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ABSTRACT 

 

Guichenotia macrantha Turcz. is an important woody ornamental 

species of Western Australia.  This species is commonly grown as a cut 

flower, container or rockery plant and, is preferred in cultivation to other 

members of the genus. 

Clonal propagation of G. macrantha is conventionally by semi-

hardwood cuttings that frequently takes many weeks to produce roots.  

Plant tissue culture technique offers a number of advantages and has 

been widely applied to a wide range of plant species.  It is not yet 

reported as having been applied to this ornamental plant.  Therefore, the 

feasibility of G. macrantha propagation by tissue culture is investigated 

in this study. 

Plant tissue culture is a technique to isolate plant tissue, organs or 

embryos, followed by growing them in an aseptic condition in order to 

regenerate complete plants.  With this technique, the development of a 

specific nutrient formulation is often necessary for particular plant 

species.  One of the components determining the success of proliferation 

and differentiation of tissue cultured materials are plant growth 

regulators, particularly auxins and cytokinins.  Amongst the auxin group, 

indole-3-acetic acid (IAA) is commonly used in practice as well as 

benzylamino purine (BAP) of cytokinin group.   Both regulators have 

been proven to be effective for in vitro culture of a wide range of woody 

species. 

This investigation is aimed at determining the level of IAA and/or 

BAP that results in satisfactory growth of G. macrantha nodal cuttings 
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cultured in vitro, and to develop a practical procedure for mass 

propagation of this plant.  It is expected that this investigation would 

provide a valuable contribution to agricultural biotechnology and to the 

conservation of this Australian native species.  

This study was conducted at the Plant Science Laboratory, 

Victorian College of Agriculture and Horticulture, Burnley Campus.  The 

duration of this study was over ten months, from January to October 

1994. 

Two factors were investigated:  IAA levels (0.00, 0.57, 2.85, 

5.71µM) and BAP levels (0.00, 2.22, 4.44, 8.88µM) in a completely 

randomised design.  Analysis of variance was employed in data analysis, 

followed by multiple-comparison test using the studentisized range 

method. 

A full-strength Murashige and Skoog (MS) composition 

supplemented with 3% sucrose and solidified with 0.8% Bacto agar at pH 

5.8 ± 0.02 was used as a basal medium.  At the rooting stage, however, 

the medium used was half-strength MS  supplemented with 1mg/l 

activated charcoal with no growth regulators.  

Data on culture contamination, shoot growth, in vitro rooting, 

plantlet regeneration, acclimatisation and callus formation were recorded 

from the first week of culture initiation until the end of experiment 

period. 

The results indicated that weekly treatments using 0.5mg/l Benlate 

on greenhouse-grown stock plants followed by the application of 0.05% 

Na-hypochlorite in surface sterilisation resulted in 98% explants cultured 

at the initiation stage which are contamination free.  BAP at 4.44µ M or 
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higher was found to cause vitrification and necrotic symptoms on leaves 

and shoot tips, and reduced shoot elongation.  BAP also showed 

significant effect on the percentage of transferable explants, average 

microcutting production and percentage of explant forming callus.  

However, neither IAA alone nor its interaction with BAP resulted in 

significant effect on these three parameters.  Root formation was only 

observed for 10% of explants treated with 2.85µ M IAA in the second 

subculture.  At the rooting stage, root formation varied from 15.79 to 

46.15% on either IAA and/or BAP treatments.  The percentage of 

explants which survived acclimatisation varied from 80 to 100%.  

It was concluded that:  mass propagation of G. macrantha via tissue 

culture is made possible by using single node explants; BAP significantly 

enhances proliferation and differentiation of cultured tissues; the best 

combination for a satisfactory growth of explants is 0.57µ M IAA + 

2.22µM BAP; and the use of 1mg/l activated charcoal is not effective to 

induce in vitro root formation on microcuttings.  Further investigation 

was recommended for the improvement of the procedure developed in 

this study. 
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I.  INTRODUCTION 

 

1.1.  Background 

Guichenotia macrantha is an ornamental plant commonly grown 

as a cut flower, container or rockery plant.  This species is more popular 

in cultivation than other members of the genus such as G. angustifolia, 

G. apetala, G. ledifolia, G. micrantha and G. sarotes because its large 

and pendulous flowers. 

In general, clonal propagation of this plant is via conventional 

vegetative method using semi-hardwood cuttings that frequently takes 

many weeks to produce roots.  Propagation using seeds frequently 

produces a low quality of plants due to genetic variation.  In addition, 

the limited quantity of seed produced and seed dormancy status also 

contribute disadvantages to generative propagation.  For this reason, 

plant tissue culture technique is considered to be potentially useful for 

rapid propagation of G. macrantha, since this method offers advantages 

to conventional vegetative and generative propagation techniques.  

Plant tissue culture is a technique to isolate plant parts such as 

tissues, organs or embryos, followed by growing them on an aseptic 

artificial medium and under controlled envi ronmental conditions until 

such plant parts regenerate and differentiate into intact plants (Winata, 

1987).  Hartmann, Kester and Davies (1990) added that plant tissues 

commonly used in tissue culture are callus, cells and protoplasts, whilst 

plant organs consist of stem, flower, leaf and root.  
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There are two major reasons to use tissue culture technique in 

plant propagation.  First, a large quantity of new plants can be produced 

in a relatively short period of time and they are relatively uniform in 

growth and phenotypic appearance as long as gross somatic mutation has 

nor occurred.    Morel (1960) predicted four billion Cymbidium orchids 

can be produced within one year via tissue culture.  Suppose, for 

example, only 25 per cent of these plants survive transplantation to 

natural condition, a number of one billion Cymbidium is unlikely to be 

regenerated in such a period using conventional methods of vegetative 

propagation.  In addition, Kyte (1983) stated that with conventional 

methods of vegetative propagation, there will only be one seedling 

produced from one seed and one plant produced from one cutting.  In 

contrast, one explant can produce an infinite number of plants when 

tissue culture is employed.  Secondly, tissue culture provides the 

opportunity to establish and/or maintain disease -free stock plants.  

External contamination caused by fungi or bacteria can be removed by 

appropriate surface sterilisation procedures.  Internal contamination 

caused by virus particles may be eliminated via meristem culture.  The 

use of meristem culture in virus elimination was first demonstrated by  

Morel and Martin (1952) in Dahlia.   To date many investigators have 

reported the success of producing virus-free plants such as Solanum 

tuberosum (Wang, 1977), Freesia (Foxe, 1991) and Citrus limon 

(Ioannou, Kyriakou and Ioannou, 1993) by using meristem culture 

technique.  

Plant tissue culture is now frequently preferred to conventional 

methods of vegetative propagation because of the following potential 

advantages:  first, only a small quantity of initial plant material is 

required for regeneration of millions of clonal plants in one year.  With 
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conventional vegetative methods it would take years to produce the same 

amount of plants.  Second, many species are strongly resistant to 

conventional bulk propagation systems.  Tissue culture technique offers 

an alternative for these plants by manipulating environmental factors, 

including the addition of growth regulators to the culture medium.  The 

third advantage is the possibility for speedy international exchange of 

plant materials.  When carefully handled, the aseptic status of the culture 

eliminates the chance of disease int roduction or distribution.  Therefore 

the quarantine period can be shortened or made unnecessary.  Finally,  

plant tissue culture technique is not always season-dependant.  This is 

because the stock plant can be quickly proliferated at any time of the 

year after shipping or storage (Hu and Wang, 1983), since all the 

processes are carried out under controlled environmental conditions in 

the laboratory and glasshouse.  There is an exception for certain plants 

such as Rosaceae, which will acclimatise only with  increasing daylength 

(pers. comm., J. Will, 1993). 

Murashige (1974) stated that nutrient formulation is one of crucial 

factors determining the success of tissue culture procedures.  The 

development of specific formulations is often necessary to fulfil the 

needs of each stage in vitro.  The details of chemical composition 

including plant growth regulators should be included in the assessment 

of nutrient requirements. 

The presence of growth regulators in the culture medium is 

usually optimal for the proliferation and differentiation of cultured plant 

materials.  Pierik (1987) claimed that it is hardly possible to carry out a 

plant tissue culture project without growth regulators because the 

involvement of these substances will greatly determine the direction of 
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explant growth and development.  In addition, the choice of the right 

regulators is a fundamental aspect for meeting the objective of maximum 

propagule production.  Anderson (1980) indicated that the diversity of 

varieties in one species may result in f ine differences in growth regulator 

requirements.  For that reason, the manipulation of culture medium is 

often essential for producing the maximum quantity of useful shoots.   

Determination of the appropriate growth regulators, their ratios 

and their concentrations is of major importance in developing the 

appropriate culture medium for certain species or varieties.  The two 

major groups of plant growth regulators that have a major control over 

organogenesis are auxin and cytokinin.  Among auxins and cytoki nins 

frequently used, the commercially available indole -3-acetic acid (IAA) 

and 6-benzylaminopurine (BAP) have been proven to give satisfactory 

results to some species such as Elaeagnus angustifolia  (Economou and 

Spanoudaki, 1988), Pyrus calleryana (Stimart and Harbage, 1989), 

Corylus avellana (Bassil et al., 1992) and Camelia sinensis (Beena, 

Singh and Banarjee, 1992). 

The presence of IAA in the culture medium was able to promote 

the development of axillary buds from decapitated shoot explants of Aloe 

barbadensis.  However, BAP was toxic to the explants and did not 

stimulate the development of axillary buds (Meyer and Staden, 1993).  In 

spite of this, Karhu and Hakala (1991) found that axillary branching in 

cultures of Berberis thunbergii  is promoted by the application of 8.88µM 

BAP.  Marin, Jones and Hadlow (1993) demonstrated that the 

development of shoot explants of Malus is not inhibited by any 

concentration of BAP within the range 2.2 to 17.6µ M.  In addition Islam 

et al. (1993) reported the maximum frequency of shoot organogenesis 
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and the highest number of shoots regenerated from leaf explants of Aegle 

marmelos cultured on medium supplemented with 6.66µM BAP + 2.85µM 

IAA. 

Because there is a specific requirement for IAA and BAP levels 

amongst certain plant organs or tissues, there may also be a specific 

requirement amongst certain plant species.  In addition, since no 

reference material on tissue culture technique applied to G. macrantha is 

available, it would be valuable to investigate this technique by 

determining the requirements of IAA and BAP levels for this species.  It 

is expected that this study will lead to more detailed experiments in the 

future. 

 

1.2.  Problem statement 

The common propagation method of G. macrantha is by the 

conventional vegetative technique of semi-hardwood cuttings. This 

technique leads to the wasting of plant materials, and the quantity of 

regenerated propagules will also be very limited.  In addition, stem 

cutting-propagated plants may be contaminated by various sources of 

pathogen from one generation to the next.  Conventional clonal 

propagation of woody species such as G. macrantha may also take a 

longer time to produce shoots and roots because less -actively-

meristematic tissues are used as starting materials.  

Based on the problems mentioned above along with the absence of 

previous investigation and publication on the in vitro culture of G. 

macrantha, it is important to study the application of this technique of 

clonal propagation on this species.  The effect of IAA and BAP levels on 
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the in vitro growth, development, and multiplication rate of this species 

is investigate as the first attempt since these two growth regulators are 

known to be effective on tissue culture of a wide range of plant species.  

 

1.3.  Objectives 

This investigation is carried out with the following objectives:  

1. To determine the appropriate levels of IAA and/or BAP for 

inducing satisfactory proliferation and growth of G. macrantha 

tissues cultured in vitro.  

2. To develop a practical procedure to produce a large quantity of G. 

macrantha plants within a short period of time using small nodal 

cuttings as starting material.  

 

1.4.  Research implications 

The success of tissue culture technique applied in G. macrantha 

would be a valuable contribution to science and technology, particularly 

agricultural biotechnology as applied to the cutflower industry, and to 

the conservation of this Australian native species.  The finding of 

appropriate concentrations of IAA and BAP for axillary shoot 

proliferation and differentiation from nodal explants will make it 

possible to produce G. macrantha plants in large quantity and in a short 

period of time.  Moreover, it is expected that problems associated with 

G. macrantha tissue culture can be revealed through this investigation, 

and methods for further improvement of the technique may be 

developed.  
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II.  LITERATURE REVIEW 

 

 2.1.  The genus Guichenotia 

Guichenotia is one of the members of Sterculiaceae family.  In 

general, this genus is characterised by small shrubs; branches with 

stellate hairs; leaves narrow, entire, margins revolute; stipules leaf-like 

or absent (G. apetala); inflorescence is simple raceme; calyx cup-

shaped, 5-lobed, divided to or below the middle, enlarged with 3 -5 raised 

ribs, most conspicuous; petals 5, insignificant, scale-like; stamens 5, 

opposite petals, free or faintly connected at base; fruit 3-5 celled 

capsule (Elliot and Jones, 1990).   

 Moreover, Elliot and Jones (1990) stated that this is an endemic 

genus of 6 species with restricted distribution to southern part of 

Western Australia.  Generally, they are found on slightly acidic, sandy or 

gravelly soils.  These plants grow over a wide area from the coast and 

extend inland some distance to the Euremaean Botanical Province, where 

there are high summer temperatures and low rainfall.  

G. macrantha is the most commonly cultivated species of the 

genus, as container or rockery plants (Molyneux and Forrester, 1988). 

This ornamental plant is characterised by a small shrub (1.0 - 2.0 x 1.5 - 

3.0m); new growth densely hairy; branches erect to spreading; 

branchlets short; leaves to 3.0 - 7.0cm x 0.3 - 0.6cm, oblong linear, 

shortly stalked, dark green above when mature, yellow to rusty green 

below, wrinkled, blunt tip; stipules similar to leaves, over half as long as 

leaves; flowers to 2.5cm across, mauve-pink to purple-pink, 1 - 3 on 

slender pendent stems; calyx with short starry hairs, divided to middle, 
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lobes broad, 3 raised ribs per segment; style glabrous upper half, hairy 

below; fruit 5-celled (Elliot and Jones, 1990).  This species flowers in 

winter and spring (Cronin, 1987).  

This plant occurs in the Avon, Coolgardie and Irwin Districts of 

the south-west of Western Australia on sandy or gravelly soils, which are 

often derived from granite.  Plants are most adapted to well -drained, 

acidic soils.  In addition, they are tolerant of sunshine but prefer some 

shade and often grow very well under established trees such as 

Eucalyptus.  Usually they develop into shrubs with an open growth habit 

which displays the pendulous flowers to the best advantage.  

 

 

 

 

FIGURE I.   

Guichenotia macrantha Turcz. (Elliot and Jones, 1990) 
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There are at least 2 forms in cultivation.  One has flowers with 

deeper purple tonings than other.  Plants respond well to pruning, 

therefore bushy growth can be obtained in this way.  Molyneux and 

Forrester (1988) claimed that regular tip pruning is essential for this spe -

cies.  The flowers are useful for indoor decoration but those lowest on 

the branches open first.  This species is hardy to light or moderate frosts.   

There are no serious pest problems associated with G. macrantha 

cultivation.  However, disease such as cinnamom fungus, Phytophthora 

cinnamomi, may be troublesome in poorly drained situations (Elliot and 

Jones, 1990). 

In general, propagation of this species is by generative method or 

vegetatively using stem cuttings.  It often takes a long time to produce 

roots when propagation via stem cuttings is applied to this species (Elliot 

and Jones, 1990).  

 

2.2.  Plant propagation via tissue culture 

The general term 'tissue culture' is used to refer to the in vitro 

culture of various types of plant parts including stem, leaf, root, flower, 

callus, cells, protoplasts and embryos.  These parts, known as 'explants', 

are isolated from the in vivo condition and cultured on an artificial 

sterile medium for they can regenerate and differentiate into new intact 

plants (Street, 1973).  A more specific term, 'micropropagation', is 

applied to indicate the use of tissue culture techniques to the plant 

propagation system started with very small plan t parts (explants) grown 

aseptically in a test tube or other similar containers (Hartmann, Kester 

and Davies, 1990).  However, it is often found in practice that these two 
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terms are used interchangeably to describe any plant propagation 

technique involving aseptic culture.  

Gamborg and Shyluk (1981) stated that based on the explant 

selection used in tissue culture technique there are some specific terms 

to indicate each system applied, ie. organ culture (including seed, 

meristem, single-node, leaf or root segments and shoot), callus culture, 

cell culture and protoplast culture.  However, Hartmann, Kester and 

Davies (1990) proposed  five terms to designate fundamental types of 

vegetative regeneration in tissue culture and micropropagation in 

relation to the explants' life cycle.  They are meristem -tip culture, 

axillary shoot proliferation, adventitious shoot induction, organogenesis 

and somatic embryogenesis. 

 

2.2.1.  Meristem tip culture 

This technique of tissue culture is characterised by the use of 

excision and subsequent elongation of a very small region of shoot tip, 

including a single apical meristem and subtending rudimentary leaves 

(Hartmann, Kester and Davies, 1990).  This type of culture is usually 

used to produce virus-free plants from an infected stock material.  

Kartha (1984a) stated that it is possible to eliminate virus particles from 

an infected plant material by culturing shoots from the most apical cells 

only. 

A large number of horticultural plants has been freed of viral 

infection via tissue-culture virus-eradication programs using meristem 

culture.  Morel and Martin (1952) first demonstrated the elimination of 

viruses from Dahlia using apical meristem culture.  This was proven by 
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culturing the meristem tips of a virus-infected Dahlia plant, and virus-

free shoots were then produced.  These clean shoots were grafted onto 

healthy plants using a 'micrografting' system to produce virus-free plants.  

Since this technique has proven successful, meristem culture is now 

widely applied to clonal propagation and virus-free plant production 

programs.  Pena-Iglesias and Ayuso (1974) and Pecaut, Dumas de Vaulx 

and Lot (1983) successfully obtained virus-free Cynara scolymus using 

meristem tip culture.  This technique has also been successfully applied 

in a wide range of herbaceous species such as Dianthus caryophyllus, 

Chrysanthemum, Orchidaceae, Pelargonium x hortorum, Solanum 

tuberosum, Musa and others (Hartmann, Kester and Davies, 1990).  

Other successful efforts were reported by Foxe (1993) in Freesia reflacta 

and by Ioannou, Kyriakou and Ioannou (1993) in Citrus limon.   

The smallest shoot meristems that are used in meristem culture 

usually only encompass the apical dome.  A few leaf primordia may be 

included, since very small explants are unlikely to produce roots.  The 

size of explants is extremely important to the success of the procedure, 

because only the uppermost tissue is completely free of virus even in the 

diseased plants (Dodds and Roberts, 1985).  Hartmann, Kester and 

Davies (1990) claimed that the smaller the explant, the more effective is 

the elimination of viruses.  For example, meristem tips of 0.10 to 

0.15mm have produced 100 per cent virus elimination in Fragaria.  

Wang (1977) reported only 40 per cent of PVX-free Solanum tuberosum 

are regenerated from infected material when 1.00mm-long shoot tips are 

used as explants.  Schwabe (1984) stated that meristem tissue is usually 

free of virus contamination is probably due to the meristematic cells lack 

large vacuoles or the vascular pathways are inte rrupted . 
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As well as producing pathogen-free plants, meristem culture is also 

important in clonal propagation.  The genetic stability of meristem cells 

enables the chance of producing new plants with identical properties to 

the stock plant material.  Meristem stability is probably determined by a 

number of factors.  Stafford (1991) noted that meristem cells may have 

more efficient DNA repair mechanisms than unorganised tissues, so that 

mutations are less likely to accumulate.  In addition, shoot apices have  a 

complex structure consisting of two or more multicellular layers, all of 

which are maintained in axillary meristems.  Mutations affecting entire 

tissue layers are more likely to be rare events, and even then will 

produce only partial mutant shoots.  More frequently, mutations 

occurring within a meristem would only affect a small group of cells and 

are therefore unlikely to be maintained in subsequent axillary meristems.  

Kartha (1981) claimed that meristem culture has a number of 

advantages for germplasm conservation via cryopreservation method.  

Bajaj (1990) stated that the chromosomal aberrations and changes in the 

nuclear and ploidy level due to subculturing over an extended period can 

be avoided since meristem cells are genetically stable.  In addition, 

meristems can withstand sudden freezing, so that the need for elaborate 

and expensive cryostats is eliminated.  

The benefits of meristem-tip culture to raise pathogen-free plants by 

eradicating pathogens present in plant tissues have been realised by the 

horticulture industry.  On the one hand, it has led to qualitative and 

quantitative improvement of crop plants, and on the other hand, it has 

facilitated the international exchange of live plant materials program 

(Bhojwani and Razdan, 1983). 
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2.2.2.  Axillary shoot proliferation 

Boulay (1987) pointed out that the axillary shoot proliferation is 

widely applied to angiosperm species.  This type of tissue culture 

involves an expanded shoot of terminal and lateral growing points where 

axillary shoot proliferation is promoted and the growth of terminal shoot 

is suppressed.  Hartmann, Kester and Davies  (1990) stated that this 

condition enables the multiplication of microshoots, which can be 

excised and rooted in vitro to produce microplants, or which can be cut 

into microcuttings to be rooted outside the in vitro system.   

The advantage of using axillary shoot proliferation from meristem, 

shoot tip or bud as a means of regeneration is that the incipient shoots 

have already been differentiated in vivo.  Only shoot elongation and root 

differentiation are required to establish a complete plant.  In vitro 

organogenesis and embryogenesis, on the other hand, must undergo 

developmental changes which usually involve callus formation (Hu and 

Wang, 1983) that frequently causes genetic mutation in regenerated 

propagules.  The induction of axillary shoot proliferation had 

successfully been proven in species such as Dianthus caryophyllus 

(Roest and Bokelmann, 1981), Phaseolus vulgaris (Kartha et al., 1981), 

Fragaria (Bhojwani and Razdan, 1983) and Theobroma cacao (Figuera, 

Whipkey and Janick, 1991). 

Bhojwani and Razdan (1983) claimed that the rate of shoot 

multiplication by axillary branching can be substantially enhanced by 

growing shoots in a medium containing a suitable cytokinin at an 

appropriate concentration with or without auxin.  The shoots which are 

formed due to continuous availability of cytokinin, arise from an axillary 

bud which may grow directly into new shoots.  This process may be 
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repeated several times and the init ial explant transformed into a mass of 

branches.  There is a limit to which shoot multiplication can be achieved 

in a single passage, after which further axillary branching stops.  At this 

stage, if miniature shoots are excised and planted onto a fresh medium of 

the same nutrient composition the shoot multiplication cycle can be 

repeated.  Boulay (1987) noted that transfer to a medium supplemented 

with cytokinin may improve the rooting ability of the in vitro-produced 

shoots.  This process can go on indefinitely, and can be maintained 

through out the year.  Boxus (1974) estimated 15 to 25 millions Fragaria 

plants can be raised within a year from a single stock plant using this 

method. 

The incidence of genetic variability may appear after repeated 

reculturing of woody species.  This variability is often associated with a 

diminishing rate of organ multiplication (Murashige, 1974).  In addition, 

Hartmann, Kester and Davies  (1990) stated that many woody plants that 

have consecutively recultured in shoot-tip culture show some degree of 

rejuvenation in rooting potential which is also an expression of leaf 

morphology and/or performance.  This phenomenon has also been 

observed in species such as Fragaria, Rubus, Ribes, Vitis and Malus.  

Marks and Myer (1992) pointed out the initial explant as a causal factor 

of this variability, because buds from different locations in stock plant 

can affect both shoot growth and rooting.   

Fasolo, Zimmerman and Fordham (1989) reported that adventitious 

shoots proliferate well from excised leaf explants of Malus, but they are 

often stunted and do not elongate satisfactorily in vitro until after several 

subcultures.  In contrast, Marks and Myer (1994) found that axillary 

branching of Daphne odora is improved by repetitive transfer.  Over 
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three subcultures the ability of lateral -type shoots to produce further 

axillary shoots increases from 46 to 79%. 

Axillary shoot proliferation is becoming increasingly popular for 

clonal propagation due to shoot apex cells are uniformly diploid and 

least susceptible to genotypic changes (Bhojwani and Razdan, 1983).  

 

2.2.3.  Adventitious shoot induction 

The term adventitious shoot refers to the shoots arising from any 

plant parts other than the leaf axil or shoot apex (Bhojwani and Razdan, 

1983).  Hartmann, Kester and Davies (1990) stated that adventitious 

shoot induction includes the initiation of adventitious shoot development 

either directly from the explant or indirectly from the callus that is 

produced on the explant as a result of wounding and growth  regulator 

treatment. 

A number of plant species produces adventitious shoots in vivo 

from different organs such as roots (Phlox, Rubus), bulbs (Hyacinthus) 

and leaves (Begonia, Pelargonium, Saintpaulia, Streptocarpus) 

(Hartmann, Kester and Davies, 1990).  In such cases the rate of 

adventitious shoot development can be considerably enhanced using 

tissue culture technique.  In Begonia, for example, shoots normally 

originate only along the cut ends but under tissue culture condition with 

BAP treatment in the medium the shoot formation is so profuse that the 

entire surface of cutting covered with adventitious shoots.  

Plant propagation via in vitro adventitious shoot induction greatly 

increases the quantity of plants regenerated compared to conventional 
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method of vegetative propagation in some species.  Xu Lin -Qing (1984) 

found that transferable plantlets regenerated in vitro from petiole 

explants of Saintpaulia ranges from 100 - 200% greater than 

conventional clonal propagation.   

The success of adventitious shoot regeneration from woody species 

was reported by San-Jose and Vieitez (1992) from in vitro leaves of adult 

Camelia reticulata.  The explant materials were originated from axillary 

bud culture of C. reticulata initiated from lateral buds of a tree about 90 

years old.  In addition to this, adventitious shoot formation had also been 

obtained from leaf and stem segments of mature Malus cultivars (El 

Obeidy and Korban, 1988) and Pyrus (Chevreau et al., 1989). 

Although adventitious shoot induction offers a great  potential for 

rapid plant propagation, Boulay (1987) claimed that there are several 

problems associated to this technique.  The first is the problem of 

obtaining true-to-type genetic copies which is the main purpose of clonal 

propagation.  This particularly appears when the adventitious shoot 

proliferation passes through an intervening callus stage.  There is also 

variation in growth behaviour of resulted plants.  It is found that some 

copies are not always juvenile.  Some clones manifest plagiotropic 

growth and poor vigour, whereas others exhibit orthotropic growth and 

vigour typical of young seedlings.  These problems may arise from 

damage to meristems of clonal stock during the propagation process.  

 

2.2.4.  Organogenesis 

This term refers to the process by which adventitious shoots and/or 

roots develop from within masses of callus.  This process takes place 
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after an intervening period of callus growth (Hartmann, Kester and 

Davies, 1990).  Establishment of callus growth with subsequent 

organogenesis has been obtained from many plant species cultured in 

vitro.  Flick, Evans and Sharp (1983) reported that explant with shoot tip 

or isolated meristem, which contain mitotically cells, shows a high 

success rate for callus initiation and subsequent plantlets regeneration.  

The work of Amin and Razzaque (1993) had demonstrated the 

possibility of  in vitro regeneration of complete plantlets via callus 

culture from seedling tissue of Averrhoa carambola.  The same result 

had also been reported by Al-Khairy et al. (1991) from callus 

regenerated from leaf disc explants of Spinacea oleracea, and 

regenerated plantlets have been successfully acclimatised to natural 

conditions.  Shoot formation from callus culture of Lycopersicon 

esculentum was reported by Le, Read and Yang (1991) and of Cicer 

arientinum by Barna and Wakhlu (1993). 

Experiments conducted by Shuto, Abe and Sasahara (1993) showed 

that organ formation from callus derived from root -apices of Allium 

sativum offers an efficient technique for in vitro mass propagation of 

this species.  An efficient adventitious shoot and root production from 

callus culture was also reported by Iapichino, Chen and Fuchigami 

(1991) in Rhododendron laetum x R. aurigeranum. 

Bhojwani and Razdan (1993) reported that plants regenerated from 

callus and cell culture are not usually stable in their genetic expression.  

Genetic instability such as polyploidy, aneuploidy and changes in 

chromosome structure are common problems in callus and cell culture 

(Reisch, 1983).  As an example, Asparagus officinalis propagated via 
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callus culture showed polyploidy and aneuploidy, whereas those from 

bud cultures were uniformly diploid.  

On the other hand, Mohamed, Coyne and Read (1993) claimed that 

shoot morphogenesis from callus tissue of Phaseolus vulgaris may lead 

to somaclonal changes that may give rise to useful genetic variants.  

Therefore, this method can broaden the genetic variability that is 

available for plant breeders, and offers a new approach to improve crop 

species via in vitro selection. 

 

2.2.5.  Somatic embryogenesis 

This term is used to determine the development of a complete 

embryo from vegetative cells produced from various sources of explant 

grown in a tissue culture system (Hartmann, Kester and Davies, 1990).  

The phenomenon of embryo development from cultured plant tissues was 

first observed by Stewart, Mapes and Mears (1958) in suspension culture 

of Daucus carota, and by Reinert (1959) in callus culture of the same 

species. 

Rice et al. (1992) stated that somatic embryogenesis presents the 

most promising technique for rapid multiplication of agricultural plants.  

Somatic embryos may arise in culture directly on explants, for instance 

cotyledonary explants of Cucumis sativus (Ladymann and Girard, 1992) 

and shoot tips of Foeniculum vulgare (Theiler-Hedtrich and Kagi, 1992), 

or after a multiplication stage involving callus formation such as in Iris 

pumila (Radojevic, Sokic and Tucic, 1987) and in Fuchsia (Dabin and 

Beguin, 1987). 
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The capability of raising somatic embryos in cell cultures provides 

a number of opportunities when plants regenerated via organogenesis are 

not available.  One significant advantage of somatic embryogenesis is 

that the resultant somatic embryos are bipolar structures bearing both 

root and shoot apices that are necessary for complete plant growth. In 

organogenesis, root and shoot development are often exclusive and 

depend on media changes to produce complete plants.  In addition, 

embryonic cultures can produce a large quantity of embryos in one 

culture flask, more than multiple shoots regenerated adventitiously via 

organogenesis.  When transferred into liquid medium, the embryos may 

separate from each other and freely float in the medium.  Therefore, they 

do not have to be manually separated, and a large number of embryos can 

be removed easily to the appropriate vessels for growth into complete 

plants (Ammirato, 1983). 

 

2.3.  Basic principles of plant tissue culture 

Different from the techniques of conventional vegetative 

propagation, plant tissue culture involves the separation  of biological 

components and a high degree of control in enhancing the process of 

regeneration and development.  Each sequence of the process can be 

manipulated through the selection of explant materials, culture media 

and environmental factors including the elimination of microorganisms 

such as fungi and bacteria.  All these are aimed to maximise the outcome 

in terms of quantity and quality of propagules (Hartmann, Kester and 

Davies, 1990). 
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The technique of plant tissue culture is based on the principles of 

cell totipotency, hormonal regulation of shoot and root regeneration, 

organogenesis or embryogenesis, and competency and determination of 

explant initiation (Hartmann, Kester and Davies, 1990).   

 

2.3.1.  Cell totipotency, competency and determination 

Totipotency is a concept determining that every living cell has the 

genetic potential to reproduce an entire organism (Hartmann, Kester and 

Davies, 1990).  In addition, Ochatt and Power (1992) stated that the term 

totipotency is used to indicate the genetic  capacity of individual 

uninucleate plant cells to differentiate into intact plants either directly or 

through an intervening callus stage.  Meanwhile, the phenomenon of 

recovery of whole plants from cells, tissues, organs, meristems or zygotic 

embryos cultivated in vitro is termed 'regeneration'.  

Somatic embryogenesis is an ideal system to investigate the 

mechanisms of the expression of cell totipotency (Komamine et al., 

1990).  Many publications have recorded that the expression of cell 

totipotency in most plants is regulated by phytohormones, particularly 

auxins and cytokinins  (Bhaskaran and Smith, 1990;  Rasheed et al., 

1990;  Komamine et al., 1990).  In cereal, Bhaskaran and Smith (1990) 

stated that genotype and explant source also play a role in the expression 

of totipotency.  The immature embryo at a critical stage of development 

is the most appropriate explant to investigate the expression of 

totipotency on most cereals.  On the other hand, the mature stem and leaf 

tissue are not satisfactory explant  sources.  Chung, Chun and Choi 

(1984) reported that cells in the inner layer of Hyacinthus orientalis bulb 
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scale are more totipotent than cells in the outer layer.  Similarly, cells 

from the basal part are more totipotent than cells from the distal part.  In 

addition, Chung, Chun and Rhee (1984) found that totipotency in H. 

orientalis scale tissue excised from bulblets is better in light than in 

darkness.  In Zea mays, Santos and Torne (1986) noted that cell 

totipotency is affected by the conditions of growth environment of the 

donor plants. 

It was reported by Bhaskaran and Smith (1990) that not all cells in 

cereals express their totipotency.  Plant cells may lose this capacity as 

reported by Kishor et al. (1992) on some millets.  Paspallum 

scrobiculatum (kodo millet) and Eleusine coracana (finger millet) cells 

lost their totipotency after 200 to 230 and 165 to 180 days of culture, 

respectively.  The loss of organogenic totipotency was also reported by 

Gaspar et al. (1991) in habituated callus lines.  The vi trified shoots 

under in vitro culture may also progressively lose their totipotency either 

through apex necrosis or through progressive loss of normal structuration 

of the primary stem meristems.  The loss of cell totipotency along with 

cell rejuvenation and loss of the capacity to organise meristematic 

centres were reported by Gaspar et al. (1991) as the causal factors of 

cancer formation in plants. 

The control of developmental processes in vitro is related to 

totipotency, competency and  determination.  Hartmann, Kester and 

Davies (1990) stated that the term competency is used to indicate the 

internal capacity of a particular cell or tissue to develop in a certain way 

through a sort of endogenous cellular programming or 'memory'.  The 

development into specific types of cells, tissues or organs needs specific 

hormonal and/or environmental factors.  Such particular cell or tissue is 
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then said to be determined, and the direction of development is 

irreversible. 

In plant propagation, competency and determination  determine 

whether a cell or tissue will undergo embryogenesis or organogenesis, 

and whether roots, shoots or flowers are initiated (Hartmann et al, 1990).  

In addition, Bhojwani and Razdan (1983) stated that every plant organ 

has the capacity to form embryos, and the phenomenon of embryogenesis 

is not necessarily confined to the reproductive cycle.  This statement is 

supported by the recent development of single cell culture of higher 

plants, which is diploid, if placed in an appropriate medium and 

controlled environment can develop in an embryo-like way and produce a 

complete plant.  Furthermore, Hartmann, Kester and Davies (1990) noted 

that the selection of embryogenically competent tissues and controlled 

induction of competency in non-embryonic tissue or cells will greatly 

influence the embryogenesis.  The similar concept applies also to 

organogenesis, in which certain cells in the stem are competent to 

initiate roots and/or shoots through dedifferentiation and initiation of 

these organs. 

 

2.3.2.  Regeneration of shoots and roots by hormones 

The second basic principle of plant tissue culture is the 

regeneration of shoots and roots under the regulation of hormonal 

factors.  This is made possible by the discovery of plant growth 

regulators, particularly auxins and cytokinins.  Dodds and Roberts (1985) 

indicated auxin as a group of compounds that stimulates shoot 

elongation, resembling IAA in their spectrum of activity;  whereas 
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cytokinin is a group of compounds that promotes cell division in plant 

tissues under certain bio assay conditions, and regulates growth and 

development in the same manner as kinetin.  Auxin and/or cytokinin 

supplements are essential in regulating cell division, elongation, 

differentiation and organ formation.   

Other growth regulators such as gibberellic acid (GA) are now also 

common added to the culture medium as reported by Al -Khairy et al. 

(1991) in Spinacea oleracea callus culture, by Biddington, Sutherland 

and Robinson (1992) in anther culture of Brassica oleracea var. 

gemmifera, and by Ambrosic-Turk, Smole and Siftar (1993) in Prunus 

domestica.  Abscisic acid (ABA) promotes embryogenesis and shoot 

production in various plant tissue culture systems, in immature embryos 

of Triticum aestivum (Brown et al., 1989), Pinus taeda cotyledons (Sen 

et al. 1989) and callus culture of Brassica, Datura and Nicotiana (Sethi, 

Basu and Guha-Mukherjee, 1990).   ABA has been applied to immature 

embryo culture of Cladrastis lutea with limited success (Weaver and 

Trigiano, 1991).  Colon, Kane and Ingram (1993) reported a significant 

reduction in total leaf area per plant and a reduction in shoot length in 

Aronia arbutifolia cultured in vitro as affected by increasing ABA level 

in the medium.   

 

2.3.3.  Organogenesis and embryogenesis 

As previously mentioned, organogenesis is a process by which 

adventitious shoots and/or roots develop from within masses of callus 

cells.  In addition to this, Hartmann, Kester and Davies  (1990) stated 

that in suspension culture the cells develop into embryo-like structures, 
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which are called embryoids.  This phenomenon is defined as 

embryogenesis. 

The success of plantlet regeneration via embryoid formation is 

shown in species such as  Phoenix dactylifera (Mater, 1986), Citrus 

unshiu (Kunitake, Kagami and Mii, 1991), Carica papaya (Yang and Ye, 

1992), Thevia peruviana (Anjani Kumar, 1992), Citrus sinensis (Deng, 

Zang and Wan, 1990), Daucus carota (Goldsworthy and Lago, 1993), 

Apium graviolens (Nadel, Altman and Ziv, 1990), Liriodendron and 

Magnolia (Merkle, 1993).  Embryoid development also occurs in 

microspore culture of six important horticultural crop types of Brassica 

oleracea:  broccoli, white cabbage, cauliflower, savoy cabbage, brussel 

sprout and curly kale (Duijs  et al., 1992).  Plants regenerated from 

somatic embryogenesis show normal morphological characteristics (Jia 

and Hua, 1992; Barna and Wakhlu, 1993).  

 

2.4.  Factors affecting the success of tissue culture 

Tissue culture denotes a broader sense of the in vitro culture of 

various plant parts under aseptic and controll ed nutritional and 

environmental conditions.  The innate ability of cultured cells to divide 

and differentiate into complete plants is referred by the term totipotency.  

The extent to which plant cells can be induced to express totipotency 

depends on a number of variables including explant factors, nutrient 

composition, growth regulators and physical stimuli such as light, 

temperature and humidity (Kartha, 1984b).  

As a consequence, the success of plant tissue culture depends much 

upon the optimisation of these variables.  Each may differ for a 
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particular tissue or organ cultured and the purpose for which the system 

is conducted.  Among such factors, six major variables should be taken 

into account including explant selection, sterilisation technique of those 

selected explants, type of basal medium being used, the involvement of 

plant growth regulators in the medium, particularly auxin and cytokinin, 

and environmental factors where the cultures are maintained.  

 

2.4.1.  Selection of explant 

Appropriate selection of explant is a critical factor determining the 

success of a tissue culture program.  Establishing a new system with a 

new species or cultivar often requires a systematic analysis of the 

explant potential from every type of tissue (Hartmann, Kester and 

Davies, 1990).   Accordingly, Pierik (1987) pointed out three major 

aspects that should be considered in explant selection:  genotype, age 

and physiological state of the materials.  

Although plants can be obtained from a large number of genotypes, 

the capability of regeneration differs considerably amongst different 

genotypes (Tomes, 1985).  The effect of genotype on cell proliferation 

can be seen in the regenerative capacity.  In general, dicotyledons are 

easier to proliferate in culture than monocotyledons.  In addition, 

gymnosperms have very limited regenerative capacity compared to 

angiosperms (Pierik, 1987).  Generally, those plants showing potential to 

be easily propagated by conventional vegetative techniques will also 

exhibit this potential to tissue culture method (Hartmann, Kester and 

Davies, 1990).  Herbaceous plants such as Saintpaulia (Chang, 1987) and 

Begonia (Bowes, 1990) which are easily propagated conventionally using 
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leaf cuttings, can also be easily cultured in vitro and produce more new 

plants using leaf segment explants.  Monocotyledons are generally more 

difficult to propagate than dicotyledons either by conventional vegetative 

or by tissue culture technique (Holdgate, 1977).  However, Mater (1986) 

reported the success of regenerating plantlets from callus culture raised 

from shoot tip explants of Phoenix dactylifera.  Other success were 

reported by Blake (1990) from zygotic embryo explants of Cocos 

nucifera, and by Wooi Kheng Choo, (1990) from callus culture raised 

from inflorescent explants of Elaeis guineensis. 

Similar to conventional vegetative propagation, where juvenile 

tissues frequently give more chance for a successful program, the success 

of in vitro propagation is also enhanced by the use of immature tissues.  

Hartmann, Kester and Davies (1990) stated that actively growing tissues 

obtained early in a growth phase are usually the best materials.  Less 

active tissues often need modifications of the types and levels of growth 

regulators during culture.  As the organ from which the explant is 

isolated becomes older, cell division and regeneration are liable to 

decrease.  Therefore, Pierik (1987) suggested young and soft tissues 

because they are generally more amenable for culture than older woody 

tissues.  Embryogenic tissues usually have a high regenerative capacity 

and are often used as experimental material.  

Hartmann, Kester and Davies  (1990) claimed that the juvenile 

phase is determined by the inability of growing from vegetative to 

reproductive stage and the absence of potential of flower formation; 

characteristics in morphological and physiological states such as leaf 

shapes, thorniness, vigour and disease resistance; and a higher ability of 

the tissue to regenerate adventitious roots and shoots.  Salisbury and 
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Ross (1992) added that physiologically, juvenility is characterised by a 

rapidly growing phase in which flowering is usually inhibited.  Specific 

morphology, especially leaf shapes and growth habits are sometimes 

observed during this stage.  In some woody species, physiological 

features of juvenility may be observed as a greater tendency to develop 

autumnal colours and greater shade tolerance (Leopold and Kriedemann, 

1975). 

The physiological state of the explant plays an important role in the 

success of tissue culture technique.  Pierik (1987) claimed that in 

general, vegetative parts regenerate more readily than generative parts.  

Bud explants taken from plants which are in a resting state are more 

difficult to proliferate than buds taken from plants which are actively 

growing.  This is similar with the case of dormancy in seed explants.  

The physiological state of a plant varies naturally as the plant 

grows through different stages and as the environmental conditions 

change.  A particular growth response in culture was describe d by Taji, 

Dodd and Williams (1993) as the result of interaction between the 

current physiological state of the cultured material and the 

environmental factors.  This means that the resulted growth pattern is 

determined by the net physiological state as influenced by both internal 

and external conditions.  Culture conditions such as temperature, light, 

water supply, nutrient supply or growth regulators may be modified in 

order to control the physiological state of the explant.  

Another factor affecting the rate of tissue culture success, but not 

considered as a major aspect, is the size of explant.  This is particularly 

important in the production of virus-free propagules via meristem 

culture.  In spite of this, explant size determines the survival rate of 
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cultured materials in other types of culture.  George and Sherrington 

(1984) stated that the smaller the explant, the lower is the chance of 

either external or internal contamination but the survival rate of the 

explants also is low.  The larger the explant,  the higher is the possibility 

of successful proliferation but the opportunity of microorganism 

contamination is also high.  Furthermore, Taji, Dodd and Williams 

(1993) indicated that small explants are less likely of introducing 

variability due to chimeras.  However, the small explants are more likely 

to be damaged during handling and are more susceptible to failure during 

initial culture.  In contrast, Anderson (1980) stated that large shoots 

reduce the ratio of wounded surface area to total area involved .  In 

addition, in large shoots there is apparent availability of stored food 

reserves and growth regulators that is helpful in the initiation of new 

growth.  Marks and Myer (1994) observed a better root formation in 

Daphne cneorum when large shoots are used as culture material.  

 

2.4.2.  Explant sterilisation 

The surface of plant parts may carry a wide range of microbial 

contaminants such as fungi and bacteria.  To eliminate these sources of 

infection the tissue must be thoroughly surface -sterilised before being 

planted onto nutrient medium.  Tissues or organs with systemic fungal or 

bacterial infection are usually discarded in tissue culture works.  

There are a wide range of sterilisation agents that can be used to 

surface-sterilise plant tissues.  Hypochlorite solutions (sodium or 

calcium) have been proven to be effective in most cases.  For example, 

0.3 to 0.6% sodium hypochlorite treatment for 15 to 30 minutes 
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effectively decontaminates most tissues.  This sterilisation chemical is 

also toxic to the tissue;  therefore, the concentration of the chemical and 

the duration of treatment should be chosen to minimise the tissue death 

(Bhojwani and Razdan, 1983). 

Ethyl and isopropyl alcohol have also been used to surface -

sterilise some plant tissues.  After rinsing in ethanol for a few seconds 

the materials are either left exposed in the sterile hood until the alcohol 

evaporates (Kao and Michayluk, 1980), or they may be flamed 

(Bhojwani, 1980).  The use of 70% ethyl alcohol was reported by Abou 

El Dahab, Stino and El Shiaty (1991) in Pritchardia kaalae  with limited 

success.  Ethyl alcohol was also found less effective for surface 

sterilisation in Coffea arabica bud explants compared to a mixture of 

fungicide-antibiotic-sticker (Lozoya Saldana  et al., 1993).  The same 

result was also obtained in the preliminary trial of this study where only 

90 per cent of G. macrantha seed explants were free of contamination 

compared to 100 per cent when sodium or calcium hypochlorite was 

used. 

In general, if the explant is fairly hard and large enough to be 

easily handled, it can be directly treated with the dis infectant.  For 

example, in the culture of mature seeds or mature endosperm of 

Euphorbiaceous plants, whole seeds or decoated seeds, are surface 

sterilised.  When immature ovules, embryos or endosperm are to be 

cultured, the customary method is to surface sterilise the ovary or the 

ovules and dissect out the explant under aseptic conditions so that the 

soft tissues of the inoculum are protected from the toxic effects of the 

sterilisation agent.  Similarly, for raising culture of delicate shoot apices 

and pollen grains, shoot buds or flower buds are surface sterilised and 
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the explants are excised aseptically.  Such explants are usually free of 

microbial contaminants (Quak, 1977).   

A 30-second rinse of the explant material in 70% ethanol before 

treatment with the sterilisation agent or the addition of a few drops of a 

surfactant, such as Triton-R, Tween-20 or Tween-80 to the sterilisation 

solution enhances its efficiency.  After surface sterilisation treatment the 

plant material must be rinsed three or four times in sterile distilled water 

to remove all traces of the sterilisation agent (Quak, 1977).  

 

2.4.3.  Medium composition 

When an explant is cultured, the tissue undergoes the most far -

reaching changes that were described by Hartmann, Kester and Davies 

(1990) as a 'crisis situation'.  Besides losing its normal supplies of water 

and minerals (since there is no root pressure), and carbohydrate (since 

there are no leaves supplying sugars into the phloem system), there is 

also a complete disruption of the fluxes of hormones through the plant 

tissue which are crucial for the entire organism to remain integrated as a 

whole.  The centres of auxin synthesis such as normal shoot tips with 

young leaf primordia are lacking when callus proliferation is induced, as 

is also a supply of cytokinins from the roots.  Restoration of  water, 

nutritional components and growth regulators is the first requirement to 

re-induce growth, and these can only be met through the culture medium 

(Schwabe, 1984).    

George and Sherrington (1984) claimed that the success of plant 

propagation by tissue culture is greatly determined by the characteristics 

of the medium being used.  For that reason, Bhojwani and Razdan (1983) 



31 

suggested starting a new system of micropropagation with a well -known 

basal medium such as MS (Murashige and Skoog, 1962) or B-5 

(Gamborg, Miller and Ojima, 1968) in order to formulate a suitable com -

position.  By making minor qualitative and quantitative changes, through 

a series of experiments, a new medium maybe evolved to accommodate 

specific requirements of the plant material in question.  In addition, the 

organic and inorganic constituents should be treated separately, while 

the medium is modified. 

Dixon (1985) classified 6 major nutrient components:  macro 

elements, micro elements, iron sources, carbon sources, vitamins and 

growth regulators.  Furthermore, Gunawan (1987) stated that certain 

compounds such as amino acids and organic nitrogen, natural complex 

compounds (coconut milk, yeast extract, potato extract, tomato juice), 

activated charcoal and solidifying agents are sometimes added to the 

medium to induce certain growth patterns.  

Nitrogen is added in the largest amount, and is present as either a 

nitrate or ammonium ion, or a combination of both.  Generally, the 

organic nitrogen content in the culture medium varies from 25 to 60m M.  

Potassium is given in concentration of 20mM or more, in the form of 

KCl, KNO3 or KH2PO4.  Optimum levels for phosphorus, magnesium, 

sulphur and calcium ranges from 1 to 3mM. Phosphorus can be 

represented by either NaH2PO4.H2O or KH2PO4.  Magnesium sulfate 

(MgSO4.7H2O) satisfies both the magnesium and sulphur requirements.  

The requirement for calcium can be met either by the addition of 

CaCl2.2H2O or Ca(NO3)2.4H2O (Gamborg and Shyluk, 1981; Dodds and 

Roberts, 1985). 
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Micro elements such as iron, manganese, zinc, boron, copper and 

molybdenum are given in micromolar (µM) concentration.  Fe and Zn are 

sometimes given in chelate form (Gamborg and Shyluk, 1981).  Dixon 

(1985) stated that the application of Fe in chelate form is aimed to 

ensure the availability of this element at pH up to 8.0 and during culture 

growth.  The availability of Fe may rapidly decrease if no chelating agent 

is added to the medium. 

Glucose and sucrose are the two major carbon sources in tissue 

culture as well as fructose, galactose, lactose, maltose and starch.  The 

growth of explants cultured on medium supplemented with glucose or 

sucrose is usually better than those cultured on medium supplemented 

with other carbon sources (Gamborg and Shyluk, 1981).  However, 

Bhojwani and Razdan (1983) reported that in vitro culture of Malus 

pumila using sorbitol grows as well as those cultured on medium 

supplemented with glucose or sucrose as the carbon source.  In contrast, 

Ponchia and Gardiman (1993) found that the use of sorbitol as an 

alternative source of carbon in the tissue culture of Prunus laurocerasus 

results in the reduction in shoot length. 

The presence of thiamine-HCl in the culture medium is absolutely 

essential, and it becomes one of the limiting factors in tissue culture 

system.  Vitamins such as nicotinic acid, pyridoxine-HCl, glycine and 

myo-inositol are not limiting factors for culture growth (Gamborg and 

Shyluk, 1981).  However, Bhojwani and Razdan (1983) recommended the 

application of nicotinic acid, pyridoxine-HCl, glycine and myo-inositol 

to improve culture growth.  Other vitamins that have been used in plant 

tissue culture system include p-aminobenzoic acid, ascorbic acid, biotin, 
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choline chloride, cyanocobalamin, folic acid, calcium pantothenate and 

riboflavin (Dodds and Roberts, 1985).  

Ascorbic acid is sometimes added to the culture medium in high 

concentration as an anti-oxidant (Pierik, 1987).  Ascorbic acid may be 

employed alone or in association with other organic acid such as citric 

acid (Rathore, Tandon and Sekhawat, 1991).  

Activated charcoal has been widely used in tissue culture system 

of various plant species.  Although the precise effects of this substance 

are still unknown, there are several possible modes of action.  Bach 

(1988) reported the use of activated charcoal as a stimulant during the 

initial and proliferation phases of Iris x hollandica tissue culture.  Ebert 

and Taylor (1990) found that the availability of 2,4 -D in the culture 

medium is regulated by the presence of activated charcoal.  This 

compound is also important in adsorbing phenolic compounds released 

into the medium by sorghum and sugar cane explants  (Vasil and Vasil, 

1991). 

Schwabe (1984) stated that activated charcoal may be useful in 

adsorbing aromatic substances when added to the medium, and this may 

be particularly important with regard to the auxins or their synthetic 

analogues' activity.  The mode of action of these auxins then resembles a 

'slow release' mechanism, and therefore stimulates the activity of an 

active shoot tip.  In root inducing medium, light absorption by activated 

charcoal may also be useful for root growth, except in those spec ies 

requiring light during root growth.  

Medium pH is another important factor in in vitro culture system.  

Depending on the species and the aim of the program, the appropriate pH 
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levels for explant growth ranges from 5.0 to 6.5.  Too acid (pH < 4.5) or 

too alkaline (pH > 7.0) medium may inhibit explant growth and 

development (Pierik, 1987).  This is probably due to the decreased 

availability of certain elements at certain pH ranges.  At high pH values 

iron, zinc, manganese, copper and boron precipitate as hydroxides and 

are then unavailable to the cultured tissues.  Whereas the availability of 

other elements such as calcium, magnesium, sulphur, phosphorus and 

molybdenum decreases at low pH values (Devlin and Witham, 1983; 

Salisbury and Ross, 1992).   However, Winata (1987) stated that certain 

plants such as Rhododendron grows well on medium with pH 4.5.  

Medium with low pH is sometimes employed in the selection of low pH-

tolerant plants.  Note:  these pH ranges indicate measurements taken 

when media is prepared; no discussion of pH ranges during or after 

plantlet cultures in these media is available.  

Apart from the availability of certain elements at certain pH 

values, the gelling process of solid medium is also related to the level of 

medium pH.  The medium may become too hard if the pH is higher than 

6.0, and gelling problems are usually encountered if it is less than 5.2 

(Taji, Dodd and Williams, 1993).  

 

2.4.4.  Growth regulators   

Pierik (1987) clearly distinguished hormones as substances 

endogenously produced in higher plants.  They stimulate and promote 

growth and development of plant cells, tissues and organs that leads to 

certain directions of differentiation.  Other compounds having similar 
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behaviour but manufactured exogenously are known as plant growth 

regulators.  

In plant tissue culture, the roles of growth regulators, particularly 

auxin and cytokinin are very significant.  Pierik (1987) claimed that it is 

often unlikely to successfully conduct a plant propagation program via 

tissue culture technique without the involvement of growth regulators.  

Torres (1989) stated that the type of morphogenesis in plant tissue 

culture depends on the ratio and conditions of auxin and cytokinin.  Root 

initiation, embryogenesis and callus induction commonly occur when the 

ratio of auxin to cytokinin is high, whereas adventitious and axillary 

shoot proliferation take place when the ratio is low.  The concentrations 

of auxin and cytokinin are equally as important as their ratio. Different 

concentrations of auxin or cytokinin will lead to different growth modes 

even though the ratio is the same. 

Pierik (1987) stated that auxins generally enhance cell elongation, 

cell division and adventitious root formation.  They also inhibit the 

formation of adventitious and axillary buds, and are required for 

embryogenesis in suspension culture.  A low concentration of an auxin 

brings about adventitious root formation, whereas a high concentration 

of this compound stimulates callus formation and suppresses 

morphogenesis (Smith, 1992). 

Such auxins as indole-3-acetic acid (IAA), indole-3-butyric acid 

(IBA), naphthaleneacetic acid (NAA) and 2,4-dichlorophenoxyacetic 

acid (2,4-D) are commonly used in the absence of cytokinin for 

stimulating root formation.  Pierik (1987) suggested limiting 2,4 -D in the 

rooting medium since it may result in genetic mutation and inhibit 

photosynthesis in cultured tissues.  
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Besides auxins, the application of cytokinins such as benzylamino 

purine (BAP), N6-isopentenyladenine (2iP), kinetin and zeatin is also 

important for cell division.  Cytokinins promote cell division, shoot 

proliferation and shoot morphogenesis (Smith, 1992).  George and 

Sherrington (1984) stated that cell division is inhibited when the amount 

of cytokinin in the culture medium is limited.  By subculturing the 

explants onto medium with adequate cytokinin, cell division takes place 

synchronously.     

Cytokinins promote cell division and shoot initiation, are involved 

in controlling seed germination, affect leaf abscission, influence auxin 

transport, allow gibberellins to work by overcoming inhibitors and delay 

plant senescence (Kyte, 1983).   Cytokinins are usually omitted in the 

rooting stage of micropropagation since their activity may inhibit root 

formation and prevent root growth, and inhibit auxin effects on root 

initiation in cultured tissues of certain species (George and Sherrington, 

1984). 

There is a wide range of interactions between auxin and cytokinin 

groups.  These groups of growth regulators also interact with other 

chemicals and are affected by environmental factors such as light and 

temperature.  In certain situation an auxin may react as a cytokinin, and 

a cytokinin as an auxin (Kyte, 1983).  Both an auxin and a cytokinin, 

however, are usually added to the medium in order to obtain 

morphogenesis although the ratio required for root and shoot induction is 

not universally the same.  Considerable variability exists among genera, 

species, and even cultivars in the type and amount of auxin and cytokinin 

required for induction of morphogenesis (Kyte, 1983; Torres, 1989). 
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2.4.5.  Environmental factors 

Some environmental factors determining the success of tissue 

culture technique are:  temperature, light, and atmospheric constituents 

in culture vessel including carbon dioxide (CO2), oxygen (O2), ethylene 

and relative humidity.   

Read (1990) stated that temperature directly influences the 

development of individual cells and the formation of plant organs, and is 

related to enzyme-controlled developmental pathways.  In a tissue 

culture system, the role of temperature is more critical than in vivo due 

to the high sensitivity of the tissues and the lack of protective 

mechanisms in the tissues. 

Although there is no optimum temperature that can be universally 

applied for in vitro growth of a wide variety of plant species, Read 

(1990) pointed out that the range of 20 to 27oC is used more frequently.  

George and Sherrington (1984) indicated that the average temperatures 

required in tissue culture are 3 - 4oC higher than in vivo culture.  Since 

temperatures in the culture flasks are normally 3 - 4oC higher than in the 

culture room, the temperature in the culture room can be maintained and 

adjusted for optimum in vivo growth.  Accordingly, Gunawan (1987) 

stated that temperatures ranging from 25 to 28 oC in the culture room 

may be advantageous for in vitro growth of a wide range of species.  

However, in certain conditions lower temperatures are sometimes 

required;  for example tuber formation in Solanum tuberosum requires 

temperatures 18 - 20oC and dark condition. 

Light, especially wave length, flux density and photoperiod are 

extremely important for in vitro plant growth and morphogenesis 



38 

(George and Sherrington, 1984).  Pierik (1987) claimed that white light 

usually inhibits adventitious shoot formation, but stimulates adventitious 

root formation.  The effect of light in tissue culture varies according to 

species and type of explants.  Lercari  et al. (1986) reported that the 

regeneration of buds from cotyledon explants of Lycopersicon 

esculentum is highest under red and white light, and is suppressed under 

UV-A and in darkness.  In contrast, bud regeneration from Saintpaulia 

ionantha leaf explants is highest under blue, white light and in darkness 

and is inhibited by red and far-red light.  In Pelargonium, Appelgren 

(1991) found that red light significantly increases stem elongation, 

whereas blue light strongly inhibits it.  However, in Armoracia 

rusticana, both blue and red light and near UV are the most effective in 

inducing formation of adventitious buds (Saitou et al., 1993).  In 

addition, Herrington and McPherson (1993) reported that the growth of 

Spirea nipponica explants is more extensive on red light than on white 

light. 

High photon flux density increases explant growth and 

development in Fragaria and Asparagus officinalis plantlets (Laforge et 

al., 1991).  The same results were also reported by Kozai, Ohde and 

Kubota (1991) for growth and development of Brassica compestris 

plantlets, and by Figuera et al. (1991) for  nodal cutting explants of 

Theobroma cacao.  Photon flux density does not affect root formation in 

Carica papaya microcuttings (Teo and Chan, 1994).  

It is unlikely to be able to separate the effect of photoperiod from 

those light components mentioned earlier.  It appears that photoperiod 

required by in vitro culture is a manifestation of in vivo culture.  Plants 

that are responsive to photoperiod in their normal growth would also be 
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likely to respond to photoperiod when cultured in vitro (Murashige, 

1974).  In general, photoperiod required in ti ssue culture varies from 14 

to 16 hours per day.  Certain crops, however, may be responsive to 10 

hours photoperiod per day while others require a continuous light or a 

continuous dark period for a particular growth response (Gunawan, 

1987).  By taking a clue from photomorphogenic responses in intact 

plants, it can be predicted that short -day species such as Chrysanthemum 

will be more readily cultured in a vegetative state under a long 

photoperiod (Read, 1990). 

The concentration of CO2 in culture flasks may also affect culture 

growth in some species.  Figuera et al. (1991) reported that nodal 

cuttings of Theobroma cacao obtained in vitro continue to elongate and 

produce leaves when transferred to a container with enriched CO 2 levels.  

Similarly, Laforge et al. (1991) found that high CO2 concentration 

enhances vegetative growth of Asparagus officinalis, Rubus occidentalis 

and Fragaria plantlets.  Low CO2 concentration in the culture vessel 

reduces the net photosynthetic rate in Brassica compestris (Kozai, Ohde 

and Kubota, 1991), and therefore affects the growth and development of 

the plantlets.  Lim et al. (1992), however, reported that neither ion 

uptake nor growth of Dendrobium plantlets is stimulated by the 

enrichment of CO2. 

The effect of CO2 in tissue culture is related to the requirement 

for photosynthesis.  It has been generally assumed that CO2 is a requisite 

for green plant tissues cultured in light.  Little or no effect of CO 2 

enrichment has been reported for a wide range of cultures that lack 

chlorophyll or are cultured in the dark (Read, 1990).  
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Oxygen (O2) is required by in vitro cultured tissues as well as by 

intact plants.  Read (1990) stated that O2 is a potentially limiting factor 

for division and growth of cells in tissue culture when rapid explant 

growth is required.  However, there has been a limited number of reports 

exploring the involvement of this atmospheric constituent in the tissue 

culture process.  Shimada, Tanaka and Kozai (1988) studied the growth 

of explants of Primula malacoides and Chrysanthemum morifolium (both 

C3 plants) cultured in 1, 10 or 21% O2 (the rest being N2).  It was 

reported that the net photosynthetic rate of plantlets cultured in 1 and 

10% O2 are respectively 3 and 1.5 times greater than those cultured in 

21% O2.  In contrast, Van der Plas and Wagner (1986) found that an 

oxygen-enriched atmosphere enhances growth and O2 uptake of Solanum 

tuberosum callus.  In addition, callus cultured under normal air condition 

(20% O2) when transfer to the oxygen-enriched atmosphere (70% O2) 

grows faster than those left in normal air condition.  

The role of O2 in liquid medium culture was studied by Huang et 

al. (1992) and by Jay, Genestier and Courduroux (1992).  Huang et al. 

(1992) found that the average O2 uptake during batch culture of carrot 

somatic embryos decreases as the embryos become larger and more 

mature.  Jay, Genestier and Courduroux (1992) reported that during the 

proliferation phase, the growth rate of carrot cell suspension culture is 

lower and sugar uptake is delayed at 10% O2 compared with at 100% O2.  

During the cell differentiation phase, the production of somatic embryos 

is also lower at 10% O2  than at 100% O2.  Oxygen concentration, 

however, has no effect on final dry weight of the tissues.  

Ethylene also plays a role in the tissue culture process.  Many 

investigators reported that ethylene is found to promote culture growth in 
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several plants while in others it shows inhibitory effects in in vitro 

culture (Economou, 1991).  Huxter, Thorpe and Reid (1981) found that 

adventitious shoot formation from tobacco callus is enhanced by the 

accumulation of ethylene after the fifth day of culture.  Ethylene 

supplementation during the first 3 to 5 days of cultures was reported also 

by Van Aartijk, Blom-Barnhoorn and Bruinsma (1985) to increase the 

quantity of adventitious shoots formed on bulb scale of Lilium speciosum 

explants.  With woody species, Kumar, Reid and Thorpe (1987) reported 

that 5 to 8ppm ethylene accumulated during the first 10 days of culture is 

found to promote shoot formation in cotyledon explants of Pinus radiata.  

Panizza, Mensuali-Sodi and Tognoni (1988) observed that adventitious 

shoot formation from nodal cuttings and flower spike explants of 

Lavandula latifolia is related to the level of ethylene production in 

cultures.  Dimasi-Therion, Economou and Sfakiotakis (1992) found that 

ethylene supplement markedly increases the number of shoots formed in 

Petunia hybrida cultures without any effect on their length and fresh 

weight.   

The reduction of culture growth in Ficus lyriata due to ethylene 

accumulation is identified by Jona and Gribaudo (1988) as an inhibition 

in shoot development from young leaf fragments .  Jona and Gribaudo 

(1990) found the occurrence of epinasty and leaf curling in Lycopersicon 

esculentum cultured under high levels of ethylene.  Prunus avium also 

shows some leaf curling and parching under the influence of high levels 

of ethylene.  Whereas Vitis vinifera, which is cultured under low levels 

of ethylene, shows almost no damage.  Biddington and Robinson (1991) 

stated that in some Brassica oleracea cultivars, anther culture is 

inhibited by the formation of endogenous ethylene in the culture vessel.  
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Ethylene is also found to inhibit the process of organogenesis of Cucumis 

melo (Roustan, Latche, and Fallot, 1992).  

In cases where morphogenesis in vitro is inhibited by excessive 

levels of ethylene, the alteration of this gaseous component in the culture 

vessel becomes essential.  This can be met by using appropriate closures 

which allow the gas exchange (Economou, 1991) or by removing 

atmospheric ethylene with KMnO4 (Geneve, Hackett and Swanson, 1990) 

and by incorporating an ethylene inhibitor such as AgNO 3 (Biddington 

and Robinson, 1991).  The use of the ethylene biosynthesis inhibitor 

aminoethoxy-vinylglycine (AVG) and aminooxyacetic acid (AOA) as 

well as ethylene action inhibitors silver thiosulphate (STS) and 2,5 -

norbornadiene (NDE) had also been reported by several authors (Geneve, 

Hacket and Swanson, 1990; Biddington and Robinson, 1991; Housti, 

Coupe and D'Auzac, 1992).  

Humidity is another essential factor for the successful in vitro 

culture of various types of plant species.  Relative humidity in the 

growth chamber is normally 70%, but the requirement of humidity in 

culture flasks is approximately 90%.  George and Sherrington (1984) 

reported that embryoids of Daucus carota grow very well at humidity of 

80 - 90%, but they will die if the humidity is below 60%.  Too high 

humidity levels in the culture vessel is often associated with the 

formation of vitreous leaves and shoots (Read, 1990).  An in vitro study 

by Hwang and Lee (1990) revealed that root growth in Allium sativum 

tissue culture is more sensitive to humidity than to temperature.  Smith 

(1992) reported that the reduction of relative humidity in the culture 

vessel to 90 - 94% causes a reduction in stem length and increases leaf 

area, chlorophyll per unit leaf area and root diameter in Chrysanthemum, 
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Rosa and Vitis.  Both Chrysanthemum and Rosa show an increase in 

epicuticular wax due to reduced humidity.  Improved stomatal 

physiology as affected by reduced humidity is observed in 

Chrysanthemum and Vitis, whereas increased thickening of the cuticulae 

and overall increase in leaf thickness are only observed in 

Chrysanthemum. 

 

2.5.  The use of IAA and BAP in plant tissue culture 

Pierik (1987) stated that by definition, plant hormones are 

compounds which are naturally produced in higher plants and affecting 

growth and development.  They are usually present in very small 

quantities and active at different parts in the plant from where they are 

synthesised.  Apart from these natural compounds, several synthetic 

chemicals have been developed with similar properties to the natural 

ones, and known as plant growth regulators.  Both of these natural and 

synthetic compounds are commonly recognised as 'regulators'.  

Most plants are capable to produce auxin and cytokinin 

endogenously such as indole-3-acetic acid (IAA) and N6-isopentenyl 

adenine (2iP, also known as 6-(,-dimethylallyl) amino purine) (Kyte, 

1983).  However, Taji, Dodd and Williams (1993) claimed that in a 

tissue culture system exogenous auxins and cytokinins are often applied 

to obtain certain growth effect.  The desired growth response can be 

achieved with the presence of either auxins or cytokinins or both auxins 

and cytokinins in the culture medium. 

Amongst auxin and cytokinin types that have been developed, IAA 

(FIGURE II) and BAP (FIGURE III) are quite common in practice.  The 
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effect of IAA and BAP on shoot proliferation of Acacia was reported by 

Ruffoni et al. (1992).  It was found that the application of IAA and BAP 

at 2.22µM each is the best combination to induce enough proliferation 

without losing the quality of shoots.  Higher concentrations of BAP 

reduce the elongation of shoots and increase the multiplication rate.  

Root induction and development take place in medium containing 

5.71µM IAA. 
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FIGURE II.  

Structural formulae of indole-3-acetic acid (IAA, MW = 175.2) (Taji,  

Dodd and Williams, 1993) 

In tissue culture of shoot tip explants of Gypsophila paniculata, 

BAP at 2.22 - 8.88µM is the most effective for shoot proliferation but 

results in a higher percentage of vitrified plantlets than kinetin or 2iP.  

Moreover, combinations of IAA and BAP at 0.57 - 1.71µM and 0.44 - 

1.33µM, respectively, give better shoot proliferation and growth than 

BAP alone but the percentage of vitrified plantlets is also higher (Han, 

Paek and Choi, 1991).  Choi  et al. (1993) reported that optimal 

concentration of IAA and BAP for adventitious buds induction in Allium 
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sativum is 28.54µM and 22.20µM, respectively.  In addition, the 

induction of adventitious shoots from basal plate explants with apical 

shoots is effective in the presence of 2.85µM IAA + 44.41µM BAP.  The 

effect of IAA and BAP on embryo culture of Solanum melongena was 

investigated by Reddy et al. (1991).  It was reported that MS medium 

supplemented with 5.71µM IAA + 4.44µM BAP produces the highest 

number of shoots per embryo.  A higher concentration of these growth 

regulators along with ascorbic acid is required for shoot regeneration on 

callus culture of Mussaenda erythrophylla  as reported by Panda, Debata 

and Das (1989).  It was concluded that the best shoot regeneration is on 

MS medium supplemented with 11.42µM IAA + 13.32µM BAP + 10mg 

ascorbic acid/l. 

A contradictory effect of IAA was reported by Compton and Gray 

(1993) on shoot organogenesis from cotyledons explants of diploid, 

triploid and tetraploid Citrulus lanatus.  The involvement of IAA in the 

culture medium dramatically inhibits shoot organogenesis from all three 

genotypes, and shoot formation is completely suppressed when explants 

of a tetraploid breeding line are incubated on a medium containing IAA.  

The ability of the explants of the three genotypes to form shoots depends 

on the presence of BAP in the medium.  Although the addition of BAP 

does not give a significant difference for shoot formation on diploid and 

triploid lines, cotyledon explants of tetraploid l ine only produce shoots 

when cultured on the medium supplemented with BAP.  
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FIGURE III. 

Structural formulae of benzylaminopurine (BAP, MW = 225.2) (Taji,  

Dodd and Williams, 1993) 

 

2.6.  Common phenomena in the tissue culture system 

An empirical approach to the tissue culture system of a particular 

species is often necessary because the limited understanding of in vitro 

processes.  It is known that a stable or predictive model of in vitro 

behaviour is not guaranteed by the development of satisfactory culture 

protocols.  Variation in multiplication rates and growth habits may be 

induced by the interaction between culture environment with 

physiological and genetic status of cultured material (Rice et al., 1992).  

For clonal propagation using tissue culture technique, the phenomena of 

cytokinin habituation, vitrification and necrotic symptoms of shoots 

and/or leaves have important implications for the integrity and viability 

of the system. 

 



47 

2.6.1.  Cytokinin habituation 

The presence of a cytokinin such as BAP, 2iP, kinetin or zeatin is 

essential at the shoot multiplication stage of tissue culture method.  

However, a prolonged exposure to a relatively low concentration of 

cytokinin and increases in its levels to enhance the multiplication rate 

may result in undesirable consequences.  Hartmann, Kester and Davies 

(1990) indicated that shoots may become habituated to cytokinin after 

being exposed to a high cytokinin level and continue to proliferate after 

cytokinin is removed. 

The characteristics of habituated cultures were described by Rice et 

al. (1992) as a lack of root formation and an inhibition of the flowering 

response.  These may be caused by the excessive growth of shoots that 

brings about the inhibition of root formation as well as delaying the 

generative growth induction. 

The phenomena of cytokinin habituation has important 

consequences in the tissue culture system, and therefore treatments 

should be given to normalised affected plantlets.  Rice et al. (1992) 

indicated that treating the habituated Kalmia latifolia shoot cultures with 

123.03µM IBA for 4 weeks produces a high proportion of normal 

plantlets, stimulates root growth and reduces the formation of multi -

apices. 

 

2.6.2.  Vitrification 

The term 'vitrification' currently refers to two types of processes 

related to in vitro-cultured plant materials.  The first  application of this 
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term is to describe an abnormal morphological appearance and 

physiological function of certain organs and tissues.  The second is used 

to determine the transition from liquid to solid state, ie. the formation of 

ice during cryopreservation of in vitro-cultured cells, tissues and organs.  

The use of the same term to define the two quite different processes in 

the same research area may lead to confusion.  For that reason, Debergh  

et al. (1992) recommended the use of the term vitrification only in the 

second sense mentioned above.  The term 'hyperhydricity' is proposed 

instead of vitrification to indicate plant materials with an abnormal 

morphological appearance and physiological function.  

In spite of the term proposed by Debergh et al. (1992), Rice et al. 

(1992) indicated that the term vitrification refers to the appearance of 

glossy translucent shoots in vitro.  Such abnormal development may 

cause a complete retardation in clonal propagation by tissue culture, 

since shoots are usually hard to proliferate and fail the establishment in 

vivo.  In addition, Warren (1991a) noted that vitrification may lead to the 

death of the tissue cultured materials.   Pierik (1988) indicated the 

problem of vitrification is one of the handicaps in the widespread 

application of tissue culture technique for clonal plant propagation.  

There are several causal factors in the incidence of vitrification:  

excess cytokinin, low matrix potential and ethylene concentration in 

culture vessels (Kevers et al., 1984).  Warren (1991b) stated that 

vitrification may be a consequence of abnormally low levels of wax 

found in the cuticles of regenerated plant tissues.  Low wax deposition 

may be caused by the high humidity existing inside closed culture 

vessels, or it may be due to the inhibition of wax biosynthesis by the 

hormonal regimes the are necessary for plant regeneration.  The 
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occurrence of vitrification is also associated with a high level of 

ammonium and water content of the gaseous phase in the culture flask 

(Rice et al., 1992). 

Regarding the occurrence of leaf vitrification, several solutions 

have been proposed by various investigators.  Wilkins and Dodds (1983) 

suggested to maintain the culture of Prunus and Malus at 3 - 4oC for 3 to 

4 weeks along with the omission of BAP from the medium and leaf 

removal in order to reduce the frequency of vitrification.  In addition, 

increased agar concentration may alleviate the condition by reducing 

water availability and impeding uptake of cytokinins (Vieitez  et al., 

1985), although growth rate may be correspondingly reduced.   Han, 

Paek and Choi (1991) recommended to increase the ratio of 

nitrate:ammonium in order to reduce vitrification in Gypsophila 

paniculata plantlets. Ventilation of the culture flask is also influential to 

culture development by promoting diffusion of water vapour and 

secondary metabolites such as ethylene away from the culture 

atmosphere (Rice et al., 1992).  The application of paclobutrazol was 

recommended by Smith (1992) to reduce vitrification in Chrysanthemum, 

Rosa and Vitis tissue culture. 

 

2.6.3.  Necrosis 

Apart from vitrification (hyperhydricity), necrosis is another major 

problem in tissue-cultured materials.  Salisbury and Ross (1992) stated 

that necrosis is characterised by dead tissues in leaf margins and shoot 

tips.  Abousalim and Mantell (1994) indicated the early symptom of this 

phenomena as a pale brown necrosis developing at the tips and margins 
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of the youngest leaves prior to a more general necrosis in the whole of 

meristem tips which subsequently darkened and died back.  This 

physiological disorder had been encountered during in vitro shoot culture 

of Solanum tuberosum (Sha, McCown and Lloyd, 1985), Prunus dulcis 

(Rugini, Tarini and Mari, 1986), Pyrus (Moretti et al., 1992) and 

Pistacia vera (Abousalim and Mantell, 1994).  

Several hypotheses have been proposed in conjunction with the 

cause of necrotic symptoms.  However, nutrient deficiencies, particularly 

of boron and calcium are the most likely causes (Abousalim and Mantell, 

1994). 

Regarding the necrotic symptom in tissue cultured plant materials, 

Viseur (1987) recommended the use of a double -phase medium to 

alleviate the apical necrosis.  Liquid medium with the same composition 

to the solid one is poured over the agar immediately after subculturing 

and several more times during the subcultures.  This technique results in 

a complete prevention of apical necrosis.  Abousalim and Mantell (1994) 

found that the supplementation of MS liquid medium with either 100 - 

1000µM boron or raised levels of calcium as calcium gluconate (0.3 - 

30mM) significantly reduces the development of shoot tip necrotic 

symptoms of Pistacia vera shoot cultures supported on filter paper 

bridge.  A complete prevention of shoot tip necrosis of this these 

cultures was obtained by periodically inversion of culture tubes (once 

every 7 days) containing MS liquid medium supplemented with 15m M 

calcium gluconate. 
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2.7.  Somaclonal variation in tissue culture regenerated-plants 

One of important problems associated with clonal propagation via 

tissue culture is the induction of somaclonal variation in the regenerated 

plants.  The term somaclonal variation was first introduced by Larkin 

and Scowcroft (1981) to indicate the variations generated by adventitious 

processes.  Debergh (1994) proposed the definition of somaclonal 

variation as the phenotypic expression of already present but not 

revealed variations, or variations that have been induced by the tissue 

culture technology.  Larkin  et al. (1985) pointed out the phenomenon of 

somaclonal variation as an accumulation of genetic and cytogenetic 

modifications in both cultured cells and regenerated plants as a result of 

in vitro culture.  Furthermore, Rice et al. (1992) stated that the 

interaction of genetic, physiological and even pathological components 

of aseptic material with the culture environment during serial 

subcultures may induce variable multiplication rate and growth habit.  

To date, this term is applied to describe a wide range of phenomena such 

as numerical and structural variation of chromosomes, cryptic alterations 

in the nuclear or organelle genome, or even breakdown of chimerical 

structures and changes due to elimination of infectious agent s (Geier, 

1991). 

For clonal propagation, the phenomenon of somaclonal variation 

has  important implications for the integrity and viability of this plant 

production system.  Somaclonal variations, therefore, should be avoided 

by the clonal plant propagator.  Larkin and Scowcroft (1981) claimed 

that somaclonal variation is a useful source of genetic variability for 

crop improvement through breeding programs.  It is suggested to use 

somaclonal variation as a novel source of variability for plant 
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improvement, and in some species such as Polianthes tuberosa (Gi, and 

Tsay, 1989) and  woody plants (Preece, 1992) interesting results had 

been reported.  Induced somatic variation is the most effective for the 

creation of low temperature-tolerant mutants in Saintpaulia compared to 

irradiation and chemical mutagens (Grunewaldt, 1988).  

There are also examples where somaclonal variation is seen as 

clearly detrimental.  It is unwanted in micropropagation, it impedes the 

use of somatic embryogenesis and synthetic seed technology and it 

complicates the evaluation of genetically engineered plants (Debergh, 

1994). 

Hartmann, Kester and Davies (1990) stated that axillary shoot 

proliferation is broadly used for commercial propagation.  On the other 

hand, those systems utilising adventitious shoots or multiplication of 

callus, cells and protoplast often result in considerably more variation in 

the regenerated plants.  In addition, Rice et al. (1992) noted that callus 

and cell cultures may have a diversity of origin and are genetica lly 

unstable, generating polyploidy, aneuploidy and chromosomal structural 

changes.  For this reason, these type of cultures are considered as a 

potential means for regenerating somaclonal variants.  By controlling 

callus formation the frequency of variations can be kept under control 

(Debergh, 1994). 
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III.  MATERIALS AND METHODS 

 

3.1.  Treatments and design 

This experiment was carried out at the Plant Science Laboratory, 

Victorian College of Agriculture and Horticulture (VCAH), Burnley 

Campus.  The duration of this study was over ten months, from Januar y 

to October 1994. 

There were two factors studied in this experiment: IAA and BAP 

concentrations.  BAP was chosen for this experiment as it has been the 

most widely available, researched cytokinen.  Each factor consisted of 4 

levels (IAA:  0.00, 0.57, 2.85, 5.71µM, and BAP: 0.00, 2.22, 4.44, 

8.88µM, respectively).  By combining these two factors, there were 16 

possible combinations of the treatment as illustrated in TABLE I). 

 

TABLE I 

Combination of treatments between IAA levels and BAP levels (µM)  

used in the study 

 

 IAA (A)  

BAP (B)   

 0.00(A1) 0.57(A2) 2.85(A3) 5.71(A4) 

0.00 (B1) A1B1 A2B1 A3B1 A4B1 

2.22 (B2) A1B2 A2B2 A3B2 A4B2 

4.44 (B3) A1B3 A2B3 A3B3 A4B3 

8.88 (B4) A1B4 A2B4 A3B4 A4B4 
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The completely randomised design (CRD) was applied in data 

analysis.   Data taken during the experiment were statistically analysed 

based on the following model (Ott, 1988): 

yijk  = µ + i +  j +  ij + ijk 

where: yijk = observed value of explant growth 

 µ = overall mean 

 i =  effect of IAA levels 

  j = effect of BAP levels 

  ij = effect of the interaction between IAA levels with BAP 

   levels 

 ijk =  effect of random unit variation 

A general analysis of variance (ANOVA) was employed for all 

parameters observed by using the Excel program (Microsoft Corporation, 

1992).  A multiple-comparison test, studentisized range method, was 

then conducted to identify the differences amongst the treatments, based 

on the following formulae (Bliss, 1967):   

Rs = (MSerror / r) x kn 

where: Rs = critical studentisized ranges 

 r = number of replications 

 kn = studentisized range value at 'k' group means 

The studentisized range method was appropriate to be applied in 

this study (de Fossard, 1976) because there was no nominated con trol or 

reference of the application of IAA and BAP in G. macrantha tissue 

culture. 
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3.2.  Protocols 

The basal medium used in this experiment was Murashige and 

Skoog's revised medium (MS) (Murashige and Skoog, 1962).  To avoid 

the antagonism amongst the chemical substances when the culture 

medium was prepared, and in order to make the work easier some of the 

compounds were prepared separately, and so were the growth regulators.  

Therefore, there were several solutions prepared based on the 

requirement for MS basal medium composition.  In this study the 

nutrient component was classified into 8 stock solutions:  A, B, C, D, E, 

F, myo-inositol and vitamins (APPENDIX I), and there were two stock 

solutions for the growth regulators:  IAA and BAP.  

Since the stock solutions should be prepared in such a way as to 

avoid the formation of precipitates, the solutions used in this study were 

prepared by combining only compounds which do not perform 

precipitates at high concentrations.  This was important to consider 

because none of the precipitated chemicals can be utilised by pla nts 

(Taji, Dodd and Williams, 1993).  

 

3.2.1.  Preparation of nutrient stock solutions 

Ammonium nitrate (NH4NO3)  was  used as the source of nitrogen 

ion (NO3
- or NH4

+) in the culture medium, and it was labelled as the A-

stock solution.  To prepare the solution for this stock, 82,500mg of 

NH4NO3 was weighed using an analytical balance.  Then the deionised 

H2O was added to this compound and the volume was adjusted to 

1,000ml.  The solution was then homogenised by using a magnetic 

stirrer. 
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Stock solution for the source of potassium ion (K+) was labelled as 

the B-stock, and consisted only of KNO3.  This stock was prepared by 

dissolving 95,000mg KNO3 in 1,000ml deionised H2O, and homogenising 

similarly to the A-stock. 

Different from the previous two stock solutions, the C-stock was a 

mixture of 5 compounds for the sources of 5 different nutrients.  It 

contained KH2PO4 as the source of phosphorus (H2PO4
-), H3BO3 for 

boron (BO3
-) supply, KI as the iodine ion (I-) source, NaMoO4.2H2O as 

the molybdenum (MoO4
2+) source and cobalt ion (Co2+) was provided by 

CoCl2.6H2O.  Each compound was weighed based on its requirement for 

1,000ml medium ie. 34,000mg KH2PO4, 1,240mg H3BO3, 166mg KI, 

50mg NaMoO4.2H2O, and 5mg CoCl2.6H2O.  They were separately 

dissolved in a few millilitres deionised H2O.  When all the solutions 

were completely homogenous, they were then slowly mixed altogether in 

a beaker.  Deionised H2O was then added until the volume reached 

1,000ml. 

The D-stock solution consisted only of CaCl2.2H2O as the source of 

calcium ion (Ca2+).  As for the A- and B-stock solutions, 88,000mg of 

CaCl2.2H2O was weighed and dissolved in 1,000ml H2O in a beaker until 

a homogenous solution was obtained.  

The E-stock solution consisted of MgSO4.7H2O as the magnesium 

ion (Mg2+) source,  MnSO4.4H2O for manganese ion (Mn2+) supply, 

ZnSO4.4H2O as the zinc ion (Zn2+) source, and copper ion (Cu2+) was 

supplied by CuSO4.5H2O.  Similarly to the C-stock, all these components 

were weighed to make up 1,000ml medium ie. 74,000mg MgSO 4.7H2O, 

4,460mg MnSO4.4H2O, 1,720mg ZnSO4.4H2O and 5mg CuSO4.5H2O, 

and were separately dissolved in a few millilitres deionised H2O until 
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they were homogenous.  These solutions were then slowly mixed 

altogether in a beaker and additional deionised H2O was added until the 

volume was 1,000ml. 

The F-stock was the source of iron ion (Fe2+).  It consisted of 

FeSO4.7H2O and Na2EDTA.  The supplementation of this stock solution 

with  Na2EDTA was aimed to ensure the availability of Fe 2+ in the 

medium, particularly at low pH during culture growth (Dixon, 1985).  In 

two beakers, 5,560mg FeSO4.7H2O and 7,460mg Na2EDTA were 

dissolved separately with a few millilitres deionised H2O.  A hot plate 

with a magnetic stirrer was used to heat and homogenise the 

FeSO4.7H2O solution.  The temperature of the solution was gradually 

increased while stirring until a clear-yellow solution was obtained.  The 

Na2EDTA solution was then slowly mixed with the FeSO4.7H2O 

solution, and the volume was adjusted to 1,000ml by adding the 

deionised H2O. 

 

3.2.2.  Preparation of growth regulators stock solutions 

The IAA stock solution was prepared at concentration 114.20µ M.  

For this solution, 200mg of powdered IAA was weighed (which gives 

1.142millimole of this compound), then a few drops of 70% ethyl 

alcohol was added to dissolve the powder.  This was done because IAA 

was not a water soluble compound.  After IAA was completely dissolved 

in ethyl alcohol, deionised H2O was then added until the volume reached 

1,000ml.  This was the IAA solution with the strength of 1.142mM.  

Since this concentration was too strong, a 114.20µ M stock was then 

prepared.  Into a beaker, 100ml of 1.142mM IAA solution was prepared 
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and deionised H2O was added until the volume reached 1,000ml.  This 

second IAA solution was of 114.20µM, and it was labelled as the IAA-

stock solution for further usage.  

The same procedure was also applied in preparing the stock 

solution for BAP.  However, 0.1M HCl was used as a solvent instead of 

70% ethyl alcohol.  For this stock solution, 200mg powdered BAP was 

weighed (which gave 0.888millimole of this compound), and a few drops 

of 0.1M HCl were then added to dissolve the powder.  Deionised H2O 

was then gradually added until the volume reached 1,000ml.  The 

concentration of this BAP solution was 0.888m M.  To make a BAP-stock 

solution with concentration 88.80µM, 100ml of 0.888mM solution was 

prepared in a beaker and deionised H2O was added until the volume 

reached 1,000ml. 

Both IAA- and BAP-stock solutions were kept in dark bottles and 

placed in a refrigerator to avoid degradation due to light and high 

temperature.  All these stock solutions were prepared and used in a fresh 

condition each time new media were made.  This was done because 

growth regulator stocks can not be kept for a long period, especially as 

IAA may lost its activity in aqueous solutions (Taji, Dodd and Williams, 

1993). 

 

3.2.3.  Medium preparation 

The culture media were prepared for all combinations of the growth 

regulator treatments.  Since there were 4 levels of concentration of either 

IAA or BAP, there were 16 combinations of both growth regulators.  For 
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each treatment, 250ml of solid medium was prepared and dispensed into 

25 culture flasks. 

Based on the nutrient composition and available stock solutions 

showed in APPENDIX I, a quarter of each stock solution was pipetted to 

make 250ml medium.  For example, 5ml of A-stock, 5ml of B-stock and 

0.25ml of C-stock, and so on.  When all stock solutions (A to F) had 

been pipetted into a 250ml-beaker, the growth regulator solutions were 

then added. 

For the concentrations of both IAA and BAP to meet the 

requirements of each treatment, the following formulations were used 

(the strength of IAA-stock was 114.16µM and BAP was 88.81µM, and the 

volume of medium required was 250ml).  

IAA: 

0.00µM = no IAA-stock was added   

0.57µM = (0.57µM/114.16µM) x 250ml =   1.25ml IAA-stock was added 

2.85µM = (2.85µM/114.16µM) x 250ml =   6.25ml IAA-stock was added 

5.71µM = (5.71µM/114.16µM) x 250ml = 12.50ml IAA-stock was added 

BAP: 

0.00µM = no BAP-stock was added 

2.22µM = (2.22µM/88.81µM) x 250ml =   6.25ml BAP-stock was added 

4.44µM = (4.44µM/88.81µM) x 250ml = 12.50ml BAP-stock was added 

8.88µM = (8.88µM/88.81µM) x 250ml = 25.00ml BAP-stock was added 

When all the stocks of nutrient and growth regulator had been 

prepared in a beaker, 7.5g sucrose were added and the volume of the 

solution was adjusted to 250ml by adding deionised H2O.  The mixture 
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was then thoroughly mixed until a homogenous medium solution was 

obtained. 

The pH of the solution was adjusted by using a digital pH met er.  

The required pH was 5.8  0.02.  This was obtained by adding a few 

drops of 0.1M KOH (if the initial pH was too low) or a few drops of 0.1 M 

HCl (if the pH was too high). 

When the required pH level was obtained, a solidifying agent was 

then added to the solution.  In this experiment, 8g/l Difco Bacto agar was 

used, and therefore 2.0g of this compound was needed for 250ml 

medium.  The medium solution was then heated in a microwave oven for 

10 minutes to dissolve the agar.  When the agar had been completely 

dissolved, the solution was then dispensed into 25 culture flasks.  

At the rooting stage, the medium was half-strength MS 

supplemented with 1.0g/l activated charcoal (Sigma ®, neutralised) without 

growth regulators.  The charcoal was added after microwaving, and was 

mixed entirely using a magnetic stirrer.  It would be very difficult to 

know whether the agar has already been entirely dissolved or not if the 

charcoal was added prior to microwaving, since the colour of the 

medium solution was dark (black). 

All the media solution were then steam-sterilised in an autoclave to 

eliminate microorganisms that may contaminate the trials during the 

media preparation.  Autoclaving was carried out for about 15 minutes at 

a temperature of 121oC and a pressure of 17kPa.  When the sterilisation 

was completed, the flasks were taken out of the autoclave, and were 

cooled until solid media were performed.  For media supplemented with 

charcoal, each culture flask was shaken well for a few seconds shortly  
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after being autoclaved.  This aimed to completely distribute the charcoal 

within the media, and to avoid the formation of charcoal precipitation at 

the base of the culture flasks when the media turned solid.  

 

3.2.4.  Explant preparation 

For this study, G. macrantha of 2 to 3 years of age, from unknown 

provenances were used as stockplants.  These plants were grown in an 

unheated polytunnel covered with white polyethylene.  Although light 

levels were not monitored, these stockplants received normal daylength  

with approximately 20,000 lux as an average daytime light level.  

Temperatures in this polytunnel vary throughout the year, with a 

minimum temperature of 5°C and a maximum of 40°C. 

Stockplants were grown in the general Burnley Campus potting mix 

consisting of composted pinebark and sand, blended to achieve an air -

filled-porosity of approximately 20%.  The pH of this medium was 

adjusted to approximately 6.0 using dolomite and gypsum.  Fertilisers 

were added to this medium at these rates:  Osmocote ®, 14-6.1-11.6 (3 to 

4 month) at 500g/m3; Nutricote®, 13-5.7-9.1 (4 to 5 month) at 2.5 kg/m3; 

and Micromax® at 1.0 kg/m3.  Saturaid® was also added at 1.5 kg/m3. 

The stockplants were maintained in the polytunnel using basal watering 

provided by micro-jet sprayers to minimise contamination of leaf surfaces and 

axillary buds.  To further reduce the chance of fungus growth, reducing the work 

of disinfestation during explant preparation, stockplants were sprayed with 0.5 g/l 

Benlate® until runoff every week for two months before explant harvesting began. 
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Explant materials used in this study were nodal cuttings obtained 

from young shoots.  Shoot apices consisted of 2 to 3 nodes with resting 

axillary buds on them were taken from the stock plants.  The size of 

shoot apices was about 3cm long before they were surface sterilised.  

Surface sterilisation was carried out by using Na-hypochlorite, 

Triton-R (a detergent) and sterile deionised H2O.  The use of detergent is 

useful to reduce the surface retention of the tissue in order that Na-

hypochlorite can effectively decontaminate the cuttings.  The 3cm -long 

shoot apices were immersed in 100ml sterile deionised H2O 

supplemented with 2 drops of Triton-R, and were shaken well for about 

10 minutes.  The shoot apices were then rinsed with sterile deionised 

H2O for 5 minutes before being dipped in 0.05% (v/v) Na-hypochlorite 

solution for 10 minutes, and were rinsed again with sterile deionised 

H2O for another 5 minutes.   

In the laminar air flow cabinet the explants were excised  1cm 

long with a median node, and were dried on a sterile filter paper.  

Shortly afterwards they were vertically cultured onto the prepared media, 

and the information on the date of culture initiation and the number of 

replications were recorded on the flasks.  

For the subculture phases, the newly developed axillary shoots were 

taken out of the culture flasks, and were excised to obtain microcuttings.  

These microcuttings were directly cultured onto fresh media without 

surface sterilisation procedure. 
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3.2.5.  Culture maintenance 

Culture flasks (with explants) were placed in a growth chamber.  

There were seven days dark period before the cultures were exposed to 

16 hours/day photoperiod.  Two fluorescent bulbs were used to provide 

adequate light intensity.  The temperature in the growth chamber ranged 

from 20oC (minimum) to 28oC (maximum). 

There were two subcultures carried out during the shoot 

multiplication stage and one subculture at the rooting stage.  The first 

subculture was conducted when the explants were 4 weeks old on 

initiation media.  At this stage, the axillary shoots were excised into 

single node microcuttings, and were transferred onto fresh media with 

the same composition as culture initiation media.  Since all the 

treatments produced satisfactory growth of explants at the initiation 

stage, all explants were transplanted to the first subculture.  The second 

subculture was carried out 8 weeks after the first subculture due to slow 

growth of explants.  At the first subculture, the  treatments given showed 

a wide range of variability of explant growth.  Therefore, some 

treatments were discarded because of poor quality of propagules.  Only 

those with better growth performance were excised and transferred to the 

second subculture.  After 8 weeks on the second subculture, explants 

which showed satisfactory growth performance were excised to produce 

microcuttings.  These microcuttings were then transferred to the third 

subculture or rooting stage.  At this rooting stage, the media used wa s 

MS solid with half-strength macro- and micro-salts supplemented with 

1.0g/l activated charcoal and free of growth regulators.  The cultures 

were maintained for another 8 weeks for root induction.  
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3.2.6.  Acclimatisation 

There were a limited number of explants forming roots at the 

rooting stage (APPENDIX IX).  Acclimatisation was carried out for all 

treatments which showed a good shoot growth regardless of the root 

formation.  There were only 8 treatments that can be transplanted to 

polystyrene trays with 4 x 4cm cells:  0.57µM IAA + 2.22µM BAP, 

0.57µM IAA + 4.44µM BAP, 2.85µM IAA + 2.22µM BAP, 5.71µM IAA + 

2.22µM BAP, 5.71µM IAA + 4.44µM BAP, 2.85µM IAA without BAP, 

2.22µM BAP without IAA and 4.44µM BAP without IAA.  

The medium used as a substrate in the acclimatisation procedure 

consisted of 1 part perlite P500 grade, 0.5 part sieved peat moss, 4.5 

parts medium grade pine barks (6mm) and 750g/m 3 Dolomite.  In 

addition, 0.5g/l KNO3 was applied to the medium at the time of 

transplanting.  All the equipments that were used in the acclimatisation 

procedure including pots, trays and shovels were dipped in 0.67% (v/v) 

Rophen solution for 5 minutes to surface sterilise them.  In order to 

avoid fungal disease, 0.5g/l Benlate was applied to the propagules every 

7 days by hand-spraying. 

The acclimatisation procedure consisted of 2 stages: weaning and 

hardening off.  At the weaning stage the plantlets were placed in a 

glasshouse provided with intermittent water mist spraying and 

temperature ranging from 21oC (minimum) to 25oC (maximum)  This 

was aimed at stimulating stomatal development of the plantlets.  After 

11 days in this condition, the plantlets were then exposed to hardening 

off conditions.  At this second stage the plantlets were maintained in a 

glasshouse without water mist spraying.  The temperature and light 
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conditions, however, were relatively the same for both stages. The 

percentage of surviving explants is then recorded after another 11 days.  

 

3.3.  Observation 

The culture growth and development were observed from the first 

day of culture initiation.  The data, however, were taken 4 weeks after 

culture initiation and every 8 weeks on each subculture.  In addition, 

data on the number of plantlets regenerated were recorded at the end of 

the experiment.  Parameters which were observed included: 

1. Contaminated cultures. 

2. Shoot formation, including: 

a. Number of microcuttings obtained per cultured explant (ie. on 

the first  and the second subcultures, and on root induction stage).  

b. Leaf formation, including the symptoms of vitrification and 

necrosis. 

3. In vitro rooting including: 

a. The percentage of explants forming roots at the first and the 

second subculture as affected by the application of IAA and BAP 

at different levels. 

b. The percentage of explants forming roots at the root -inducing 

stage (the third subculture) as affected by the application of 

activated charcoal and the reduction in macro- and micro-salt 

concentrations. 

4. Number of plantlets regenerated for each treatment.  

5. Number of plantlets acclimatised in the glasshouse. 

6. Number of plantlets surviving the acclimatisation process.  
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7. Callus formation, including: 

a. The percentage of explants forming callus.  

b. The structure of the callus. 

c. The colour of the callus. 
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IV.  RESULTS AND DISCUSSION 

 

4.1.  Results 

4.1.1.  Culture contamination 

The application of a pre-conditioning technique by giving 0.5g/l 

Benlate as a weekly treatment to the glasshouse-grown stock plants for 

eight weeks, followed by a surface-sterilisation procedure using 0.05% 

(v/v) Na-hypochlorite, resulted in 98% of explants cultured at the 

initiation stage being free of contamination.  Data of this parameter are 

presented in APPENDIX II. 

 

4.1.2.  Transferable explants 

The transferable explants were characterised by the length of the 

internodes at least 5.0mm.  These explants were excised and transplanted 

onto new media.  All explants cultured at the initiation stage produced 

shoots with satisfactory length of internodes and, therefore were 

transferable to the first subculture.  However, at the first subculture, 

explants cultured on media without growth regulators, 5.71µ M IAA alone 

and combinations of all IAA levels + 8.88µM BAP did not show 

satisfactory growth and, therefore were not transferable.  

Data of the effect of IAA and BAP concentrations on the percentage 

of transferable explants are presented in APPENDIX III.  From the analysis 

of variance (APPENDIX IV), it can be seen that the presence of BAP in the 

culture medium results in a significant effec t on this parameter.  
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However, neither the presence of IAA alone nor IAA + BAP in the 

medium significantly affects the culture growth.  

The effect of IAA and BAP concentrations and their interaction on 

the percentage of transferable explants are summarised in TABLES II, III 

and IV, respectively. 

 

TABLE II 

The effect of IAA concentrations on the percentage of transferable  

explants (data transformed (y+0.375)) 

 

Treatment Mean Number of  Difference*) 

  treatment means 

5.71µM IAA 2.66 2 3.05 

0.57µM IAA 3.43 3 3.70 

growth regulator-free 3.46 4 4.11 

2.85µM IAA 4.55 

*) 5% protection level 

 

TABLE III 

The effect of BAP concentrations on the percentage of transferable  

 explants (data transformed (y+0.375)) 

 

Treatment Mean Number of  Difference*) 

  treatment means 

8.88µM BAP 0.61 2 3.05 

growth regulator-free 2.52 3 3.70 

4.44µM BAP 5.09 4 4.11 

2.22µM BAP 6.28 

*) 5% protection level 

It can be seen in TABLE II that the multiple comparison test using 

the studentisized range method at the 5% protection level results in a non 

significant difference amongst IAA concentrations.  The highest 

percentage of transferable explants is obtained with 2.85µ M IAA, and the 

lowest with 5.71µM IAA. 
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TABLE III shows that there is a significant difference in the effect of 

BAP at 2.22µM against growth regulator-free treatment.  A significant 

different is also observed in explants cultured on medium supplemented 

with 2.22µM or 4.44µM BAP against those cultured on medium 

supplemented with 8.88µM BAP.  These results indicate that the presence 

of BAP in the culture medium markedly promotes the explant growth.  

This promotion, however, is inhibited when BAP was applied at 8.88µ M.   

 

TABLE IV 

The effect of the interaction between IAA concentrations with BAP 

 concentrations on the percentage of transferable explants  

(data transformed (y+0.375)) 

 

Treatment Mean Number of  Difference*) 

  treatment means 

growth regulator-free 0.61 2 3.05 

8.88µM BAP 0.61 2 3.05 

0.57µM IAA + 8.88µM BAP 0.61 2 3.05 

2.85µM IAA + 8.88µM BAP 0.61 2 3.05 

5.71µM IAA 0.61 2 3.05 

5.71µM IAA + 8.88µM BAP 0.61 2 3.05 

0.57µM IAA 2.96 3 3.70 

0.57µM IAA + 4.44µM BAP 3.95 4 4.11 

2.85µM IAA + 4.44µM BAP 5.20 5 4.39 

5.71µM IAA + 4.44µM BAP 5.24 6 4.63 

5.71µM IAA + 2.22µM BAP 5.97 7 4.81 

4.44µM BAP 5.97 7 4.81 

2.85µM IAA 6.08 8 4.97 

0.57µM IAA + 2.22µM BAP 6.19 9 5.11 

2.85µM IAA + 2.22µM BAP 6.33 10 5.23 

2.22µM BAP 6.66 

*) 5% protection level 

Although the ANOVA of the interaction of IAA with BAP does not 

show a significant effect on the percentage of transferable explants, the 

multiple comparison test (TABLE IV) reveals that there are some 

treatments which differ significantly at the 5% protection level.  These 
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differences are significant between explants cultured on media 

supplemented with 2.85µM IAA + 4.44µM BAP, 5.71µM IAA + 4.44µM 

BAP, 5.71µM IAA + 2.22µM BAP, 0.57µM IAA + 2.22µM BAP alone, 

2.85µM IAA + 2.22µM BAP,  2.85µM IAA alone, 2.22µM BAP and 4.44µM 

BAP alone, against those cultured on media supplemented with 0.57µM 

IAA + 0.88µM BAP, 2.85µM IAA + 8.88µM BAP, 5.71µM IAA + 8.88µM 

BAP, 5.71µM IAA alone, 8.88µM BAP alone and on medium without 

plant growth regulators.  Medium supplemented with 2.22µ M BAP 

without IAA results in the highest percentage of transferable explants.  A 

high percentage of transferable explants is also observed on the medium 

supplemented with 2.85µM IAA + 2.22µM BAP. 

Furthermore, the effect of IAA and BAP concentrations on the 

percentage of transferable explants are respectively presented in FIGURES 

IV and V. 
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FIGURE IV 

The effect of IAA concentrations on the percentage of transferable  

explants (data transformed (y+0.375)) 
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FIGURE V 

The effect of BAP concentrations on the percentage of transferable  

 explants (data transformed (y+0.375)) 

 

4.1.3.   Microcutting production 

Data of the effect of IAA and BAP concentrations on the average 

microcutting production are presented in APPENDIX V.  The analysis of 

variance (APPENDIX VI) shows that the average microcutting production 

is significantly affected by the presence of BAP in the culture medium.  

In contrast, the application of IAA does not have a significant effect on 

the average production of microcuttings.  Similarly, the interactions 

between IAA with BAP concentrations do not result in a significant 

effect on the same parameter.  

The effect of IAA and BAP concentrations and their interactions on 

the average microcutting production are summarised in TABLES V, VI 

and VII, respectively. 
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TABLE V 

The effect of IAA concentrations on the average microcutting  

production (data transformed (y+0.375)) 

 

Treatment Mean Number of  Difference*) 

  treatment means 

5.71µM IAA 1.52 2 0.68 

growth regulator-free 1.58 3 0.82 

2.85µM IAA 1.84 4 0.91 

0.57µM IAA 1.87 

*) 5% protection level 

The effect of IAA concentrations presented in TABLE V shows that 

there is no significant difference amongst the levels tested at th e 5% 

protection level of the studentisized range test.  This result, however, 

indicates  that the medium supplemented with the highest IAA level 

(5.71µM) produces a low quantity of microcutting.  Meanwhile, a high 

microcutting production is obtained on medium supplemented with the 

lowest IAA level (0.57µM). 

 

TABLE VI 

The effect of BAP concentrations on the average microcutting  

production (data transformed (y+0.375)) 

 

Treatment Mean Number of  Difference*) 

  treatment means 

8.88µM BAP 0.87 2 0.68 

growth regulator-free 1.61 3 0.82 

4.44µM BAP 2.10 4 0.91 

2.22µM BAP 2.22 

*) 5% protection level 

TABLE VI indicates that the application of BAP at 8.88µ M inhibits 

the average production of microcuttings in G. macrantha tissue culture.  

The effect of this BAP level significantly differs from other levels and 
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growth regulator-free medium.  A promotive effect is observed when 

BAP is present in the culture medium at 2.22µ M and 4.44µM. 

 

TABLE VII 

The effect of the interactions between IAA concentra tions with BAP 

concentrations on the average microcutting production  

(data transformed (y+0.375)) 

 

Treatment Mean Number of  Difference*) 

  treatment means 

5.71µM IAA + 8.88µM BAP 0.80 2 0.68 

2.85µM IAA + 8.88µM BAP 0.87 3 0.82 

8.88µM BAP 0.91 4 0.91 

0.57µM IAA + 8.88µM BAP 0.91 4 0.91 

growth regulator-free 1.02 5 0.96 

5.71µM IAA 1.03 6 1.01 

5.71µM IAA + 4.44µM BAP 2.04 7 1.05 

0.57µM IAA + 4.44µM BAP 2.08 8 1.08 

4.44µM BAP 2.12 9 1.11 

2.85µM IAA 2.14 10 1.13 

2.85µM IAA + 4.44µM BAP 2.16 11 1.16 

5.71µM IAA + 2.22µM BAP 2.21 12 1.18 

2.85µM IAA + 2.22µM BAP 2.21 12 1.18 

0.57µM IAA + 2.22µM BAP 2.23 13 1.19 

2.22µM BAP 2.25   

0.57µM IAA 2.25 

*) 5% protection level 

When IAA interacts with BAP, significant differences are then 

observed at the 5% protection level of the studentisized range test 

(TABLE VII).  The combinations which differ significantly are:  0.57µ M 

IAA + 2.22µM BAP, 0.57µM IAA + 4.44µM BAP, 2.85µM IAA + 2.22µM 

BAP,  2.85µM IAA + 4.44µM BAP, 5.71µM IAA + 2.22µM BAP, 5.71µM 

IAA + 4.44µM BAP, 0.57µM IAA without BAP, 2.85µM IAA without 

BAP, 2.22µM BAP without IAA and 4.44µM BAP without IAA, against 

0.57µM IAA + 8.88µM BAP, 2.85µM IAA + 8.88µM BAP, 5.71µM IAA + 

8.88µM BAP, 5.71µM IAA without BAP, 8.88µM BAP without IAA and 
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growth regulator-free medium.  The highest production of microcuttings 

is obtained in the culture medium supplemented with 0.57µ M IAA 

without BAP and on the medium supplemented with 2.22µ M BAP 

without IAA.  Medium supplemented with the combination of 0.57µ M 

IAA + 2.22µM BAP results in a high production of microcutting, as well 

as media supplemented with 2.85µM IAA + 2.22µM BAP and 5.71µM 

IAA + 2.22µM BAP. 

Furthermore, the effect of IAA and BAP concentrations on the 

average microcutting production are illustrated in FIGURES VI and VII, 

respectively. 
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FIGURE VI 

The effect of IAA concentrations on the average microcutting  

production (data transformed (y+0.375)) 
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FIGURE VII 

The effect of BAP concentrations on the average microcutting  

production (data transformed (y+0.375)). 

 

4.1.4.  Callus formation 

Callus formation was observed on several treatments one week after 

the first and the second subculture.  These calluses were characterised by 

being white to green in colour and compact in structure, and were raised 

from basal end of the explants.  However, 2 to 3 weeks after 

proliferation these calluses turned brown and did not show any furt her 

development.  Treatments which did not show any callus formation were 

growth regulator-free medium, media supplemented with 0.57µM IAA 

alone, 5.71µM IAA alone and 2.85µM IAA + 4.44µM BAP.  On the 

second subculture, the combination of all IAA levels + 8.88µ M BAP did 

not show any callus formation.  

Data of the effect of IAA and BAP concentrations on the percentage 

of explants forming callus can be seen on APPENDIX VII.  The analysis of 

variance (APPENDIX VIII) shows that the presence of BAP in the culture  
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medium results in a significant effect on the percentage of explants 

forming callus.  On the other hand, callus formation was neither 

significantly affected by IAA nor by the interaction between IAA with 

BAP present in the medium. 

The summary of the effect of IAA and BAP concentrations and their 

interactions on the percentage of explants forming callus are presented 

in TABLES VIII, IX and X, respectively. 

 

TABLE VIII 

The effect of IAA concentrations on the percentage of explants forming  

callus (data transformed (y+0.375)) 

 

Treatment Mean Number of  Difference*) 

  treatment means 

growth regulator-free 3.84 2 3.70 

0.57µM IAA 4.35 3 4.50 

2.85µM IAA 4.73 4 4.99 

5.71µM IAA 4.77 

*) 5% protection level 

 

TABLE IX 

The effect of BAP concentrations on the percentage of explants forming  

callus (data transformed (y+0.375)) 

 

Treatment Mean Number of  Difference*) 

  treatment means 

growth regulator-free 1.04 2 3.70 

8.88µM BAP 1.91 3 4.50 

4.44µM BAP 7.67 4 4.99 

2.22µM BAP 8.04 

*) 5% protection level 

TABLE VIII indicates that there is no significant difference on the 

percentage of explants forming callus at the 5% protection level of the 
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studentisized range test.  This result, however, shows an increase of 

callus formation as the IAA level increases.  IAA at the level up to 

5.71µM still shows a promotive effect on the percentage of explants 

forming callus. 

 

TABLE X 

The effect of the interactions between IAA concentrations with BAP 

concentrations on the percentage of explants forming callus 

(data transformed (y+0.375)) 

 

Treatment Mean Number of  Difference*) 

  treatment means 

growth regulator-free 0.61 2 3.70 

0.57µM IAA 0.61 2 3.70 

2.85µM IAA + 8.88µM BAP 0.61 2 3.70 

5.71µM IAA 0.61 2 3.70 

8.88µM BAP 1.73 3 4.50 

0.57µM IAA + 8.88µM BAP 1.73 3 4.50 

2.85µM IAA 2.32 4 4.99 

5.71µM IAA + 8.88µM BAP 3.59 5 5.34 

4.44µM BAP 5.52 6 5.62 

0.57µM IAA + 4.44µM BAP 6.19 7 5.84 

5.71µM IAA + 2.22µM BAP 6.36 8 6.04 

2.85µM IAA + 4.44µM BAP 6.55 9 6.20 

2.22µM BAP 7.51 10 6.35 

5.71µM IAA + 4.44µM BAP 8.52 11 6.49 

0.57µM IAA + 2.22µM BAP 8.86 12 6.60 

2.85µM IAA + 2.22µM BAP 9.43 

*) 5% protection level 

The effect of BAP is significantly different at concentration 2.22µ M 

and 4.44µM against 8.88µM and growth regulator-free medium (TABLE 

IX).  It can be seen that callus formation is promoted by the addition of 

2.22µM and 4.44µM BAP, but is inhibited when BAP is applied at 

8.88µM. 

Significant differences are also found amongst several 

combinations of IAA and BAP as shown in TABLE X.  They are 0.57µM 



78 

IAA + 2.22µM BAP, 2.85µM IAA + 2.22µM BAP, 5.71µM IAA + 4.44µM 

BAP and 2.22µM BAP alone, against 2.85µM IAA + 8.88µM BAP, 

0.57µM IAA without BAP, 5.71µM IAA without BAP and growth 

regulator-free medium.  The highest percentage of explants forming 

callus is obtained on medium supplemented with 2.85µ M IAA + 2.22µM 

BAP. 

Furthermore, The effect of IAA and BAP concentrations on the 

percentage of explants forming callus is illustrated in the following 

FIGURES VIII and IX. 

 

 

IAA concentration (uM)

P
er

ce
n

ta
g

e

0

1

2

3

4

5

0.00 0.57 2.85 5.71

1-st  sub 2-nd sub Average

 

FIGURE VIII 

The effect of IAA concentrations on the percentage of explants forming  

callus (data transformed (y+0.375)) 
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FIGURE IX 

The effect of BAP concentrations on the percentage of explants forming  

callus  (data transformed (y+0.375)) 

 

4.1.5.  The symptoms of leaf vitrification and necrosis and shoot elongation 

The effect of growth regulators on the occurrence of vitrification 

and necrotic symptoms is apparent in this study.  Regardless of the 

presence of IAA in the culture medium, vitreous and necrotic leaves and 

shoots were observed on cultures treated with BAP at 4.44µ M or 8.88µM.  

Along with these two phenomena, shorter internodes were also observed 

on cultures maintained under these levels of BAP, which resulted in a 

reduction in shoot length and microcutting production.  

 

4.1.6.  In vitro rooting and acclimatisation 

During the second subculture, root formation was observed on 

several explants.  This was different from the culture initiation stage and 

the first subculture stage.  This root formation, however, occurred only 
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on explants treated with 2.85µM IAA without BAP.  Roots were formed 

on 10% of the total explants cultured in this treatment.  

In addition, at the rooting stage (the third subculture), roots were 

only formed on explants originated from media supplemented with:  

0.57µM IAA + 2.22 BAP, 0.57µM IAA + 4.44µM BAP, 2.85µM IAA + 

2.22µM BAP, 2.85µM IAA + 4.44µM BAP, 5.71µM IAA + 2.22µM BAP, 

5.71µM IAA + 4.44µM BAP, 2.85µM IAA alone, 2.22 BAP alone and 

4.44µM BAP alone.  Data on the percentage of explants forming roots are 

presented in APPENDIX IX. 

Regardless of the root proliferation at the rooting stage, 10 plantlets 

which showed better growth performance from each treatment were 

selected for the acclimatisation process.  Data taken at the 

acclimatisation stage showed that the survival rate of the plantlets varied 

from 80 to 100 per cent (APPENDIX X). 

 

4.2.  Discussion 

4.2.1.  Culture contamination 

Apart from the involvement of plant growth regulators and other 

factors such as explant selection, nutrient composition and 

environmental conditions, the success of plant propagation by tissue 

culture is also determined by the success of obtaining contamination free 

cultures.  Therefore, the incidence of culture contamination becomes one 

of the parameters observed in this study.  As in the previous preliminary 

trial, the results in this study showed that the application of hypochlorite 

solution was apparently effective to surface sterilise the G. macrantha 
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nodal explants.  It was found that 98 per cent healthy cultures were 

obtained with Na-hypochlorite as a sterilisation agent.  Many workers 

have also reported the satisfactory effects of Na-hypochlorite in 

disinfecting culture materials of other plant species.  Rama and Pontikis 

(1990) obtained 70 to 80 per cent of single node explants of Olea 

europea sativa surviving the surface sterilisation with Na-hypochlorite.  

Ma et al. (1992) used this chemical to sterilise shoot tip explants of 

Ribes nigrum.  In addition, Lopez-Aranda et al. (1994) applied the same 

chemical on the runner tip cultures of Fragaria  x ananasa.  Results as 

demonstrated by Ma et al. (1992) and Lopez-Aranda et al. (1994) were 

similar to the one obtained in this G. macrantha tissue culture, where 

only 2 per cent of the explants cultured were found to be contaminated.  

Furthermore, the choice of the concentration of the chemical is also 

a crucial factor in selecting a disinfestation procedure.  Pierik (1987) 

stated that the surface sterilisation agent should effectively kill the micro 

organisms without killing the plant tissues.  In accordance with this 

statement, the weekly application of 0.5g/l Benlate may also contribute a 

positive effects in preventing severe fungal contamination on the surface 

of G. macrantha stock plant.  As a consequence, this pre-conditioning 

treatment resulted in the reduction of the severity of the surface 

disinfestation treatment, that eventually brought about a low rate of 

explant damage, and increased the mortality of micro organisms.  It can 

be assumed that the pre-conditioning treatment of glasshouse-grown G. 

macrantha plants with 0.5g/l Benlate followed by the application of 

0.05% (v/v) Na-hypochlorite for surface sterilisation contributed a high 

percentage of healthy cultures in this study.  
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4.2.2.  Transferable explants 

The number of transferable explants obtained in one stage of 

culture period will greatly determine the number of explants 

(microcuttings) that can be transferred to the subsequent subculture.  

Therefore, the multiplication rate of the in vitro-cultured plant materials 

depends a lot upon the number of transferable explants produced in a 

culture period.  This study provides evidence that the presence of growth 

regulators in the culture medium is a critical factor in the production of 

transferable explants.  Several investigators have also proven the effect 

of IAA and BAP in the tissue culture of other plant species.  It was found 

that both substances play an important role in promoting and/or 

inhibiting the growth of culture (San-Jose and Vieitez, 1992; Lopez-

Aranda et al., 1994; Pawlicki and Welander, 1994).  

Even though there is no significant effect resulted from the 

interaction between IAA with BAP, the presence of BAP alone in the 

medium significantly enhances the shoot growth and therefore, increases 

the number of transferable explants.  The level of BAP in the medium, 

however, should carefully be considered as at concentration 8.88µ M or 

higher showed a tendency to inhibit the production of transferable 

explants (TABLE III and FIGURE V).  This condition is similar to the 

phenomena of leaf vitrification and necrosis caused by the same level of 

BAP.  Data presented in TABLE III indicate a high percentage of 

transferable explants which is obtained on the cultures treated with 

2.22µM and 4.44µM BAP, which gives 6.28% and 5.09% of average 

transferable explants, respectively.  Within the combination, 2.85µ M IAA 

+ 2.22µM BAP result in the highest percentage of transferable explants 

(6.33%), followed by  0.57µM IAA + 2.22µM BAP (6.19%) (TABLE IV).  
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These results support the investigation of Berardi, Infante and Neri 

(1993) in Pyrus calleryana tissue culture, which revealed that the 

highest proliferation rate was achieved with 4.44µ M BAP, while the 

longest shoot was obtained with 2.22µM BAP on a full-strength MS 

medium.  The use of 4.44µM BAP also produced tall shoots and 

satisfactory proliferation in Malus tissue culture (Sriskandarajah et al., 

1990).  Similar shoot proliferation as obtained in this study was also 

observed in Cydonia oblonga (Vinterhalter and Neskovic, 1992), where a 

high concentration of BAP produced a good multiplication rate, but the 

buds produced were frequently vitrified.  

Although BAP at concentration higher than 4.44µ M was found to 

inhibit shoot proliferation in G. macrantha tissue, other workers reported 

that BAP concentration higher than 4.44µM might be useful to encourage 

shoot growth of other plants species such as Cucumis sativus, Brassica 

oleracea, Helianthus annuus and Aegle marmelos (Msikita et al., 1990; 

Delpiere and Boccon-Gibod, 1992; Islam et al., 1993; Pugliesi et al., 

1993). 

The enhancement of shoot proliferation in the presence of BAP was 

found by Dodds and Roberts (1985) as the consequence of an increase in 

cell division in cultured tissues.  The stimulation of cell division results 

in the increase of the number of cells that eventually increases the size 

of the tissues or organs. 

 

4.2.3.   Microcutting production 

Along with the percentage of transferable explants, the quantity of 

microcuttings produced in the shoot initiation and multiplication stage 
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also greatly determines the multiplication rate of G. macrantha cultured 

in vitro.  This study reveals a positive correlation between the number of 

transferable explants and the number of microcuttings produced on each 

treatment.  FIGURES IV and VI clearly indicate that the increase in the 

percentage of transferable explants as affected by IAA application at 

0.57 and 2.85µM is followed by an increase in microcutting production at 

the same IAA levels.  The same pattern is also shown on FIGURES V and 

VII for BAP application at 2.22 and 4.44µM. 

Although the analysis of variance does not show any significance 

on the effect of either the interaction between IAA with BAP or IAA 

alone, the presence of BAP without IAA in the culture medium provides 

a significant effect on the average microcutting production.  

TABLE VI shows a high microcutting production obtained on 

medium supplemented with 2.22µM and 4.44µMBAP (2.22 and 2.10 

cuttings per explant, respectively).  These results are significantly 

different from those cultured on medium supplemented with 8.88µ M 

BAP and growth regulator-free medium, which produce only 0.87 and 

1.61 microcuttings per explant, respectively.  Within the combination, 

the interaction between 2.22µM BAP with all levels of IAA result in a 

high quantity of microcutting production (average 2.21 - 2.23 cuttings 

per explant) (TABLE VII). 

The presence of BAP in the culture medium is absolutely important 

in controlling shoot proliferation and microcutting production in G. 

macrantha tissue culture.  The importance of BAP was also reported by 

Simpson and Bell (1989) in Fragaria tissue culture, where the 

requirement of BAP for optimum shoot proliferation varies among 

genotypes.  BAP at concentration 4.44µM along with 13.95µM kinetin 
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was reported by Sriskandarajah et al. (1990) to be effective to induce 

satisfactory shoot proliferation in Malus x domestica.  These growth 

regulators produced tall shoots with more leaves which, therefore, 

increased the production rate of microcuttings.  In this G. macrantha 

study, the optimum level of BAP for microcutting production lies 

between 2.22 and 4.44µM.  BAP concentration higher than 4.44µM is 

liable to inhibit shoot elongation, resulting in a limited number of 

microcuttings produced per explant.  

 

4.2.4.  Callus formation 

Callus proliferation on G. macrantha nodal explants is greatly 

affected by the presence of BAP in the culture medium.  This study 

proves that the optimum levels of BAP for callus induction are 2.22 and 

4.44µM.  At concentration 8.88µM BAP shows an inhibitive effect on 

callus formation.  With Acer saccharinum shoot explants, Marks and 

Simpson (1994) reported that increasing BAP level exceeding 5µ M in the 

medium further increases basal callus formation.   

The pattern of callus proliferation in this investigation is similar to 

the patterns observed on transferable explants and microcutting 

production parameters.  It seems that proliferation of callus at the basal 

end of the explant does not suppress the in vitro shoot growth of G. 

macrantha although Amin and Razzaque (1993) found that shoot 

promotion and growth of Averrhoa carambola explant is prevented by 

callus formation.  The findings in this study are probably due to the 

existence of a resting bud on each explant that becomes active when the 

apical dominance is removed and when the explant is exposed to BAP.  
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The cause of apical dominance can be attributed to the ac tion of 

basipetally transported auxin from the site of synthesis, the apex, 

mediating the inhibition of axillary bud growth (Marks and Simpson, 

1994).  Removing the apex consequently eliminating the endogenous 

auxin source, allowing the stimulation of axillary bud growth by BAP.  

Callus proliferation under the effect of IAA is different from the 

effect of BAP, and does not show any significant difference amongst the 

levels tested (TABLE VIII).  FIGURE VIII illustrates callus proliferation as 

affected by the presence of IAA in the culture medium.  The increase of 

IAA concentration up to 5.71µM is consistently followed by the increase 

in callus proliferation.  This investigation reveals that IAA level up to 

5.71µM is still effective to stimulate callus formation at the basal end of 

G. macrantha nodal explants.  These calluses turned brown and showed 

no further development after 2 - 3 weeks of proliferation.  Mohamed, 

Coyne and Read (1993) observed similar callus proliferation at the basal 

end of shoot tip explants of Phaseolus vulgaris which turns brown and 

die within 6 weeks of the primary culture period.  

No significant difference is detected for callus proliferation under 

the influence of IAA alone and under the influence of the interaction 

between IAA with BAP.  This is probably because the combination of 

these types of growth regulators are less effective for callus induction.  

Pierik (1987) stated that amongst auxin types, IAA is less effective for 

callus proliferation than other types of auxin.  Greene and Davis (1990) 

found that the combination of IAA + BAP is less effective for callus 

induction in Fragaria vesca tissue culture compared to NAA + BAP or 

2,4-D + BAP.  Other workers had also pointed out the ineffectiveness of 
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IAA and its combination with BAP for inducing callus formation in 

Citrus junos (Song, Oh and Park, 1991). 

 

4.2.5.  The symptoms of leaf vitrification and necrosis and shoot elongation 

The vitreous and necrotic leaf symptoms are common phenomena 

which are associated with in vitro cultured materials.  It seems that the 

occurrence of these two phenomena in this study is closely related to the 

level of BAP concentrations in the culture medium.  This study reveals 

that higher concentrations (4.44µM or more) of BAP in the culture 

medium result in the increase in the number of vitreous and necrotic 

leaves.  In contrast, when the concentration of BAP is less than 4.44µ M 

there is less frequency of leaf vitrification and necrotic symptoms.  A 

similar symptom of vitrification was reported by Pasqualetto , 

Zimmerman and Fordham (1986) in Malus cv. Gala tissue culture, where 

4.44µM BAP produces higher vitrification than 2.22µM BAP.  IAA, 

however, seems to be less involved in the incidence of these two 

phenomena.  This result supports the study conducted by Werner and Boe 

(1980) in shoot cultures of Malus and by Hosoki and Tahara (1993) in 

Salvia leucantha. 

The results obtained in this study and supported by the evidence 

found by previous investigators in other woody species indicate that the 

phenomenon of leaf vitrification in G. macrantha tissue culture is caused 

by high levels of BAP concentration in the culture medium.  

Along with vitrification, leaf necrotic symptoms are also observed 

on explants cultured on the medium supplemented with 4.44 or 8.88µ M 

BAP.  This result is consistent with the investigation carried out by 
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Arena and Caso (1993) in shoot explants of Prunus, where the addition 

of BAP at 4.44µM resulted in vitreous shoots with necrotic leaves and 

apices.  With Cydonia oblonga, Vinterhalter and Neskovic (1992) 

reported that the incidence of necrosis is related to a high concentration 

of BAP in the medium.  This phenomenon is a serious disadvantage in 

the in vitro culture of this species, causing either death of shoots or 

bursting of lower axillary buds.  Shortening the period of subculture 

from 4 - 6 to 3 weeks might prevent this apical necrosis, but shorter buds 

were then produced. 

It can be seen in this study that a high concentration of BAP does 

not only result in vitreous and necrotic leaves, bu t also in a reduction of 

shoot length  producing a low quantity of transferable explants and 

microcutting production.  It is assumed that 8.88µ M BAP was too high 

for satisfactory growth of G. macrantha nodal cuttings cultured in vitro.  

As a consequence, it sharply influences the multiplication rate because 

the regenerated axillary shoots have a very short internodes that were 

difficult to excise and culture (FIGURE VII).  Kyte (1983) stated that the 

multiplication rate of cultured tissues can be promoted by increasing the 

cytokinin level in the culture medium, but it may result in the reduction 

of shoot length.  The evidence in this study is similar to the ones found 

by Vinterhalter and Neskovic (1992) in Cydonia oblonga and by Moretti 

et al. (1992) in Pyrus, where the presence of high levels of BAP in the 

culture medium increased the proliferation rate, but reduced the number 

of shoots with normal leaves.   Similarly, Lopez-Aranda et al. (1994) 

noted that in Fragaria tissue culture, the length of axillary shoots 

decreased markedly with the increase of BAP levels in the culture 

medium. 
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4.2.6.  In vitro rooting and acclimatisation 

Apart from environmental factors such as temperature, light and 

relative humidity, a successful acclimatisation of in vitro-derived 

plantlets can be greatly determined by the in vitro root formation before 

transplanting.  The importance of root proliferation in cultured materials 

is clear since roots play an important role in water and mineral uptake.  

Different from in vitro conditions where water and nutrients are 

available in ready to use forms and can be absorbed through the tissue 

surface, in vivo conditions require complete function of the root system 

to enable water and ion transport.  

The effect of growth regulators on in vitro rooting of G. macrantha 

was observed only 10% in those explants cultured on medium 

supplemented with 2.85µM IAA alone for the second subculture.  Root 

formation was also observed on several explants cultured on medium 

supplemented with 1g/l activated charcoal without growth regulators at 

the rooting stage.  This finding suggested that rooting seems to be 

dependent upon the shoots formation of G. macrantha being actively 

growing.  With Acer saccharinum, Marks and Simpson (1994) showed 

that axillary shoot cultures which have formed a terminal bud proved to 

be difficult to root.   

APPENDIX IX shows that most explants originating from each 

growth regulator treatment do not produce any root system when 

transferred to half-strength MS medium supplemented with 1.0g/l 

activated charcoal.  A similar result was also reported by Berardi  et al. 

(1993) in Pyrus calleryana tissue culture.  They pointed out that the 

presence of activated charcoal in the culture medium does not 

significantly affect the in vitro rooting of this species.  However, during 
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acclimatisation the number of rooted microcuttings increases.  This 

result is also similar to the one observed in  G. macrantha tissue culture, 

where 80 - 100 per cent of plantlets transplanted without root systems 

survived acclimatisation. 

Other workers have also found that the supplementation of the 

culture medium with activated charcoal had no significant effect on root 

proliferation and plantlets acclimatisation.  Bach (1988) reported that at 

low concentration the charcoal stimulates the culture growth during 

initial and proliferation phases, but at 5g/l it slows down the adventitious 

bud development of Iris x hollandica.  Lee et al. (1990) found that the 

addition of charcoal reduces the percentage of explants forming roots 

and the number of roots per explant in Malus tissue culture.  Activated 

charcoal may also cause premature germination in Cucumis sativus 

somatic embryos (Ladyman and Girard, 1992) and has a deleterious 

effect on embryogenesis of Foeniculum vulgare (Song, Oh and Cho, 

1993).  Kevers et al. (1993) observed less root formation in Kalmia 

latifolia shoots cultured in vitro in the presence of activated charcoal.  

These shoots, however, produced uniform plantlets at the 

acclimatisation. 

The benefit of using activated charcoal in root induction was 

reported by Choi and Chung (1989) for Cymbidium kanran orchid.  

Squires, Langton and Fenlon (1991) also found that the success of 

acclimatisation of Narcissus is enhanced by incorporating activated 

charcoal in the root-inducing medium which is free of growth regulator.  

It is assumed that the application of activated charcoal at a 

concentration lower than 1.0mg/l along with the presence of growth 

regulators is required to stimulate root formation in G. macrantha 
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explants.  Damiano et al. (1989) suggested the use of GA3 along with 

activated charcoal in order to obtain a higher percentage of rooting in 

Lisianthus russellianus .  In addition, Rathore, Tandon and Sekhawat 

(1991) recommended the use of 0.5mg/l activated charcoal plus 10.74µ M 

NAA and 0.46µM kinetin to obtain a better root formation in Nepenthes 

khasiana cultured on a half-strength MS medium. 

At the acclimatisation stage, Samartin (1991) found that the use of 

a mixture of fine sand and peat as a substrate gives a satis factory result 

in the transplantation of Camellia sansaqua plantlets.  Moreover, Ma et 

al., (1992) recommended the use of vermiculite with a minor 

modifications for the acclimatisation of Ribes nigrum plantlets obtained 

from in vitro culture.  Results in this study indicate that the mixture of 

perlite, peat moss and medium size pine bark resulted in a satisfactory 

survival rate of acclimatised plantlets, 96.25 per cent (APPENDIX X).  

This is because the mixture has the advantages of maintaining a stable 

moisture, temperature and aeration regime.  

This investigation is the first attempt at the propagation of G. 

macrantha via tissue culture technique in order to develop a practical 

procedure for commercial production.  A brief schematic procedure for 

producing plantlets of G. macrantha is illustrated in APPENDIX XI.  This 

in vitro culture presents a range of favourable options for a program of 

rapid mass propagation of G. macrantha.  It may also be of value in the 

conservation of this species.  
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V.  CONCLUSION 

 

Based on the results obtained in this study, the following 

conclusions can be made: 

1. Mass propagation of G. macrantha by tissue culture technique is 

made possible using single node explants.  

2. The presence of growth regulators in the cul ture medium, 

particularly BAP at 2.22µM, greatly enhances the multiplication rate, 

whereas IAA has no significant effect.  The best combination of 

these growth regulators that give satisfactory growth of G. 

macrantha cultured in vitro is 0.57µM IAA + 2.22µM BAP. 

3. The summary graphs of the effect of IAA and BAP concentrations on 

the percentage of transferable explants, the average microcutting 

production and the percentage of explants forming callus are as 

follow: 
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Note on growth regulator concentrations:  

1 = IAA 0.00µM;  BAP 0.00µM 3 = IAA 2.85µM;  BAP 4.44µM 

2 = IAA 0.57µM;  BAP 2.22µM 4 = IAA 5.71µM;  BAP 8.88µM 

 

4. The supplementation of a half-strength MS medium with 1g/l 

activated charcoal is not effective to promote root formation on in 

vitro-derived G. macrantha microcuttings. 
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Further investigation of G. macrantha tissue culture is 

recommended, with particular regard to the following aspects:  

1. A wider range of IAA concentrations and  a narrower increment of 

BAP concentrations. 

2. Incorporating auxin in the rooting medium as well as the activated 

charcoal supplement in order to promote root proliferation.  
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APPENDIX I 

 

Mineral salts composition of Murashige and Skoog's (1962) revised  

medium (MS), pH is adjusted 5.78 - 5.82 with KOH or HCl  

(see Materials and Methods) 

 

   Usage 

Stock Elements per litre stock ------------------------- 

   stock per litre medium 

A NH4NO3 82.500g 20ml 1,650.000mg 

B KNO3 95.000g 20ml 1,900.000mg 

C KH2PO4 34.000g 5ml 170.000mg 

 H3BO3 1.240g  6.200mg 

KI 0.166g  0.830mg 

Na2MoO4 . 2 H2O 0.050g  0.250mg 

CoCl2 . 6 H2O 0.005g  0.025mg 

D CaCl2 . 2 H2O 88.000g 5ml 440.000mg 

E MgSO4 . 7 H2O 74.000g 5ml 370.000mg 

MnSO4 . 4 H2O 4.460g  22.300mg 

ZnSO4 . 4 H2O 1.720g  8.600mg 

CuSO4 . 5 H2O 0.005g  0.025mg 

F Na2EDTA  7.460g 5ml 37.300mg 

FeSO4 . 7 H2O 5.560g  27.800mg 

 

Organic constituents of G. macrantha tissue culture medium: 

myo-inositol 10.000g 10ml 100.000mg 

Nicotinic acid 0.050g  0.500mg 

Pyridoxine-HCl 0.050g  0.500mg 

Thiamine-HCl 0.010g  0.100mg 

Glycine  0.200g  2.000mg 

Indole-3yl-acetic acid (IAA) 0.57 - 5.71µM 

6-benzylaminopurine  (BAP) 2.22 - 8.88µM 

Sucrose  -  30,000.000mg 

Agar  -  8,000.000mg 
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APPENDIX II 

 

The percentage of contaminated explants at culture initiation stage as 

affected by 0.05% Benlate as a weekly treatment to the glasshouse -grown 

plants, followed by a surface sterilisation procedure using  

0.05% Na-hypochlorite 

 

BAP conc.  IAA conc.  (µM) Total 

 (µM) 0.00 0.57 2.85  5.71  

0.00 cultured 25 25 25 25 100

 contaminated 0 0 0 2 2 

2.22 cultured 25 25 25 25 100 

 contaminated 1 2 0 0 3 

4.44 cultured 25 25 25 25 100 

 contaminated 0 0 0 0 0 

8.88 cultured 25 25 25 25 100 

 contaminated 2 0 1 0 3 

 

Total cultured 100 100 100 100 400 

 contaminated 3 2 1 2 8 

 percentage     2.00 
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APPENDIX III 

 

Data on the effect of IAA and BAP concentrations on the percentage of  

 transferable explants (transformed (y+0.375)) 

 

BAP conc. IAA conc. (µM) Total Average 

 (µM) 0.00 0.57 2.85  5.71  

0.00 1 0.612 2.480 5.806 0.612 9.510 2.378 

 2 0.612 3.077 6.354 0.612 10.655 2.664 

 

Total  1.224 5.557 12.160 1.224 20.165 5.041 

Average  0.612 2.779 6.080 0.612 10.083 2.521 

2.22 1 5.380 5.380 5.037 4.703 20.500 5.125 

 2 7.929 6.996 7.613 7.237 29.775 7.444 

 

Total  13.309 12.376 12.650 11.940 50.275 12.569 

Average  6.655 6.188 6.325 5.970 25.138 6.284 

4.44 1 4.308 3.146 3.829 2.894 14.177 3.544 

 2 7.633 4.753 6.575 7.584 26.545 6.636 

 

Total  11.941 7.899 10.404 10.478 40.722 10.181 

Average  5.971 3.950 5.202 5.239 20.361 5.090 

8.88 1 0.612 0.612 0.612 0.612 2.448 0.612 

 2 0.612 0.612 0.612 0.612 2.448 0.612 

 

Total  1.224 1.224 1.224 1.224 4.896 1.224 

Average  0.612 0.612 0.612 0.612 2.448 0.612 
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APPENDIX IV 

 

Analysis of variance (ANOVA) of the effect of IAA and BAP  

concentrations on the percentage of transferable explants  

(transformed (y+0.375)) 

 

Variation Source   df SS MS        F F crit P-value 

IAA 3 9.74 3.25 1.57 3.24 0.23 

BAP 3 156.14 52.05 25.24* 3.24 0.00 

Interaction 9 35.02 3.89 1.89 2.54 0.13 

Error 16 33.00 2.06    

Total 31 233.89     

* Significant at 5% level of confidence  



117 

APPENDIX V 

 

Data on the effect of IAA and BAP concentrations on the average  

 microcutting production (transformed (y+0.375)) 

 

BAP conc. IAA conc. (µM) Total Average 

 (µM) 0.00 0.57 2.85  5.71  

0.00 1 1.837 2.021 1.951 1.875 7.684 1.921 

 2 0.612 2.424 2.318 0.612 5.966 1.491 

 3 0.612 2.318 2.137 0.612 5.679 1.420 

Total  3.061 6.763 6.406 3.099 19.329 4.832 

Average  1.020 2.254 2.135 1.033 6.443 1.611 

2.22 1 2.092 1.837 1.951 1.914 7.794 1.949 

 2 2.318 2.491 2.424 2.318 9.551 2.388 

 3 2.353 2.357 2.248 2.384 9.342 2.336 

Total  6.763 6.685 6.623 6.616 26.687 6.672 

Average  2.254 2.228 2.208 2.205 8.896 2.224 

4.44 1 1.875 1.837 1.541 1.986 7.239 1.810 

 2 2.264 2.208 2.716 1.969 9.157 2.289 

 3 2.219 2.208 2.208 2.151 8.786 2.197 

Total  6.358 6.253 6.465 6.106 25.182 6.296 

Average  2.119 2.084 2.155 2.035 8.394 2.099 

8.88 1 1.495 1.495 1.395 1.173 5.558 1.390 

 2 0.612 0.612 0.612 0.612 2.448 0.612 

 3 0.612 0.612 0.612 0.612 2.448 0.612 

Total  2.719 2.719 2.619 2.397 10.454 2.614 

Average  0.906 0.906 0.873 0.799 3.485 0.871 
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APPENDIX VI 

 

Analysis of variance (ANOVA) of the effect of IAA and BAP  

concentration on the average microcutting production  

(transformed (y+0.375)) 

 

Variation Source   df SS MS          F F crit P-value 

IAA 3 1.17 0.39      2.35 2.90 0.09 

BAP 3 13.54 4.51    27.27*   2.90 0.00 

Interaction 9 3.00 0.33      2.01 2.19 0.07 

Error 32    5.30 0.17    

Total 47     23.01     

* Significant at 5% level of confidence  
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APPENDIX VII 

 

Data on the effect of IAA and BAP concentrations on the percentage of  

 explants forming callus (transformed (y+0.375)) 

 

BAP conc. IAA conc. (µM) Total Average 

 (µM) 0.00 0.57 2.85  5.71  

0.00 1 0.612 0.612 2.950 0.612 4.786 1.197 

 2 0.612 0.612 1.696 0.612 3.532 0.883 

 

Total  1.224 1.224 4.646 1.224 8.318 2.080 

Average  0.612 0.612 2.323 0.612 4.159 1.040 

2.22 1 7.584 9.778 9.149 4.215 30.726 7.682 

 2 7.441 7.952 9.712 8.507 33.612 8.403 

 

Total  15.025 17.730 18.861 12.722 64.338 16.085 

Average  7.513 8.865 9.431 6.361 32.169 8.042 

4.44 1 3.077 6.575 6.007 7.770 23.429 5.857 

 2 7.971 5.806 7.098 9.278 30.153 7.538 

 

Total  11.048 12.381 13.105 17.048 53.582 13.396 

Average  5.524 6.191 6.553 8.524 26.791 6.698 

8.88 1 2.840 2.840 0.612 6.575 12.867 3.217 

 2 0.612 0.612 0.612 0.612 2.448 0.612 

 

Total  3.452 3.452 1.224 7.187 15.315 3.829 

Average  1.726 1.726 0.612 3.594 7.658 1.914 
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APPENDIX VIII 

 

Analysis of variance (ANOVA) of the effect of IAA and BAP  

concentrations on the percentage of explants forming callus  

(transformed (y+0.375)) 

 

Variation Source   df SS MS      F  F crit P-value 

IAA 3 4.46 1.49     0.40 3.24 0.69 

BAP 3 288.10 96.03   31.63* 3.24 0.00 

Interaction 9 30.51 3.39     1.12 2.54 0.41 

Error 16 48.58 3.04    

Total 31      

* Significant at 5% level of confidence  
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APPENDIX IX 

 

The percentage of explants forming root at the root -inducing stage as  

affected by 0.1% activated charcoal (Sigma ®, neutralised) and by the 

reduction in macro- and micro-salts concentrations 

 

BAP conc.  IAA conc.  (µM) Total 

 (µM) 0.00 0.57 2.85  5.71  

0.00 cultured 0 1) 5 67 0 1) 72 

 rooting 0 0 0 0 0 

2.22 cultured 129 88 89 69 375 

 rooting 26 0 14 32 72 

4.44 cultured 50 9 27 17 103 

 rooting 18 0 5 0 23 

8.88 cultured 0 1) 0 1) 0 1) 0 1) 0 

 rooting 0 0 0 0 0 

 

Total cultured 179 102 183 86 550 

 rooting 44 0 19 32 95 

 percentage     17.27 

1) data not available because all cultures in the treatment were not 

satisfactory to be transferred either to the second or to the third 

(rooting) subculture 
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APPENDIX X 

 

The percentage of surviving explants at acclimatisation  

(22 days after transplantation) 

 

BAP conc.  IAA conc.  (µM) Total 

 (µM) 0.00 0.57 2.85  5.71  

0.00 transplanted 0 1) 0 2) 10 4) 0 1) 10 

 survive 0 0 8 0 8 

2.22 transplanted 10 3) 10 4) 10 3) 10 3) 40 

 survive 9 10 10 10 39 

4.44 transplanted 10 3) 0 2) 10 3) 10 4) 30 

 survive 10 0 10 10 30 

8.88 transplanted 0 1) 0 1) 0 1) 0 1) 0 

 survive 0 0 0 0 0 

 

Total transplanted 20 10 30 20 80 

 survive 19 10 28 20 77 

 percentage     96.25 

1) data not available because all cultures in the treatment were not 

satisfactory to be transferred either to the second or to the third 

(rooting) subculture 

2) data not available because of poor quality of plantlets growth during 

the third (rooting) subculture 

3) some of plantlets were transplanted without root  

4) all of plantlets were transplanted without root  
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APPENDIX  XI 

The schematic illustration of Guichenotia macrantha 

tissue culture procedure 

 

 
Glasshouse grown-plants

Stock materials

(young shoots with 2 - 3 nodes)

Na-hypochlorite 0.05%

Single node cuttings

4 weeks

Axillary shoots

Multiple shoot Microcutting

Axillary shoots

Multiple shoot Microcutting

Multiple shoot Microcutting

Axillary shoots

Root induction

Plantlets with roots Plantlets without roots

Acclimatisation

8 weeks

8 weeks

Half-strength MS

No growth regulator

Full strength MS

No charcoal

0.57 - 5.71uM IAA

2.22 - 8.88uM BAP

8 weeks

Benlate 0.5mg/l (weekly)

1g/l charcoal

 
 

 


