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Abstract

Plant tissue culture involves the culture of all types of plant cells, tissues and organs under aseptic
conditions. This definition also extends to the culture of excised embryos and to protoplast culture.
An overview of tissue culture techniques and their applications in plant propagation and genetic
improvement of plants is presented. The areas under review include: (1) embyro culture, (2) meristem
culture, (3) micropropagation, (4) somatic embryogenesis, (5) somaclonal variation, (6) in vitro selection,
(7) anther culture and (8) protoplast culture. Problems and limitations of each of the techniques are
also discussed. Examples are given of work that has been undertaken or that is currently in progress
on the application of these techniques to the improvement of Queensland’s subtropical horticultural
industries. Key examples are: (1) embryo culture to facilitate incorporation of genes conferring disease-
resistance from wild Cucurbita species into cultivated varieties, (2) meristem culture for virus elimination
in strawberries (Fragaria X ananassa) and sweet potato (Ipomoea batatas), (3) micropropagation for
rapid increase in new varieties of ginger (Zingiber officinale) and pineapple (Ananas comosus) to enable
more rapid field evaluation and early release, (4) micropropagation of disease-free, genetically uniform
planting material of superior female papaya (Carica papaya) selections and banana (Musa spp.)
selections and (5) the use of somaclonal variation and gamma-irradiation for the genetic improvement
of banana. Finally, future opportunities for the utilisation of tissue culture in plant propagation and
improvement in Queensland’s horticultural industries are summarised.

Introduction

Plant tissue culture has an important role to play in the manipulation of plants for
improved agronomic performance. Plant tissue culture is an integral part of molecular
approaches to plant improvement and acts as an intermediary whereby advances made
by the molecular biologists in gene isolation and modification are transferred to plant
cells. The transformed plants that are regenerated in culture can then be evaluated by the
geneticist and plant breeder (Fig. 1). Tissues of many plants species are difficult to culture
and require optimisation of in vitro growing conditions. Therefore there continues to be an
urgent need for extensive work in the field of basic tissue culture methods for many crop
plants before any practical utilisation of molecular biology approaches in agriculture can
be achieved.

Many papers in this issue deal with molecular approaches to study basic plant functions
and for cultivar improvement. This review is intended to highlight those tissue culture
techniques that are currently being applied to plant propagation and improvement. We wish
to comment on the role of tissue culture and discuss the advantages and disadvantages of
particular tissue culture techniques. Specific examples are given of work that has been
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undertaken, or that is currently in progress, on the application of these techniques to the
improvement of Queensland’s subtropical horticultural industries. While many of the
techniques are well established, the examples provide tangible evidence of the role tissue
culture has played and will continue to play in the development of agricultural industries.

MOLECULAR BIOLOGY TISSUE CULTURE BREEDING AND GENETICS
gene transfer D plant regeneration D

Protoplast, cell, callus Characterisation, selection and
and emnbryo cutture development of culiivars

Gene identification, isolation,
modification and regulation

Fig. 1. The role of tissue culture for the genetic improvement of plants and its interaction with
molecular biclogy and plant breeding.

Review of Plant Tissue Culture Technigues and their Applications

Plant tissue culture can be defined as the culture of all types of plant cells, tissues and
organs under aseptic conditions. This definition also extends to the culture of excised
embryos and to protoplast culture. There are many articles that discuss in detail the basic
procedure and methods involved in plant culture (Bhojwani and Razdan 1983; George and
Sherrington 1984; Mantell er al. 1985; Pierik 1987).

The relations between various plant tissue culture techniques are shown in Fig. 2. There
is appreciable overlap between different techniques so that success in one research area is
very much dependent on success in other areas (i.e. a system for reliably regenerating
plants from callus cultures would appear to be a pre-requisite if plants are to be obtained
from protoplasts or if successful gene transfer at the cell level is to be exploited at the whole
plant level). The tissue culture techniques and applications reviewed include: (1) embryo
culture, (2) meristem culture, (3) micropropagation, (4) somatic embryogenesis, (5) soma-
clonal variation, (6) in vitro selection, (7) anther culture and (8) protoplast culture (Table 1).

(1) Embryo Culture

Embryo culture was one of the first tissue culture techniques to be applied to plant
breeding. It involves the removal of the embryo from the seed and subsequent growth
in vitro until the developing plant can be transplanted to soil and grown to maturity.
Usually, late-stage embryos are used for embryo culture but attempts have been made to
culture early-stage embryos (i.e. globular and heart-shaped stages) and even unfertilised
ovules (Tilton and Russell 1984). Late-stage embryos can usually be cultured on simple
nutrient media but, as more immature embryos are cultured, the hormone and growth factor
requirements become more specific and success is less frequent.

The purpose of embryo culture, in most applications, is to recover plants (embryos)
during attempts at wide hybridisation by sexual crosses between distantly related plants
(Williams et al. 1982). The incompatibility, in many cases, is caused by breakdown of the
endosperm which nourishes the developing embryo. By ‘rescuing’ an embryo and growing
it on an appropriate medium, a plant can be grown to maturity (Collins and Grosser 1984).
The primary reason for attempting wide crosses is the transfer of desired traits (e.g. disease
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Fig. 2. Relationships between various plant tissue culture techniques.

resistance, stress tolerance) from distantly related species to cultivated varieties. Embryo
culture has been applied successfully with interspecific crosses in cotton, tomato, barley,
rice, cabbage, melons, beans and jute (Raghavan 1976). It has also been successful in
some intergeneric crosses such as barley X rye, wheat X rye and wheat X Elymus
(Raghavan 1976).

Embryo culture is also used to break dormancy in seeds, thereby shortening the breeding
cycle by months or even years (Randolph 1945). It can also be used when important seed
lots have lost viability during storage and have poor germination (Biggs ef al. 1986).

The culture of unfertilised ovules and ovaries with subsequent fertilisation in vitro is
another approach to the problem of wide hybridisation (Tilton and Russell 1984), although
it is technically much more difficult than embryo culture. Success was first demonstrated
with opium poppy (Kanta et al. 1962). With further understanding of the process of
fertilisation in plants, and of the factors that influence incompatibility, these techniques
may have greater application in the future.
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(2) Meristem Culture

Meristem culture was pioneered by Morel (1960) and usually involves the removal of the
meristem with two or three leaf primordia and subsequent culture on a nutrient medium.
The meristem is a dome of actively dividing cells, about 0-1 mm in diameter and 0-25 mm
long. Endogenous contaminants do not easily invade or rapidly multiply in the meristem,
often resulting in the formation of a disease-free plant. When combined with micro-
propagation techniques, large numbers of disease-free plants may be produced from
meristematic explants.

Meristem culture has been used successfully in the elimination of viruses from plants
(e.g. garlic, taro, strawberry, potato, sugarcane) (Quak 1977) and is now used routinely for
the eradication of many viral diseases from plant material.

(3) Micropropagation

Micropropagation can be considered as an extension of the more traditional methods
of plant propagation. Its aim is the rapid, clonal multiplication of superior genotypes of
disease-free and pest-free plants.

Buds from a desired plant are placed on an appropriate culture medium under specific
growth conditions to enhance production of axillary shoots. Subculture of the buds and
shoots is repeated until many plants are produced all having the genetic characteristics of
the original plant (Hussey 1978, 1983).

One of the principal applications of micropropagation is the mass propagation of
superior plants. In many instances conventional propagation is a slow process during which
disease and pest problems can limit production. Micropropagation offers the potential to
produce thousands, or even millions, of plants per annum but is usually limited by the
numbers that can be handled. In many cases the rapid increase serves as a valuable initial
boost for the establishment of large populations prior to multiplication by conventional
means (Damiano ef al. 1983).

Micropropagation also provides a means of germplasm storage for maintenance of
disease-free stock (Wilkins and Dodds 1983; Withers 1989). Space requirements are small
and plants can be grown in a controlled environment free from the vagaries of weather,
diseases and pests which constantly threaten field genebanks, Conditions can also be created
in which the growth rate is slowed to minimise subculture requirements. When new stock
is required, subculture can be resumed under optimal growth conditions. An extension of
this approach has been the cryopreservation of meristems whereby germplasm may be stored
indefinitely in liquid nitrogen (Kartha 1985).

(4) Somatic Embryogenesis

Somatic embryogenesis refers to the development of embryo-like structures from cells of
somatic (non-sexual) origin. It is sometimes regarded as an advanced micropropagation
technique but there are several advantages of recovery of plants from cells via somatic
embryogenesis compared with micropropagation. Somatic embryos can be produced from
cells growing in suspension, thereby making possible batch culture techniques which can be
scaled-up with minimum handling costs. The multiplication rate in some plants (e.g. carrots,
tobacco, potato, celery) (Narayanaswamy 1977) is very high and in the case of carrots, celery
and tomato the embryos have been encapsulated and treated as artificial seeds (Ng 1986;
Redenbaugh er a/. 1987). Plant Genetics, Inc. has patented a process of producing synthetic
seeds by encapsulating embryos in a biodegradable polymer (Gebhart 1985) and several of
the large timber and paper companies in the USA are exploring the potential of somatic
embryogenesis with conifers (Karnosky 1981).

Although callus production is relatively easy for most plant species, regeneration from
unorganised cells, such as callus and cell suspensions, is usually a more difficult process.
In addition, there are some important considerations involved with the use of somatic
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embryogenesis for the rapid clonal multiplication of an important plant. There are numerous
reports that show that regeneration from callus and cell suspensions may lead to genetic
variation in regenerated plants. This variation from tissue cultured plants has been termed
somaclonal variation (Larkin and Scowcroft 1981, see below). It is important, therefore,
that more research be conducted to understand the molecular basis of the genetic changes
produced during the artificial culture of cells and some caution must be exercised in the
use of somatic embryogenesis as a cloning technique.

Somatic embryogenesis is preferred to organogenesis as a method for regenerating plants
from cell culture, especially in conjunction with in vitro selection and anther culture.
The main reason is that the whole plant develops from the somatic embryo and only
requires growth to maturity. When organogenesis occurs, shoots or roots develop from
callus and induction of the complementary structures frequently requires different culture
requirements and media formulations. This can sometimes be achieved only with difficulty
or not at all.

(5) Somaclonal Variation

The variation that occurs in a population of plants is of paramount importance in plant
breeding and all of our cultivated crops were founded by exploiting the variation that exists
in populations of plants to create suitable varieties and hybrids. The use of plant tissue
culture to produce somaclonal variants is one means of generating variation that may be
needed, and lacking, in a breeding program. This is particularly true in a species that is
traditionally propagated asexually or for which only few cultivars are available.

Deliberate attempts to induce changes in plants by mutagens (Micke 1987) and changes
in the ploidy by the use of colchicine (Burnham 1962) have been underway for the last
50 years. Utilising somaclonal variation follows on from mutation breeding approaches and
involves the ability to change one or a few characters of an otherwise outstanding cultivar
without altering the remaining, and often unique, part of the genotype.

Although most changes are deleterious or of no commercial value, there are some
instances where somaclonal variation has produced agriculturally useful changes in the
progeny [e.g. sugarcane—increases in cane and sugar yield, and resistance to eye-spot
disease (Heinz ef al. 1977); potato —improvement of tuber shape, colour and uniformity, and
late blight resistance (Shepherd ef a/. 1980); tomato — increased solids, resistance to Fusarium
race 2 (Evans 1989)]. Despite these successes we are unaware of any commercial cultivar
releases from these programs at this time.

Stability of the altered phenotype is an important consideration. For instance, eye-spot
disease resistance in sugarcane induced through somaclonal variation was lost after 10 years
of asexual propagation (Maretzki 1987), indicating epigenetic variation. Stable genetic
changes can also be induced through somaclonal variation and be inherited in a Mendelian
fashion, as indicated from work with tomato (Evans and Bravo 1986). Studies such as these
indicate that once new variants are identified they need to be rigorously field tested in
replicated plots to ascertain genetic stability.

One of the limitations of mutation breeding is the number of individuals that must be
examined before those with desirable characteristics are identified. If a selection pressure
can be applied to a large population of somatic cells to uncover a desired phenotype
(i.e. in vitro selection, see below) then the number of plants that eventually require field
evaluation would be decreased and more direction built into a program.

(6) In vitro Selection

In vitro selection is a useful tool in identifying plants which are resistant or tolerant
to stresses produced by phytotoxins from pathogens, herbicides, cold temperature, and
aluminium, manganese and salt toxicity (Tomes and Swanson 1982; Chaleff 1983). In vitro
selection usually involves subjecting a population of cells to a suitable selection pressure,
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recovering any variant lines which have developed resistance or tolerance to the siress, and
then regenerating plants from the selected cells. This approach presumes that tolerance
operating at the unorganised cellular level can act, to some degree of effectiveness, in
the whole plant. If the tolerance has a genetic basis then the trait can be transferred to
other plants.

While straight-forward in theory there are a number of technical obstacles that must
be overcome in producing new plants through in vitro selection. In the first instance it is
important that there is a reproducible system for regenerating large numbers of plants from
unstressed cells, as the selecting agent frequently reduces the ability of the cell to regenerate
plants. Tolerance to the stress should operate at both the cellular and whole plant level so
that there is a greater chance of recovering desirable plants. Unfortunately, many of the
agriculturally important traits are multi-genic and depend on the structural and physiological
integrity of the whole plant. Traditional breeding and selection, at the whole plant level,
has been successful in incorporating many of these traits into cultivated varieties. In vitro
selection will complement these traditional methods and should be of most use where no
natural resistance is found within a species, or where conventional breeding practices are
difficult within a species.

(7) Anther Culture

Much of the rapid progress in the field of microbial genetics can be attributed to the
haploid nature of many micro-organisms, whereas in higher plants (which are diploid or
polyploid) similar investigations have been encumbered by the problems of dominance
and segregation. Natural haploids of higher plants are rare and restricted to a few species
(e.g. tobacco, cotton, maize, rice) (Kimber and Riley 1963). Geneticists and plant breeders
have therefore sought dependable methods for the production of haploid plants for the
purpose of obtaining mutants at a much higher frequency than from diploids, and also for
producing homozygous breeding lines after chromosome doubling.

Anther culture is one means of producing haploid plants (Maheshwari et al. 1980).
The technique involves the removal of anthers and/or immature pollen from a plant and
placing them on a suitable culture medium which will induce regeneration from the haploid
tissue of the microspores or pollen. The culture of unfertilised ovules is another method of
obtaining haploids (Zhu and Wu 1979). The chromosomes of the resultant plants are then
doubled to the normal diploid state using colchicine. Chromosome doubling can also occur
spontaneously.

Haploid cells are useful in in vitro selection schemes and have been used successfully to
produce plants resistant to various metabolic inhibitors, environmental stresses, herbicides
and phytopathotoxins (Chaleff 1983; Mazur and Falco 1989). Also, apart from fundamental
genetic studies with homozygous and isogenic lines, homozygous plants are important in
the production of F; hybrids which are of increasing importance in agriculture. Anther
culture offers the possibility of obtaining homozygous plants in a matter of months rather
than the years of inbreeding required by traditional breeding methods (Collins and Genovesi
1982).

Although the potential uses of haploids are apparent, the use of anther culture for the
routine production of haploids has been limited. Most progress has been with the
Solanaceous species (Hu and Zeng 1984) but with many other agriculturally important
plants, such as cereals and legumes, anther culture has been more difficult. Even when
production of haploids is possible, it is usually at a low frequency (0-1-1-0% of the anthers
cultured) and requires a considerable investment in time and labour to generate the numbers
needed for critical evaluation in a breeding program. Another difficulty lies in distinguishing
plants that regenerate from diploid somatic tissue from spontaneously doubled haploids,
although the use of pollen cultures circumvents this problem. In spite of these difficulties,
progress is being made and the routine production of haploids from a wider range of species
is increasing each year.
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(8) Protoplast Culture

Protoplasts are cells from which the cell wall has been removed by mechanical and/or
enzymatic methods. Because such cells lack a cell wall they are amenable to a number of
techniques that are not possible with plant cell cultures (Carlson 1973; Bhojwani ef al. 1977,
Shepherd et a/. 1983). Protoplasts have also been used in recombinant DNA research
for manipulation of plant genes (Caplan et a/. 1983). The techniques for gene transfer
to protoplasts and a review of protoplasts in somatic hybridisation studies are presented
elsewhere in this issue (Larkin ef al. 1990; Rose et al. 1990). We only wish to say that
regeneration of plants from protoplasts is generally more difficult to accomplish than from
cell and callus cultures. This difficulty has limited the widespread application of protoplasts
in somatic hybridisation and gene transfer studies. This has been particularly true with
cereals, which have been one of the most recalcitrant group of crop plants to culture because
of problems with developing a reproducible method of establishing cultures capable of
regeneration (Ozias-Akins and Lorz 1984; Morrish ef af. 1987). Nevertheless, successful
regeneration of whole plants from protoplasts of an increasing number of plant species is
possible (e.g. potatoes, carrots, tobacco, petunia) (Binding 1986) and the list of such plants
can be expected to grow.

Examples of Tissue Culture Applications in Queensland’s Horticultural Industries

(1) Embryo Culture for Cucurbit Improvement

In Queensland the potyvirus, papaya ringspot virus type W (PRV-W), formerly called
watermelon mosaic virus type 1 (Purcifull er al. 1984), causes a serious viral disease of
commercial cucurbit varieties. Production losses for cucurbits throughout the State are
estimated to be $8-5 million annually in a total production of 135000 t valued at $56
million. In order to reduce losses caused through deformed fruit and reduced yield it is
desirable to incorporate genetic resistance to this disease into commercially important
cultivars.

Most accessions of cultivated Cucurbita spp. lack resistance or tolerance to PRV-W
(Provvidenti et al. 1978). By contrast the wild species, C. ecuadorensis Culter & Whitaker,
is highly resistant to isolates of PRV-W in Australia as well as in the USA and France
(Provvidenti et a/. 1978; Herrington et a/. 1988b).

As part of a cucurbit virus resistance breeding program (Herrington et al. 1988a, 1989),
interspecific hybrids were produced between three species by hand pollination followed by
embryo culture (Wall and York 1960). The three species include C. maxima Duch., cv.
‘Queensland Blue’, C. moschata Duch., cv. ‘Butternut’ and C. ecuadorensis.

Currently, embryos are removed from the seed and placed on a hormone-free Murashige
and Skoog (1962) basal medium supplemented with 2% sucrose and solidified with 0-8%
Difco Bacto-agar. The cultures are incubated at 25°C with a 16 h photoperiod and cool-
white fluorescent tubes provide a photon flux density at the culture surface of 80 pmol
m~2 s7L. The use of embryo culture has been particularly useful in the cross C. moschata X
C. ecuadorensis and subsequent backcross generations where the production of seed with
well developed embryos is low to absent. Embryo culture has made it possible to obtain
plants that otherwise would not have been recovered.

Progress has been made in the selection of PRV-W tolerant C. moschata and C. maxima
phenotypes but a high level of resistance is lacking. Sufficient genetic variation exists in the
breeding populations, however, to warrant continued selection for yield and reduced severity
of symptoms on the fruit.

(2) Meristem Culture for Virus Elimination

Planting material for strawberry, Fragaria X ananassa, production in Queensland
is administered by a State-regulated scheme and approximately 1-5 million runners are
produced annually. The Department of Primary Industries is responsible for the maintenance
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of disease-free mother stock and for inspection of runners during production and prior to
sale. Meristem culture, combined with heat treatment, has played an important role in
obtaining virus-free mother plants (Drew er al. 1986).

Strawberry plants of cv. ‘Redlands Crimson’ were heat treated for 30 days at 38°C with
continuous light before transfer to a glasshouse where runner production was enhanced.
Shoot tips were removed from the runners and surface sterilised in 1% sodium hypochlorite
solution for 10 min followed by two rinses in sterile water. Meristems with 2-4 leaf
primordia were aseptically removed and cultured on a modified Adams (1972) medium,
containing 0-44 uM benzylaminopurine and 4-92 uM indole-3-butyric acid, and incubated at
25°C with an 18 h photoperiod. Yield of 6 clones of ‘Redlands Crimson’, free of mild yellow
edge virus (MYEV), and one virus infected clone were monitored for a fruiting season.
Removal of MYEV had no effect on fruit quality but uninfected clones had a 13% yield
advantage of marketable fruit over the whole season. This increase occurred during the two
fruiting flushes and was a result of more vigorous plants having the capacity to produce
more fruit. Commercial plantings of clones free of MYEV over five seasons have been
characterised by high early yields. George and Sherrington (1984) have reported other studies
that show that yield, as well as fruit quality grades, in strawberries have been found to be
markedly improved by using virus-free planting material rather than standard stock.

Meristem culture has also been used to remove virus from 12 imported cultivars of sweet
potato, Ipomoea batatas (Drew 1980a¢) and demonstrated the importance of this technique
for quarantine purposes. The ease of producing plants from meristem culture varied with
cultivars with a yellow fleshed cv. ‘Rajo Blanc’ being the most difficult. A range of mineral
combinations and hormone balances were tested for shoot and root growth in vitro.
Optimum shoot growth from meristematic shoot tips was achieved with Murashige and
Skoog (1962) medium containing 2-8 pM indole acetic acid and 4-4 yM benzylaminopurine
or 9-3 uM kinetin. Best root initiation occurred when shoots were transferred to Murashige
and Skoog medium containing 2-7 uM napthalene acetic acid with 4-6 uM kinetin.

(3) Micropropagation for Rapid Increase of New Varieties for Early Release

Micropropagation is of importance in the mass propagation of important new varieties;
however, in many instances micropropagated plants may not be the preferred form of
planting material. Pineapple and ginger are two crops traditionally propagated by vegetative
means and the hardiness of conventional forms of planting material (slips and tops for
pineapple, rhizomes for ginger) means that field establishment is much easier than with
micropropagated material. Micropropagated plants are prone to desiccation and over-
wetting of leaves can cause soft rots to develop. Both of these problems are related to poor
cuticular development on leaves grown in vitro and micropropagated plants require special
care during glasshouse establishment and hardening-off, which in turn adds to the already
high cost of this material. Micropropagation therefore has found an important niche in the
rapid initial propagation of material for establishment of field nursery areas. These nurseries
then provide conventional propagation material for field production blocks.

(i) Ginger (Zingiber officinale Rosc.)

Ginger is grown in a small farming area in south-eastern Queensland. From a total area
of approximately 150 ha, 5600 t of rhizomes are processed annually for an estimated value
of $13-5 million.

The Buderim Ginger Growers Co-Operative obtained rhizomes from three overseas sources
and plants were established in vitro and multiplied for early field evaluation. Sections of
rhizomes bearing the growing points, 10 mm?, were removed and surface sterilised in 3%
sodium hypochlorite and rinsed three times in sterile water. Bleached material was pared
and the explant embedded on Murashige and Skoog (1962) basal medium supplemented with
3% sucrose and 20 uM benzylaminopurine and solidified with 0-8% Difco Bacto-agar.
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The cultures were incubated at 28°C with a 16 h photoperiod. Cool-white fluorescent tubes
provided a photon flux density at the culture surface of 80 yumol m~2 s~!. This medium was
suitable for the multiplication of all three lines and multiplication rates of 4-5 per month
were obtained. Micropropagation enabled the industry to make an assessment of the new
material within a year from being released from Quarantine rather than the 3-4 years
required by conventional propagation.

(ii) Pineapple (Ananas comosus (L.) Merr.)

Smooth Cayenne pineapples are grown for both processing and fresh markets. The main
production areas (6500 ha) are in central and southern Queensland, where two crops are
harvested over three years from each planting. About 105 000 t of pineapples are processed
annually for a value of $35-40 million.

Fig. 3. A planting of 8100 plants of Hawaiian pineapple variety ‘Champaga’ (F180) produced in vitro
by a commercial laboratory.

Micropropagation techniques have been developed for pineapple (Drew 1980b) and are
now being used by commercial tissue culture laboratories for rapid release of new varieties
(Fig. 3). Currently, multiplication is from axillary buds removed from slips or suckers and
placed on differing media to promote establishment of the explant, single shoot growth,
shoot proliferation and root initiation. Multiplication rates as high as 30 to 50 per month
can be achieved in vitro on media containing 10 uM benzylaminopurine with 10 g™ kinetin
(Drew 1980b) compared with 4-5 per year with conventional propagation. However, the
use of high levels of cytokinins in multiplication medium has been implicated in the
induction of somaclonal variants (George and Sherrington 1984), Plantings from commercial
laboratories using a multiplication rate of 4 per month have contained a maximum of
5% variants (predominantly rough-leaved forms) from 10000 plants. This represents an
acceptable level for nursery establishment considering the advantages in rapid release of a
new variety.
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Pineapple plants, in the first generation after culture, have also been characterised by
large numbers of slips and suckers. This has been an advantage for further increases in
planting material in the nursery blocks but is a disadvantage in a fruiting crop.

(4) Micropropagation as a Source of Planting Material

(i) Papaya (Carica papaya L.)

Papaya, or papaw as it is known in Australia, is grown in coastal districts of south-
east and central Queensland and Innisfail in northern Queensland. From a total area of
approximately 500 ha, 7000 t of fruit are produced annually for an estimated value of
$7 million. Commercial plantations in Queensland consist of dioecious plants that are
overplanted and then thinned at flowering to the required ratio of 1 male : 10 female trees
which ensures maximum pollination and fruit set. Plants are grown from seed of open-
pollinated flowers resulting in a mixture of genotypes with considerable variation in disease
susceptibility and in fruit quality and yield. Variability within papaw lines remains one of
the major problems facing the industry and hinders consumer acceptance of papaws as a
fresh fruit. Micropropagation offers a technique for the production of uniform, superior
female lines.

Micropropagation techniques are available for papaw (Litz 1984; Drew and Smith 1986)
but three problems have limited the application of these techniques to commercial pro-
duction. First, tissue culture of elite genotypes entails culture of buds from proven trees in
the field. In vitro culture of mature buds is more difficult than culture of juvenile buds
(Drew and Smith 1986; Rajeevan and Pandey 1986). The second limitation is the reported
inability to sustain multiplication. Maintenance of proliferating cultures was lost after 8-13
subcultures (Litz and Conover 1981), and dominance in shoots could not be established after
12-13 subcultures on shoot proliferation medium (Rajeevan and Pandey 1986). Third, there
is a high level (>80%) of bacterial contamination in bud explants from field-grown trees
(Litz and Conover 1978), thus most cultures have to be discarded.

These problems have largely been overcome (Drew 1987, 1988; Drew and Miller 1989).
Contamination problems have been minimised by pre-treatment of cuttings established from
selected trees before axillary buds are removed for culture initiation. The stem apex is
removed from the glasshouse-grown cuttings when the plants are approximately 30 cm high
and a mixture containing 225 mg benzylaminopurine per litre of lanolin is applied to the cut
surface. This treatment promotes rapid growth of 6-8 axillary branches, and buds removed
from these new flushes of growth are less likely to be contaminated with endogenous
bacteria. Considerable attention has been given to sustaining shoot growth and multiplication
rates of cultures established from mature trees. The micropropagation procedure currently
involves initiation and multiplication on DS (Drew and Smith 1986) medium, a modified
DeFossard et al. (1974) medium, containing 1 uM benzylaminopurine and 0-25 uM naptha-
leneacetic acid, 2% sucrose and 0-8% Dicfo Bacto-agar. Axillary shoot growth deteriorates
only if the plantlets are not subcultured every 2-3 weeks or if they are continually sub-
cultured on medium containing benzylaminopurine. For this reason plantlets are alternatively
subcultured to hormone-free basal medium which also promotes the formation of apically
dominant shoots. Apically dominant shoots produce roots on half-strength DS medium with
10 uM indole-3-butyric acid when incubated at 27°C with 12 h days.

During the last few seasons we have evaluated micropropagated papaw selections in the
field. Field plants have been characterised by excessive vegetation at the lower nodes and
a reduced juvenile stage (Fig. 4). Young trees have grown vigorously and set flowers and
fruit at 30-40 cm above ground level. Seedling dioecious papaws are currently planted in
autumn in south-eastern Queensland and have a juvenile section of 1-0-1-5 m before
flowering. This early flowering on micropropagated trees, when planted in spring, may
extend the harvest period to three seasons, compared with the current two seasons. An
unexpected advantage with micropropagated plants was the development of strong root
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systems, which have been superior to those of seedling controls, and give the plants more
vigour and resistance to strong winds. This may be a consequence of the strong root system
produced in vitro and influenced by the presence of indole-3-butryic acid in the culture
medium. An obvious advantage has been the production of superior female lines, which
eliminates the requirement for thinning, and uniformity of plants and fruit have been good.

Because micropropagation has the potential to produce high yielding clones with superior
fruit quality, it could be used as a continuing source of planting material with trees being
replanted every 2-3 years.

Fig. 4. Micropropagated papaya tree at Redlands Research Station from a clone established from
mature tissue. Tree planted in December, set flowers in January and had a markedly reduced juvenile
phase. Bar =0-4 m.

(i) Banana (Musa spp.)

Bananas are one of the major fruit crops grown in Queensland. The banana industry
occupies an area of 6000 ha and has an annual production valued in excess of $115 million.
Major production areas are located in northern Queensland and on frost-free hillside slopes
in south-eastern Queensland. Cavendish (AAA) varieties (‘Williams’ and ‘Mons Mari’)
account for 90% of the production, while ‘Lady Finger’, an AAB type, is the only non-
Cavendish cultivar with significant commercial production.

During the 1986-87 season 15% of all new banana plantings in northern Queensland,
approximately 80 ha, were planted with micropropagated material produced from three
commercial tissue culture laboratories. Micropropagated bananas were promoted as having
four important advantages: (1) plants could be rapidly multiplied from a mother plant with
superior characteristics, (2) micropropagated plants could be provided to the grower free of
important banana diseases and pests, (3) the material produced would be true-to-type and
conform with the characteristics of the mother plant and (4) 100% establishment could be
achieved easily.

While some 150000 plants were produced for growers in northern Queensland, few
published reports of the growth and performance of micropropagated bananas were
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available. Indeed the demand for micropropagated planting material at that time outpaced
research into the evaluation of micropropagated bananas that would have identified some
of the potential problems that eventually arose.

Banana cultures are typically initiated from sword suckers approximately 0:4-1-0 m-in
height. Sections of material (20 mm x 30 mm) containing the shoot tip are removed and
treated for 15 min in a 3-5% solution of sodium hypochlorite containing a few drops of
Tween 80. Bleached material is removed aseptically and the explant is further sterilised for
5 min in a 1% solution of sodium hypochlorite containing Tween 80. Bleached material is
again removed aseptically to produce an explant 5 mm? containing the shoot tip, ensheathing
leaf bases and 2-3 mm of basal corm or stem tissue. Media for the growth and multi-
plication of banana cultures can vary from one research or commercial laboratory to
another but we use a Murashige and Skoog (1962) basal medium supplemented with 10 um
benzylaminopurine, 2% sucrose and 0-8% Difco Bacto-agar. This medium supports rapid
shoot multiplication and plants are subcultured every 6-8 weeks. Plants are subcultured to
a hormone-free medium for root development before being hardened-off in the glasshouse.

Agronomically, micropropagated bananas are capable of performing as well as, or better
than, plants derived from conventional planting material (Drew and Smith 1990). However,
the most significant problem that arose and continues to prevent the widespread acceptance
of micropropagated banana planting material is the presence of somaclonal variants, which
are referred to as off-types in the industry. Plantings from commercial laboratories con-
taining as high as 90% off-types have been reported (Walduck ef a/. 1988), with dwarfism
being the most common off-type encountered. Dwarfs are prone to ‘choke-throat’, a physi-
ological condition when the bunch fails to emerge fully from the plant, have a tendency to
produce small, undersized fruit and the hands are more closely packed causing difficulty in
dehanding.

Smith (1988) reviewed the factors contributing to the formation of off-types in micro-
propagated bananas and divided these into intrinsic factors and culture-induced factors.
Genetic changes induced during micropropagation can be influenced by choice of explant,
the composition of culture media (particularly the nature and concentration of phyto-
hormones), number of subcultures or length of time in culture, and the level of tissue
organisation during culture (i.e. axillary buds more stable than adventitious buds). Intrinsic
factors include the genetic stability of the cultivar or genotype being micropropagated.
Therefore while little can be done about intrinsic factors, laboratories can exercise greater
control over culture-induced factors.

Tissue culture practices designed to minimise somaclonal variation are being adopted by
commercial laboratories and we are currently involved in developing reliable screening and
selection techniques for early detection of off-types. Confidence in the redevelopment of
a commercial banana micropropagation scheme will take time; however, the advantages
outlined earlier, especially the disease-free and pest-free aspect of micropropagated material,
are the driving forces behind industry acceptance.

(5) The Use of Somaclonal Variation and Mutation Breeding for the Genetic Improvement
of Banana

Genetic improvement of bananas poses a paradoxical problem to the plant breeder.
Most of the commercially important bananas are parthenocarpic triploids and, by their
nature, sterile. Seedlessness of fruit is one characteristic traditionally associated with bananas
and a trait that must be retained by the breeder. The difficulty associated with conventional
banana breeding is best summed up by the fact, that in over 60 years of continuous breeding
endeavours, no new banana cultivar that is commercially acceptable has been produced
(Rowe 1984). In fact, bananas are one of very few crops in which only clones derived from
natural somatic mutations are cultivated.

While somaclonal variation is detrimental from the viewpoint of rapid clonal propagation,
several off-types have been found that may have potential agronomic value. One, from a
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micropropagated Cavendish cultivar, ‘Mons Mari’, has extra-long finger length for all hands.
Fruit is 2-3 cm longer than usual and this selection has the potential to boost profitability
through sales of extra-large fruit. Another selection is a dwarf type with no obvious choke-
throat problems with larger, more open hands and potentially higher wind resistance than
‘Williams’. These plants are currently being multiplied for field evaluation in a number of
sites in Queensland.

Potential also exists for the development of lines with improved levels of disease resistance.
Plants are currently being evaluated from a mutation breeding program for resistance to
Race 4 Fusarium Wilt (Fusarium oxysporum f. sp. cubense) (Smith et al. 1990).

The procedure involved the transfer of subcultured plantlets to Petri dishes containing
a multiplication medium and incubation at 28°C and 16 h photoperiod for 7 days before
exposure to gamma radiation from a ®Co source. Dosage was calculated using a Fricke
dosimeter (O’Donnell and Sangster 1970). The LD 50 for micropropagated ‘Williams® was
approximately 40 Gy; however, shoot multiplication and general vigour of plantlets was
poor. The optimal dose range was 20 Gy. At this dosage visual changes were apparent and
plant survival (73%) was sufficiently high to make the technique practical on a larger scale.
Plants were subcultured for two to three cycles before disease screening. Screening trials
involved: (1) the use of Fusarium culture filtrates in vitro, (2) root dip inoculations and
(3) direct planting in a Fusarium infested field site in south-eastern Queensland. Any
survivors from the first two screening trials were also tested in the field.

One of the greatest difficulties with the Race 4 program is the lack of a reliable screening
technique that can operate in vitro or in the glasshouse for screening the large number of
plants produced from mutation breeding. In our own glasshouse or growth cabinet screening
programs, breakdown in resistance to races 1 and 2 in Cavendish clones is sometimes
encountered and can be triggered by changes in temperature, light intensity, nature and
concentration of inoculum and water stress. In addition, plants exhibiting an apparent
resistant reaction in vitro or in the glasshouse often succumb to the disease in the field.
This casts doubt on the relative effectiveness, and hence potential, in pursuing these selection
techniques. Nevertheless, the benefits would be extremely great if a breakthrough was made
and research is continuing. Screening of plants directly in the field is expensive and only
small populations can be handled with the resources and manpower currently available.
Ideally field screening of putative resistant mutants should be only of those plants which
survive a screening sequence that may commence at the in vitro or glasshouse level.

Opportunities for Plant Propagation and Improvement in Queensland’s Horticultural
Industries Using Tissue Culture Techniques

Significant opportunities exist for the application of tissue culture in plant propagation
and improvement. Tables 2 and 3 give an indication of the problems facing some of the
horticultural industries in Queensland and the opportunities for resolving these problems
using tissue culture techniques.

Micropropagation has an important role to play in clonal propagation of selected
breeding lines or for multiplication of rootstocks. It is expected the biggest single gains
in productivity of sub-tropical tree crops can be made via genetic uniformity of planting
material. Embryo culture will continue to find application in breeding programs by bringing
important characteristics from wild species to cultivated varieties. Anther culture is an area
of increasing interest for many vegetable crops as attention focuses on the importance of
F, hybrids and the ability of anther culture to rapidly produce homozygous breeding lines.

The relative ease by which techniques can be applied depends on the species or cultivars
being assessed, as responsiveness in culture varies considerably. Herbaceous plants are less
difficult than woody perennials. Juvenile tissues are less difficult than more mature tissues.
Culture of organised structures such as buds and shoot meristems is less difficult than
regeneration from cells or protoplasts. Despite these difficulties, progress is being made
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and the list of plants amenable to tissue culture increases every year. Ultimately a more
conceptual understanding of the genetics and developmental biology of regenerability
is required.

Plant tissue culture offers exciting prospects for future improvements in crop productivity.
Combined with the powerful techniques of plant molecular biology and integrated with well
established plant breeding practices, these closer collaborative ties should strengthen our
efforts in achieving a common goal.
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