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From the mid 1980s the use of recombinant DNA technology for plant
improvement began to be developed commercially. Now, genetic modification
methods can access genes for disease and insect resistance, modification of
biochemical pathways and herbicide resistance from a much wider range of
sources than previously available. Plant varieties can be modified with no loss
of the original parental phenotype, saving many generations in back crossing.
Genetic engineering programs In the ornamental area are focused on improv-
ing agronomic quality (e.g. disease resistance, keeping quality, pest resis-
tance) and creating novelty (e.g. form, colour) in the important cutflower and
pot plants crops. Progress in these areas will be reviewed. From the context
of commercialisation, the areas of intellectual property, patent ownership (as
opposed to plant breeder rights), government regulation of genetic engineer-
ing, and public perception of genetic engineering are central and will be briefly
reviewed.

INTRODUCTION
The purpose of this article is to summarise the commercial aspects associated with
marketing new ornamental crops developed using genetic engineering. The science
behind the technology has been covered elsewhere in this symposium. The review has
in mind the main foliage and flowering pot plants and the world’s major cut flowers,
despite potential applications of genetic engineering to ornamental forestry, turf
management, orchards, and the hundreds of other foliage and flower crops. Genetic
engineering methods can only economically be apphed to major crops.

For further information interested readers are recommended to read recent
articles by Boulter (1995), Goy and Duesing (1995), Hammerschlag (1995), and
Owens (1995).

POTENTIAL OF GENETIC ENGINEERING FOR ORNAMENTAL PLANT
IMPROVEMENT
Most work on plant genetic engineering has targeted major food crops, e.g. soybean,
wheat, maize, potato, tomato, oilseed rape, and sugar beet (Goy and Duesing, 1995).
In these crops the first commercial products, now available overseas, include
varieties in which genes:
m Confer insect resistance by expression of insect toxin genes from
the bacterium Bacillus thuringiensis (the Bt genes).
B Confer resistance to the herbicides bromoxynil, glyphosate,
sulphonylureas, or Basta by insertion of “resistant protein” genes
and detoxification genes. In this case, genes are from bacteria or
plants.
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B Improve postharvest quality of tomato by inhibiting expression of
genesinvolved in the degradative process, i.e. ethylene biosynthesis
or carbohydrate degradation.

m Modify fatty acid composition of oilseed rape (canola).

® Induce virus resistance 1n squash.

Ornamental plants have seen less development using genetic engineering.
However, the technology is equally applicable (Hammerschlag, 1995). Owens
(1995) lists in detail the type of genes which might be put to good use by breeders
of ornamental plants.

Disease Resistance. Major pathogens such as Boirytis, Fusarium, and Pythium
cost the ornamental industry a huge amount of money, in control and losses. By
insertion of anti-pathogen genes such as chitinases, glucanases, and proteinase
inhibitors, the plant will hopefully have an in-built defence against pathogen attack.
This could be beneficial during both vegetative growth and post harvest, and
projects are underway by government institutes in both the Netherlands and Israel.

Insect Resistance. In the cutflower industry particularly, any variety which could
be resistant, or even immune to attack by insects (particularly thrips, aphids, and
mites) would be very valuable. A survey of Dutch flower growers indicated insect
resistance, after fungal resistance, would be the most useful application of the
technology from their perspective.

Flower Colour. Flower colour is a primary selection trait for breeders of cut and
pot flower crops. Novel colours attract attention in the market, and may also
capture higher prices. The ability to produce colour ranges in very good varieties,
or to create colour groups novel to particular crops is therefore one current use of
the technology. Florigene hasisolated the blue gene from petunia—a gene essential
for biosynthesis of the blue delphindin pigments. By inserting this into the major
cut flower crops novel blue, mauve, violet, and lavender flowers will be produced.
It is also possible to produce white and pink colours from red and purple varieties.

Growth Form. The amount of flowering and the habit (e.g. branching, stature) of
a plant can be controlled by application of growth regulators such as cytokinins and
auxins. Insertion of genes for the biosynthesis of these compounds has been shown
to affect growth habit of the pot-grown rose and ornamental tobacco by French
workers.

“Anti-senescence” Genes. The production of, or exposure to , ethylene causes
flower abscission or senescence In a number of very important cutflower and pot
flower crops, e.g. carnation, begonia, lily, and rose. Technology is now available to
prevent ethylene production by the plant and/or to confer plants resistant to
exogenous ethylene. Florigene has genetically engineered carnation to last 2 to 3
times longer in water than the unengineered parents. Varieties containing these
genes will prove beneficial at all levels in the marketing chain; grower, wholesaler,
and consumer.

PROGRESS TOWARDS COMMERCIALISATION

Commercialisation of genetically engineered plants is complex, as the technology
introduces the need to deal with commercial avenues not necessary for convention-
ally bred ornamentals. These are:
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Intellectual Property. The technology used in genetic engineering is protected by
broad patent protection. The promoters, genes, tissue culture techniques, and even
the final trait, may be the subject of specific patents, usually owned by different
companies. Commercialisation will therefore require the negotiation of licences,
licence fees, and royalty payments to the owners of the technology. As the final
product contains patented technology it is afforded the protection of patent law.
This raises the question of whether it is useful to go to the additional expense of
registration of a variety under plant breeder rights legislation.

Regulatory Approval for Release. All governments either legislate or enact
guldelinestomonitor and control the marketing of genetically engineered organisms,
includingornamentals. In Australia, the Genetic Manipulation Advisory Committee
(GMAC) does this work. Following a public enquiry in 1992 the intention is to
legislate to control releases. The purpose of regulation is to assess whether the
modification will have any undesired environmental or health effects.

For example:

B Could the inserted gene escape to weed populations and increase
the noxiousness of these weeds?

B ]f the target crop is a food could there be any toxin production?

B [or ornamentals, which are generally not consumed and are
intensively cultivated, genetic modifications carried out to date do
not pose any significant risk to the environment.

Of course, such assessments have to be made on a crop-by-crop, gene-by-gene,
case-by-case basis prior to any commercial release. The only genetically engineered
ornamental to be approved for market release anywhere in the world so far are
Florigene’s carnation tlowers, which can be sold in Australia.

Public Perception. The public are aware of “genetic engineering’ and are
concerned that the technology be used carefully (Kahler, 1995). This has engendered
debate on issues ranging from gene therapy, manipulation of germ lines, use of
plants and animals as chemaical “factories”, or modification of food with DNA from
divergent sources, including humans. The development of genetically engineered
ornamentals is caught up in this debate. Commercially, this raises the question of
whether products should be labeled as genetically engineered, and if so, what
information should be, or can usefully be, conveyed on the label.

DISCUSSION
Because of the commercial factors listed above, and the cost of the research, genetic
engineering is very, very expensive. Primary to any commercial project is therefore
a conslderation of the value of the crop, the likely benefit of the modification and the
potential long-term income to the developer of the new variety. Effectively, this
limits work to the most important cut-flowers (rose, lily, gerbera, carnation,
chrysanthemum, tulip) and perhaps a few pot plants (Ficus, Begonia, Dracaena).
Florigene has established a strong intellectual property position in colour modifi-
cation, and post-harvest manipulation applicable to the major cut-flower crops. In
the next few years we hope to commercialise the products of this research, in both
Australian and overseas markets (Anon, 1994), beginning with carnation in
Australia, Japan, Europe, and Israel.

Florigene’s competitors in the world also have research on the genetic engineering
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of ornamentals. They include Kirin, the Japanese brewer, who areinterested in blue
roses and blue chrysanthemum and Moet - Hennessey of France, also chasing the
blue rose. Several cut flower breeders are now acquiring in-house gene transfer
technology. In the Netherlands, Israel, Spain, Italy, Japan, United Kingdom, and
the United States of America there are also numerous company- and government-
based researchers working on smaller genetic engineering based ornamental
projects. Whatever the outcome of the race to commercialise the technology, the
industry will be the winner, thanks to the introduction of new varieties.
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INTRODUCTION

In the period 1990-94 Plant Growers Australia P/L conducted an extensive breeding
program aimed at improving members of the Australian Asteraceae (daisies) for
commercial pot culture. The specific aim was to develop novel and proprietary
cultivars for markets in the northern hemisphere where a number of Australian
daisy species had already achieved considerable success. Since commencement,
over a dozen new cultivars have been commercialised and many are protected in
this country by plant breeders rights. Cultivars derived from the project are now
cultivated in Europe, North America, New Zealand, and Japan. This paper
summarises the approaches adopted, both successful and otherwise, to improve
this diverse flora. The aim 1s to provide some guidelines for horticulturalists
wishing to pursue a program of plant improvement by breeding, and has particular
reference to other Australian taxa which are yet to realise their full commercial
potential.

PARENTAL BREEDING AND BREEDING OBJECTIVES

There are in excess of 100 Australian daisy species. Many Australian taxa are
currently the subject of botanical revision, the results of which will be incorporated
into the forthcoming volume of “Flora of Australia” dealing with this group. Recent
publications (Wilson, 1992; Short, 1994; Salkin et al., 1995) provide usetul insight
into the current status of the genera targeted by this study. The broad aims of the
breeding program were to develop compact, brightly coloured, free-flowering,
vegetatively propagated, perennial types which would perform well in containers
and garden situations. Specifically targeted was the widow box or “basket stuffer”
market in the northern hemisphere, where there is growing demand for rapidly
flowering vegetative material.

Over 150 taxa from all over Australia were assembled 1n a collection and
comprehensively assessed according to the criteria above. Although perennial
species were favoured, annuals with useful characters (e.g. flower colour) were also
included. At the completion of this phase the genera Brachycome, Rhodanthe (syn.
Helipterum), and Bracteantha (syn. Helichrysum) were selected for further breed-
ing. Preliminary cytological analysis in Rhodanthe was useful in identifying likely
“crossable” gene pools and eliminating others. Chromosome counts were obtained
by observing mitosis in root tips (Salmon, 1995).

ASSESSMENT OF BREEDING SYSTEMS

Members of the Asteraceae are distinguished by their distinct combination of floral
features. The inflorescence, often mistaken as a single flower, 1s a capitulum
- composed of numerous small flowers (florets) arranged on a compressed head.
These florets can have a diverse morphology and sexuality, even across the same
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capitulum, and the implications of this diversity for breeders is discussed in detail
by Burtt (1977). In Brachycome, the ornamental feature of the inflorescence is the
conspicuous outer whorl of ray florets. In Rhodanthe and Bracteantha the inflores-
cence is subtended by a series of brightly coloured involucral bracts which are
papery, non-fertile, modified leaves (Sharman and Sedgley, 1988).

The complex nature of the capitulum provides many potential outcomes for
pollination. It is generally accepted that the Asteraceae is well adapted for insect
pollination and evidence from this study would support this view. Seed set in the
absence of insect pollination was very low for most species of all genera studied and
four species of Rhodanthe were found to be strongly self-incompatible (a failure to
produce viable seed after self pollination). Detailed assessment of pollen/pistil
relationships in R. anthemoides using florescence microscopy showed this species
to possess a sporophytic type self-incompatibility system, where pollen tubes fail to
penetrate the stigma (Salmon, 1995). Self-incompatibility would prove to be
beneficial in hybridisation programs as it eliminates the need for emasculation
(removal of anthers to prevent self-pollination) which is difficult with daisies where
individual florets are often only millimetres long.

INTRA-SPECIFIC BREEDING

Several new cultivars were derived from intra-specific crosses (within a species)
where naturally defined barriers to genetic exchange do not exist. Bulk pollination
can be achieved by rubbing inflorescences of each plant together. More regularly
however pollen was collected from florets where it had recently been presented at
the tip of the anther tube, this can easily be achieved with a fine pair of forceps.
Floral development is a fairly uniform process in this family. In Rhodanthe, pollen
is shed from the anther tube well before the stigma is exposed. It is the extension
of the style through the anther tube which presents the pollen as a globular mass
at the tip of the anther tube, providing an ideal time to collect fresh uniform samples
of pollen. Shortly after this time (within 24 h in R. anthemoides ) the stigmatic lobes
reflex and the pollen is dispersed. In R. anthemoides the stigma is receptive for at
least 8 days after anthesis, with highest receptivity during the first 4 days (Salmon,
1995).

The mapping of floral development and identification of receptivity patterns on
the stigma is an important preliminary objective with all new species. The aim of
this study was to develop a uniform pollination protocol for all future cross
pollination utilising fresh, viable pollen and receptive stigmas.

INTER-SPECIFIC HYBRIDISATION
Where there is insufficient natural variation within a species to meet certan

breeding objectives, plant breeders often turn to wider crosses between species, and
even genera, to bring new genes and character expressions to the fore. These
methods were attempted with Rhodanthe and Brachycome, and whilst they were
unsuccessful with the former some considerable success was achieved with the
latter. Some members of this genus are known to hybridise freely (Salkin et al.,
1995) and several cultivars were developed by simply crossing selected individuals,
raising progeny, and selecting desirable forms. Novel flower colours, especially
yellow in B. multifida, were introduced by inter-specific hybridisation.

The problem arises for plant breeders when inter-specific crosses are unsuccess-
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ful, as one must decide how far to investigate the possible cause of the failure. Such
investigations can be time consuming and expensive. Barriers to hybridisation
prior to fertilisation often result from incompatibilities between pollen and pistil,
often on the stigma or in the stylar tissue. Methods to observe pollen/pistil
relationships in Rhodanthe, using fluorescence microscopy and the callose specific
stain decolourised Aniline Blue, were developed and would most certainly have
wider application among other Asteraceae (Salmon, 1995).

When fertilisation occurs but a viable embryo fails to develop it 1s often the result
of; an arrest of embryo development, disintegration of the endosperm, or abnormal
development of the ovular tissues (Raghaven, 1986). In such circumstances 1t is
often possible to excise immature embryos (usually about 14 days old) and transfer
these on to a nutrient medium where they can proceed to develop normally. These
embryo rescue methods were adopted to derive various inter-specific hybrids of B.
formosa. In this instance, mature seed from the cross B. formosa X B. segmentosa
failed to germinate in the nursery. Upon dissection it was revealed that the embryo
was withered and dead. Subsequent transfer under aseptic conditions of 14-day-old
embryos onto half-strength M&S medium modified with 30 g litre ' sucrose, 0.1 um
IBA, and 0.1 um BAP, allowed for normal embryo development, germination and
ultimately the selection of several new cultivars.

MUTATION BREEDING

The use of various physical and chemical agents to induce desirable mutations
(genetic changes) in plant tissue has been practiced for some time but with hmited
success. Experiments with a cultivar of R. anthemoides aimed to use gamma
irradiation to induce desirable colour change mutations in the involucre. Rooted
cuttings were subjected to 6 krad (the dose was established in earlier trials) and 970
plants were subsequently propagated (by cutting) from regenerative shoots arising
from these treated plants. Mutations were observed in 4.8% of the M1 progeny,
however none were commercially important (Salmon, 1995).

Mutation is a single-celled event and treating the whole plant with a mutagen
inevitably leads to problems with locating the mutated tissue, if it even exists. This
problem can be compounded with recessive mutants which are difficult to isolate in
the first generation and are usually revealed only after a generation of selfing.
Methods such as those described above for Rhodanthe must be approached with a
knowledge of the character(s) being targeted, the genetic inheritance of this
character (which can be complex for flower colour) and an appreciation of the
difficulty in locating and isolating the mutant. More recently these methods have
moved into tissue culture laboratories where isolation problems can be overcome
by regenerating plants from callus cultures, a method which in itself has been
shown to promote mutagenesis (Larken and Scowcroft, 1981). Attempts to culture
callus of Rhodanthe species on diverse media were unsuccessful.
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INTRODUCTION

The horticultural and agricultural industries rely on plant genetic resources for the
‘development of new crop varieties. Traditional breeding methods involve making
new combinations of the genetic material from each parent with the aim of changing
the characteristics from parent to offspring and exploiting the genetic diversity
present in the parents. The diversity may include variation in flower colour or
disease resistance which can be used to commercial advantage.

We have heard about the role biotechnology can play in the commercial horticul-
ture field, and how new molecular techniques allow genetic material to be intro-
duced in ways not possible using traditional breeding methods. 1 would like to
discuss the ways that new techniques are being used in the field of conservation
biology to addressissues related to the conservation and management of both native
plant communities and individual species. The difference between the use of
molecular methods for conservation and the genetic engineering of new cropsis that
for conservation, the goal is to identify the level of genetic diversity and the
population structures of naturally occurring species to devise appropriate manage-
ment strategies rather than the introduction or manipulation of DNA.

Underlying population genetic analysis 1s the assumption that genetic variation
is beneficial for most species because it allows populations to adapt to changing
conditions (Barrett and Kohn, 1991). The more genetic diversity which is present
in a species, the more choice there is in selecting individuals with desirable traits,
e.g. lack of diversity in crop plants can make them susceptible to disease. The same
principle applies to natural pepulations.

The application of population genetics to conservation issues can be useful in
defining units for conservation and also for setting priorities for management and
the conservation of genetic resources (Avise, 1994; Moritz, 1994; Volger and deSalle,
1994). Genetic information can be used to decide the size and design of reserves or
what methods of sampling and replanting to apply to specific revegetation or
rehabilitation sites. -

THE TECHNIQUES
Molecular techniques can be divided into those that look: (1) indirectly at variation
in particular genes by studying gene products (isozymes or allozymes) or (2) directly
at differences in DNA structure (direct sequencing, differencesin fragment lengths).
Molecular techniques require only small amounts of material so that samples of
rare or endangered species can be taken without being detrimental to individual
plants. Sophisticated methods of defining genetic variation are usually not apph-
cable to conservation 1ssues for a number of reasons:

1) Often, little is known of the breeding systems and reproductive biology of species
which are not commercially exploited.

2) Funding 1is scarce for research in areas which do not have the potential for
commercially viable outcomes.



Table 1. Advantages and disadvantages of some techniques used for genetic analysis.

Techniques Advantages Disadvantages
Proteins Allozymes Simple relationship between gene Only 20-30% of base substitutions in the gene
and gene product (enzyme) result in detectable change in the protein using
standard electrophoretic conditions.
Codominant expression so
heterozygotes can be detected. Only a small percentage of the genome can be
sampled using protein electrophoresis.
Mendelian inheritance.
Modification of 1sozymes within the cell can result
Consistent location within cells. in patterns with low resolution which are difficult
to interpret.
Known biochemistry and structure
of enzymes.
Similarity of apparently homologous
isozyme loci and their allozyme
patterns between different species.
DNA RAPDs No previous knowledge of the targeted Each marker is considered a dominant locus (can

genome 18 required.

Only a small amount of DNA (10 to
30 ng) 1s required for each reaction.

Relatively quick, simple and inexpen-
sive compared to other techniques for
genetic analysis.

only be present or absent) so it is not possible to

distinguish between homozygotes and heterozygotes.

Technique is very sensitive to reaction conditions
and banding patterns can differ from lab to lab.

Detects variation at random with no distinction
between coding and non-coding regions.
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Table 1. continued

RFLPs

DNA

Sequencing

Microsatellites

Markers inherited in mendelian fashion

DNA preparation does not need to be
as clean as other DNA techniques.

Detects reliable molecular markers.

(Good for comparison of specific regions.

Suitable for phylogenetic analyses.

Can detect variation which is
overlooked by other molecular methods.

Requires previous knowledge of plant genome.

Requires “clean” DNA.

Relatively expensive and time-consuming,

Requires previous knowledge of plant genome.

Requires “clean” DNA.

Time-consuming and relatively expensive.

Development requires expensive work intially.

Not cost-effective unless the species will be
the subject of detailed analyses.
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3) Broad information over the species as a whole 1s more valuable than detailed
genetic information on a small number of individuals. '

ADVANTAGES AND LIMITATIONS
The different analytical methods have their own advantages and limitations (Table
1) Details are given by various authors (Hedrick and Miller, 1992; Misretta 1994).

Isoenzymes. Isozyme analysis has been used for population studies since the
1960s. It enables different forms of the same enzyme to be visualised on an
electrophoretic gel because of differences in electrophoretic mobility. It remains a
valuable tool and often complements more recently developed molecular methods.

DNA Analyses. Marker bands can be generated by cutting DNA with restriction
enzymes to detect differences in the length of DNA fragments (RFLPs) or by PCR
amplification of a stretch of DNA between specific sites to which short single-
stranded primers attach and serve as starting and end points for a PCR. Molecular
techniques generally survey DNA difterences at random rather than loci which are
adaptively important. Practical applications for molecular genetic analysis are
given below.

PRACTICAL APPLICATIONS

Grevillea scapigera is a prostrate woody shrub which is close to extinction. It
occurs in the wheatbelt of south western Australia where the isolated remnants
occur within a 50 km radius. A genetic study using both isozymes and RAPDs was
undertaken (Rossetto et al., 1995) to help select individuals which could be used 1n
reintroduction trials as part of the species recovery program. It was found that the
genetic variation was evenly spread throughout individuals in the remaining
populations suggesting that the sites had become fragmented only recently from a
more continuous distribution. It was recommended that plants from all populations
could be used to create new populations without any detrimental effects.

Astelia australiana is a rare perennial lily endemic to some rainforest regions of
Victoria. Like G. scapigera, it has also become endangered due to habitat loss. It

grows up to 2 m tall with strap-like leaves which arise from tufts interconnected by
rhizomes. The interconnections rot away over time making it impossible to
determine whether individual tufts orginated from a single genotype. Genetic
analysis using RAPDs was used to see if the different sites were comprised of
genetically different plants or single clones and whether a disjunct site at the Otway
Ranges was a natural occurrence or the result of human-mediated transport.
Genetic analysis showed that the diversity was not spread evenly over all the
populations and that the Otways site was anatural occurrence. It was recommended
that emphasis should be placed on conserving as many populations as possible
including the Otways site to maximise the genetic diversity in the species.

Agrostis adamsonii is a rare Victorian grass which occurs in saline depressions
within the western plains grasslands. It was not recorded between 1854 and 1985.
It is similar to other native Agrostis species which grow nearby and it is suspected
that it has always been rare and has been overlooked in the past. Genetic analysis
in conjunction with a study on the breeding system will enable a conservation plan
to be developed based on what can be deduced about the history of the species.
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Poa fawcettiae is an alpine grass which is found in the Australian Capital
Territory and Victoria. It i1s already used for revegetation. Seed is collected from
alpine sites, grown at a lower altitude and the resulting seed is used to provide
seedlings for planting out. (Genetic analysis is to be used to compare the different
populations. If they are similar, seedlings from any population can be used for
revegetation in the alpine region. However, if there are marked differences between
populations, then only seedlings from nearby areas will be used in revegetation

programs.

Adriana quadripartita is a species belonging to the family Euphorbiaceae. It is
distinguished from another species, A. klotzschit, by its glabrous leaves and fruit.
Sometimes the plants are found growing together and it is suspected that they may
be variable forms of the same species. By comparing the genetic variation between
the two species growing separately and together, in conjunction with taxonomic
characters, it should be possible to decide whether to retain the two species or
consider them as one highly variable species. The implications for management
change because if two species are recognised then A. quadripartita is protected
under the Victorian Flora and Fauna Guarantee Act (1988) but the more common
A. klotzschii is not. If only a single species is recognised the name A. quadripartita
has precedence and so both the glabrous and pubescent taxa would be protected in
Victoria.
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INTRODUCTION

Sustained commercial production of Sturt’s desert peas (Swainsona formosa) has
not been successful, despite many attempts in several parts of the world, see
Williams and Taji (1991) for some of the history. Barth (1990) summarised a study
of cultivation and production requirements and a survey of three potential markets:
cut flowers, cut runners, and pot plants. She emphasised the need for a breeding
programme to produce cultivars suitable for each market. The great variability
observed between plants grown from seed collected from natural populations
showed that there was an opportunity for breeding Sturt peas in Australia for the
different markets, particularly pot plants and cut flowers.

The Flinders University breeding programme began with a germplasm survey of
plants grown in pots and a garden from seed collected from natural populations in
Western Australia and South Australia. Plants with characteristics deemed most
appropriate for each of the markets were crossed and the first few generations of
selection were primarily aimed at increasing longevity (most plants from wild seed
die of wilt disease at an early age), maintaining vigour and improving floriferous-
ness (some plants from wild seed are slow to flower, especially in late summer and
autumn). After a couple of years, these characters were much improved and
breeding for particular markets became feasible.

NATURAL BREEDING SYSTEM

Although there are no quantitative data on the natural breeding system, experience
indicates that it is a mixed breeding system based upon cross-pollination by birds,
with the option of self-pollination when the birds are not sufficiently active. The
amount of natural selfing is probably not high enough to purge the populations of
deleterious recessive genes because inbreeding depression becomes severe after a
few generations of selfing.

The Sturt pea offers the breeder a range of options for breeding strategies, unlike
many species where the breeding system is relatively inflexible (autogamous or
obligately allogamous). Thus the breeding programme for each market is driven by
the preferred mode of propagation for that market with the consequence that each
has a different breeding strategy. In many ways, Sturt peas are an excellent subject
for breeding work because the large flowers are easy to either self-pollinate or
emasculate and cross pollinate. In addition, each pollination usually produces 50 to
80 seeds: a good yield for relatively little effort.

POT PLANT MARKET

A good pot plant will have an upright growth habit and comes into flower quickly
at a small size. Seed propagation is preferred, but modern growers demand a high
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standard of uniformity in their crops. Open-pollinated cultivars may be too variable
and inbred lines lack vigour, hence an F1 hybrid cultivar is our objective because
it should combine vigour and uniformity. The necessary prerequisite is two
unrelated inbred lines, at least one of which 1s sufficiently vigorous and fertile to
produce seed efficiently. The first attempt to produce inbred lines failed after 3 to
5 generations of selfing when inbreeding depression in the form of a lack of vigour
and/or fertility caused the termination of all lines. Some of the better lines were
intercrossed and new inbreeding lines established. These have now reached the
third generation of selfing and will need to pass through another 2 to 3 generations
of selfing before they can be evaluated for the production of F1 hybrids.

HANGING BASKET MARKET
A good hanging basket plant produces many runners in a prostrate growth habit
that cascades over the edge of a basket. This growth form appears correlated with
the vigorous production of shoots from vegetative nodes on the runners, so there is
an abundance of shoots that can be used for grafting or cuttings. In 1992, a plant
of excellent form and flowering habit was selected, but because i1t was short-lived
on its own roots, it had to be grafted onto a wilt-resistant species. Three species used
by Sturt pea growers in Europe (Clianthus puniceus, Colutea arborescens,
Sutherlandia frutescens) and a native, Swainsona canescens, were trialed as
rootstocks. Grafted plants were vigorous and long lived, but the grafting process
was too tedious to be successful commercially. Hence a breeding programme was
started to combine the hanging basket growth habit with the longevity (wilt
resistance) that was becoming apparent in the pot plant breeding lines at that time.
The best hanging basket plant was crossed with several lines that appeared to have
good longevity. The progeny of these crosses were selfed for two generations with
selection for good hanging basket growth habits, floriferousness, and vigour. The
best plants were intercrossed and from their seedlings, 24 plants with the right
growth form have been selected for further evaluation. Currently we are assessing
the survival of cuttings in the propagation unit, later we will evaluate longevity,
growth habit, floriferousness, and production of cuttings from the surviving clones.
Cuttings are placed in Oasis® Horticubes® under mist with a bottom heat of 30C.
Many plants produce cuttings that simply rot under these conditions, but a
proportion are able to survive and quickly produce roots. Several good clones have
been identified that are easy to propagate from cuttings, rooting in less than 2
weeks. Recent experiments have shown that rooting hormones do not significantly
improve rooting speed and growth, although more replications may make the
difference significant.

CUT FLOWER MARKET

This market demands peduncle (flower stem) lengths much longer than are seen
on Sturt pea plants from natural populations. Thus a breeding programme to
improve peduncle length and strength is essential. In addition, growers will want
long-lived plants with minimal risk of root disease, which implies that grafting onto
hardier rootstocks will be essential. The breeding strategy in this case s based upon
avoidance of inbreeding (because we think this reduces peduncle length), the
crossing of plants with long and strong peduncles, and near the end, the selection
of a compatible rootstock.
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A subsidiary objective is to introduce a variety of flower colours into this breeding
programme so that the desire of the market for novelties can be satisfied. In addition
to the traditional red flower with a black boss and the all red flower, we have
introduced genes for pink, white and red-black-white flowers into this breeding
programme. Although bright red colours are magnificent on pot plants and hanging
baskets, the cut flower market may well prefer paler colours. Even South Austra-
lian florists admit that they cannot use red and black flowers very often because of
the clash of two strong colours.

Looking to the future of cut flower breeding, there are several genes that change
the size of flowers, the number of flowers per peduncle, and the arrangement of
flowers on the peduncle, that could be used in the future when peduncle lengths
have been increased sufficiently. At present, we actually select against large flowers
because they hang further down the peduncle and effectively shorten the peduncle
length that is available to the florist.

LITERATURE CITED
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Breeding New Leptospermum Cultivars

Peter Ollerenshaw
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INTRODUCTION

Leptospermum, commonly called tea tree in Australia, belongs to the family
Myrtaceae. There are currently 85 recognised species, three of which occur only in
South East Asia. One species occurs in both South East Asia and Australia. Another
species occurs in southern Australia and over most of New Zealand. The remaining
80 species are endemic to Australia. They are often found on the edges of swamps
or rivers, but may also be seen on rocky ridges or sandy sites. Leptospermum species
are commonly shrubs 2 to 4 m high, however they can also occur as prostrate
groundcovers or trees to 18 m high. Most species have ornamental merit and are
easily propagated from seeds or cuttings.

Flower colour is generally white, although there are pink forms and a few species
that are red or mauve. In our locality flowering begins in Sept. and you can have a
continuous succession of species flowering for 5 to 6 months. Leaf shape and colour
is quite varied and some species have strongly aromatic foliage.

Despite the large variation in the genus, and the wide range of habitats they occur
in, the majority of cultivars have come from just one species, L. scoparium. This
species is unfortunately susceptible to a number of insect pests such as scale and
webbing moth. These pests cause concern amongst home gardeners and have
resulted in an unfavourable reputation for tea trees in general. Over the last 9 years
I have been working to produce attractive new cultivars in a range of colours and
sizes. l haveincluded anumber of locally hardy species in an attempt tobuild in some
pest resistance.

AIMS OF THE BREEDING PROGRAM

1) To produce new cultivars in a range of colours.

2) To produce plants that have disease and pest resistance.
3) To produce compact plants that flower in containers.

4) To produce plants suitable for cut flowers.

BREEDING TECHNIQUE

The pollination method for the species used so far is quite simple. Flower buds are
emasculated just as they start to expand but before the petals open. Petals and
stamens are removed from several flowers on a small branch and covered with clip
lock plastic bags. In the morning 3 to 4 days later flowers from the male parent are
brought to the emasculated flowers and pollen is dusted on to the stigmas. The
flowers are re-covered, tagged and recorded. After approximately 7 days the bags
are removed and the seed capsules allowed to mature. This takes between 4 to 6
months. Capsules can then be removed and dried. The seed which is released can

be sown immediately or stored for several years.
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LEPTOSPERMUM SPECIES AND CULTIVARS SUCCESSFULLY USED IN
THE BREEDING PROGRAM.

L. deuense

L. grandifolium

L. lanigerum

L. macrocarpum

L. morrisonii (purple foliage)

L. novae-angliae

L. polygalifolium ssp. polygalifolium
L. rotundifolium

rotundifolium ‘Julie Ann’

rupestre

scoparium ‘Asbestos Range’
scoparium ‘Big Red’

scoparium ‘Kare Kare’

scoparium ‘Nanum Rubrum’
scoparium ‘Silver Fantasy’

L. scoparium var. eximium

L. spectabile

S N

RESULTS

Seedlings from crosses of the above parents have been planted out for assessment.
The results so far have been very encouraging. Plants with flowers in red, pink,
purple, and mauve shades can be obtained fairly easily. Combinations of height,
habit and flowering time are also achievable. Selections of the most promising lines
are being made for further trial and possible release to the market.
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Development of New Ornamental Plants in Australia

Angus Stewart
52 Narara Creek Road, Narara, NSW 2250

As a fresh-faced young graduate some 15 years ago | was drawn towards the
area of genetic improvement of Australian plants. This paper presents some
observations and reflections on the present and future of ornamental plant
cultivar development with Australian species.

WILD SELECTIONS
Early development of Australian plant cultivars relied on the selection and
domestication of wild material. Some examples of this include:

Telopea speciosissima ‘Wirrimbirra White’. A pure white form of the normally
red-flowered New South Wales waratah. Whilst the colour is certainly novel the
culture of this plant is difficult.

Banksia serrata ‘Austraflora Pygmy Possum’ and B. spinulosa ‘Stumpy
Gold’. These two cultivars are examples of prostrate selections of normally upright
species. Prostrate growth habit is fairly common in coastal plant populations and
examples of such variants can be found in many Banksia species. These dwarf
cultivars are very popular with gardeners but difficulties with propagation have
limited their availability.

GARDEN HYBRIDS

A second wave of Australian plant cultivars has resulted from chance seedlings
which have arisen in cultivation. Such cultivars have often been selected on the
basis of unique colour or growth habit, and like the wild variants often suffer from
problems of difficult propagation or susceptibility to disease. Some examples of this
include:

Grevillea ‘Robyn Gordon’. An outstanding, everblooming red-tlowered Grevillea
which arose as a chance hybrid between G. banksii and G. bipinnatifida in the
garden of Mr. David Gordon in Queensland.

Grevillea ‘Pink Surprise’, Grevillea ‘Misty Pink’, and Grevillea ‘Honey
Gem’. A spectacular group of Grevillea cultivars which have arisen from species
such as G. banksii. The precise parentage of most of this group is often unknown
given their garden origins. These cultivars are very long flowering and are
characterised by large, colourful brush-type inflorescences. Propagation is
particularly difficult for many of these cultivars.

Ceratopetalum gummiferum ‘Albery’s Red’. This outstanding cultivar of the
New South Wales Christmas bush was selected by Mr. Peter Albery of Sydney. It
has bright red flowers and is reliably floriferous. Once again propagation is difficuilt.
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DISCUSSION

The above mentioned wild selections and garden hybrids are spectacular and
distinctive examples of the uniqueness of the Australian flora. Ultimately however
these and many other Australian woody plant cultivars are not sold in commercial
quantities. This is due in large to the problems encountered with their cultivation.
To ensure the future for Australian plant cultivars, both here and overseas,
investment in properly directed and funded breeding programmes is essential. To
achieve international success, such a programme must examine very carefully the
types of plants which are in greatest demand.

In my experience the world market is increasingly moving towards plants which
flower continuously, have reduced reliance on pruning and chemicals, and are rapidly
produced, e.g. 15 weeks from potting to flowering. Plants which fulfill these critera
have great market potential. An interesting example of what can be achieved by
Australian plant breedersis thejoint venture between the University of Sydney Plant
Breeding Institute at Cobbitty and Glenfield Nursery of Sydney. A number of
ornamental genera are involved including Brachycome, Viola, Argyranthemum
(Marguerite daisies), Petunia, and Gazania. Early success has been achieved with
new cultivars of Argyranthemum. The program has been operating for approximately
5 years. In this relatively short time several new cultivars have been released. These
feature greater flowering capacity, more compact habit eliminating the need for
growth retardants and reduced production time. Overseas sales are already in the
hundreds of thousands of plants. This contrasts with the limited sales which many
other Australian plant cultivars have achieved.

There are examples of commercially successful breeding programmes with
Australian natives. Plant Growers Australia have invested heavily in a comprehen-
sive breeding programme with the daisy genus, Brachycome. New cultivars such as
Brachycome ‘ Pink Haze’ and Brachycome ¢ Happy Face’ meet the criteria outlined
above for international success. The cultivars are compact ground-covering daisies
which have already established an overseas market.

The “bush gems” kangaroo paw breeding programme is another useful model. An
extensive germplasm collection was assembled, and techniques such as embryo
culture and induced polyploidy using colchicine were used in an attempt to restore
fertility to outstanding hybrids. The result was the release of several cultivars
including Anigozanthos ‘Bush Ranger’—a bright-red-flowered ever-blooming com-
pact variety suitable for pot culture. Rapid multiplication by tissue culture has
enabled the successful commercialisation of kangaroo paws on the world market.

SUMMARY
To enable Australian plant cultivars to be successfully exploited and earn signifi-
cant export income for this country, the following points should be considered:

B Securing adequate funding for the breeding programme.

B Identification of the genera best suited to commercial success.

m (Collection of a range of germplasm.

B Screening cultivars to ensure the necessary criteria for success.

m Market release and promotion.

In my opinion, many of the distinctive woody species will be more difficult to

exploit than the herbaceous genera such as Scaevola, Brachycome, Anigozanthos,
Dampiera, and Viola.
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Propagation of Cape Proteaceae, Ericaceae, and
Restionaceae from Seed

N.A.C. Brown
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Fynbos Research Unit, Private Bag X1, Elsenburg 7607 South Africa

The Cape Floral Region possesses the richest temperate flora in the world.
The dominant vegetation of the Cape Floral Region is the fynbos which is
typified by the presence of members of the Restionaceae (Cape reeds and
grasses), the Proteaceae (sugarbushes, pincushions, and conebushes),
Ericaceae (Cape heaths), and a number of endemic families. Many of the
fynbos species are of outstanding horticultural potential. Seeds of most
species are dormant and research has shown that very specific environmental
cues are required for germination. it has also been shown that fire, a natural
feature of the fynbos environment, provides the major cues for seed germina-
tion in the wild. During the last five years, considerable progress has been
achieved in understanding seed dormancy mechanisms in the Proteaceae,
Ericaceae, and Restionaceae.

INTRODUCTION

Fynbos is a unique type of vegetation which is dominant in the Cape Floral Region
(CFR) in the south western Cape, at the southern tip of Africa. The CFR covers an
area of 90,000 km* (35,000 sq miles), which is less than 4% of the area of South
Africa, yet it contains 8600 plant species and is by far the richest temperate flora
in the world. Over two-thirds of the Cape plant species and seven of the plant
families are endemics. Fynbos, which is a community of small shrubs, evergreen
and herbaceous plants, and bulbs, is exceptionally rich in species and contributes
most of the species to the flora of the CFR. It is perhaps best known as the home of
the South African proteas (sugarbushes, pincushions, and conebushes) and Erica
(Cape heaths) and is also typified by the Restionaceae (Cape reeds or Cape grasses)
(Brown et al., 1995).

Many of the species from these fynbos families are cultivated as ornamentals in
parks and gardens around the world, or are of importance as floricultural crops.
Propagation of fynbos plants from seed is difficult as seeds of many species are
dormant when shed and require very specific environmental “messages” or cues
before they will germinate (Brown, 1993). The fynbos occurs in areas with a
Mediterranean climate (winter rainfall), and the environment is characterised by
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a number of stress factors such as summer drought, low soil fertility and periodic
fires. The fires have a frequency of 5 to 40 years and are a natural phenomenon in
fynbos. Seeds of many species are adapted to germinate in response to one or more
of the cues provided by fire. Heat from tflames may fracture the impermeable seed
coat of hard-seeded species (e.g. Fabaceae) resulting in the coats becoming perme-
able to water. Dry heat may also break dormancy by providing a heat-pulse which
stimulates the embryo directly and results in germination (e.g. Restionaceae). Dry
heat has also been reported to break seed dormancy of some South African
Leucospermum (pincushions, family Proteaceae) by complete desiccation of their
oxygen-impermeable seed-coats. When rain falls the dry coats, which are perme-
able to water, split suddenly and the embryo can then obtain sufficient oxygen for
germination. Fires also provide chemical messages or cues, such as the gases
ethylene and ammonia, which stimulate germination in some species of Erica. In
addition to the more obvious cues provided by heat, it has recently been discovered
that smoke from fynbos fires provides a major (yet unidentified) chemical cue which
is responsible for stimulating the germination of seed of many fynbos species
(Brown, 1993; Van Staden et al., 1995). Fire may also have an indirect effect on
germination by causing changes in the soil temperature regimes in the immediate
post-fire environment (Brown, 1993). Fire thus provides the major cues for germai-
nation in the wild and these cues have to be simulated when attempting to
germinate seed 1n the laboratory and nursery.

SEED GERMINATION STUDIES

Cape Proteaceae. The seed biology of the family Proteaceae, with approximately
300 members, has been the most extensively researched and these findings have
been reviewed by Van Staden and Brown (1977) and Brits (1996). The Cape
Proteaceae have two distinct achene types. One type is rounded (often ellipsoid)
relatively hard and nut-like and is stored in the soil. Germination is characterised
by the splitting of the seed coat due to cotyledon expansion, which is then followed
by protrusion of the radicle. In the second type, the achene is winged, plumed or
hairy (often flattened), and relatively soft. The latter type is produced mostly by
serotinous species, 1.e. species in which seeds are stored in the living plant canopy.
In serotinous species germination is first indicated by penetration of the seed coat
by the radicle. Serotinous genera include Protea, Aulax, and most of the Leuca-
dendron and make up approximately 37% of the Cape Proteaceae. The remainder,
excluding Brabejum, being nut-like. Nut-like and serotinous achenes show
different germination syndromes.

Proteaceae With Nut-like Achenes. These achenesdonot germinate or germinate
poorly in mature fynbos vegetation, but seedlings recruit en masse during the first
winter after fire. The breaking of dormancy in species with nut-like achenes is
strongly dependent on moderately low seasonal air temperature. This is not a
stratification requirement but the low temperature requirement is a mechanism to
promote germination during the favourable cool, moist western Cape winter period.
High diurnal temperature is also required for maximum germination. A range of
fluctuating temperatures is equally effective in stimulating germination, e.g. 4 to
10C (night) and 20 to 28C (day). Seed-coat-imposed dormancy by means of oxygen
exclusion is a characteristic of most Proteaceae with nut-hike fruits (10 out of 14
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species of three genera tested), but not of serotinous species (13 out of 15 species of
three genera tested). Germination of achenes of Leucospermum species can be
improved by a single 24-h treatment with relatively low concentrations (0.01 to
0.1%) of hydrogen peroxide. A relatively slight increase in the level of oxygen
available to embryos is usually sufficient to initiate germination under suitable
environmental conditions (Brits, 1996).

Recommendations

m The intact seed coat is readily permeable to water but poorly
permeable to oxygen. To improve oxygenation, soak seeds in 1%

H O, before making commercial sowings in seed beds. In the
laboratory, incubate seeds in oxygen.

B Seed germination is strongly dependent on seasonal low
temperature. Therefore, sow seeds in seed beds during autumn or
early winter. In the laboratory, incubate seeds at an optimum low
temperature of 8 or 9C.

m High temperature is also required for germination and should be
alternated with low temperature on a daily basis. Commercial seed
beds should thus be constructed in full sun. In the laboratory the
optimum high temperature of 24C should be maintained for 8 h per
day followed by a period of low night temperature (16 h).

Serotinous Proteaceae. Serotiny is an adaptive response to cyclical fire in fynbos.
In nature, seeds are shed following a fire and germinate en masse only after fire.
Seeds have a low temperature requirement for germination (1 to 11C) which allows
the avoidance of drought by synchronising germination with the first (wet) winter
season following dispersal. In contrast to nut-fruited species, the pericarp in
serotinous species apparently plays a lesser role in preventing oxygen diffusion to
the embryo.
Recommendations:
R Use freshly harvested seed, as seeds lose viability with age.

B Germinate seeds at temperatures below 20C, preferably between
1to 11C.

m [f seeds are of uncertain age and viability and/or incubation
temperatures are above 20C, these factors may be counteracted by
presoaking seeds in a solution containing GA, or GA, and GA,
(Brown and Drewes, 1991).

B Sow seeds in a well-aerated, well-drained, sandy soil and avoid
waterlogging.

Cape Ericaceae - Ericoideae. Seed germination studies in this family have
recently been reviewed by Brown et al. (1993). Ninety-five percent of the 857 species

are confined to the southern tip of Africa and many are of importance in horticulture
and floristry. Fire is very important in the ecology of the Ericoideae and the vast
majority of species regenerate only from seed after a veld fire. Seeds are very small
and are, in all but one species, shed when ripe. Serotiny is rare in this family and
is found only in Erica sessiliflora.
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Factors Of Importance In Germination.

1) Germination may be stimulated by dry heat and the gases ethylene and
ammonia. |

2) Germination is stimulated by soaking seeds in GA, or GA, and GA.,.

3) Alternating day/might temperatures, as occur during winter in burnt fynbos, are
an important cue for germination.

4) Germinationis stimulated by plant-derived smoke and aqueous smoke extracts.
In the first major gemination study in this family, Brown et al. (1993), screened seed
of 40 species to obtain an indication of how important the smoke cue was for
germination. The improved germination following smoke treatment shown by 26 of
the 40 species tested, suggested that under natural conditions smoke from fynbos
fires provided animportant cue for triggering seed germination in this family. It was
also suggested that the nine species which showed a 1000% or more increase in
germination following smoke treatment formed a group in which smoke was likely
to be the major cue for germination. In those species in which there was a lesser
response, smoke might be one of a number of cues which include heat and
alternating high and low incubation temperatures. Amongst the species responding
.to smoke treatment were a number of species of particular horticultural impor-
tance. The smoke treatment ensures a much greater efficiency when propagating
from seed and this is of importance in plant breeding programmes. It should also
make more plants available to the horticulture industry.

Recommendations: |

B Use fresh mature seed.

B Soak seeds in agqueous smoke solution for 24 h before sowing, or
“smoke” seeds sown 1n seed trays. The trays should have a sand,
loam, and bark mixture and be well drained.

® Alternatively, seeds may be pre-soaked in GA, or GA, and GA,
solution prior to sowing.

m Incubate seeds under alternating night/day temperatures, e.g.
10C for 16 h per night; 15 to 25C for 8 h per day.

Cape Restionaceae. The Restionaceae is a family of evergreen, rush-like plants
which 1s almost restricted to the southern hemisphere. There are about 320 species
in Africa, (300 in Cape) and 100 in Australia. The African Restionaceae are
relatively diverse in their seed dispersal mechanisms, which could be implicated in
the survival of seeds during or after fires. The modes are: (1) wind dispersal of
unilocular, indehiscent ovaries, with a persistent perianth which acts as a wing for
the fruit; (2) myrmecochory of fruits containing elaisomes. The ovary is unilocular
and indehiscent, and the ovary wall is heavily lignified (e.g. the “nut-fruited”
restiads). These seeds are also serotinous and are retained on the plant until the
next season’s seed crop is mature; and (3) the so-called “basic” condition, showing
dehiscent ovaries, with 1 to 3 locules. Here the seed is released from the ovary after -
maturation, butitis not known how it is dispersed after release (Brown et al., 1994).

Factors of Importance in Germination. The poor germination achieved with
seed of many species has been attributed to the limited seed set of some species and
the difficulty in determining when seeds are mature and ready for harvest.

1) Heat treatment of seeds at 120C for 3 min gave a significant improvement in
the germination of seeds of some species.
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2) In common with many other fynbos species, Restionaceaes require alternating
high and low diurnal temperatures as a cue for germination.

3) Germinationis stimulated by plant-derived smoke and aqueous smoke extracts.
Brown et al. (1994) conducted a major study in which seed of 32 species were
screened to obtain an indication of how important the smoke cue is for germination
in this family. The results of this study represented the first occasion that
comparative germination data for South African species had ever been obtained.
Twenty-five of the 32 species tested showed a statistically significant improvement
in germination following smoke treatment. Untreated seeds of 18 of the species
responding showed a high degree of dormancy with only 0.1% to 2.0% germination.
These results suggested that under natural conditions smoke from fynbos fires
provided an important cue for triggering seed germination in this family. It was also
suggested that the 16 species which showed a 1000% or more increase in germina-
tion following smoke treatment, formed a group in which smoke was hikely to be the
major cue for germination. In those species in which there is a lesser response,
smoke is probably one of a number of cues which include heat, and alternating
diurnal high and low incubation temperatures. The four species that did not
germinate were all myrmecochorus, nut-fruited species, which possibly require a
different or additional heat cue for germination.

Recommendations

m Use fresh mature seed.

B Seeds may be pre-soaked in aqueous smoke extract for 24 h before
sowing; or seeds may be smoked once sown in trays. Fill trays with
a sand, loam, and bark mixture which is well drained.

B Incubate seeds under alternating night/day temperatures of 8C for
16 h and 28C for 8 h for optimum germination.

B Nut-fruited species should be heated to 120C for 3 min prior to pre-
soaking in aqueous smoke extract. Germination cues for nut-
fruited restios require further study.
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INTRODUCTION

One limitation to the large scale revegetation of the Australian landscape is a lack
of suitable seed. To restore the diverse flowering grasslands and herbaceous
understoreys typical of south eastern Australia, enormous quantities of seed will be
required (Lunt, 1994). Revegetating with seed collected from nearby remnant plant
communities helps ensure that local forms of species are preserved and that plants
are well adapted to the prevailing environment. A risk is that seed collection
activities may harm remnant areas. Damage can be from physical impacts, such as
trampling, and biological impacts, such as over collection or the inadvertent
introduction of weed seeds and diseases by collectors.

The cultivation of wild species for seed production has the potential to reduce
collection pressure on remnant communities and to ensure that reliable supplies of
quality seed are available when needed. If local adaptations are to be preserved,
seed produced in cultivation must reflect the genetic diversity of the population
from which the original collection was made.

SEED PRODUCTION FROM HERBACEOQOUS PLANTS
Herbaceous plants from south eastern Australian understoreys and grasslands
lend themselves to cultivation for seed production for a variety of reasons.

1) Most species are relatively easy to propagate and cultivate.

2) Most species flower and produce seed rapidly in cultivation, many within the
first year.

3) Many species produce copious seed from a relatively small area, although this
must not be taken for granted.

4) Because each individual occupies little space, numerous plants of each species
can be grown. This may be important for the maintenance of local genetic diversity.

5) For species whose seeds store well, cultivation for seed production may be
necessary only every few years, freeing resources for the cultivation of a wider range

of species.

CAPTURING AND RETAINING GENETIC DIVERSITY

Writing on sampling strategies for the establishment of ex situ collections of
endangered plant species, Brown and Briggs (1991) made a number of recommen-
dations that seem to provide usetul rules of thumb for local species seed producers.
They concluded that collecting evenly from 10 to 50 individuals from the one site
should capture most of the genetic diversity in that population. The collection can
be in the form of seed or vegetative parts, as long as the individuals are genetically
distinct. The cultivation of as few as 15 genetically distinct plants could be expected
to maintain most of this diversity. If resources allow for collection and cultivation
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of larger numbers of plants from each species, that is all to the good (Brown, A.H.D.
1996, pers. comm. 1 May).

Aninteresting question is whether the continued establishment of seed crops from
seed produced in cultivation eventually changes the fitness of the progeny for
survival in the wild. Until more information is available, it may be sensible to start
again with wild seed after two or three generations in cultivation. For small,
intensively grown crops it may be preferable to grow from wild collected matenal
each time seed 1s produced.

SEED PRODUCTION SYSTEMS
The idea of cultivating herbaceous species for seed production seems straightfor-

ward. In practice a number of questions arise. Will the plants set seed in cultivation,
how many, and for how long? Should the plants be grown in the ground or in
containers? The research reported here has concentrated on wildflower species
collected from grasslands and woodland understoreys in the vicinity of Melbourne
(Table 1). Seedlings are raised following standard nursery practice. The rate and
evenness of germination varies markedly between species. As seedlings emerge
they are transplanted into cell trays. Ideally the seedlings should be moved into
their final containers, or planted into field beds, as soon as they fill the cell volume.
In practice, these plants can be stored in the cell tray for a number of months.

Both container-growing and field-growing systems have been trialed. Field
growing reduces the day to day maintenance requirements, such as watering, and
there is potential for large areas to be cultivated. The control of weeds is critical as
they quickly outgrow the crop and it is vital that weed seeds are not present in
harvested seed. A number of species failed to establish in field beds while others
prospered (Table 1). It is likely that these problems can be overcome but more
research 1s needed.

Container growing has much to offer for the small scale, intensive production of
high quality, weed-free seed. Many of these herbaceous species will produce seed
in containers as small as 25-mm tubes. Most trial plants have been grown in 140-
mm standard containers, with one plant per container, in a conventional pinebark
and sand medium with controlled-release fertiliser and micronutrients. The trials
are grown on a sand capillary bed covered with weedmat. Overhead watering
systems are inappropriate as seed must mature under dry conditions. An alterna-
tive is to grow in much larger containers with drip irrigation. Depending on the size
of the container, each can hold a number of individuals of a given species. This may
be a practical solution when the construction and maintenance of a capillary bed is
not feasible. Drawbacks to multiple planting include some reduction in production
flexibility and a tendency for diseases to move from one plant to another within the
container.

PRODUCTION SCHEDULING

Flexible scheduling is one of the great benefits of producing seed within a
containerised system. In spite of their seasonal character in the wild, many of these
herbaceous grassland species continue to grow, flower, and produce seed for as long
as they have access to appropriate levels of warmth, moisture, nutrients, and
pollinators. For many species it is feasible to schedule intensive seed production for
a portion of the season, collect the required seed, then replace that crop with another



Table 1. South eastern Australian understory and grassland herbaceous species cultivated for seed production. Plant names according to

Ross (1993).
Species Rate Culture Flowering Production Cleaning
*(a) *(b) *(c) *(d) *(e)
Pot Field
Arthropodium strictum S Y Y 1 +++E
Brachycome dentata FY Y 1 +++ E
Brunonia australis F Y Z 1 ++ D
Bulbine bulbosa F Y Y 1 +++ E
Burchardia umbellata S Y Z 2 NT E
Caesia calliantha . P Y Z 1 +++ E
Calocephalus citreus F Y Y 1 ++ D
C. lacteus F Y Y 1 ++ D
Chrysocephalum apiculatum F Y Y 1 ++ D
Convolvulus erubescens Fii Y Y 1 ++ E
Craspedia variabilis K Y Z 1 ++ D
Dianella revoluta P Y Z >2 ++ E
Eryngium ovinum F Y Y 1 ++ D
Helichrysum scorpioides F Y N 1 + D
Hypericum gramineum F Y Y 1 ++++ E
Leptorhynchos squamatus F Y Y 1 +++ D
Leptorhynchos tenuifolius K Y N 1 +++ D
Leucochrysum albicans F Y // 1 ++++ D
Linum marginale Fiii Y Z 1 +++ E
Microseris lanceolata Fi Y Y 1 +4+ E
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Patersonia occidentalis
Pelargonium rodneyanum
Podolepis jaceoides
Ptilotus macrocephalus
Pycnosorus chrysanthes
Ranunculus lappaceus
Rutidosis leptorrhynchoidus
Stackhousia monogyna
Stylidium graminifolium
Thysanotus tuberosus
Velleia paradoxa
Wahlenbergia stricta

W. luteola

Wurmbea dioica
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*Notes:
(a) Rate

F - most freshly harvested, viable seed germinates within 6 weeks.

S - most freshly harvested, viable seed takes longer than 6 weeks to

germinate.

P - protracted, spasmodic germination to be expected.

i - germination enhanced by stratification at 4C for 14 days.
i1 - germination enhanced by scarification.

iii - germination enhanced by leaching in aerated water.

(b) Culture

Y - successful pot/field cultivation for at least one season.
Z - yet to produce seed in cultivation.
N - unsuccessful in pot/field culture.

(¢) Flowering
1 - flowers during first season.
2 - flowers second season 1n cultivation.

3 - flowers third season in cultivation.
(d) Production

++++ - copious seed produced in cultivation.

+++ - heavy seed production in cultivation.
++ - light seed production in cultivation.

+ - seed production rare in cultivation.
NT - not trialed in pot/field culture.

(e) Cleaning

E - seed easy to clean by hand.

D - seed difficult to clean by hand.
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species. This same strategy can be applied if different provenances or collections of
a particular species must be flowered separately to avoid cross pollination.

HARVESTING AND HANDLING SEED

Optimum harvest time and method has to be determined for each species and wili
depend on inflorescence type and the harvesting equipment available. Generally,
seed will be harvested when it is about to be shed from the plant. For small-scale
crops, both hand and vacuum harvesting allow a high recovery of mature seed. One
of the considerable benefits of intensive cultivation is that seed can be harvested
conveniently and regularly. Many species have small seeds that must be harvested
with large volumes of other material such as flower parts, bracts, unfilled fruits, and
seeds. Inspection under low magnification will confirm if filled seeds are present.
Unless seeds clean readily by sieving, it may not be worthwhile spending the time
needed to clean small lots of seed to normal commercial standards. The number of
seeds per mass of harvested material can be determined by sampling. Seed should
be air dried immediately after harvest and stored in a cool, dry place. Sachets of the
desiccant, e.g. silica gel, will maintain a relative humidity of 45% in a sealed storage
environment, ideal for medium term storage of most seed. While much 1s still to be
learned about the storage potential of these species’ seed, it seems that most will
store for at least 2 or 3 years with little loss in viability.

CONCLUSION

The production of herbaceous wild species seed in cultivation can relieve seed
collection pressure on local remnant plant communities and provide a reliable
source of quality local seed for large scale revegetation. The processes described in
this paper are well within the technical capability of most individuals and
organisations producing plants for revegetation.
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Vegetables, Heirlooms and Marketing

William L. Ashburner
Digger's Garden Co., 105 Latrobe Parade, Dromana, VIC 3936

MEASURE OF DIVERSITY

The number of varieties of vegetablesis a fair measure of their genetic diversity. The
more distinct forms there are, the greater the genetic base of that type of vegetable.
Any loss of varieties is an erosion of that diversity and the subsequent genetic
potential of that type of vegetable. Some of the genetic diversity is present in the
next generation of varieties, but uniless the parents are maintained there is
theoretically a potential for depletion of this diversity.

In 1903 the United States Department of Agriculture published American
Varieties of Vegetables for the Years 1901 and 1902 which listed all available
varieties. When this publication was compared recently with an inventory of the
variefies held in the National Seed Storage Laboratory in Fort Collins, Colorado it
was found that only 3% of these early varieties had survived to the present day
(Whealy, 1987).

In 1985 the Seed Savers Exchange of Decorah, Iowa compiled and published a
comprehensive inventory of the U.S. and Canadian mail order seed industry,
focusing on nonhybrid or open-pollinated vegetable varieties. A second edition,
published in 1987, revealed that 54 of the original 230 inventoried companies had
ceased to trade and there were 39 new companies. These new companies predict-
ably were not offering as many unique varieties as those companies which had
ceased trading. In 1987, 5291 varieties were listed as opposed to 4963 in 1985. Of
these, 2860 (54%) were unique to one company. The decision to drop these varieties
by only one company would mean they would probably be lost if not preserved by
someone else. More alarming was the fact that 1271 varieties listed were new
varieties offered by companies that specialise in heirloom varieties or were foreign
specialty varieties. Even though the number of varieties had increased, a quarter
of the varieties listed 3 years previously had been lost. (Whealy, 1987).

Little other quantitative research has been published, but a profusion of anecdotes
suggests that similar trends are occurring elsewhere in the world and also in
Australia where the range of available vegetable seed varieties is dominated by
overseas producers.

REASONS FOR LOSS OF DIVERSITY

The causes for the loss of available varieties are many. One cause common to
mature industries is when takeovers and consolidation lead to pruning of variety
lists, with view to higher profitability. In the past this has mainly been on a local
scale, but now large multinational seed companies are being formed with global
rather than local seed inventories.

Government legislation in Europe has resulted in a significant loss of diversity.
The European Community, in its efforts to standardise every thing it touches,
turned its attention to vegetable seeds in 1980. The Common List is a list of those
varieties that are legal to sell in Europe. To be listed, a variety must be sponsored
by a seed company (which costs many thousands of dollars), otherwise it is illegal
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to sell it. Many public-domain varieties were listed initially on the lists of individual
countries and so duplications became obvious when they were amalgamated into
the Common List. After consultation with the seed industry, 1547 varieties were
deleted, but it 1s estimated that only 38% of these were true synonyms (Cherfas,
1994). Mooney (1983), in comments relating to the changes in the seed industry,
stated that “Brussels offers the new seedsmen a golden collective opportunity to not
only rationalise their own offerings, but also to get rid of the low-profit competition
offered by nonhybrid or nonproprietary varieties”, 1.e. Europe’s traditional cultivars
that belonged to no one.

Trends in plant breeding have shown a predilection for F1 hybrid vegetables.
Hybrids resulting from crosses of two parents to produce seeds that give a first
generation with known uniform characteristics do not produce second generation
offspring which are the same as themselves. Thus knowledge of the parents to be
used in the cross means exclusive ownership and subsequent higher profit margins.
There 1s little motivation to create open-pollinated varieties that other companies
could also grow and list.

HEIRLOOMS VERSUS HYBRIDS
Heirloom vegetables maybe defined as old (pre-World War II) open-pollinated
varieties that are generally no longer commercially available. They are varieties
that have been maintained by individuals or communities because they have
characteristics that the preserver values. These varieties have become land races,
where by virtue of having been grown and selected in one area over a long period
of time they have genetic characteristics making them more suitable to that area.

Because they are open-pollinated, heirloom varieties tend to be more variable and
genetically diverse than present day varieties. This results in plants that are not
suitable for modern farming practices which require produce to ripen all at once for
machine harvesting, and to stand up to rough handling when being packed and
shipped. The characteristics that the commercial grower requires, in many cases,
are not those the consumer would prefer. Emphasis on these characteristics by
breeders has meant that flavour and specific utility for various end purposes have
been ignored in order to produce a standard crop.

With larger profit margins and branded exclusive varieties (F1 hybrids), more
marketing and advertising effort is being used to sell these new varieties to
commercial growers and subsequently to the public. These varieties are promoted
by virtue of their supposed superiority to the old varieties with regard to disease
resistance, yield, and manageability.

The tomato 1s an often quoted example of how plant breeders have lost their way
in the breeding of new vegetable varieties. The editorial of a mail order seed
catalogue included this attack on the modern tomato “That the ‘Florida commercial
tomato’ was able to survive a 6 {t fall to the floor without damage was regarded as
a great step forward in tomato breeding by commercial seed houses, for surely this
is their ultimate goal—an indestructible tomato. This tomato was tested in the same
laboratory which evaluates ‘car bumper safety standards’ and they found the tomato
had an impact speed of 13.4 miles per h, which was 2.5 times the speed of the
minimum safety of current U.S. car models” (Garden Annual, 1993).

The promoters of hybrid varieties cite pest and disease resistance as a primary
concern of the plant breeder. Crops would be produced that require lower inputs of
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chemicals. Many patents are pending in the U.S. for herbicide-resistant crops, very
few have been made for disease-resistant varieties. Rather than develop varieties
which are pest resistant, plants are being bred to be resistant to the chemical
pesticides sprayed onto the plants. The use of chemicals in the food production cycle
will be further entrenched.

Trials at Digger’s Garden Company seed production farm at Trawool, north of
Melbourne, have been conducted over several years to determine whether commer-
cial hybnds are superior to heirlooms. Tomatoes have been chosen as the most
suitable subject for comparison. The characteristics chosen to be studied were : yield
per plant, date of earliest fruit, days to harvest, and flavour. The heirlooms have
been consistently superior to the hybrids for all characteristics evaluated. Often the -
hybrids produced the majority of their fruit all at once which is a major disadvantage
for home gardeners (Spring Newsletter, 1994).

Heirloom vegetable varieties are not always useful varieties for commercial
growers but they have admirable characteristics for home gardeners and speciality
vegetable growers. Heirloom varieties have been judged to have superior flavour.
The extended harvest period combined with better yields makes them good value
for the area cropped. There are varieties which can be used for specific purposes,
1.e. different tomatoes are very suitable for paste, bottling, drying, slicing, or salads.
The price of open-pollinated varieties is a fraction of that for hybrids. In 1993 the
seed of ‘Vivian’ F1, a popular hybrid home garden tomato, cost $8720 per kg
compared to $320 per kg for standard open-pollinated types (Garden Annual, 1993).

STATUS IN AUSTRALIA

The stewardship of heirloom varieties is essentially left in the hands of non-
government organisations. However, some specialised seed banks are maintained
by Government agencies where breeding work is being carried out, e.g. The
Australian Tropical Field Crops Genetic Resources Centre, Biloela. The Seed
Saver’s Network of Byron Bay in New South Wales is one of the first to be concerned
about the preservation of heirloom varieties. Over the last 15 years they have
accessioned and distributed 3000 varieties of vegetables. Unfortunately very few of
these are uniquely Australian, 1.e. developed in Australia, most are varieties that
have been brought here by migrants. The Heritage Seed Curator’s Association of
Buchan in Victoria was formed in 1992 to draw together voluntary curators of
vegetable groups. One of their projects is to document previously and currently
availlable vegetable varieties. It will then be possible to determine what varieties
may be “lost”, so that they can then begin finding and preserving them. Their
journal, The Curator, published in the Summer of 1995, contained an article
surveying the tomato varieties listed in old seed catalogues. They have found that
207 varieties were no longer available in either the seed trade or in private
collections.

MARKETING

In 1990 Digger’s Garden Company tested the demand for heirlooms in their mail
order seed catalogue by listing a few varieties of tomatoes. In 1992, 40 varieties were
listed. In the 1995 mail order catalogue three quarters of the vegetable offerings
were marked as heirlooms. These varieties sell at a premium $2.50 per packet as
against $1.50 for standard lines. In the catalogue, heirloom varieties have been
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promoted as being more appropriate for home gardeners and having a superior
flavour. Nostalgic visions have been created of how vegetables, particularly toma-
toes, tasted much better in the past. The beauty as well as utility of these
rediscovered varieties has enlivened the pages of this catalogue.

The promotion and subsequent interest in heirloom vegetables has given journal-
ists and authors new stories to tell and colourful pictures to embellish their articles.
The potential loss of diversity and the rescuing of these varieties from oblivion
creates a nostalgic and powerful story. It is encouraging people to contemplate
vegetable growing and is creating new mainstream markets.

The more creative chefs are always quick to pick up new food ideas. Mindful of this,
a Great Tomato Taste Test was organised by Digger’s Garden Company and Your
Garden Magazine in March 1993. Representatives from the media, seed trade, and
food experts were invited to determine the best tasting tomato. About 100 varieties
were evaluated and 25 selected for the final tasting. A variety called Tommy Toe was
a clear favourite on the day. Nearly half a million packets of ‘“Tommy Toe’ have now
been sold and it is commercially available nationwide as a seedling for home
gardeners. Unexpectedly it has turned out to be a variety with outstanding disease
resistance and it is adaptable to a wide range of climates. The taste test was a great
success and the promotional momentum gained further strength from it.

The chefs began asking their wholesalers for heirloom varieties and some of the
specialty growers responded. This past season you could buy, amongst others,
‘Black Russian’, ‘Green Zebra’, and ‘Mortgage Lifter’ tomatoes in Safeway’s Super-
markets. A uniquely Australian heirloom (not known in other countries), Beta
vulgaris ‘Five Colour Silver Beet’, has leaves and stems that are rainbow coloured.
Itis being produced by a specialty grower, harvested young and sold alongside other
salad or mesculun greens in supermarkets.

The seed packet market has been steadily declining for decades. The interest in
heirloom vegetables has revived interest in growing vegetables and is a segment of
the seed market showing strong growth. This growth is reversing the trend towards
fewer varieties being listed and the subsequent loss of genetic diversity.
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Research and Development in Horticulture: What
Should Be Funded and How Should it Be Adopted?

Jolyon Burnett
Horticultural Research and Development Corp., Level 6, 7 Merriwa St, Gordon, NSW 2072

INTRODUCTION

The public sector has a long history of involvement in rural research and develop-
ment in Australia through the state departments of agriculture, universities and
various other State and Commonwealth funded bodies. However, until the estab-
lishment of the Horticultural Research and Development Corporation (HRDC) as
a commonwealth statutory authority in 1988, there had been no formal and specific
mechanism for support for R&D in horticulture that encouraged direct industry
contributions. '

This relatively new industry equity in, and ownership of, the R&D has significant
implications for the direction, development, conduct, and commercialisation of the
program. This paper will focus on two specific implications:

1) What research gets funded?

2) How can we best ensure that outcomes are adopted?

However, before these issues can be adequately explored, it is important to have
some understanding of the role and operation of the Corporation.

The Corporation’s mission is to improve the sustainability, profitability, interna-
tional competitiveness, and value of Australian horticulture through efficient use
of R&D resources.

The Corporation acts to direct and coordinate the financial support for research
and development for all horticultural industries including fruits, vegetables, nuts,
turf, nursery products, and cutflowers and foliage. In partnership with industry, the
Corporation identifies industry needs and priorities and funds research into these
areas. This coordination role not only includes production, but also postharvest and
processing research and development.

THE OPERATION OF HRDC

The Corporation provides R&D funding by attracting industry funds and matching
these dollar for dollar with Commonwealth funds. Commonwealth funds are
provided only for industry contributions held by the Corporation up to a ceiling of
0.5% of the GVP of horticultural industries. These are the only funds the Corpora-
tion has available in an ongoing sense to support R&D and close consultation is
required with industry on the areas of expenditure of these funds.

Horticulture is a diverse and fragmented industry when compared to some of its
rural counterparts. Few nationally cohesive peak industry bodies exist and those
that do, do not have a long history of support {for and involvement in research and
development. In recognition of this, horticultural industries can contribute to R&D
by three main mechanisms; ad-hoc voluntary contributions, voluntary levies, and
statutory national levies.

Voluntary contributions are a means by which industries lacking national
coordination can participate at an individual or regional level to specific R&D
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projects or programs. Examples of this are the tropical fruit industries such as those
represented by the Queensland Fruit and Vegetable Growers and the amenity turf
industry. Voluntary contributions also allow industries, associations and individual
enterprises associated with horticulture to participate in R&D support and benefit
from the Corporation coordination and management and matching funds.

Some horticultural industries have a significant regional focus within which there
1s strong cohesion and common purpose. In such cases voluntary levies may be
struck to address R&D needs specific to that industry. Examples of this type of -
arrangement are the mushroom, processing tomato, and canning fruit industries.

Where there is a recognised peak industry body that represents a significant
majority of both producers and production, a national statutory levy may be
introduced at the request of industry. Such levies are now in place for the apple and
pear, avocado, citrus, chestnuts, cherry, custard apple, macadamia, nashi, nursery,
potato, stone fruit, and vegetable industres.

Since its inception in 1988 the HRDC has funded horticultural research and
development worth over $70 million. The growth in the Corporation’s expenditure
is shown 1n Fig. 1.

It 1s 1important to appreciate that this growth has only been possible due to an
increase in industry involvement. At its inception, the Corporation was supported
by two levies, pome fruit and citrus, providing contributions of less than $1 million.
In 1995-96 the Corporation is supported by 12 levies and voluntary contributions
from a wide range of industry participants providing over $12 million. The 1995-96
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Figure 1. Annual R&D funding by HRDC: 1988-1995.
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R&D programs of industries in partnership with the HRDC, in order of HRDC
expenditure (highest to lowest), are : |

1 Other fruit ' 11 Turf

2 Citrus 12 Processing tomato
3 Apple and pear 13 Other nuts

4 Vegetables 14 Macadamia

5 Potato 15 Cutflowers

6 Horticulture (general) 16 Mushroom

7 Nursery 17 Avocado

8 Cherry: 18 Disinfestation

9 Other product | 19 Nashi

10 Chestnut

The overall strategic objectives and priorities of the Corporation are established
in the HRDC Strategic Plan. The Plan establishes 10 strategic areas of activity for
the Corporation in 1995-96. These are, in order of expenditure (highest to lowest):

1 Pest/disease 6 New/value added

2 Genetic improvement 7 Quality management
3 Cultural/harvesting 8 Disinfestation

4 - Technology transfer 9 Marketing studies

5 Postharvest 10 Waste management

However, equally important in the determination of the Corporation’s R&D
program are the individual Strategic Plans of the participating industries. There
are 15 industry plans of varying sophistication and scope, however all represent a
significant improvement over previous industry R&D planning and are a sound
starting point for further development. National R&D Committees have been
established by each industry to oversee the implementation their Strategic Plan.

THE DEVELOPMENT OF FUNDING PRIORITIES

While the ultimate responsibility for the R&D program funded by the Corpora-
tion lies with the Board, it is apparent from the process outlined above that what
research and development gets funded is largely determined by the priorities
established in each industry Strategic Plan and how that Plan is interpreted by
the R&D Committee. The nursery industry’s development of its Strategic Plan
is a representative example of how this process occurs and some of the implica-
tions that flow.

The nursery Strategic Plan was developed at a meeting of representatives drawn
from most industry sectors and all states in 1990. The plan documented the current
situation and described the desired situation in 5 years. R&D objectives were then
developed to get the industry from 1990 to 1995. It was an ambitious plan that
concentrated on practical issues that affect farm productivity and costs such as
cultural practices and pest and disease control. Nine key R&D programs have been
established in two broad areas and Table 1 provides the total funding allocation,
- both levy and voluntary contribution, since 1990 against these priorities.

After 5 years there have been significant achievements in many of these areas and
these have been well covered in other places. However, beyond the project-based
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Table 1. Funding allocations égainst priorities: 1990-1995.

Funding
Voluntary
Priority Description contribution Levy Total
A Market research $80,000 $179,000 $259,000
B  Technology (in order of priority)
1 Technology transfer $124,000 $564,000 $688,000
2 Pest/weed/disease control $290,000 $872,000 $1,162.,000
3 Product handling $1,000 $391,000 $392.,000
4 Soil quality and potting media $183,000 $532,000 $715,000
5 Varietal improvement $152,000 $256,000 $408,000
6 Efficiency and productivity $293,000 $31,000 $324,000
7 Irrigation $149,000  $221,000  $370,000
8 Value-added products $0 $0 $0

TOTALS $1,192,000 $2,867,000 $4,059,000

output, equally important components of the evaluation of the Plan are whether the
priorities are right and whether the appropriate balance of funds has been allocated
between them.

CONSIDERATION OF PRIORITIES
In any consideration of priorities a number of issues must be addressed including,
but not limited to:
m What technical problems does the industry currently have?
m What technical issues may arise in the future?
B Can R&D provide a solution to these?
m Whichissues,ifsolved, will produce the greatest benefit toindustry?
B Are other sources of funds being directed toward particular areas?
® What public good may be derived from work in a particular area?
[ will use the priorities of varietal improvement and technology transfer to develop
some of these issues.

Varietal Improvement. It could be argued that the number of new plant varieties
and lines that are released onto the market each year in Australia indicate that
commercial forces are sufficient to fund new developments in this area. Indeed,
many members of .P.P.S. are active commercial operators in this field. Despite the
interest of research agencies in an area of research where significant intellectual
property may arise, there would appear to be no market failure to support R&D in
new varieties.

It could also be argued that our vast and unique flora is one of the few competitive
advantages the industry has over its international competitors. This resource will
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become increasingly important as the industry moves to expand and develop export
opportunities. [f the development of this resource is not undertaken promptly and
in a coordinated and strategic fashion, the opportunity it offers may well be lost to
the steady stream of overseas growers that visit these shores looking for new
material. Do individual industry members have the resources, the coordination,
and the commitment to undertake this task? In addition there are many areas of
basic botany, ecology, and molecular biology that require considerable work if the
full benefit of our flora is to be captured and preserved.

Technology Transfer and Adoption. One of the most important implications of
the industry’s 50% stake in HRDC funded research is that of responsibility for the
application of research outcomes. Funding for research and development is now
directed toward priorities, and indeed projects, that industry has chosen. Researchers
are encouraged to collaborate and liaise with industry wherever possible, and to
include significant technology transfer components in their proposals. One could
reasonably expect this to create a strong desire to receive and adopt the results of
industry funded R&D, this has not always been the case. Even where individual
companies or regional groups have provided voluntary contributions to support
specific projects, the responsibility for dissemination and encouragement of adoption
is often seen to lie with the researcher.

The effective dissemination of research outcomes and their profitable adoption
remains the greatest challenge facing the Corporation. Unfortunately the attitude
captured so well by the I.P.P.S. motto of “Seek and Share” appears to be a rare
commodity.

The Corporation recently undertook a survey of information and communication
needs in the nursery industry. The results shed some light on this problem. Over
half of all those surveyed (60%) stated that they received none or only part of the
information they require on research findings; while 80% said they had to adapt
information when they did receive it, mainly because it was not regionally relevant
enough. Encouragingly, just under half were prepared to send up to $1000 a year
to get the right information and 19% were willing to spend more than this !

As this Conference and indeed many of the activities of .P.P.S. demonstrate, the
most effective information exchange occurs in a social context. Of those surveyed
80% had attended an industry workshop, conference, or trade day in the last year.
Such events were rated as the second most useful and efficient means of obtaining
information bettered only by direct personal networks.

The Corporation acknowledges its responsibility to ensure that funded research
produces practical outcomes and that these are presented in a useful and accessible
way. It is however, ultimately the responsibility of individual industry members to
adopt R&D outcomes for their own benefit and improved profitability.

While the Corporation has done much in recent times to improve the presentation,
distribution, and usefulness of research outcomes, bodies such as the I.P.P.S. can
play a vital role in creating industry interest and assisting in dissemination. I.P.P.S.
has world renowned conferences and publications and is the focus of many
important industry networks. HRDC, I.P.P.S., and, most importantly, the horticul-
tural industries of Australia can all benefit from an improved use of these networks
and information dissemination channels. The challenge for both HRDC and I.P.P.S.
is to explore ways in which they can work together on this important task.
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Recirculating Subirrigation Systems for Nursery
Production

J.K. Mayotte, R. Hall, and G. Connellan
Burnley College, Burnley Gardens, Swan St, Richmond, VIC 3121.

Three recirculating subirrigation systems (constant-flow capillary mat, inter-
mittent-flow capillary mat, ebb-and-flow) and an overhead spray irrigation
system are being assessed for efficiency of water use and plant production,
nutrient use and the amount of nutrient-laden leachate and run-off produced.
Results to date indicate that plant growth is as good or greater than on
overhead spray, on any of the subirrigation systems and that the subirrigation
systems use 30% to 37% less water than the overhead spray. The ebb and flow
system has produced the lowest levels (mg litre-' N) and least fluctuation in
leachate and run-off nitrate levels. The ebb and flow system also produces the
least fluctuation in E.C. levels.

INTRODUCTION

In Australia, the principal method of irrigation for container nursery plants is the
overhead sprinkler. It is an inefficient technology because (1) as much as 80% of the
water applied fails to reach the container media, and (2) distribution is uneven,
often resulting in over-watering. In addition, higher levels of nutrients are applied
to compensate for high levels of nutrient leaching. Typically this leachate contrib-
utes to the pollution of waterways and groundwater.

Inefficient water and nutrient use by the containerised nursery in Australia is an
issue that demands our attention. A recent initiative in New South Wales (The
Clean Water Act, 1988) has alerted all of the Australian industry to the imminent
introduction of guidelines or possible legal restrictions regarding nursery run-off.

In The Netherlands the year 2000 1is targeted for a complete conversion of the
industry to closed (no run-off) nursery systems (Runia, 1995); Australian best
nursery practice needs to come in line with a growing world-wide trend to reduce
nursery impacts on natural resources. There is an increasing awareness in the
nursery industry of the finite nature of our useable water resources and the ensuing
responsibility to conserve and protect this vital heritage.

MATERIALS AND METHODS

The research at Burnley College, University of Melbourne, is assessing four
irrigation systems in a greenhouse environment. Five plant species; Artemisia
‘Powis Castle’, Coprosma xkirkii, Hebe traversii, Rhagodia spinescens, and
Heliotropium arborescens ‘Lord Roberts’ are being grown over four trial periods.
Trials vary in duration from 5 to 9 weeks depending on the season. Plant material
1s grown on from tubestock that had been propagated as cuttings. Trials commence

after potting the tubestock into 150-mm plastic capillary pots. The media used is
bark-based and contains slow-release fertilisers. The 222 plants are set out pot to

pot on each of four benches measuring approxamately 1 m x 5 m. Plants are set out
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in a series of five rows (one species per row) thatis repeated in sequence on the entire
growing area of the bench. The perimeter plants on each bench are designated as
edge-effect plants. At the conclusion of each trial, 11 plants per species (including
4 edge-effect plants) per bench are harvested for dry weight analysis. Only above-
ground plant material i1s harvested.

The benching and irrigation systems were designed and built at Burnley. Each
bench is irrigated by a separate and differing method of irrigation. There are three
subirrigation systems that recirculate the applied mains water and one overhead
spray system that does not. The subirrigation systems are; a constant-flow capillary
mat, an intermittent-flow capillary mat, and an ebb-and-flow. The overhead spray
bench is engineered to collect leachate and run-off, but does not recirculate it.

The overhead spray system uses six spray heads designed to deliver 54 litre h'
It 1s used 1 to 4 times per day for 3- to 5-min cycles. The constant flow capillary
system uses six drippers positioned at the higher end of a bench with a 1 : 100 slope.
These drippers emit onto a spun polyester capillary mat that is covered by black
plastic weed mat. The constant-flow capillary system emits continuously at a
seasonally adjusted rate of 0.21 to 0.25 litres min"'. The intermittent flow system
is identical in design to the constant-flow capillary system except that its drippers
emit on a cycle of 4 to 6 min h™ for 12 h and 4 to 6 min every 2 h for the next 12 h.

Each irrigation system or treatment occupies a new position in the greenhouse in
each of four trials. The experimental design is a Latin square.

The greenhouseis clad with polycarbonate sheeting and has no supplementary heat
or lighting. Temperatures in the greenhouse vary from 4 to 35C. Vents automatically
open at 25C and at 30C a fan-driven ventilation system starts. Mains water is used,
which also serves as the control for leachate analysis, havingan E.C. <082 us em ™ and
nitrate levels < 0.25 mg litre" N. Leachate is collected as it drains from the bench and
so it contains both leachate and run-oft. Leachate from each system is sampled on a
weekly basis and is tested for pH, E.C., nitrate, ammonium, phosphate, potassium,
manganese, calcium, and magnesium. Data is also taken fortnightly on pH and E.C.
levels in the container media for each of the systems, using the 1 : 1.5 volume extract
method (Handreck and Black, 1984). Water consumption is measured per system, per
trial, using meters installed on each system.

RESULTS

A considerable percentage of the water applied by our overhead spray system either
tails to land on the media (run-off) or leaves the media as leachate. In trial 2, 63%
of the applied water on the overhead spray system was collected as run-off and
leachate. Similarly, in trial 3, 55% and 1in trial 4, 45% of the applied water was
collected as run-off and leachate. In the trials to date, the recirculating subirrigation
systems use 30% to 37% less water than the nonrecirculating overhead spray
system (Table 1).

If we were able to disinfest the water used in the recirculating systems (and
thereby avoid the between crop dumping and refilling of the recirculating tanks to
permit disinfestation) the subirrigation systems would use 43% to 49% less water
than the overhead spray system.

In 1971 the World Health Organisation set the upper limit for safe levels of nitrate
contamination in water for human consumption at 10 mg litre’ N (Lawrence, 1983).
Occasionally, leachate nitrate levels were in excess of 10 mg litre™ N on each of the
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Table 1. Water use (in kilolitres) by irrigation system per trial.

System Trial 2 Trial 3 Trial4 Total to date
Overhead spray 1.39 1.41 1.95 4.8
Constant capillary 0.84 0.88 1.52 3.2
Intermittent capillary 0.79 0.88 1.36 3

Ebb and flow 0.96 0.97 1.42 3.3

irrigation systems.

The ebb-and-flow system gave the best performance (lowest levels and least
fluctuation) in terms of nitrate levels in the leachate and run-off. This may be due
to the relatively large amount of water leaching only the small portion of the media
in the bottom of the containers. The ebb and flow system also gave the least
fluctuation 1n leachate E.C. levels.

Plant dry weights were significantly greater for A. ‘Powis Castle’ and H.
arborescens ‘Lord Roberts’ when grown on subirrigation systems. Plant dry weights
for C. xkirkii ’, H. traversii, and R. spinescens indicate that these species grow
equally well regardless of the type of irrigation. All five species grow as well or better
with recirculating subirrigation, as they do with overhead spray irrigation.

DISCUSSION

Plant growth, as measured by plant dry weights, 1s greatest on subirrigation
systems for the two larger leaved and more vigorously growing of the five plant
species that are grown in this research. Plant morphology may be one factor in
determining species that will benefit most from subirrigation. Certainly, the
possibility of enhanced growth rates is species dependent.

Shoot extension of up to 20 mm in 1 day was recorded on H. arborescens ‘Lord
Roberts’ on the constant capillary bench. This exceptional growth rate is produced
by providing H. arborescens ‘Lord Roberts’ with appropriate nutrient and light
levels and by minimising water stress. It may be possible to grow some species more
quickly using subirrigation than with conventional overhead spray. Conventional
overhead spray irrigation, due to its inherent inefficiencies, both utilises more
water and creates more waste than does a recirculating subirrigation system. With
appropriate disinfestation of the recirculating water, subirrigation systems offer a
substantial reduction in water use and amount of nutrient-laden leachate and run-
off that is produced. More research needs to be undertaken to investigate low-flow
disinfestation technology specific to the use of recirculating subirrigation by the
nursery industry.

Best nursery practice can be changed to incorporate more efficient water and
nutrient use, and less pollution of waterways by nutrient-laden run-off. These
changes can be approached by careful and extensive fine-tuning of the current and
dominant technology of overhead irrigation or the challenge can be met by the
adoption of recirculating subirrigation. It is in the interest of the nursery industry
and the community at large to affect these changes.
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Propagation For Zoo Exhibits

John Arnott
Royal Melbourne Zoological Gardens, Elliott Avenue, Parkville, VIC 3052

A zoo presenting a paper to a plant propagation forum reflects the changes
that have occurred in zoos over recent years. The functions of today’s zoo
exhibit differ markedly from those of the 19th century menagerie. Naturalistic
exhibits have become the standard. Whilst propagation techniques used for
plant production in zoo exhibits are for the main part standard, the applica-
tions can often be unique. Botanically zoological horticulture is vast with
some 1000 species of plants introduced to the Melbourne Zoo collection since
the master plan was implemented in 1989. Some 60% of this material has been
propagated on site. This paper will provide a background to zoological
horticulture and discuss the implications and the associated plant produc-
tion/propagation challenges and opportunities presented.

MASTER PLAN

The Melbourne Zoo master plan for redevelopment was devised in 1987 and
represents a complete restructure of the zoo grounds and animal enclosures into
bioclimatic zones. The bioclimatic approach enables animals to be displayed with
other coexisting species, and is based on representation of habitats.

HORTICULTURAL IMPLICATIONS/PLANTING CONCEPTS

Many factors need to be considered prior to the planting of naturalistic exhibits.
More than 18 months may elapse between the start of plant production/propagation
and planting out. Generally, the most important factors determining the type of
planting and plant material to be considered, relate to the exhibit theme, the
animals displayed and the habitat to be represented. Obviously jungle exhibits will
have a very different vegetation to that of a grassland exhibit, which in turn will
differ from a desert exhibit. In all cases the aim is to offer vegetation representative
of the habitat. Information is gathered through a variety of sources, 1.e. regional
vegetation surveys, ecological reports, and animal food plant listings.

MELBOURNE Z0O PLANT NURSERY
Most plants encountered, when researching regional vegetation, are not available
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through the wholesale nursery industry, or even known to be in cultivation. The
plant nursery at Melbourne Zoo is an invaluable resource and provides the capacity
to source propagation material and to trial and assess the suitability of such plants.
This provides an extraordinary capacity to create unique zoo environments and
broadens the range of plant material that can be considered for specific projects.

PLANT PRODUCTION/PROPAGATION REQUIREMENTS

Depending on the project, the majority of the material to be planted would be
propagated and produced by the Melbourne Zoo plant nursery, e.g. the pygmy
hippopotamus and mandrill exhibit involved some 9000 plants made up of 80 plant
species. Sixty-five hundred plants were propagated and produced at Melbourne
Z.00, this represented approximately 60 species. No attempt was made to produce
advanced plant material for the project, as all advanced and semi-advanced plant
material required was purchased from advanced tree nurseries.

CASE STUDIES
The following are some specific examples of plant production and propagation at
Melbourne Zoo.

Butterfly House. The butterfly breeding projectis the most technically challenging
task that the Melbourne Zoo has undertaken. Butterfly life cycles are complex and
food plant requirements are demanding, particularly at the larval stage. The project
has been in operation for more than 10 years and still the supply of host plants
presents many challenges. Up to 6000 food plants are required to meet the
requirements of some 35,000 butterflies released into the butterfly house each year.
In essence, it 1s the success of the plant production that determines the overall
success of this project. Therefore the development of successful propagation
protocols for the various food plants required is essential. Passiflora cinnabarina
is the host plant for a number of lacewing butterflies including the orange lacewing
which forms an important part of the butterfly project. The propagation of this plant.
has proven difficult. Unlike other Passiflora species, seed has proven unreliable
with sporadic germination occurring over an 18-month period. Cuttings tend to
produce an inferior root system that is short lived due to lack of root vigour. We
undertook to explore options and to trial various treatments to improve the results
we were obtaining from sexual propagation. It is likely that the dispersal agents for
this plant would be a forest bird or bat, and that in the process of dispersal the fleshy
pulp containing germination inhibitors would be removed from the seed coat.
Simply removing the pulp from the seed coat mechanically did not however improve
germination of this plant. Trials with fermenting the seed in its pulp for 4 weeks
prior to pulpremoval were promising and we have now established that germination
1s greatly enhanced through this technique. The 18-month, sporadic-germination
period can be replaced with uniform germination after a 15- to 21-day period. This
year we will be undertaking trials to determine if grafting onto P. caerulea stock
produces a more vigorous plant.

Gahnia sieberiana. This plant is the larval food plant for the sword grass brown
butterfly. It is hoped that we can introduce this butterfly into the program but a
reliable supply of Gahnia sieberiana needs to be established before undertaking a
breeding program. As with many other Cyperaceae the germination of seed can be
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difficult. We have stumbled onto a technique that works for this species and possibly
has application for many other species. A trial undertaken to soak the seed, as we
do with many rainforest species, resulted in the seed being moistened and placed
into a snap-locked plastic bag. The intention was to leave the seed in the bag for
about 2 weeks and sow directly. The seed bag was placed in the bottom of a drawer
and forgotten. It stayed there in the dark for about 6 to 8 weeks and when
rediscovered was left on a tabletop in the light. Within a week the seed was actually
germinating in the plastic bag. We repeated the process with Elegia capensis seed,
again a notoriously difficult plant to propagate, with the same results. The seed was
given anaerobic conditions and darkness for an extended period, the same conditions
as if the seed was inundated by a seasonal flood or period of extreme waterlogging.

Heath Mouse/Smoky Mouse. The native mammal section at Melbourne Zoo has
undertaken a program to develop the husbandry procedures necessary to breed
these threatened species in captivity. As the wild populations of both these species
are declining, a formal breeding program may soon be essential. Included 1n our
current research is the provision of elements of their wild diet in captivity. Once the
Melbourne Zoo has established self-sustaining captive colonies, release into the
wild will be undertaken. To condition the animals prior to release the Melbourne
Zoo has established a large outdoor heath land enclosure in which the animals can
learn to forage for food and to make nests. In Victoria, the heath mouse is found only
in the south west, and prefers heathland habitats which have regenerated after fire.
Heath mice feed exclusively on the berries, seeds, and flowers of various epacrids.
The horticultural section has the task of providing the plant species of their wild diet
in the outdoor heath land exhibit and the establishment of fodder plantations for
harvesting. This requires an understanding of the floristic structure of their
heathland habitat, and the capacity to propagate and grow the important food plant
species. Todate we have successfully established representative flora in the outdoor
enclosure with the support of a number of specialist indigenous plant growers.
There are still a number of challenges in the development of propagation protocols
for many of the epacrids required for the long-term success of this program. The
heath mouse and smoky mouse projects can only occur in organisations such as
z00s. Zoos today are attempting to manage their collections mindful of the complex
interactions and interdependencies of natural ecosystems.

Eidothea zyzoelocarya. We received an unusual request from the Melbourne
Botanic Gardens in 1995 to explore the possibility of passing the seed of a particular
native rainforest Proteaceae through the gullet of our resident Cassowaries. The
species in question was the recently described E. zyzoelocarya. Indications are that
the dispersal agent for this plant is a large bird, possibly a cassowary. The large
rounded fruit is amongst the hardest of any plant in the rainforests of northern
Australia. It i1s also possible that once the fruit 1s consumed by the cassowary it
remains in the gullet of the bird, as a gullet stone, to aid in the digestion of other
rainforest fruits. Whilst it remains in the gullet of the cassowary the seed is
scarified, and over an extended period the endocarp is worn down or softened to
allow germination to occur when finally passed. The seed may remain in the gullet

for several years.
The propagation of this plant would represent a major botanical initiative. A

quantity of seed was sourced by the Melbourne Botanic Gardens, and in the
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interests of covering all possible propagation angles, the Melbourne Zoo was
approached to feed some of the seed to our resident cassowaries. The progress at
our end of this co-operative project is that the cassowaries are still with nut.
Through more conventional means the Melbourne Botanic Gardens have germi-
nated two plants to date. This was achieved by the scarification of the seed coat to
the endosperm with a file. The seed took 6 months to germinate and plants have
maintained a steady growth rate. Werribee Zoo has recently undertaken a similar
project with the rare Eremophila desertii. They fed the fruit to their emus and then
collected the subsequent dung. The seed was then separated from the dung,
counted, and sown by conventional methods.

SUMMARY

The Melbourne Zoo Plant Nursery and its staff have demonstrated that it is possible
for a zoo to be involved in a variety of plant production activities. Increasingly the
nursery is being viewed as a significant “resource” by the Zoo board. With develop-
ments at Werribee Zoo in grassland plant conservation; at Healesville Sanctuary,
with its ongoing revegetation project; and a seemingly never-ending list of potential
projects at Melbourne Zoo; it is obvious that the challenges faced in propagation for
z00 exhibits will continue for sometime.
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Current Research into Water Disinfestation for the
Nursery and Cut Flower Industries

Martin Mebalds, David Beardsell, Andrea van der Linden, and Michelle Bankier
Institute for Horticultural Development, Knoxfield, Private Bag 15, SE Mail Centre VIC 3176

Water disinfestation in Australian Nurseries has mainly been done using
chlorination either from sodium hypochlorite or direct injection of gaseous
chlorine. Some nurseries in Queensland and northern Australia have bromi-
nation and chloro-bromination systems, and ultra violet light is used In
several nurseries in Victoria. An important feature shown in a survey of water
quality by Beardsell and James (1995) was that it is vital that nurseries and
flower farms do a complete analysis of water quality over a 12-month period
before choosing a water disinfestation strategy. A recent symposium on
nursery substrate disinfestation held in Belgium (Vanacher, 1995) did not
provide clear information on best practices; as few quantitative and economic
analyses were presented. The following paper presents a summary of the best
available information on water disinfestation for the nursery industry. Much of
this information has been generated by projects currently being conducted in
Australia.

CHLORINE (AS HYPOCHLOROUS ACID)

Limited field and anecdotal data suggests that a 1-min exposure of 2 mg litre™ of
free chlorine will control Phytophthora cinnamomi (Smith et al., 1985). However,
extensive quantitative data on other fungal plant pathogens is lacking. It has been
reported that above pH 7, the amount of available hypochlorous acid in solution falls
rapidly from 100% at pH 5, to 80% at pH 7, 28% at pH 8 and 4% at pH 9 (Ellis, 1991).
A recent survey of nursery waste water (Beardsell and James, 1995) showed that
pH above 7 was typical for Australian nurseries (average 8 in Queensland), thus
acidification is likely to be required in many nurseries. Other disadvantages of
chlorination are that its effictency as a disinfectant 1s reduced by organic matter,
iron and nitrogenous compounds (De Hayr et al., 1994). Chlorination also produces
toxic by-products including trihalomethanes and chloramines. Also the dangers of
chlorine gas will cause transport of this chemical to be regulated in the near the
future. Chlorination cannot be recommended as best practice for water disinfesta-
tion in Australian nurseries until further detailed work testing hypochlorous acid
for control of a range of plant pathogens i1s completed.

CHLORINE DIOXIDE
Chlorine dioxide has been shown to be highly effective for disinfestation of a range

of plant pathogens including Fusarium oxysporum, Alternaria zinniae,
Colletotrichum capsici, and P. cicnnamomi over a range of water pH (Mebalds et al.,
1995). Work 1s currently in progress testing its ability to control Pythium ultimum.
Chlorine dioxide needs to be applied at an available concentration of 3 mg litre™ for
8 min to control water-borne fungal pathogens (Mebalds et al., 1995). Chlorine
dioxide, like hypochlorous acid, oxidises iron (Langlais et al., 1991). Poor quality
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water, typical of that obtained after recycling, requires higher concentrations of
chlorine dioxide to overcome contaminants in the water. Sensors which regulate the
amount of chlorine dioxide applied by automated equipment must be placed in such
a position in the irrigation system to account for chlorine dioxide drawdown by
impurities in the water.

Since Mebalds et al. (1995) also showed that the disinfestation properties of
chlorine dioxide were unaftected by pH as high as 10, this method would have wide
- application to the nursery and flower industries in Australia which consistently
have high water pH. Although chlorine dioxide equipment is more expensive than
other chlorination systems, this method of disinfestation is likely to be more
effective considering water quality in Australia. The only factor preventing a
recommendation for chlorine dioxide as best practice for water disinfestationis that
data is lacking on i1ts phytotoxicity and on its relative efficacy on a wider range of
organisms. Chlorine dioxide may be hazardous to plant and animal health,
although this also has not been fully tested. A nursery in Victoria has successfully
used chlorine dioxide without obvious phytotoxicity problems on a wide range of
Proteaceae.

BROMINATION AND CHLORO-BROMINATION

Quantitative work on phytotoxicity and disinfestation by hypobromous acid and
other bromine compounds has yet to be done on plant pathogens. This means that
these cannot be considered as a best practice, although field observations indicate
that chloro-bromination is effective in controlling water-borne diseases (Bodman,
pers. com.). De Hayr et al. (1994) have concluded that bromine 1is likely to be an
effective disinfestation agent, especially if nursery water has a high pH and high
organic matter content.

OZONATION

The only published data on ozone control of a plant pathogen has been reported
in a study on F. oxysporum by Yamamota et al. (1990). This work was only
preliminary, and no recommendation can be made regarding control of F.
oxysporum by ozone. Two groups in Australia, Mebalds and colleagues at the
Institute for Horticultural Development and Alexander and van Lewin at the
University of New England, are currently investigating the value of ozone for
controlling plant fungal pathogens. At this stage ozone can not be recommended
as best practice for water disinfestation, although it appears promising because
of its lack of potential residual phytotoxicity. Hoigné (1994) has shown that
ozone demand in water increases with ammonium, nitrite, ferrous, carbonate,
and bicarbonate levels. High pH also reduces the half life of ozone. The high
alkalinity (bicarbonate levels) of nursery water in South Australia may limit the
application of ozone in that State.

ULTRA VIOLET RADIATION
Ultraviolet (UV) radiation is an effective and environmentally friendly method of -

controlling P. cinnamomi, F. oxysporum, C. capsict and A. zinniae if water has high
UV transmission (greater than 50% UV transmission after filtration) and exposure
dose is at least 5.0 x 10° uw s' em™ (Mebalds et al., 1995). Alternaria zinniae has
dark-coloured spores and is the most difficult to kill with UV radiation. This
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organism should be used as a standard for testing the efficacy of UV equipment.
Equipment for irradiating water with UV must be designed so that pressure
changes in pipes between the pump and the UV reactor are minimised, otherwise
protection of pathogens from the radiation may occur. Water must also be filtered
and turbulent flow is needed in the UV reactor otherwise organisms may be
protected from radiation exposure. Ultraviolet radiation can be recommended as
best practice for nurseries which have recycled water with UV transmission greater
than 50% at a wavelength of 254 nm because of its environmentally friendly
operation and low cost. However few nurseries will have recycled water of such high
quality. Dissolved solids are the major cause of poor UV transmission; the colour of
the water strongly influences UV transmission (Beardsell and James, 1995).

HEAT

Although heat is used widely in Europe to kill plant pathogens in water it is likely
to be very expensive in Australia. If waste heat can be used, it might be considered,
however Runia (1995) has shown that water must be heated to 95C for at least 30
sec for adequate disinfestation.

FILTRATION

Microfiltration has been shown by Runia (1995) to be impractical due to clogging of
filters by poor quality water in European nurseries. Itis also very costly. Biologically
active sand filtration has been shown to reduce pathogens in waste water; sand
filters may not however control F. oxysporum (Wohanka, 1995} and some viruses
(Berkelman et al., 1995). Filtration is an important pre-treatment to improve the
efficacy of other disinfestation methods, and sand filtration may be useful in
conjunction with these.

CONCLUSION

Water quality is the most important factor in choosing a water disinfestation
method. Clean water with a high UV transmission can be successfully disinfested
using UV radiation. Chlorine dioxide at a residual concentration of 2.6 mg litre ™ can
be used to disinfest poor quality water, and has scope for greater use in the nursery
industry. There is insufficient data available on ozone and bromine compounds for
disinfestation of plant pathogens to make recommendations for their use in water
of variable quality.
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An Alternative to Methyl Bromide: Electrically Produced Steam

John R. Bunker
Redlands Greenhouses Holdings P/L, Redland Bay, QLD 4165

INTRODUCTION

The use of aerated steam for pasteurisation and sterilisation is not a new technique
in our industry. It first gained interest in Australia following a visit by Dr. Ken
Baker in 1960. The release of the UC Manual for Container Growing Plants by
Baker led several nursery operators to embrace this technique. Alan Newport
(Newports Nursery), Jack Pike (Pikes Nursery), and Gavin Wilton (Falg Nurser-
ies), all introduced aerated steam into their bedding plant and house plant
operations in the early 1960s. The traditional users of aerated steam have been the
bedding plant and seedling producers, probably because of the critical importance
of hygiene in raising seedlings.

In the last 2 years the use of aerated steam has gained momentum again in the
nursery industry because of two key issues.

1) Methyl bromide which has been widely used as a disinfesting agent has been
labeled as a serious ozone depleting gas. Through the U.S. Clean Air Act it will be
banned from use in the U.S. The 1st of January 2001 was one proposed date,
however it is currently uncertain when the final cut off will be. The Netherlands no
longer uses methyl bromide. In Australia methyl bromide use is being reduced by
gradually restricting imports with a proposed complete phase out around 2005.

Australia is one of 149 nations who are signatories to an international agreement
“The Montreal Protocol” on substances that deplete the ozone layer.

2) With the creation of the Nursery Industry Accreditation Scheme Australia
(N.ILA.S.A)), accredited nurseries need to have disinfesting programs in place for
media and used containers which may contain disease organisms.

Under the accreditation guidelines the use of aerated steam, pasteurisation,
methyl bromide, solarnsation or Basimid® are accepted treatments for many soil
borne diseases. Aerated steam (sterilisation), methyl bromide, and sodium hy-
pochlorite solution used at 5000 ppm of free residual chlorine are the suggested
treatments for used containers.

Our nursery operation continually reuses propagation tubes and growing on pots
which needed to be disinfested. Methyl bromide had traditionally been used for
disinfesting filled propagation media trays and used containers. Sodium hypochlo-
rite solution used at 5000 ppm of free residual chlorine was used for manual hand
washing of used containers because it was a more effective treatment than methyl
bromide, but it was a very labour intensive operation.

At Redlands, we identified the need to find an alternative to methyl bromide gas
disinfestation. We did our research and settled on steam. Initial planning started
around 1990 with its inclusion in the budget and its entry on our 5-year plan.

REASONS FOR CHOOSING STEAM

1) Satety to employees: risk was reduced by removing the need for toxic chemicals
such as methyl bromide and sodium hypochlorite.

2) To achieve an effective treatment of our propagation media and used contain-
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ers: we weren’t entirely happy with the results of methyl bromide, e.g. a perpetual
Rhizoctonia problem in propagation and losses experienced in used containers after
methyl bromide disinfestation.

3) To reduce labour costs and increase efficiencies in these operations: the number
of operational steps with methyl bromideis reduced greatly in comparison to the use
of heat treatment.

4) To work in with planned future automation and more eftective materials
handling.

5) To completely eliminate the need for methyl bromide well prior to its legislated
unavailability.

SOLUTION

After consultation with other growers and David Spencer from South East
Queensland Electricity Board (S.E.Q.E.B.) we settled on using electrically produced
steam with a Mastersteam Generator produced by ACA Engineering, in Victona.

Advantages Over a Fuel-Fired Boiler.

B The operator does not need a boiler ticket and the machine can be
left unattended during operation.

® There is no requirement for either licensing and yearly safety
inspection by the Qld Department of Workplace Health and Safety
or the need for annual maintenance.

B The system is simple to operate and can be made fully automatic.

® The equipment is a compact unit which is easy to relocate and can
be placed right at the point of usage.

B There is no flame or fire risk and no fuel storage is required.

m It is environmentally friendly generating the waste products of
heat and steam.

m There is a lower capital cost involved.

EQUIPMENT
The equipment I am discussing in this paper is a 100 kW steam generator. The
supplier, ACA Engineering, manufactures steam generators from 40 kW upwards.
We decided on this capacity for both our present needs and with a view to our future
requirements, coupled with the need for flexibility. However regardless of the size
of the equipment the principles remain the same to achieve the desired treatment.

A secondhand steam vault was purchased. It is constructed of Bondor Insulated
Panels with the dimensions being 2040 mm in height, 2650 mm in length, and 3000
mm in width. It has two barn doors on the front and its working floor capacity is
4 x 1.2 m” conventional pallets. Also included in the original purchase was 3 kW
electric blower and 150 mm PVC pipework from the blower to the steam vault.

For the volume of the steam vault and the operational load, the manufacturer
suggested a 100 kW steam generator. This has a power requirement of 140 amps
per phase. To make the unit more flexible we had it fitted with a 40 kW and 60 kW
option so that it could be used for small batches or a steam gun at 40 kW setting.
For large media batches and with both the 40 kW and 60 kW buttons depressed, it
~gives a 100 kW power rating.

The steam vault was installed as a recirculating closed system to make a more
energy efficient system. A closed system with little steam escaping during the



An Alternative to Methyl Bromide: Electrically Produced Steam 95

Table 1. Media and propagation tray combinations.

No. of trays Totaltreated  Total
in batch Litres per pallet m"® per batch number of

Media (4 pallets) 10001 =1m° (4 pallets) cells
60% sand 4 pallets of 42’s 1 pallet of 42s 2.1m° 19,656
40% peat (42’s Kwikpots) = 527 litres
or = 468 trays
40% peat
60% perlite
40% peat 2 pallets of 42s 1 pallet of 42s 2.73m°> 23,028
60% perlite = 234 trays =527 litres .

2 pallets 50 mm 1 pallet 50 mm

tubes tubes

= 120 trays = 840 litres-
40% peat 4 pallets of 1 pallet of 3.36m° 26,400
60% perlite 50 mm tubes 50 mm tubes

= 240 trays = 840 litres

process requires a lower energy input. The S.E.Q.E.B. energy recommendation is
30 kW of electricity per cubic metre of media. Table 1 gives some of the different
combinations of batch size, with the maximum being 3.36 m° on a 60 kW power
setting (which is a 40% energy saving). This saving has been made possible by using
a recirculating system:.

The steam is fed into the steam vault through a register in the centre of the roof.
It is then drawn from the room via 9 mm x 50 mm PVC pipe openings which are
positioned 180 mm above the floor there is 40 mm between each opening.

Our power requirements to the property had to be upgraded to a 200 kva
transformer, to provide for the extra need of the steam generator and for future
property development. The main switch board was incorporated into the building
housing the steam room, to reduce the installation cost of the cable needed to supply
electricity to the steam generator.

The water supply is provided by two 4700 litre polypropylene tanks collecting rain
water off the roof of the same building. It was decided to use rain water, as opposed
to the town supply, to eliminate the need to add chemaical to prevent scale build up
in the steam generator. Also as the major use of the equipment was for pasteurising
propagation media, it was necessary to use as pure a water source as possible. Water
usage for a 100 kW unit at maximum steam usage is 136 litres per h. We budgeted
on 75 min. therefore using 170 litres per session. We are currently only using the
60 kW setting which is using approximately 102 litres per session.

The water flows from the bulk tanks through an inline filter and a 20 mm copper
pipe into the header tank via gravity feed and a 20 mm float valve. The recirculating
pump which transfers water from the header tank to the steam generator has an
output of 9 litres per hour. The water is pumped into a header tank inside the steam
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generator before passing through a series of electric transformers which heat the
water and produce the steam.

The control panel was designed by Procon Brisbane consists of two Shinko digital
thermostat controllers with individual probes and a timer. The steam room
controller is a moveable probe attached to a 8000 mm cable. The air temperature
controller probe is fitted just above the inlet on the roof of the steam vault. Both are
able to be set at the designated temperature.

Attheend ofthe pasteurisation cycle of 30 min at 63C, the timer activates an alarm
for the start of the purge cycle. Stainless steel butterfly flaps have been instalied
inside the pipework to direct steam flow into the steam vault during the heat up and
pasteurisation cycle and during the purge cycle the flaps are repositioned to allow
ambient air to be drawn from near the roof and the heat and steam from inside the
vault to then be vented to the outside of the building.

The thermostat controlling air temperature is connected to an automatic steam
valve to enable regulation of temperature and closing off the passage of steam at the
end of the pasteurisation cycle. The racks holding the propagation trays allow an
airspace of 15 mm between each layer, to ensure rapid and thorough circulation of
the steam. Each aluminum rack holds 117 trays of Yates Kwikpots@). The trays are
295 mm wide and 365 mm long. Aluminum rack dimensions are 1520 mm in height
1 m in length and 1180 mm in width.

Two microswitches have been installed at the top of both doors as a safety
precaution as the steam blower will not operate unless both doors are closed.

TREATMENT

Pasteurisation is used to control plant pathogens in growing media by raising the
temperature to between 60 to 70C within 30 to 45 min, and then maintaining that
temperature for a further 30 min before cooling the media down by pumping
ambient room temperature air through it. This process controls most pathogens,
without eliminating many beneficial organisms. This 1s used for filled trays of
propagation media.

The media is thoroughly mixed at the moisture content for planting prior to
steaming. The media filled trays are left for a minimum of 4 h before steaming to
enable seeds and spores to absorb water. They are less resistant to heat when they
are moist.

The spectrum of disease, weed, and pest control is widened by increasing the
treatment temperature to 70 to 80C for 30 min. This will control most weed seeds
and plant pathogenic bacteria, and is used for treating used containers, where
inoculum levels of many pathogens are potentially higher.

The steam generator takes 15 min to build up steam then approximately 45 min
to bring the steam room and its contents up to the required temperature. The cook
cycle is 30 min duration. The purge cycle for cooling the media with ambient air and
lowering temperature back to 40C is approximately 45 min.

A six-channel digital data logger was installed by S.E.Q.E.B. to produce graphs
which identify temperature dynamics inside the steam vault, and to chart the hot
and cold zones.

Our first batch of media showed a temperature differential of 4C between the
highest and lowest temperature at 60 kW setting. We did one cycle at 100 kW which
did not work successfully as it produced a temperature difterential of 10C. The
conclusion was that it raised the temperature too quickly in this case, therefore
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sacrificing uniformity. This batch was done before the racking system was finished
and the trays were only separated by 10 mm. The coolest zones were in the lower
section of the pallet, at the front of the steam vault (facing the doors).

One problem we had been experiencing was a runaway system with the desig-
nated temperature being exceeded. We have overcome this problem by better
regulating the manifold steam flow automatically by setting the thermostat
controls as follows:

For pasteurisation cycle:

1) Steam vault thermostat set at 60C, when the temperature reaches 61C 1t
activates the cycle 30-min timer.

2) The steam flow in thermostat is set at 65C which 1s our upper limit.

3) This thermostat is coupled to the automatic steam valve on the steam generator.

4) When steam-flow in probe reaches 65C it shuts oft the steam valve.

5) The steam valve then reopens when the temperature drops to 63C.

6) This process continues through the pasteurisation cycle regulating tempera-
ture at 63C.

This strategy has increased our steam room heat up time to 1 h and maintains a
constant temperature with only a 2C temperature differential. This is now achieved
now on both the 60 kW and 100 kW setting.

The significance of this is the degree of temperature control an this enables the
pasteurisation cycle to run unmonitored by the operator, effectively saving 30 min
labour per batch. With a projected current usage of 80 treatments per annum it
amounts to 40 h of labour saving.

The power controls will be modified shortly so that when the timer reads 30 min
(at the end of the pasteurisation cycle) it closes the automatic steam valve and then
activates a motor drive to change the position of the butterfly flaps thus starting the
purge cycle and cooling the media with air at ambient temperature.

TREATMENT COST
The electricity tariff we are connected to in Queensland is the Non Domestic

Heating Time of use tariff No. 37. The most economical hours of operation are 10:30
PMto4:30 PM, atotal of 18 h at the rate of 6.5 cents per kWh. From 4:30 PM to 10:30
PM, a total of 6 h, the rate increases to 16.2 cents per kWh.

In Table 2 a comparison of treatment costs is made between methyl bromide
(applied by a commercial contractor, whose requirement was a minimum of 6
pallets) and electricity on the above tariff rates.

Table 2. Comparison between methyl bromide and steam.

Methyl bromide Steam
Treatment time Minimum of 48 h 3 h
Maximum of 72 h Use when media has
plus airing time of 12 h cooled to 40C
Type of treatment Fumigation | Pasteurisation
(soil sterilant) (beneficials still intact)
Cost/pallet $18.33 min/mm $7.27
6 pallets $1.82/pallet

Byproducts Ozone depleting substance Heat, steam, and water
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PROBLEMS
We have made other observations:

m Always have the same type of media in the steam vault or uneven
heating can be experienced.

B When sterilising empty containers a mixed load of different sized
containers does not cause uneven heating.

® Do not have too great a depth in containers or try to do bulk media
1n the steam vault.

B Hygiene is extremely important and one weak link in the process
can ruin the effect of the treatment. Therefore after treatment the
media and used pots are shrinkwrapped. This both identifies
treated media and pots, and keeps treated material clean until use.

CONCLUSION

As outlined earlier we will advance to fully automatic controls on the unit within a
short time. We are currently researching the use of a steam gun for sterilising
machinery and equipment, to eliminate chemically based wash-down procedures.
At a design capacity of 130C at the gun tip it will guarantee control of all known
pathogens, if used in the correct manner.

The unit was commissioned in Nov 1995. In that short time we have seen a
difference in the efficiency of our propagation unit as a result of pasteurisation. A
good example is our current azalea propagation system which now has a failure rate
of less than 1%. In Dipladenia it has eliminated a perpetual Rhizoctonia problem
which always presented a problem in propagation. Chemical needs and dependency
are subsequently reduced.

We will see these resuits flow right through the production phase adding to the
finished quality of our crops. Plants in reused steamed pots have performed better
than those in chemically treated used containers.

The installation of the steam generator equipment i1s seen as stage 1 in a facility
which will eventually house media manufacturing, tray filling, cutting and seed
preparation, thus becoming an integrated system. The steam gun will play an
important role in cleaning these work areas.

As we continually look at improving systems and production techniques we can
use the experience of the past coupled to the technology of the future to make further
advances and improvements in our industry and ultimately the crops that we grow.
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INTRODUCTION

Papaw or papaya (Carica papaya L.) is grown as a fruit crop in countries with
tropical and subtropical climates. In 1988 the world production of papaw was 3.68
million tonnes. Papaya ringspot virus (PRSV) is the most serious disease of papaw
(Purcifull, 1972) and poses the greatest single threat to papaw production in the
world (Litz, 1985). It was first reported on the island of Oahu in Hawaii in 1945
(Lindner et al., 1945) and subsequently occurred in Africa, Bangladesh, Brazil,
Colombia, Cuba, El Salvador, Sri Lanka, Venezuela, India, Thailand, Taiwan, and
the Philippines. In the nineties it has been reported in Malaysia and South East
Queensland.

PRSVisamember ofthe potyvirus family and infects plants in families Caricaceae,
Chenopodiaceae, and Cucurbitaceae. Two closely related strains occur: P and W.
Papaws are infected by strain P, which is aphid-borne and spreads rapidly in
affected areas. The symptoms of PRSV-P in papaws are vein clearing and chlorotic
spots followed by mottling and distortion of the leaves, and greasy ringspot patterns
on the fruit and upper portion of the stem. Many trees die before fruit set and trees
that do survive set few fruit. These fruit are of poor quality, have a low sugar
content, are covered by greasy ring spots, and are unmarketable.

DEVELOPMENT OF PRSV-P TOLERANT VARIETIES

Since the pioneer work by Conover in the early seventies (Conover, 1976), there
have been numerous attempts to produce tolerant lines by selection and crossing
of various cultivars within the species Carica papaya. A number of lines that exhibit
some tolerance have been produced including Cariflora (Florida), Know You, Red
Luck, and Tainung (Taiwan). However, these lines have been ineffective and have
not allowed re-establishment of commercial plantations in infected areas. When
trialed in Australia, their performance against local strains of PRSV-P has been
poor. Recently ‘Sinta’ has been produced in the Philippines and shows good
tolerance to their PRSV-P strains (Mercado et al., 1995).

DEVELOPMENT OF PRSV-P RESISTANT VARIETIES

Currently two approaches are being used in Australia to produce papaw lines that
are resistant to PRSV-P. Resistance to PRSV-P has been reported in the Carica
species cauliflora, pubescens, quercifolia, and stipulata and an attempt to
introgress genes from these wild species into papaw is being made using interspe-
cifichybridisation. This work is a collaborative project between Queensland Depart-
ment of Primary Industries and University of the Philippines at Los Banos and is
being funded by the Australian Centre for International Agricultural Research. The
second method involves gene transfer. Constructs of viral coat protein and viral
replicase genes are being transferred to papaya via microprojectile bombardment.
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This project is being undertaken by the Queensland Department of Primary
Industries and the Queensland University of Technology and is being funded by the
Queensland Papaw Industry and the Horticultural Research and Development
Corporation.

COMPARISON OF TWO METHODS

The aim of this paper is not to present results but to compare the advantages and
disadvantages of the two research methods. These are summarised in Table 1.
Details of conventional breeding between papaw varieties are also presented, but
since no resistance exists within Carica papaya, this technique is not discussed
further. .

Some wild relatives of papaya that are highly resistant, may even be immune to
PRSV. After inoculation with high levels of PRSV followed by growth in the field
with papaws exhibiting high levels of infection, no virus could be detected in either
C. cauliflora or C. quercifolia by ELIZA testing (Persley, pers comm). Furthermore,
this resistance has been stable for long periods in infected areas. Long-term field
performance of coat-protein-mediated resistance is as yet untested. In some cases,
other species transformed with coat protein constructs have shown reduced virus
symptoms or tolerance rather than resistance. Single-gene disease resistance
developed in plant breeding programs often breaks down in the field as virus strains
mutate and this may occur with coat-mediated resistance. The useful life may be
extended by the transfer of two genes for resistance (for example coat protein and
replicase genes). To be successful resistance must be both stable and heritable.

When adding genes for PRSV resistance by either breeding or genetic engineering
the geneticintegrity of elite cultivars must be maintained. Interspecific hybridisation
requires a long backcrossing programs (6 to 8 generations) to restore commercial
cultivars. In theory, a major advantage of gene transfer is that one or two useful
genes may be added to an elite genotype without altering the rest of the genome.
However, in practice, transgenic plants are regenerated from cell cultures, which
are prone to genetic variation resulting from somaclonal variation.

A laboratory phase is required for both methods. Embryo rescue and in vitro
plantlet production are required following interspecific hybridisation as embryo
abortion and death occur due to breakdown of the endosperm. Routine procedures
have already been developed for embryo culture, embryogenesis, and plantlet
production (Magdalita et al., 1996). Gene transfer requires the development of
embryogenic cultures, high frequency gene transfer and stable expression, growth
on medium containing kanamycin to select transformed cells, good regeneration of
plants from these cells, and growth in vitro of a plantlet that can be acclimatised.
These stages constitute lengthy laboratory phases and because this is a new field
of research, unexpected problems and delaysregularly occur. For example, transgenic
papaw plants grow very poorly in culture and are extremely difficult to
micropropagate.

Field evaluation of resultant plants is essential. Because interspecific hybrids are
from wide crosses, incompatibility causes poor growth and development of plants
and high levels of infertility. By comparison, in Hawaii transgenic papaw plants are
growingnormallyin field plantings (Manshardt, pers. comm.). In Australia transgenic
plants are growing poorly in culture and may lack vigour when grown in the field.

Transgenic plants pose environmental and legal problems and can be grown in the



Table 1. Advantages and disadvantages of conventional breeding, interspecific hybridisation and gene transfer as methods of developing

PRSV-P resistance in papaw.

Conventional breeding
within Carica papaya.

Interspecific hybridisation
with C. papaya

Gene transfer of essential viral
genes to C.papaya

No resistance only
tolerance to PRSV

Requires long
backcrossing program

No laboratory phase,
plants grow normally

No growth problems
Fertile hybrids
Field evaluation required -

no complications

No patent limitations

Species resistant over
long period in field

Requires long backerossing
program

Proven laboratory phase,
no unexpected problems

Hybrid breakdown, prone to growth
problems in glasshouse and field

High levels of infertility
Field evaluation required -
no complications

No patent limitations

Long-term field
performance unknown

Potential to add 1 or 2 genes without
altering remainder of genome

Complicated laboratory phase with
unexpected problems and delays

Reduced regeneration and poor growth
after gene transfer and selection

Infertility rare, somaclonal variants
can occur

Field evaluation required - subject to
legal and environmental restrictions

Patent obligations
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glasshouse and field only after permission from (GMAC) Genetic Manipulation
Advisory Committee. There may be patent obligations involving up front payments
and/or royalties before these plants can be grown commercially. If PRSV resistance
can be transferred from wild species there are no patent obligations or restrictions
on field testing.

Both approaches should provide PRSV-P resistant papaya lines in the future
although the first plants in the field are likely to result from the gene-transfer
project.
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Getting the Most Out of Growing Media and Nutrition

David Nichols and Craig Godham
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INTRODUCTION
Plants need carbon dioxide, water, mineral nutrients, oxygen in their root zone, and
energy. In their natural state they acquire these for themselves. It ought not to be
too difficult to help them along in a nursery, but somehow it often is. The typical
Australian nursery is placed at various levels, somewhere between the maligned
backyarder who recognises the simplicity of it all and the idealism of a Dutch grower
nurturing a single variety with almost total environment control.

We can abridge the requirements of plant survival in nurseries into the following
parts: the plant, the growing media, nutrition, the environment, pest, disease and
weed control, and management.

THE PLANT

Universally, plants obey the same principle rules for survival but because they have
to cope with different environments they modify their responses. In short, each
plant is distinct and requires a different level of management. Most have wide
tolerances of growing conditions. If this were not so then the nursery industry could
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NUTRITION

Nutrition is a subsidiary function of the media. Plants can take nutrients through
their leaves but they do so much better through their roots and the roots are situated
in the media. The supply of oxygen and water are important parts of this function.
Plants also differ remarkably in their requirements for various nutrients. In
nurseries today, nutrients are applied predominantly as polymer-coated con-
trolled-release fertilisers (CRF's) or in liquid form.

ENVIRONMENT

Environmental factors impact heavily on the media, particularly in relation to
nutrition.

Temperature and light have a dominant effect with each plant subject to optimum
ranges for growth. With temperate species, plant metabolism slows down at levels
above and below the optimum whilst tropical species, having few problems when
grown in the tropics, suffer at the extremes experienced in cooler climates.

Controlled-release fertilisers can present a problem in this regard. Release is
regulated by temperature, which is not a problem so long as the plants metabolic
activity is also increasing at the same rate. However plants have limits to their
ability to tolerate extremes in environmental temperature, beyond its optimum
range their metabolism slows down, while the fertiliser continues to accumulate.
Inregard to CRF's, growers should be conscious of hot heaps of potting mixture, heat
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sterilisation, heatwaves with temperatures above 35C, and heated greenhouses
under conditions of low light.

PEST, DISEASE, AND WEED CONTROL

Plant pests and diseases represent an enormous threat to nurseries and have
contributed to the loss of thousands of dollars worth of sales. Modern soilless
composts are usually weed free and may actually contain disease-suppressing
organisms. The relationship between disease and nutrition is obscure and often
conflicting (Gladstone et al., 1990; Chase, 1988). Irrigation management 1s 1mpor-
tant because root diseases proliferate in an aqueous environment. There 1s ample
scope for improvement in regard to nutrition and disease relationships because
disease organisms are often discovered simply as secondary outcomes of nutrntional
failure.

However, because insects and disease spores are everywhere, it is simply not
possible to prevent everything from going wrong. The answer to this is inherent in
the principles of integrated pest management, wherein an approach can be taken
involving such disciplines as strict quarantine, nursery hygiene, crop rotation,
environment control (e.g. fans in glasshouses to dry leaves before spores can
germinate), proper nutrition, irrigation timing, and biological control. It 1s at this
juncture that the simplicity of the backyarder philosophy begins to collapse.

MANAGEMENT
Management is the key to the solution, growers need to make the most of the
scientific advice on offer and their own accumulated experience to stay in business.
One of the most critical areas is water management. Everyone appears to recognise
that “too little” can be disastrous, but the converse of “too much” has sometimes
subtle, sometimes glaring, effects on the final product. Whichever watering system
is used, the best approach is to water when needed. This minimises nutrient and
water wastage, while capitalising on media airspace. Media management requires
a good balance between water-holding capacity and air-filled porosity, and rainfall
being considered if necessary. Irrigation will always be difficult in situations where,
as is often the case in Australian nurseries, the grower is dealing with a broad range
of plants of differing watering requirements and in different stages of growth.
Being aware that the plant is responding to the interaction of environmental
stimuli, and the raw materials and growing conditions we provide, adds another
dimension to the art of nursery management. Good horticulturists are acutely
conscious not only of seasonal change but more importantly of unexpected condi-
tions such as heat waves, excessive cloud cover, frosts, prolonged winds, and subtle
changes in temperatures. They will modify their practices to irrigate and fertilise
accordingly.
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Data on the effects of saline water on the production of nursery stock on
capillary beds are presented. Growth comparisons are made between over-
head irrigation and capillary bed irrigation in a range of saline sensitive and
tolerant crops. Results from salinity trials where plants were irrigated with
waterupto EC 3.0dS m are presented. Leaching of excess salts and muilching
treatments are shown to be effective as management tools for handling salt
build-up in pots. Control of root emergence from pots onto the capillary beds
can be achieved with dichlorophen.

INTRODUCTION

Subirrigation is commonly used in Europe for the production of high quality nursery
- stock. One advantage over overhead irrigation is a large reduction in water use
(Stackhouse, 1993). Another 1s the potential of the system to minimise or eliminate
egress of nutrients from the site. Many Australian nurseries are considering this
method of irrigation, but are concerned about the effects of water quality and
disease. This paper presents information for Australian conditions on the effects of
saline water on growth under subirrigation of plants with a wide range of tolerance
to salinity.

EXPERIMENTAL DESIGN
Of the several systems of sub-1rrigation (ebb and flood, capillary mat, capillary sand
bed) we chose capillary sand beds. The beds were constructed according to the
principles developed at Littlehampton, England (Handreck and Black, 1994).
Early trials established that with the majority of nursery stock tested, salinities
encountered in the range of 0.8-1 dS m™" presented no major growth problems in
capillary bed production. This range of salinity is that encountered in the nursery
industryin South and Western Australia with municipal water supplies. Yield of plants
on capillary beds was consistently higher than with overhead irrigation (Fig. 1).
Herbaceous plants, roses, and the majority of woody shrub varieties also re-
sponded to doubling the recommended rates of controlled-release fertilisers in the
mix by increased yields with no loss of quality. Presumably, the lack of water stress
at any time during the production cycle had a marked effect on the growth efficiency
of the plants. Figure 2 shows an example of growth increase with doubling the
fertiliser rates on capillary beds irrigated at water EC of 0.4 and 0.8 dS m™" and
overhead irrigation.
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Figure 1. Dry weight yield of nursery stock grown with overhead and capillary bed
irrigation. A - snapdragon, B - westringia, C - rose, D - melaleuca, E - chrysanthemum,
F - marigold, GG - abelia.

EFFECT OF HIGHLY SALINE WATER
The first salinity trial was conducted over the 1994 and 95 summer when the EC
of Adelaide tap water was 1 dS m ' at the beginning of the experiment and increased
to about 1.2 dS m™" during the trial. For this trial, the salinity treatments consisted
of tap water, tap water diluted to about 0.6 dS m™ (with RO water), and tap water
to which had been added extra calcium, sodium, and magnesium chlorides and
magnesium sulfate to produce ECs in the range 1.5 t0 3.5 dS m™'. The cation ratio
of the tap water was maintained throughout, but bicarbonate was not used as part
of the suite of balancing anions.

Trial plants had a wide range of sensitivity to salinity (Handreck and Black, 1994 ).
Each was replicated 10 times on each of the 7 treatments.
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Figure 2. Comparison of growth of marigold ‘Honeymoon’ at recommended (1X) and
double (2X) fertiliser rates with overhead (O) and capillary bed irrigation at EC 0.4 dS
m™ (A) and EC 0.8 dSm™" (B).
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Figure 3. Yield of Rosa ‘Meipitac’ Carefree Wonder™™ rose, Lavandula xallardit,
Myoporum parvifolium, Correa alba, and Ixodia achillieoides ‘ grown on capillary beds
supplied with water of varying salinity.

There were significant responses in rose and lavender (Fig. 3) with stepwise
decreases in growth from water EC of 0.35 through to 2.0. With salt tolerant
Myoporum, Ixodia, and Correa alba, differences in yield were not significant and
such species demonstrate that plants can be produced satisfactorily on capillary
beds at water salinity levels three times that experienced by producers in Adelaide.

There was a continuous buildup of salinity in the pots during the growing period.
With the saltiest irrigation waters, a crust of salt built up at mix surfaces. Typical
EC readings at harvest are 1llustrated in Figure 4. The salts clearly concentrated
in the uppermost 10 to 15 mm of the pot, where there was no root growth. While the
plants remained on the capillary bed, growth and quality of the majority of species
was not affected by the high salinity concentrated at the top. It would, however, be
necessary to lower the salinity to acceptable levels before marketing.

LEACHING TRIALS TO LOWER SALINITY IN POTS
Figure 5 shows the result of applying 50 mm deionised water (roughly 2/3

rootball volume) to pots in which C. schlechtendalii had been growing. The
application of this volume of water lowered the EC of the top 5§ mm by 50% or
greater in most cases. The leaching water had been poured onto the surface of
the rootball over a period of about 3 min. Such rapid application probably did not
allow enough time for salt in the surface crust to fully dissolve. It could be
expected that the same amount of leaching water applied more slowly would
remove a higher proportion of the total salt.

While these amounts of leaching removed much salt from the rootballs, there
had been considerable redistribution of salt from the surface to lower parts of the
rootball. The same effect could occur during a period of summer rainfall, where
excessive levels of salinity might move into the root zone of the plants and cause
Injury.

One way of reducing salinity would be to remove the uppermost 5 mm of the
rootball in a repotting process. The results of removal of the top of the rootball in
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Figure 4. Electroconductivity (dS m™ ) of 1 : 1.5 (v/v) extracts of slices of mix removed
from the pots at harvest.

50 R e e - ;g .

. i:::-m;;" . e
Ve o . el ) | ® bottom 35
o b T

' ”I"“"'."".I."- sk revrr—— .I vsmstesensis : " - .,.,E. r .
[ 1] e

Inup"'

e,

2.8 3.5

i
I - -
: e [ U SR
- 1 Bl i L] L muy g7
- TR, wn P -

0.6 1.1

1. 2 2.4
Water EC (dS/m)

EC (dS/m) of media extract (1:1.5)

Figure 5. Effect on the EC of 1 : 1.5 (v/v) extracts of the media of leaching with 50 mm
depth of water.

combination with leaching 1-pot volume of water are shown in Table 1. Leaching
with 1 pot volume reduces the salinity in the top half of the mix without increasing
the buildup of salt in the remainder of the pot. Further leaching would be
recommended to establish safe salinity levels for marketing, however, the levels of
salinity are not higher than that experienced by the pots during production.
Removal of the top 5 mm prior to leaching is clearly beneficial in reducing total EC
throughout the pot to acceptable levels in circumstances where extremely saline
water 1s used for irrigation.
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Table 1. Effect on the EC of 1 : 1.5 (v/v) extracts (dS m™") of various parts of a
rootball of leaching with and without removal of the top 5§ mm of mix.

Treatment Top Next Next Bottom
D mm 35 mm 30 mm 30 mm
No leaching 41.3 3.9 1.9 1.7
Leaching, 1 pot volume 9 2.7 1.6 1.9
Top off, leaching 1 volume - 1.2 0.9 0.7

We found that winter rains minimised any adverse effects on plants of saline
irrigation water. Trial plants: Camellia sinensis ‘Grace Albritton’, Rosa
‘Meidomonac’ Bonica™™ rose, Viola tricolor, Dianthus barbatus, Grevillea ‘Scar-
let Surprise’, Begonia xcarrierei ‘Olympia White’, Dietes iridioides, Lomandra
longifolia,Acacia melanoxylon experienced no adverse effects on yield or product
quality as a result of irrigation with saline water up to 2dS m™ on capillary beds.

MULCHING REDUCES SALINITY BUILDUP

To control the build-up of excessively high salinity levels in the top of the pots,
mulching treatments (bark, gravel, and weedmat) were incorporated into trials
conducted in the winter and summer of 1996. Figure 6 presents an example of the
reduction in salinity achieved in winter on a capillary bed irrigated at a salinity level
of 2dSm™.

In the unmulched controls, media extract readings of over 24 dS m™! were recorded
in the top 5 mm of pots of D. iridioides and L. longifolia. Significant reductions in
surface salinity occurred in all mulching treatments, with coarse pinebark and
gravel being more effective in reducing salinity than weedmat.

Salinity of top 5 mm of pots
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Figure 6. Effect of mulches on salinity build-up in the top 5 mm of nursery pots grown
on capillary beds and irrigated with saline water (EC = 2 dS m™).
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Figure 7. Effect of mulching on dry weight yield of (A) Rosa ‘Meidomonac’ Bonica ™ rose

and (B) Argyranthemum frutescens ‘Double White’ grown on capillary beds irrigated at
EC 0.4-3.0dSm™.
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Figure 8. Effect of dichlorophen (450 g litre ) formulation as a root pruning chemical for
capillary bed production of nursery stock.

Figure 7 shows the effects of mulching treatments on the yield of Argyranthemum
(syn. Chrysanthemum) and rose grown during the summer of 1996 at six water
salinities. The benefits of mulching on growth are more pronounced with chrysan-
themum than with rose over the range of salinity treatments. There is, however, a
pronounced beneficial effect of mulching at higher salinities in both species.

Growers who are thinking of using capillary bed irrigation with saline water in hot
climates should analyse the effects of incorporating mulching into their production
programs to assist in the reduction of salinity build-up.

ROOT-PRUNING CHEMICALS

The growth of roots through pots into the sand of capillary beds is a management
problem which must be addressed for most species that are to be grown for longer
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than 2 months. This problem is particularly evident with vigorous native plants
with strong taproots, such as Fucalyptus and Acacia species. In our experience, fast
growing herbaceous plants like petunia and lobelia will form a dense mat of roots
outside the base of the pot once the plants have reached full size, which then makes
them unsuitable for retail sale.

Commercial preparations of algicides based on dichlorophen have proven in
commercial experience to not only control algae on the sand surface, but also to
inhibit root growth in the sand. As there are no recommended rates of this chemical
for root pruning uses, we incorporated treatments at four rates into two of our 4-

month trials. We used Debco’s liverwort and moss control preparation (450 g
litre* dichlorophen). This active ingredient is also available in the formulation

Kendocide® at 480 g litre™.

Ratesof 5, 20, 60, and 100 ml of preparation were applied per m”in 2 litres of water.
The lowest rates allowed rooting through of several species. There were no
significant differences in shoot growth. The highest rates eliminated root penetra-
tion into the sand and there was no evidence of phytotoxicity. The effects of
intermediate rates of 30 and 45 ml litre™ suggest that 45 to 60 ml of preparation per
2 litres of water be used per m” of capillary bed for effective pruning of escaped roots
over a broad range of nursery stock.
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Deciduous Ornamental Trees in Australia

Wesley J. Fleming and Liz Darmody
Fleming’s Nurseries P/L, PO Box 1, Monbulk, VIC 3793

Public demand for, and therefore the importation of, deciduous ornamental trees is
ever-increasing. This influx has the potential to greatly enhance our environment.
As professional horticulturalists and home gardeners alike, we realise the advan-
tages that these trees offer as landscape subjects.

There are many outstanding ornamental cultivars now available in Australia. The
Acer (maple), Cornus (dogwood), Tilia (linden), Lagerstroemia (crape myrtle), and
ornamental Pyrus (pear) are a few species which we believe have potential, but these
represent only a sample of what is currently available.

Consideration must be give to a whole range of criteria before a species or cultivar
is selected for planting, e.g. the existence of underground sewerage; height, colour
and design of surrounding buildings; power lines and other overhead obstructions;
narrow streets; soil type; drainage; and aspect. People tend to place a high emphasis
on what the site looks like when a tree is first planted. They want an “instant effect”.

Instead we need to teach people to look ahead and imagine how it will look in the
future; will the perfect specimen at planting mature into a rather large and
expensive problem 10 years on? The right tree needs to be chosen for the site.
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Planting the tree is the easy part. To achieve the desired result in the long term is
in fact quite complicated.

It is exciting to visit areas where careful forethought and planning have resulted
in a harmonious landscape, where each tree can be appreciated on its own merits
but also plays an integral part of the whole vista.

The range of ornamental trees available in Australia is continually increasing.
Trees must be selected that reflect the given locality or site, they must seem to
“naturally belong” by virtue of their torm, texture, and colour. Trees that are
aesthetically pleasing in all seasons are much sought after. A tree that is pleasing
to the eye for only two to three months during autumn colour will be passed over
for a cultivar which also displays lovely summer foliage and good branch structure
in winter.

Colour 1s a very important consideration. The effect obtained by blending a
combination of colours in the landscape or the use of one cultivar in a mass planting
can be dramatic. Consideration also needs to be given to attributes such as tolerance
to soil, and climatic conditions such as drought and heat, resistance to insect and
disease attack. Consistent growth rate, good form, suitable root systems, and
superior ornamental value are all criteria which should be thoroughly evaluated
prior to species/cultivar selection.

Many thousands of dollars are spent each year on the purchase of trees. In
Australia, street trees and their maintenance account for a considerable percentage
of the public budgets. Correct tree selection from the outset would ensure signifi-
cant savings by reducing pruning requirements, repairs due to invasive root
systems, and replanting due to poor initial selection.

Australians appreciate beautiful trees, and they also have a keen environmental
awareness. The presence of trees in our communities has a tremendous impact on
improving the health of the city environment and the quality of life of its residents.
Trees are invaluable in reducing noise levels, especially road noise pollution.

It is an exciting time to be involved in the Australian Horticultural Industry, with
so many new plant species being introduced. We need to learn about the attributes
and adaptability of any new introductions; cultural information from overseas must
be used only as a guide. The performance of each new introduction must be assessed
and evaluated under Australian conditions to ensure the delivery of a consistent
product.

Crape Myrtle Propagation

Don Covan
Simpson Nurseries, PO Box 160, Monticello, Florida, U.S.A. 32345

Lagerstroemia indica (crape myrtle) has been a popular deciduous flowering
shrub or small tree in the Southern United States since its introduction from
Asia more than 150 years ago. Crape myrtle’s popularity has steadily increased,
but took a huge leap when Dr. Donald R. Egolf of the United States National
Arboretum began releasing new hybrid cultivars. By crossing L. fauriei (a small
tree from Japan) with L. indica, Dr. Egolf produced hybrid cultivars with
features which truly make them “a plant tor all seasons”.
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Egolf's new cultivars display several wonderful characteristics throughout the
year. In early spring their new leaves are often bronze or garnet tinged. In summer
their blossoms are spectacular—sometimes continuing to bloom from late spring
until late autumn. Their vibrant autumn foliage ranges in color from yellow to vivid
oranges, and reds. As fall changes to winter the beautiful exfoliating bark can be
observed, which reveals color extremes from cream to red-brown. This colouration
remains vivid throughout the winter months.

Propagation of crape myrtle at Simpson Nurseries is vegetatively by softwood or
hardwood cuttings. For a time we grew exclusively L. indica, for which only
hardwood cuttings were used. Since the introduction of the new cultivars our
methods have changed. In 1996 we will be propagating entirely from softwood
cuttings. The move from hardwood entirely to softwood has been a gradual one,
necessitated in part because the new cultivars are more difficult to propagate from
hardwood and require large stock plants.

PRACTICES AND PROCEDURES

Softwood. When using the softwood method of propagation the cuttings can be
taken from late May through to Sept., which is late spring through summer in
Monticello, Florida (Lat. 30° 31'; Long. 83° 52"). Long shoots of the new seasons
growth are taken each morning between 7 and 10 aM. The shoots are placed in a
heavily shaded, wind-protected mist area. As the shoots are needed for propagation
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cuttings. For convenience the leaves are stripped off of the lower 2.5 cm (1 in.) of the
cuttings.

The cuttings are held together in a bundle while the bottom 2.5 cm (1 in.) is quick
dipped in K-IBA (potassium salt of IBA) at 3000 ppm. The bundles are placed in
trays. When the tray is full the cuttings are taken to the mist area where they are
stuck in flats filled with peat pots containing our own propagation mix. Our mix
consists of pinebark, Canadian peat moss, 6 B Gravel, and perlite (6:1:1.5: 1.5, by
volume). Incorporated into each cubic metre of mix i1s 3.55 kg of 18-6-12 Osmocote”
and 0.59 kg of Micromax".

The mist system is in operation while the cuttings are being stuck. The cuttings
are very soft and should not be stressed. We use a mist nozzle called a Parasol
nozzle, made by Spray Systems, operated at 552 to 621 kPa (80 to 90 P.S.1.). This
system is set to run every 4 min for 4 to 5 sec. The interval and duration are
adjusted depending upon weather conditions and the elapsed time since first
sticking the cuttings.

Rootinitiation can begin as early as 7 days, although overall it is normally between
10 to 14 days. The plugs are usually ready to plant in 4 to 6 weeks depending upon
the cultivar.

Hardwood. Propagating crape myrtle from hardwood cuttings i1s very different
from softwood. At Simpson Nurseries we usually take dormant hardwood cuttings
in late Dec. and early Jan. The previous years growth of 1.2to 1.8 m (4 to 6 ft.) is cut
off the stock plants and piled in bundles. The bundles are taken to the propagation
building where they are stripped of any side branches. Small bundles of the long
shoots are then cut into 13-cm (5-in.) long cuttings using a table saw. These sticks
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are then placed into boxes until they can be tied into bundles of approximately 100
sticks. The tops of bundles are painted with spray paint to indicate the color of the
flowers and which way 1s up.

The bundles are then placed in fumigated cypress sawdust and covered with
approximately 10 cm (4-in.) of saw dust. The bundles are kept warm and moist
through winter until 1 April. The cuttings are then stuck in raised fumigated ground
beds. As a reference, our last frost 1s usually 15 April. The cuttings are rooted and
grown in the raised beds until the first winter when they are dug. The plants will
be multi-trunked and range in size from 30 to 120 cm (1 to 4 ft.). At this stage they
are ready to either sell as a bare-rooted plant or be potted on to grow to a larger size.

Propagating Herbaceous Perennial Liners and Plugs

David J. Beattie
Department of Horticulture, The Pennsylvania State University, University Park,
Pennsylvania, U.S.A. 16802

INTRODUCTION

Herbaceous perennials or most often just called perennials are frequently planted
in private and public gardens, and in the promotional gardens of landscape
designers or growers. Perennials provide a unifying design influence between woody
plants and annuals. They are even being used to beautify highway rest stops; I
recently saw thousands of Hemerocallis ‘Stella de Oro’, the most popular daylily in
the U.S.A,, planted at a truck stop in Virginia.

In the past, perennials were often field-grown, dug, and sold directly to the
consumer. Although field production of perennials continues to expand, container
production has increased dramatically. Containerized plants are more marketable.
In addition, this production method allows considerable mechanization, facilitates
shipping, and circumvents several transplanting problems. Containerization has
also resulted in a marked increase in the propagation of smaller plant sizes—Iliners
and plugs-——which can be easily produced by specialty propagators and shipped
ogreat distances.

Larger perennial nurseries in the U.S.A. routinely propagate and grow more taxa
than woody nurseries or bedding plant growers. For example, there are nearly
40,000 registered cultivars of Hemerocallis. Some nurseries may carry several
hundred cultivars and large specialty growers may grow several thousand.

The method used to propagate a particular perennial depends on the species, the
propagation equipment available, and the time-of-the-year. For instance, tissue
culture has been a particularly effective method to control disease and to quickly
introduce new cultivars, but requires sterile lab facilities and special techniques.
Although laboratory propagation can be done any time of the year, not all perennials
can be propagated by this technique. In another example, the only effective time to
propagate Paeonia is by division during the late summer and early fall. Finally, the
use of mechanized methods and controlled germination environments has been
most frequently used for seed propagation, but not all perennial cultivars taxa can
be seed propagated. What this means for the perennial propagator is that they must
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be aware of many propagation methods and how they apply to a plethora of taxa.

PROPAGATION METHODS

Seed Propagation. Several perennials can be directly sown in the field, a
method that is simple and requires little equipment. However, most perennials
require the protected environment of germination rooms and greenhouses to
achieve maximum plant numbers in the shortest time. Using modern seeders
and seed pre-treatment methods are the same procedures used by bedding plant
growers; however, the lack of consistently high quality seed, or seed that
germinates uniformly without pre-treatment continues to be a problem for the
perennial propagator. For instance, Adonis and Gentian seed are both short
lived; legumes like Lupinus and Baptisia require scarification; Cimicifuga and
Acteae require warm pre-treatment followed by stratification, but still germinate
erratically; and Helleborus seed must be fresh-sown for speedy germination.
Seeds like the annual impatiens that are routinely pregerminated or coated for
seeder efficiency are mostly unavailable to perennial growers.

While seed may be the easiest, or even the only way to propagate, it is sometimes
misused. For example, Astilbe chinensis ‘Pumila’ can be readily propagated by
seed. However, the resulting plants are very heterozygous and mostly unlike the
cultivar. Unfortunately, some nurserymen purchase on the basis of price and seed
propagated Astilbe chinensis ‘Pumila’ are usually substantially cheaper. If you wish
to have the uniformly short cultivar, then you must purchase asexually propagated
plants. Another seed-propagated perennial is the lovely, bronze-leafed Heuchera
‘Palace Purple.’ Given cultivar designation, this Heuchera was originally asexually
propagated. However, growersfound thatit readily propagated by seed, and itisless
expensive to do so. However, the leaf color of seedlings varies from bright green to
deep, shiny bronze, requiring that large numbers of seedlings should be discarded.
Recently though, I have seen some very uniform seedling populations, indicating
that, with care, seed propagation is possible. Further, from seedling populations of
‘Palace Purple’ several excellent new cultivars have been introduced, including
‘Molly Bush’ and ‘Bressingham Bronze.’ However, to maintain their cultivar
identity these cultivars must now be asexually propagated. Harlan Hamerick
presented an informative paper on how to treat stock plants with GA, in order to
increase Heuchera cutting production. This paper will appear in volume 45 of the
Combined Proceedings.

Cutting Propagation. Industry-wide, the majority of perennials are propagated
asexually. Compared to woody plants, cuttings are generally easier to root and
require hittle hormone treatment. Many propagators prefer to use polytents or to
cover newly stuck cuttings with light weight fabrics rather than use intermittent
mist. Fog generation, long used in Europe, is also becoming popular.

One of the most important considerations to propagating perennials is timing the
harvesting of cuttings 1n relation to flowering. Often the rapid spring growth and
flowering leaves little time to harvest cuttings before flowering slows rooting. The
window of cutting opportunity can be extended for plants like Coreopsis and
Veronica by shearing stock plants after the first cuttings are harvested to produce
a new flush of growth. Several plants like Artemisia and Perovskia root poorly when
greenhouse temperatures rise 1n the late spring. If greenhouse space is available,
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bringing stock plants in and placing them under HID light with an extended day
length will produce numerous cuttings. Several growers root Scabiosa ‘Buttertly
Blue’ for more than six months each year by using this technique. New cuttings are
harvested at 10-day to 2-week intervals and direct stock in 72- or 48-cell plug trays.

Another way toincrease cutting productionis to combine techniques. Forinstance,
the Perennial Plant Association has chosen Salvia ‘Mainacht’ (‘May Night’) as the
1997 Perennial Plant of the Year. Past experience has suggested that demand for
this plant will increase by 50% to 100%, so many propagators are concerned about
availability. A 60 : 1 or greater plant increase can likely be achieved by purchasing
field-grown transplants and removing and rooting the shortened shoots, sometimes
called basal cuttings. These will root readily, then tip cuttings can be harvested from
each rooted basal cutting. I recently did this and separated 30 to 40 cuttings from
each field grown plant. Conceivably, successive cutting harvests will increase
propagule numbers many times.

Root Cuttings. Root cuttings are an important propagation method for several
plants, especially members of Acanthaceae, Boraginaceae, for several composites,
and Papaver orientale. Fleshy root segments, 2 to 3-cm-long, are prepared in mid-
~ to-late fall and placed in trays in the basipetal position. They can be placed in groups
of 10- to 20-root pieces in clean cell trays. These trays are maintain at a high
humidity by covering with polyethylene or by placing in a grafting case and keep at
a temperature at 18 to 20C. Under these conditions adventitious shoots emerge,
usually at the top of the root piece. When the shoots are 5 to 10 mm in length, they
are removed and planted either in small pots or in cell trays. Planting depth 1is
important and the base of the shoot must be below the medium surface to encourage
new adventitious roots.

Division. One of the easiest ways to propagate perennials is by division. Usually no
protected environments or special equipment is needed. This is how we propagate
Astilbe and Epimedium at our nursery. Although we purchase some field grown
divisions from Europe, we ensure cultivar correctness by dividing our own plants,
producing large linersin 7.5-cm pots. Although both genera can be divided at almost
any time from early spring to late summer, early spring division is usually best. The
medium is shaken from the root system and the crown is pulled apart so that at least
1 bud is visible for each division. Increase rates vary depending on the particular
taxon. Astilbe may produce 5 to 15 propagules while Epimedium usually produce
fewer. To even out production, we continue to divide into late summer, but prefer not
to continue past 1 Sept. unless propagules are placed in a heated greenhouse.
Propagating before this date allows sufficient time for root re-establishment. A well-
established root system is required so that under the decreasing temperature and
day length conditions of the fall that plants will rapidly increase crown size and bud
number for rapid growth the following spring.

Other popular perennials that are propagated mostly by division are Iris, Hemero-
callis, and Hosta. The size of bearded Iris divisions usually preclude establishing
linersin pots smaller than 10 cm. Iris can be divided in the early spring before shoots
are more than 2 to 3 cm long, but most commercial propagation is done in mid-
summer after they have bloomed. Hemerocallis is also done mostly in mid-summer.
However, some fans, especially tetraploids, are so large that the only practical way
to re-establish them is either in the field or in 15-cm containers. Hosta crown size
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varies from miniature size plants like ‘Ginko Craig’ and ‘Golden Tiara’ that can
easily be established in 7.5-cm pots, to very large eyed plants like ‘Frances Williams’
that is best replanted in pots larger than 10 cm. However, we have found that some
cultivars seem to increase eye production when their root systems are restricted in
smaller pots. Hosta is one of the easiest perennials to divide at almost any time
during the growing season. Again, when divided after leaves are fully expanded,
reduce leaf area, and shade.

Tricyrtis, an increasingly popular shade-tolerant perennial, has an interesting
way of propagating itself in our climate. The crown of potted plants will usually
winter kill leaving uninjured roots. Shoots will then form on these roots and begin
growth. Separating new shoots from the medium in the spring may yield 50 or more
new plants from a 10-cm pot.

Tissue Culture. Some propagators chose tissue culture to rapidly increase new
varieties or toreduce disease incidence. Although Hemerocallis and Hosta have been
widely propagated from tissue culture, some caution must be exercised. Some
cultivars are very uniform, but others may be very variable. Many types of
Hemerocallis ‘Stella de Oro’ are now in the trade because they have originated from
tissue culture. Variegated hostas are even more of a problem. Hosta ‘Patriot’ is a
relatively new and popular sport of ‘Francee’ that was introduced by John Machem,
a long-time LP.P.S. member. Some less reliable tissue-culture labs have shipped
many ‘Patriot’ propagules that have not been rogued properly to unsuspecting
U.S.A. nurseries. The best way to avoid this problem is to purchase propagules from
reputable labs and to know what the cultivar should look like.

Although sales of perennials are booming, knowledge about propagation
methods is just beginning to become general knowledge. This 1s due, 1n part, to
the large number of taxa involved, but also to some proprietary knowledge which
is now being shared. As methods and knowledge about perennial propagation
become more available, even more of these popular plants will become available
to the general public rather than residing in botanical gardens or in the gardens
of the gardening elite.

Cultivar Integrity in Australian Tree Production

James Will
Faculty of Agriculture, Forestry and Horticulture, The University of Melbourne - Burnley
College, Yarra Boulevard, Richmond, 1C 3121

In Australian tree production, many of the issues concerned with producing high-
quality trees have been addressed. Root system research has lead to the production
of trees that successfully establish post-transplanting. Also, tree cultivars of non-
Australian origin are quickly imported by the major propagating companies, and
are made available to the market for testing and sales, once quarantine require-
ments are met. This leaves three areas of deficiency in Australian tree production:

1) Formative pruning and the development of tree canopies to best suit the end use.

2) Trialing of taxa to ascertain their suitability for differing Australian landscape
situations.
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3) Making certain that the cultivars we are using are the cultivar they purport to be.

With trees, it is especially important that horticulturists plant known cultivars.
Estimates indicate that street trees require expenditure of approximately $10,000
over an amenity life of 25 years (pers. comm, G.M. Moore, May 1996). This
expenditure can be decreased greatly if the trees planted have functional qualities
that will require less pruning, dead-wooding, and line clearance work over their
lives. Some of these issues can be solved by appropriate formative pruning, but most
of this expenditure can be decreased by planting selections known to have ideal form
with httle dead wood. Fruit drop in street trees also requires money inputs in
removal; planting non-fruiting selections can eliminate these costs.

The use of sub-optimal cultivars can be readily shown. Gleditsia triacanthos
‘“Shademaster’ is known to be a non-fruiting form of the honey locust that has
improved form. Trees planted in Camberwell Victoria as ‘Shademaster’ bear fruit
annually. Trees planted throughout southeastern Australia as Pyrus ussuriensis
have been shown to be a poorly formed type of P. calleryana. Planting trees of
mistaken identity will add to their cost: with the Gleditsia there are unsightly fruit
to remove; the poorly formed Pyrus will need to be removed before they split.

These mistakes show that Australian horticulturists should be planting asexually
propagated trees where the propagation material is taken only from superior (or
elite) stockplants showing selected characteristics. To most horticulturists, this
means that they should be planting cultivars. Unfortunately, “cultivar” can mean
almost anything: “..a horticultural variety or race that has originated and persisted
under cultivation...” (Bailey and Bailey, 1976). Since this term is so ambiguous, tree
growers should know that the stock they grow goes beyond being a cultivar, and is
asexually propagated from a known stockplant. These selections are best be known
as “clones”.

There are a number of reasons why appropriate clonal material has not been used.
The horticultural community intends touse clonal material, but frequently this does
not happen. Many times, the errors occur because:

# Theimportation process for tree cultivars is problematic. Shipping
plants to Australia is alow priority to many international growers,
and, if Plant Breeders Rights cannot be granted on these plants, it
is of little financial value to the exporting nursery. A lack of care
occasionally occurs with exporting nurseries. Later, these plants
are kept in quarantine facilities for many months, or for many
years, and labels can easily be lost or switched. Finally, budded
plants can die back to their bud unions after methyl bromide
treatment; this can lead to the understock being propagated as the
selected cultivar.

B Incorrect names can often be used. We believe that one of the
problems with the ornamental pear species in Australia arises
since both P. calleryana and P. ussuriensis are frequently given the
common name of “Manchurian pear”. This can lead to translational
errors and using the wrong name for the wrong plant.

B Understock material is sometimes used as propagation material
instead of the clone budded. When budding is the accepted
propagation method, this can lead to significant spread of an
erroneous selection.
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B Anecdotal information indicates that trees looking similar to a
clonal cultivar are sold under the clonal name by some growers.
Appearance of plants is not a sufficient basis to use the clonal
name; physiological/functional differences are not obvious and the
plant may perform quite differently from the clone it resembles.

Identifying the trees to clonal level can be extremely difficult. In assessing the
putative Pyrus ussuriensis, using morphologic characteristics was adequate to
prove that they were P. calleryana of unknown origin (Kellow and Will, 1995).
Analysing individual clones to test for differences is normally more difficult and
most often 1s successful using chemotaxonomic techniques.

There are three general classes of chemotaxonomic techniques that are of
significant use to the tree grower to verify the clonal 1dentity of a named plant;
isozyme analysis, restriction-fragment-length-polymorphism analysis, and tech-
niques that use polymerase chain-reaction technology. All of these techniques
analyse the genetic constituents of the plant in some ways. Although great advances
using PCR and RFLP mapping have been made in identifying plant clones (see the
work of Thomas et al., 1994, identifying grapevines at The University of Adelaide),
isozyme analysis should be considered the most suitable method for clonal ident:-
fication. This recommendation is given because:

1) There is published reference to hundreds of genera in which this technique
has been used successfully.

2) 1t requires moderately inexpensive laboratory equipment and chemicals. A
well-organised laboratory can be established for approximately $20,000.

3) The technique can be used quickly, and results can be obtained within hours.

ISOZYME ELECTROPHORESIS TECHNIQUES FOR CLONAL IDENTIFICATION

Isozyme electrophoresis techniques have been used for over 20 years. Initial use
was restricted to basic biological medical sciences, but the technique i1s now widely
used in routine plant analysis. Isozyme analysis is based on the movement of
proteins in a size-restricted matrix under voltage, then stained to show a specific
protein type. Biologically, the system works for identification of individuals, since
each individual produces proteins that are slightly different from each other and are
therefore unique. Once these unique proteins are extracted from an individual,
exposed to electrical charge within a size-restricted matrix, and are stained to
become visible, they can be compared with other differing or similar individuals.
Isozyme analysis produces a protein “fingerprint” of an individual that will remain
constant given unchanging techniques of assessment.

Isozyme analysis is not a new technique, and has been used to “fingerprint” many
plant clones. In the I.P.P.S., the first discussion of this technique occurred in 1985,
with a paper discussing the i1dentification of apple clones (Larsen et al., 1985).
Isozyme analysis has been used to describe plant clones ranging from raspberries
(Cousineau and Donnelly, 1992) to turf grasses (Vermeulen et al., 1991). Tree
growers should find papers on Acer rubrum clones (Tobolski and Kemery, 1992) and
Taxus clones (Greer et al., 1993) of special interest.

In work done at Burnley College identifying the Corylus avellana clones currently
grown 1n Australia, we have further developed the 1sozyme technique to make it
quicker and easier without losing any quality of results. In improving the work of
Ahamad et al. (1987), we have developed an isozyme electrophoresis system that
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can distinguish more than 35 clones. This system uses a minimum of tissue,
approximately 50 mg is harvested from 2-year-old stem material. This stem
material need be only about 1 ¢cm in length, and it can be analysed during any
season. Using a relatively simple extraction bufter, we have obtained zymograms
(patterns on polyacrylamide gels that are the “fingerprints”) showing 3 or 4 regions
of variability using a peroxidase staining system.

This simplified method allows for extremely rapid screening of plants to assess
clonal identity. It takes approximately 4 h total time, with 3 h of labour to analyse
40 samples. Further, we have found that the method is suitable for other crops and
other staining systems (e.g. Guichenotia spp. using aryl esterase stains). Because
this technique is efficient, it should bring costs of 1sozyme studies to a level at which
tree growers can afford to use them. A detailed description of the technique will be
available later in 1996 (Griffiths and Will).

Isozyme electrophoresis techniques are not perfect. Proteins for cultivar analysis
must be selected carefully to eliminate the possibility of artifacts appearing because
of plant vigour/health, tissue age, and time of year. Further, some enzyme stains
may not be suitable as they may not show variable (polymorphic) forms of protein,
thus making the individuals apparently identical. Finally, isozyme electrophoresis
techniques can have limited application, as they are protein fingerprints, not exact
maps of DNA or other genetic material. For this reason, isozyme analysis without
further protein purification cannot link a specific trait possessed by the plant with
a specific protein (Chen, 1991). If these possible problems are avoided, isozyme
electrophoresis techniques are still valid for quick and cost-effective clonal identi-
fication.

CONCLUSION

Tree growers should be using chemotaxonomic methods, possibly including isozyme
electrophoresis techniques, to guarantee the use of clonal stock. As plant quality
continues to improve, correctly identifying the tree cultivar to clonal level will
become more important. Isozyme electrophoresisis a valid technique for clonal tree
1dentification that is accurate, of reasonable cost, and can be done quickly without
the use of large amounts of plant tissue.
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Propagation of Wilga, Geijera parviflora

Bryan Mole
PO Box 2191, North Ringwood, VIC 3134

Successful propagation of Geijera parvifiora from seed and juvenile cuttings
was achieved. Seed dormancy was overcome by removing the hard seed coat
(testa). Both naked embryos and embryos with endosperm intact, germinated
readily at 20C with a 12 h photoperiod. No seed with any part of the testa intact
germinated. Naked embryos placed on crushed testa failed to germinate,
indicating a chemical inhibition. Cuttings harvested from nodes 1 to 12
showed reduced rooting potential at higher nodes, with 100% strike at nodes
1 and 2 to 0% strike at node 12. Cuttings from branches between nodes 1 to
12 also showed reduced rooting potential to those from the main stem.
Hypocotyl cuttings formed roots within 20 days. Hypocotyl cuttings treated
with IBA 500 ppm, had a greater total root length than cuttings with no
treatment. Semi-hardwood cuttings harvested from mature trees in late
autumn were unsuccessful.

INTRODUCTION
Geijera parvifiora (Lindley), is a small tree in the Rutaceae family commonly known
as wilga in Australia, and Australian willow in the U.S.A. The species is typically
found in and shrubland and woodland communities of eastern Australia (Allen,
1992; Harden, 1991), and is classified as endangered in Victoria (Allen, 1992). This
species has a low water requirement which may prove it suitable for use as a street
tree (Meakin-Poor, 1984). In the past, Wilga has been used as a fodder supplement
in periods of drought (Cunningham et al., 1992). While recognised as having
potential applicationin both horticultural and agricultural situations (Costermans,
1983; Cremer, 1990; Elliot and Jones, 1986), G. parviflora has a seed dormancy
which restricts its use (Allen, 1992). Preliminary trials indicated that germination
is possible, but that it is typically slow and erratic with a low percentage success.
Coumarin, a known germination inhibitor found in the embryo coverings of many
seeds (Bewley and Black, 1994), is reported to be present in the leaves (Lahey and
McLeod, 1967) and fruits (Dreyer and Lee, 1971; Chen and Joullie, 1984) of G.
parviflora. It may be that a period of leaching is required to remove inhibitors from
the seed. This would be consistent with observations of germination in the species
natural habitat where prolific germination has occurred following high summer
rainfall with follow-up autumn rains (Allen, 1992). Propagation by cuttings is also
reported to be difficult (Wrigley and Fagg, 1988).

The aims of this research were to develop methods of propagation for G. parviflora
through: (1) Developing a technique to overcome or remove the reported seed
dormancy and; (2) Asexual propagation by cuttings.
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EXPERIMENTAL PROCESS, RESULTS AND DISCUSSION
Part 1—Seed Propagation.

Stage 1: Preliminary Germination Trials and Viability Tests. A technique for
embryo extraction was developed. This involved removal of the testa by fracturing
it with controlled pressure. Each seed was placed in a micrometer, which allowed
pressure to be applied gradually. Once fractured, the testa fell away from the
embryo and endosperm. The endosperm was then removed by making an incision
at the point of attachment (Fig. 1), and then soaking in deionised water. At this stage
some embryos “floated out”. If embryos did not float out, gentle pressure was applied
with the finger tip to the radicle end of the embryo (opposite end to location of cut),
forcing the embryo out of the endosperm. Naked embryos germinated readily on
moist filter paper in a lit cabinet (12-h photoperiod) at 20C.

Stage 2: Nicking and Leaching Trials. The aim of this stage was to determine
the effects of nicking and leaching, and combinations of both, on germination.
Leaching freatments aimed to remove germination inhibitors from the embryo
coverings. Seeds were held in a micrometer and using a small engraving tool, an
incision was made in the testa at either the radicle or cotyledon end (Fig. 1). Several
treatments involved complete removal of the testa, but left the endosperm intact.
Leaching was achieved by placing seeds in gauze material which were then placed
in water with constant oxygenation. Water was replaced weekly. No seed with any
part of the testa intact germinated, but a large percentage of seeds with testa
completely removed did (Table 1). This indicated that the dormancy is imposed by
the testa and not the endosperm. Leaching treatments did not appear to have any
significant effect on germination.

Table 1. Germination in nicking and leaching trials.

Treatment Percentage germination

2-week leaching period, nicked at the cotyledon end.
2-week leaching period, nicked at the radicle end.

2-week leaching period, no nick.

2-week leaching period, testa removed, endosperm intact.
1-week leaching period, nicked at the cotyledon end.
1-week leaching period, nicked at the radicle end.

1-week leaching period, no nick.

1-week leaching period, testa removed, endosperm intact.
1-day (19 h) leaching period, nicked at the cotyledon end.
1-day (19 h) leaching period, nicked at the radicle end.
1-day (19 h) leaching period, no nick.

1-day (19 h) leaching period, testa removed, endosperm intact.
No Treatment.

Nicked at cotyledon end, no leaching.

Nicked at radicle end, no leaching.

Testa removed, endosperm intact, no leaching.

Testa removed, incision made at point of attachment on
endosperm, no leaching.
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Figure 1. Seed morphology of Getjera parvifiora.

Stage 3: Seedling Production. Seedling numbers were built up to provide a source
of cutting material for use in Stage 6.

Stage 4: Investigation into the Possible Inhibitory Effects of the Testa on
Germination. This trial aimed to determine whether the apparent dormancy
imposed by the testa is due to chemicals contained within it, or due simply to the
physical restriction of the hard coat (or a combination of both). Naked embryos were
placed on crushed testa and crushed endosperm. Embryos with endosperm intact
were placed on crushed testa only. Naked embryos on crushed testa failed to
germinate, indicating a chemical inhibition. Naked embryos placed on crushed
endosperm germinated, but radicle extension was small when compared with
embryos that had endosperm left intact. This could be due to the importance of the
endosperm as a food reserve for the germinating embryo.

PART 2—ASEXUAL PROPAGATION

Stage 5: Mature Growth Cutting Trials. Cuttings using mature growth harvested
in late autumn and placed in a fog house with bottom heat, were unsuccessful.
Within 2 weeks, cuttings in all treatments had desiccated.

Stage 6: Juvenile Cutting Trials.

Hypocotyl cuttings. During Stage 3, seedling numbers were built up to provide a
source of juvenile cutting material. Forty seedlings were harvested using a sharp
knife at the surface of the media. Four treatments were used with 10 cuttings in
each. These were; IBA 500 ppm for 5 sec, IBA 500 ppm for 1 min, methylated spirits
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for 5 sec, and no treatment. All but one cutting formed roots. Total root length was
oreater in cuttings treated with IBA 500 ppm than other treatments, indicating
earlier root initiation and therefore a response to applied IBA (Fig. 2).

IBA 500ppm - &0 second

IBA 500ppm - 5 second

W 2ndry Lats
0 3rd Root
W 2nd Root
| & 1st Root

Treatment

Methylated spirits - 5 second

No Treatment |

0 100 200 300 400 500 600 700 80O

Total root length (mm)

Figure 2. Total root length (mm) of hypocotyl cuttings.

Relationship between node height and relative rooting potential. Young
plants grown on from trials in Stage 1 were used as a source of cutting material. Due
to the low numbers of seedlings and variation between seedlings, treatments had
very low numbers of replicates. Although the trend is for reduced rooting potential
with higher nodes (Fig. 3), insufficient replication make these results inconclusive.
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Figure 3. Percentages of juvenile cuttings to form roots in relation to node number. The
number in brackets ( ) represents number of cuttings.
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CONCLUSION

Trials have demonstrated that propagation of G. parviflora by seed is possible, and
that the techniques involved, 1.e. testa removal, while initially slow, are viable in a
production nursery situation.

The mechanism for dormancy appears to be located in the testa, and is likely to be
due in part to a chemical inhibition. Although leaching treatments trialed were
unsuccessful in removing the inhibitor, longer leaching periods should be trialed.

While the trend in vegetative propagation trials was reduced rooting potential
with increasing node number, low numbers of replicates make these findings
inconclusive. Success achieved in juvenile cutting trials demonstrate that asexual
propagation is possible and the species may be suited to micropropagation tech-
niques where rapid propagation of large numbers is desired. Clonal propagation of
mature trees, for desired form or other characteristics, warrants further research.
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Marketing Australian Plants Internationally

Rodger Elliot
Koala Blooms, 27 Wells Road, Mordialloc, VIC 3195

WHO ARE KOALA BLOOMS?
Koala Blooms 1s an Australian-owned company which markets Austrahan plants

internationally. Koala Blooms was formed in 1989 as a result of marketing research
undertaken in Europe and U S.A

The following aspects highhghted the need for Koala Blooms to be formed-

1) Demand exist