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ABSTRACT

This study investigates the potential to propagate an endangered Afro-montane forest tree,

O. bullata (Burch) E. May, using micropropagation methods.

During the course of the experiment, a dramatic decrease in levels of microbial
contamination was achieved. The procurement of clean explants can be attributed to the
various pre-treatments of the mother material that were undertaken, and indicates that the

potential to use field-grown material for in vitro propagation of this species does exist.

A repeatable protocol for shoot development was achieved using MS macro- and
micronutrient formulations, 0.2mg/l BAP and 0.05mg/l NAA and 1g/I casein hydrolysate.
Successful rooting of these explants was not achieved due to time constraints, but some

relevant observations were made.

The attempted initiation of callus cultures was unsuccessful, but many important observations
were made with regard to the growth regulators required, phenolic exudation and the
conditions of culture, and these will be of use in further studies of micropropagation of O.

bullata.
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ABBREVIATIONS USED
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BAP
CH
cm
2,4-D
IBA

mg
MS
NAA
NaOCl
pH
w/v

%

activated charcoal

benzyl amino purine

casein hydrolysate

centimeter
2,4-dichlorophenoxyacetic acid
3-indole butyric acid

litre

milligram

Murashige and Skoog (1962) nutrient formulation
l-naphylacetic acid

sodiufn hypochlorite

hydrogen ion concentration
weight per volume

percent



INTRODUCTION

The black stinkwood, Ocotea bullata (Burch.) E. Mey. is a medium to large
evergreen tree that is restricted to moist afro-montane forests in South Africa. The
wood is very highly prized due to its fine texture, natural lustre and beautiful colour.
Since its discovery by the early settlers in South Africa, this tree has been in constant
demand for timber. As early as 1812, the Knysna Forests had been seriously
depleted of all easily accessible specimens, and felling of O. bullata was forbidden

(Coates Palgrave et al. 1977).

Today, the most serious threat facing the black stinkwood is the demand for its bark
for use in traditional healing, where it is widely used for magical and medicinal
purposes. It is thought to ward off evil and to make the user popular, and is used as
a component of many purgatives or emetics to treat a great variety of ailments (Watt

and Breyer-Brandwijk 1962, Cunningham 1988).

The over-exploitation of medicinal plant populations is becoming a widespread
problem which is due mainly to the increasing numbers of commercial gatherers who
exploit what is regarded as a common property resource. Recent reports document
that heavy debarking is occurring, with up to 95% of all stinkwoods in certain areas
of Kwazulu being exploited for their bark and 40% of these are ring-barked and
dying. In the Transkei, 51% of stems have more than 50% of the bark removed.
Higher levels of debarking are experienced in afro-montane forests which are close
to urban areas where commercial exploitation has continued for longer periods

(Cunningham 1988).

As trees become scarcer, they are stripped at progressively earlier ages, and thus
locating mature specimens capable of providing seed is becoming increasingly
difficult (G. Nichols, pers. comm.). The seeds of this species are reported to remain
viable for approximately five days after dehiscing from the mother plant, and
although seed viability under cultivation is high (approximately 80%), viability in
nature is 0.01%
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(Cunningham 1988). The seeds are heavily predated by a weevil and the flowers are

subject to a fungal disease (Coates Palgrave 1977).

The heavy demand for the species’ timber and bark in combination with its poor
natural regeneration from seed have led to O. bullata being rated as vulnerable
(Cunningham 1988). It therefore has high priority conservational status in addition

to its considerable aesthetic value (Coates Palgrave et al. 1977).

Problems relating to Propagation

Obtaining plantlets from seed would be the favoured route of propagation of O.
bullata, but it is becoming increasingly difficult obtain seeds due to the scarcity of
mature specimens (G. Nichols, pers comm.), and this is exacerbated by seed
predation and flower pathogens. There is an urgent need for the development of

alternative methods of propagation of O. bullata.

Attempts have been made to vegetatively propagate this species, but, as is the case
with many forest hardwoods, the rooting systems which are produced using
established horticultural techniques are weak or inadequate, resulting in plants
regenerated by these methods displaying poor growth or failing to reach maturity (M.

Thomas, pers. comm.).

Micropropagation methods offer a viable alternative, as these frequently result in
superior root systems to those that traditional horticultural methods can produce.
Entirely normal root systems develop in plantlets regenerated from somatic embryos,

as these follow the same morphological developmental sequence as do seeds (Carron
et al. 1984, George 1993).

Species that are slow or difficult to propagate vegetatively may also respond much
better in vitro due to the finer adjustment of factors influencing regeneration, such as

nutrient levels, light, temperature and growth regulator levels (George 1993).
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Micropropagation can be successfully used to rapidly increase the amount of healthy
plant material available and so is ideal for the multiplication of rare or endangered

species.

Apart from tree breeding and propagation, tissue culture technology has widespread
application in disease eradication, germplasm storage and genetic manipulation, and

has become the focus of considerable research in recent years (Razdan 1993).

The present study was undertaken in order to determine protocols for the in vitro
culture of O. bullata primarily to facilitate the rapid multiplication of existing
genotypes, with the long-term survival of the species as the major goal. Direct
organogenesis encompasses the emergence of adventitious organs directly from pre-
existing meristems on the explant without an intervening callus phase is the cheapest
and simplest micropropagation route. It is also associated with the least risk of

genetic abberations (Pierik 1987, Krikorian et al. 1993, George 1993).

In addition, direct organogenesis is the best method that may be passed on to other
institutions interested in propagating the species, as these may not have the
sophisticated laboratory facilities necessary to undertake some of the more demanding
micropropagation procedures. In this study, direct organogenesis was therefore

attempted prior to any other micropropagation system.

Due to high levels of internal contamination in field-grown material, an alternative
protocol was investigated, that of indirect organogenesis via callus production. Calli
were initiated from very young leaf material with the intention of avoiding internal

contaminants.

If callus cultures could be obtained for O. bullata, many possibilities would exist for
its propagation and survival. Somatic embryos produced from all remaining
genotypes could be cryopreserved in genebanks, ensuring against the genetic decline

of the species. Somatic embryogenesis has been described as probably the most



powerful micropropagation pathway in plants (Petiard et al. 1992). The list of
species and genera for which it has been reported increases in length every year
(George 1993), and in vitro plantlet regeneration via somatic embryogenesis of
Ocotea catharinensis, an endangered Brazilian forest tree, has recently been reported

(Moura-Costa et al. 1993).

Although the genus Ocotea is extremely large and heterogeneous (Rohwer et al. 1991,
van der Werff 1991), this has implications for the regeneration of O. bullata.
Embryogenesis in O. catharinensis was an extremely slow process, requiring two and
a half years before hardened plantlets were obtained. Moura-Costa et al. (1993)
reported extreme difficulty in controlling the early stages of embryogenesis, and state

that improved control may be accomplished by manipulation of media formulations.

Thus it was unlikely that somatic embryos would be obtained, given the time
constraints of the present study. Rather, some preliminary investigation with regards
to callus initiation from young leaf tissues was attempted. Seed germination under
aseptic conditions is another widely recognised method of obtaining contaminant-free
leaf material for further studies, particularly callus initiation. Due to continuing
problems with internal contaminants, an attempt was made to germinate seeds of this

species aseptically.

The development of protocols for indirect organogenesis and the initiation and
maintenance of cell suspension cultures has potential value for studies on genetic
transformation of O. bullata. The possibility of genetically engineering resistance to
the pathogens that plague this species could be investigated, and overall, the species

would have a better chance of surviving into the future.
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MATERIALS AND METHODS

2.1

SOURCE OF MATERIAL AND PRE-CULTURE TREATMENTS

2.1.1 Saplings

Eleven young saplings of O. bullata were obtained from the National
Botanical Gardens, Kirstenbosch, and a further six saplings obtained from
Silverglen Nursery, Durban. These plants were placed in a Phytotron Unit
in the Department of Botany at the University of Cape Town for two and a
half months and one month respectively prior to being used as source material
for culture. This was effected due to previous reports of considerably lower
levels of contamination being recorded for cultures initiated from material
housed in a phytotron than for those initiated from greenhouse material, which
in turn was reported to be much cleaner than field-grown material (Bourne

1977).

The phytotron was set for a photoperiod of 14h:10h light/dark with light
intensity of 350 pmol.m?.s?, and a relative humidity of 65%. The
temperature was set to vary throughout the day (as set out in Appendix 1).
These conditions were found to be appropriate to induce bud break and

formation of new shoots (Figure 1).

In order to further minimise the amount of associated microflora prior to
culturing, the plants were treated with systemic fungicides and insecticides.
Doses were as prescribed by the manufacturers recommendations (information
given in Appendix 2). These treatments were applied separately and were
alternated weekly, in order to avoid chemical burn of the leaves. Plants were
fertilised monthly with 4mM NO;” Long Ashton solution (Hewitt 1966), and

watered twice weekly.












































































































































