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Abstract
The African Sandalwood plant (Osyris lanceolata ) is a threatened shrub or a small hemi-parasitic
tree endemic to East Africa and South African regions, which is being severely affected by uprooting for oil extraction, poor natural regeneration, phenological structures (dioecious), medicinal
values, lack of sexual recruitment, habitat loss, anthropogenic and climate factors. It has been
found that through application of in situ conservation of natural trees with respect to rapid human
population growth, the available natural strands of valuable plants such as African sandalwood
have not been able to meet the demands of the people in world specifically developing countries.
However, advances in plant biotechnology provide new options for collection, multiplication and
short- to long-term conservation of Osyris lanceolata species, using in vitro culture techniques.
Different aspects of biotechnological applications can be extensively used to reduce the risk of extinction of this valuable plant species and to improve the quality and quantity of essential oils
produced by it. Therefore, tissue culture appears to be a promising approach for the propagation
and conservation of African sandalwood plant.
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1. Introduction
The African sandalwood (Osyris lanceolata) belongs to Santalaceae family, a shrub or a small hemi-parasitic
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tree growing to a height of six meters, always found associated with their host plants [1]. The tree occurs on
rocky ridges and mountain slopes with an altitude between 900 m to 2550 m above sea level. The plant is indigenous to East and South African regions.
The tree is highly valued for its fragrant heartwood, which contains sandal oil used in perfumes and cosmetics
industries and at the same time it is very expensive [2]. It has also other uses including as sources of food, medicine, timber, firewood, ornament and preservative [1]. The African sandalwood plant is threatened due to
uprooting for oil extraction, poor natural regeneration, phenological structures (dioecious), medicinal values,
anthropogenic and climate factors [3].
The production of sandalwood around the world has fallen sharply over the past decades due to the mushrooming of illegal sandalwood processing units [2]. Therefore, in order to restore the previous stocks of sandalwood species in its natural stands, conventional breeding of sandalwood for introgression of new genetic information can be used. However, it is an expensive and difficult task because of its long generation time, sexual
incompatibility and heterozygous nature [4]. Alternatively, biotechnological approaches including in vitro propagation and regeneration techniques are proposed to overcome difficulties of propagating African sandalwood
plant. Therefore, efforts are currently ongoing to cultivate African sandalwood plant at commercial level
through the use of clonal propagation of superior trees that could yield plantlets in large numbers for commercial
planting purposes. It has been proved from scientific research that micropropagation of plants is a tool for mass
production and generation of disease-free trees [5]-[7].
The values and services obtained from the African sandalwood tree have resulted in the plant being smuggled
out of forests reserve, game reserves, nature reserves and general land in East African region for sandalwood oil
extraction [1]. The combination of uprooting the whole tree for oil extraction, poor natural regeneration through
seeds and root suckers, high demand and markets of sandalwood oils, human population growth, change of human life style and the species being dioecious threatens the plant existence and forces its extinction [8] [9].
This review briefly presents on the prospects of biotechnological approaches for propagation and improvement of threatened African Sandalwood (Osyris lanceolata Hochst. & Steud.).

1.1. Tissue Culture of African Sandalwood (Osyris lanceolata)
Worldwide, many plant species are threatened to extinction because of the gradual disappearance of the terrestrial
natural ecosystems as a result of human activities. These activities include habitat destruction specifically clearing
of indigenous vegetation for agriculture, overutilization, invasion of aliens species, non optimal management
strategies and climate change [10] [11]. From various reports currently it is estimated that more than 50% of the
world’s plant species are endemic to 34 global biodiversity hotspots (GBH), that once covered 15.7% of the
earth’s land surface and which are now reduced to 2.3% due to an increasing threats of extinction as Red List of
Threatened Plants [10].
This situation has forced the establishment of various initiatives and approaches by governments, group of
people, non-governmental organizations and International agencies for the integrated conservation of rare and
threatened plant species both in situ and ex situ including Botanical gardens which are charged with collecting
and maintaining endangered species. For instance, the Global Strategy for Plant Conservation aims to stop this
loss by setting targets for understanding and conserving plant diversity, promoting sustainable use, providing
education and building capacity to support plant conservation [10].
However, current approach of in situ conservation alone is not sufficient to meet the challenges of saving
threatened species such as African sandalwood plant. As a complementary techniques to current plant conservation strategies through the use of in situ and ex situ preservation in botanical gardens and seed banks, additional
approaches are needed for some of the endangered/threatened species including African sandalwood tree.
Therefore, complementary strategies of in situ conservation combined with ex situ conservation and in vitro
propagation are important techniques for preserving and conserving the biodiversity of many endangered tree
species including African sandalwood [10].
It is suggested that seed banking may be utilized for ex situ conservation of the majority of endangered species. Although there are significant number of species for which seed banking is not an option including Osyris
lanceolata of which its natural regeneration is less than 50% from seeds [9]. As from this fact conservation of
African sandalwood species and its populations is highly important through micropropagation and regeneration
that can offer a large number of the species propagules from a cross-section of the genetic diversity [12].
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One of the plant tissue culture techniques, micropropagation, is a practice used to propagate plants under sterile conditions or in a controlled environment, often to produce clones of a plant [13]-[15]. This technique relies
on the fact that many plant cells have the ability to regenerate a whole plant (totipotency), but plant cell diferentiation depend much on plant growth regulators for promoting shoot and root formation and multiplication. In
fact, research reports show that single cell, protoplasts, pieces of leaves, or roots can often be used to generate a
new plant on culture media given the required nutrients, optimal external environment and plant growth regulators [13]. This tissue culture technology is primarily based on micropropagation in which rapid proliferation is
achieved from tiny stem cuttings, leaves, axillary buds and from somatic embryos, cell clumps in suspension
cultures and bioreactors. Therefore, tissue culture is proved to be an excellent technology option for the propagation and conservation of threatened or endangered species because small amount of tissues are used for mass
propagation without damage to the donor and producing a large number of plants in a given time with little
space compared to other methods [16]. Furthermore, it allows the maintainance of large genotypic libraries of
selected species for plant conservation.
Scientific researches have proved micropropagation of plant as an important tool for rapid plant proliferation,
cultivation of trees and breeding with many advantages which are rapid multiplication of species under threat,
offer an alternative means for trees domestication and generation of disease-free planting materials [5] [14].
Therefore, in vitro techniques using tissue culture offer a great possibility to overcome the threats to threatened
plant species which consider a number of factors such as genotype, culture medium composition, growth regulators and their combinations, physical environment, aseptic environment and explant developmental stage [17].
The in vitro propagation of sandalwood species was attempted as early as 1963 where by induction of callus
from mature endosperm on modified White’s medium was reported, but the callus did not proliferate further
[18]. In addition, the callus induction, differentiation of embryoids and subsequent development into plantlets
from endosperm have been reported by [19], that can be used to produce economically superior sandalwood
plants. Furthermore, various explants such as nodal segment [20]-[22], leaf disc [21], with varying degree of success, have been used for rapid multiplication of sandalwood trees. However, there is only one published report
on shoot bud formation directly from in vitro cultured leaves for sandalwood by [21]. It has been proved that
leaves obtained from naturally growing sandalwood plants provide a useful source of explants that eliminate the
risk of contamination and reduces the possibilities of genetic variation common in plants regenerated from cultured cells or tissues [21]. Therefore, shoots of Santalum album from its leaves and bud formation on Murashige
and Skoog (MS) basal media supplied with 6-Benzyl-aminopurine (BAP) at low concentrations from leaves was
reported [21]. However, a systematic study on the effects of media composition, combinations of growth regulators on morphogenesis is still insufficient, which may overlook the potential media composition, combinations
of certain plant growth regulators that are more suitable for propagation of the sandalwood species.
Any aspect of plant tissue culture on one of sandalwood species (Osyris lanceolata) has not been done. This
provides the opportunity to undertake research so as to develop a potential system of tissue culture propagation
protocol using leaf and nodal segment explants leading to clear understanding of the possible role of media
composition and plant growth regulators in deciding morphogenic pathway of African sandalwood which further
paves the way for its in vitro genetic improvement including genetic transformation.

1.2. Effects of Various Media Compositions on the in Vitro Propagation of African
Sandalwood
The basic nutritional requirements of cultured plants are similar to those of natrually growing normal plants.
However, growth and morphogenesis of plant tissues in vitro are largely affected by the composition of the culture media [23]. In practice, nutritional components promoting optimal growth of a tissue under laboratory may
vary with respect to the particular plant species. Thus media composition is formulated considering the specific
requirements of a given plant species to be cultured [24]. [24], argue that most woody plants can not tolerate relatively high salts and chloride levels of MS medium, thus it is recommended to use Woody Plant Medium while
culturing woody and shrub trees. However, there are several reports where MS medium performs by far better
than Woody Plant Medium in many woody plants [15] [21] [25]-[28].
MS basal medium is the most widely used medium. It is composed of salts that supply the needed macronutrients and micronutrients to the explant initiated for tissue culture experiments [29]. However, modification of
MS medium according to the nutritional requirements of a plant and its developmental stage is essential to attain
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the best proliferation percentages and morphological characteristics [30]. In practice, the media composition is
not the only factor for plantlets proliferation. There are other parameters such as explant sources, maturity stage
and genetic variation [17]. To achieve an optimum plant growth differentiation, media composition, culture media conditions, explant sources and sterilization procedures must be considered to meet the requirements of the
plant cells or tissues [31]. MS basal medium supplemented with α-naphthalene acetic acid (NAA), benzyladenine (BA), sucrose and agar at the pH ranging from 5.6 to 5.8 has been reported to provide good results of
propagating the sandalwood species from leaves and nodal segment [32].

1.3. Possible Effects of Auxin and Cytokinin Concentrations on Inducing Multiple Shoots
and Roots of African Sandalwood
Multiple shoot induction involves the application of plant growth regulators in stimulating the development of
axillary buds, which are usually present in the axil of each leaf [33]. Therefore, the auxins and cytokinins are of
particular significance in an in vitro culture [32]. It has been reported that most of the plant cultures require a
combination and variations of auxins and cytokinins concentration for growth regulation [30]. Thus to improve
the success of axillary bud proliferation and root formation for African sandalwood (Osyris lanceolata), the optimal balance between auxins and cytokinins must be determined.

2. Conclusions
The African sandalwood (Osyris lanceolata) is a woody plant of significant commercial value. Despite high
demands, it is not widely spread due to the constraints on its natural regeneration and human pressure especially
overharvesting and unsustainable utilization through uprooting for oil extraction. Its commercial success is hindered by the slow conventional propagation through root suckers or seeds. It is suggested that an alternative
propagation via in vitro regeneration method is required for the large scale production of African sandalwood to
exploit its potential as commercial plant.
The use of plant biotechnological methods such as in vitro regeneration of African sandalwood through the
culture of seeds, leaf explants and multiple shoot formation gives the promise for its sustainability. Therefore,
advances in plant tissue culture of African sandalwood will enable its rapid multiplication and sustainable use of
this plant for future generations.
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