-compatibility.
Evidence for a role of breeding system in invasiveness in introduced
and indigenous Acacia in South Africa will be presented and dis-
cussed.

Launch of the new vegetation map of South Africa,
Lesotho and Swaziland

MC Rutherford1, L Mucina2 and LW Powrie1
1 Kirstenbosch Research Centre, National Botanical Institute, Private Bag X7,
Claremont 7735, South Africa
2 Department of Botany, University of Stellenbosch, Private Bag X1, Matieland
7602, South Africa

The eight-year collaborative project led by the National Botanical
Institute to produce a new vegetation map of South Africa, Lesotho
and Swaziland has come to fruition. Over 30 institutions or individu-
als contributed to the map and several more participated in the
review phase of the project. The emphasis was on using existing
data (computerised and non-computerised) although in the later
part of the project many field checks were undertaken to verify veg-
etation units and boundaries in targeted areas. The product is an
electronic version of the map showing about 400 vegetation types
each with their biome and natural bioregion affinity. The biomes now
recognised are: Desert, Succulent Karoo, Nama-Karoo, Fynbos,
Grassland, Savanna, Albany Thicket, Subtropical Coastal Forest
and Afrotemperate Forest. Also included are the often-ignored Sub-
Antarctic vegetation types (Sub-Antarctic Tundra) on the Prince
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Edwards Islands. An additional category covers the range of azon-
al vegetation types of southern Africa. Main vegetation patterns as
well as some more detailed examples are presented, as are some
aspects of the history and development of the project. Ways for
users to access the map will be outlined. Following this completion
of the electronic version of the map, the next development will be
production of the hard copy of the map and completion of the book
describing and illustrating the vegetation units. It is intended that the
cartographically professional hard copy of the map will be bound as
A4 pages in the book.

The vesicular arbuscular mycorrhiza–plant interface

A Skinner and CEJ Botha
Department of Botany, Rhodes University, Grahamstown 6140, South Africa

Little is known about the root structure of the C4 grass, Eragrostis
curvula (Umgeni), in relation to the impact that mycorrhiza have on
their transport pathways. As in all roots, the endodermis may have
a significant role in regulating movement across this cell layer.
Based on light and fluorescence microscopy studies, the endoder-
mis may function as a physical barrier which limits the mycorrhiza to
the cortical tissues as mycorrhizal aggregation occurs exarch to the
endodermis, and in close association with the passage cells.
Passage cells force a symplasmic route to and from the xylem and
phloem, thereby forcing inward and outward movement of water,
nutrients and phloem-mobile substances through plasmodesma.
This research involves the investigation of the dynamics of mycor-
rhizal distribution in the cortex in relation to the distribution of
phloem-mobile fluorophores such as 5,6-carboxyfluorescine (5,6-
CF). The potential for symplasmic connectivity between the mycor-
rhiza and cortical root tissue, as well as with the passage cells in the
endodermis, is reported on using fluorescence, SEM and TEM
microscopy.

The economic value of the last remnant of tropical moist
forest on Pemba Island, Zanzibar Archipelago

R Smuts, J Turpie and W Bond
Percy FitzPatrick Institute of African Ornithology, University of Cape Town,
Cape Town, South Africa

The Ngezi Forest Reserve (NFR) is the last sizeable (1 400ha)
remnant of tropical moist forest remaining on the island of Pemba,
situated in the Zanzibar archipelago. Clove plantations and agricul-
tural activities have replaced the majority of natural forest on the
island. This study aimed to investigate whether the NFR is of major
economic importance to the local Pemban inhabitants and whether
current use of natural forest resources conflicts with conservation
goals. Household questionnaires and focus groups were used to
obtain a direct use value of forest resources collected by local
inhabitants. A model developed by Turpie (2000) was then used to
calculate gross financial values, net financial values and cash val-
ues for each natural resource and other income generating activi-
ties. The total resource use value of the forest was compared to the
value of farming activities. The study found that the forest is of major
economic value to adjacent local communities. Certain forest
species were collected in large quantities and for a variety of pur-
poses placing them at a potential risk of over-exploitation.
Additionally a number of endemic mammals and forest birds were
hunted in large quantities. These findings suggest that current
extraction activities may be conflicting with conservation goals.
According to the direct use value calculated, for all natural forest
resources currently extracted, the value of a hectare of forest
(US$149) was found to be triple the value of a hectare of farmland
(US$50). Thus local communities, living adjacent to NFR, that are
denied access to the forest resources are expected to incur an
opportunity cost of US$100. A comparison of villages situated adja-
cent to NFR and a village situated 5km away from the forest illus-
trated that the majority of forest resources could be substituted with
alternative supplies. These alternative resources provided a direct
use value of US$153 household–1 year–1 compared to forest
resources that provided US$230 household–1 year–1 to villages adja-

cent to the forest. A comparison was also made between NFR and
a section of unprotected forest (Vumawimbi). The direct use value
of a hectare of NFR (US$124) was virtually equivalent to that of the
non-protected forest (US$120) illustrating that current restrictions
are not a strong deterrent to illegal extraction of forest resources.
The findings of this study suggest that current extraction activities
may be conflicting with conservation goals. Conservation of the bio-
diversity within NFR requires greater protection and the employ-
ment of additional forest guards as well as the establishment of
alternative sources of natural resources outside the forest.

Computer-supported teaching of critical reasoning

D Spurrett
Department of Philosophy, Human Sciences, University of KwaZulu-Natal,
Durban 4041, South Africa

Empirical studies, using independent instruments, on the reason-
ing skills of students taking courses using the Reason! Able soft-
ware developed at Melbourne University have produced truly
remarkable results. In this practically oriented session some recent
experiments with the software in the context of courses in
Philosophy and Cognitive Science at the University of KwaZulu-
Natal, Durban are described. These experiments involved regular
computer based tutorials for semester long courses at first and sec-
ond year level. Lessons learned from the experiments are outlined,
and some suggestions for future uses for the software, including
plans for its reference to the general framework in cognitive science
that provided the justification for the design of the original software.

Potential benefits of using microalgae (Chlorophyta) as
soil additives for agricultural application

WA Stirk1, V Ördog2, O Novak3, M Strnad3, J van Staden1, J
Szigeti4 and L Nemeth5
1 Research Centre for Plant Growth and Development, University of KwaZulu-
Natal Pietermaritzburg, Private Bag X01, Scottsville 3209, South Africa
2 Department of Plant Physiology and Plant Biotechnology, Faculty of
Agricultural and Food Science, University of West Hungary, H-9200
Mosonmagyaróvár, Hungary
3 Laboratory of Growth Regulators, Palacky University and Institute of
Experimental Botany AS CR, Slechtitlu 11, 783 71 Olomouc, Czech Republic
4 Institute of Food Science, Faculty of Agriculture and Food Science,
University of West Hungary, H-9200 Mosonmagyaróvár, Hungary
5 Department of Plant Protection, Faculty of Agricultural and Food Science,
University of West Hungary, H-9200 Mosonmagyaróvár, Hungary

Over two hundred axenic microalgal (Chlorophyta) strains were
screened for inhibitory activity against some bacteria, filamentous
fungi and yeasts using a disc-diffusion type bioassay. From this ini-
tial screening, ten strains from three genera (Protococcus, Chlorella
and Scenedesmus) were selected due to their high inhibitory activ-
ity. These ten strains were further tested using a MIC antimicrobial
assay. These preselected microalgal strains showed a high inci-
dence of antibacterial activity against both Gram-positive (nine out
of ten species) and Gram-negative (seven out of ten species) bac-
teria. The same strains were analysed for endogenous cytokinins.
Cytokinin-like activity was detected using the Excised Cucumber
Cotyledon Bioassay. Five strains showed no cytokinin-like activity
and four strains low cytokinin-like activity. Ethanolic extracts of the
microalgae containing a mixture of deuterium labelled standards
were purified using a combined DEAE-Sephadex octadecylsilica
column and IAC based on wide-range specific monoclonal antibod-
ies and analysed by HPLC linked to a Micromass single quadrupole
mass spectrometer with an electrospray interface and a photodiode
array detector. There were similar trends in cytokinin profiles for the
nine microalgal strains investigated although concentrations did
vary. Both iP and iPA were detected in all nine strains. cZ and cZR
occurred at higher concentrations than the trans isomers while
tZOG and tZROG were dominant over the cis isomers. DHZ and its
conjugates were not detected in any significant amounts. The aro-
matic BA always occurred at higher concentrations than BAR. The
topolins were well represented with all three isomers (ortho, meta
and para) being detected with oT and oTR occurring at higher con-
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centrations than the other isomers. However, for the O-glucosides,
the meta isomers (mTOG and mTROG) occurred at higher concen-
trations than the other isomers. No N-glucosides were detected
(iP9G, Z9G, DHZ9G, BA9G, oT9G and mT9G). Generally, zeatin and
topolin conjugates were the dominant forms of isoprenoid and aro-
matic cytokinins respectively. There was no distinct trend in the pro-
portions of isoprenoid to aromatic cytokinins

The physical properties of orchid seeds and their bio-
logical implications

DI Thompson1, TJ Edwards2 and J van Staden1
1 Research Centre for Plant Growth and Development, University of KwaZulu-
Natal Pietermaritzburg, Private Bag X01, Scottsville 3209, South Africa
2 School of Botany and Zoology, University of KwaZulu-Natal
Pietermaritzburg, Private Bag X01, Scottsville 3209, South Africa
$ Awarded best oral presentation by young Scientists under

36 years of age
Orchid seeds are minute, extremely light and are produced in

great numbers. Testae are variously coloured, usually transparent
and growing evidence suggests that in terrestrial species these are
water-repellent. Seed number and exaggerated dispersal makes lit-
tle sense in terms of rarity and restricted phytogeographic distribu-
tions in the Orchidaceae, which are more likely explained by poor
germination. Embryo size demands concentrated nutrient storage,
typically as lipids or proteins and the inability to access nutrients is
the common motivation given for poor germination (as low as
0.00001% success) and the need for fungal association. Ultimately
physical seed traits regarded as unique to the orchids are either
made possible by mycotrophy, or are necessitated by mycotrophy to
ensure successful germination and seedling establishment. The
diversity of orchids and their occurrence in habitats where paucity of
soil or light precludes most floras are likely the consequences of
adaptations associated with mycotrophy.

Trees on landfills: the challenges of landfill gas

DH Trotter, JA Cooke and NW Pammenter
School of Life and Environmental Sciences, University of KwaZulu-Natal,
Durban 4041, South Africa

A high level of tree mortality on landfills initiated an investigation
into the primary causes of poor growth and a search for potentially
more tolerant species. A 14-month field experiment assessed the
performance of 10 of the more promising indigenous tree species,
on a degassing landfill. Some species, such as Barringtonia race-
mosa, performed relatively well in the field experiment, whilst other
species such as Harpephyllum caffrum experienced high mortalities
and poor growth. High soil CO2 and low soil O2 levels were found to
be the key variables responsible for poor tree performance.
Contrary to the popular school of thought the species that per-
formed better had deeper rooting patterns. This was likely to expose
the roots to greater soil CO2 and lower O2 levels; however deeper
rooting would be beneficial for utilising deeper soil moisture
reserves. A soil fumigation system was designed to experimentally
investigate differential species responses and the relative effects of
soil atmosphere CO2 and O2. The apparatus fumigated, for a period
of 140 days, the rhizosphere of 80 potted ‘tolerant’ (Barringtonia)
and ‘non tolerant’ (Harpephyllum) trees with 4 treatments consisting
of varying combinations of CO2 and O2. The difference in perform-
ance of Barringtonia and Harpephyllum in the elevated CO2 low O2
fumigation treatment was similar to that found in the field experi-
ment on the landfill, supporting the premise that landfill gas was the
key cause for poor performance of plants. The fumigation experi-
ment identified that the primary impact of landfill gas on
Harpephyllum was due to elevated soil CO2. Maintenance of plant
health and the better performance of Barringtonia was attributed to
a high inherent level of tissue porosity and aerenchyma, which
would also explain the ability for greater rooting Departmenth in the
field experiment. The research provided a greater understanding of
the causes of poor vegetation growth and the possible mechanisms
of species tolerance to landfill conditions.

In vitro anti-HIV evaluation of selected traditional South
African medicinal plants

E Tshikalange1, M van de Venter2, JJM Meyer1 and N Lall1
1 Department of Botany, University of Pretoria, Pretoria 0002, South Africa
2 Department of Biochemistry and Microbiology, University of Port Elizabeth,
PO Box 1600, Port Elizabeth 6000, South Africa

The majority of therapeutically active chemicals used for Human
immunodeficiency virus type-1 (HIV-1) treatment target proteins,
such as receptors or enzymes. However, the appearance of mutant
viruses that are resistant to current drugs requires the development
of new types of anti-HIV drugs. One of the approaches is to find anti-
HIV agents from medicinal plants. A variety of natural products have
been found to inhibit enzymes crucial to the life cycle of HIV, includ-
ing reverse transcriptase. An attempt was made to investigate the
antiviral activity of South African medicinal plants being used by tra-
ditional healers to treat HIV-infected patients. Acetone and chloro-
form extracts of eight medicinal plants were investigated for inhibi-
tion of transcriptional factor Nf-kb and tat protein which plays a cen-
tral role during HIV transcription. These plants were also tested
against glycohydrolase enzymes, which contribute to viral protein
glycosylation. Inhibitors of glycosylation could have a potential ther-
apeutic use by interfering with viral maturation. The results demon-
strated potent inhibitory effect of a few plants tested in the present
study against enzymes and proteins of HIV. An inhibition of 80% of
glycohydrolase enzymes was observed by acetone extracts of
Senna petersiana and Terminalia sericea whereas an inhibition of
60% of Nf-kb and tat protein was noted by chloroform extract of
Xanthoxylum dayvi.

Desiccation tolerance in imbibing soyabean seeds

S Tyiso, N Rodda and MT Smith
School of Life and Environmental Sciences, University of KwaZulu-Natal,
Durban 4041, South Africa

Many imbibing seeds can be dehydrated during the early stages
of imbibition, and then rehydrated and germinate successfully.
However, at some point they become desiccation-sensitive. In order
to gain some insight into the dynamics of desiccation-tolerance and
desiccation-sensitivity, imbibing seeds of soyabean were subjected
to unscheduled dehydration treatments and then rehydrated for up
to 24h. During these hydration–dehydration–rehydration treatments
(H–D–R) changes in lipid peroxidation and the antioxidants systems
were measured. Unscheduled drying was seen to be a critical stage
as intolerant axes showed and four- to eight-fold increases in lipid
peroxidation, which were only partly reduced on subsequent rehy-
dration. Tolerant axes, on the other hand were able to maintain low,
basal hydroperoxide levels on drying. Of the antioxidant systems
studied, only glutuathione and ascorbate declined slightly on dry-
ing. On rehydration most enzymes and antioxidants recovered,
with the exception of a loss in ascorbate peroxidase activity.
Dehydroascorbate reductase, which decreased as a part of normal
germination, was also decreased by H–D–R treatments. These
results suggest that desiccation intolerance could not be attributable
to a decline in antioxidants per se, but rather to some other factor(s)
combined with increased peroxidation and a moderately compro-
mised antioxidant system.

Influence of soil type on biomass and alakloid content
of organs of Spigelia anthelmia (L.)

C Umebese and KI Okunade
Department of Botany and Microbiology, Faculty of Science, University of
Lagos, PMB 1029, Unilag Post Office, Akoka-Yaba, Lagos, Nigeria

Seeds of Spigelia anthelma (L.) were planted in loamy, sandy,
clayey and red earth soils to determine the influence of soil type on
dry biomass and alkaloid content of organs (leaves, stems, roots
and fruits) of the plant. Dry biomass of stem, leaves, roots, fruits was
highest in loamy soil followed by red earth, clayey and sandy soil in
this order. Alkaloid content did not necessarily follow this pattern.
Plants yielded the highest alkaloid content when grown in clayey soil



South African Journal of Botany 2004, 70: 331–369 353

(24.19, 24.02 and 23.82mg ml–1 in leaves, stem and fruits respec-
tively), but the roots had the lowest concentration. The roots of
plants grown in red earth soil had higher alkaloid content than roots
of all other plants. Minimal differences in alkaloid content occurred
among organs of plants grown in loamy and sandy soils. These
results prove that soil type can influence the alkaloid distribution in
organs of Spigelia anthelmia and high plant biomass does not nec-
essary imply a high alkaloid content.

Phylogenetic relationships within Thymelaeaceae

M van der Bank1, MF Fay2 and MW Chase2
1 Department of Botany, Rand Afrikaans University, Auckland Park 2006,
South Africa
2 Royal Botanic Gardens, Kew, United Kingdom

Two plastid regions — the trnL-F region and rbcL exon — in 97
taxa representing 36 genera of Thymelaeaceae were sequenced to
determine the relationships within the family. In addition, we gener-
ated a nuclear (ITS) data set for 60 taxa restricted to members of
Thymelaeoideae to resolve the resolution in this clade. In total, the
three gene regions, comprising 3 514 characters, were analysed
both separately and in a combined matrix. The results support the
division of the family into four subfamilies. This presentation sum-
maries the results of ongoing research concentrating on questions
relating to the African, Australian and Madagascan genera of
Thymelaeoideae. The position of Thymelaeaceae within Malvales
will also be discussed.

Genetic engineering of maize for increased tolerance to
pests indigenous to South Africa

C van der Vyver
Department of Botany, Forestry and Agricultural Biotechnology Institute,
School of Biological Sciences, Department of Botany, University of Pretoria,
Pretoria 0002, South Africa

Maize is a major field crop and source of food worldwide. Over
seven million tons of white and yellow maize, with a current esti-
mated value of R6 billion, were harvested during the summer sea-
son 2001/2002 in southern Africa. These figures could be consider-
ably higher if damage due to insects and diseases could be elimi-
nated. The proposed research therefore aims at genetically enhanc-
ing maize for resistance to black maize beetle by using the cysteine
proteinase inhibitor (phytocystatins) technology. This inhibitor
blocks cysteine proteinase activity in the insect gut of coleopteran
insects. In the study conducted in our group, research focus is on
the improvement of plant-derived phytocystatins to enhance effi-
ciency of the inhibitor against insect gut cysteine proteinases. Test
assays used in the project to study inhibitor action and the com-
mercial requirements for application of the technology are present-
ed.

Stomatal and mesophyll limitation of photosynthesis in
soybean genotypes following exposure to low night
temperature

PDR van Heerden, MM Viljoen, MF de Villiers and GHJ Krüger
School of Environmental Sciences and Development, Section Botany,
Potchefstroom University for CHE, Potchefstroom 2520, South Africa

We conducted a series of experiments aimed at providing novel
insight into the dark chilling-induced limitations imposed on photo-
synthetic carbon metabolism in soybean (Glycine max (L.) Merr.)
genotypes of temperate and tropical adaptation. Plants of Maple
Arrow (temperate genotype) and Java 29 (tropical genotype) were
exposed to a single night at 8°C. This treatment resulted in the inhi-
bition of diurnal CO2 assimilation rate and stomatal conductance in
both genotypes. Further analysis, however, revealed a large differ-
ence in the response of the two genotypes. Stomatal limitation was
largely responsible for the inhibition of CO2 assimilation in Maple
Arrow, whereas mesophyll limitation dominated the inhibition in

Java 29. Our results indicate that inhibition of stromal fructose-1,6-
bisphosphatase (sFBPase; EC 3.1.3.11) activity and impaired elec-
tron transport capacity (as indicated by chlorophyll a fluorescence
and O2 evolution in isolated chloroplasts) were responsible for the
decrease in ribulose-1,5-bisphosphate (RuBP) regeneration capac-
ity in Java 29. The inhibition in sucrose-phosphate synthase (SPS;
EC 2.4.1.14) activity that developed progressively during the light
period in this genotype constitutes an additional, and major, con-
straint on photosynthesis. Maple Arrow appears to possess, at least
with respect to photosynthetic carbon metabolism, genetic traits that
convey intrinsic dark chilling tolerance. Temperate genotypes, such
as Maple Arrow, might therefore be useful as parental material in
breeding programmes aimed at increasing the dark chilling toler-
ance of soybean genotypes.

Impact of ozone on the photosynthetic and metabolic
properties of Zea mays

S van Huyssteen, JU Grobbelaar and AJ van der Westhuizen
Department of Plant Sciences, PO Box 339, University of the Free State,
Bloemfontein 9301, South Africa

The impact of elevated ozone concentrations on plants has
important global implications for the environment and especially for
crop production. The fact that ozone can implicate serious damage
to crop production served as launch point for research done during
this study. One of South Africa’s most common agricultural crop,
Zea mays, was chosen as the subject. The aim was get a better
understanding of the interaction that took place between the ozone
and maize, in order to implement better preventative measures.
During this study we investigated the photosynthetic and metabolic
response of Zea mays before and after it had been exposed to
moderate concentrations of ozone. The plants were grown in a
green house until they reached the two-leave stage. Thereafter they
were placed in a controlled environment growth chamber, where
they were fumigated with ozone at 150ppb. After fumigation, leaves
of the exposed plants were dark adapted for 15min, before chloro-
phyll fluorescence measurements were made. Ozone fumigation
resulted in an increase in the FO, compared to the control.
Noticeable also was the lower FM value of fumigated plants. The
photochemical quenching of the fumigated plants was significantly
lower than the control, while the opposite is seen for non-photo-
chemical quenching. Several of these fluorescence intensity indica-
tors and quenching parameters was used during research to
describe plant photosynthesis potential following ozone exposure.
Since chlorophyll fluorescence analysis permits for the evaluation of
CO2 assimilation, such as the quantum yield of PS II, it can give esti-
mate values of the rate of linear electron transport, provided the light
absorbed by the leaf is known. The effect of ozone fumigation on PR
proteins (β-1, 3-glucanase and chitinase), phenolic acid composi-
tion and the hydrogen peroxide (H2O2) concentrations was also
measured. H2O2 production was induced following the ozone expo-
sure. The increase in H2O2 corresponded with the increases in β-1,
3-glucanase and chitinase activity, which was due to an activation of
the defence genes. Down-stream defence responses continued
after exposure, with the synthesis of phenolic compounds, as indi-
cated by increased phenolic acid concentrations. This was seen as
a manifestation of the hyper sensitive response of Zea mays, which
form part of this crop defence response against ozone.

Changes in cytokinin levels in developing pea roots
over time

J van Staden1, WA Stirk1 and M Strnad2
1 Research Centre for Plant Growth and Development, University of KwaZulu-
Natal Pietermaritzburg, Private Bag X01, Scottsville 3209, South Africa
2 Laboratory of Growth Regulators, Palacky University and Institute of
Experimental Botany AS CR, Slechtitelu 11, 783 71 Olomouc, Czech Republic

Surface decontaminated pea seeds (Pisum sativum L. var.
Greenfeast) were grown on agar (0.5g l–1) at 22°C in the dark. The
radicles were removed from 200 seeds which had been incubated
for 30min and 5h respectively. Two hundred seedlings were also
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harvested after three, six and nine days respectively. These were
divided into the root tip (2mm), root free zone, root zone and where
growing, secondary roots. All these samples were fractionated by
HPLC and analysed for cytokinin-like activity using the soybean cal-
lus bioassay. Endogenous cytokinins were identified and quantified
using the latest analytical techniques, namely HPLC linked to a sin-
gle-quadruple MS, which allows for measurements of concentra-
tions less than 50pmol cytokinin. Most biological activity, which co-
chromatographed with zeatin derivatives, was detected in the 30min
incubated radicles. Hardly any biological activity was detected in the
5h incubated radicles. For the plants harvested on day three, the
root tip had the highest cytokinin-like activity while the root zone had
many peaks with low activity. Although there was a general
decrease in cytokinin-like activity on day 6, this trend remained the
same. By day nine, hardly any cytokinin-like activity was detected.
On days six and nine, cytokinin-like activity was also detected in the
secondary roots and was chromographically similar to those levels
found in the root zone. Free bases (both tZ and cZ, iP and BAR) and
their riboside and O-glucoside conjugates were detected in all the
pea samples. DHZR and its riboside and O-glucoside conjugates
were only detected in the samples harvested on days three, six and
nine with their concentrations increasing over time. The highest con-
centrations (by an order of magnitude) were found in the monophos-
phate conjugates. No topolin or N-glucoside conjugates were
detected in any of the samples. As expected, the highest cytokinin
concentrations for all the conjugates were initially detected in the
root tips but by day nine, very high levels of tZR, cZR and DHZR
were detected in the root zone and secondary roots. A similar but
smaller increase was also detected for cZ. Concentrations of iP, iPR
and their monophosphates decreased over time while tZ concentra-
tions peaked on day six.

A review of the circumscription of the family Apiaceae
and phylogenetic patterns within the family

B-E van Wyk, PM Tilney and M Liu
Department of Botany, Rand Afrikaans University, PO Box 524, Auckland Park
2006, South Africa

Despite being one of the first families to be recognised as a nat-
ural group, the circumscription and internal relationships of the
Apiaceae have remained uncertain. The classical treatment of
Drude (1898) was based mainly on fruit morphology and anatomy
and has remained the only available comprehensive system for
more than a century. In recent years, molecular systematics has
resulted in some profound new insights into relationships at all lev-
els. Despite the size of the family, significant progress has been
made towards a more natural system, but some critical genera have
not yet been analysed. In this paper, a broad overview of fruit struc-
tural characters in the Apiaceae and related groups will be present-
ed, together with some new interpretations of the way in which
these characters seemed to have evolved within the family.

The quest for sustainable bark harvesting for medicinal
use: experimental protocols and lessons learnt from
strip harvesting in the southern Cape forests 

WJ Vermeulen1 and CJ Geldenhuys2
1 Department of Water Affairs and Forestry, Private Bag X12, Knysna 6570,
South Africa
2 FORESTWOOD cc, P O Box 228, La Montagne 0184, South Africa

The harvesting of non-timber forest products is an important
aspect of the sustainable management of natural forests. The har-
vesting of medicinal plants is of particular importance, with the most
valued traditional medicines coming from natural forests. Bark har-
vested from selected species is a commonly used traditional medi-
cine but, due to increasing urbanisation, has become highly com-
mercialised. This has resulted in the overexploitation of some target
species, posing a major challenge to resource managers to devel-
op mechanisms for sustainable resource use and forest protection.
The National Forests Act (Act No. 84 of 1998) makes provision for
access by local communities to forest resources for domestic use,

subject to sustainable management principles, as well as for com-
munity development through Community Forestry Agreements. An
experimental bark harvesting project (initially part of the Innovative
Fund Project: Commercial Products from the Wild) was initiated at
two study sites in the southern Cape forests to develop yield regu-
lation systems for selected species, and to formulate management
prescriptions and best practices for bark harvesting. Ocotea bullata,
Curtisia dentata and Rapanea melanophloeos were selected for the
study as they are highly in demand and well represented in the
southern Cape forests. The treatment entailed vertical strip harvest-
ing, using two bark removal methods on each selected tree, viz.
total bark removal, and the removal of the outer bark with a thin
layer of the inner bark remaining. Three strip widths were used —
5cm, 10cm and 20cm — with a strip length of 1m, covering the full
range of tree size classes ≥10cm DBH. Commercial tree sealer was
applied to the lower part of each wound to test the effect on wound
recovery. The treatments were applied during two seasons, mid-
winter and mid-summer. Evaluations are done every six months.
Recovery rates through edge and sheet growth are recorded, as
well as the presence of pinholes (insect damage), fungi, agony
shoots and crown dieback. Preliminary results show a differential
response of the species, with good recovery from O. bullata through
edge growth, fair recovery from C. dentata through edge and sheet
growth, and little response from R. melanophloeos. In this paper the
experimental protocols used in the study and preliminary results are
evaluated.

Towards an inventory of South African aromatic plants

AM Viljoen1 and KHC Bas¶er2
1 Department of Pharmacy and Pharmacology, Faculty of Health Sciences,
University of the Witwatersrand, 7 York Road, Parktown 2193, Johannesburg,
South Africa
2 Department of Pharmacognosy, Faculty of Pharmacy, Anadolu University,
26470 Eskis¶ehir, Turkey

South Africa harbors a multitude of essential oil containing plants.
These aromatic plants are frequently used in traditional herbal
preparations. The mode of administration (e.g. inhalation therapy)
indicates that the volatile fraction could possibly contain the mole-
cules contributing to their therapeutic properties. Besides being
therapeutically active compounds, essential oils and their con-
stituents form the basis of the multi-million dollar flavour and fra-
grance industries. In view of the curative properties and commercial
value of essential oils it is remarkable that phytochemical explo-
ration of the South African flora has mostly focused on the non-
volatile compounds. The Department of Pharmacy and
Pharmacology at WITS University has embarked on an ambitious
programme to record the essential oil composition for indigenous
aromatic plants. Over 100 monographs have been completed and
some examples will be discussed. In addition to the chromato-
graphic profiles, the biological activities (antimicrobial, anti-inflam-
matory, antioxidant, etc.) are recorded for the essential oils. The
value of screening a large number of plants in search for bioactive
molecules, population studies, documenting favourable chemotypes
and the use of essential oil data in chemotaxonomy will be dis-
cussed.

Genetic improvement of grapevine cultivars at the
Institute for Wine Biotechnology

MA Vivier and S Groenewald
Institute for Wine Biotechnology, Department of Viticulture and Oenology,
Stellenbosch University, Private Bag X1, Matieland 7602, South Africa

The grapevine biotechnology programme at the Institute for Wine
Biotechnology, Stellenbosch University, focuses on the unravelling
of disease resistance mechanisms and plant environmental stress
and aims to strike a balance between fundamental knowledge
development and the channelling of this knowledge into genetic
improvement strategies of grapevine. Several approaches have
been implemented to enhance plant disease resistance against the
major fungal pathogens and mainly involve the up-regulation of
some pre-existing defence strategies through targeted and con-
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trolled gene expression. Each transgenic line produced is viewed as
a genetic resource to examine the underlying processes of plant-
pathogen interactions, specifically with molecular biology approach-
es. The grapevine carotenoid pathway has been the topic of choice
for our studies into stress-management. Several novel genes and
promoters have been isolated from this pathway and are currently
functionally analysed for their role in stress-management.

Investigations into the post-harvest seed biology of
Phoenix reclinata Jacquin, the wild date palm

GT von Fintel, P Berjak and NW Pammenter
Plant Cell Biology Research Unit, School of Life and Environmental Sciences,
University of KwaZulu-Natal, Durban 4041, South Africa

The palm family, Arecaceae, is one of the most highly utilised
plant families, and thus many palms could be faced with extinction
in the near future. Of critical importance in conserving palms, is an
understanding of the post-harvest seed biology to aid in long-term
germplasm conservation, yet little has been systematically docu-
mented about palm seeds. The present study was undertaken to
determine aspects of the post-harvest seed biology of P. reclinata,
the wild date palm, one of the extensively utilised 5 palm species
found in South Africa. The study showed that while both embryo and
endosperm water concentration declined as the seeds of Phoenix
reclinata matured, they remained in a range indicating non-ortho-
doxy, which was supported by the ultrastructure of embryo cells and
that negligible water uptake was required for the initiation of germi-
nation. Pre-treatment by soaking, mechanical or acid scarification
did not significantly enhance either rate or totality of germination of
mature P. reclinata seeds, while use of water transiently at 100°C
was highly deleterious. However, germination of partially dehydrat-
ed seeds was initiated sooner if they had been soaked or scarified.
Mature P. reclinata seeds tolerated dehydration to a mean embryo
water concentration of 0.40g g–1 (dmb), but at 0.14g g–1, both rate
and totality of germination were adversely affected. However, viabil-
ity of seeds dehydrated to the mean embryo water concentration
0.40g g–1 declined significantly during storage for 16 weeks. It is
concluded that P. reclinata seeds are non-orthodox, and are best
categorised as showing intermediate post-harvest behaviour.

Tissue culture and plant production: genetic markers
for quality control

BJ Vorster1, KJ Kunert1, C Cullis2 and K Klimaszewska3
1 Department of Botany, Forestry and Agricultural Biotechnology Institute
(FABI), Department of Botany, University of Pretoria, Pretoria 0002, South
Africa
2 Case Western Reserve University, Cleveland, Ohio, USA
3 Canadian Forestry Service, Laurentian Centre, Saint-Foy, Quebec, Canada

Plant production through tissue culture is a very fast growing
industry in South Africa but there are many problems associated
with the mass production of plants via a tissue culture process. Most
importantly is the occurrence of plant off-types as a result of
somaclonal variation. It is therefore vital to have systems in place in
order to assure that only high quality plants are released onto the
markets. Genetic markers have become a very popular method for
quality assurance, but the development of strong and reliable genet-
ic markers is still a difficult process. Using representational differ-
ence analysis (RDA) to isolate molecular differences between two
closely related plant genomes which can then characterised with the
intention to turn these differences into genetic markers that can be
used for quality control. In the following presentation I will discuss
the application of RDA to search for useful genetic markers in date
palm and white pine.

The Timbali Technology Incubator — a model for the
effective transfer of research and expertise into busi-
ness creation

J Vos1 and P Berjak2
1 Agricultural Research Council, Institute for Tropical and Subtropical Crops,
Private Bag X11208, Nelspruit 1200, South Africa
2 Plant Cell Biology Research Unit, School of Life and Environmental
Sciences, University of KwaZulu-Natal, Durban 4001, South Africa

The Timbali Technology Incubator is a non-profit organisation that
brings together research, business expertise, mentorship, market-
ing, branding and financing to create hi-tech, intensive cut flower
businesses. An agri-cluster business model is used in conjunction
with mentorship to obtain the companies objectives. Work conduct-
ed on creating one of the largest hydroponic Gebra cut flower pro-
duction businesses in Africa will be presented.

Crystallisation, cell repair and survival of cryopreserved
embryonic axes

J Wesley-Smith
Forestry and Forest Products Research Centre, University of KwaZulu-Natal,
Durban 4041, South Africa

Exposure of hydrated biological tissues to subzero temperatures
leads to crystallisation of cellular water. The rate of cooling deter-
mines the number and location of ice crystals formed, as well as the
ultimate size these attain. Conventional cryopreservation approach-
es use extremely slow cooling rates (c. 1°C min–1) that ensure crys-
tals form extracellularly. Faster cooling inevitably leads to intra-cel-
lular crystallisation, which is generally considered lethal. However,
accumulating evidence suggests that intracellular ice formation is
not necessarily lethal, and that zygotic embryonic axes of some
recalcitrant seeds can survive cryogenic exposure in spite of exten-
sive intracellular freezing. The work presented will describe the size
and ultrastructural localisation of intracellular ice in radicle and
shoot cells of embryonic axes in the frozen state following cooling at
very different rates. Axes prepared for electron microscopy using
freeze-fracture and -substitution revealed that the same cooling
rates produced contrasting freezing patterns and structural defor-
mation in roots and shoots. Overall, slower cooling rates led to the
formation of fewer, larger ice crystals, whereas crystals formed dur-
ing faster cooling were smaller and permeated all cellular compart-
ments. Survival of frozen axes was assessed in vitro. Recovery of
cryopreserved cells, tissues and whole axes was monitored over 3
days using light and electron microscopy. Ultrastructural damage
caused by freezing was not apparent immediately after warming,
requiring a few hours to become manifest. Cell repair was initially
denoted by increased autophagy and proliferation of ER and Golgi
profiles. Vesiculation of the plasmalemma and dissolution of the
nuclear envelope suggested irreparable damage had occurred. At
tissue level, cortical cells often assumed a meristematic role and
gave rise to renewed growth in axes where the distal meristem had
been damaged. Possible relationships among ultrastructural locali-
sation of ice crystals, cellular damage and recovery of cryopre-
served axes will be discussed.

The use of species accumulation functions and diversi-
ty indices to appraise ethnobotanical data

V Williams
School of Animal, Plant and Environmental Sciences, University of the
Witwatersrand, 7 York Road, Parktown 2193, Johannesburg, South Africa

Extrapolation and prediction have become crucial components in
many research agendas in the field of global climate change, habi-
tat transformation and the threat of widespread extinction. An emer-
gent trend in ethnobotanical studies has been the use of quantita-
tive methods to describe patterns of plant use and availability in sur-
veys or assessments of natural resource use, thereby allowing for a
more rigorous statistical approach to the discipline. Reliable meth-
ods to interpolate and extrapolate species richness and diversity
from a few species included in an analysis to the entire taxon they
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exemplify have been applied to the approximate assessment of
species richness of faunal and floral groupings (e.g. trees in a for-
est). However, the benefits of such an approach to applied quanti-
tative ethnobotany have yet to be fully explored and require judi-
cious consideration. The benefits of such an approach include the
evaluation of sampling effort, economy of description, comparisons
between sites where ethnobotanical surveys have been conducted,
and way to objectively identify species that are a conservation pri-
ority.

Posters

An alternative method for determining plastochron
index in Pisum sativum

OE Ade-Ademilua and CEJ Botha
Botany Department, Rhodes University, PO Box 94, Grahamstown 6140,
South Africa

A plastochron is broadly defined as the interval between corre-
sponding stages of development of successive leaves. A plas-
tochron therefore serves as the unit of developmental scale, when
successive plastochrons are of equal duration. The plastochron
index thus provides a morphological time scale which has proved to
be more reliable than chronological age on studies relating mor-
phological and physiological development of a whole plant or plant
organ (Lamoreaux et al. 1978). The formulation of the plastochron
index applied in this study is based on that proposed and developed
by Erickson and Michelini (1957). Due to the awkward nature of the
pea leaf (enclosed in stipules at early stage of growth; and pairs of
leaflets which terminate as tendrils), Erickson and Michelini (1957)
proposed the use of internode length in calculating plastochron
index rather than leaf length. The use of internode length to deter-
mine plastochron duration of Pisum sativum varieties with either
short stems or very long stems proved impossible; therefore, we
proposed the use of average leaflet length instead. The average
length of the first pair of leaflet on each leaf axis and a reference
length of 20mm were used in calculating plastochron index in both
short and long stemmed pea plants. This method meets all criteria
upon which the use of leaf length for plastochron index was first
proposed: early leaflet growth in peas occurs exponentially; early
growth of successive pairs of leaflets on a single plant occurs at the
same relative rate and successive plastochrons are of the same
duration for a particular plant with an error of only a few hours. We
therefore define the plastochron in Pisum sativum as the time inter-
val between the initiations of basal leaflet pair on successive leaf
axis.

Response of Telfairia occidentalis embryonic axis to
desiccation

SA Ajayi1, P Berjak1, JI Kioko1 and E Dulloo2
1 School of Life and Environmental Sciences, University of KwaZulu-Natal,
Durban 4041, South Africa
2 International Plant Genetic Resources Institute (IPGRI), Rome, Italy

The fluted pumpkin (Telfairia occidentalis) is a multi-purpose veg-
etable of high nutritional potential. It is the most popular leaf veg-
etable to over 50 million people in West Africa. Among other factors,
narrow genetic base, rapid loss of diversity in the wild and desicca-
tion sensitive-seeds pose a serious threat to the propagation, utili-
sation and conservation of the plant. Therefore, there is an urgent
need to develop protocols for extending the short- to medium-term
storage potential of seeds and for cryopreservation of the
germplasm. To achieve these objectives, the extent to which
embryonic axes can tolerate desiccation was investigated. Excised
axes were dried within a flash dryer over silica gel for 2h and sam-
pled at 15min intervals. In parallel, axes were also slowly dried at
87% relative humidity at 25°C and sampled at 12h intervals over
three days. Drying rates were 0.62 and 0.01g H20 g–1 DW h–1 for fast
and slow drying, respectively. Compared to the germination of fresh
axis, fast and slow drying enhanced germination at the first sam-
plings by 20% and 7%, respectively. This enhancement was main-
tained up to one hour after fast drying over 1.04–0.45g H20 g–1 DW

water content and germination declined rapidly thereafter.
Germination of axes after slow drying progressively decreased from
80% at the first sampling and levelled out to 53% as from 48h, cor-
responding to a range of water content 0.72–0.59g H20 g–1 DW. At
a given water content, there was, on average, 25% more germina-
tion after fast compared to slow drying. Thus, whole axes of T. occi-
dentalis are very sensitive to desiccation and the lowest axis water
content permitting germination is too high for cryopreservation
thereby necessitating further investigations of manipulations of the
axes for successful cryopreservation.

Microsatellite fingerprinting as a quality control tool in
sugarcane breeding and genetic marker research

EH Albertse, TJ Edwards and MK Butterfield
South African Sugar Association Experiment Station, Private Bag X02, Mount
Edgecombe 4430, South Africa

The South African Sugar Association Experiment Station
(SASEX) maintains a large field based germplasm collection of over
2 100 sugarcane genotypes used in the breeding programme and
for research. As sugarcane is a vegetatively propagated crop and
plant material is required throughout the year, duplicate collections
are maintained to provide seedcane (stalk sections for propagation)
when needed. In addition, the collections have to be re-planted
every five years to maintain the plants in suitable condition. The
large size, duplication and frequency of re-planting of the collection
allows for errors in the labeling of genotypes. This has important
implications in the breeding programme, and also in the molecular
marker programme, which is aimed at identifying QTLs for important
agronomic traits. We have initiated a programme to fingerprint the
SASEX germplasm collection, starting with a set of 78 genotypes
used in a linkage disequilibrium mapping project that are duplicated
across two locations. Microsatellite DNA markers of four simple
sequence repeat loci were used for fingerprinting the 78 sugarcane
genotypes. All 78 genotypes were uniquely identified based on the
high allelic polymorphism that exists in sugarcane. A comparison of
the fingerprint data from the two sites revealed four discrepancies
involving the genotypes labelled as 79M0955, 82F2907, N17 and
NCo376. By sampling additional lines, these discrepancies were
able to be resolved, and each genotype correctly identified. The
results confirm that microsatellites can be used as an effective qual-
ity control tool for selection, breeding and genetic resource man-
agement at SASEX, and fingerprinting of additional important
germplasm currently being used in breeding and research will con-
tinue.

The use of the AFLP technique to study genetic varia-
tion and local adaptation in plant populations on slimes
dams

C Angus and T McLellan
School of Molecular and Cell Biology, University of the Witwatersrand, 7 York
Road, Parktown 2193, Johannesburg, South Africa

Slimes dams are made to hold liquid waste from the mining indus-
try, and therefore consist of toxic soil that provides a harsh environ-
ment for plant growth. Revegetation of the slimes dams would
reduce dust and runoff pollution of surrounding areas. Revegetation
has proved a problem in the past, mainly due to the use of unsuit-
able European grass species, which have high water and mainte-
nance needs. Polluted soils have been shown to have an effect on
genetic diversity in plant populations in many studies on European
plant species. This study investigates the genetic variation between
adjacent populations of Indigofera spp. growing on and off slimes
dams. The amplified fragment length polymorphism (AFLP) tech-
nique is being used. This technique allows reproducible detection of
variation throughout the genome. Since it has the capacity to
inspect a much greater number of loci for polymorphism than other
techniques, it allows the detection of higher levels of genetic varia-
tion. The AFLP technique is PCR based, and results in the produc-
tion of a specific band pattern for each sample. Statistical analysis
is used to compare this band pattern between samples. Bands that
are present in populations off slimes dams but not in populations on
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slimes dams will indicate a lack of gene flow between the two pop-
ulations. Alternatively, different frequencies of bands on and off site
will also indicate a lack of gene flow. This will allow the identification
of genetically distinct strains that show some level of adaptation to
the harsh environment of the slimes dams, and which may therefore
be used in future revegetation attempts.

Monographing for a South African Herbal Medicines
Pharmacopoeia

S Arendse, E Springfield, G Scott and P Eagles
School of Pharmacy, University of the Western Cape, Private Bag X17,
Bellville 7535, South Africa

Initiated by the WHO, several countries are taking a closer look at
medicinal plants used as home remedies or by herbalists. An esti-
mated 80% of South Africans regularly use traditional medicines,
most of which are derived from plant species indigenous to the
region. These may be obtained on prescription from a traditional
healer, purchased from herb sellers or gathered in the wild for self-
medication. The quantity of medicinally active principles present in
these herbal remedies may vary genetically, seasonally, geographi-
cally or according to the mode of preparation. It may also happen
that superficially similar but botanically unrelated species are includ-
ed with the genuine plant species. The goal of the monograph proj-
ect is to protect those, who have an interest in traditional medicines,
against medicines of poor quality. The project seeks to do this by
setting for selected traditional medicines standards, which define
their identity, purity and potency. Such information constitutes a
monograph for that medicine. A collection of monographs is the basis
of a pharmacopoeia. The incorporation of a South African Herbal
Medicines Pharmacopoeia might narrow the gap between the formal
health care sector and traditional healers. An example of a complet-
ed monograph, Geranium incanum (vrouebossie), will be presented.

A first record of sexual polymorphism in a species of
Gnidia L. (Thymelaceae)

AJ Beaumont1, TJ Edwards1 and FR Smith2
1 School of Botany and Zoology, University of KwaZulu-Natal
Pietermaritzburg, Private Bag X01, Scottsville 3209, South Africa
2 School of Biology, University of KwaZulu-Natal, Westville, Private Bag
X54001, Durban 4000, South Africa

Gnidia stricta (Thunb.) Wikstr. is a small, woody shrub inhabiting
the semi-arid Nama Karoo Region of South Africa. Three homomor-
phic flower morphs occur: females, males and hermaphrodites.
Discriminant analysis of lengths of anthers, staminodes, pistils and
pistillodes distinguish females from hermaphrodites. The develop-
ment of the gynoecium among outwardly hermaphroditic flowers
however, is very variable and in some flowers reduced to a pistillode.
Such flowers are functionally male. Bagging experiments were used
to test for self and cross compatibility and the effect of pollen exclu-
sion on fruit set. Results showed that females are obligate out-
crossers. The comparable fruit set between potentially outcrossing
and selfed hermaphrodites does not suggest that hermaphrodites are
obligate outcrossers. Selfing might account for fruit set in both
unbagged and bagged hermaphrodites because stamens were intact
in both treatments. Furthermore selfing probably accounts for the
modest fruit set among emasculated and bagged hermaphrodites, as
manipulation of flowers carried a high risk of contamination. Plants
bearing female flowers only, and plants bearing flowers that function
either as hermaphrodites or as males is evidence that the breeding
system of G. stricta is between that of gynodioecy and dioecy.

Biogeochemistry of Cape elements in sub-Saharan
Africa

C Carbutt1, TJ Edwards1, RP Beckett1 and RWS Fynn2

1 School of Botany and Zoology, University of KwaZulu-Natal
Pietermaritzburg, Private Bag X01, Scottsville 3209, South Africa
2 School of Applied Environmental Sciences, University of KwaZulu-Natal
Pietermaritzburg, Private Bag X01, Scottsville 3209, South Africa

The Cape elements of sub-Saharan Africa have been reported
from various regional floras of contrasting geology. Their geological
affinities in the south include the nutrient-poor quartzitic sandstones
of the Cape Fold Mountains and the Msikaba Sandstones of
Pondoland. Cape elements are also associated with Afromontane
vegetation extending into tropical Africa. Cape elements at high-alti-
tude in southern Africa are associated with basaltic strata of the
Drakensberg Alpine Centre, and further north, with quartzitic out-
crops of the Wolkberg Centre and the Chimanimani Mountains of
eastern Zimbabwe. Our study attempts to correlate the distribution
of Cape elements to particular geologies and to ascertain their
nutrient status, because we believe Cape elements are better per-
formers in regions characterised by nutrient-poor economies, either
intrinsically or temperature-induced. We established a Cape ele-
ment in a series of reciprocal field trials at three sites, from coastal
hinterland (Pondoland) to mountain (Drakensberg). Sensitivity to
available soil N appears to be an important controlling factor in the
distribution of Cape elements. Results showed that the Cape ele-
ment was a good performer in N-poor soil, and a poor performer in
N-rich soil, except in the Drakensberg site where N-fertility is nulli-
fied by low temperature. Performance of a tropical grass species in
a separate trial at low altitude was best in the N-rich Drakensberg
soil, unlike our temperate herb. We found that Cape elements out-
perform tropical taxa on N-poor soils and at low temperature, and
are outperformed by tropical taxa in N-rich soils.

Eucalyptus urophylla pollen-pistil interaction

T Cassim1 and SD Johnson2
1 Shaw Research Centre, Sappi Forests Research, Howick 3245, South Africa
2 School of Botany and Zoology, University of KwaZulu-Natal Pietermaritzburg,
Scottsville 3209, South Africa

Pollen-pistil interaction is the term used to describe the process
which takes place after successful pollination, during which pollen
grains germinate on the stigma and the resulting pollen tubes grow
through the tissues of the style and ultimately enter the embryo sac.
During this process, screening and selection of the male partner for
quality and compatibility occurs and this is an essential requirement
for sexual reproduction (Shivanna and Johri 1985). In the present
study, the in vivo pollen tube growth of self, intraspecific and inter-
specific pollen in E. urophylla flowers was examined in an attempt
to understand the breeding system of the species. The staining
technique for fluorescence microscopy was also optimised for the
species and softening in 8N NaOH for 24h was found to be optimal.
For the self-cross, it took approximately six to eight days for pollen
tubes to grow to the base of the style, compared to four days for the
intra- and interspecific pollen tubes. This could be a means of
inhibiting inbreeding by ensuring that out-crossed pollen had a bet-
ter chance of fertilising the ovule. Another observation was that
intraspecific crosses were favoured over the interspecific, since the
interspecific-pollinated buds showed the highest abortion 24h after
pollination. In most of the open controls there were abundant pollen
grains germinating on the stigma, confirming the importance of the
isolation bag during controlled pollination. Since self-pollen tube
growth was slowed down in the style, there must be some pre-fer-
tilisation barrier in operation in E. urophylla. Further investigation is
necessary to determine whether there are any additional barriers
occurring before and/or after fertilisation in the ovary.
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Effects of temperature and moisture content on the
short-term storage of Syzygium cordatum

C Cheruiyot, JI Kioko and P Berjak
Plant Cell Biology Research Unit, School of Life and Environmental Sciences,
University of KwaZulu-Natal, Durban 4041, South Africa

Storage of recalcitrant seeds poses a challenge, as the seeds are
sensitive to both water loss and low temperature — the conditions
necessary for conventional seed storage. This study sought to
establish an optimal short-term storage condition for the recalcitrant
seeds of Syzygium cordatum. Seeds were stored in dry and hydrat-
ed conditions at three different temperatures (6°C, 16°C and 25°C)
for different periods and the following assessed: water content, con-
tamination, germination in storage, totality and rate of germination of
seeds after storage and the biomass allocation of resulting
seedlings. There was no significant water loss by seeds during stor-
age for any treatment. Seeds stored in all conditions except dry at
6°C were contaminated by fungi: at 16°C, the seeds that were
stored in hydrated conditions showed contamination after two
weeks in storage while this took four weeks for those in dry storage
conditions and at 25°C, seeds stored in both dry and hydrated con-
ditions showed contamination after two weeks in storage.
Germination in storage was observed after two weeks for seeds
stored in hydrated conditions at both 16°C and 25°C. A proportion of
seeds from all treatments, except those stored hydrated at 6°C for
three weeks, showed contamination when they were sown in ver-
miculite. The presence of fungus was not, however, lethal. After ten
weeks in storage, seeds stored at 6°C in hydrated conditions had
the lowest germination rate and capacity when assessed weekly
whereas those stored hydrated at 16°C had the highest germination
rate. Seeds stored hydrated at 25°C allocated most biomass to the
leaves. Eight-week-old seedlings of seeds stored for between two to
four weeks had a higher total biomass than those of plants from
seeds stored either shorter or longer, in each treatment condition.

Short-term storage of partially dried recalcitrant seeds
of Trichilia emetica

S Eggers, P Berjak and DP Erdey
Plant Cell Biology Research Unit, School of Life and Environmental Sciences,
University of KwaZulu-Natal, Durban 4041, South Africa

The seeds of Trichilia emetica VAHL. display characteristics of
seed desiccation sensitivity and are metabolically active when shed.
Desiccation sensitivity is the phenomenon that makes storage of
recalcitrant seeds a challenge, as they cannot be stored by con-
ventional methods used for orthodox seeds. Recalcitrant seeds
have been established to be shed with sufficient water for germina-
tive metabolism to be initiated without the addition of water.
However as germination proceeds water will become limiting and if
an exogenuous supply is not available the seeds will die.
Recalcitrant seeds also harbour a spectrum of fungi even when
freshly hand-harvested. For these reasons fully-hydrated storage
has not proven successful for long term storage. These seeds were
chosen to study the effects of partial drying on the viability and sub-
sequent storage lifespan of recalcitrant seeds. The outcome of this
investigation was proposed to contribute to the resolution of the
argument that storing recalcitrant seeds at lowered water contents
would extend their longevity. It was suggested that it may be possi-
ble to store recalcitrant seeds at a relatively high moisture content
but below the fully hydrated level. It was thought that this would pre-
vent germination but would not be sufficient to be injurious to the
seed. The preclusion of germination might prevent the occurrence
of unbalanced metabolism and it was suggested that this could be
achieved without the loss of physiological integrity associated with
the fully imbibed state. The delay of germination by reducing metab-
olism in this manner may also extend the time taken for the seeds
to reach the point where exogenous water is required. However if
the seeds do not tolerate this removal, the rate of degeneration may
increase with a decrease in water content. Thus if damage occurred
and continued to accumulate, sub-imbibed storage may not provide
a solution. The project involved the partial drying of the seeds to a
target moisture content (which was determined in the initial drying

experiment) and storage for three weeks at three temperatures
(6°C, 16°C and 25°C) in sealed containers. Samples were periodi-
cally removed for germination, water content analysis and respira-
tion measurements. Temperature does appear to effect viability dur-
ing storage and T. emetica appears to display characteristics of
chilling sensitivity. Both fully hydrated and sub-imbibed seeds
showed 0% survival after three weeks storage. Sub-imbibed stor-
age does not appear to confer any benefit over seeds stored in the
fully hydrated state, rather it appears to be deleterious to seed sur-
vival during storage. The viability of partially dried T. emetica seeds
declined from 100% to 20% and 0% following storage for three
weeks at 16°C and 25°C respectively.

The impact of ageing on membrane integrity in oily (soy-
bean) and starchy (maize) seeds

A Gallagher, A Jaimangal, S Tyiso, N Rodda and MT Smith
School of Life and Environmental Sciences, University of KwaZulu-Natal,
Durban 4001, South Africa

Seed ageing and viability loss are characterised by loss of mem-
brane integrity, increased formation of lipid peroxidation products,
and non-enzymatic reactions between reducing sugars and proteins
or nucleic acids. This study reports on the correlation between vari-
ous measures of leakage and the conductivity of 12 batches of aged
maize seeds, seeds with high viability (88–97% germination), but
with varying vigour (3–97% from accelerated ageing test). An eval-
uation of the process of germination using five phases of seed
organ emergence proved to be of some predictive value in better
characterising seed vigour and viability than germination trials
alone. Attempts were also made to correlate several leakage
parameters, such as total ion leakage (conductivity), ninhydrin pos-
itive leachate, protein loss using BCA analysis, and ICP atomic
spectroscopy for individual ions The conductivity results on a per
axis basis correlated well with seed performance, while attempts to
correct for mass did not improve the relationship. While no clear
relationship was seen between ninhydrin-positive material and via-
bility, the protein analysis using BCA yielded some correlation with
the conductivity and accelerated ageing tests. The non-enzymatic
reactions of reducing sugars with proteins and nucleic acids (glyca-
tion) is thought to be increased during ageing. Glycation has been
shown to alter the structure and function of proteins and nucleic
acids in vitro in animal studies, and has been examined in some
seed ageing studies. Modification of nuclear proteins and DNA can
be expected to lead to increased DNA damage, which would be
reflected in reduced seed viability and vigour. Preliminary studies on
the histones of maize seeds will be presented and their possible role
in reducing vigour presented.

The growth and physiology of potted Chromolaena
odorata on the KwaZulu-Natal coast and midlands

M Gareeb1,2, NW Pammenter2 and JP Bower3
1 ARC–PPRI (Cedara Weeds Laboratory), Private Bag X6006, Hilton 3245,
South Africa
2 School of Biological Sciences, University of KwaZulu-Natal, Durban 4041,
South Africa
3 School of Agricultural Sciences and Agribusiness, University of KwaZulu-
Natal Pietermaritzburg, Scottsville 3209, South Africa

Chromolaena odorata (L.) King and Robinson (Asteraceae:
Eupatorieae) is a serious pan-tropical weed. An insect-based bio-
control programme is centred at Cedara in the KwaZulu-Natal mid-
lands, a low rainfall area which is also prone to frost, which proba-
bly limits the distribution of C. odorata. In order to meet the demand
for the large number of potted plants required annually for culturing
biocontrol agents and testing them for host-specificity, rooted
saplings are regularly collected from the field around Durban, where
the plant is abundant. These are then potted into 18cm or 26cm pots
at Cedara. Initially plants grow well, but once they are larger, some
of the plants begin yellowing, wilting and dying back; this often
occurs in epidemics several times a year. The endophagous insect
cultures have been most seriously affected by the poor quality of
plants grown at Cedara. It is hypothesised that plants are more
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stressed at Cedara than in Durban, due to a higher vapour pressure
deficits and low temperatures, especially in winter. This may limit the
production of carbohydrates which are required for the production of
new tissue, for the maintenance of reserves, and to contribute to the
tolerance of stress. In order to investigate this possibility further, pot
trials were set up in Durban and Cedara from June to November
2003 to compare growth and physiological characteristics. Air tem-
perature and relative humidity, and soil temperatures were logged
during the growth period. Physiological characteristics assessed
included transpiration rates at whole plant level (measured by
lysimetry), chlorophyll fluorescence, and leaf anthocyanin and
chlorophyll contents. To complement these studies total non-struc-
tural carbohydrates of different plant parts will be measured. The
preliminary results obtained from this study are discussed.

Development of a positive selection system for the
production of antibiotic resistance free transgenic
sugarcane

AT Gill1, SJ Snyman1, BAM Potier1 and BI Huckett1,2,3
1 South African Sugar Association Experiment Station, Private Bag X02,
Mount Edgecombe 4430, South Africa
2 School of Life and Environmental Sciences, University of KwaZulu-Natal,
Durban 4041, South Africa
3 Institute for Plant Biotechnology, University of Stellenbosch, Private Bag X1,
Matieland 7602, South Africa

Expression of an antibiotic resistance gene co-delivered with the
gene of interest is currently the method used to selectively promote
the growth of transgenic sugarcane lines during transformation in
culture. Discrimination is achieved on medium containing the appro-
priate antibiotic, which is toxic to normal plant tissue (negative
selection). An exacerbating factor is that most plasmid vectors used
for transformation have in their backbone a further antibiotic resist-
ance gene, which functions as a selective agent during preparative
replication in bacterial culture. Both resistance genes are superflu-
ous once the transgenic plants are hardened off. The presence of
antibiotic genes in transgenic crops is undesirable and their elimi-
nation is of primary importance in programmes aiming to develop
commercially acceptable genetically modified lines in the future. An
alternative selection gene, manA from E. coli, which encodes the
enzyme phosphomannose isomerase (PMI) and confers a metabol-
ic advantage on the transgenic cells has been developed
(Syngenta) for positive selection of transgenic plants on a mannose-
containing medium. This system has proven to be successful in
other crop plants (Reed et al. 2001). The goal of the work present-
ed here was to develop and optimise sugarcane transformation con-
ditions in culture using the PMI selection system, as well to investi-
gate the consequences of vector linearisation and backbone
removal on sugarcane transformation efficiency. Preliminary results
showed that 0.5% mannose per 1% sucrose prevents growth of
untransformed sugarcane cells, although regeneration is retarded
using this regime. Sugarcane calli transformed with the manA gene
tested on mannose-containing selection media indicated that 0.5%
mannose per 1% sucrose inhibits growth of untransformed cells but
allows growth and survival of transformed ones. Further data
demonstrating the effects that vector cleavage and elimination of
non-essential sequences have on transformation efficiency will be
presented, as will analysis of putative transformants at molecular
and phenotypic levels.

An analysis of the human and financial resources used
to produce the Southern African Plant Red Data Lists

J Golding1, SJ Siebert2 and E Malan3
1 Environmental Change Institute (ECI), School of Geography and The
Environment, University of Oxford, UK
2 Department of Botany, University of Zululand, South Africa
3 SABONET Financial Officer, National Botanical Institute

The Southern African Botanical Diversity Network (SABONET) is
a donor-funded capacity-building project involving southern African
botanists. As part of this project, funds were made available by
IUCN-ROSA to compile plant Red Data Lists for the ten SABONET

countries. This initiative culminated in a publication, namely
Southern African Plant Red Data Lists, and incorporated the
detailed assessments from seven workshops (110 participants) and
the compilations of 20 plant diversity specialists in the region. The
lists are globally recognised as a significant contribution towards
plant conservation in southern Africa. However, what were the costs
involved in terms of human and financial resources to assess the
threatened plants of such a vast area (6 000 000km2)? Over 32
months, 4 100 assessments were conducted and 3 900 plant
species were allocated a category of threat. Human and financial
resources used are discussed and analysed under five headings,
namely project coordination, data collection, report preparation,
information packaging and information dissemination. This paper
provides background on the human and financial resources
involved to produce a report on the most threatened plant species
of southern Africa and shows that by focusing on regional botanical
expertise, SABONET was able to assess 3 900 plant species at only
USD 30 each.

Use of the chloroplast trnL/F intergenic spacer
sequence to assess genetic diversity between South
African and Tanzanian populations of Warburgia

C Govender and JM Lamb
School of Life and Environmental Sciences, University of KwaZulu-Natal,
Durban 4041, South Africa

Reports exist of three different species of Warburgia in Africa:
Warburgia salutaris, Warburgia ugandensis and Warburgia breyerii.
Other sources report only one species, W. salutaris. This study aims
to investigate whether Warburgia representatives from Tanzania
and South Africa are the same species. The intergenic spacer
region between the trnL and trnF genes has been widely sequenced
and used for inferring plant phylogenies between closely related
genera and species. Universal primers for amplifying and sequenc-
ing a noncoding spacer between the trnL and trnF genes of the
chloroplast DNA were constructed from published sequences.
Fragments were PCR-amplified and the products were sequenced.
Statistical analyses such as genetic distances (Kimura 2-parame-
ter), nucleotide pair frequencies and tree reconstruction using both
neighbour-joining and maximum parsimony (MP) were carried out.
The level of genetic diversity was assessed between Tanzanian and
South African populations of Warburgia salutaris with reference to
the outgroups, which were representatives of the Canellaceae and
the Winteraceae obtained from the GENBANK. Results from this
study show a Kimura 2-parameter genetic distance of 0.01 between
the South African and Tanzanian populations, which indicated that
these populations are very similar genetically. Both neighbour-join-
ing and maximum parsimony trees indicate that Warburgia from
South Africa and Tanzania are probably of the same species:
Warburgia salutaris. The only sample of Warburgia salutaris respre-
sented on the GENEBANK (AY004147) was contained in the same
clade as the South African and Tanzanian samples of this genus.
This clade separated from the clades formed by the other genera of
the Canellaceae (Canella, Capsicodendron, Cinnamodendron,
Cinnamosma and Pleodendron) with a 100% bootstrap value, as
well as from the Winteraceae. This study showed no evidence for
more than one species of Warburgia in South Africa and Tanzania.

Effect of desiccation on the microfilament component of
the cytoskeleton in zygotic embryonic axes of Trichilia
dregeana sond

Z Gumede, V Merhar and P Berjak
Plant Cell Biology Research Unit, School of Life and Environmental Sciences,
University of KwaZulu-Natal, Durban 4001, South Africa

Recalcitrant seeds do not undergo maturation drying and remain
highly desiccation sensitive during both development and after
shedding. Consequently, such seeds cannot be stored under condi-
tions suitably for naturally-dry (orthodox) seeds. Several interacting
developmental phenomena that are implicated in desiccation toler-
ance and maintenance of viability in the dehydrated state in ortho-



Conference Abstracts360

dox seeds, are variously absent, or incompletely expressed in
recalcitrant types. It has been suggested that if the cytoskeleton
were irreversibly damaged, the resultant lack of intracellular support
and structural organisation would have serious physiological as well
as structural consequences in the cells of these tissues. However,
whether or not the cytoskeleton can be reconstituted when the tis-
sues are rehydrated has been the focus of only the occasional
investigation. The plant cytoskeleton is a structural system, which
confers intracellular organisation, contributes significantly to the
structure-associated (bound) water fraction, and supports the cyto-
plasmic enzymes and ground substance, endomembranes and
organelles, of the cell thus playing a major role in topological organ-
isation of the cytoplasm and the nucleus. In plants the cytoskeleton
consists of two major structural components, the microtubules and
the microfilaments. The present study deals with the microfilament
component of the cytoskeleton in embryonic axis cells of the recal-
citrant seeds of Trichilia dregeana and seeks to ascertain whether
or not this structure can be reconstituted in the cells of the embry-
onic axes of these seeds after dehydration followed by rehydration.
Immunofluorescent labelling, using FITC-phalloiden revealed the
relative abundance and structural arrangement of the actin microfil-
aments in the cells of non-desiccated embryonic axes. When the
seeds were subjected to 3h of dehydration followed by rehydration
in water, only 10% germinated in vitro. The actin meshwork in non-
germinated embryonic axes showed signs of abnormality and a fail-
ure of reconstitution. Displacement of the microfilaments accompa-
nied by extensive vacuolation appeared to be a common feature in
cells of recalcitrant seeds subjected to dehydration. The results
suggest that dehydration leads to progressive loss of ability of the
cytoskeleton to re-assemble during rehydration. This is in accord
with the results obtained from another recalcitrant species (Quercus
robur).

Acetylcholinesterase inhibition of Crinum sp.

AK Jäger1, A Adsersen1 and CW Fennell2
1 Department of Medicinal Chemistry, The Danish University of
Pharmaceutical Sciences, 2 Universitetsparken, 2100 Copenhagen O,
Denmark
2 Research Centre for Plant Growth and Development, University of KwaZulu-
Natal Pietermaritzburg, Private Bag X01, Scottsville 3209, South Africa

Inhibitors of acetylcholinesterase (AChE) have recently been
introduced in the treatment of Alzheimer’s Disease. The
Amaryllidaceae alkaloid galanthamine has been registered in sev-
eral countries as an AChE inhibitor. Crinum species
(Amaryllidaceae) are used in traditional medicine in South Africa for
various ailments, among them for their CNS activity and for treating
memory-related ailments. Aqueous and ethanol extracts of leaves,
bulbs and roots of C. campanulatum Herb., C. graminicola
Verdoorn, C. macowanii Bak., C. moorei Hook. f. and C. variabile
(Jacq.) Herb. were prepared with sonication and tested for AChE
inhibitory activity in the TLC and microtitre plate assays. In the quan-
titative microtitre plate assay the root and bulb extracts were the
most active; the leaf extracts were less active. This pattern was
reflected in the TLC assay, where leaf extracts at the most showed
very faint bands. C. campanulatum bulbs contained three and the
roots four active compounds. C. gramincola bulb extract had two
faint bands, whereas the roots had four bands. C. macowanii bulbs
had three active bands and the roots two. C. moorei bulb and root
extracts both had five active compounds. Bulbs of C. variable had
three active compounds, whereas the roots had four. All species had
a band that corresponded in Rf-value to galanthamine, which is
known to be present in C. macowanii, C. moorei and C. variabile. C.
campanulatum and C. graminicola have not been chemically inves-
tigated. C. campanulatum had a band which was stronger than the
band corresponding to galanthamine.

Traditional Sotho epilepsy remedy with GABA-
Benzodiazepine receptor activity

AK Jäger1, SP Mohoto2, FR van Heerden3 and A Viljoen2
1 Department of Medicinal Chemistry, The Danish University of Pharmaceutical
Sciences, 2 Universitetsparken, 2100 Copenhagen O, Denmark
2 Department of Pharmacy and Pharmacogoly, University of the
Witwatersrand, Faculty of Health Sciences, 7 York Road, Parktown 2193,
Johannesburg, South Africa
3 Department of Chemistry and Biochemistry, Rand Afrikaans University, PO
Box 524, Auckland Park 2006, Johannesburg, South Africa

A remedy consisting of Acrotome inflata Benth., Aptosimum indi-
visum Burch. ex Benth., Asparagus suaveolens Burch., Barleria
bolusii Oberm., Commiphora marlothii Engl. and Sesamum triphyl-
lum Welw. ex Asch. has been used for over two centuries to treat
epilepsy by Northern Sotho people in South Africa. Aqueous and
ethanol extracts of the six plants, as well as a mixture of the plants,
were prepared on an ultra-sound bath. The extracts were tested in
the GABAA-benzodiazepine receptor binding assay. The GABA
receptor is involved in epilepsy. Both the aqueous and ethanol
extracts of A. procumbens and A. suaveolens and the aqueous
extract of C. marlothii showed good dose-dependent activity. The
binding of 3H-Ro 15-1788 (flumazenil) obtained with the highest
concentration of plant extracts tested (10mg ml–1) were: A. procum-
bens aqueous extract 36 ± 5%, ethanol extract 39 ± 4%; A. suave-
olens aqueous extract 35 ± 3%, ethanol extract 26 ± 4%; C. mar-
lothii aqueous extract 30 ± 5%. The ethanol extract of all six plants
extracted together was more active than the aqueous extract (38 ±
10% flumazenil binding for the ethanol extract and 61 ± 5% for the
aqueous extract). The results did not suggest a synergistic effect of
the plant in the mixture. Most of the plants have not been chemical-
ly investigated. Three metabolites: verbascoside, pinocembrinin 7-
neohesperidoside and shanzhiside methyl ester were isolated from
A. indivisum. B. bolusii contains verbascoside, which is known to
inhibit the GABA receptor, but did not show much activity in the
assay. The Indian B. lupulina had in vivo CNS activity in mice and
rats. The GABA-activity of several of the plants in the remedy gives
scientific support to the traditional usage.

In vitro biological properties of Salvia stenophylla, S.
repens and S. runcinata

GPP Kamatou1, AB Gono-Bwalya1, AM Viljoen1, A Lourens1, Y
Frum1, RL van Zyl1, SF van Vuuren1 and KHC Bas¶er2

1 Department of Pharmacy and Pharmacology, Faculty of Health Science,
University of the Witwatersrand, 7 York Road, Parktown 2193, Johannesburg,
South Africa
2 Department of Pharmacognosy, Faculty of Pharmacy, Anadolu University,
26470 Eskis¶ehir, Turkey

Salvia species have been used medicinally throughout the world.
There are about 900 Salvia species of which 26 are found in South
Africa. The methanol extracts and essential oils from S. stenophyl-
la, S. repens, S. runcinata were investigated for anti-oxidant (α,α-
diphenyl-β-picrylhydrazyl), anti-inflammatory (5-lipoxygenase), anti-
malarial (tritiated hypoxanthine incorporation), antimicrobial (disc
diffusion and microplate methods) and toxicity properties (MTT
assay). The results indicated that some crude extracts and/or
essential oils were active with the anti-oxidant IC50 values ranging
from 8.98ppm to 15.07ppm (methanol extracts) and anti-inflamma-
tory activity from 22.84ppm to 30.24ppm (essential oils). Essential
oils and extracts of plants possessed antimalarial properties but are
potentially toxic. S. stenophylla exhibited the highest activity with the
MIC values ranging from 0.10mg ml–1 (S. aureus ATCC 25923) to
3.13mg ml–1 (S. epidermidis). Essential oils have shown little antimi-
crobial activity against all the tested organisms. Analytical tech-
niques (GC–MS, HPLC–MS) were employed to complete chro-
matographic profiles for the essential oils and methanol extracts
respectively. HPLC results indicate the presence of rosmarinic acid
and carnosic acid derivatives. Using bioassay guided fractionation
the antimicrobial activity is ascribed to carnosic acid. The results of
this study give evidence of the traditional use of the members of the
S. stenophylla species complex to treat different ailments in some
regions of South Africa.
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Description of the range in hillslope geomorphology
and associated overlap in physical and vegetation
boundaries in a savanna drainage network

LM Khomo and KH Rogers
Centre for Water in the Environment, Department of Animal, Plant and
Environmental Science, University of the Witwatersrand, 7 York Road,
Parktown 2193, Johannesburg, South Africa

The aim of this study was to establish the landscape context of
physical and vegetation patches in a savanna drainage network.
The structure of a network is contingent upon terrain geology and
landscape evolution that act concomitantly resulting in the physical
template of a landscape. The physical template consists of channels
and hillslopes of various sizes that can be viewed as a nested hier-
archy. The template serves as the arena where geomorphic gradi-
ents are expressed with varying intensity on channel-hillslopes sys-
tems between upstream and downstream sections. These sections
of a drainage network have different amounts of fluvial influence
resulting in different proportions of fluvial and terrestrial elements.
Discontinuities in geomorphic gradients provide the basis for defin-
ing physical boundaries separating physical patches; and these
patches are the habitat for vegetation patches. The drainage net-
work consists of a longitudinal gradient that links upstream and
downstream sections and a lateral gradient linking channels and
hillslope summits. The lateral gradient is composed of a fluvial and
a catenal component that originate from the channel and hillslope
summit respectively. Geomorphology was used as the descriptive
tool for the fluvial and terrestrial components and landscape ecolo-
gy was used as the spatial organiser of geomorphic and vegetation
components of the network. The rationale was to give a spatially
explicit appraisal of a savanna landscape to aid management and
research requirements. There was a quantitative difference in geo-
morphology of hillslopes from different orders; and there was no
significant difference in the geomorphology of hillslopes from the
same order. Corresponding physical boundaries on hillslopes from
the same order were significantly similar and physical boundaries
from different order hillslopes were significantly different. These
physical boundaries overlapped with vegetation boundaries to some
extent showing that there is some correspondence in the disconti-
nuities in the terrain and vegetation.

Post-shedding behaviour and cryopreservation of
seeds and embryonic axes of cocoa (Theobroma cacao
L.) of west African provenance

JI Kioko, S Naidoo, GT von Fintel, P Berjak and NW Pammenter
Plant Cell Biology Research Unit, School of Life and Environmental Sciences,
University of KwaZulu-Natal, Durban 4041, South Africa
$ Awarded best Poster presentation in Seed Biology

Cocoa (Theobroma cacao) is one of the world’s most important
tree crops, and two thirds of the world’s crop is grown in west Africa.
However, there is little quantitative information on the post-shedding
behaviour of the seeds, nor has the long-term preservation of the
zygotic germplasm been achieved. Currently, seeds of this prove-
nance were used to determine the response of embryonic axes to
different drying rates, the effect of seed storage at different temper-
atures, and the effects of the fruit pulp/cotyledon extract on seed
germination. As cocoa axes are too large for cryopreservation, this
study also investigated the use of nascent shoot-tips from embry-
onic axes as potential explants for cryopreservation. The pulp from
cocoa fruits inhibited the germination of both cocoa and lettuce
seeds, but the cotyledon extract had no effect. On desiccation,
embryonic axes retained almost full viability (as defined by root
growth) when the water concentration was reduced slowly to c. 0.6g
H2O per g dry matter (g g–1) or rapidly (by flash-drying) to c. 0.4g g–1,
and declined sharply with any further desiccation. The embryonic
shoots were more sensitive to dehydration than the roots, with less
than 30% of axes dehydrated to c. 1.0g g–1 forming shoots, regard-
less of the rate of drying. No shoots were formed at water concen-
trations below c. 0.6g g–1, except in those axes that were flash-dried.
During hydrated storage, seeds stored at 6°C lost viability within two
weeks, while those stored at 16°C and 25°C retained full viability for

at least 10 weeks. However 6% and 36% of the seeds at 16°C and
25°C, respectively, had germinated in storage, while 20% (16°C)
and 40% (25°C) were infected by fungi. Naked shoot-tips excised
from germinating axes did not survive cryopreservation by vitrifica-
tion, but encapsulation-cryopreservation studies are ongoing.

Seed germination of some southern African indigenous
medicinal plants

MG Kulkarni and J van Staden
Research Centre for Plant Growth and Development, University of KwaZulu-
Natal Pietermaritzburg, Private Bag X01, Scottsville 3209, South Africa

South Africa has one of the unique traditional herbal medicine
systems in the world. It is estimated that more than 700 plant
species are actively traded for indigenous medicinal use. This mar-
ket drives intensive harvesting of wild plant stocks, which is a seri-
ous threat and concern. Little cultivation of indigenous medicinal
plants is carried out due to a lack of knowledge regarding indige-
nous plant production. Hence seed germination studies were con-
ducted to assess the germination percentage, viability and mean
germination time in one-year-old seeds of Anthospermum rigidum,
Dichilus strictus, Kniphofia caulescens, Tulbaghia alliacea and
Zantedeschia albomaculata — important medicinal plants in south-
ern Africa. Surface decontaminated seeds were germinated in pre-
set growth chambers for 40 days. Dichilus strictus achieved 100%
germination with a mean germination time of 5 days. While A.
rigidum and K. caulescens exhibited 70% germination after 7 days
and 13 days respectively. T. alliacea showed 90% germination after
15 days. No germination was observed in Z. albomaculata seeds
and they also responded negatively to the TTC test, suggesting that
the seeds had lost their viability within one year. From the experi-
ments conducted it can be concluded that, with the exception of Z.
albomaculata, the other medicinal plant species examined gave
around 70% germination after storage for about one year.

The influence of the monocarpic herb, Isoglossa wood-
ii, on subtropical forest tree dynamics and diversity

MJ Lawes and ME Griffiths
Forest Biodiversity Programme, School of Botany and Zoology, University of
KwaZulu-Natal Pietermaritzburg, Private Bag X01, Scottsville 3209, South
Africa
$ Awarded best Poster in Ecology

Herbaceous plants belonging to the family Acanthaceae are wide-
ly distributed in Coastal Belt Forests throughout eastern and south-
ern Africa. They usually grow in dense, monospecific stands that
dominate the forest understorey. In addition, many species are
monocarpic and have highly synchronised reproduction events fol-
lowed by mass diebacks. We hypothesise that recruitment opportu-
nities for coastal dune forest trees in Zululand are limited by the
presence of Isoglossa woodii, a monocarpic Acanthaceae that flow-
ers every 5–7 years. This species is likely to compete with tree
seedlings and prevent the entry of new recruits into the population.
Furthermore, I. woodii may act as an ecological filter that differen-
tially affects the growth and survival of tree seedling species.
Isoglossa woodii effects on tree seedling growth were assessed
over a three year-period in plots where the I. woodii understorey
was undisturbed or removed by cutting. Fenced exclosures were
also used to assess the effect of vertebrate herbivory on seedlings.
I. woodii stem density declined as a consequence of self-thinning
over the study period while the height of the herb increased. Height
of I. woodii was lower in unfenced plots, indicating that vertebrate
herbivory does control its growth. We found fewer tree seedlings in
plots with intact I. woodii understorey, but there was no significant
difference in seedling number between fenced and unfenced plots.
The presence of I. woodii also affected tree species diversity and
composition, lending support to the argument that this herb might
selectively filter tree seedlings and therefore influence coastal dune
forest regeneration and structure.
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Plant regeneration from in vitro cultured cotyledons in
Clitoria ternatea (Linn.)

RB Malabadi and J van Staden
Research Centre for Plant Growth and Development, University of KwaZulu-
Natal Pietermaritzburg, Private Bag X01, Scottsville 3209, South Africa

An in vitro protocol for regenerating the white flowered variety of
Clitoria ternatea (Linn.) using distal cotyledonary segments of
mature seeds as explants was established. Excised cotyledonary
segments formed callus on modified Murashige and Skoog (1962)
(MS) basal medium supplemented with 9.3µM kinetin and 2.26µM
2,4-dichlorophenoxy acetic acid. Shoot regeneration was achieved
when this callus was subcultured on the modified MS basal medium
containing 9.3µM kinetin and 542.9µM adenine sulphate. Stunted
growth of shoots was observed without adenine sulphate. Its pres-
ence greatly enhanced shoot formation. Regenerated shoots were
rooted on half strength MS basal medium without growth regulators
and were established in soil where they showed normal morpholog-
ical characters.

Southern Africa Biodiversity Support Programme on
Access to Biological Resources and Benefit Sharing

P Mapiyeye and MM Wolfson
National Botanical Institute, Pretoria, South Africa

Access and Benefit Sharing (ABS) is one of the focus areas in the
Southern Africa Biodiversity Support Programme. South Africa and
nine other Southern African countries are participating in this
GEF/UNDP funded project. The ABS component, which began in
May 2002, is a four-year project, which is managed and executed
by the NBI. The main objectives of the project are: to contribute to
the development of national institutional capacity to implement
national legislation regulating ABS; to facilitate integration of les-
sons learnt from practice into development of policies, procedures
and guidelines relating to regulating ABS; and also to contribute to
cross-sectoral collaboration and awareness raising, especially
between the national and provincial departments and other stake-
holders. In order to assist in the implementation of the project, a
questionnaire on Access and Benefit Sharing was designed. The
aim of this questionnaire was to do an analysis of existing ABS
activities presently occurring in South Africa. The questionnaire was
sent out to a selection of stakeholders involved in the utilisation of
biological resources in national departments, agricultural and con-
servation departments, pharmaceutical companies, academic insti-
tutions, industry, traditional healers and community based organisa-
tions. An overview of the major factors arising out of the analysis of
the questionnaire will be presented.

From laboratory to field: a framework for transgenic
sugarcane transfer, propagation and testing

GM Meyer1, SJ Snyman1, MK Butterfield1 and BI Huckett1,2,3
1 South African Sugar Association Experiment Station, Private Bag X02,
Mount Edgecombe 4430, South Africa
2 School of Life and Environmental Sciences, University of KwaZulu-Natal,
Durban 4041, South Africa
3 Institute for Plant Biotechnology, University of Stellenbosch, Private Bag X1,
Matieland 7602, South Africa

Sugarcane is a large and cumbersome crop that is propagated
vegetatively. These characteristics have major spatial and manage-
rial implications for the production of improved cultivars by conven-
tional breeding and transgenesis. SASEX has been involved in the
production of experimental transgenic sugarcane lines for a number
of years and has developed a system for the transfer of plants from
the laboratory to the field. The framework makes provision for step-
wise bulking of plant material. In addition, plants can be analysed at
both molecular and phenotypic levels at specific stages. Included in
this scheme are the necessary steps to obtain regulatory approval
from Government for field-testing. The end result is production of
sufficient material to conduct commercial field trials. Transgenic
plants are produced by microprojectile bombardment and after a

total of seven months in in vitro culture, they are approximately
10cm tall in Magenta jars (Stage G1). Transgenic plants are hard-
ened off in 300ml pots under mist sprayers and then placed in five
litre pots in a dedicated glasshouse (Stage G2). Should plants
require rapid bulking up they can be propagated en masse in
seedling trays. All Stage G2 lines of interest are then transferred to
fifty litre pots and placed on a secure concreted area under drip irri-
gation (Stage G3). After nine months, sufficient stalk material is gen-
erated to plant setts (stalk sections containing vegetative buds) in a
1 row x 8m line in the field (Stage F1). Transgenics with traits of
potential commercial interest can be bulked-up in plots of six rows x
8m (Stage F2) to allow large destructive sampling trials. Seedcane
from the subsequent crop is then available for planting field trials to
test yield and other important agronomic traits. The efficacy of the
procedure has been demonstrated using herbicide resistant sugar-
cane genotypes. Sufficient material from 10 genotypes was gener-
ated for PCR analysis, southern blot characterisation and pheno-
typic assessment by herbicide spraying.

Short-term storage of perishable seed of Uapaca
kirkiana: a valuable indigenous fruit tree in southern
Africa

HP Msanga1,2, P Berjak2 and NW Pammenter2
1 Tanzania Tree Seed Agency, PO Box 373, Morogoro, Tanzania
2 Plant Cell Biology Research Unit, School of Life and Environmental
Sciences, University of KwaZulu-Natal, Durban 4041, South Africa

An investigation was carried out to improve short-term storage of
Uapaca kirkiana seed so that the seed can be available for refor-
estation programmes. Uapaca kirkiana is a valuable indigenous fruit
tree in the Miombo ecosystem of southern Africa. The seed is recal-
citrant with initial water content water of 61% (1.58g H20 g–1) and
cannot tolerate desiccation below 10% (0.11g H20 g–1). For tempo-
rary storage (up to four weeks) seeds of U. kirkiana at their initial
water content should be packed in polyethylene bags and kept at
16°C. Studies into cryopresevation of the seeds should be conduct-
ed as this may be the only means for long-term storage of the genet-
ic resources of species producing recalcitrant seeds.

In vitro culture of sugarcane in a liquid temporary
immersion system and assessment of potential use in
transgenesis

NP Mtshali1, SJ Snyman1 and BI Huckett1,2,3
1 South African Sugar Association Experiment Station, Private Bag X02,
Mount Edgecombe 4430, South Africa
2 School of Life and Environmental Sciences, University of KwaZulu-Natal,
Durban 4041, South Africa
3 Institute for Plant Biotechnology, University of Stellenbosch, Private Bag X1,
Matieland 7602, South Africa

A procedure for in vitro culture of sugarcane in liquid medium was
developed using commercially available RITA™ vessels. Conditions
for successful production of sugarcane somatic embryos and plants
include an immersion time of one minute every 12h, callus initiation
in the dark in MS medium containing 1mg l–1 2,4-D, followed by plant
regeneration in a light (16h) / dark (8h) photoperiod on medium
without auxin. As microbial contamination is a persistent problem in
liquid culture, the use of PPM (Plant Cell Technology, Washington,
USA) was investigated; at a rate of 0.2% in the medium this product
reduced contamination levels by 40%. The advantages of the
RITA™ temporary immersion system over conventional solid cultur-
ing are that it is a less labour-intensive process and plantlet yield is
higher (1 406 ± 362 versus 57 ± 17 plants per immature leaf roll,
respectively). In order to establish whether the temporary immersion
system could generate suitable recipient material for microprojectile
bombardment, a transient GUS expression assay was carried out.
RITA™ — generated callus displayed blue foci (75 ± 0.7 foci per
bombardment) indicative of successful GUS delivery and expres-
sion. To further assess the RITA™ system for transgenic plant pro-
duction, the use of the nptII selectable marker was tested in a
geneticin dose-response experiment. Bombarded callus was cul-
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tured in medium containing geneticin (15, 30 and 45mg l–1) and ves-
sel compartments were modified to ensure that material from each
bombardment was kept separate. Transgenic plant development
from a single bombardment was observed only on 30mg l–1

geneticin, suggesting that further work is required in determining the
optimum concentration of geneticin for selection. PCR analysis con-
firmed the presence of the nptII gene in this plant.

Antimicrobial and antiviral activity of Cassia abbreviata

SF Mujovo1, N Lall1, M van de Venter2 and JJM Meyer1
1 Department of Botany, University of Pretoria, Pretoria 0002, South Africa
2 Department of Biochemistry, University of Port Elizabeth, PO Box 1600, Port
Elizabeth 6031, South Africa

In Mozambique, medicinal plants contribute significantly to pri-
mary health care of the people. But the effectiveness of most of
these plants has not been scientifically evaluated. In this study
sequential extraction of dried bark of Cassia abbrevita (plant widely
used in folk medicine in Mozambique) belonging to the family
Fabaceae, was done using n-Hexane, CHCl3, EtOAc and 70%
aqueous acetone. All extracts were tested for their antimicrobial
activity against five Gram-positive (Bacillus cereus, B. pumilus, B.
subtilis, Staphylococcus aureus and Enterococcus faecalis) and five
Gram-negative (Enterobacter cloacae, Escherichia coli, Klebsiella
pneumoniae, Pseudomonas aeruginosa and Serratia marcescence)
bacterial species. The extracts were tested at concentrations rang-
ing from 0.5–5.0mg ml–1. Acetone (70%) showed inhibitory activity
against all gram-positive bacteria tested and against one Gram-
negative bacterium, Pseudomonas aeruginosa, at concentration
5.0mg ml–1. EtOAc only showed inhibition against Staphylococcus
aureus at concentrations 5.0mg ml–1. Hexane and CHCl3 extracts
did not show antibacterial activity. Traditional use of Cassia abbre-
vita by Mozambicans for HIV/AIDS patients prompted us to investi-
gate its antiviral activity. Acetone extract was tested against two gly-
cohydrolase enzymes (α-glucosidase and β-glucuronidase) that
contribute to the glycosylation of viral proteins, at concentrations
0.2, 0.02 and 0.002mg ml–1. Inhibitors of glycosylation could have
potential therapeutic use by interfering with viral maturation. An inhi-
bition of 95.7% and 98.4% of α-glucosidase and β-glucuronidase,
respectively, was observed at the highest concentration tested.

Strategies for parent plant maintenance and germplasm
conservation: active and base collections

DJ Mycock1, MP Watt2, B McAlister3 and FC Blakeway3
1 School of Animal, Plant and Environmental Sciences, University of the
Witwatersrand, 7 York Road, Parktown 2193, Johannesburg, South Africa
2 School of Biological Sciences, University of KwaZulu-Natal, Durban 4041,
South Africa
3 Mondi Forests, PO Box 12, Hilton 3245, South Africa

So as to meet future timber demands South African forestry com-
panies have initiated progressive tree breeding programmes incor-
porating a wide range of technologies, including biotechnology. The
goal of these programmes is the development of clones with short-
er rotation times and superior quality wood/fibre. In South Africa
rooted cuttings have proven successful in the establishment of
Eucalyptus clonal plantations. Because of the advantages associat-
ed with organogenic micropropagation (e.g. improved multiplication
rates and improved growth rates) tissue culture facilities have been
established to augment production. Commercial concerns growing
any forestry tree utilise large tracts of land to maintain base stocks
of genotypes that are not actively involved in breeding programmes
but may be of use at some point in the future. Such arborea are
expensive to establish and maintain. The ancillary in vitro technolo-
gies of slow growth and cryopreservation offer alternative and com-
plimentary approaches to the medium-term and long-term conser-
vation of forestry germplasm. This poster will offer an overview of
the biotechnologically based approach taken in our laboratories to
the production and maintenance of Eucalyptus germplasm. The
reader will also be redirected to presentations detailing specific proj-
ects.

Uses of DNA sequencing to assess genetic diversity of
Warburgia from Tembe Elephant Park and False Bay (St
Lucia)

P Naidoo, JM Lamb and R Slotow
School of Life and Environmental Sciences, University of KwaZulu-Natal,
Durban 4041, South Africa

Warburgia is the only genus of the small wild Cinnamon family
(Cannelaceae) to be found in Africa, and is found exclusively in
Africa. The other five genera, Canella, Capsicodendron,
Cinnamodendron, Cinnamosma and Pleodendron, are found in
tropical regions outside Africa. There is a debate about the number
of species of Warburgia which exist. Three have been reported: W.
breyeri, W. ugandensis and W. salutaris (Pooley 1993). Most com-
monly one species, W. salutaris is listed and only this is represent-
ed in the GENEBANK (AY004147). Warburgia is classified as
Endangered according to the criteria of the Plant Red Data List. In
some areas in the wild, populations of Warburgia are markedly
diminished due to extensive harvesting for medicinal purposes. In
South Africa, Warburgia grows primarily in the Tembe Elephant Park
(TEP) and False Bay (St Lucia). The aims of this study were to
analyse genetic diversity of Warburgia:
i within Tembe Elephant Park
ii within False Bay
iii between TEP and False Bay
iv between TEP, False Bay and the sample listed on the

GENEBANK as W. salutaris
v between local populations and GENBANK-listed representatives

of the other genera of the Canellace: Canella, Capsicodendron,
Cinnamodendron, Cinnamosma and Pleodendron

vi and between local populations and GENBANK-listed represen-
tatives of a closely related family, the Winteraceae (Bubbia,
Drimys, Exospermum, Pseudowintera, Takhtajania, Tasmannia
and Zygogynum).

Chloroplast DNA is much more susceptible to genetic drift than
nuclear genes (Petit et al. 1993). Thus, sequencing chloroplast
genome is commonly used in assessment of phylogenetic relation-
ships among genera (Downie et al. 1996). DNA was isolated from
leaves of Warburgia plants growing at TEP and False Bay. The
trnL(UAA) intron and the trnL/trnF intergenic spacer of the chloro-
plast genome were PCR-amplified. These regions of the genome
were sequenced in order to assess genetic diversity and phylogeny.

Strategies for initiation of Eucalyptus cultures in RITA®

vessels: effect of explant type and selection of uncont-
aminated explants

T Nicholson1, M Banasiak1, MP Watt1, B McAlister2 and FC
Blakeway2
1 School of Life and Environmental Sciences, University of KwaZulu-Natal,
Durban 4041, South Africa
2 Mondi Forests, PO Box 12, Hilton 3245, South Africa
$ Awarded best Poster presentation in Commercial Botany

Temporary immersion system applied in RITA® bioreactor is
utilised by Mondi Forests in scaling-up micropropagation of
Eucalyptus species. The RITA®, compared with semi-solid micro-
propagation systems, offers increased plant quality, higher shoot
multiplication rates, reduction of culture time and consequently
higher plant yield. However all these advantages are often ham-
pered by high culture losses due to endogenous microbial contami-
nation in the explants. Hence our work focused on testing four pro-
tocols for the production of uncontaminated Eucalyptus explants for
shoot multiplication in RITA® vessels. Two strategies were investi-
gated, viz. antibiotic treatments and selection of uncontaminated
explants, using three clones of Eucalyptus (E. grandis clones G1,
G2, and Eucalyptus grandis x E. urophylla GU1). All involved
screening the different explants for endogenous contaminants on
microbial M523 medium. The antibiotic treatment strategy was
deemed unsuccessful. The other three differed with respect to con-
tamination levels and plant yield, but all were successful in obtain-
ing uncontaminated explants for RITA® initiation and can be used in
commercial laboratories.
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Fifty years of conservation of banana germplasm in
Rwanda

A Nsabimana and J van Staden
Research Centre for Plant Growth and Development, University of KwaZulu-
Natal Pietermaritzburg, Private Bag X01, Scottsville 3209, South Africa

In 1953 one of the research stations of the former ‘Institut
National pour l’Etude Agronomique au Congo’ (INEAC), at Rubona,
established a banana germplasm collection. This germplasm col-
lection had only 22 accessions, of which 21 belonged to the Mutika-
Lujugira subgroup (AAA-EA), the other being a dessert-brewing cul-
tivar (Ducasse). At that time, the classification of banana cultivars
was based on end use (cooking, brewing and dessert). In 1961 this
collection was destroyed and replanted with new cultivars with the
objective to screen and promote only dessert bananas suitable for
the overseas export market. This collection consisted of 12 dessert
cultivars. After Rwanda gained independence in 1962, INEAC was
transformed into a new institution, and the research station at
Rubona became one of the stations in the ‘Institut des Sciences
Agronomiques du Rwanda’ (ISAR). The banana germplasm collec-
tion at Rubona focussed on the conservation of endemic and exot-
ic banana, and plantain germplasm. The number of accessions has
increased following two surveys and collecting missions conducted
in major banana production zones in 1984 and 2001. Currently, the
National Banana Germplasm Collection comprises 100 accessions
of various genomic groups such as AA, BB, AB, AAA, AAB, ABB and
AAAB in which 66% are triploids belonging to endemic Mutika-
Lujugira subgroup (AAA-EA) and 34% are exotic bananas. The
characterisation of the Mutika-Lujugira subgroup has been conduct-
ed on quantitative traits (day to flowering, day to harvest, plant
height, plant girth, bunch weight, fruit weight, plant girth at flowering,
number of leaves at flowering, fruit girth, internal and external length
of fruit, number of hands per bunch, green life and fruit conservation
per day) on the plant crop and on the first ratoon crop. This infor-
mation is important for cultivar characterisation for breeding pro-
grammes and farm trial purposes.

A comparative study of ploidy levels in Sutherlandia
frutescens subspecies microphylla — propagation and
induction of polyploidy in a medicinal plant

C O’Brien and L O’Reilly
Department of Botany, Rand Afrikaans University, PO Box 524, Auckland Park
2006, Johannesburg, South Africa

Sutherlandia frutescens subspecies microphylla has become
increasingly popular in the medicinal field due to its suspected anti-
cancer properties. However this is merely speculation and no sci-
entific facts have been formulated to substantiate its curing abilities.
The aerial portions of the plant are mostly used in the formulation of
tonics. By inducing a polyploid state within this plant species, there
is a considerable increase in size of these aerial portions thus con-
tributing to the medicinal usage. The presence of the active com-
pounds is also under investigation to determine whether they are
also produced at a higher level when compared to their diploid vari-
ety.

Can Eucalyptus grandis axillary buds be cryostored?
Problems and approaches

K Padayachee1, CK Mlambo1, MP Watt2, FC Blakeway3 and DJ
Mycock1
1 School of Animal, Plant and Environmental Sciences, University of the
Witwatersrand, 7 York Road, Parktown 2193, Johannesburg, South Africa
2 School of Life and Environmental Sciences, University of KwaZulu-Natal,
Durban 4041, South Africa
3 Mondi Forests, P O Box 12, Hilton 3245, South Africa

Clonal testing of elite genotypes of commercially important
forestry species such as Eucalyptus may take several years.
Methods of maintaining potentially important clones during these
testing periods are therefore required. One of the best methods of
achieving long-term storage is cryopreservation, the storage of

propagules such as genetically stable axillary buds and other tis-
sues at ultra-low temperatures. Under such conditions cellular
metabolism and biological deterioration is considerably reduced or
even completely arrested. Successful cryopreservation requires
that the material to be stored be both small and, more critically, at
reduced water contents, since the level of moisture in the buds is
directly proportional to the extent of freezing injury. In this respect,
cryopreservation of axillary buds has often proved challenging due
to the highly hydrated state of the material, as well as the size and
complexity of the buds in terms of tissue types. Consequently, most
successful cryopreservation strategies developed for axillary buds
involve extensive pretreatment, including physical and/or chemical
desiccation prior to freezing in order to overcome these limitations.
E. grandis, a desiccation sensitive species has proven particularly
susceptible to freezing injury and consequently, extensive pretreat-
ment was required in order to prepare the buds for freezing.
However, the pretreatment sequence developed did not adequately
protect the buds from freezing injury. Electron microscopy was
therefore performed to investigate the effects of the preparative
sequence on axillary bud ultrastructure, and in particular, on the
meristematic cells.

Cryopreservation and encapsulation of embryonic axes
of the recalcitrant species, Ekebergia capensis

R Perán, P Berjak and NW Pammenter
Plant Cell Biology Research Unit, School of Life and Environmental Sciences,
University of KwaZulu-Natal, Durban 4041, South Africa

A comparative study between two cryopreservation methods,
rapid dehydration-fast freezing and encapsulation-dehydration, has
been carried out in an attempt to establish an optimal protocol to
cryopreserve zygotic axes excised from the recalcitrant seeds of E.
capensis. After six weeks in culture, high percentage survival values
(80%) were obtained after direct immersion in liquid nitrogen (LN) at
–196°C of rapidly dehydrated axes for 20min to ≈0.4g g–1 water con-
tent. In contrast, no survival at all was obtained of encapsulated
axes which had been desiccated for 3h to the same water content,
and enclosed in cryovials that were then immersed in LN.
Subcellular organisation of root meristems of cryopreserved axes
was examined using transmission electron microscopy (TEM). Cells
from axes from the encapsulation-dehydration experiment showed
extensive subcellular damage with complete collapse of cytoplasm,
while those axes rapidly dehydrated and fast frozen retained a high-
ly-organised ultrastructure developing rER, Golgi bodies and mito-
chondria, similar to those from the unfrozen control. Thus, for E.
capensis, the faster the axes are frozen, even without any cryopro-
tection treatments, the better the survival obtained. It is probable
that the small volume and dense cytoplasm of meristematic cells act
as natural cryoprotectors in both cases, but the rates of very rapid
dehydration and cooling of naked axes are vital factors in success-
ful cryopreservation.

Updating the Red Data Book for South African plants —
a National Botanical Institute initiative

D Pillay and I Ebrahim
Threatened Species Programme, National Botanical Institute, Private Bag
X101, Pretoria 0001, South Africa

The Threatened Species Programme (TSP) is a thrust of the
Biodiversity Policy and Planning Directorate of the National
Botanical Institute. Its primary objective is to provide key data,
expertise and outreach services associated with plant taxa at risk
whilst providing the opportunity for the development of an up-to-date
regional Red Data List assessment of all plants thought to be at risk
of extinction. Another important aim of the TSP is to ensure that Red
List concepts are integrated into regional and national policies and
legislation relating to threat mitigation, restoration/recovery plans,
species protection and resource extraction. The IUCN Red Data
Lists (RDL) serves to increase the awareness of the problem of
depletion in abundance and possible extinction, of taxa and are
largely attributable. The 1994 RDL’s criteria were a move from a
qualitative to a quantitative system. Five different criteria of a taxon’s

Ú
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life and history traits were considered to assess the threat of becom-
ing extinct in the near future. Currently there is inadequate integra-
tion of threatened species data within and between centres in the
NBI and other organisations, poor accessibility and dissemination of
information and an insufficient analysis of threat processes.
Therefore, results from the Red List process on a varied spatial and
temporal scale would feed back into the different outputs of the TSP
and in turn will be used to develop more complex and usable analy-
ses. It is hoped that this type of continuous interaction will drive the
process to eventually produce usable products that will benefit the
policy and legislation arena and in turn improve the state and future
of our plant diversity.

A new guild of long-proboscid flies in southern Africa:
the Stenobasipteron wiedemanni (Diptera) pollination
guild

CJ Potgieter and TJ Edwards
KwaZulu-Natal University Herbarium, School of Botany and Zoology,
University of KwaZulu-Natal Pietermaritzburg, Private Bag X01, Scottsville
3209, South Africa

In a review of long-proboscid fly pollination in southern Africa,
Goldblatt and Manning (2000) included the nemestrinid fly, S.
wiedemanni, in the Prosoeca ganglbaueri–P. robusta guild, which is
limited to grassland habitats. This particular fly species is, however,
limited to forest and woodland habitats along the eastern seaboard
of southern Africa, hence we propose that it should be placed in a
pollination guild of its own. S. wiedemanni has been shown to polli-
nate long-tubed members of Plectranthus and has been implied as
a pollinator of other long-tubed Lamiaceae in southern Africa. In this
paper we show that the fly species also pollinates long-tubed plant
species in other plant families, with first time reports for the
Acanthaceae, Balsaminaceae and Gesneriaceae. Selected mem-
bers of the Orchidaceae and Iridaceae also fall into this guild. S.
wiedemanni is an effective pollinator of plant species with long,
restricted corolla tubes or spurs (20–30mm in length), with flower
colours in shades of purple, pink, blue and white, that have adapt-
ed to the proboscis length of the insect.

Use of the chloroplast trnL (UAA) intron to assess
genetic diversity between South African and Tanzanian
populations of Warburgia

T Ralph and JM Lamb
School of Life and Environmental Sciences, University of KwaZulu-Natal,
Durban 4041, South Africa

Warburgia is part of the Canellaceae family and is the only genus
of this family to be found in Africa. This tree is currently under threat
of extinction due to its overexploitation by traditional healers and the
challenges that propagation poses. Populations in Africa have been
steadily decreasing, whilst very little is known about the genetic
diversity within and between the different populations in Africa. This
research project utilised the technique of DNA sequencing to deter-
mine the genetic diversity of Warburgia populations found in Africa.
The trnL (UAA) intron, a non-coding region of chloroplast DNA, was
amplified and subsequently sequenced from samples from South
Africa and Tanzania. Non-coding regions of chloroplast DNA are
commonly used to determine phylogenies between closely related
taxa. The sequences of the different Warburgia samples were then
analysed using the program MEGA (v. 2.1). Results showed that the
South African population of Warburgia has a very low level of genet-
ic diversity. The Tanzanian population, although possessing slightly
more intraspecific diversity than the South African population, also
displayed a low level of genetic diversity. Comparison of the South
African and Tanzanian Warburgia showed that these populations
are similar, implying that they may be of the same species. But since
this was a preliminary study, no definite conclusions about the
genetic diversity and speciation of the different populations of
Warburgia could be made.

Gain and loss of embryogenic competence in Norway
spruce embryo segments

AV Ramarosandratana, RB Malabadi and J van Staden
Research Centre for Plant Growth and Development, University of KwaZulu-
Natal Pietermaritzburg, Private Bag X01, Scottsville 3209, South Africa

Embryogenic capacity of Norway spruce embryo sections was
drastically altered after transfer for seven or 14 days to hormone-
free medium. A gain of competence for somatic embryogenesis was
found with the cotyledons while the hypocotyl sections totally lost
their competence. The gain and loss of competence were inde-
pendent of interactions between sections and were not correlated to
the growth rate of each section. The gain of competence resulted
from the increase of genotypes initiating somatic embryos but also
through the increase of the number of embryogenic cotyledons per
embryo.

Triiodobenzoic acid mimicks the effect of supraoptimal
doses of auxin by inhibiting somatic embryo initiation

AV Ramarosandratana, RB Malabadi and J van Staden
Research Centre for Plant Growth and Development, University of KwaZulu-
Natal Pietermaritzburg, Private Bag X01, Scottsville 3209, South Africa

With mature zygotic embryos of Norway spruce as a model, we
found that somatic embryo formation was optimal using 5µM of α-
naphthaleneacetic acid (NAA) averaging 40–50% of embryonal-
suspensor mass (ESM) initiation. Application of high concentrations
of NAA (>20µM) decreased the initiation rate. This effect of supraop-
timal doses of NAA was mimicked by addition of 2,3,5-triiodoben-
zoic acid (TIBA), an inhibitor of auxin transport, suggesting a detri-
mental effect of internal auxin accumulation on somatic embryoge-
nesis induction.

Cryopreservation of Eucomis autumnalis adventitious
buds

AV Ramarosandratana and J van Staden
Research Centre for Plant Growth and Development, University of KwaZulu-
Natal Pietermaritzburg, Private Bag X01, Scottsville 3209, South Africa

Eucomis autumnalis is widely used in southern African traditional
medicine in the treatment of pain and inflammation. Extracts pre-
pared from the leaves, bulbs and roots showed high levels of cyclo-
oxygenase (COX) inhibitory activities (Taylor and Van Staden 2002).
The cryopreservation project is part of a global strategy for conser-
vation and propagation of elite genotypes with high content of active
compounds and/or resistance towards pathogens. Adventitious
budding was induced from leaf explants on a medium containing
5µM NAA and 5µM BA. Survival rates of encapsulated buds were
about 60% either with desiccation or vitrification methods.
Cryopreserved plantlets were regenerated successfully and their
anti-inflammatory activities will be compared with non-cryopre-
served ones.

Aluminum toxicity and resistance in callus of Al-sensi-
tive and Al-resistant Cynodon dactylon

S Ramgareeb, JA Cooke and MP Watt
School of Life and Environmental Sciences, George Campbell Building,
University of KwaZulu-Natal, Durban 4041, South Africa

Gold mining wastes are often of low pH with high concentrations
of free Al3+ ions. These wastes can be physically unstable because
of persistent erosion, but a vegetation cover can prevent erosion
and promote stabilisation. Therefore, plants resistant to Al3+ can be
useful for the revegetation of such waste substrates and for acid
soils more generally. An in vitro approach was taken in this study
and the comparative responses of meristematic callus cells of an
experimentally-assessed Al-sensitive (Al-S) and an Al-resistant (Al-
R) C. dactylon genotype were evaluated with regard to Al3+ toxicity
and resistance. The MS nutrient medium that supports callus growth
was modified to ensure the presence of the Al3+ ion in the culture
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media at known concentrations by determining the free-ion activity
using a chemical equilibrium speciation model (MINTEQA2).
Exposure to 0.8mM Al3+ for two weeks resulted in a 92% reduction
in the Al-S meristematic cell number whereas that of the Al-R geno-
type remained unaffected. The Al-S cells accumulated three times
more Al in the nucleus than Al-R cells, suggesting that this was the
site of toxic action, i.e. Al interfered with mitosis. The Al-R cells pro-
portionally accumulated more of the Al in the cell walls (33% more
in Al-R), i.e. immobilised the Al external to the cytosol. The Al-R
genotype also appeared to exclude Al from its cells through main-
taining a higher extracellular pH (4.34 in Al-R and 4.08 in Al-S).

Germination of Mesembryanthemum criniflorum in the
presence of antimitotic substances

V Reddy, MT Smith, K Hannweg and J Vos
Seed Biology Research Unit, School of Life and Environmental Science,
University of KwaZulu-Natal, Durban 4041, South Africa

Colchicine has been used extensively as an antimitotic agent to
increase chromosomal number as a tool in crop improvement.
Colchicine induces chromosomal doubling when it binds to tubulin,
preventing microtubule mobility for spindle formation during cell divi-
sion. Colchicine has undesirable mutagenic activity in plants. It
binds with a high affinity to tubulin in mammalian cells and induces
metaphase arrest in animal cells at lower concentrations. However
concentrations necessary for metaphase arrest in plant cells are
significantly higher. This is attributed to the lower affinity of
colchicine for plant tubulin. Therefore high concentrations of
colchicine that are often toxic to human and plant cells, are used to
induce chromosome doubling in plants. Another antimitotic agent,
oryzalin is effective at much lower concentrations than colchicine in
inducing chromosomal doubling in plants. Oryzalin (3.5-dinitro-N4,
N-dinitropylphanilamide) is a herbicide that causes gross morpho-
logical abnormalities in plants, especially in regions of high meris-
tematic activity; cell division and mitosis is disrupted after brief expo-
sure to the herbicide and cells in the meristematic regions become
swollen. Affected cells contain a polyploid chromosome number and
do not form a cell plate following nuclear division. The aim of the
current investigation was to evaluate the germination response of
Mesembryanthemum criniflorum to different concentrations of
oryzalin and colchicine. M. criniflorum were germinated in the pres-
ence of 0.1% or 0.01% colchicine (w/v) and 0.01% or 0.001% oryza-
lin (w/v), in vitro. Root and shoot meristematic tissue were examined
with TEM to evaluate ultrastructure, and light microscopy was used
to examine root development. Although germination was constant
among all treatments investigated, seedlings from 0.01% colchicine
and 0.001% oryzalin treatments showed healthier growth than those
germinated at higher concentrations. Differences in root develop-
ment patterns were observed among the treatments, shoots also
displayed different responses to the different antimitotic agents,
stunted growth or rapid growth were also some of the observations
made in the different treatments.

Investigation of South African medicinal plants for
acetylcholinesterase inhibition

A Risa1, J Risa1, A Adsersen1, GI Stafford2, J van Staden2 and
AK Jäger1
1 Department of Medicinal Chemistry, The Danish University of
Pharmaceutical Sciences, 2 Universitetsparken, 2100 Copenhagen O,
Denmark
2 Research Centre for Plant Growth and Development, University of KwaZulu-
Natal Pietermaritzburg, Private Bag X01, Scottsville 3209, South Africa

Several plants are used in traditional South African medicine to
increase memory and to treat Alzheimer’s disease. Aqueous and
ethanol extracts of five of these plants; Malva parviflora L. (leaves),
Boophane disticha (L. f.) Herb. (leaves and bulb scales), Albizia adi-
anthifolia (Schumach.) W.F. Wight (stem bark), Albizia sulvensis
Gerstn. (root bark) and Crinum moorei Hook. f. (bulb), were
screened for acetylcholinesterase (AchE) inhibiting activity using
thin-layer chromatography (TLC) and microtitre plate assays1.

Inhibition of AchE is an important approach to treat Alzheimer’s dis-
ease. Both aqueous and ethanol extracts of B. disticha bulbs and C.
moorei showed inhibiting activity in both assays. The aqueous
extract of B. disticha (0.1mg ml–1) showed in the microplate assay
37% inhibition. In the same assay the ethanol extract of C. moorei
had good dose-dependent inhibiting activity, with 67% inhibition at
0.1mg ml–1. Both aqueous and ethanol extracts of C. moorei and B.
disticha showed AchE inhibiting activity in the TLC assay. The TLC
plate for B. disticha had three white inhibiting zones for both
extracts, whereas the plate for C. moorei had four inhibiting zones.
The ethanol extract of A. adianthifolia showed only a weak inhibiting
zone in the TLC assay, this weak activity was confirmed in the
microtitre plate assay with 14% inhibition at 0.1mg ml–1. The com-
pounds responsible for the activity are unknown, since the AchE
inhibiting activity of the plants has not previously been investigated.
The results indicate that some of the plants do have acetyl-
cholinesterase inhibiting activity, especially B. disticha bulb and C.
moorei bulb which should be further investigated.

Screening of anti-epileptic South African plants for
GABAA-receptor binding

J Risa1, A Risa1, A Adsersen1, GI Stafford2, J van Staden2 and AK
Jäger1
1 Department of Medicinal Chemistry, The Danish University of
Pharmaceutical Sciences, 2 Universitetsparken, 2100 Copenhagen O,
Denmark
2 Research Centre for Plant Growth and Development, University of KwaZulu-
Natal Pietermaritzburg, Private Bag X01, Scottsville 3209, South Africa

A number of plants are used traditionally in South Africa to treat
mental diseases. The following screening is based on plants that
are traditionally used against epilepsy and convulsions. Aqueous
and ethanol extracts (10–0.001mg ml–1 = 0.45µg µl–1 to 0.45 x
10–4µg µl–1 in total assay volume) of 27 plant species were tested in
the GABAA-benzodiazepine receptor binding assay1, where the
binding of 3H-Ro 15-1788 (Flumazenil) to the benzodiazepine site
was measured. The GABAA –benzodiazepine receptor complex is
involved in epilepsy and convulsions. Out of the 78 extracts tested,
seven extracts showed good dose-dependent activity. Best activity
was obtained with ethanolic extracts of Rhus tridentata and
Rhoicissus tormentosa, which showed significant inhibition at 0.1
and 1mg ml–1, respectively. Ethanolic extracts from the following
plants displaced the radioligand at the highest concentration tested
(10mg ml–1): Brunsvigia grandiflora, Clausena anisata, Combretum
bracteosum, C. imberbe, Hypoxis angustifloia, H. colchicifolia, H.
hemerocallidea, Indigofera tristis, I. woodii, Jatropha pandurifolia,
Leonotis intermedia, L. leonorus, Ruta graveolens, Senna didy-
mobotrya and S. petersiana. There are few reports on the chemistry
and the anticonvulsant activity of the tested plants. Aqueous
extracts from the roots of C. anisata are reported to depress the
central nervous system and demonstrate anticonvulsant action.
Chemical studies of the root of C. anisata have led to the identifica-
tion of heliettin and imperatorin. Heliettin showed anticonvulsant
activity in mice, whereas the same effect of imperatorin has not
been reported. An aqueous extract of L. leonorus was shown to
have anticonvulsant activity in mice.

The biological activity of specific essential oil con-
stituents

ST Seatlholo, SF van Vuuren, RL van Zyl and AM Viljoen
Department of Pharmacy and Pharmacology, Faculty of Health Sciences,
University of the Witwatersrand, 7 York Road, Parktown 2193, Johannesburg,
South Africa

Aromatic plants are traditionally used for their medicinal proper-
ties for a wide range of diseases. The volatile essential oils are
complex mixtures composed of numerous terpene hydrocarbons
and oxygenated compounds. Twenty essential oil constituents from
the seven classes of chemical structural groups were tested for their
antimalarial, antimicrobial, anti-oxidant and toxicity properties. To
test their antimalarial property, the tritiated hypoxanthine incorpora-
tion assay was used, while the disc diffusion and microplate assays
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were employed for assessing antimicrobial properties. The DPPH
method was used to test the antioxidant property and the toxicity
profile was assessed by MTT cellular viability assay. All the essen-
tial oil constituents displayed antimalarial activity (0.8ppm to 80ppm)
with varying degrees of toxicity (0.01ppm to 10ppm), with the pre-
liminary data indicating that geranyl acetate has the most favourable
safety index. Geraniol was three times more active than geranyl
acetate against Staphylococcus aureus (ATCC 25923), Eschericia
coli (ATCC 11775) and eight times more active against Candida
albicans (ATCC 10231). With the exception of eugenol, the essen-
tial oil constituents show negligible anti-oxidant activity. Although the
biological activities of essential oils are well documented, the activ-
ity of specific constituents (singularly or in combination) demands
further investigation.

Antimicrobial compounds extracted from cell cultures
of Catharanthus roseus

N Singh1 and FO Shode2
1 School of Biology and 2 School of Physical Sciences, University of KwaZulu-
Natal Westville, Private Bag X54001, Durban 4000, South Africa

Leaf segments of Catharanthus roseus were cultured on MS
medium supplemented with 2,4-D and kinetin. Callus was main-
tained on basal MS medium and sub-cultured every fortnight.
Approximately 5g of 7-day-old cells were used to initiate suspension
cultures in flasks containing 50ml MS medium. The cultures were
shaken at a rotational speed of 105rpm at 24°C in the dark. The
biomass of each flask was harvested after seven days incubation
and extracted with methanol. Five µl of each extract was spotted on
TLC silica gel plates and chloroform: methanol (9:1) was used as
the eluent. 100µl of a liquid culture of Bacillus subtilis was trans-
ferred onto the surface of solid nutrient media plates and spread
carefully using a glass rod. TLC plates were spotted with the differ-
ent fractions, after column chromatography, developed as before
and then dried with a hairdryer. After drying the bacterial plates, the
TLC plates were placed face down on the surface of the inoculated
medium, sealed with parafilm and incubated at 37°C for 13h. Spots
that were responsible for antimicrobial activity were identified.

Herbaria and the end-users of botanical information in
southern Africa

TJ Smith1, Y Steenkamp1 and GF Smith2
1 SABONET Regional Office, c/o National Botanical Institute, Private Bag
X101, Pretoria 0001, South Africa
2 Chief Director, Research and Scientific Services, National Botanical
Institute, Private Bag X101, Pretoria 0001, South Africa

Southern Africa contains 30 000 different plant species on less
than two percent of the global land surface. The herbaria within
southern Africa should be equipped to deal with this diversity of
plants but unfortunately very few of them are. This is mainly due to
a lack of funding to provide the required expertise and infrastructure
for maintaining these institutions effectively. Herbaria have a num-
ber of functions, including plant identification, research and teach-
ing. They can be divided into different categories depending on their
functions. These categories include national, regional, museum,
university, service, conservation and private herbaria. Herbaria pro-
vide information to a wide range of end-users including researchers,
environmental consultants, conservation bodies, farmers, lawyers,
medical practitioners and private individuals. The type of botanical
information required by the end-users of herbaria varies depending
on their individual needs. One of the recommendations of the
SABONET Mid-term Review was to hold National User Workshops
to address the requirements of providers and users of botanical
information within the ten SABONET countries. Generally, in those
countries that have held their workshops, the end-users have simi-
lar needs. However, these needs differ in priority and the services
and products provided by the herbaria therefore differ between the
different countries. Some countries have prioritised the taxonomic
needs of the end-users while others have prioritised teaching and
awareness of plant diversity.

Screening of South African plants for antidepressive
activity as selective serotonin re-uptake inhibitors
(SSRI)

GI Stafford1, ND Nielsen1,2, M Sandager1,2, AK Jäger2 and J van
Staden1
1 Research Centre for Plant Growth and Development, University of KwaZulu-
Natal Pietermaritzburg, Private Bag X01, Scottsville 3209, South Africa
2 Department of Medical Chemistry, The Danish University of Pharmaceutical
Sciences, 2 Universitetsparken, 2100 Copenhagen, Denmark

Serotonin (5-HT) is inactivated by several mechanisms, primarily
by monoamine oxidase and reuptake of the transmitter into the
serotonergic nerve endings by the 5-HT transporter protein.
Selective 5-HT re-uptake inhibitors (SSRIs) such as citalopram and
paroxetine and tricyclic antidepressants recognise this 5-HT trans-
porter as a primary molecular target. These classes of drugs are
therapeutically favourable for the treatment of mood, anxiety and
eating disorders (1). Over 40 plants used in South African tradition-
al medicine to treat anxiety and depression-related ailments were
screened for their ability to inhibit the re-uptake of serotonin into the
serotonergic nerve ending. Selective 5-HT transporter proteins were
isolated from male rat brains. The ability of crude water extracts and
70% ethanol extracts to bind to, and thus block, these re-uptake pro-
teins was achieved by measuring the displacement of a well known
SSRI, [3H]-citalopram, by the plant compounds after two hours equi-
libration. Five dilutions (5, 1, 0.1, 0.01 and 0.001mg ml–1) of each
plant extract were tested. Paroxetine was used to determine the
unspecific binding, although citalopram binding is thought to occur
at a separate, but overlapping site to paroxetine (1). Unlabelled
citalopram was used as a standard. Plants which showed a con-
centration dependent displacement of [3H]-citalopram were consid-
ered to show potential serotonin re-uptake inhibition. Four plants,
Agapanthus campanulatum Leighton, Boophane disticha Herb,
Datura ferox L. and Xysmalobium undulatum (L.) Aiton. f. were iden-
tified as having exceptionally good SSRI activity. Brunsvigia grandi-
flora Lindl. which is not used traditionally but is closely related to
Boophane disticha also exhibited SSRI activity. Mondia whitei
(Hook. f.) Skeels exhibited weaker, but dose-dependent activity.

Specialisation for beetle pollination in Protea simplex
(Proteaceae)

SL Steenhuisen and SD Johnson
School of Botany and Zoology, University of KwaZulu-Natal Pietermaritzburg,
Private Bag X01, Scottsville 3209, South Africa

Bird pollination is well documented in the Proteaceae but the role
of insects as pollinators in this family has been controversial. The
pollination of Protea simplex Phill., whose geoflorous growth form,
large open inflorescences, fruity scent and large pollen rewards
conform to a beetle pollination syndrome, was investigated. Surveys
of flower heads indicated that beetles were the most frequent visi-
tors and were effective vectors of pollen. Choice tests with the most
common cetoniid beetle found in inflorescences, Atrichelaphinis tig-
rina, revealed that it exhibits significant preference for the scent of
P. simplex. Breeding system experiments showed that P. simplex
was partially autogamous and self-compatible, but that outcross
pollen resulted in a several fold increase in pollen tubes in the
styles. Exclusion of vertebrates from inflorescences did not affect
seed production. The average seed set was low even when pollen
was supplemented, suggesting that seed production was resource
limited.



Conference Abstracts368

Floristic endemism in southern Africa: a numerical clas-
sification at generic level

Y Steenkamp1, AE van Wyk2, GF Smith3 and H Steyn3
1 SABONET, c/o National Botanical Institute, Private Bag X101, Pretoria 0001,
South Africa
2 Department of Botany, University of Pretoria, Pretoria 0002, South Africa
3 National Botanical Institute, Private Bag X101, Pretoria 0001, South Africa

A hierarchy of phytogeographic regions within southern Africa
south of the Kunene, Okavango and Limpopo Rivers, is suggested.
A numerical classification technique, the TWINSPAN computer pro-
gram, has been used to analyse the distribution data for seed plant
genera endemic to the region, as reflected by the PRECIS database
of the National Herbarium, Pretoria. Four main phytochoria have
been identified. These are the Kaokoveld region in northern
Namibia, the Kalahari region, the Greater Afromontane region in the
eastern parts of South Africa, and the large, south-western, Greater
Cape region. Both the Greater Afromontane and the Greater Cape
region have been subdivided into further groupings representing
phytochoria at lower levels of the hierarchy. At least 586 seed plant
genera are endemic to southern Africa, the largest of these being
Aspalathus (Fabaceae) with 278 species. The Mesembryan-
themaceae contribute the largest number (114) of endemic genera.
Almost half of the genera endemic to southern Africa are monotyp-
ic, suggesting the presence of a very old and stable flora in this
region. Areas of high diversity in terms of endemic genera have also
been mapped.

Characterisation of the callus initiated from anthers of
Eucalyptus hybrids

P Stewart1, B McAlister3, MP Watt2, FC Blakeway3 and DJ
Mycock1
1 School of Animal, Plant and Environmental Sciences, University of the
Witwatersrand, 7 York Road, Parktown 2193, Johannesburg, South Africa
2 School of Life and Environmental Sciences, University of KwaZulu-Natal,
Durban 4041, South Africa
3 Mondi Forests, PO Box 12, Hilton 3245, South Africa

Anthers, from Eucalyptus hybrid flowers, were investigated as an
alternative to vegetative explants in order to achieve somatic
embryogenesis in this valuable commercial species. Closed flower
buds were surface sterilised and after removal of the operculum, the
anthers were excised with a scalpel blade. A range of flower ages
was used as an anther source in order to monitor the effect of flower
age on callus inducing ability. The Eucalyptus anthers were
exposed to a range of plant growth regulator types and concentra-
tions in order to initiate somatic embryos or embryogenic callus. In
addition, different carbon sources were incorporated into the callus
induction media in order to test their effect on the ability of anther
material to induce callus. Galvanised steel and autoclavable nylon
mesh were investigated for their suitability as a support system for
the anther material on the callus induction medium. Such support
systems would allow for efficient transfer of the anthers and their
associated callus during subculture. In all the treatments used, cal-
lus production was very slow. It was usually first noted four weeks
after plating. A differential response in terms of callus production has
been noted for the different genotypes plated. No trend is evident as
yet with regard to callus initiation and flower age. An ongoing focus
of this study is to use light microscopy to investigate the overall
morphology, as well as the characteristics of the cells, of the callus
initiated from the anthers of the different Eucalyptus hybrids.

Towards a standardised terminology for fruit structural
characters in Apiaceae

PM Tilney1, B-E van Wyk1, M Liu1, EV Kljuykov2, TA
Ostroumova2 and MG Pimenov2
1 Rand Afrikaans University, PO Box 524, Auckland Park 2006,
Johannesburg, South Africa
2 Botanical Garden, Moscow State University, Russia 
$ Awarded best Poster presentation in Systematics

The Apiaceae (Umbelliferae) shows numerous unique charac-
ters, especially in the taxonomically important fruit morphology, that
require a specialised terminology. As part of an international effort to
standardise the terminology, which in the past has often been con-
fusing or ambiguous, a detailed list of characters and character
states for the family will soon be published. The remarkable com-
plexity of fruit structure provides a wealth of taxonomic evidence
that has traditionally been used in the classification of taxa. This
poster highlights the structural diversity of the fruits (symmetry, com-
pression in TS, wing configuration, types and distribution of oil
ducts, carpophore form, commissural width, crystal distribution and
endosperm shape) of Apiaceae and gives an overview of proposed
standardised terms to describe the various characters and charac-
ter states.

Traditional medicine: a cross disciplinary approach to
research and its relevance to socio-economic develop-
ment

J van Staden1, SG Sparg1, ME Light1 and AK Jäger2
1 Research Centre for Plant Growth and Development, University of KwaZulu-
Natal Pietermaritzburg, Private Bag X01, Scottsville 3209, South Africa
2 Department of Medicinal Chemistry, Royal Danish School of Pharmacy,
Universitetsparken 2, 2100 Copenhagen O, Denmark

Siphonochilus aethiopicus and Merwilla natalensis, two important
medicinal plants in South African traditional medicine, have been
investigated for their medicinal properties and their potential for
small scale cultivation. Screening of S. aethiopicus for biological
activity has shown antibacterial and anti-inflammatory activity. The
effect of age was also investigated, the results of which suggest that
the time of harvest may only have a minimal influence on the degree
of antibacterial and anti-inflammatory activity of S. aethiopicus.
Phytochemical screening of M. natalensis has revealed the pres-
ence of saponins and bufadiendolides in the bulbs, and biological
activity screening in a variety of assays has shown good antibacter-
ial, anti-inflammatory, antischistosomal and anthelmintic activity.
Aspects of small scale cultivation were assessed, involving two field
trials at different locations in South Africa. The development of cul-
tivation protocols and harvesting regimes for different medicinal
plant species is important for sustainable resource management.

Biological activities of leaf essential oils and extracts of
Helichrysum cymosum

SF van Vuuren1, AM Viljoen1, RL van Zyl1 and FR van Heerden2
1 Department of Pharmacy and Pharmacology, Faculty of Health Sciences,
University of the Witwatersrand, 7 York Road, Parktown 2193, Johannesburg,
South Africa
2 Department of Chemistry and Biochemistry, Rand Afrikaans University, PO
Box 524, Auckland Park 2006, Johannesburg, South Africa
$ Awarded best Poster presentation in Ethnobotany

Helichrysum cymosum, a plant used medicinally to treat respira-
tory ailments and wound infections, is widely distributed throughout
South Africa. A preliminary disc diffusion screening was carried out
on the essential oil and acetone extract of H. cymosum to determine
the in vitro antimicrobial activity against six bacterial pathogens. The
TLC bioautographic assay for Staphylococcus aureus (ATCC
12600) indicated antimicrobial activity for several compounds in the
acetone extract. Using bioassay guided fractionation, the most
active compound was isolated with column chromatography. Using
spectroscopic methods, the active compound was identified as the
known phloroglucinol derivative, helihumulone. The antimicrobial
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activity (MIC), antimalarial (tritiated hypoxanthine incorporation) and
toxicity (MTT cellular viability assay) profiles were determined for
the essential oil, crude acetone extract and helihumulone. The MIC
values (mg ml–1) ranges from 1.0–16 (essential oil), 0.078–0.625
(crude extract) and 0.016–0.125 (helihumulone). Although the
essential oil was the most active against the chloroquine-resistant
FCR-3 strain (IC50 value: 0.204 ± 0.05ppm) it was also the most
toxic (IC50 value: 17.47 ± 3.14ppm). HPLC and GC–MS analyses of
the extract and essential oil are presented.

Genotypic differences in expression behaviour of car-
bohydrate metabolism genes in sugarcane

DA Watt1,2,3, C Govender2, AJ McCormick1,3, BI Huckett1,2,3 and
FC Botha1,3
1 South African Sugar Association Experiment Station, Private Bag X02,
Mount Edgecombe 4430, South Africa
2 School of Life and Environmental Sciences, University of KwaZulu-Natal,
Durban 4041, South Africa
3 Institute for Plant Biotechnology, University of Stellenbosch, Private Bag X1,
Matieland 7602, South Africa

Modern sugarcane varieties are interspecific hybrids, derived pri-
marily from the crossing of two canes, Saccharum spontaneum L.
and S. officinarum L. The high sucrose content that is characteristic
of cultivated cane has been contributed largely through the S. offic-
inarum germplasm. It has been speculated that S. officinarum was
derived from S. robustum, a low sucrose-accumulating wild geno-
type, by an as yet undescribed mechanism. Comparison of these
two species represents a potentially useful means to uncover the
genetic basis of sucrose accumulation in cane. We used these two
ancestral genotypes to examine the transcriptional activity of a suite
of 90 carbohydrate metabolism related expressed sequence tags
(ESTs) during the developmental transition of the culm from a
sucrose non-storage to storage function. Accompanying the onset
of sucrose accumulation in both genotypes was enhanced expres-
sion of genes delivering products that catalyse sucrose metabolism,
while decreased activity was observed in those involved in cell wall
biosynthesis and general carbon metabolism. The most notable dif-
ference between the genotypes resided in the higher expression in
S. robustum of genes associated with triose-phoshate metabolism:
a trend apparent in both regions of the culm examined. No alter-
ations in expression, either between genotypes or during culm
development, were observed for genes encoding products partici-
pating in sugar sensing and signalling, mitochondrial metabolism
and sugar transport. Elaboration of this line of investigation may
provide valuable insights into coarse regulatory mechanisms con-
tributing to the phenomenon of sucrose accumulation in the sugar-
cane culm.

Aspects of the post-harvest seed biology of Welwitschia
mirabilis Hook. Fil.

C Whitaker, P Berjak and NW Pammenter
Plant Cell Biology Research Unit, School of Life and Environmental Sciences,
University of KwaZulu-Natal, Durban 4041, South Africa

Very little is known about the biology and storage behaviour of
the seeds of Welwitschia mirabilis, the unique desert gymnosperm
endemic to the Kaokoveld Centre of Namibia. The present study
describes preliminary efforts to develop suitable protocols for the
storage and pre-germination treatment of seeds. The effects of var-
ious pre-germination treatments on the seed responses were stud-
ied. These included the effects on germination of soaking, pres-
ence/absence of the outer seed covering and freezing at –20°C
and –196°C. It was found that the seeds did not require soaking
which has been suggested to be necessary to leach out an
inhibitor, and, in fact, that soaking was deleterious. In contrast,
removal of the outer seed coverings was sufficient to promote ger-
mination, suggesting a physical restriction of the process. It was
further found that seeds could be hydrated at 100% RH for seven
days, to a water concentration of 0.34g g–1 dry mass (dm), and then
dried back to the original level of c. 0.05g g–1 dm. Germinative
capacity was retained throughout the experiment. Measurements

continued over 10 days of drying demonstrated that the seeds
retained viability at c. 0.021g g–1 dm after this period. The seeds
were also found to tolerate freezing to –20°C and –196°C in the
natural dry state (0.05g g–1 dry mass). It was concluded, not sur-
prisingly, that the seeds of this desert species tolerate ultra-dry
conditions. Several species of fungi that might be responsible for
poor germination and seedling recruitment, were isolated from the
seeds, and surface-sterilisation treatments with sodium hypochlo-
rite, calcium hypochlorite, ethanol and Sporekill® (ICA Laboratories)
were assessed. Sodium hypochlorite was found to ‘burn’ the seeds
and reduce vigour, while Sporekill was found to be the most effec-
tive fungicide (if the accession was not heavily infected) and least
damaging to the seeds.

Growth and harvest conditions that maximise bioactive
metabolite production of Pelargonium reniforme

AG White, BS Ripley and M Davies-Coleman
Departments of Botany and Chemistry, Rhodes University, Grahamstown
6140, South Africa

Pelargonium reniforme is an indigenous Eastern Cape plant
belonging to the plant family Geraniaceae and a genus that has
been well documented as being important in traditional medicine
and is used in modern phytotherapy. The roots of P. reniforme have
been found to contain bioactive coumarins, a class of chemical com-
pounds produced under stress conditions. This study investigated
the methods of harvest with the aim of assessing the sustainability
of wild plant utilisation and the development of cultivation tech-
niques optimising bioactive metabolite production using water
stress treatments. Field harvested plants had their leaves removed
and tubers were returned to the soil with the following treatments:
60% tuber removal with the addition of 500ml of a water retaining
colloid (Stockosorb®), 60% tuber removal and 0% tuber removal.
The plants were monitored over the following six months and the
emergence of leaves on the plants recorded. The survival of all the
treated plants was high but the growth rate of the tubers was low,
being on average 0.02g g–1 tuber yr–1. At this growth rate a tuber
would take approximately 40 years to produce the original harvest-
ed mass, suggesting that an industry based upon the harvest of wild
grown plants may sustain biodiversity but not be economically
viable. Greenhouse cultivated P. reniforme were subjected to vari-
ous water stress treatments in order to increase the levels of bioac-
tive coumarins in their tubers. A preliminary 22-day dry down trial
was used to determine the effect of water stress treatments (3, 6
and 24 days) on gas exchange. HPLC of three day, 24 day and wild
grown tubers showed significant differences between the average
amounts of coumarins accumulated in old and new tubers. These
results suggest that the availability of water does have an effect on
the coumarin contents of the tubers.




