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INTRODUCTION

Since man has been producing crops on earth there has been constant evolution
adapting to changes, including demand for increased production to service popula-
tion increases and other changes. These changes include intensive monoculture of
crops, mechanization, new improved cultivars as a result of breeding and selection,
to increase yields and to develop resistance to pests and include the discovery and
the use of agricultural chemicals.

In the 21st century as horticultural producers we face the same global issues:
pressure on margins, increasing legislative changes (which we need to adapt to)
with regulatory requirements on occupational health and safety and environment.
In addition there are the ever-changing demands in the marketplace both at con-
sumer and commercial levels. At no other point has there been so much change.

Currently in the State of Queensland there is a major focus on the consumption of
energy, water, and waste output with current population growth and development
projections in southeast Queensland indicating power network supply difficulties
by 2010 and water infrastructure without further expansion lasting until 2026.

At no other point has there been so much change or challenge. However in every
challenge there lies an opportunity.

THREAT OR OPPORTUNITIES

Each of these different areas can be viewed as a threat but importantly they are
also opportunities that can shape our business into being leading-edge producers
in the 21st century.

In the 1960s Dr. Ken Baker revolutionised the production of ornamental plants
with his book, The U.C. System for Producing Healthy Container Grown Plants.
This book described the benefits of using aerated steam for pasteurising growing
media as well as the use of soilless potting mix. The Australian nursery industry
embraced this document, which has become the basis of the production processes
in a majority of nurseries. The nursery industry also commenced using waste prod-
ucts of the timber industry with the use of bark and sawdust.

In the Redlands Nursery case study, the last 20 years have been a constant evolu-
tion to today where the focus is on integrated crop management (ICM) using envi-
ronmentally sustainable production systems focused on the triple bottom line.

A major focus of this approach is on hygiene so that we are preventing problems
rather than trying to cure them chemically, this underlines the total system ap-
proach from weed management to water disinfestation. This also includes member-
ship of the Nursery Industry Accreditation Scheme (NIASA).

In embracing the triple bottom line our investment strategies and production pro-
cesses all revolve around this, which means the following:

m  People — provision of career opportunities and training as well
as ensuring that the work place processes take into consideration
health and safety of the workforce.
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m  Profit — return on funds invested with the objective of improving
profitability and being able to reinvest in the business and stay
competitive.

m  Environment — all processes are environmentally friendly and
adhere to or exceed any environmental legislation, as an example
all equipment upgrades take into consideration power and fuel
consumption.

INTEGRATED CROP MANAGEMENT
Integrated crop management is a holistic approach to the production of crops. It
encompasses the following major areas:
m  Hygiene;

Water;
Nutrition;
Planting material;
Integrated pest management (insects, weeds, pathogens);
Growing environment.

Plants are like people — both are living organisms and, to ensure peak perfor-
mance, need to have all of these areas in balance.

HYGIENE
In any production system hygiene is the most critical factor in the prevention of
problems occurring rather than trying to cure problems chemically after the event.

Hygiene includes effective quarantine and monitoring of new plant material to
ensure that you aren’t bringing any new pests onto the property.

An effective weed management plan as weeds harbour insect pests’ plant patho-
gens. For example flowering weeds close to the crop can host thrips, aphids, whitefly,
and two-spotted mites. The removal of dead or diseased plant material to prevent
spread of plant pathogens and sterilising used growing containers with aerated
steam at 72 °C to prevent the possible spread of soilborne pathogens are important
points of hygiene.

Keeping the production and propagation facilities clean all the time rather than
trying to clean occasionally is more effective housekeeping and an important hy-
giene step as well as promoting a professional image.

People are important and the cleanliness of the team and equipment which takes
into consideration issues such as smokers who are capable of spreading TMV onto
susceptible crops underpin hygiene and quarantine.

WATER MANAGEMENT
This is a continuing process of reviewing, recycling, and strategic application as it
is a precious resource. Four years of below average rainfall created the opportunity
to critically review the use of this important resource.
Our annual evaporation rate is 1.2 m with rainfall for the 2004 year being 1.32 m.
As a result, recycling of water became a necessity on the home property, as the
site did not have any underground water supply only a dammed creek. Using the
creek water resulted in losses caused by water borne Phytophthora or Pythium. In
addition to chemical treatment of the crops sodium hypochlorite was recommended
to disinfest the water supply. This eliminated the problem and was prevention rath-
er than trying to cure the problem after the event chemically.
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Water quality is also improved by using sand filtration and inline filters to remove
organic matter and ensure that the disinfestation process is most effective.

Regular monitoring of all water sources to manage pH, EC, and nitrates is vitally
important. We aim for a pH of 6.5 down line solution as sodium hypochlorite solu-
tion reduces in effectiveness after pH 7.2.

The nursery runoff water is channelled back to separate collection dams where it
is blended with other water sources to create our irrigation water.

Other water management strategies include the location of stockpiles of mulch,
potting mix, and animal manures so that the leachate from these sources is ad-
equately filtered before entering the recycled water supply.

Application of Water. Sprinkler technology matched to the requirements and
growing facilities is a vital step in ensuring efficient use of water.

New technology has seen advances in different application techniques as well as
upgrades of previous overhead sprinklers, which can increase water efficiencies.
The Nelson rotator R 2000 has been used to replace conventional brass sprinklers
and the following was achieved:

m Water saving 20%.

m  Improved crop quality due to more even application when the
sprinklers were fitted with pressure regulators.

m  Sprinklers fitted with pressure regulators gained water saving at
the beginning and end of the irrigation cycle with no drain down or
the resultant crop damage under these sprinklers.

m  More efficient water application results in savings in electricity,
water treatment costs, and nutrition due to reduced leaching, crop
health, which all ultimately affect the bottom line.

The use of variable speed drive pumps improves management of operating pres-
sure for the sprinklers as well as flexibility when beds are partially shut down. The
pump only pumps enough water for the sprinklers, which stops over pressurising
causing broken or leaking water mains.

Variable speed drive pumps are also more energy efficient and this lowers run-
ning costs as well as water main maintenance.

The next stage in water management will be the use of aerators and biological bac-
teria in the recycling system to manage pH and algae bloom in the recycling ponds.

NUTRITION AND POTTING MIX
Composting of the potting mix is a critical step in the nutrition process.

Over the last 20 years when initially we commenced using aging of sawdust as
opposed to a dedicated composting process which included added nutrition and
regular turning we have seen crop growth and quality improve with the reduced
nitrogen drawdown.

Controlled-release fertiliser was used as a dibble that ensured each plant received
the same amount of fertiliser in the root zone and where it received constant mois-
ture and temperature.

Now we are applying irrigation water more effectively (reduction of up to 20%
in water application rates) it has reduced leaching and some crops created excess
nutrients that caused root burn, poor growth, and secondary disease infections. The
initial reaction was to reduce the irrigation cycles further, which made the problem
worse. Further testing showed the EC to be excessive so irrigation was increased to
flush out the excess nutrients.
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This season all controlled-release fertiliser is now incorporated in the mix; this
has resulted in further reduction in water use, reduced crop losses, and better crop
performance particularly of the woody ornamentals such as camellias, azaleas, and
magnolias.

All potting mix is batch tested for air-filled porosity, water-holding capacity, pH,
EC, and germination before use with pH being stabilised at 6.5. Regular full lab
nutritional testing is also carried out by a professional consulting company.

Sand has been eliminated from the potting media as it was washed river sand,
which intermittently tested positive for phythium.

Now the focus is use of the totally renewable products pine bark and coir peat.

Fertigation to fine tune the plant nutrition is managed using media testing and
sap testing of the target crops to provide accurate real time crop data, ensuring
optimum crop growth.

PLANTING MATERIAL
Without quality planting material it is not possible to produce a quality-
finished product.

A major step forward in ornamental production in the last 5 years has been the
availability of virus-indexed plant material as mother plants.

European and North American cuttings are produced in specialised quarantined
clean houses and are then shipped to rooting stations to create plugs, which can
be shipped to the producers for finishing. This has resulted in a major change in
production techniques and improved crop growth and health.

High quality well maintained healthy stress-free mother plants whether in con-
ventional propagation systems or the new high health systems are still the critical
first step in a successful production cycle.

INTEGRATED PEST MANAGEMENT

Integrated pest management (IPM) was first practiced at the Redlands in the 1980s
as a result of difficulty in managing two-spotted mite (TSM) populations built up on
neighbouring tomato growing properties with the only sustainable way to produce,
Chamaedorea elegans in particular was to look at alternative methods rather than
the traditional use of pesticides as we were not achieving satisfactory control. The
predator used was Phytoseiulus persimilis. The challenge was to research the pest
and the predator to understand the lifecycles of both friend and foe, also under-
standing the environment required by the predator. This resulted in the introduc-
tion of a humidity cycle in the middle of the day, to enhance the predator’s reproduc-
tive cycle at the expense of the TSM, which prefers hot dry conditions.

Other successful uses of biocontrols have included the use of nematodes applied
as a drench for the management of fungus gnats and the use of Cryptolemus beetle
for managing mealy bug.

With ICM the application of pesticides is only one management tool and part of
the whole crop production strategy.

Weekly crop monitoring by dedicated professionally qualified personnel com-
bined with feedback from the production team gives real time information of
what is happening.

Traditionally all pesticides were applied on a calendar basis, now pesticides are
applied on a needs-only basis which reflects pest populations as well as stages in
pest life cycles.
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Some fungicides are still applied on a calendar basis to foliage crops in periods
of high rainfall and humidity or flowering crops such as azaleas during their peak
flowering stage.

For effective pest management strategies to be implemented timing is critical as
well as understanding the pests cycles.

For the management of Heliothis, monitoring egg lay we have been able to achieve
total control of the 1st instar stage with the use of Bt plus mobait an attractant
within 12 h of recording egg lays.

Waiting until the larvae are 2nd or 3rd instar requires the use of more potent
pesticides as well as more applications often with mixed results.

The understanding of the insect pest life cycle or the best conditions for plant
pathogen development means that the environment can be modified further pre-
venting possible outbreaks of disease. For example keeping the crop dry into the
evening helps prevent the spread of a lot of fungal leaf diseases as well as botrytis
on flowering crops particularly in cooler conditions.

The successful use of the new oil-based pesticides is totally dependent on timing
of the applications to the correct life stage of the pest’s life cycle for effective preven-
tion of problems.

Application Techniques. Traditional use of high volume application technology of
2000 L-ha and applying the spray to run off was accepted as the norm. This resulted
in mixed results as well as excessive time particularly if being applied by hand.

Currently application rates have been reduced to 250 L-ha' and treating 2 ha-h!
using airshear sprayers.

We now have more effective control of the application as the small droplets pro-
duced by the airshear sprayer and carried by the turbulence created by the ma-
chine are deposited on both the upper and lower sides of the target leaves and stems
throughout the crop.

Of particular interest since using this technology is the increase in populations of
eastern water dragons as well as the insect eating blue fairy wrens, which actually
nest successfully in the crop. This wildlife is playing an effective bio control role of
certain insect populations.

This demonstrates that we are able to work with nature and also how the ap-
proach of change to low-volume application coupled with spot spraying and use of
(softer) pesticides is having a positive effect on the natural ecosystem.

Alternative Pest Management Techniques. We will continually support re-
search or experiment with the use of alternative chemicals, and biocontrols, as well
as other pest management strategies. The total approach to pest management is
science based and not muck and mystery.

Use of Insect Traps. For example, insect traps killing the adults effectively stop
them laying eggs, which then turn into larvae, which can ultimately damage the
crop. Insect traps can be an important tool in monitoring what insect populations
are present, acting as an early warning system. The majority of the caterpillar pest
problem is related to moths, which are all night flying and are able to be caught us-
ing attractant lights and insect traps.
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GROWING ENVIRONMENT

The correct growing environment for the crop is not only critical in producing a
healthy product but also important in reducing pest problems. Researching where
the crop grows in its natural environment provides important facts for matching
water requirements, nutrition, and temperature and light levels required for opti-
mum crop performance.

It is also important to research the environmental factors that favour pests as this
can also influence selection of the growing environment. For example TSM thrive
in hot dry conditions, roses produced under drip irrigation can be more susceptible
to TSM and it maybe difficult to establish predator mites compared to situations
where roses are produced under overhead sprinkler irrigation.

Good air movement and crop spacing are important cultural factors in the preven-
tion of the spread of disease; it also helps to keep the crops foliage dry.

The Nursery Industry Accreditation Scheme of Australia (NIASA) focuses on best
practise production techniques with a strong focus on the growing environment,
including light and humidity, the maintenance and management of the facility, air
movement, and ventilation. Management of wind, cultural controls, and hygiene
are also important facets of the growing environment considered for the NIASA
Accreditation Scheme.

Producing on benches or gravel beds to provide good drainage away from the
container or rain splash onto the crop are also critical steps in prevention of dis-
ease spread.

MULCHING
This is an effective use of green waste produced on the property and then processed
through aging or composting.

Mulching of field-grown stock and garden beds not only improves soil health and
encourages surface feeder roots but also is an effective weed management strategy
as well as insulating the soil keeping it cooler in summer and warmer in winter.

Mulching is also important in water management locking in soil surface moisture
after rainfall or irrigation which other wise would be lost through evaporation.

For field production the use of green manure crops for fallowing the soil reduces
the risk of soil erosion in a high rainfall area and is important in building up the
organic matter and organic carbon content of the soil and feeding the soil micro-
flora. Forage sorghum is used in the summer months coupled with oats in the cooler
months as effective green manure crops.

WASTE GENERATION
In some countries the manufacturer who creates the packaging has to have in place
a waste disposal system. This has resulted in packaging, which is recyclable from
manufacturing of luxury cars to household consumables.

Ultimately the goal is the reduction of the amount of waste that is going
into landfill.

The catch cry of reduce, reuse, and recycle is driving Australia in areas from wa-
ter to energy to waste management.

In southeast Queensland current population projections indicate we will run
short of power in 2010 and water in 2026.

Better use of these resources is seen as critical in the environmentally sustainable
future for our communities.



Environmentally Sustainable Production Systems for Producing Ornamental Plants 47

Waste Disposal and Recycling. At Redlands the old potting mix is aged then
incorporated with topsoil, which is then enriched with green manure crops and has
its nutrition balanced. This value added product is then marketed through our local
landscape yard as a value added garden soil.

Prunings or green waste, which had been traditionally burnt can be aged or com-
posted and used as mulch for garden beds or field production.

Recycling of cardboard, paper, some plastics, and steel have well established pro-
grams available in most communities which saves them going into landfill and be-
ing remade into other usable products.

Packaging. Using packaging, which is recyclable or returnable is an important
step in reducing material going into landfill. This may be in the form of returnable
plastic trays, crates, bins, or trolleys.

The nursery industry has traditionally used waxed trays, which are not recy-
clable and go to land fill which is a cost to the community.

FUTURE

The world around us is changing rapidly with concern about global warming, chang-
ing of weather patterns, and consumption patterns of resources such as water, fuel,
and energy as populations continue to grow.

The Kyoto protocol, which comes into effect on 16 Feb. 2005 is an initial step in
setting carbon emission targets and opens up the opportunity for carbon trading.

As we growers of plants produce clean air machines will we be able to take ad-
vantage of carbon trading and linking with companies who have emission issues. It
certainly is an opportunity for the future.

As environmentally sustainable producers the triple bottom line will be the focus
of our business in managing costs and key resources especially energy, water, and
waste. In producing crops we will have to carefully consider the energy and water
consumption of crops along with their profitability.

Environmentally sustainable developments in commercial and residential devel-
opments will in the selection of landscaping not only look at landscapes that use
water efficiently but are also energy efficient. For instance the selection of trees to
shade buildings in summer and let light in the winter reducing energy cost of heat-
ing and cooling respectively.

People will remain the key in both having qualified trained people to use and
understand the new technologies and techniques, which will be adapted to crop
production. Managing the systems and the information that they deliver will be the
difference between success and failure.

CONCLUSION
We have found our new approach of scientifically based, ecologically compatible
production to be stimulating, sustainable, and profitable. The opportunities for our
industry and as members of IPPS are exciting as we move into this new era of the
21st century. We have unique opportunities, the products we produce are not only
important for man’s survival in the production of food and future shelter (in timber
production) but also they enhance the environment removing CO, and produce vital
supplies of oxygen.

Ultimately we must all contribute to enhancing the environment and making the
world a more beautiful and better place to live.

We wish you well in your quest for a better future for your community and man-
kind in general.
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GOOD MORNING!

First of all, on behalf of the International Board of Directors, I want to congratulate
the Southern Africa Potential Region with their success. I was personally honoured
to participate in the inaugural conference and tours in November 1997. I was happy
to be back again at the Conference in 2000 and have since — both as a member of
the Southern African Potential Region and during the International Board Meet-
ings — been admiring the enthusiasm and energy that has been provided by pres-
ent and former members of the Board of Directors, the officers, and the local mem-
bers, and I wish you every success in achieving full regional membership of our
fabulous Society. We would all appreciate to SEEK and SHARE with you!

I also thank the organizers for once more inviting me back to present this paper
here at the Potential Region’s 8th Conference. I apologize that it is indeed some
“boring legal stuff,” but hopefully you will stay awake anyway!

During the early correspondence with the organizers, it was suggested to give the
presentation a “Southern hemisphere or indigenous twist,” and from the first an-
nouncements, I realized that a guy with a name quite similar to mine, coming from
Sweden, was supposed to talk on that specific subject.

Consequently, I changed the title of my paper to “Protection of Plant Novelties —
An Update,” and I will be dealing with the issues of “Management of Intellectual
Property Rights — Plants and Plant Biotechnology.”

PLANT VARIETY RIGHTS

English terminology often uses the abbreviations PVP (Plant Variety Protection),
PVR (Plant Variety Rights), or PBR (Plant Breeders’ Rights), which is a protection
offered by means of either a national or territorial legislation of plant novelties or
breeders’ rights.

Most of the existing PVR systems are based on one of the versions of the Interna-
tional Union for the Protection of New Varieties of Plants Convention (UPOV). The
UPOV is an intergovernmental organization with headquarters in Geneva (Swit-
zerland). The first Convention adopted by this organization dates from 1961. It was
revised in 1972, 1978, and 1991. UPOV has at the moment 55 members, of which
Singapore is the latest one.

Otherrecent member statesinAsia are China, Japan, the Republic of Korea, and
Kirgizistan. Many countries in the world have adopted PVR legislation, which —
although partly inspired by it — is not in all aspects in conformity with the
UPOV system.

The subject matter of a UPOV-type plant breeders’ right is a plant variety, which
is defined by Article 5 of the UPOV 1991 Convention:

“A plant grouping within a single botanical taxon of the lowest known rank, which

grouping, irrespective of whether the conditions for the grant of a breeder’s right

are fully met, can be defined by the expression of the characteristics resulting from

a given genotype or combination of genotypes;
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distinguished from any other plant grouping by the expression of at least one of the

said characteristics; and

considered as a unit with regard to its suitability for being propagated unchanged.”

In order to be eligible for protection a variety has to be new, distinct, uniform,
and stable.

PATENTS

The classical definition of a patent is referred to in Article 27 of the TRIPs (Trade-
Related Aspects of Intellectual Property Rights) agreement: “patents shall be avail-
able for any invention ... provided that they are new, involve an inventive step and
are capable of industrial application ...”

BIOTECHNOLOGY
There is no internationally accepted legal text defining the notion of “biotechnol-
ogy.” When you try to find a definition on the Internet many options are offered.
For the purpose of this paper I would define “biotechnology” as follows: “The use of
biological processes to create (improved) products considered to be useful and/or of
economical value.”

Early biotechnology includes traditional plant breeding techniques. Modern bio-
technology includes the industrial use of recombinant DNA and cell fusion.

INTELLECTUAL PROPERTY RIGHT

In my presentation I would like to concentrate on the issues in respect of protection
of plants or plant varieties, including biotechnological inventions by means of an
intellectual property right as well as a comparison between the scope of protection
offered by a plant variety right and a patent right respectively.

Plant Breeders’ Rights. “Plant inventions” and plant varieties can in most coun-
tries be protected under patent law and plant variety rights law, respectively.

As follows from article 52(b) of the European Patent Convention, to which a large
majority of European countries are a contracting party, plant varieties are excluded
from patent protection.

The scope of the exclusion from patentability has not only been subject to juris-
prudence, but the European Community Biotech Directive also contains a provision
meant to clarify the demarcation line between nonpatentable subject matter and
“Inventions which concern plants...” Such inventions “may be patented if the appli-
cation of the invention is not technically confined to a particular plant...variety.”

The decision of the Enlarged Board of Appeal of the European Patent Office (EPC)
in the Novartis case can be summarized as follows: “A claim wherein specific plant
varieties are not individually claimed is not excluded from patentability under Article
53(b) EPC, even though the claim may embrace one or more varieties not specified.”

This is why a patent can be granted under the EPC when a claim relates to plants
that can be part of an indefinite number of plant varieties.

The Scope of Protection Offered by Patents and PVRs Respectively. The
rights provided by a plant variety right, UPOV type, and a (utility) patent are
quite similar, as can be seen from this table which compares the scope of protec-
tion of a PVR and a patent as laid down in the UPOV Convention and the TRIPS
agreement respectively.
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TRIPS Agreement

UPOV

(Article 28)

(1991 Act — Article 14)

“1. A patent shall confer on its owner the
following exclusive rights:

(a) where the subject matter of a patent is
a product, to prevent third parties not
having the owner’s consent from the acts of:

Making,
Using,

Offering for sale,
Selling, or

Importing
For these purposes that product;”

“(1) [Acts in respect of the

propagating material]

(a) Subject to Articles 15 and 16,

the following acts in respect of the
propagating material of the protected
variety shall require the authorization of
the breeder

(1) production or reproduction
(multiplication) (ii) conditioning for the
purpose of propagation

(ii1) offering for sale
(iv) selling or other marketing

(v) exporting
(vi) importing

(vii) stocking for any of the purposes
mentioned in (i) to (vi), above.”

Although the rights resulting from the two intellectual property right systems do
not differ much, it is generally accepted that patents offer a stronger protection than
plant variety rights. The reason is that the plant breeders’ right does not extend to
acts done for experimental purposes and acts done for the purpose of breeding other
varieties, the so called breeders’ exemption, whilst such an exemption does not exist
to the same extent in the patent systems in Europe and the U.S.A.

The clear demarcation line between the scope of the patent and PVR system has
in Europe had the effect that in principle, only the results of modern biotechnology
are subject of European patent applications. Especially gene sequences, which code
for specific characteristics such as resistances against pest or tolerance to herbi-
cides, and the techniques to introduce the sequence in plant material, are protected
by patents. Such inventions could be applied in respect of an indefinite number of
plant varieties and are for that reason not excluded from patentability under article
53(b) of the EPC.

The objects of PVR protection, new varieties of plants, are mostly the result of the
application of traditional breeding techniques. Only in a few cases has the CPVO
received applications for plant variety right protection in respect of genetically
modified varieties.

In practice the coexistence of these two Intellectual Protection Rights systems
available for the protection of the results of biotechnology, early and modern, does
not create too many problems. In theory a conflict could arise when a plant variety
is at the same time covered by a PVR, for the variety as such, and a patent, for
a component of the variety, for instance a gene sequence. In such a situation the
variety can only be commercialized with the authorization of the two right holders.
The Biotech Directive contains a provision that if one of the right holders prevents
the other from exploitation of his invention/plant variety a compulsory exploitation
license could be granted, albeit only if certain quite restrictive criteria are fulfilled.
Since 2000, specific clauses in respect of such compulsory licenses have been incor-
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porated in the Danish legislation, i.e., Law on Plant Novelties and Law on Biotech-
nological Inventions.

In reality, the question of access to genetic resources as well as the right to breed-
ing (Breeders’ Exemption) will only be actual in the following situations:

Access to Plant Varieties Protected by Patent. This is a case mainly occurring
in the U.S.A. and, in fact, little formal discussion has officially taken place. How-
ever, a few companies consider the research-exemption is too narrow and that some
flexibility should be given for specific breeding purposes.

Access to Plant Varieties Protected by PVR. Through valid national and ter-
ritorial PVR legislation, the protected plant material is freely available for further
breeding purposes, however regulated through the provisions of Essentially De-
rived Varieties (EDV) in the latest UPOV-Convention.

The objective of this concept was to discourage the plagiarism and “easy breeding”
made possible due to the difficulty of defining the necessary “minimum distance” for
declaring a new variety distinct from other varieties of common knowledge.

Technically, for a variety to be considered an EDV, it must fulfill together three
requirements in relation to the initial variety:

m  Clear distinctness in the sense of the UPOV Convention.

m  Conformity to the initial variety in the expression of the essential
characteristics that result from the genotype or combination of
genotypes of the initial variety (IV).

m  Predominant derivation from the IV.

Legally speaking, concerning dependency — I:

m  The IV must be a protected variety.

m  Dependency can only exist from one single variety.

m  An EDV can be directly derived from the IV or from a variety that
is itself essentially derived from the IV. It is possible to have a “cas-
cade” of derivation; however, each EDV shall only be dependant on
one, the protected I'V.

Legally speaking, concerning dependency — I1I:
m  According to the general rule of burden of proof, the owner of the
IV must prove essential derivation and then claim dependency.
However, if the owner of the IV can give reasonable evidence of es-
sential derivation (first by finger printing) the proof of non-predom-
inant derivation should fall on the breeder of the putative EDV.

There is — so far — no jurisprudence on essential derivation, but to my knowl-
edge a number of cases have been solved amicably using the prima facia proof.

It must also be noted, that the introduction of the concept of EDV has certainly
changed breeding schemes and consequently “close” breeding is becoming rare —
much to the benefit of breeders and the diversity of plant varieties at the disposal
of growers.

Access to Plant Varieties Protected by PVR and Containing Patented Ele-
ments. This is most probably the most controversial issue on intellectual property.
According to the patent system, an approval from the holder of right is necessary
to exploit the variety in question for further breeding purposes, whereas the Plant
Variety Rights legislation is approving this on specific conditions.
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In this respect, the International Seed Trade Federation (ISF) adopted a position
paper during the Congress in Bangalore, India in June 2003: “ISF considers that
Breeder’s Right (and patent for plant varieties where allowed by law) and patent
protection for biotechnological inventions, are efficient protection systems.
It is thus necessary to define a fair coexistence of the two rights.

The introduction of the concepts of essential derivation and dependency in the
1991 Act of the UPOV Convention is a welcome initiative to bridge the two
systems, in the interest of all the actors involved.

However further clarification is needed as regards the use of transgenic varieties
containing patented elements and protected by Breeder’s Right for further breeding.

ISF is strongly attached to the breeder’s exception provided for in the UPOV
Convention and is concerned that the extension of the protection of a gene sequence
to the relevant plant variety itself could extinguish this exception.

Therefore ISF considers that a commercially available variety protected only by
Breeder’s Rights and containing patented elements should remain freely available
for further breeding.

If a new plant variety, not an essentially derived variety resulting from that further
breeding, is outside the scope of the patent’s claims, it may be freely exploit-
able by its developer.

On the contrary, if the new developed variety is an EDV or if it is inside the scope
of the patent’s claims, a consent from the owner of the initial variety or of the
patent must be obtained.

ISF is not generally in favor of compulsory licensing. Unrestricted compulsory li-
censing would make meaningless the new concept of dependency as well as the pro-
tection by patent on “biotechnological inventions.” ISF acknowledges the principle of
compulsory licensing in case of public interest as provided for in patent laws. ISF
has also considered the concept of compulsory licensing in case of “significant tech-
nical progress of considerable economic interest,” as provided for in the European
Directive for the protection of biotechnological inventions and which is in line with
the provision of the TRIPs agreement. However, the implementation of such a clause
would have to be left to courts and thus be time-consuming and expensive.

ISF considers that in any case, the best solution is to encourage con-
tractual voluntary licensing for both essentially derived varieties and
patented traits.”

The progress in genetic engineering raises the prospect that, in the foreseeable
future, an ever-increasing number of plant varieties will contain patented inven-
tions. The practical consequence would be that unless modifications in the patent
legislation are introduced both the breeders’ exemption and, in the U.S.A. situation,
the farmers’ privilege would be lost or greatly weakened. Article 30 of the TRIPs
agreement offers a basis for such modifications: “Members may provide limited ex-
ceptions to the exclusive rights conferred by a patent provided that such exceptions
do not unreasonably conflict with a normal exploitation of the patent and do not un-
reasonably prejudice the legitimate interests of the patent owner, taking into account
of the legitimate interests of third parties.”

CONCLUSION
In conclusion, it should be emphasized that the breeders’ exemption is considered
as an essential element of the UPOV intellectual property rights system, since:
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“— it recognizes that real progress in breeding relies on access to the latest improve-
ments and new variation.”

—and furthermore,

“Access is needed to all breeding materials in the form of modern varieties, as well
as land races and wild species, to achieve the greatest progress and is only possible
if protected varieties are available for breeding.”

Water Recycling: How We Do It®

Eebbie Deckys
Alstonville Palms, Weis Lane, Alstonville, NSW, 2477 Australia

Our family owns and operates a foliage nursery in subtropics on the east coast of
Australia. We have been on a 10-year journey building a new nursery and learning
how to recycle water. Our local agriculture department has given us a lot of support
in water efficiency, but to a large extent, we were pioneers in setting up a water
recycling system 10 years ago. During this presentation I'll take you through the
steps we went through along the way. Quite a few things had to be added to solve
problems that were unforeseen at the beginning.

The site we chose to set up our nursery is 12 ha. The production area is located on
a gentle slope all running down to the catchment dam. We are blessed with an aver-
age annual rainfall of 1600 mm mainly falling in the first half of the year. The creek
flowing through the property is unreliable, and the underground water supply also
proved unreliable. Water recycling was the answer. It seemed to be very expensive
at the time, but all water users in Australia and around the world are being forced
to reduce water consumption and return rivers to their original flows. Our system
has minimal effect on the environment and gives us a secure water supply.

Water is reused many times in our closed system. Water is added to the system
when it rains and is lost through evaporation. In dry years we may top up our dams
from the creek with 3 or 4 megaliters (ML). We have managed only on the bottom
6-ML dam. Between the two dams we have 17 ML of water storage. Water quality
is much easier to manage with two. Water treatment is expensive so we decided we
needed to use as little water as possible to water our plants so water efficiency was
the first issue we tackled. We have also chosen a lot of low-water-usage crops. Ini-
tially, we began with one filter, a chlorine injection system, one tank, and a couple
of small irrigation controllers. Over 10 years we have added a lot of extra pieces to
make the system work (Fig. 1).

The main difference in our production areas is the way we have constructed the floors
(Fig. 2). All beds are lined with builder’s plastic. Over this, agricultural drainage pipe
and 75 mm of blue metal was laid. We chose to cover the gravel with weed mat to mini-
mize weeds and reduce the amount of organic matter getting into the system.

Extensive earth works were done to get the falls correct. Irrigation mains and elec-
tricals were all installed first. The builder’s plastic all went down next using duct tape
to seal all joins and seal up around mains and supports in the structure. Next came
the 100-mm agricultural pipe that was installed in the drains that are in the middle
of the roads. At the end of the shade house we convert this to large PVC pipes. Small
lateral PVC pipes, risers, and supports for the irrigation risers were installed above
the plastic. Boards (75-mm) were used to screed the gravel to a consistent depth. Last
step was to fix the weed mat, which we have held down with gravel.
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Figure 1. The recycling system at Alstonville Palms.
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Figure 2. Floor construction in our production areas.

Large PVC pipes take the water down the hill to the catchment dam. Smaller
pipes down to 100-mm were used in collection areas and up to 225-mm pipes were
used in high flow areas at the bottom of the hill. Concrete junction boxes join up all
the pipes. Later we started to use plastic junction boxes that were much cheaper.
These were plumbed so that silt would gather at the bottom for easy cleaning. The
whole system was designed to take rainfall of 100 mm in 1 h.

The dams in our area need to be lined because our volcanic soils won’t hold water.
We have used 500-um dam liner plastic. We catch all our rainfall in our production
areas, and the dam has only overflowed twice in 10 years. We try to limit the con-
taminants such as fertilizer, pesticides, herbicides, and organic matter getting into
the catchment dam.

The biggest challenge for any recycling system is how to clean up the water suit-
able for irrigating. Algal blooms are the biggest enemy. They block irrigation, upset
pH, and make it impossible to kill pathogens. We tried killing them with chelated
copper, but we were treating them many times in hot weather. After about 3 years
we ended up with 1 m of mud on the bottom. We discovered there were many layers
in a dam. In early spring and early autumn, when temperatures in the dam were
changing, the whole dam rolled over. The foul-smelling mud then came to the top
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making it almost impossible to filter out.

We were having so much trouble with algal blooms the decision was made to install
aerators in the dams. Aerators combine with friendly microorganisms that like to eat
algae and keep the population to a minimum. Extra oxygen improves conditions for
the microorganisms, and the algae seem to dislike it. The layers in the dams were all
stirred up. The dams no longer rolled over because the layers had disappeared.

Filters and automatic backwash have been installed both at the beginning and
at the end of the cleanup process. Manual backwash was installed initially but we
were not doing the backwash often enough so eventually we automated it.

The pH is corrected with the addition of hydrochloric acid. We try to keep it at 6.5.
When we were having large algal problems the pH of the dams soared to 9.7, but
with the aerators, very little correction is required.

UV treatment is an easy way to kill pathogens. The cost to run and maintain is
very small although the initial cost is substantial. The only restriction is you need
clear water for the unit to work.

After UV treatment we do a final filter of the water before it goes into the holding
tanks ready for use. The final filter was necessary because algae was killed in the
UV treatment and clumped together. These large clumps blocked our drippers. We
have 60,000 L of clean water ready to use.

Pumps and irrigation controllers are used to irrigate in the morning for all over-
head irrigation of smaller stock. Drippers are used mostly in the afternoons and
evenings. We group plants with similar water requirements together and use the
minimum amount of water.

TASKS

Daily Tasks: measuring rainfall, water usage, and evaporation pan. The reading
is transferred to the irrigation controller. A crop factor is used to give the necessary
amount of water to fill the containers in each station.

Weekly Tasks: pH, E.C, chlorine ppm when in use.
Annual Tasks: Water quality tested by laboratory with plant pathogen check.

Routine Maintenance:
m  Flush irrigation lines with chlorine every 6 weeks in summer.
m  Large containers on drippers fully checked at start of each crop.
m  Each morning check UV, acid, and chlorine if in use.
m  Check block pressures and sprinkler and dripper performances.

ADDITIONAL READING
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lia 1997. Nursery Industry Association of Australia.

Cresswell, C.G. and D.O. Huett. 1996. Managing nursery runoff . New South Wales Ag-
riculture.

Mitrovic, S. 1995. What scum is that? Department of Land and Water, New South Wales,
Australia.
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Rolfe C., A. Currey, and I. Atkinson. 2000. Managing Water in Plant Nurseries. New
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Grafting of Waxflowers for Root Rot Management®

lan Gordon
Program Leader — Capacity Building, Centre for Native Floriculture, School of Agronomy and
Horticulture, The University of Queensland Gatton, Gatton QLD 4343 Australia

INTRODUCTION

The genus Chamelaucium is a genus of medium- to tall-growing shrubs endemic
to the southern and central regions of Western Australia. Chamelaucium has been
widely cultivated as an export cut flower crop in various regions of Australia. The
locality around the Gatton Campus of the University of Queensland has a num-
ber of native flower farms growing waxflowers, and the crops produced here are
amongst the earliest to flower in Australia. This gives our local growers a competi-
tive edge over growers in other parts of Australia.

The heavy soils of the Gatton district and the high humidity and summer rainfall
create a difficult management problem for soil-borne diseases such as Phytophtho-
ra cinnamomi and other related fungal organisms. Regular drenches of anti-fungal
compounds are part of the management program for waxflower growers. However,
despite this management practice, many growers experience heavy losses of newly
planted selections of waxflower.

At the University, we started to look at the potential for grafting of waxflowers
onto rootstocks that are highly resistant to P cinnamomi. The grafting program
was developed at the Gatton Campus of the University of Queensland (UQ) about
10 years ago, and the UQ Gatton Plant Nursery is producing grafted plants for the
local flower industry and for sale through the retail nursery industry as flowering
pot plants in late winter and spring.

THE ROOTSTOCKS

University of Queensland Gatton became involved in grafting trials as a result of a
request by Ken Young of Ebonybrook waxflower farm. Ken approached me with a
request that I look at grafting of waxflower cultivars onto rootstocks that appeared
to be resistant to Phytophthora root rot at Ebonybrook. These rootstocks are Chame-
laucium selections, which were able to grow in root-rot-infected conditions at Ebo-
nybrook. We propagated some cuttings of these selections, and when these plants
were large enough, I experimented by trying a number of grafting techniques to
graft different waxflower cultivars. The most successful graft was a spliced side graft
where the top was retained on the rootstock until after the graft union had formed.
The initial trials showed a success rate of 92% with the spliced side graft, compared
to 54% with a simple whip graft. On the basis of this success we have continued to
use the spliced side graft for commercial production of grafted plants.

There are several different waxflower selections that we have used as rootstocks,
and in order to maintain a commercial edge in the marketing of grafted waxflow-
ers, we have not revealed the identity of the rootstocks. However, a UQ Gatton
PhD student, Greg O’Sullivan, carried out a series of inoculation studies under the
supervision of our Plant Pathologist, Dr. Vic Galea, and he was able to demonstrate
that these rootstock selections were highly resistant to P. cinnamomi inoculation.
Field trials of grafted waxflowers planted into root-rot-infected soils have demon-
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strated that the loss rate after planting is very low. I have also experimented with
the use of Leptospermum and Melaleuca selections as rootstocks. However, some
cultivars of waxflower have shown delayed incompatibility after grafting, and we
have discontinued using these as rootstocks.

The Propagation of the Rootstocks. Grafting takes place from October to April
at UQ Gatton Plant Nursery. We find that grafting during winter does not give
satisfactory results with many Chamelaucium selections. This is probably a result
of the onset of flower bud development. The propagation of rootstocks is from soft-
wood terminal stem cuttings. Rootstock propagation takes place during autumn
and early winter. The cuttings are trimmed to approximately 5 cm long and dipped
in Rootex L liquid hormone (4000 mg-L* IBA).

The propagation trays used are 100-cell trays supplied by Premium Plastics of
Perth. The cells are small and are shaped to promote air pruning of the roots as
they develop on the base of the cuttings. The propagation environment used is a
high-pressure fog-controlled greenhouse with heavy shade and a warm-water heat-
ing system on the benches designed to maintain 25 °C at the base of the cuttings.

Root development on the cuttings occurs at the 4—6 week stage, and after 6 weeks,
the trays of cuttings are moved to a hardening off area for another 2—3 weeks prior
to potting of the cuttings. The rooted cuttings are potted into native tubes (50 x 50
x 100 mm deep tubes). The rooted cuttings are then placed on open-topped benches
in a high light greenhouse. The native tubes have internal ribs, which direct roots
downwards in the tubes, and the open-topped benches promote air pruning of the
roots. The strike rate in propagation can vary according to cutting quality, but with
good quality cuttings in our propagation facility, we expect to get 85%—90% strike
rate. The rootstocks are ready to graft when the basal stem area is around 2 mm
thick. This generally takes 8-10 weeks from tubing up.

THE GRAFTING PROGRAM

Successful grafting requires operator skill and a sharp knife. Knowledge of knife
sharpening is essential to grafting success. Grafting takes place in an air-condi-
tioned workroom for operator comfort and for plant comfort. As mentioned previ-
ously, the graft that is used is a spliced side graft. Given that the stems of the
rootstocks are very thin, all that is required is a 2-3 cm long slice of bark removed
from the side of the rootstock about 5 cm above medium level in the pots, and a cor-
responding sized slice of bark is removed from the base of the scion stem. The two
cut surfaces are very carefully matched together, and the graft is tightly tied using
a thin strip of Parafilm tape. Parafilm is preferred because it stretches during the
tying operation and it breaks down as a result of UV degradation over time. This
means we don’t need to remove the tape after grafting.

The grafted plants are placed in a high humidity propagation greenhouse on
heated benches, which maintain 25 °C at bench level. Humidity is managed by a
high-pressure fogging system so that we can maintain humidity of 85%—90% dur-
ing the first few weeks after grafting. Two weeks after grafting, the graft union is
forming and, with most scion shoots, regrowth is starting to appear. At this time
we carefully cut back the top of the rootstock to the graft union, which encourages
the scion shoots to produce a bushy top to the grafted plant. Grafted plants remain
in the high-humidity greenhouse for 2 weeks after cutting back of the rootstocks.
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At this time the grafted plants are moved to a high-light greenhouse to continue
growth. The propagation success rate achieved during grafting is very high with
most Chamelaucium cultivars and is consistently above 95%.

The grafted plants are tip pruned to promote a bushy, multi-stem habit. When the
grafted plants are about 3 months old, they are moved out into a full sun growing
area for final sun hardening prior to despatch to the customer. The grafted plants
are inspected regularly, and any sideshoot growth from below the graft union is re-
moved to prevent rootstock regrowth. Grafted plants are supplied to flower growers
in the native tubes for field planting. A number of southeast Queensland waxflower
growers are using grafted plants rather than cutting-grown plants because they
believe that the improved vigour of the grafted plants and the root-rot inhibition
provides larger and more vigorous plants.

The Benefits of Grafted Plants to the Waxflower Grower. During 1998, a
large trial of grafted plants of ‘Purple Pride’, ‘Winter White’, and ‘Iceberg’ was plant-
ed in a waxflower plantation close to UQ Gatton. There are approximately 2,500
grafted plants on four different rootstock selections in this block. As far as we can
ascertain, this block of grafted plants is the largest block of grafted Australian na-
tive plants established anywhere in Australia.

The benefits of using grafted plants can be summarised as follows:

m  Built in resistance to Phytophthora root rot.

Ensures long-term survival of plants in the field.
Grafted plants are more vigorous and uniform in growth.
Grafted plants require less fungicide use.
This represents a reduced cost to the grower.
m  There are additional environmental benefits.

Grafting for the Retail Nursery Industry. University of Queensland Gatton
Plant Nursery is providing grafted plants to Redlands Nursery for growing as flow-
ering pot plants. These grafted plants are marketed to the retail nursery industry
under the name “Elite Grafted Wax.” A number of different waxflower selections
are used in this marketing program, and there is a strong demand for Elite Grafted
Wax in the east coast nursery industry. A large grafting program is currently under
way for next season’s Elite Grafted Wax plants.

Propagation Licence Agreements. University of Queensland Gatton has a
propagation Licence Agreement in place with Western Flora Nursery of Western
Australian. This enables us to propagate and market their PBR-protected cultivars
in Queensland and New South Wales. We also have a propagation sub-licence agree-
ment in place with Western Flora that enables us to propagate the new AgWest
waxflower selections for sale within Australia. This means that the new “Pearl”
series waxflowers are now available in Queensland. There is strong interest in the
Queensland waxflower industry in gaining access to these protected cultivars.

Grafted Waxflower Sales. During the time that the UQ Gatton Plant Nursery has
been producing grafted plants we have produced in excess of 30,000 grafted plants.
During the current grafting season we expect to graft 25,000 waxflower plants for
the flower industry and for sale through Redlands Nursery as “Elite Grafted Wax.”
I believe that this grafting program for wildflowers is the most successful program
of its kind in Australia.
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Phormiums: Production in 2005°

Robert Bett
Lyndale Nurseries Auckland Ltd, PO Box 81-022, Whenuapai, Auckland, New Zealand

INTRODUCTION

Multiplication rates are one of the key factors affecting volume production of Phor-
mium cultivars around the world. Tissue culture techniques can now be harnessed
to give volume production with certain cultivars in the lab. Significant improve-
ments have been made in this field over the last 4 years in New Zealand. With the
plants established and running well in tissue culture, the first obstacle to the com-
mercial growers is acclimatising the material from the lab into the nursery environ-
ment. This paper focuses on our experience at Lyndale Nurseries with Phormium
production in 2005.

TISSUE CULTURE
Medium. With all crops, knowing and understanding your medium is the first es-
sential step. With phormiums, the key is to have an open medium with an air-filled
porosity (AFP) of 17%—20%.
We use two media for deflasking phormiums (Fig. 1):
1) 9 pumice (3—5 mm) : 1 peat (v/v).
2) Compressed sphagnum moss cell — a new product from New Zealand.
Both media are used in a 128 cell trays (cell dimension 25 x 25 x 45 mm), these
trays allow for good airflow between plants and allow for minimum root distur-
bance at the time of transplanting.
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Figure 1. Media: Left to right (top row): pumice (3—5mm), peat, 90% pumice : 10% peat,
(bottom row) compressed sphagnum, and expanded sphagnum.
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Figure 2. Phormium ‘Merlot’ 6-month-old plugs ready for transplanting.

Deflasking. Plants arrive from the lab in flasks of 30 plants. The plants are graded on
arrival by height and set straight from the flasks into 128-cell trays. Best results are
achieved when plants are between 40-50 mm in height at the time of deflasking.

Care is taken throughout the deflasking stage to maintain a clean
hygienic environment.

Plants are transported from the deflasking room to the production house by a cov-
ered trolley to prevent desiccation of the young leaves. With all micropropagated crops
no wavy cuticle is present on the leaf for the first 2—4 days following deflasking.

Plants are deflasked using natural season in New Zealand September—March
(spring— autumn) under mist with a calorie counter with a bottom heat 21 °C and
air temperature ranging 20—25 °C.

The young plants are ready for transplanting 4-6 months from initial deflasking —
this is dependant on the cultivar being grown (Fig. 2).

Advances in Tissue Culture of Variegated Forms. Talk often comes round to
the future possibilities of tissue culture of the often-flamboyant variegated selec-
tions. To date tissue culture activities on these selections has been unsuccessful.

Phormium ‘Red Dragon’is a new vigorous red variegated sport that was initiated
into tissue culture in 2003 (Fig. 3). This cultivar has strong red variegated leaf mar-
gins and a dark central area to the leaf.

Figure 4 shows the range of variegation expressed in the resulting plants fol-
lowing tissue culture production of the ‘Red Dragon’ cultivar (Fig. 4). Ninety-five
percent of the resulting plants have lost all red colouration. Five percent of the
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Figure 3. Phormium Red Dragon’.

resulting plants expressed some degree of colouration. Less than 1% shows the
original characteristics of the variety.

Future Possibilities. The key to successful in vitro propagation of Phormium at pres-
ent is the selection of cultivars with solid foliage colours and unique foliage forms.

CULTIVAR REVIEW
Currently Produced in Tissue Culture.

Phormium ‘Black Rage’. ‘Black Rage’ is a fashionable slate-grey-foliaged plant.
It is an architectural upright growing cultivar drooping at the tips and a beautiful
blue bloom on the flower stem and underside of the foliage. Strong orange-coloured
flowers (flower spike 1.2 m). A key feature of this selection is the promiscuous flow-
ering and attractive spiralling seedpods. A great cultivar for mass planting; size is
0.8x 0.8 m.

Phormium ‘Merlot’. ‘Merlot’ is an excellent architectural foliage plant (Fig. 5).
Strong upright broad leaves, deep plum-purple in colour. Leaf underside is silver
with leaf edges and midrib highlight in jet black. An excellent feature plant; hardy;
1.8 x 1.8 m; flower spike 2.4 m.

Phormium ‘Twisted Sister’. Twisted Sister’is a sport of P. tenax. The foliage and
plant form of this selection is a whole new break for the genus. This funky little
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Figure 4. Range of variegation expressed in the resulting tissue culture plants derived

from Phormium ‘Red Dragon’.

Figure 5. Phormium ‘Merlot’.
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Figure 6. Phormium ‘Twisted Sister’.

plant has extremely stiff olive green, twisted, and spiralling foliage, as if heated
like hot molten metal, and then let cool. The foliage has an attractive grey-silver
underside and bright orange leaf margins and midrib to complete the picture. All
this makes “Twisted Sister’ the perfect architectural foliage plant for modern ter-
race and patio plantings; hardy; 0.4 x 0.4 m (Fig. 6).

Cultivars for Future Multiplication in Tissue Culture.

Phormium ‘Garden Hero’. One of the smallest selections, this new selection has
very fine lime green foliage and a tight clump-forming habit. ‘Garden Hero’ is ideal
for pots and plants on the deck or patio or for mass planting at the front of the gar-
den border, hardy, 0.6 x 0.6 m.

Phormium ‘Goliath’. ‘Goliath’ is the largest selection from New Zealand, with
huge upright architectural foliage drooping at the tips. The foliage is 250-300 mm
in diameter, silver green in colour with beautiful silver-blue on the underside of the
foliage. A great landscape cultivar of the future, for mass planting, 3 x 2 m, flower
spike 3.5 m.
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Growing Australian and South African Native Plants in
Soilless Media®

Kevin Handreck
Managing Director, Netherwood Horticultural Consultants Pty Ltd, 2 Birdwood St, Netherby,
South Australia, 5062

Much of the Australian and South African flora have evolved on soils of low fertil-
ity. Those of heathland soils have had to evolve mechanisms for growing in soils
with extremely low levels of total and “plant-available” phosphorus. Application
of phosphatic fertiliser to these heathland soils eventually leads to the death of
these species and the invasion of weeds. From the late 1970s, it has been known
that heathland species being grown in soilless potting media must be provided
with only very low amounts of phosphorus. This knowledge has often been ex-
tended without question to include our entire diverse flora. However, many of our
flora are not particularly sensitive to phosphorus. For good growth, they require
as much phosphorus as most northern hemisphere plants. This paper explores
the different requirements for phosphorus of different groups of species within
our flora. It offers practical guidelines for the successful propagation and grow-
ing of these diverse groups of species in soilless media.

INTRODUCTION

The flora of Australia and South Africa are wonderful to see in their native habitats,
especially when they are in flower, but they are also wonderful to see in our gardens,
city landscapes, and patio containers. Transfer from the bush, fynbos, and veldt to
urban environments requires the production of seedlings or vegetatively propagated
plants in containers, and those containers must be filled with a growing medium. At
least in Australia, early efforts at container-growing used natural soils or such soils
that had been amended with manures and composts. This was essentially the sys-
tem devised in England at the John Innes Institute. Success rates were sometimes
good, but often poor. These soils were typically amended with 1.5 kg-m™ of single
superphosphate. Success rates became worse as soil was replaced by peat (as in the
University of California method) and composted wood wastes such as pine bark and
sawdust. Nichols et al. (1979) showed that the particularly poor success rates with
members of the Proteaceae family (especially grevilleas and proteas) were due to
toxicity produced by excessive supply of phosphorus (P) (still from the same addition
of single superphosphate). Nichols and Beardsell (1981) provided guidelines for the
rates of P from controlled-release fertiliser (CRF) to be used so that P toxicity was
avoided when various Proteaceae were grown in soilless media.

As the guidelines produced for P-sensitive Proteaceae were applied in production
nurseries, a myth developed in Australia that all Australian native plants were
sensitive to P. So we had marketed (and to a small extent still do) low-P fertilis-
ers that were labelled as being suitable for all Australian native plants and South
African Proteaceae. This inevitably led to the situation in which many Australian
native plants, even some Proteaceae, did not grow well in containers of soilless me-
dia. They were suffering from P deficiency. The myth was extended also to proteas
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being grown in soil for cut flowers. If P was left out of the fertiliser applied to these
often-depauperate soils, growth was poor. I have seen strange recommendations
for overcoming P toxicity in such plants, even though tissue analysis indicated the
extremely low P concentrations of P deficiency.

The point I want to make is that while some Australian and South African spe-
cies are highly prone to P toxicity, and some are moderately sensitive, the major-
ity are not. This majority do not need the level of P input that might be provided
to tomatoes, but they do need more than the tiny amounts tolerated by sensitive
species. They have evolved on soils that might have 100 to 300 mg-kg' of total
P (Norrish and Rosser, 1983). In contrast, the soils on which P-sensitive plants
evolved often contain less than 20 mg-kg?! total P and as little as 1 mg-kg! (Bell et
al., 1994). Nursery practice must reflect this diversity of origins. The rest of this
paper provides guidelines for producing our native plants in soilless media without
the hassles of either P toxicity or P deficiency. Because much of the research that
provided these guidelines was done in Australia on Australian plants, most of my
examples are for the Australian flora.

KNOW YOUR PLANTS

If you do not know the P sensitivity of a new species you want to grow, a first
clue 1s to know its family. If it is classified into Proteaceae or one of the pea-flower
families, there is a reasonable probability that it is sensitive to very sensitive. Gym-
nosperms, succulents, halophytes, annuals, and most Myrtaceae, Casuarinaceae,
Cupressaceeae, Asteraceae, and rain forest species (including Proteacea that grow
in rain forests) are not sensitive. Acacias are difficult: they range from extremely
sensitive to highly tolerant of P. Just to complicate matters, within some species,
there can be a range of tolerance to P depending presumably on the properties of
the soil on which a particular provenance evolved. A listing of over 800 Australian
species is contained in Handreck and Black (1994).

A second clue comes from knowledge of the native habitat of the particular spe-
cies. If the soils of this habitat are highly acidic, and/or deep, light-coloured sand,
and/or of low organic matter content, and/or formed from ancient metamorphic
rocks, particularly sandstones such as those of the Sydney region, there is a high
probability that many of the Proteaceae, pea-flowers, and acacias growing there
will be sensitive to P. Calcareous soils and those derived from volcanic rocks, includ-
ing granite, tend to have few P-sensitive species (Handreck, 1997a).

A third clue, rarely available, is the total P content of the topsoil of the area from
which the species, or the parents of a cultivar, came. The lower this is in the range
1 to 100 mg-kg!, the greater the probability that species growing in the soil are
sensitive to P.

IRON SUPPLY

It was early recognised that the growing medium for P-sensitive plants needed
to be quite acidic (Higgs, 1970). Low pH minimises the availability of the P in the
medium, but it also maximises the availability of iron. The environment around
plant roots must be of pH 5.6 or lower if the plant is to get enough iron for opti-
mum growth and colour. Either the soil itself must be this acidic or the plant must
have an ability to secrete acid from its roots. As the roots of many of