Environmentally Sustainable Production Systems for Producing Ornamental Plants a1

Environmentally Sustainable Production Systems for
Producing Ornamental Plants®

John Bunker
Redlands Nursery Pty. Ltd., 905-907 German Church Road, Redland Bay QLD 4165, Australia

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.
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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:



Water Recycling: How We Do It 53

“— 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.
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Mitrovic, S. 1995. What scum is that? Department of Land and Water, New South Wales,
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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 the plants
that evolved on acidic soils do not secrete acid (they did not have to waste energy
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Table 1. Guidelines for supplying P to plants growing in soilless potting media. (Based on Handreck, 1997a, b).

Approximate

Pws concentration in
controlled-release

weekly needs for P

Approximate

P concentration

weekly need for P by of plants approaching

fertiliser incorporated

at 3g ‘L1 (%)*

Typical basal P

in 0.2 mM DTPA

extract (mg-Lt)

Category of

young seedlings (mg) saleable size

application rate

P-sensitivity

0.3 to 0.6

2.2+

0.3 kg'm™ single

3-8

Non-sensitive

superphosphate

0.5

0.3

1.3
0.4

Nil

<3

Moderately sensitive

0.3

0.2

Nil

<1

Highly sensitive

Water-soluble P in fertiliser.

Pws=

*Data for 5-month-release fertilisers in containers up to 0.4 L capacity. Data assume some losses of P through leaching and immobilisation by

microbial activity. Use lower rates and/or P concentrations for larger containers.

on doing this) the pH of potting media
for them must be no higher than 5.6.
But low pH is of no use unless there is
enough iron in the medium to be dis-
solved. In Australia, most of our potting
media consist largely of composted pine
bark (from Pinus radiata in the south
and P, elliottii and P. pinaster selections
in the subtropics). These barks typically
contain less than 100 mg kg™ total iron,
so extra must be added to them when
they are formulated into potting media.
For general nursery production, about
1 kg'm?of FeSO,-7H,0 (or 0.6 kg'm™ of
the monohydrate) is added, but for P-
sensitive species up to double this rate
can be used. In contrast, in South Af-
rica, most pine barks have much higher
natural levels of iron and extra iron is
generally not needed. Rather than sim-
ply relying on a recipe-book approach to
formulation, the level of plant-available
iron should be determined chemically.
A 0.2 mM DTPA extract (1 : 1.5, v/v) of
the medium should contain at least 25
mg- L' of Fe for all plants (native and
otherwise) and 35 mg L' for P-sensi-
tive plants (Handreck and Black, 1994;
Standards Australia, 2003). It should be
noted that these analytical criteria do
not apply if the main source of iron is a
synthetic chelate.

PHOSPHORUS SUPPLY
If you try to grow Melaleuca or Eucalyp-
tus species from seed without any P in
the potting medium, you will find that
as soon as the P in the seed is used up
the seedlings stop growing; the smaller
the seed, the sooner the growth cessa-
tion. In potting media, non-P-sensitive
species must be supplied with soluble
P from the time of germination. In con-
trast, for highly P-sensitive plants the
level of soluble P in the medium must be
very low. Table 1 gives guidelines.

Also provided in the table are some
guidelines for the rates of supply of P
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from fertilisers, both controlled-release and fertigated. The important number is
not the concentration of P in the fertiliser, but the amount provided each week to
the plant. Of course the amount needed will increase as the plant grows. Differing
amounts are easier to provide via fertigation than via CRF’s incorporated into the
medium, but as CRF’s release their P more slowly than their N and K (Handreck,
1997¢), there is some tolerance to a CRF addition that is slanted towards provision
for later growth. It is especially important to reduce the rate of CRF incorporation
(g'L') as container size increases, so that the amount of P (and N) supplied still
matches plant requirements.

If you do not know the tolerance of a particular plant to P, and you do not have time
to run a trial, the safest approach is to use a potting medium and fertiliser designed
for highly P-sensitive plants and then add extra P if deficiency symptoms appear.

OTHER PRACTICALITIES

Growers can increase their chances of success if they tightly specify key properties
of their potting medium. The pH must be below 6.5 for all plants and below 5.5 for
highly-P-sensitive plants. The initial P concentration must be as given in Table 1
and the extractable iron concentration must be as high as is required (above). Of
course all other nutrients must also be supplied.

Checking the pH and water-soluble P concentration of potting medium at deliv-
ery can prevent large-scale disasters. Several kits are available from chemical sup-
ply houses for testing for water-soluble P. One is the Merck Aquaquant P (VM) kit
(Handreck and Anderson, 1994). All you do is shake 1 volume of the moist medium
with 1.5 volumes of water, filter, and measure the P concentration in the filtrate.
Any medium that is not up to specifications (<1 mg-Li! P for P-sensitive plants)
must be rejected.

Products such as blood and bone, crushed bone, animal manures, and biosolids should
be used with caution in potting media for P-sensitive plants. All contain P sources that
continue to release soluble P for many months. The lower the pH of the medium, the
more rapid the release. For bone, an upper limit for P-sensitive plants is about 0.4 g-Li!
and for biosolids (of 1.6% P) about 0.2% (v/v). As little as 0.5% of such biosolids can sup-
ply all the P requirements of nonsensitive plants (Handreck, 1997a).
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Breeding and Selection of Brachychiton®

Des Boorman
132a Nothcott Rd., South Gundurimba via Lismore, NSW, Australia

INTRODUCTION
Why Brachychiton?
Beautiful trees naturally
Ornamental trunks and foliage
Free flowering
Colours, white, red, pink, orange, and greenish
Flowers up to 50 mm long and 40 mm wide in some species
Many are deciduous flowering plants
Flowering period can be many months
Drought tolerant

m  Not likely to become weeds
These make ideal characteristics for breeding.

BREEDING
Some Drawbacks. Some species may have flowers that upon falling could be a
slip hazard to pedestrians and motorcycles. Brachychiton discolor F. Muell is such
a species that produces mucilaginous excretions from fallen flowers. This results in
an extremely slippery surface when it falls onto hard paved areas.

Substantial juvenility periods may hinder breeding and assessment programs.

Background. This genus contains many familiar species that are important or-
namental and agricultural trees. Brachychiton populneus (Schott and Endl.) R.Br.
kurrajong is considered an important fodder species during droughts, providing
valuable feed for livestock, and has been planted for this purpose.

The other, more popular species are ornamental trees such as the [llawarra flame
tree B. acerifolius (Cunn. Ex Endl.) Macarthur, Queensland lace-bark B. discolor F.
Muell., and the Queensland bottle tree B. rupestris (Mitchell ex Lindley) Schumann.
The latter has a spectacular bottle-shaped trunk that can grow to several metres in
diameter (Guymer, 1988).

Assessment of Hybrids. The hybrids will be assessed on their:
m  Precociousness, flower colour, size, and inflorescence size; flowering
period, annual flowering, and duration of flowering season.
m  Foliage colour and shape and the colour of the new growth.
Tolerance to drought, frosts, and wet conditions.
m  Mature size when compared to the three parameters for selection,
specimen trees, trees under powerlines, and tub specimens.
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BREEDING.
m  Flowers are functionally unisexual by abortion, Schott and Endli-
cher (1832).

m  Flowers generally are open for 2 days, falling on the 3rd.

m  Flowers usually occur on the lower branches first closer to the
trunk. Male flowers are much more numerous than female flowers,
which often open later in the flowering period.

m  Native bees are extremely fond of the pollen. Flowering in the trop-
ics starts in September and continues through to November for B.
bidwillii Hook.

e This species (B. bidwillii Hook) is extremely useful as a parent
because it is precocious and free flowering, producing large quan-
tities of pollen and also a proportional number of female flowers.

o The species is ideal because it has a low growth habit, freely
branches, and is tolerant of a range of climatic extremes
from tropical summers to frosty inland areas where it natu-
rally occurs.

m  Many of the earlier trial pollinations were unsuccessful because
flowers are receptive to pollen on both days but abscission has
already commenced on the second day, so fertilization is not suc-
cessful and flowers are aborted.

m  Pollination is also sensitive to the time of day with pollination
activities after 8:30 am on the first day not being successful. This is
also exacerbated by hot dry winds or overly hot mornings.

m  Fertilisation results in a rather swift swelling of the ovaries that is
clearly visible after several days.

m  Flower abortion can occur after a week or so and may be a result of
nutrient or moisture stress on the parent.

m  Boring larvae can also cause abortion of nearly mature pods even if
only 2-3 of the 20 or so seeds have been damaged.

Parent Selection. Scion and rootstock interactions can also stunt growth and pro-
mote flowering such as between B. acerifolius (Cunn. Ex Endl.) Macarthur root-
stocks and B. garrawayae (Bailey) Guymer scions. Scion growth is stunted causing
it to produce relatively large numbers of flowers for the plant size. Brachychiton
garrawayae (Bailey) Guymer is noted as growing to 12 m, but I have not grown a
grafted specimen over 0.75 m. They have on two occasions produced so many flow-
ers and subsequent fruit when deciduous that the plants have died. I do not believe
that it is incompatibility but rather a hypersensitivity to some latent pathogen in
the rootstock (Boorman, 2003).

The five species that I have used to date for breeding are B. Bidwillii Hook,
B. garrawayae (Bailey) Guymer, B. grandiflorus Guymer, B. velutinosus Kos-
termans, B. sp. Exmore Station, and the natural hybrid B. xcarneus Guymer,
(B. garrawayae X B. grandiflorus).

Other species that I have and am waiting for first flowering are B. albidus Guy-
mer, B. chillagoensis Guymer, B. discolor F. Muell., B. xvinicolor Guymer (B. ac-
erifolius X B. populneus subsp. populneus), B. acerifolius X B. discolor, and three
unnamed hybrids or species.
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I will also include B. acerifolius (Cunn. Ex G. Don) Macarthur and B. rupestris
(Mitchell ex Lindley) Schumann. Both species appear to have extremely long juve-
nile phases that make breeding programs time-consuming, so precocious species
are the first I have used while establishing the other stock plants.

Brachychiton xcarneus Guymer (B. garrawayae X B. grandiflorus) has produced
some interesting responses to insect attack, possibly a fruit-piercing moth. This
response was a particularly strong terminal panicle that flowered over 3 months
from both tips affected.

This may indicate the possibility of using growth regulators to promote flowering
for breeding and display purposes.

The breeding has resulted in the production of 100 of B. bidwillii X B. grandiflo-
rus and 120 B. bidwillii X B. x carneus, which are 2 years old and planted out in test
blocks at 3 m spacing for assessment.

The next batch consists of B. garrawayae X B. bidwillii, B. grandiflorus X B. ve-
lutinosus, B. garrawayae X B. sp. Exmore Station, and B. bidwillii X B. sp. Exmore
Station and consists of 300 plants that will be planted in the trial block in spring.
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INTRODUCTION
Lyndale specialises in the propagation of a wide range of ornamental plants with
strong associations to the breeding, sourcing, and protection of new cultivars.

With a population of just 4 million, New Zealand businesses have evolved to look
at the world market as the natural area to expand into, as the domestic market is
small. Lyndale is no different and, with a production that hovers around the 3 mil-
lion units mark, needed to explore other market possibilities if the business was to
continue to grow.

The business of exporting live plants between countries is by no means easy, and
it is getting bureaucratically more difficult seemingly daily. Lyndale’s approach to
this problem has been to develop the intellectual property of plant cultivars and of-
fer new selections through an international network of agents. Each international
market block has the right (predominantly) to self-propagate, distribute, and com-
mercialise within their own defined market boundaries; hence Lyndale’s involve-
ment in shipping live plants is minimal.

The crops reviewed in this paper are some of the selections we find most exciting
and have been bred or selected in New Zealand.

NEW CROPS

Coprosma propinqua ‘Autumn Haze’. This colourful new prostrate coprosma
from the Chatham Islands was selected by Tom Johnson at Totara Grove. ‘Autumn
Haze’ has small glossy cream and green variegated foliage delightfully coloured
with soft peach to apricot tones. The plant forms a dense groundcover, making it
an ideal choice for low maintenance gardening at the front of the border or as a
specimen in a low pot on the deck or patio. ‘Autumn Haze’ is happy in fertile, well-
drained soils in full sun to part shade. Lightly trim to maintain shape. Hardy. 0.2
x 1.5 m.

Corokia xvirgata ‘Geenty’s Ghost’. ‘Geenty’s Ghost’ is a delightful silver/grey
foliage selection of Corokia bred by New Zealand plantsman Mike Geenty. This new
selection forms an attractive medium-sized ornamental shrub ideally suited for use
as a small hedge or for topiary work in today’s smaller gardens. ‘Geenty’s Ghost’s’
small, silver-decorative foliage is complemented in autumn with colourful yellow-
orange berries. Happy in fertile, well-drained soils in full sun to part shade and
tolerant of extremely dry and salt winds, it is a popular choice for coastal shelter
planting. Trim to maintain a good bushy shape. Hardy. 1.2 x 1 m.

Griselinia littoralis ‘Whenuapai’. This exciting new selection made by Tom
Johnson at Totara Grove has small glossy leaves and forms a tight narrow column,
making it an ideal choice for modern architectural plantings. The narrow glossy fo-
liage has a distinctive pointed leaf tip, which makes for a tidy appearance. ‘Whenu-
apai’ is ideally suited for hedging, topiary work, and coastal plantings. Happy in
fertile, well-drained soils in full sun to part shade. Lightly trim to maintain shape.
Hardy. 8 x 4 m.
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Libertia ixiodes ‘Goldfinger’. Looking for fantastic golden yellow cascading foli-
age in the garden? This is the plant for you. The elegant weeping foliage of this
exciting new selection has a prominent golden-yellow central stripe. Profusions of
pure white star-like flowers are produced in clusters just clear of the foliage from
mid spring, followed by attractive large yellow berries in autumn. This delightful
little plant really packs a punch and is ideal to provide year round interest in the
perennial border or as a colourful low maintenance pot or container on the deck or
patio. Hardy. 0.6 x 0.6 m.

Libertia ixiodies ‘Taupo Blaze’. ‘Taupo Blaze’ is a superior selection of “Taupo
Sunset’ produced exclusively from tissue culture. In autumn/winter the spiky
sword-like foliage of ‘Taupo Blaze’ changes from green through yellow/orange to
strong orange to intense burnt red. “Taupo Blaze’ has much more pronounced scar-
let foliage colour than the original selection. To complement the colourful foliage,
pure white star-like flowers are produced in spring in clusters just clear of the foli-
age, followed by attractive orange/red berries in autumn. This colourful little plant
is ideal to provide year-round interest in the perennial border or as a colourful low
maintenance pot or container plant on the deck or patio. Hardy. 0.6 x 0.6 m.

Metrosideros collina ‘Tahitian Sunset’. A colourful dwarf-growing sport of
M. collina ‘Tahiti’ has elegant cream-variegated foliage; the new growth is soft like
deer velvet and highlighted in winter by bold pink-red flush on the new growth.
To complement the foliage, brilliant scarlet bottle-bush-like blooms are produced
intermittently throughout the year from clusters of dusty white buds; these colour-
ful blooms are most welcome in the winter months. Quite distinct from the more
familiar M. excelsa by its compact size and well-rounded, shrubby form. Hardy in
coastal locations and as frost tolerant as other New Zealand pohutukawa. Great
landscaping versatility, excellent in containers. Attractive in all seasons. Protect
from heavy frosts. 1 x 1 m.

Phormium tenax ‘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 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 mid rib to complete the
picture. All this makes ‘“Twisted Sister’ the perfect architectural foliage plant for
modern terrace and patio plantings. Hardy. 0.4 x 0.4 m.

Pittosporum tenuifolium ‘Elfin’. Looking for a compact, no-trim topiary? ‘Elfin’
could be just the plant for you! ‘Elfin’ is an exciting new dwarf Pittosporum selec-
tion from Clareville Nursery, New Zealand, selected from a batch of P. tenuifolium
seedlings in 2001 for its amazing tight habit. The mid-green foliage of this selection
is much tighter than ‘Gold Ball’ with the individual internodes being not more the 5
mm apart. To complement the dwarf habit, the plant is quick growing making it the
ideal nurseryman’s crop. ‘Elfin’ is the ideal choice where space is limited, perfect for
specimen pots or containers in the modern courtyard, or ideal to define the edge of
the formal border. Easy in any well-drained soil in full sun to light shade. A fantas-
tic new low-maintenance selection. Hardy to -7 °C. 0.5 x 0.5 m.

Trachystemon orientalis ‘Gold Medal’. A colourful sport of 7. orientalis, the foli-
age is its main attraction, with large, bright golden yellow leaves that make this
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plant a world first. ‘Gold Medal’is sure to illuminate any shady border. It is an ideal
specimen plant for the shade garden or perfect for a shady container on the deck or
patio. Prefers moist woodland soils in light shade. Hardy. 0.5 x 0.5 m.

Thank you for the opportunity to present this paper and congratulations on
achieving this milestone for IPPS in South African and for us all.

An Insight into an Accredited Potting Mix Supplier
in Australia®

Shaun Windrim
Debco Pty. Ltd., 12 Mckirdys Road, Tyabb, Victoria 3913, Australia

INTRODUCTION

Debco (<www.debco.com.au>) is a leading potting mix supplier on the east coast of
Australia, with manufacturing sites in both New South Wales and Victoria. The
company started out selling cow and poultry manures in 1972, but soon evolved
over those earlier years to manufacture potting mix primarily from graded, com-
posted Pinus radiata pinebark. Other, lesser components included in the matrix
depending upon the plant type are coir/coconut fibre and clean quartz sand. This
gave potting manufacturing a sophisticated edge as it transformed itself from an
art and product made in situ to a science by introducing physical and chemical re-
quirements according to an Australian Standard for potting mixes AS 3743-1996.

COMPOSTING PROCESS

Raw bark of all shapes and sizes is supplied under contract from several Victorian
mills and is then hammer milled and screened into three grades: namely, fine grade
(0—3 mm), medium grade (3—5 mm), and a coarse grade (5—-8 mm). The raw bark is
treated with composting fertilizer (nitrogen, lime, and iron) and trace elements to
improve the chelating benefit when taken up by the plants. After this process, the
graded nutrient-enriched bark is put into windrows on a concrete pad for compost-
ing with a water injection and aerating machine. The composting process can take
up to 45 days depending on the season and the grade of the bark. After 3 days, the
windrow reaches a temperature of 65 °C, which is the pasteurization process of the
bark. This constant temperature eliminates weed seeds and harmful pathogens
such as pythium, phytophthora, and rhizoctonia. Over this 45-day period, the aer-
ating machine creates a flue effect, rotating the bark from the bottom to the top
and expelling the hot air in the process. During this period, the composting bark
temperature, pH, electrical conductivity, nitrogen levels, and nitrogen drawdown
index are monitored to establish the maturation stage of the process of the bark for
release prior to being blended into a potting mix. A finished composted bark grade
normally has a pH of 5 and a nitrogen drawdown index of 0.45-0.5.

Fine-grade coir is brought in from South East Asia in dehydrated compressed bricks.
This product receives a quarantine clearance by the Australian Quarantine Inspection
Service (AQILS) before receiving an in-house assessment for elevated chloride levels
and salt conductivity. A chunky coir chip is also available that allows for a higher air-
filled porosity (AFP) than the finer grade. The coir is rehydrated and expanded, pro-
viding an instant component to be added to the bark grade as a matrix component.
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company started out selling cow and poultry manures in 1972, but soon evolved
over those earlier years to manufacture potting mix primarily from graded, com-
posted Pinus radiata pinebark. Other, lesser components included in the matrix
depending upon the plant type are coir/coconut fibre and clean quartz sand. This
gave potting manufacturing a sophisticated edge as it transformed itself from an
art and product made in situ to a science by introducing physical and chemical re-
quirements according to an Australian Standard for potting mixes AS 3743-1996.

COMPOSTING PROCESS

Raw bark of all shapes and sizes is supplied under contract from several Victorian
mills and is then hammer milled and screened into three grades: namely, fine grade
(0—3 mm), medium grade (3—5 mm), and a coarse grade (5—-8 mm). The raw bark is
treated with composting fertilizer (nitrogen, lime, and iron) and trace elements to
improve the chelating benefit when taken up by the plants. After this process, the
graded nutrient-enriched bark is put into windrows on a concrete pad for compost-
ing with a water injection and aerating machine. The composting process can take
up to 45 days depending on the season and the grade of the bark. After 3 days, the
windrow reaches a temperature of 65 °C, which is the pasteurization process of the
bark. This constant temperature eliminates weed seeds and harmful pathogens
such as pythium, phytophthora, and rhizoctonia. Over this 45-day period, the aer-
ating machine creates a flue effect, rotating the bark from the bottom to the top
and expelling the hot air in the process. During this period, the composting bark
temperature, pH, electrical conductivity, nitrogen levels, and nitrogen drawdown
index are monitored to establish the maturation stage of the process of the bark for
release prior to being blended into a potting mix. A finished composted bark grade
normally has a pH of 5 and a nitrogen drawdown index of 0.45-0.5.

Fine-grade coir is brought in from South East Asia in dehydrated compressed bricks.
This product receives a quarantine clearance by the Australian Quarantine Inspection
Service (AQILS) before receiving an in-house assessment for elevated chloride levels
and salt conductivity. A chunky coir chip is also available that allows for a higher air-
filled porosity (AFP) than the finer grade. The coir is rehydrated and expanded, pro-
viding an instant component to be added to the bark grade as a matrix component.
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BLENDING PROCESS

Depending on the potting mix and its specific AFP and water-holding capacity re-
quirements, the composted grades are then reintegrated with the coir and sand to
prepare a cubic metre matrix. The fine grade pine bark and coir are required for
water holding, the medium and coarse grades for structure and AFP, and the sand
for ballast and wettability. Debco prepares all matrixes in 2 m? batches to ensure
appropriate blending consistency. For an example, an annual plant matrix will be
sandless and contain three grades of bark and coir, a punnet matrix may only con-
tain two grades of bark and coir, while a shrub mix may contain three grades of
bark and sand. Sand has become less popular as an inclusion, due to grade quality,
weight factor, and disease potential.

Once the matrix has been decided, a base and pH balancing fertilizer is included
which once again is dependent upon a grower’s plant product (i.e., lavenders —
high pH, 6.0-6.5, indigenous proteaceae plants — low pH, 5.0-5.3, without phos-
phorus or annuals requiring a middle range pH of 5.3-6.5). Debco provides a total
plant matrix package if requested which includes a wetting agent made and sold by
Debco (Saturaid), water storage granules, and our home brand controlled release
fertilizer (CRF), Green Jacket.

Another requirement we as a supplier must take into consideration is the grow-
er’s production systems (i.e., capillary watering, container type, irrigation applica-
tion, water type, or elastic transplanting machinery matrixes).

PRICING

Commercial potting mixes are priced in a range from $75-$95 per m® excluding
GST and delivery charges. This means a grower buying an annual potting mix for
$95 per m? and potting into a 500-ml container will pay 4.5¢ per container. For ex-
ample, a grower buying a shrub potting mix for $75 per m? and potting into a 1000-
ml container will pay 7.5¢ per container. It is important to assess the cost-benefit
ratio of quality, performance, and price per container rather than buying strictly
on price per m® because a poor quality potting mix can cost you more in production
and market time.

ACCREDITATION
As mentioned in my title, Debco is an accredited potting mix supplier under the
Nursery Industry Accreditation Scheme Australia. This is a national scheme for
production nursery growers and growing media businesses that operate in accor-
dance with a set of national best practice guidelines. For more details on the Aus-
tralian accreditation scheme, please visit the Nursery and Garden Industry website
(<www.ngia.com.au>) to establish some best practice benchmarks.

As part of this scheme, Debco is audited every 6 months by an association repre-
sentative who also collects samples of components for disease testing at an external
plant pathology laboratory.
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Sharing Simple, Inexpensive Ideas From Nursery Producers®

Ken Tilt and Jeff Sibley
Alabama Cooperative Extension Systems, 101 Funchess Hall, Auburn University, Alabama
36849-5649, U.S.A.

Nursery producers are farmers that are known for their independence and have
made their successes through conservative money management and carefully
“growing into their businesses.” Most nurseries are small family operations and
not backed by large corporate investors. They have had to be very innovative and
frugal in developing their businesses. The following is a collection of 23 practical,
inexpensive ideas that nurseries have developed to help their nurseries compete
successfully.

Some times descriptions of these innovations do not offer a complete vision of the
ideas. Photographs of each of these ideas and some additional ones that time and
space did not allow are available on-line at <www.ag.auburn.edu/landscape>; from
this page look for the “Ideas” button.

The nursery industry is very important to the economy of Alabama. It is the num-
ber one economic agricultural crop. Over 850 nurseries and greenhouses generate
$250 million wholesale farm-gate dollars ($1.4 billion ZAR) to the state’s economy.
When these wholesale dollars flow through the retail, landscape, and maintenance
sector to the consumer, the economic impact of the green industry is 1.9 billion dol-
lars ($11.3 billion ZAR).

Since most nurseries are small businesses and cannot afford the luxuries of pot-
ting machines or expensive equipment for moving large numbers of plants, they are
forced to use their imagination to cope and minimize labor costs.

To compete with the more efficient larger growers, they look for niches and serve a
specialty or local market. They also “make do” or use the resources they have avail-
able to cut costs and at the same time increase their efficiency and quality.

1) In earlier times, small nurseries could rightfully claim higher
quality and offer that defining advantage to their customers. In
those times, larger nurseries were known more for their plant
skills than business skills. However, through competitive neces-
sity large nurseries became more business minded and discovered
one answer to quality. A business axiom was heeded that said, “If
no one is responsible, no one is accountable.” From this business
principle came the practice of dividing the nursery and assigning
segments and responsibility for quality to responsible managers.
Accountability yielded quality. This is a universal idea for big and
small nurseries.

2) McCorkle Nursery, a mid-sized to large nursery in Dearing, Geor-
gia, implemented the principle of “keep it simple” for their work-
ers. Once required space was calculated for a crop, the nursery
painted lines on the ground cloth of the growing pad to accom-
modate the planned number of pots. No repeated calculation and
adjusting needed to be done. Most southern nurseries place their
containers “pot-to-pot” until top growth shades the containers,
avoiding excessive heat on the roots. Pots are then spaced. Lines
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3)

4)

5)

6)

)

8)

are drawn to allow the labor to fill pots between the lines, and ap-
propriate space is allocated for spacing at a later date. Most labor
in a nursery is involved in the repetitive task of moving containers
from place to place. Anything that reduces this activity saves time
and money.

An old idea adopted by most nurseries is building a manifold of
multi-rows of evenly spaced irrigation heads fitted with water-
breaker nozzles so that a wagon or cart of newly planted contain-
ers can stop briefly under this shower manifold and be watered
thoroughly before going to the field container pads. There is no
similar commercial product available. Each nursery creates their
variation of this irrigation apparatus.

Most small nurseries cannot afford substrate mixers at a cost of
$5,000 to $10,000 ($30,000 to $60,000 ZAR). They either purchase
pre-mixed substrates or use a front-end loader to incorporate me-
dia components and additives. Nursery producers are notorious for
finding someone else’s junk and putting it to use. Old out-of-service
cement mixers were salvaged and put back into service blending
container substrates. They were too old for the abuse of mixing
concrete but have greatly extended life mixing lighter materials,
like pine bark and peat moss.

From the mixer to the containers works easier if you let gravity

do the work. Nurseries have long used hoppers of various shapes
and sizes to funnel substrates onto a potting bench. Many nurser-
ies find this as efficient, or more so, than potting machines that
require up to 13 people to keep them running smoothly. Certainly
the smaller grower uses these hoppers to their advantage.

Rigsby Nursery in Ft. Myers, Florida, mounted a hopper on a truck
bed and took it to the field to fill pot-in-pot containers. It worked
well for their system.

Transplant Nursery in Lavonia, Georgia, used back yard engineer-
ing skills to make a potting machine. A conveyer system feeds sub-
strate to a round hopper atop a merry-go-round/whirligig appara-
tus that has double offset circular wooden benches rotating around
a central pivot pole. The upper inset ring has half-moon cutouts
that allow the individual doing the potting to place the container
on the lower outer ring and nest it into the half-moon cut-out and
pull the gravity fed media into the pot from the central hopper
above. After potting, the wheel is rotated and the pots are removed
by another worker on the opposite side of the circle who puts them
on a wagon to be watered-in beneath the irrigation manifold before
going to the field container bed. (Many words to describe a simple
machine; see web site.)

A “chuckwagon” was a covered, horse-drawn wagon in the days

of the old west that was famous for carrying everything that was
needed for a family or a group of cowboys to make a long trip
across country. Bill O’Meara of Bochancee Nursery in Huntsville,
Alabama, made this concept work in his nursery. He became
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9)

10)

11)

12)

13)

14)

frustrated with the workers’ constantly coming back from the field
because they forgot something or needed to refill their spreaders
or spray tanks. He developed several chuckwagons that held all
the supplies needed for pruning, spraying, spreading fertilizer, or
digging B&B plants. For instance, a fertilizer or herbicide chuck-
wagon would have large bins containing the chemicals with side
openings so that the spreaders could be refilled in the field without
returning to get a new bag. All the spare parts and tools are
included on the wagon and are restocked at the end of the day. The
backpack sprayer wagon would have 50-gal tanks of various pes-
ticides and also included extra backpack sprayers, spare nozzles,
safety equipment, materials data safety sheets, and a clean tank of
water for rinsing the sprayers after spraying was completed.

Ideas emanate from frustration. One grower became very impa-
tient when he or his employees spent long idle moments at the

end of a garden hose filling a 50- or 100-gal sprayer. From the

old steam engine train water towers, Transplant Nursery got the
idea to build a wooden water tower holding a 200-gal tank with a
simple commode floating ball valve to automatically refill the tank
as a 4-inch line quickly filled the spray tanks.

Continuing in the water theme, many nurseries have installed
high humidity mist chambers or put a couple of mist heads in the
propagation cutting prep and sticking area to maintain the vitality
of the cuttings while waiting to be stuck.

Another labor-saving idea for irrigation is to add one female adap-
tor about 1 ft up from the base of the irrigation riser so that if a
taller or shorter crop is grown, the grower has the flexibility to eas-
ily replace or adjust the height of the riser without the hassle and
expense of cutting and gluing a new riser or accepting a riser that
was not the appropriate height for the plants being grown.

If you cover and uncover your plants with plastic or some other
over-wintering material as temperatures fluctuate, you may ap-
preciate the adaptation installed by Buddy Martin of Martin’s
Nursery in Semmes, Alabama. He installed permanent 6-inch
nailer boards that serve as spacer guidelines as well as offer a
stapling surface for easy covering and uncovering to adjust to fickle
weather swings.

Each nursery is different and evolves a production system that
meets their needs and the needs of their customers. Some nurser-
ies like to fill all their containers and set them on the growing pads
and pot the liners directly in the field. They have developed an
auger with a 4-inch liner-sized head that can be set into a battery-
or electric-tethered drill that is used to quickly dibble/drill holes for
the planters to insert the liners.

The origin of lawn mower mounted pruners is unknown but widely
adopted in some form. One or two height-adjustable mowers are
mounted on a rolling base that is moved over the plants which
prunes the plants evenly and quickly. Some permutations of this
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15)

16)

17)

18)

19)

20)

21)

device include mounting an electric or battery-powered hedge
trimmer onto a bicycle chassis or wheelbarrow frame. Handles are
adjusted to allow the proper pruning height.

There are large numbers of variations of container designs, and
most can be worked successfully into a production program.
Nested pots, or a smaller pot “nested” inside a larger base pot, offer
plants such as rhododendron or dogwood trees, which have heat
sensitive roots, protection from the extreme exposure to southern
heat stresses. Rebar or metal poles are often run through the base
container holes at perpendicular angles to offer stability to the
nested plants.

Dr. Bryson James, a long-time member of IPPS and a nursery con-
sultant, observed that if the feeder tubes, which often are chewed
on by rodents or rabbits, were fed vertically through the lip of the
base container and connected to the riser in the nested container,
mice and rabbits were deterred from chewing.

Along these same lines, growers have often been disappointed
when planting large quantities of seed only to find them missing
due to night attacks by mice. Dr. Carl Whitcomb offered his cure to
the problem by simply hanging a 2-inch x 4-inch frame from green-
house supports and placing the flats across the frame, leaving no
access for the mice.

Bob Rigsby of Rigsby’s nursery invented and patented the EFC
container or raised hole container. It was a simple concept of mov-
ing the holes of the container about 1 inch above the base of the
container creating a reservoir of water. This reservoir prevented
rooting-down into the soil. It also reduced run-off and held fertil-
izer longer, increasing growth of some plants.

How do you carry large containers for 8 to 10 h a day or how do
you manage a 10- to 50-gal container as you get older? The inven-
tor of the Pot Hog and Oink is not a nursery producer but an allied
company with an interest in nurseries. He developed this hand-
truck-looking device with claws allowing leverage to easily lift and
move large containers. He made hand-held grips that offer easy
lifting without bending and with a grip that is kind to the fingers.
See <www.tmateo.com> to get the clear picture of this very helpful
device.

Lancaster Farms, a very innovative nursery in Virginia, showed
us a flat carrier while on an IPPS tour. It is a reverse “C-shaped”
handle with a double-pronged fork on the bottom of the “C” and

a handle on the upper side. The fork slides easily under the full
length of the flat allowing the employee to easily carry a flat in
each hand.

As with the earlier cited idea of marking container ground beds

to avoid continued calculations and counting, other areas of the
nursery can be similarly simplified. If you use the same pesticide
concentration, fertilizer parts per million, container substrate mix,
or growth regulator application rate, do not redo your work every
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time you apply. Make a menu for your employees and give them
pre-weighed volumes to eliminate that step. Use color codes and
labels to make it simple and mistake proof.
22) It helps to have talented welders and builders on the nursery.
The arduous task of covering greenhouses became easier when a
nursery built a metal platform on skids that could be pulled by a
tractor from greenhouse to greenhouse. Employees could easily be
at the top of the houses to pull plastic and cover the houses.
23) Small nurseries should begin labeling everything as soon as they
build the first greenhouse or container pad. It helps for inventory
and directing new employees and customers to the right place. It is
an obvious advantage but amazing that nurseries get so comfort-
able with their surroundings that they do not notice. Take pictures
of your nursery sometime from all angles and see what you are
missing in your own nursery.
Most of these ideas come from tours during plant propagators meetings. You learn
and profit when you become an involved member of IPPS and follow the motto
“Seek and Share.”

Specialisation — Advantages and Disadvantages Compared®

Peter Bingham
Kingfisher Nursery, Gedney Hill, Spalding, Lincolnshire PE12 ORU, United Kingdom

Over the past 50 years there have been a number of changes in the nursery trade.
One of the most significant is the trend towards specialisation in one form or other.
On my own nursery in the late 1970s we grew conifers, shrubs, roses, alpines, and
heathers, covering over 1,000 cultivars, and sold to both wholesale and retail cus-
tomers. The nursery now covers 10 times the area but we only grow heathers, less
than 10 species, around 100 cultivars, three pot sizes, only two compost mixes, and
are strictly wholesale only. Based on our own experience and those of other nurser-
ies that I have visited, the following are some of my observations.

ADVANTAGES

m  Simplicity — Less complicated production schedules are easier
to understand, easier to implement, and easier to monitor. Less
skilled staff can still achieve good quality work.

m  Better labour planning — Annual peaks and troughs are more
predictable if the production schedule is simple.

m  Mechanisation — The volumes of each job become large enough
to justify investment in specialist equipment.

m  Knowledge — It is better to focus on a specific skill or genus and
become an expert than to be jack-of-all-trades and master of none.

m  Reputation — If you can become the acknowledged expert in your
field and the nursery can gain a reputation for quality and reliabil-
ity the demand for your plants will increase.
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Buying power — Pots, compost, and packaging can be bought in
large volumes, which should bring the price down. Large volumes
also help to make bespoke packaging or labels more viable.
Promotion — By focusing on one crop, and getting a reputation
for being good at it, you can build an image, whereas too many
operations can cause confusion among potential customers.
Continuity of supply — Simple records that can help to predict
times of peak demand and larger volumes help smooth out the
changing trends from one season to another. We have found this is
one of the main reasons established customers remain loyal to us
and new customers select us. Before we specialised we ran out too
often and customers went elsewhere; some never returned.
Increased efficiency — Bespoke machinery, bespoke growing
facilities, well-tuned production schedules, and well-defined tech-
niques all offer savings, as do larger batch sizes and streamlined
despatch systems.

Seasonal breaks — Whilst we try to balance the labour profile
to keep regular staff usefully employed all year round, we have
found advantages in having periods of reduced pressure to catch
up maintenance and repairs, plan ahead, or even take holidays.
When we grew more crops, there were very few breaks and often
overlaps, which led to stress and errors, if prolonged.

DISADVANTAGES

Vulnerability — To pest and disease spread. Lack of rotation can
lead to a build-up of pathogens. Resistances to control measures
can develop.

Fashion change — This can lead to reduced demand for your
crop, which can lead to reduced prices.

Weather — If your crop relies on impulse sales over a short season
it can be vulnerable to reduced sales if the weather is wrong. Frost,
drought, etc., can also have a serious impact on your growing crop.
Quality of life — Specialisation can lead to a lack of variety of
tasks. Mass production can become tedious for some, although
there are always challenges to overcome — you can never know
everything.

Seasonal peaks — Can cause high labour demands, cash flow
problems, and administrative stress.

Customers — To sell more plants in a limited range you will need
more customers or larger customers. More customers can increase
delivery distances and hence costs. Larger customers can leave
large gaps if they change suppliers.

Less flexibility — Changing cropping can be more difficult due to
lack of knowledge, outlets, equipment, and facilities.
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OVERVIEW

Specialisation can offer many advantages when it goes well but create problems if it
goes wrong. It is wise to keep as many options open as possible and always consider
the worst-case scenario before making the commitment.

Maintain flexibility in facilities and equipment where you can. Develop an inter-
est in a range of plants that could offer alternatives whilst using existing facilities.

Economies of scale can still be achieved when growing a broad range of plants,
provided they all fit into the same system, using the same compost mixes, equip-
ment, facilities, and customer base.

One of the keys to successful specialisation is good record keeping and analysis. It
is important to separate the winners from the losers before getting too committed.
Unless you can get good percentage takes, produce high percentage first quality,
and sell all you grow, there will be no advantage gained.

You should work to your strengths and those of your situation to develop a unique
selling proposition. Your existing customers may be helpful in identifying your
strengths and suggesting opportunities.

Your own personality should also be considered; unless you have a capacity for
streamlined processes you may not enjoy running a specialist nursery.
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Adaptation — The Secret of Survival of the Biota Through
Geological Time®

Mary E. White
Falls Forest Retreat, 318 Isaacs Lane, Johns River NSW 2443

Look at The Mallee and the eucalypt that gives it its name, and at the river red
gums, the eucalypt icons of the Murray — closely related but so distinctly different
because of their specific habitat characteristics — and you see how adaptation and
survival are connected.

Co-evolution of the biota and the environment has been the story throughout the
425 million years that terrestrial life has been evolving on Earth. Natural selection
has favoured the individuals best adapted to their current environments, and at
times of change has promoted those with ability to adapt to the changing circum-
stances. Imagine the difficulties encountered by the first plants on the land — hav-
ing a green algal ancestor and all that that implied; no longer surrounded and
supported by water and able to absorb nutrients from it; exposed to evaporation,
sunburn, and weather changes. Without the symbiotic help from fungi from the
start they would never have made the transition and the world would have been a
very different place today.

Australia’s plant fossil record documents the evolution of its flora from the time
of first vascular plants to modern-style vegetation. For most of that time the Aus-
tralian landmass was part of the Gondwana super-continent, and the biota that it
contained when it became an island continent 45 million years ago was Gondwa-
nan. Evolution in isolation from that Gondwanan stock as the continent travelled
northwards away from Antarctica has resulted in the unique Australian flora and
fauna of today.

It is the evolution of flowering plants and their situation prior to separation, when
the Murray Basin was forming, and while its modern landscapes were emerging in
the island continent, that is of interest as background to this conference.

The evolution of the flowering plants and their rapid diversification and radia-
tion into all parts of Pangaea (Gondwana and Laurasia were connected into one
super-super-continent at the time) was facilitated by the impending break-up of
the landmass. Rift valleys were developing between all the component continents,
which were richly vegetated with forests of conifers, cycads, and ferns, under glob-
ally benign, warm, and wet climatic conditions. Early angiosperms were evolving
but facing stiff competition for space. The rifts were disturbed regions with a great
variety of different environments — from saline swamps being invaded by the sea,
to freshwater swamps, areas of poor soils and of rich volcanic soils, sandy deserts,
and changing topography and drainage patterns. Competition in them was much
reduced. The old-style vegetation did not have the genetic flexibility or compara-
tively rapid reproductive cycles of the angiosperms. Flowering plants were able to
adapt and produce new modifications that suited them to the new conditions. Then
they could invade the established forests when rifts became seaways and changing
climates as landmasses moved made conditions less suitable for the gymnosperm-
dominated vegetation.
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At 80 million years ago, when we take up the story of the Murray Basin, such a
“mixed” flora, the Palaeoflora-mixta of Edgardo Romera, in which the different com-
ponents have since been sifted and sorted according to their suitability to changed
climate regimes, was in the making. This was an interesting time for the eastern
half of the Australian continent when high volcanic mountains formed a wide belt
along the margin and two huge river systems, the ancestral Murray and Darling,
were part of the “Congo style” drainage, running south-west right across the east-
ern half of the continent and discharging into the Ceduna Depression within the rift
system off the Nullarbor coastline. The huge amount of sediment eroded from the
mountains was spread across vast riverine plains that were the forerunners of the
freshwater deposits of the Murray Basin.

At 60 million years ago the rifting had developed to a stage where a seaway had
developed from the west along most of Australia’s southern margin. A connection to
Antarctica remained through the Tasmanian sector. The Murray Basin was start-
ing to sink and to accumulate sediments. A pollen flora from the Otway Basin just
south of its margin reveals that this part of the rift was a centre for evolution of the
Proteaceae and that sclerophyll types suitable for dry habitats were present as well
as genera that are now confined to tropical rainforests. The association contained
Antarctic beech and many taxa that are essentially cool temperate — so this was a
palaeoflora-mixta.

At 45 million years, when final rifting between the Tasmanian peninsula and Ant-
arctica was accomplished, Australia set off as an island continent, traveling north-
ward at 6 to 7 cm per year. We know, from fossil floras in the dead heart of Australia
at Lake Eyre, that the centre was forested and the mixed broadleaf — sclerophyll
components were what now occur in remnant Gondwanan rainforests in subtropi-
cal and tropical regions. The genus Fucalyptus was present, with Casuarinas.

The movement of continents away from the Antarctic landmass, which remained
straddling the South Pole, was to cause global climate change and set the world on
a path towards an ice age. A circum-polar current developed round Antarctica after
the Drake Passage opened between it and the tip of South America and when the
gap between it and Australia’s southern margin was wide enough. This current pro-
gressively prevented warm waters from equatorial regions reaching Antarctica and
started a cooling that would lead to glaciation. Then, as ice built up and captured
more of Earth’s limited water budget, climates became drier. Sorting and sifting
of the mixed floras that already contained plants with attributes suiting them to
emerging environments proceeded. Natural fire became an environmental factor
to which vegetation had to adapt as dryness increased from about 15 million years
ago. By about 6 million years ago, Australia was already a fairly dry continent with
rainforest remnants confined to still-suitable fefugia, the characteristic tough Aus-
tralian vegetation widespread, and the wide-open spaces of the centre supporting
grasslands and saltbush plains.

Glaciation of Antarctica was the driving force behind global climate change and
progressive drying, and it was not until about 2.6 million years ago that the chang-
es were sufficient to start the refrigeration of the North Polar regions. That marked
the beginning of the Pleistocene ice age, in which we are living in an interglacial.

While all this was happening, the Murray Basin was undergoing physical as well
as climatic changes. A minor marine incursion between 30 and 20 million years ago
was followed by a major incursion and the Murravian Gulf occupied what is now
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The Mallee until about 16 million years ago with fluctuating volume until about 5
million years. Marine sediments and coastal dune fields accumulated. Then a large
section of terrain, the Pinaroo Block, started to rise, cutting the region off from the
sea. The Pinaroo Block effectively dammed the river systems and Lake Bungunnia
formed and reached its full, vast, extent by 2.5 million years ago. It occupied a large
proportion of The Mallee until 700,000 years ago, when it started to drain, becom-
ing a number of smaller lakes in the process. Lake Tyrell, a major salt lake, is the
largest remaining bit of Bungunnia’s lake bed.

Between 600,000 and 100,000 years ago the Mallee was established in its present
form with its characteristic vegetation. Climatic instability was already pronounced
and was to increase in the run-down to the last glacial stage of the ice age. While
the centre was already acutely arid throughout the 75,000 to 35,000 years interval,
good rainfall patterns persisted in the Murray Basin. At 55,000 years ago all the
lakes in the Basin were full. The Willandra Lake system, fed by a tributary of the
Lachlan, covered about 1000 km?. This “Mungo Lacustral Phase” was followed by
an arid time of low and fluctuating water levels, becoming more pronounced as the
last glacial stage of the ice age approached. Lakes on the Darling River anabranch
had a similar pattern of lake-full to drying episodes. (While the Northern Hemi-
sphere was experiencing glaciation, ice and snow in glacial stages, the fluctuations
from glacial to interglacial times in Australia, in contrast, meant times of intensi-
fication of dryness and windiness and some decrease in temperature alternating
with warmer, wetter times.)

It was the last glacial stage of the Pleistocene Ice Age, that had its peak at 20,000
years ago, that made an already dry Australia into the driest vegetated continent.
The intensity of this stage was unprecedented. About 80% of the continent was un-
der desert regimes with blowing sand and salt. The whole continent suffered with
half the present-day rainfall and twice the windiness (and presumably increased
fire frequency and intensity). The Murray Basin, suffering the full strength of the
westerly salt-laden winds, was a salt desert. The major dunefields of today’s deserts
show the intensity of this phase, with linear dunes as high as houses running up
to 300 km downwind. Siltation resulted in changes to river and tributary patterns
and function, and the Willandra Lake system and Darling anabranch lakes were no
longer fed by rivers except as overflow channels in rare times of flood.

The 16,000 years of recovery from this “desert island” phase established the land-
scapes and ecosystems of today’s Australia. The modern climate regimes, orches-
trated by ENSO, the El Nino-Southern Oscillation syndrome, perpetuate the dry to
wet fluctuations that had been moulding ecosystems through millions of years.

What major adaptations have had to be made by the Gondwanan flora that
Australia inherited when it set off as an island continent 45 million years ago!
The foregoing account tells only part of the story and does not mention that this
extremely ancient and stable landmass, Australia, has worn-out soils made from
deeply weathered rock over 94% of its surface; or that it is the flattest land with
least relief and is largely inward draining, accentuating the retention of sediment
and salt. As a result it is a land of floodplains with saline water tables. (The huge
Murray-Darling catchment has a single exit to the sea at Murray Mouth.)

Adaptation has been, and still is, the key to survival of a unique flora in a
unique continent.
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Making Us “Future-Proof” — The Evolving Role
of Horticulture®

Elizabeth G. Heij
Facilitator — CSIRO Sustainability Network, 14 Hakea Walk, Aldinga Arts-EcoVillage,
Aldinga SA 5173

While this is not a scientific paper, it does examine the role of our science in the
context of a profound socioeconomic change now gathering momentum around us.
Although the process will be slow, this change will ultimately affect both the nature
of our science and the way it is applied.

Let’s reflect for a moment on the energy budget associated with our sector of “in-
dustrial metabolism” — the chain that begins in our research laboratories and ends
with the application of our science in horticulture, agriculture, forestry, and conser-
vation. Think, for example, of the lights, heating, and equipment used in laborato-
ries, glasshouses, and propagation nurseries. Think of industrial chemicals, steril-
izers, and fertilizers — of tractors, trucks, and other transport. There is little we do
today that is not completely dependent on the burning or conversion of fossil fuels.

But fossil fuels are a finite resource — and, not only that, there is now almost
universal scientific acceptance that their profligate use is bringing about rapid and
potentially dangerous changes in the global climate. In addition, it is now widely
believed, by oil scientists and geologists themselves, that we are at, or very near, the
top of an oil production peak, with around half the world’s extractable supply of oil
already consumed and extraction costs rising as smaller and less accessible finds are
tapped. With demand continuing to rise, especially in large developing nations such
as China, these same scientists are forecasting an imminent “big rollover” in oil sup-
ply — from a buyers’ market to a permanent sellers’ market. In fact it may already
be starting to happen. With around half the oil still in the ground, this is not the
end of oil. It is, however, the end of cheap oil — and the geopolitics of the remaining
oil-rich areas (such as the Middle East) can only add to the uncertainty of supply.
Fuel switching from oil to natural gas and coal (supposing it can be made sufficiently
clean for a “greenhouse” world) can delay only briefly the major adjustments society
will be compelled to make in adapting progressively to a post-oil world.

So, beyond today’s abundant availability of fossil fuels is an uncertain energy
future that has been imagined in various scenarios (Holmgren, 2005; Fig. 1) that
range from “techno-fantasy” (e.g., unlimited nuclear cold fusion) to a socioeconomic
collapse in which our culture “goes under.” These two extreme scenarios both have
frightening long-term implications for the planet and society. Most of the sustain-
ability debate, however, is focused within the “green-tech stability” scenario in which
we essentially maintain a steady (albeit somewhat reduced) level of energy usage
by progressively moving to renewable sources such as wind, solar, tidal power, etc.,
as fossil fuel reserves are used up. This is a comforting and generally accepted
scenario that confronts us with minimal change to our Western-developed-world
lifestyles and industries. We want to believe it — but is it the most likely future?

There is a fourth scenario — envisioned by members of various “green” move-
ments, Permaculture, and others who understand that human society functions
within (not outside) the planetary ecosystem and is therefore subject to (not master
of) the laws of ecology. In this scenario there is a “creative descent” down the energy
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Figure 1. Future energy scenarios [after Holmgren (2005)].

demand curve — in effect a mirror image of the ascent triggered by the Industrial
Revolution with its massive surge in technological innovation based on coal and oil.
At the end of the descent is an “Earth Stewardship” scenario in which human popu-
lations are back in balance with the surrounding ecosystem; the use of energy and
resources is matched to the natural capacity of the land people occupy; and societ-
ies are using their extensive ecological and technological knowledge to restore and
maintain biodiversity for the well being of the entire ecosystem on which their own
well being depends. The scenario is not one of returning to some “primitive” state,
but of progressing towards a more knowledgeable, enlightened, and ecologically
sound way of providing human “quality of life.” The ecologically sustainable plateau
may seem a frighteningly long way down from the present day, but it is also a long
way ahead in time. If the journey were to begin now, there would be ample time for
human ingenuity to get us there without bringing on a socioeconomic “crash.”

Elements of all these scenarios can be found in the wide-ranging viewpoints and
arguments of today’s “sustainability” debates. So which is the most likely? I person-
ally hope the future lies somewhere in the region bounded by “green-tech stability”
and “Earth stewardship.” Certainly, in the shorter term, the relevant strategies de-
manded by the two scenarios are closely aligned. In either scenario, as oil escalates
in price and becomes less abundant we will not only need to switch to alternative
energy sources, but also reduce energy demand.

Furthermore, as our awareness grows of the critical importance of biodiversity
to the health of the planet and, in the end, the survival of human society, we will
need to uphold biodiversity conservation as both a purpose and an ethic. The “Earth
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Stewardship” scenario specifically emphasizes this purpose. Without encapsulating
this same strategy, however, “green-tech” will never achieve “stability.”

So what has this to do with the future of plant propagation and the industries
it serves?

The end of cheap oil means the end of cheap broad-scale mechanical cultivation,
the end of cheap fossil-fuel-based fertilizers, and the end of cheap long-distance
transport. In such a scenario, it is of genuine concern that we have (1) covered large
areas of our most fertile, well watered land with giant, sprawling cities, (2) filled
these cities with pretty but unproductive parks, gardens, and streetscapes of mostly
exotic plants on which we lavish water and fertilizers, (3) have come to rely on
growing food at remote locations and transporting it over long distances to where
it is consumed, and (4) devoted large areas of our land to growing surplus crops
and products that need long-distant transport to distant countries. In an energy-
descent world, horticulture and productive gardening, together with some wood
production, will need to become more local — shifting back into our cities where
they have traditionally been in more sustainable societies.

As pointed out by David Holmgren, co-founder of the Permaculture movement,
food security through retention of horticultural production within and close to cit-
ies has barely been on the contemporary planning agenda, while home gardening
has essentially been ignored as irrelevant in the sustainability debate. For many
urban residents, where food comes from beyond the supermarket is barely “on the
radar.” Seemingly, we are happy to follow the European model of a high-density city
that gets its food from somewhere else — unaware of different patterns of urban
living such as those of Japan, China, and other Asian countries where cities have
traditionally contained interspersed gardens and rice paddies. If food is produced
in distant places, its supply is more vulnerable to risks that we cannot control (such
as increased transport costs, natural disasters, and political crises). For urban resi-
dents aware of the fragility of the food supply system, home gardening is a practical
activity that can not only provide much of a family’s fresh food but also improve the
diet. Trends in the gardening media (e.g., television and magazines) suggest we are
already starting to see a gradual shift in the balance of interest back towards home
food production from purely aesthetic gardening.

Another relevant trend is the emergence and rise, here in Australia, of commu-
nity supported agriculture (CSA) schemes, in which customers undertake to buy
a regular box of in-season produce (fruits, vegetables, eggs, etc.) from one or more
local small producers, thus providing the latter with a secure income and the abil-
ity to diversify the types of products they produce. While we may be more familiar
with CSAs as relating to “small-farmer” businesses, such schemes can be set up to
allow even domestic home gardeners to sell their seasonal surpluses into a neigh-
bourhood market.

Although less familiar, the concept of urban fuel wood production is also relevant,
particularly since our cities are, in effect, extensive “forests.” New tree plantings
and conservation areas within or near cities need regular maintenance to reduce
fire hazard, enhance ecological value, or improve the quality of fruit or timber. With
careful management, there is much valuable wood that could be saved for fuel rath-
er than being sent to land fill or fed into fossil-fuel-driven chippers and mulchers.
Wood is a high-energy fuel, is greenhouse-gas neutral, and can readily be made
available for higher-density neighbourhoods as smokeless charcoal.
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And beyond the question of fossil fuel availability, it is also of concern that we
continue to decimate the natural plant and animal biodiversity of the land we oc-
cupy — to clear fell the natural vegetation of the land on which we grow our crops,
build our homes, and make our gardens; that we ignore the potential food plants of
Australia’s native flora — the “bush tucker” that has supported indigenous Austra-
lians for thousands of years; that even in our own backyards we continue to replace
precious remnants of the natural ecosystem with ill-adapted, water-hogging, alien
systems harbouring potential weeds and pests. We have yet to learn the art of living
WITHIN the dry and fragile Australian environment — caring for and using the
biodiversity around us, and modifying only the minimum required to provide us
with basic food, fibre, and shelter.

So, in summary, an energy-descent world will, over time, see us using the fer-
tile, well-watered land on which most of us live to produce more of our own food
and fuel. Likewise, a more “biodiversity-aware” world will see us better conserving
natural Australian ecosystems at a range of scales from National parks down to our
own suburban backyards. These changes in our thinking will, over time, change
both the nature of the species and range of plants we propagate, and the nature of
the enterprises that plant propagation serves. Some trends and opportunities that
could be anticipated include:

m  Evolution of our sprawling cities into mosaics in which a number of
small, dense “metro” areas are surrounded by extensive village-
like suburbs with thriving local food production and conservation
activities at a range of scales and levels of community involvement;

m  Use of a much greater variety of crops — and a far broader range
of varieties of each crop — to fill the annual seasonal calendar of
fruits and vegetables for home gardeners and CSAs across a wide
diversity of local climatic and geographic regions;

m  Ashift in the balance of crop species from those targeted at export
towards those targeted at local supply;

m  Propagation of species (indigenous, exotic, and modified) for incor-
poration into new Australian-adapted farming systems designed to
combat dryland salinity and cope with extreme rainfall variability;

m  Propagation of indigenous and exotic xerophytes as food crops
(desert “bush-tucker” species, cacti, etc.);

m  Ashift in plant breeding emphasis back towards flavour, food
quality, and long production season, and away from the recent
objectives of mass-scale commercial production — i.e., durability,
transportability, long shelf life, and once-over harvesting;

m  Arise in local sale of produce via “farmers’ markets” and CSAs;

m  Convergence of “heritage seeds,” seed-saver organizations, and
volunteer native-plant propagation with mainstream seed and
nursery supply;

m  Conversion of public open spaces such as parks into conservation
areas or community fruit-and-vegetable gardens, opening up a
range of possibilities for cooperative community engagement;

m  Enterprises supplying home food producers and CSAs with a broad
range of seedling vegetable transplants appropriate to the local
seasonal calendar;
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m  Enterprises assisting homeowners to retrofit glasshouses to the
exterior walls of their homes to capture winter warmth and extend
the garden growing season;

m  Enterprises based on “share-farming” the gardens of urban proper-
ties where residents are unable to do the gardening themselves —
or providing training to those homeowners who want to learn the
relevant skills;

m  Enterprises supplying transplants of local provenances of native
plants for productive use (food, fuel), specific habitats, or conserva-
tion purposes — and associated advisory and education services;

m  Hands-on garden services based around food production or conser-
vation gardening rather than lawn mowing etc; and

m  Convergence of tree lopping and removal services with fuel wood
and charcoal production.

While the future is of course unknown, the socioeconomic environment likely to
emerge from a combination of some or all of these and other emergent trends will
change the nature of plant propagation services — gradually moderating the cur-
rent heavy emphasis on (1) exotic species for purely aesthetic uses, and (2) the
mass, mechanized, monoculture of food crops.

Are these trends a threat to plant propagation industries? It depends to a large
extent on how the world negotiates “peak o0il” — and also on how rapidly we, in
Australia, can become more aware of the ecosystems around us and learn to live
like true Australians. Certainly, we can be confident that the changes will provide
many opportunities for new and evolved plant propagation enterprises backed by
sound plant science.
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Horticultural Education as a Life-Changing Experience®

Bronwen M. Rowse
PO Box 34, Patumahoe, New Zealand

Photosynthesis is the link for all life, it is in fact the true meaning of life and much
bigger than 42 (Adams, 1979). The simple conversion of the energy of the sun into
plant food by green plants is the basis of life, as we understand it.

This understanding is shared by all humanity and has been for all time; every
culture is linked to this simply for survival. Every living creature is bound by this
special ability of plants. Our cultures all recognise this, remember harvest festi-
vals? All societies hold this knowledge as common and it is a part of each human —
it links us all.

The modern lifestyle, with urbanisation, overcrowding, and daily living stress,
has meant for many people that these natural links are lost or obliterated. We all
know we can unwind and feel better if we walk in a park or find a connection to
green plants. Touch horticulture and you instantly connect with this link, to every
other life form, and to your true self. Thus discovering a true connectedness or
grounding, which engenders self-esteem and positive feelings.

Remember the first cutting you rooted, and how you felt like God? There is incred-
ible personal power in that achievement, and one feels linked to all other growers
and the universality of propagation and plant production.

As a student discovers and understands the natural links, they begin to see that
they have some knowledge already and they yearn for more. How do you grow
cannabis? Can I really produce my own tobacco? Where does sugar come from?
Will this acorn really grow into an oak tree? And they look to add information and
knowledge. They discover they can and want to learn, and it all keeps on making
sense. Also they begin to walk straighter and with confidence.

Linking the training done to issues that appear in the media adds value to the
learning offered, and if the students are able to offer extra information to public
discussions they will gain respect and encouragement to learn more with each
validation.

I had a group of students working on growing eco-sourced plants for a local ter-
ritorial authority. We collected forest duff and seeds and cutting material from a
bush remnant. We talked about provenances, the value and adaptations of plants
for local habitats and ecosystems. There was an article on the news about another
similar project. The students rushed in next day excited because that was what
they were doing, and they had been able to explain it to their families. Each had
found a use for their new knowledge.

Television gains great mileage from landscaping makeovers and where it has
been possible for students to be involved in these projects they have gained personal
standing. They also gain the status of knowing or having met personalities associ-
ated with public gardening.

We spent several days working in a garden, which is open for a major garden
festival and the students became friendly with the garden owner. After one of our
workdays a student commented that the public has to pay to visit the garden but we
were there as friends and the owner made us home-cooked morning tea.
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We built a food garden and grew heritage potatoes and kumikumi (curcubit),
which provided links to the student’s food heritage. It has been shown that growing
the food we grew up with is an important factor in being sure of just who we are. A
study of Italian immigrants into Australia showed that it took three generations of
living in the new country before their gardens became indistinguishable from other
Australian gardens.

We ran a class looking at native plants as a lesson in plant recognition and learn-
ing plant names. We learned the botanical name, the Maori name, and the com-
mon name(s). We described each plant. We looked for where it was being used as a
landscape plant in our area. Then we researched ways the plant had been used by
people, particularly native people. We found uses as diverse as medicinal, antisep-
tic, using soot for tattooing, cultural uses at births, and other events and spiritual
religious uses.

Armed with this new knowledge and keen to discuss it with their family and
grandparents/aunties they learned more, but also established a common link with
people they had previously had difficulty communicating with.

Students that learn a little and find that their knowledge is of interest to them-
selves and to others just keep on learning more because of the rewards.

We had a tree of Prunus campanulata at our site and it is the first cherry to
flower in the area. Knowing the name gave the students recognition as horticul-
turalists and taught them the value of their special knowledge. Often they would
push each other to know and recognise the plants around them. I call this learning
by stealth.

Students/people may be drawn into the world of horticulture by some aspect,
think of orchid or fuchsia fanciers, school boys who love carnivorous plants or cacti,
some who collect bizarre plants or just because plants are beautiful. If we can cap-
ture them on their own ground they may be lead willingly to great understandings
and skills.

Each of us has, I am sure, experienced the horticultural moment that has taken
our breath away. Remember Wordsworth and his daffodils.

“I wandered lonely as a cloud

That floats on high o’er vales and hills,

When all at once I saw a crowd,

A host, of golden daffodils,

Beside the lake, beneath the trees,

Fluttering and dancing in the breeze.”

T am absolutely sure that Wordsworth felt that moment viscerally, long before his
brain could register, explain, or interpret it, and much later he captured it in words
for the world to relive and enjoy. Horticulture and nature offer us these moments
of divine interpretation, just when we least expect them, in a tiny flower or a giant
tree. This is a massive example of horticulture as therapy for humans.

One of my major projects was to build a garden to be a therapeutic environment
for people with issues of mental ill health. The project was built by the clients them-
selves, so they all gained therapy from working with plants and garden design.
Many of them learned new skills as they worked on the project, such as design,
installing posts, and bricklaying.

The concept of a therapeutic garden is to offer the visitor access to aspects of heal-
ing by simply being in the environment. There are four phases of healing as defined
by Barnes (1998):
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The Journey. The moving to seek change, achieved by choosing to visit the garden
to initiate emotional involvement.

Sensory Awakening. When a person becomes stimulated by enchantment or fas-
cination with an external factor. This was facilitated in the garden by offering a
mix of familiar and new plants, colour, perfume, views, texture, light, and shade to
transfix the individual.

Self Awareness. A person progresses from the experience of self awakening to self
awareness, at this time they need a safe haven with space and maybe seating to
spend time on self reflection associated with the new experience.

Spiritual Attunement. This is the new state, which may be reached by feeling at
one with the world and the new understanding of it, enabling the person to move
forward into daily life in a more happy and healthy state.

The garden we built was very user friendly, and it was close to our place of work,
but the visitor had to actually take the time to enter the garden. There were no
lost corners, all paths came back to the start or there was an option to exit via a
closed gate to a much wider public park. We made three garden rooms each with a
theme: one was biodiversity, one was edible gardening, and the other was based on
the Koro (a native symbol of new life), and each room had seats. The rooms were
linked with flowing areas offering bright flowers, bold foliage, and fragrance. At
the centre of the site was a planting of native trees, with a set of stepping-stones
through it inviting entry. The feeling and power of the garden became apparent on
the opening day when it was being blessed by a Kaumatua (Maori leader), as the
crowd followed him through the garden slowly they stayed in the garden instead of
following the leader.

Horticultural training generally sets out to teach skills and knowledge to stu-
dents but quite often it can lead to a major life change for the individual.

Life-Changing Experiences Arising from Horticultural Education
m  Gain self-esteem

Gain employment

Learning to learn/achieve

Ability to enter further training/education

Find connections/fellowship with peers and community

Lifestyle skills

New health
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The Role of Clonal Propagation in Forestry and
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INTRODUCTION

Clonal propagation in the form of grafting, marcotting, cuttings, or tissue culture
is not new to forestry or agriculture. In Australia today, orchards of grafted citrus
trees, banana plantations based on tissue culture stock, and softwood pine planta-
tions based on cutting production are commonplace. Nowadays who would even
think of establishing a commercial citrus orchard from seed? Nevertheless, there
are some areas of forestry (e.g., hardwood eucalypts and acacias) and agriculture
(e.g., new crops such as essential oils) in Australia in 2005 where clonal propagation
is not yet established, and this paper is directed towards these crops.

Clones are identical copies of an individual. Clones have the same set of genes
as each other. Seedlings on the other hand, while derived from the same parents,
are different to each other and to the parents. Each seedling has its own unique
set of genes.

In Australia, hardwood forestry plantations and agricultural crops such as tea-
tree, are traditionally based on seedlings and so consist of trees which, while simi-
lar to each other, are genetically different. Variation to a greater or lesser extent
is therefore a feature of seedling plantations, and so seedling plantations typically
contain both vigorous plants and runts, fast growers and slower growers, well-
formed trees and trees with poorer form.

A clonal plantation consists of trees that are all genetically identical to each other
and which, barring differences due to varying environmental influences within the
plantation, are all of the same vigour, form, and growth qualities.

PLANTATION IMPROVEMENT

The extent of the variation exhibited in seedling plantations can be reduced, and
the quality of the plantation thus improved, by using techniques such as careful
provenance selection of the seed, and by rigorous culling of inferior seedlings prior
to planting. In addition, many timber companies employ tree breeders to further
improve the genetic character of their plantations through the development of seed
orchards and controlled pollination. However, the degree of improvement that can
be obtained is limited compared to clonal selection, and all the seedlings will still be
different to each other to some extent.

In contrast, the clonal approach to plantation improvement is to identify an in-
dividual tree which is superior in some way (e.g., wood quality, speed of growth,
tolerance of salinity) and to reproduce it clonally so as to plant a plantation of trees
all identical to this superior individual.

THE ADVANTAGES OF CLONAL PLANTATIONS
Clonal plantations confer many advantages over traditional seedling plantations.
Qualities selected by breeders for the mass-production of superior clones include:
m  Increased growth rate or vigour;
m  Increased yield;
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m  Superior form/shape (e.g., apical dominance for sawn log produc-

tion);

m  Aparticular flavour or chemical composition (e.g., in food
crops);

m  Superior timber qualities (e.g., strength, durability, density,
paper quality);

m  Pest, disease, or drought resistance;
m  Salt tolerance;
m  Suitability to specific soil types or climatic zones.

Uniformity is a natural feature of clonal plantations because the plants are ge-
netically identical, and also because the clonal production process incorporates
extensive sorting for age, development, height, vigour, etc. of the individual
plants produced.

This, combined with the genetic superiority of the plants themselves, offers the
plantation owner additional flow-on benefits over traditional seedling plantations,
such as:

Low levels of runts and misses;

Reduced need for re-planting;

Lower stocking rates;

Lower plantation establishment costs (excluding the cost of the
plants);

m  Cheaper harvesting costs; and

m  Increased profitability and returns.

THE CLONAL PRODUCTION SYSTEM

The method of clonal production best suited to mass producing clones at a com-
mercially viable price in very large numbers for forestry and agriculture is cutting
propagation. The process of mass production of clonal crops by cuttings is vastly
different from that of traditional seedling production, and this impacts on price and
production scheduling, which in turn impacts on ordering timetables and payment
schedules and structures.

As a simple comparison, seedling production involves receiving an order, taking
the seed out of storage, and planting the order in one operation over a short period
of time. The plants then grow-on for a few months until dispatch. The entire batch
is sown at the same time, all the plants are the same age, and are all ready for dis-
patch at the same time. Thus seedling nurseries do not (in simplistic terms) require
sophisticated technology or equipment, or highly trained staff, and they can operate
on reasonably low levels of capitalisation. Seedling production lends itself to mecha-
nisation, and is not particularly labour intensive.

In contrast, clonal cutting production is almost the exact opposite to
seedling production.

Motherstock. Clonal cutting production is based on harvesting cutting material
from motherstock such as hedge gardens. Motherstock requires constant intense
management while in production mode so as to ensure maximum yield and opti-
mum strike rate. When not being used for production motherstock still requires
maintenance, albeit in a “holding pattern mode” so as to reduce maintenance costs.
Since motherstock is expensive to maintain, clonal nurseries aim to obtain maxi-
mum yield from the minimum amount of motherstock, and to keep motherstock in
continuous production mode without any “down time.”
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Lead Time. Upon receiving an order, the clonal nursery may need to bring the
motherstock back into “production mode” before starting to take cuttings, and this
takes time. For a new crop, sufficient motherstock will need to be bulked up before
mass production can begin in earnest. So, depending on the motherstock situation
at the time of placing the order, there may be a significant lead time before produc-
tion actually starts, and this needs to be taken into account at the time of ordering
and determining delivery dates.

Clonal Production Is a Continuous Process. Clonal production is a continu-
ous process of harvesting cuttings from the motherstock over a period of time. In
contrast to seedling nurseries, cuttings are set continuously on a daily basis. Thus,
in any one order, the plants are of different ages and will be ready for dispatch at
different times. The older plants can be held in the nursery until all the plants are
ready, but it is a feature of clonal production that the plants in the nursery and at
dispatch will always be of varying ages from old to young.

Technology. Clonal propagation is well established in the softwood timber industry
in Australia. The plant physiology of softwoods, however, is very different to that of
hardwoods and this is reflected in the comparative ease with which clonal propa-
gation can be conducted in softwoods, and the relatively low levels of technology
and nursery capitalisation required. On the other hand, clonal propagation in hard-
woods, and especially eucalypts, is a totally different ball game and is at the other
extreme end of the spectrum regarding difficulty, technology, and capitalisation.

It is of little benefit to look overseas at the methods used in other countries such
as in South America and Africa, since the economic and social climates in these
countries dictate very different cost structures and their production processes are
of limited application in Australia. Rather than copying a recipe from overseas,
successful clonal nurseries in Australia have gone back to first principles and devel-
oped their own systems and processes which suit the particular economic and social
climate under which we operate in Australia, not only in the technical field but also
in the management and personnel areas.

Important factors that impact on clonal production in Australia compared to over-
seas countries are the high wages in Australia, the industrial relations system, the
workplace health and safety laws, environmental laws, and the costs of our goods
and services.

Staffing. Because of the level of expertise required of staff in clonal production, it is
not an option for clonal nurseries to operate on a low core-level of staffing and bring
in teams of casual staff in times of high demand, as often occurs in seedling nurser-
ies. Clonal nurseries need to be able to retain their trained staff on a permanent
basis year-round.

Nursery Location. Location is an important, and vastly under-rated, factor in the
success of large-scale commercial clonal cutting production.
m  Clonal cutting production depends on the harvesting of mother-
stock for the material used in the production process. In northern
Australia, the tropical climate allows for year-round regrowth and
continual harvesting of motherstock, and hence year-round produc-
tion, compared to only the summer months in southern Australia.
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m  The time between setting the cutting and the plant being ready to
plant in the field in northern Australia is less than half the time
taken in southern Australia.

These two factors combine to allow for large, year-round production runs in tropi-
cal Australia, and work against locations in temperate southern climates. For large-
scale production, freight to plantations throughout Australia is very cost-effective
and is not an impediment to location.

Partnerships. For a successful clonal plantation programme, it is essential that
there is a close relationship between the plantation owner, the breeder, and the
nursery. While it is possible to propagate pretty well any plant clonally, some plants
(and in particular eucalypts) are definitely much harder than others. Plant breed-
ing and plant propagation are quite separate disciplines, and expertise in one field
does not automatically convey expertise in the other.

It is important, therefore, that the breeder establishes a close relationship with
the clonal nursery so that the breeding programme and the propagation trials run
in parallel from the start. Where possibly millions of dollars ride on the outcome, it
is critical to ensure that the integrity of the propagation trials is not inadvertently
compromised by factors other than the inherent rootability of the clone.

Cost Structure. Clonal production is a highly labour-intensive, highly technical,
and highly capitalised operation. Every cutting has to be prepared and set individu-
ally, and plants have to be sorted and moved through the system on an individual
basis. The cost structure of clonal production bears virtually no comparison to seed-
ling production, and as a rough ballpark, the price of clones is about 2 to 3 times
the price of seedlings.

CONCLUSION

It is not difficult to do the sums and see that, provided the clone has been carefully
selected for its superior qualities, the additional cost of purchasing the plants for a
clonal plantation is offset many times over by the flow-on savings and the increased
returns, and that clonal plantations are very cost-effective operations.

Forestry and agriculture in Australia, through plant breeding and clonal technol-
ogy, are poised for enormous growth as Australia strives to make maximum returns
from limited arable land and to retain its share of the increasingly competitive
global market.
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Propagation of a South African Arid Zone Plant — Lithops®

Jac Duif
Staathof’s Seed, PO Box 35851, Northcliff 2115 South Africa

I have decided to talk to you about Lithops, which are indigenous to South Africa
and found mostly in dry rocky areas. Lithops are of the Mesembryanthemaceae
family. The plants consist of a pair of thick fleshy leaves which make them very
adaptable to dry and arid conditions. Flower colours of Lithops are mainly shades
of yellow and white (Fig. 1).

South Africa has had some famous Lithops collectors, and one of them was Prof.
Desmond T. Cole. He has written many papers and also a book titled Lithops, Flow-
ering Stones. Two years ago, Mr. Frik du Plooy took over his whole collection, and he
is still growing and maintaining it. Presently there are 37 known species in South
Africa with over 200 subspecies and varieties. These were collected from over 700
documented locations.

The main reason for my decision to talk about this subject is that a friend of mine,
Hans Blaquiere, started growing Lithops 2 years ago for the overseas market, and
it really fascinated me. Hans bought a second-hand greenhouse and covered it with
plastic and made the propagation beds, fitted a tap, and he was ready for his “retire-
ment” project.

Lithops are easy to grow from seeds. They are best sown in spring and grown on
through the summer and winter. Sow the seeds in a soil mix that drains well. A
mixture of coarse sand and loam with coir or peat moss will do the trick.

Germination is very quick, and seeds will germinate in 5 to 6 days but growth is
very slow. In nature quick germination is essential because the seeds have little
time being exposed to water after rain.

Figure 1. Lithops in flower.
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It is important that the seedlings are lightly shaded. Never expose them to direct
sunlight. Although they come from arid areas, in nature Lithops mainly grow close
to rocky outcrops, between stones and in cracks, which give just that bit of shade
to protect them.

Watering is very important, and many beginners make the mistake of giving
small amounts of water on a regular basis. This does not happen in nature where
it is dry for a long time and then a good shower gives the plants a new burst of life.
Therefore watering must be done only when the soil in which the seedlings are
growing is dry. Then a good, deep soaking watering is necessary until the next time,
maybe only after 3 to 4 weeks, depending on soil structure and climatic conditions.

A monthly liquid feeding with a well-balanced fertilizer will improve growth. Only
use a weak solution, about 10% of normal strength.

After a year it is time to start transplanting the seedlings from the seed beds or
trays into deeper trays, pots, or beds. A soil depth of about 15 cm is required. Try
and keep the same soil mix recipe as this will help with your watering program.

Plant spacing in beds or trays is now about 30 mm apart, which means a density
of around 1000 plants per m?.

Only give water when the soil becomes dry, and fertilise only once a month.

It takes 3 to 4 years from sowing to produce a saleable plant. Some species take
longer. In Europe they require on average a plant with a minimum diameter of 25
mm. After the rains, just before winter one will notice that the plants look dry and
shriveled up. No need to panic, as this is the time when new leaves are formed and
the old ones are rejected and shed — just like a snake’s skin. The new plants look
clean and fresh again.

Commercial seeds are collected from plants grown under cover. Flowering time is
usually during summer, after the first good rains have fallen. Because Lithops are
not self-pollinators, the flowers are hand pollinated with a feather, one feather for
each species so that no cross pollination occurs. In nature various insects do the job.
A fertillised Lithops flower produces a seed capsule.

In nature the capsules stay on the plant and only open up when they get wet dur-
ing rains. The tops open up and the raindrops may scatter part of the seeds around.
When the capsules get dry they close up again and protect the remaining seeds until
the next rain. Each capsule carries from 80 to 800 seeds depending on the taxon.

Harvesting and cleaning the seeds is relatively easy. The capsules are immersed
in water and they open up. The seeds are dispersed out of the capsules and sink to
the bottom. The dry matter is scooped out and the water is drained off. Seeds are
dried and then stored, ready for shipment. The fact that the seeds were wet does not
affect the germination at all, provided the seeds were dried quickly.

The lifespan of seeds is good, and usually fresh seeds give 85% germination.
Tests have shown that Lithops seed lots lose about 4.5% of their germination ca-
pacity per year.

Commercially grown seeds are distributed throughout the world, mainly to collec-
tors but also commercial growers who buy large quantities.

Frik du Plooy has a demand for about 20 million seeds per annum at present.

To sum up, Lithops may also be the plant to grow for your retirement, as:

m  Little capital is required.
m  They are easy to grow.
m  You still have time to go on holiday and go fishing.
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m  Nothing is urgent with the cultivation of Lithops.

m  The only time, which is crucial, is flowering time when the hand
pollination has to be done, that is to say if you want to produce
your own seeds.

They are marvelous little plants!

Acknowledgements. Thank you to Hans Blaquiere the Lithops plant grower and Frik du
Plooy, the Lithops seed grower, for their assistance in preparing this talk.

Propagation Strategies to Support a Wide Hybridization
Breeding Program Within the Chamelaucium Alliance®

Chris Newell, Digby Growns, and Chris McMullan
Department of Agriculture and Food, Western Australia, 3 Baron-Hay Court,
South Perth WA 6151

INTRODUCTION

The activities of the Floriculture Group are focused on the selection and develop-
ment of the West Australian flora with the object of improving industry capacity.
Breeding within the Chamelaucium alliance is our most advanced activity, however
we also work on a range of other species within genera such as Grevillea, Geleznow-
ia, Boronia, Banksia, Dampiera, and a range of arid zone daisies.

Our breeding activities with the Chamelaucium alliance have focused on wide
hybridization within a group of five related genera including Chamelaucium sp.,
Verticordia sp., Actinodium sp., Pileanthus sp., and Darwinia sp. The objective of
the breeding program is to introduce novel cut flowers and amenity plants to indus-
try. We assess hybrids on the basis of flower color, shape, and stem architecture as
well as flowering time, productivity and post harvest performance. Some plants are
tested for use in the flowering pot-plant section of the nursery industry and sched-
uling experiments are undertaken to assess nursery performance.

The Floriculture Group is in a unique position to undertake a breeding program
of this type because Western Australia is the natural home of most of these plants.
Plant propagation features prominently in the overall activities of the Floriculture
Group. Our nursery is accredited to Nursery Industry Accreditation Scheme, Aus-
tralia (NIASA) standards. The Group adopts and maintains a policy of industry
best practice where possible including our plant tissue culture laboratory. Our
greenhouse is a double-skinned plastic pneumatic inflated style with ridge venting
and thermal screens.

In our plant tissue culture laboratory we have five laminar-flow stations and two
sizable culture rooms. The lab is capable of a range of plant tissue culture activities
including conventional micropropagation through to maintenance of cell culture
lines for somatic hybridization experimental work. There is a strong focus on ap-
plied research and nursery integration.

The Floriculture Group also has a seed testing and grafting laboratory, which
is used in conjunction with the breeding activities but also sustains stand alone
research into these areas on a wide range of Western Australia plants. The Floricul-
ture Group uses a research and development model, which includes plant selection,
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propagation (using both sexual and asexual techniques), nursery management, and
assessment and commercial release.

STOCK PLANT SELECTION AND PREPARATION

A breeding program is only as good as the capacity of the parents to contribute to
the next generation. The breeding program selects parents on the basis of geno-
type, specifically its phenotypic attributes (e.g., flower color, flowering time, stem
architecture, disease resistance, and availability). Populations of wild plants are
identified through experience, professional connections, and within the bush-har-
vesting business, and Conservation and Land Management flora databases. Plants
are collected under license. Selection of females and males normally takes place
during the flowering season. At this stage of the life cycle it is possible to assess and
select and capture the extent of variation within plant populations. Hidden charac-
teristics, such as disease resistance or post-harvest life, are selected with random
sampling techniques (Growns, 1998). As cutting material, it is poor at this stage
of growth. It can be difficult to strike roots on cuttings taken at flowering time for
many species and/or genotypes. Species in the Chamelaucium alliance are no dif-
ferent, and we may use grafting at this point. Because we have significant numbers
of hybrids growing at our field station we are now in a position to select from our
own F1 progeny as well. Producing superior parents through controlled crosses is
now a significant part of our breeding strategy. Our objective is to have all females
and males represented in the nursery so that logistically it is easier to manage the
controlled breeding program. Some species, for example C. megalopetalum, require
ongoing grafting for building up as stock plants as they otherwise don’t thrive or
survive. Rootstock selection for survival in pots is therefore critical. Such rootstocks
may be different to those that would be used for in-ground cultivation. This process
takes a maximum of 2 years and is part of the longer term planning within the
breeding activity.

BREEDING PROGRAM AND CROSSING ACTIVITY
We aim to undertake all of our crosses under controlled conditions and therefore
need to prepare and emasculate the females and undertake pollen assessment us-
ing similar strategies to those used in seed testing. There are three broad types of
crosses we undertake. The first is intraspecific crosses between selected genotypes
of the same species. Crosses between two different species, such as C. uncinatum
and C. megalopetalum are interspecific crosses. We call these crosses our Pearl or
Gem series. For these plants we have a white (Pearl) and pink or purple (Gem)
range and we select successful hybrids to fill a timeline and further develop the
seasonal length that these flowers can be produced. We also have a program of pro-
ducing wide intergeneric crosses between Chamelaucium and Verticordia sp. Our
hybrids between C. uncinatum and V. plumosa are part of our Star flower series.
Chamelaucium sp. are pollen presenters and are prone to self fertilization. Dur-
ing flowering, pollen is deposited onto the style and easily collected and stored at
this point. Emasculation must be done prior to the opening of the flower otherwise
pollen will have been deposited on the style increasing the risk of self-fertilization.
Collecting and storing pollen allows us to access the male half of the breeding equa-
tion at any time during the flowering season. Plants within the Chamelaucium
alliance are all pollen presenters and pollen is available to be collected off of the tip
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of the style immediately post anthesis. Females are emasculated and in a properly
emasculated flower the style will continue to elongate and mature. At this point a
small amount of prepared pollen is placed directly on the stylar dome thus complet-
ing the controlled cross. After about 28 days, the females are revisited and the pre-
viously crossed fruits are collected and labeled and sent to the plant tissue culture
laboratory for early embryo rescue.

We use early embryo rescue techniques in our breeding program to ensure that
any putative hybrids we produce have the maximum chance of surviving through
to field assessment. In any given crossing season we average about a 10% return on
our breeding investment. The first step is fruit preparation and culture initiation.
The objective of this activity is to introduce viable embryos into sterile culture con-
ditions. Once the embryos are removed from the fruit the testa oxidizes and needs
to be removed otherwise normal germination is impaired. The second stage is stock
plant management in vitro. The objective of the next stage is to produce rooted
micro-cuttings as quickly as possible. Our aim is to produce rooted micro-cuttings
capable of acclimatization in the nursery for each embryo we rescue. These rooted
micro-cuttings are then progressed through the normal nursery handling system to
harden off tube-stock and then planted out at our field station for assessment. We
identified medium hypoxia in vitro as the principle limiting cause of poor rooting
in our putative hybrid culture lines and developed a rooting protocol called in vitro
soilless medium culture (IVS) (Newell et al., 2003). The IVS forward integrates an
aerobic propagation medium into Stage 3 culture and fits into the overall propaga-
tion activity with the least amount of effort.

ASEXUAL PROPAGATION
Clonally derived parental material is required in the breeding program so that suit-
able numbers of controlled crosses can be done for each selected cross.

Although Chamelaucium can be propagated by various types of cuttings through-
out the year, the preferred cutting material is semihardwood tips. Nodal cuttings
can be used but these are best if they contain at least one actively growing axillary
shoot. Cuttings typically strike 1 to 2 roots out of leaf axils after 3—6 weeks in an
open, free-draining propagation mix on hot beds. Rooted cuttings are transferred
into 100-mm tree tubes and are ready for field planting after a further 3—-6 weeks.
Root binding is a problem, particularly after nursery stock is held back in smaller
tubes. In the field the problem manifests in two ways. Early symptoms include
shoot twisting and breakage under windy conditions and finally foliage symptoms
similar to nutrient deficiency. Plant death is primarily due to a collapse of the tran-
spiration system during summer demand.

We use grafting to propagate bush-selected material, which is unsuitable to use
for cuttings or for those genotypes that do not grow for long periods in pots. Root-
stock is prepared as cuttings from selected genotypes. The typical stem diameter of
the graft is less than 2 mm. Best results are achieved when the rootstock is actively
growing and still small in the pot. The typical graft is a wedge or cleft graft. The
scion is hand prepared and the finished graft is wrapped with parafilm tape before
going out to the cloche to take.

The Floriculture Group has a small but active plant tissue culture laboratory
with five laminar flow stations. Plant tissue culture technology is integral to the
breeding project. It is also used for the selection and propagation of elite genotypes
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of Australian plants with horticultural potential either as cut flowers or for the
amenity nursery industry.

We are conducting an investigation into the possibility of using somatic hybrid-
ization to double up the chromosome numbers in some of our F1 hybrids to restore
fertility and to continue the wide hybridization of genotypes within the Chame-
laucium alliance. This involves asexually fusing two protoplasts from two plants,
which would normally not sexually hybridize.

CONCLUSION

The Floriculture Group relies on the application of modern plant propagation prac-
tices for the selection, development, and breeding activity. Good propagation is the
cornerstone to achieving the objective of the group, which is the development of
novel plant products for commercial application. The group uses both sexual and
asexual propagation techniques as well as conventional and sophisticated propaga-
tion technologies.
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Shoot Dieback of Geraldton Wax®

Naomi Diplock and Victor Galea
School of Agronomy and Horticulture, University of Queensland, Gatton Campus,
Gatton QLD 4343

Geraldton wax has been observed exhibiting signs of shoot dieback.This disease
causes the plant to die back from the tips, often leading to whole plant death.This
disease is a problem in all stages of production, but is worst during propagation
when the young plants are most susceptible to disease.

Isolation studies proved the fungus Colletotrichum sp. to be the cause of this
disease. It was found that Colletotrichum sp. is not influenced by wounding; how-
ever a heat stress period and humidity are requirements for infection to occur.
Fungicide trials indicated that a preventative treatment is needed for this disease
to be managed. Control of this pathogen was found to be effective with the use of
Amistar® when applied as a preventative treatment. This article describes a part
of the experimental work carried out as an honours project: Shoot Dieback of
Geraldton Wax (Diplock, 2004).

INTRODUCTION

Chamelaucium uncinatum Shauer (Geraldton wax) is one of Australia’s most im-
portant native floriculture products. One of the limitations growers face when pro-
ducing a high quality product is the limited amount of information available on
diseases of this plant. There is a recognized need for pathogen identification and
control of diseases of Geraldton wax (Fuss et al., 1992). Shoot dieback was observed
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during the summer months of 2002—2004 in south east Queensland. Geraldton wax
showing signs of shoot dieback exhibit shriveled brown leaves which remain at-
tached to the plant for a long period of time before dropping naturally (Fig. 1), often
followed by plant death. The aim of this project was to identify the causal agent of
this disease, the environmental factors that may influence infection, and the poten-
tial for chemical control. This work was carried out over a series of experiments.

GENERAL METHODS

Plant material showing signs of dieback
was collected from a range of produc-
tion locations in south east Queensland.
This material was surface sterilised
and placed on agar plates and incu-
bated. Fungal colonies that grew were
subcultured and preliminary identifica- ~ Figure 1. Left: healthy cutting; Right: cut-
tion was carried out on these. The origi- ting showing symptoms of shoot dieback.
nal fungal isolations where Alternaria,

Rhizoctonia, and Colletotrichum species. Inoculum was prepared from these cul-
tures. These were then applied directly to plants with a hand sprayer. Plants were
rated for disease over a period of 30 days.

EXPERIMENT 1

The objective of this experiment was to identify the pathogen responsible for the
shoot dieback in Geraldton wax and to develop a method for inducing disease in
previously healthy plants.

Materials and Methods. Plants were wounded by two methods (stem wound,
leaf wound) or left intact (no wound). Some plants were placed in bags to increase
humidity. Plants were placed in a growth cabinet with temperatures ranging from
38-45 °C during the day and 29-34 °C for the night phase. Plants were taken from
the cabinet and bags were removed after 48 h and placed in the glasshouse.

Results and Discussion. Following Koch’s rules, it was proven that the cause
of the stem dieback observed in Geraldton wax is Colletotrichum sp. [tentatively
identified as C. gloeosporioides (Penz.)], this supports the findings of Arnett (1987)
who found Rhizoctonia and Colletotrichum sp. to be responsible for damping off in
Geraldton wax in propagation. Symptoms on the plants took approximately 4 days
to begin to show after inoculation.

Levels of dieback of Geraldton wax was greatest in treatments that were bagged
for 48 h after inoculation, plants that were not bagged showed very little infection.
Wounding of the plant had very little influence on levels of disease in all of the treat-
ments. This is likely to be because most species of Colletotrichum sp. penetrate the
plant directly, after the production of appressoria rather than entering through a
wound (Bailey et al., 1992).

These trials proved that infection by Colletotrichum sp. on Geraldton wax can be
induced in plants that are exposed to high temperatures, unwounded, and bagged
to increase the humidity. Unfortunately these conditions are often met during prop-
agation, making a favorable environment for disease to occur.
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EXPERIMENT 2

The objective of this experiment was to evaluate a selection of fungicides for their
effectiveness in controlling shoot dieback of Geraldton wax when applied either
before or after inoculation with Colletotrichum sp.

Materials and Methods.

Trial 1. Application of fungicides after inoculation.

Unwounded Geraldton wax plants were inoculated with Colletotrichum sp. as de-
scribed earlier. All plants were bagged and placed in the growth chamber for 48 h at
39-44 °C (day time tempature) and 27-29 °C (night time temperature). Plants were
taken from the cabinet and bags removed after 48 h. Plants were sprayed with the
following treatments (Table 1), then placed in the glasshouse and rated for disease
over a period of 20 days.

Table 1. Fungicide treatments used in Trials 1 and 2.

Fungicide Active constituents Company Rate used
Benlate® WP 500 g-kg! Benomyl Dupont® Australia Ltd. 0.1 g/200 ml
Amistar® WP 500 g-kgt Syngenta Crop 0.1 g/200 ml
Azoxystrobin Protection Pty. Ltd. 0.1 g/200 ml
Banrot® 400 WP 250 g-kg! Scotts Australia Pty. Ltd. 0.1 g/200 ml
Thiophanate-
methyl, 150 g-kg!
Etridiazole
Pro-Teck® (19.8% wiv) Magna-Bon Corp. 0.2 ml/200 ml
Copper sulfate Florida, U.S.A.
Pentahydrate

Trial 2, Application of fungicides before inoculation.

Unwounded Geraldton wax plants were sprayed with the treatments as per Table
1. Forty eight hours later, plants were inoculated with Colletotrichum sp. as de-
scribed earlier, bagged, and placed in the growth chamber for 48 h at 39—44 °C (day-
time temperature) and 27-29 °C (night-time temperature). Plants were taken from
the cabinet and bags removed after 48 h and placed in the glasshouse and rated for
disease over a period of 20 d.

Results.

Trial 1. Application of fungicides after inoculation.

Levels of shoot dieback of Geraldton wax plants inoculated with Colletotrichum sp.
were significantly reduced by the application of Amistar® 48 h after inoculation. All
other fungicides were ineffective and not different to the untreated control.

Trial 2. Application of fungicides before inoculation.

Infection by Colletotrichum sp. on Geraldton wax was fully prevented by the ap-
plication of Amistar® 48 h before inoculation (Fig. 3). Levels of shoot dieback were
significantly reduced by the application of Benlate® and Banrot®. Pro-Teck® ap-
peared to slow infection down and was significantly better than the control. The
treatments when ranked from best to worst are as follows: Amistar®> Banrot® and
Benlate® > Pro-Teck®> Control.
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Figure 2. Effect of fungicide treatments (applied after inoculation) on infection by Colle-
totrichum sp. on Geralton wax plants. (RO = healthy, R1 = 1 mm spot on stem, R2 = lesion
on stem >1 mm, R3 = lesion surrounding circumference, tip wilted, R4 = segment of shoot
dead, R5 = entire shoot dead). Different letters indicate a significant difference (P = 0.05)
(Fisher’s exact test SAS v8.2).
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Figure 3. Effect of fungicide treatments (applied before inoculation) on infection by Col-
letotrichum sp. on Geralton wax plants. (RO = healthy, R1 = 1 mm spot on stem, R2 = lesion
on stem >1 mm, R3 = lesion surrounding circumference, tip wilted, R4 = segment of shoot
dead, R5 = entire shoot dead). Different letters indicate a significant difference (P = 0.05)
(Fisher’s exact test SAS v8.2).
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Discussion. Amistar® prevented disease when applied as a preventative treat-
ment (Fig. 3) and significantly reduced disease when applied as a post-infection
treatment (Fig. 2). However, it needs to be noted that Amistar is not currently reg-
istered for use on ornamental plants. Comparisons between the results from Trial
1 and Trial 2 indicate the need for the use of a preventative treatment in Geraldton
wax propagation when temperatures are warm and humidity is high.

CONCLUSION

Geraldton wax is one of Australia’s most important native plants grown for the flo-
riculture industry. Growers of this product face limitations in the area of plant pro-
tection from disease. Shoot dieback has been observed to cause significant economic
losses in propagation and the field. The need for identification and understanding
of pathogens of Geraldton wax has been discussed. The aim of this project was to
identify the cause of the disease, control using fungicides, and factors, which may
influence infection. Isolation trials and infection studies proved that shoot dieback
of Geraldton wax is caused by Colletotrichum sp. It was demonstrated that wound-
ing was not necessary for infection to occur, however high humidity and heat period
are needed for infection to occur. Control of this disease can be achieved with the
use of Amistar® when applied as preventative treatment.
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Propagation of Bougainvillea®

Brian Smith
Greenlight Nursery, PMB 16, Pacific Highway, Moorland NSW 2443

Bougainvillea is in the family Nyctaginaceae. The genus is comprised of 14 species
of shrubs or small trees native to tropical and sub-tropical South America. Known
as an evergreen woody scrambler (not a climber), with thorns enabling the plants to
scramble over support. Leaves are alternately arranged on the stem. True flowers
are cream and surrounded by three large, very showy bracts, which give the plants
their decorative value, and occur in all colours, except blue.

Bougainvillea responds to feeding, watering, and hot weather and thrives on ne-
glect. Bougainvillea can be planted exposed to salt-winds, they also thrive inland in
hot, dry conditions, and in cooler areas in selected and sheltered sites.

Bougainvillea can be grown into trees, clipped to form hedges both small and
large, grown as topiary, or espaliered. They can be grown as a standard, a ground
cover, be multi-planted to create a spectacular flowering flowing massed effect, in
hanging baskets to create the “wow” factor, or even be manicured into bonsai.

PROPAGATION METHODS
Propagation of bougainvilleas can be achieved by a number of methods:
m Seed

m  Grafting and budding

m  Marcotting (air layering)
m Layering

m  Cuttings

Seeds. Many taxa of bougainvilleas are sterile and very little research and develop-
ment has been carried out — some self-seeding has occurred in North Queensland
due to the hotter climate. The progeny results are variations of purple bracts with
no improvements to existing cultivars. Genetic manipulation is the subject of on go-
ing research, especially in India. Seed propagation is of no commercial value, except
for the possible production of new, smaller growing selections.

Grafting and Budding. Budding and grafting can be successfully used to propa-
gate bougainvilleas. Three grafting methods that have been used are: approach,
wedge, and whip and tongue.

Very little budding or grafting of bougainvilleas is done in Australia, but good ex-
amples can be seen in Asia where multiple cultivars are placed onto single rootstock
to create topiary. Side veneer is another variation, with the stock cut and scion
placed in larger side areas.

Marcotting. Marcotting, also known as air layering, was useful for plants that are
difficult to propagate or where larger plants are required immediately. The tech-
nique is to select stems of pencil thickness, place a cut partially into the stem below
a node, then dust with rooting powder and place something into the cut to keep it
open, about a 2-mm gap. Wrap a generous amount of moistened sphagnum moss
around the cut, then wrap the whole area in plastic and tie each end around the
branch to keep moist. Roots should appear in about 1 month. The layered branch
will need support due to the extra weight. Marcoting is no longer used due to more
modern methods of propagation.
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Layering. This is where a “branch” still attached to the parent plant is placed and
pinned down into the soil. The branch has a small cut made below a node to induce
roots with the cut made in the direction of the growing tip. This then becomes simi-
lar to a cutting, but the branch is still attached. This technique has no commercial
value due to more modern propagation methods.

Cuttings. There are numerous sizes of cuttings, some may be: too long, too short,
too fat, too skinny, too soft, and there’s the other, which is “just right.” The varia-
tions of cuttings will result in differing strike rates and in varying times taken. For
optimal success I have found a cutting should be up to pencil thickness around 75
mm to 100 mm long with no less than three nodes, sometimes more to achieve the
length. Some cultivars don’t produce cutting wood of the desired thickness, e.g.,
‘Closeburn’ (syn. “Temple Fire’), so thinner wood is used, but make sure to harvest
the thickest available wood of the particular cultivar.

The cuttings are prepared with the bottom cut just below a node, with two or more
leaves left on but these reduced to half size. Show particular care in the bottom. The
secateurs should be positioned with the cutting blade facing the cut, to produce a
clean cut and reduce tearing of stem cells. If tearing or damage is done to the base
of the cutting, this has to be cleaned up when taking off the side slice. The side slice
involves taking off the bottom bud with a sharp knife. When this procedure takes
place, immediately dip the cutting in rooting powder containing 16 g-kg' IBA. To
me it’s important to dip immediately, as when the cut is made the wound is open
and there’s moisture and no sealing or drying has taken place. I feel the active in-
gredient in the powder will have more effect on producing roots.

The cuttings are then stuck. Cuttings are dibbled into 50-mm tubes that have a mix-
ture of 3 perlite : 2 peat (v/v), with a slow-release tube fertilizer added. All tubes and
trays have been washed in a copper sulfate solution. No sand is used in the mixture due
to our prevailing drought conditions. The river has not been flushed and salt water is
further up stream and on the coastal strip, so there is no quarry sand that is clean.

Immediately on planting, trays are watered to prevent drawing of moisture from
the cuttings by the mix.

All cuttings are done at night. The next morning cuttings are placed into the
propagation house, an igloo 6 m wide by 21 m in length covered in cellodim plastic
sheeting. The house has a fall end to end of 5%; this enables control of hot air. As
long as the bottom of the vent on the high end is higher than the top of the vent on
the lower end, air movement is controlled. The house has no misting or fogging, and
no bottom heat. The floor is constructed of approximately 75 mm depth of gravel,
covered with black plastic sheeting and weed matting.

The benches are constructed of one concrete Besser™ block high with mesh bench-
ing covered in black plastic. The trays are hand watered each morning and only on
very hot days is additional water applied for cooling. I believe too many propagation
houses are kept too wet and too dark. Cuttings strike in around 15 days, but are
kept in the house longer for a stronger root system to develop. Bougainvilleas are a
cranky crop at this early stage. Strike rates are usually very high, even up to 95%.
Not all taxa produce good strike rates.

Maybe some or all the methods and conditions are not necessary, but this is doing
it “MY WAY”!!

I worked and trained under the late Mr. Paul Sorenson, “The Master Gardener,”
and part of his teaching was saying as follows: “Pay full attention to small detail for
perfection, but perfection is no small detail.”
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Grafting Australian Native Plants — 30 Years of Progress®

David Beardsell
Elite Australian Trees, 42 Viewhill Rd , North Balwyn VIC 3104

INTRODUCTION

In the mid 1970s, the renowned botanist/horticulturalist David L. Jones introduced
me to the concept of grafting native trees. Around this time, David successfully graft-
ed the phytophthora sensitive Hakea francisiana onto the hardy eastern Australian
rootstock H. salicifolia (Beardsell et al., 1982). Also around this time Ron Barrow
and Bill Molyneux of Austraflora Nursery, grafted a selection of red flowering gum,
Corymbia ficifolia (syn. Eucalyptus ficifolia) onto C. maculata (syn. E. maculata), C.
calophylla (syn. E. calophylla), and C. gummifera (syn. E. gummifera).

A number of other successful grafting programs were completed from the late
1970s onwards. These included grafting several hard-to-grow plants onto more har-
dy rootstocks, e.g., arid zone Eremophila sp. grafted onto Myoporum sp. and Pros-
tanthera sp. onto Westringia fruticosa by the Australian National Botanic Gardens
(Dawson, 1996), and Stirling Range Darwinia sp. onto D. citriodora by Doug McK-
enzie in Victoria (McKenzie, 1996). Dawson (1996) provides an excellent review of
much of the earlier work on grafting Australian plants. Merv Hodge in Queensland
also did pioneering work on grafting of Grevillea and other genera. Ray Kerr, David
Myers, Annette Hallpike, and myself at the then Horticultural Research Institute
did grafting experiments with a wide range of native plants in the early 1980s.
Although the success rates were often low, we did establish grafted plants of Alloca-
suarina torulosa clones, Thryptomene calycina (onto 1. saxicola), Tristaniopsis lau-
rina, C. ficifolia, Banksia canei, G. barklayana, Lophostemon confertus, Eucalyptus
sideroxylon (variegated clone), Brachychiton sp. and H. francisiana (Beardsell et
al., 1982; Meyers et al., 1993; Meyers, 1993).

Much of the success in grafting Australian plants has been the suitability of hardy
eastern members of genera, which can be used as rootstocks for related difficult-to-
grow species from Western Australia and elsewhere. However there has also been
a need to develop grafting methods for species, which cannot be propagated by cut-
tings. There are many recognised outstanding specimens of Eucalyptus, Corym-
bia, Angophora, and Lophostemon confertus in this category. Consequently from
1993-1996, Michelle Bankier and I at the Institute for Horticultural Development
did grafting trials with a range of Eucalyptus sp., C. citriodora, and A. costata.
Grafting success was further improved on most species, however commercial suc-
cess rates were not achieved. In addition, we were unable to successfully graft an
outstanding clone of A. costata. In 1998, Fon Ryan successfully grafted this species
(Ryan et al., 2000).

Between 1997 and 2003, I continued trials using completely new methods of root-
stock and scion manipulation, and achieved 100% success rate on E. leucoxylon sub-
sp. megalocarpa, E. melliodor, E. sideroxylon, and weeping standard trees of B. in-
tegrifolia. Most previous grafting programs on Australian plants centred on cleft or
wedge grafts, which is a crude method. I believe that many of the poor graft unions
observed in earlier work were due to the poor matching of cleft grafts.
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COMPACT GRAFTED TREES

An unforeseen benefit of grafting Australian trees has been consistently observed
compact growth. In some cases, this has been due to rootstock effects. For example, C.
maculata, which forms compatible graft unions with C. ficifolia clones, appears to re-
duce height and vigour by approximately half compared to C. calophylla rootstocks.

Similarly self-pollinated seedling rootstocks of E. leucoxylon subspecies megalo-
carpa dwarf the parent clone. Grafting per se onto outcrossed seedling rootstocks
at least in C. citriodora also appears to reduce vigorous extension growth, which is
characteristic of the juvenile phase in this species, and also increases the angle be-
tween lateral branches and the main stem which may lead to structurally sounder
trees. Early flowering is also a feature of grafted trees such as C. ficifolia and E.
leucoxylon clones.

There are a large number of successfully grafted plants of a wide range of Austra-
lian trees and shrubs now known to be greater than 20 years of age. These include
selections of C. ficifolia, Lophostemon confertus, B. canei, and H. francisiana. Earli-
er rumours of long-term graft incompatibility in Australian plants seem unfounded
as long as rootstocks are closely related to scions. While much more work is to be
done, especially on different scion/rootstock combinations to alter size and vigour,
we are on the verge of a revolution in Australian landscapes using clonally propa-
gated elite native trees, and the unpredictable and unacceptable seedling variation
will become a thing of the past (Beardsell et al., 1993; 1994).

Acknowledgments. I would like to thank Bill Molyneux for many valuable discussions on
Australian trees, Wes Fleming, Paul Croxton and Kathy Mullins for encouragement, Michelle
Bankier for dedicated and skilful assistance, and Fon Ryan for grafting Angophora costata.
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Grafting Tissue Cultures Directly onto Nursery
Grown Stock®

Jonathan Lidbetter and Pauline Cain
NSW Dept of Primary Industries, Gosford Horticultural Institute, Locked Bag 26, Gosford NSW
2250

INTRODUCTION

Tissue culture is a useful tool to rapidly multiply material, rescue embryos from
novel hybrids, generate haploid plants, or genetically engineer crops. In association
with heat treatment and in vitro grafting it can be used to eliminate viruses and
viroids from infected material. It provides a year-round supply of vegetative mate-
rial that can be quickly multiplied to provide large numbers of propagules. In some
cases it can be used to restore juvenility, often in turn increasing the propagation
success of cuttings taken from tissue-culture-propagated motherstock.

One of its limitations is the relative difficulty in deflasking plantlets of many
species. This can be due to poor rooting of plantlets or slow root growth of taxa in
association with the very soft nature of tissue cultured plants.

Grafting tissue cultures in vitro or directly onto nursery grown stock are two
methods to potentially overcome these problems. Providing a vigorous or well-de-
veloped rootstock allows for rapid development of the scion providing a much quick-
er growing plant than can be achieved through conventional deflasking.

IN VITRO GRAFTING
In vitro grafting has been widely used both in research laboratories and commer-
cially. Three examples are summarised below:
m  Navarro (1990) succinctly reviews the protocols and benefits of
shoot tip in vitro grafting (STG) in the elimination of virus infec-
tion whilst maintaining the adult nature of scion material, a
procedure adopted worldwide.
m  Espen et al. (2002) showed in vitro grafting of internodes allows
a rapid evaluation of the “localised type” of graft incompatibility,
as exhibited by some pear and quince combinations in as little as
30 days. Using this technique for other woody perennials has the
potential of elucidating the causes of incompatibility, as well as
significantly reducing the time to confirm incompatibility of new
combinations, saving valuable time in the search for appropriate
combinations.
m  Senthil et al. (2004) used in vitro grafting onto seedlings germi-
nated in culture as a means of ensuring rooting and survival of
genetically modified chickpea after deflasking.

Of these examples, ensuring successful deflasking is where direct grafting onto
nursery stock has the most likely potential benefit over in vitro grafting. Reducing
the number of steps requiring a completely aseptic environment potentially saves
laboratory space, time, and money.
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PROPAGATING DIFFICULT-TO-ROOT TISSUE CULTURES

Grafting tissue cultures directly onto nursery-grown rootstocks offers a very simple
solution to deflasking difficult-to-root tissue cultures. Often in the development of new
taxa through embryo rescue, mutagenic treatment, or genetic engineering as little as a
single plant is needed to be deflasked to allow further propagation or breeding.

CASE STUDY — ERIOSTEMON AUSTRALASIUS

We first tried this technique with Eriostemon australasius. Conventionally, this spe-
cies is regarded as both hard and slow to strike by cuttings with only a few clones
propagated in the nursery trade. As part of research introducing new clones to cul-
tivation we selected new adult forms based on flower and habit characteristics and
attempted to propagate them by cutting and tissue culture. The percentage rooting
of cuttings was very low and very slow. In contrast the introduction to tissue culture
was more successful. Bushfires destroyed a number of the original plants and all
that remained of the clones was material established in culture. Very low root strike
in vitro hampered deflasking and an alternative method had to be developed.

Using simple leafy-scion grafting techniques and allowing for the softness of tis-
sue culture material a method was developed to graft tissue cultures directly onto
nursery-grown seedlings. As tissue cultured material is often only 0.5-2 mm in
diameter, scalpels or preferably razor blades were used to prepare the rootstock
and scion.

A simple top wedge graft was used and the union wrapped in a fine piece of Glad-
wrap® or Nescofilm®. Young vigorously growing rootstocks were selected and the
wedge was made in the transition zone between soft tip and semihardwood and
any branches or axillary buds were removed. Scions were kept in their jars until re-
quired then selected for stem thickness and trimmed to reduce the level of very soft
tissue usually to 1-4 cm long. Grafted plants were misted with distilled water or
0.2% Amistar® solution to maintain turgor and reduce the risk of fungal infection,
then sealed in a polyethylene bag, and placed in a lit growth room at 25 °C yield-
ing 60 pmol m?- st. After 2 weeks the light level was increased to 90 pmol m?- s,
After 3 weeks the tie was removed if necessary and new axillary buds on the root-
stock were removed. Grafted plants were transferred to a shaded mist bench and
progressively hardened off.

Success rate was variable depending on the scion and rootstock quality and sea-
sonal climactic conditions. Invariably it was harder to harden off plants during mid-
summer. In all 60/129 (47%) grafts were successful including a number of plants
rescued from contaminated jars. In some batches success reached 100% (Lidbetter
et al., 2002).

Plants originating from tissue cultures of adult origin flowered within 9-15
months of grafting effectively maintaining the same ontogenic age as the source
plant similar to that observed in citrus (Navarro, 1990). Tissue cultures of seedling
origin still took just over 2 years to reach flowering as per seedlings germinated in
the nursery.

OTHER SPECIES

At Gosford Horticultural Institute we have also used this technique to rapidly de-
flask new Boronia hybrids germinated in vitro following embryo rescue. Grafted
plants flowered within 20 months.
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Alexander and Lewis (1998) reported the use of this technique to graft new avoca-
do hybrids germinated in vitro following embryo rescue. Vic Hartney (pers. comm.)
has also reported using this technique in the development of cocoa in Malaysia.

Pniewski et al. (2002) have also used this technique to deflask lupins after notic-
ing a severe decline in rooting success after only four to five subcultures in vitro.

The only obvious reason limiting the potential species with which this technique
can be used is the issue of large rootstock stem diameter. However, other grafting
techniques can be used to overcome this problem.

REDUCING DELAYS IN QUARANTINE

One of the major delays to the introduction of new plants into Australia from over-
seas is the period that they spend in quarantine. Significant time and hence cost
savings can be achieved using this technique, particularly for ornamental plants
and potentially for field fruit crops. For instance, in the case of most ornamentals,
once an import permit has been acquired, the import fees paid, satisfactory docu-
mentation presented, simple logical procedures followed, and an inspection com-
pleted showing the tissue cultures are free from bacteria, fungi, insects, and disease
symptoms, the material may be released with no further impediment. In contrast,
all propagation material other than tissue cultures face obligatory methyl bromide
fumigation prior to propagation and 3 months in an approved post entry quaran-
tine facility with the attendant costs of AQIS inspection (AQIS-ICON 2005).

For fruit crops the only difference between tissue cultures and all other propaga-
tion material is the requirement for methyl bromide fumigation of nontissue cul-
tures. Both tissue cultures and all other propagation material require the same
prolonged period of growth and testing in post-entry quarantine. However with
greater acceptance of overseas virus test results and accreditation of overseas tis-
sue culture laboratories potential exists for a reduction in the testing needed in
Australia. Similarly, the requirements for interstate transfer of tissue cultures are
lower than for other material and tube stock.

OVERVIEW

The procedure of grafting tissue cultures onto nursery grown stock opens up possibil-
ities for plants that are difficult to root in vitro, from breeding programs and genetic
engineering research, to crops that don’t currently have a satisfactory root initiation
or deflasking protocol developed. This technique has already been utilised for crops
from herbaceous legumes to small trees from a wide range of families (Rutaceae,
Lauraceae, Fabaceae, Sterculiaceae). Furthermore if a crop is routinely grafted to
confer disease resistance or vigour, both grafting and deflasking can be combined
in one simple operation. The minimisation of time delays and costs associated with
quarantine is another potentially significant benefit for the nursery industry.
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“Long John” Grafts®

Allen Gilbert
Gilbert & Cosgrove P/L, 49 Coolangatta Road, Adventure Bay TAS 715

INTRODUCTION

Usually when short scions (graft pieces) are grafted to any fruit tree or rootstock the
scions used have only leaf buds evident. When the graft “takes” it will only produce
leafy shoots, which form branches. It can then take from 3 to 5 years or more before
that branch will be large enough or mature enough to produce significant amounts
of fruit. This is especially so if spur pruning is the method of pruning used.

I have found that by using a different technique, selected scions with flower buds
already formed on them can be encouraged to produce lots of fruit in the same sea-
son that they are grafted to the tree. The new approach I will describe developed
from the success I achieved by using short scion pieces with flower buds attached,
and grafting them onto apple trees. These produced some fruit on those graft pieces
in the same season that the grafts were done, but I found that the longer pieces
resulted in a heavier crop in the first season.

THE “LONG JOHN” TECHNIQUE

The technique of using long scions (20—100+ cm) together with a plastic sleeve has
developed as a result of experiments over a period of 15 years. It was originally used
for grafting a ‘Granny Smith’ apple scion (Malus domestica ‘Granny Smith’) onto an
established green/purple fruited ‘Northern Spy’ (M. domestica ‘Northern Spy’) ap-
ple tree in July 1998. In this first attempt, I used an unpruned single 1-year growth
scion (lateral) over 1 m long that contained leaf buds but no flower buds or spurs.
The graft piece was positioned almost horizontally on the tree and was covered with
a plastic sleeve, moisturised inside, sealed at the top end, and open at the base to
allow air circulation. The warming aspect of the sleeve and the length of scion used
is the reason I started calling these longer scions “Long Johns.”

The attached scion formed spurs with flower buds along its entire length in its
first season of growth (1998-1999). During the 1999-2000 season it produced many
green apples that had developed from these formed flower buds. The weight of the
apples bent the branch downward and it was easy to pick from the ground and the
grafted branch stayed bent in the same position even after the fruit was picked add-
ing to the low-profile shape of the tree. This low-profile shape is also characteristic
of the little or no pruning approach I have been developing (Gilbert, 2001).

I have also grafted lengthy unpruned single scions on plums, prunes, cherries
and pears with great success. It is worth noting, however, that if the attached scion
is pruned at the tip before or after grafting occurs, flower bud and spur formation
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“Long John” Grafts®

Allen Gilbert
Gilbert & Cosgrove P/L, 49 Coolangatta Road, Adventure Bay TAS 715

INTRODUCTION

Usually when short scions (graft pieces) are grafted to any fruit tree or rootstock the
scions used have only leaf buds evident. When the graft “takes” it will only produce
leafy shoots, which form branches. It can then take from 3 to 5 years or more before
that branch will be large enough or mature enough to produce significant amounts
of fruit. This is especially so if spur pruning is the method of pruning used.

I have found that by using a different technique, selected scions with flower buds
already formed on them can be encouraged to produce lots of fruit in the same sea-
son that they are grafted to the tree. The new approach I will describe developed
from the success I achieved by using short scion pieces with flower buds attached,
and grafting them onto apple trees. These produced some fruit on those graft pieces
in the same season that the grafts were done, but I found that the longer pieces
resulted in a heavier crop in the first season.

THE “LONG JOHN” TECHNIQUE

The technique of using long scions (20—100+ cm) together with a plastic sleeve has
developed as a result of experiments over a period of 15 years. It was originally used
for grafting a ‘Granny Smith’ apple scion (Malus domestica ‘Granny Smith’) onto an
established green/purple fruited ‘Northern Spy’ (M. domestica ‘Northern Spy’) ap-
ple tree in July 1998. In this first attempt, I used an unpruned single 1-year growth
scion (lateral) over 1 m long that contained leaf buds but no flower buds or spurs.
The graft piece was positioned almost horizontally on the tree and was covered with
a plastic sleeve, moisturised inside, sealed at the top end, and open at the base to
allow air circulation. The warming aspect of the sleeve and the length of scion used
is the reason I started calling these longer scions “Long Johns.”

The attached scion formed spurs with flower buds along its entire length in its
first season of growth (1998-1999). During the 1999-2000 season it produced many
green apples that had developed from these formed flower buds. The weight of the
apples bent the branch downward and it was easy to pick from the ground and the
grafted branch stayed bent in the same position even after the fruit was picked add-
ing to the low-profile shape of the tree. This low-profile shape is also characteristic
of the little or no pruning approach I have been developing (Gilbert, 2001).

I have also grafted lengthy unpruned single scions on plums, prunes, cherries
and pears with great success. It is worth noting, however, that if the attached scion
is pruned at the tip before or after grafting occurs, flower bud and spur formation
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along its length will be compromised and results will be unsatisfactory. If the se-
lected scion has flower buds then it is wise to remove the plastic sleeve after graft-
ing just as the flowers start to open. This allows bees and other pollinating insects
to pollinate the flowers and the scion to produce fruits during the same season as
the graft was done. Integral to the success of this method is a nonpruning or very
minimal pruning system of the attached scions.

Also significant to the success of grafting these very long scions, is the use of a
plastic sleeve to cover the scion and graft area to prevent the scion from dehydrat-
ing and drying out. I cover the entire graft piece to below the graft area with a thin
plastic sleeve open at the base and sealed at the top and moisturised with water
inside the sleeve.

The plastic sleeve used is made from a section of tubular packaging plastic that
is sealed at one end with masking tape. Any recycled plastic can be used to make
these sleeves. Bubble-plastic can also be used as sleeve material and will enhance
callus formation to a greater extent than single layer sheet plastic material. Water
is squirted into the tube then the sleeve is placed over the graft piece leaving the
base open for aeration. The sleeve can be pinned at the base with an ordinary sew-
ing pin or mapping pin to prevent it blowing away. This is especially important as
the longer grafts are more susceptible to damage as a result of wind movement. If
the graft piece is very exposed to sunlight or high UV light then it will be necessary
to either place a paper bag over the plastic sleeve or use white paint to partially
paint the outside of the sleeve. This will ensure only filtered light is allowed to pen-
etrate the sleeve, preventing sunburn.

The use of a protective sleeve has several effects upon the inserted scion. The
graft piece is kept protected from the weather, the humidity prevents it from drying
out and dying, and the warmth inside the sleeve enhances the ability of the graft to
knit quickly (i.e., callus formation is enhanced).

THE ELONGATED WHIP AND TONGUE GRAFT

To attach lengthy scions I have found that an elongated whip and tongue graft is
best, providing the graft area is triple wrapped with budding tape to secure the
scion at that point and prevent any movement at the graft union. The wrapping
tape is left on for 9-10 months before removal to ensure that the tissue is fully
healed all around the graft wound area. An elongated whip and tongue graft is
created by making the sloping cuts used on the rootstock and scion about 100 mm
or longer. This allows better contact with cambium layers (the cambium layer is
situated just under the bark layer and is responsible for producing healing growth
tissue) necessary for grafting to occur. To create the “tongue” of the whip and tongue
graft a horizontal cut is made across the original sloping cuts made on the scion
and rootstock and split for 10-20 mm. One horizontal cut is made half way along
the original sloping cut of the rootstock or scion piece and the other cut one-third
of the way along the other sloping cut so as to make sure the whip and tongue fits
neatly together.

Because the scions are very long it may be an advantage to secure the scion in
place or rest it on another limb or support to prevent damage from wind. If the
scion is moved too much by wind the graft will not “take” and the operation will be
a failure.
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CONTINUING EXPERIMENTATION

Later experiments involved the use of long scions (over 1 m) chosen from 2- to 4-
year-old branches that had already formed flower buds and short flower bud spurs
along their length, to ensure fruit production from the “Long John” scions during
their first season of growth. Some of these grafts were made on espalier trained
fruit trees.

On one espalier apple tree I tried to create instant fruiting limbs. Two selected
scions over 1 m long were cut from donor trees, one an improved selection of M.
domestica ‘Golden Delicious’ named M. domestica ‘Jim Riley’ and the other an old
heritage cultivar named M. domestica ‘James Grieve’. The grafting onto a M. do-
mestica ‘Snow Apple’ tree was carried out in August. By the end of November the
flower buds on the scions had started to open slightly and the sleeve was removed
to allow bees to pollinate the flowers. Pollination was successful and each “Long
John” scion piece produced one 10-L plastic bucket of fruit in late summer. These
branches were then left unpruned and the following year (2nd), they produced an-
other bountiful crop. In the following year (3rd) they were also left unpruned and
produced another similar crop.

One advantage of placing “Long John” grafts onto an espalier tree is that you get
instant limbs with spur systems already formed that are suitable for a nonpruning
or very minimal pruning regime. Pruning the traditional way, it may take 3 or 4
years to train a limb or graft scion to that same length using harsh spur pruning
methods.

To take the technique further, there is no reason why an aged or misshapen tree
could not be cut back substantially, even to a stump, then allowed to grow 20 or 30
long thin branches. These thin regrowth branches could then be grafted onto (us-
ing “Long John” grafts) during the following winter. Each scion could be a different
cultivar giving you a range of fruits maturing over a long time period or they could
be all of one cultivar. Multi grafting is one way to save rare heritage cultivars and
it is also a method of producing a tree with many types of fruit.

“Long John” branches can also be grafted to the cut limbs to achieve an instant
fan-shaped espalier. One way of dealing with suckers growing from a tree rootstock
is to graft a “Long John” scion to the sucker to utilize the rootstocks potential, and
to slow tree growth and reduce further suckering from the root system.

CONCLUSION

I believe the “Long John” grafting technique has potential for commercial use as
well as for home gardeners interested in quick production from fruit trees or in mul-
tigrafting espalier grown trees. Scions are easily collected from the many heritage
cultivars still around in back gardens as I have found on Bruny Island. Scions from
these can easily be added to a collection grafted onto a single tree. The “Long John”
grafts can be used on potted plant specimens with ease to produce instant “formed”
plants suitable for small garden areas. With stone fruits the use of a compatible
rootstock will enable apricots, peaches, plums, prunes, nectarines, and almonds
to be grafted to the one tree. I am continuing to work on the “Long John” grafts
improving the technique and developing its potential.
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Breeding with Indigenous Citrus Species®

S.R. Sykes
CSIRO Plant Industry, Private Mail Bag, Merbein, VIC 3505

INTRODUCTION

Genetic variability is the foundation for breeding new cultivars. Wild relatives and
undomesticated types of exploited crop plants are often extremely important sourc-
es of genetic variability and Zagaja (1983) lists examples where these have been of
unquestionable value in fruit improvement.

Although the history of planned genetic improvement of cultivated citrus is short,
wild types and relatives have been valuable in breeding new cultivars, particularly
rootstocks. Carrizo and Troyer citranges are important rootstocks selected from a
cross between Citrus sinensis ‘Washington’ X Poncirus trifoliata. Similarly, Swingle
citrumelo, another rootstock, was selected from hybrids of Citrus xparadisi (grape-
fruit) X P, trifoliata.

Australian Citrus species still exist in their natural habitat. This paper describes
plant-breeding activities in which Citrus species indigenous to Australia have been
used to develop unique, new cultivars.

AUSTRALIA’S INDIGENOUS CITRUS

The genus Citrus was classified in the tribe Citreae within the sub-family Auran-
tioideae as part of the family Rutaceae by Swingle and Reece (1967). Swingle and
Reece (1967) included five other genera, viz. Poncirus, Fortunella, Eremocitrus, Mi-
crocitrus, and Clymenia within the Citreae, which they considered as the true cit-
rus-types. The genera names Eremocitrus and Microcitrus survived until Mabber-
ley (1998) argued that they should be re-classified as Citrus, which is now a widely
held opinion and will be used in this paper. Australia is the unique home to Citrus
glauca (syn. Eremocitrus glauca), desert lime or desert kumquat; C. australasica
(syn. Microcitrus australasica), finger lime; C. australis, Australian round lime or
dooja; C. inodora, Russell River lime; C. maideniana, Maiden’s Australian wild
lime; and C. garrawayae, Mount White lime (Swingle and Reece, 1967; Armstrong,
1975). Although Citrus gracilis, Humpty Doo lime, is also considered indigenous to
Australia, C. glauca, C. australasica, and C. australis have been of greatest interest
to citrus researchers and breeders from their potential as new rootstocks (Bitters
et al., 1964) and as sources of valuable genetic characteristics (e.g., Barrett, 1990).
Although first collected in 1971 by J. McKean near Humpty Doo, NT, little is known
scientifically about C. gracilis. It is a thorny tree up to 4-6 m high and grows in
eucalypt woodlands on sandy or gravely soils (Mabberley, 1998). Its fruits are of
interest because of their large size (up to 8 cm in diameter) in comparison to other
Australian Citrus species.

Distributed in Queensland, New South Wales, and South Australia (Sykes, 1997),
Citrus glauca is the most pronounced xerophyte in the Aurantiodeae. Following
germination and emergence, desert lime seedlings develop extensive root systems
before much shoot growth occurs allowing them to withstand severe droughts and
hot dry winds. When dormant, it can survive temperatures as low as -14 °C (Young
et al., 1983) and this cold hardiness is transmitted to its sexual progeny (Yelon-
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sky, 1978). It is considered less susceptible to salt and boron than related genera
(Swingle and Reece, 1967; Bitters et al., 1964). Goell (1969) reported that lemon
scions grafted to the desert lime tolerated salinity, although they had high leaf chlo-
ride concentrations.

The desert lime can be grafted to citrus and vice versa (Bitters et al., 1964). Hearn
et al. (1974) reported it highly resistant to root rot caused by Phytophthora para-
sitica. Its fruits mature quickly and drop from the tree 10-12 weeks after flowering,
and Barrett (1981) reported that this characteristic was transmitted to its hybrids.
Desert limes are acid yet pleasantly flavoured and, as Riley (1982) pointed out, less
bitter than many acid fruits of other citrus relatives.

The seven species of Citrus classified by Swingle and Reece (1967) as Microcitrus
are confined generally to rainforests in Australia and southeastern New Guinea
(Armstrong, 1975). The five Australian species are distributed from Cape York in
far north Queensland to coastal regions of southeastern Queensland and northern
NSW. Two of the Australian species, C. maideniana and C. garrawayae, have a very
narrow habitat range whereas C. australis and C. australasica are more widely
distributed (Armstrong, 1975). Pigmented forms of the finger lime are found in SE
Queensland. Citrus warburgiana (syn. Microcitrus warburgiana) is found in SE
New Guinea (Swingle and Reece, 1967) and C. papuana, which is possibly a variant
of C. warburgiana, was described by Winters (1976). Citrus papuana is of interest
to citrus breeders due to its short juvenile period, which may be transmitted to
hybrids (Barrett, 1983).

Finger and round limes graft readily with other Citrus types (Bitters et al., 1964)
and they may be genetic sources of drought tolerance, nematode resistance, toler-
ance of low soil fertility, and resistance to root rot caused by P. citrophthora (Barrett,
1983, Broadbent, 1969, Bitters et al., 1964). The dwarf, shrubby habit of finger and
round lime trees suggests they have potential as a source of dwarfing in breeding
programs, while forms with red and pink fruits have attracted breeders’ attention
for developing new pigmented cultivars.

NEW CITRUS CULTIVARS BASED ON AUSTRALIAN CITRUS SPECIES

New cultivars involving Australian Citrus species have arisen essentially in one of
two ways, namely selection amongst specimens collected as propagules from their
habitat, and selection of seedlings either from open-pollinated populations or hy-
brid families from controlled crosses.

Cultivars Selected from Propagules Collected from the Wild. Historically
Australian native limes have been harvested from the wild as a food source. From
this, they have been seen as candidates for domestication in their own right and
cultivars have been nominated and released after selection from material collected
from their habitat. For example, new cultivars of finger lime have been selected,
propagated, and commercialised. Citrus australasica var. sanguinea ‘Rainforest
Pearl’?BR (Birmingham, 2002) is one finger lime cultivar and another group in-
cludes highly pigmented forms with names such as ‘Purple Viola’, ‘Pink Ice’, and
‘Jali Red’ developed by the Australian Finger Lime Company (Anon, 2005).

Citrus glauca ‘Australian Outback’*B® (Sykes, 2002) was identified from an ar-
boretum-based collection of desert lime variants (Sykes, 1997). Initially chosen
for fruit processing qualities, ‘Australian Outback’ was also selected for its ease of
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propagation, its high yields of larger than average fruits and because its thornless,
upright habit makes it suitable as a plantation or orchard tree. It was released to
the developing native foods industry to give consistent production of quality desert
limes and reduce dependence on wild harvested product.

Cultivars Selected from Hybrid Populations. The use of native Citrus in
breeding rootstocks and scion cultivars by hybridization has been investigated by
CSIRO. Species used have been C. glauca, C. australis, C. australasica, and the so-
called Sydney hybrid (C. australis X C. australasica), which has been given species
status (C. xvirgata) by some authors (e.g., Hume, 1957). It was anticipated that
Australian native limes would benefit rootstock breeding by conferring tolerance
to cold, salt, drought, and nematodes, resistance to Phytophthora species, as well
as dwarf-inducement, to new hybrids. In breeding scions, it was anticipated that
native limes would introduce short juvenile time, fruit pigmentation and reduced
maturation time, as well as cold tolerance and improved water-use efficiency based
on their reported drought tolerance.

Over a period of time, crosses have been made between indigenous Citrus species
and other Citrus species as well as with Poncirus trifoliata. In addition, open-pol-
linated seedlings from non-indigenous Citrus seed parents but with obvious C. aus-
tralis and C. australasica characteristics have been retained for evaluation. CSIRO
now has a collection of hybrids from first and second generation crosses with C.
glauca, C.australis, and C. australasica. In conducting crosses, success has been
greater with C. australis and C. australasica, than with C. glauca. Although hy-
brids have been obtained using the desert lime as both a male and a female parent,
there have been problems growing C. glauca hybrids on their own roots and graft-
ing them to rootstocks has often been necessary to maintain these hybrids beyond
the young seedling stage.

In addition to generating new hybrids, CSIRO also introduced open-pollinated
seeds collected from hybrids produced in the U.S.A. Open-pollinated seeds of C.
‘Faustrimedin’ [Citrus australasica X(Fortunella sp. X Citrus reticulata ‘Calamon-
din’)] as well as C. ‘Eremolemon’ (Citrus glauca X Citrus limon ‘Meyer lemon’) (see
Swingle and Reece, 1967), were obtained from the University of California. Seeds
of C. glauca hybrids were also received from the United States Department of Ag-
riculture, Florida.

This collection of hybrid material is a genetic resource held specifically for breed-
ing. In making crosses, a primary aim has been to use the progeny as genetic
bridges between C. glauca, C. australis, and C. australasica on the one hand and
introduced Citrus on the other. To facilitate this, monoembryonic parents were used
to increase the chances of obtaining monoembryonic hybrids, which would in turn
make them easier to use as parents for introgressing native Citrus characteris-
tics into breeding populations. Until the late 1980s, this was the purpose of these
crosses and introductions.

In the late 1980s and early 1990s the native food industry started to gain mo-
mentum in Australia and Citrus was one of the fruits in which the industry took
particular interest. An approach by the industry stimulated CSIRO to look at its
collection of native limes and hybrids as a resource for this industry. At the same
time that the Citrus glauca ‘Australian Outback”®* was selected and released, Cit-
rus hybrid ‘Australian Blood’?®® and Citrus hybrid ‘Australian Sunrise’?BR (Sykes,
2002) were identified from CSIRO’s collection of hybrid material.
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The ‘Australian Blood’ was selected from a progeny of open-pollinated seedlings
from a zygotic seedling of C. xlimonia, Rangpur lime. Seedlings in this progeny dis-
played finger lime characteristics and, since their maternal Rangpur lime seedling
parent was located next to a row of finger lime trees, it was assumed that C. austral-
asica was the pollen parent of the ‘Australian Blood’ (Sykes, 2002). Similarly, ‘Aus-
tralian Sunrise’ was selected from seedlings grown from open-pollinated seeds of a
faustrimedin hybrid introduced from the University of California (Sykes, 2002).

END NOTE

The use of Australia’s indigenous Citrus species described here provides two valu-
able lessons. The first is that wild species of fruit crops can still be considered as
candidates for domestication in their own right. The selection of new cultivars of
desert and finger limes from propagules collected from the wild clearly supports
this idea discussed over 20 years ago by Zagaja (1983). The second lesson highlights
the need to conserve and maintain wild relatives of cultivated fruit species in arbo-
reta. While their pedigrees show that the ‘Australian Blood’ and ‘Australian Sun-
rise’ cultivars are not strictly native plants, they have been used by the Australian
native food industry to produce fruits for processing and fresh produce. As such, the
potential of using Australia’s indigenous Citrus in breeding novel fruit types has
been demonstrated. Hybrids from second generation crosses involving indigenous
Citrus, which produce fruits larger than the ‘Australian Blood’ or ‘Australian Sun-
rise cultivars yet incorporate similar characteristics, suggest that cultivars with
greater novelty and thus ability to capture market attention are possible.
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Auscitrus — The Australian Citrus Budwood Scheme®

Tim Herrmann
Auscitrus Manager, PO Box 269, Dareton NSW 2717

PRESENT STRUCTURE OF AUSCITRUS

Auscitrus is the trading name of the Australian Citrus Propagation Association
Incorporated (ACPA). The ACPA is comprised of ten citrus and nursery industry
organisations. Representatives from each of these organisations are nominated as
representatives on the Auscitrus board. Auscitrus is an industry owned and operat-
ed, not-for-profit organisation. The seed and budwood scheme is entirely self-fund-
ing through seed and budwood sales. Cultivar importation, cultivar evaluation, and
the maintenance of foundation trees, are funded by industry grants through Horti-
culture Australia Limited.

Currently Auscitrus employ a full time manager, part time administration of-
ficer, full time scientific officer (indexing), full time casual indexing assistant, full
time bud cutter, full time casual bud cutter/nursery hand, plus one or two seasonal
casual staff for bud cutting and fruit harvest. New South Wales Department of
Primary Industries (NSW DPI) research scientists on behalf of Auscitrus carry out
horticultural evaluation.

HISTORY OF AUSCITRUS
1927. Fruit Industry conference recommendation to establish a controlling body for
the buying and selling of selected citrus budwood.

1928. Cooperative Bud Selection Society formed — startup funding from govern-
ment grant of £1500. First selected trees established at Narara Research Station,
Gosford.

1938. “Certificate from Nurseries” introduced to identify trees propagated from
Bud Selection Society’s budwood.

1941. Phytophthora citrophthora discovered to be cause of extensive tree losses in
Australian orchards. Demand for trees on highly resistant Poncirus trifoliata stock
increased.

1947. Scaly butt (exocortis viroid) recognised as bud transmitted disease affecting
P, trifoliata.

1952. Australian Citrus Improvement Association (ACIA) formed with objectives
including virus screening/indexing, breeding, selection, improvement, and evalua-
tion of rootstocks and scions.
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1967. Dareton selected as the site for budwood multiplication plantings, managed
by NSW Department of Agriculture specifically for budwood production.

1969. Horticultural Stock and Nurseries Act (HSNA) passed.

1974. HSNA came into effect by Proclamation — all trees sold must bear a label to
specify: name and address, and registered number of nursery, kind and cultivar of
scion, kind of rootstock (if applicable), and either the declaration “Propagated from
approved material obtained from the NSW horticultural propagation co-operative
society limited”, or “Not propagated from approved material.”

1990s. South Australian (SA) (est. 1950s) and Queensland (est. 1931) schemes
ceased supplying budwood. Queensland due to presence of severe stem pitting
strains of Tristeza virus in the region, and SA due to limited indexing capacity
(SA scheme now operates in association with Auscitrus, providing a supplementary
supply of seed and budwood, indexed for disease by Auscitrus). Australian Citrus
Propagation Association scheme now the main supplier of budwood to all Austra-
lian states.

1993. Australian Citrus Propagation Association Inc. (ACP) formed.

2000. Horticultural Stock and Nurseries Act abolished — industry unregulated
from this point on.

2001. ACP merged with ACIA, began trading as Auscitrus.

CITRUS SEED/BUDWOOD PRODUCTION

The majority of plantings are on the NSW DPI Research Station at Dareton NSW
(2075 budwood trees of 108 culitvars, 664 seed trees of 32 cultivars). Current bud-
wood sales are around 700,000—-800,000 buds per year, seed around 600-700 kg
(around 3 million seeds).

Auscitrus operates under deed of license with NSW DPI for seed/budwood produc-
tion at Dareton, Griffith, Gosford, and for disease testing at Camden.

NSW DPI staff performs general operations such as irrigation, fertigation, and weed
and pest control in budwood and seed blocks, under direction of the Auscitrus manager.

Auscitrus source quantities of seed from plantings at Gosford NSW and Monash,
SA, and budwood from Monash, SA and Griffith, NSW.

A rapid multiplication polyhouse at Dareton is used to grow budwood of newly
released cultivars while field budwood trees become established. All budwood is cut
to order, trimmed of leaves in the field, sealed in plastic bags, and placed in a cool
room to remove field heat, and for short-term (few days at most) storage.

The majority of seed and budwood is distributed via Australia Post. Budwood
is packed into foam boxes with an ice container, packaged in cardboard, and sent
around Australia. Three days is usually the maximum time in transit, most areas
are 2 days, and some customers receive their budwood the next day.

DISEASE TESTING

All disease testing is carried out at Elizabeth Macarthur Agricultural Institute
(EMAI), NSW DPI, in Camden, NSW. Budwood trees are indexed every 2 years on
Etrog citron indicator plants for citrus exocortis viroid (CEV) and for milder viroids
(CVd I-1V) that may cause dwarfing. Trees showing suspect symptoms are further
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tested for pathogens using sequential polyacrylamide gel electrophoresis (sPage) lab-
oratory tests to determine which viroids are present. All budwood trees are indexed
once every 6 years on sweet orange seedlings for orange stem pitting strains of citrus
tristeza virus (CTV) and for psorosis virus. Grapefruit trees are particularly suscep-
tible to stem pitting strains of CTV, and so are indexed annually to determine the
severity of the CTV strains present. Seed trees are indexed every 6 years for psorosis
virus. Other significant citrus diseases found in Australia are not seed transmitted.

Shoot-tip grafting in vitro is used to remove viruses and viroids from infected
plants when necessary. This involves excising a 0.15-mm shoot tip from the infected
plant (which hopefully does not carry the virus), and grafting onto a 2-week-old
rough lemon seedling growing in sterile agar medium in a test tube. If successful,
the resulting grafted seedling is grown on and indexed to confirm the virus/viroid
has been removed.

Two trees of each cultivar are held in an insect-proof screenhouse at EMAI, Cam-
den, as foundation virus free (FVF) trees. Many varieties also have two trees each
pre-immunised with a protective strain of citrus tristeza virus (CTV PB61), which
protects against severe stem pitting strains of CTV as found in Queensland. All trees
propagated for budwood supply are propagated from budwood from these trees.

BENEFITS OF AUSCITRUS SCHEME TO INDUSTRY

The scheme provides a readily available source of citrus seed and budwood of high-
est possible health status from trees routinely checked for trueness-to-type and
grown specifically for budwood production. High health status maintains produc-
tivity of orchards and therefore improves competitiveness in export markets and
viability in domestic markets.

The scheme ensures trueness-to-type of orchards and therefore consistency of
product, which flows on to consumer confidence in product. It is also a part of a
larger strategy to maintain access to markets with strict quarantine regulations,
e.g., budwood or seed movement can spread citrus canker. The scheme also provides
access to budwood of newly developed or imported cultivars, enabling access to po-
tential export markets.

WHY DO OUR CUSTOMERS USE THE SCHEME?
Growers.

m  Major rootstocks/cultivars grown are intolerant of graft transmis-
sible diseases found in growing regions, and infection has serious
effect on yields.

m  Long-running education campaign (spanning decades) to stress
importance of using clean propagation material from the citrus
budwood scheme.

m  Most growers respect the risks involved in planting infected trees
in an orchard.

m  Asestablishing an orchard involves a large investment, growers
appreciate the security in using a known source of propagation ma-
terial, tested for trueness-to-type and of the best available clonal
material for each cultivar.

m  Many of the better nurseries promote the use of Auscitrus material
to growers.
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Nurseries.
m  Understanding of the implications of introducing a graft-transmis-
sible disease into the nursery.
m  Customer demand for trees propagated from healthy, tested material.
m  Confidence in quality of material grown specifically for propagation
(not harvested from orchards).
m  Pride in quality of trees produced.
Convenience of having seed/budwood arrive ready to use.
m  Sometimes no other source of material available.

IMPEDIMENTS TO SUCCESS OF SCHEME

m  Perception that there is no advantage in using virus-tested propa-
gules, due to lack of education on the subject or ignorance.

m  Perception that quality of budwood is not as good as budwood cut
by the nursery (not necessarily justified).

m  Lack of recognition of the value of budwood.

m  Long lead-time (5-6 years) from release of cultivar to production of
commercial quantities of budwood, encourages nurseries to rapidly
multiply their own budwood.

MAJOR RISKS TO SCHEMES LONG-TERM OPERATION

The scheme is dependant on a handful of individuals and their specialist skills
could be difficult to replace. Similarly a breakdown in scientific support could lead
to loss of credibility and reduced confidence in health status of propagules.

Any serious disease outbreak in parent trees could devastate the scheme.

The cost of propagules may turn nurseries away from using scheme, which is a
compounding problem (i.e., reduced sales, therefore need to increase price to recov-
er fixed costs, which leads to reduced sales again). Finally, there is a certain supply
point where scheme becomes economically unsustainable.

FUTURE OF AUSCITRUS

Increases in the costs of running the scheme on Government land will affect the
viability of the seed and budwood operation, so our aim is to move the production
components onto Auscitrus-owned land. We will maintain links with DPI for cultivar
evaluation and scientific support in order to retain scientific base to the scheme.

We recently acquired a parcel of land, which will be privately owned by Auscitrus
on behalf of the citrus industry. Operations will start moving to the new block in
2005. Our aim is to start planting new seed and budwood trees in Spring 2006. The
new seed and budwood block should be fully operational and producing 100% of the
industries requirements within 10 years.

Accreditation of Citrus Nurseries. Auscitrus is working on bringing in a for-
mally audited citrus nursery accreditation scheme, so that nurseries who comply
with the requirements of accreditation (and are audited for compliance) can pro-
mote their planting material as coming from an accredited source.

Accreditation of Schemes Operations. A formal quality assurance scheme is be-
ing put in place to ensure continuity of the operation should key personnel leave.



128 Combined Proceedings International Plant Propagators’ Society, Volume 55, 2005

POINTS TO CONSIDER WHEN SETTING UP A PROPAGULE SCHEME

Firstly the goals of the scheme must be identified, e.g., disease freedom (or known
status), selection of best-performing clonal lines, trueness-to-type, production and
distribution of propagules, or all of the above.

There must be enough usage of the scheme over a long period to make it finan-
cially viable. Low usage will result in high cost per propagule to recover costs, which
will further reduce usage. There must also be a significant advantage to the general
industry in using the scheme, otherwise it will be underutilized and may fail.

If health status is an important feature of the scheme, sound scientific support is
required to identify the respective diseases, to determine suitable testing regimes,
and to carry out the testing. This needs regular review and assessment, preferably
by independent peers in the scientific community.

There may be a large capital requirement to set up the scheme — industry fund-
ing or grants may be required. People will also need to be recruited to run the
scheme — finding the right person, who has the industry’s well-being at heart, can
be difficult. Strategies need to be put in place to allow for key staff to be replaced
without jeopardizing the schemes operations.

Accreditation of nurseries can be a significant aid in increasing usage of the
scheme, however this can be a complex and controversial system to implement.

The scheme must have the support of the major industry bodies, and preferably
advisory services such as Department of Primary Industries, etc.

Some Problems in Water Recycling®

Stan Leach
Alstonville Palms, Ellis Road, Alstonville NSW 2477

Strict water regulation by the Council of Australia Governments is imminent. Tight
controls in water use will make us all more frugal with Australia’s limited water
resources — having to make do with a lot less. We will be forced to conserve water
and use it without degrading the environment. The government plans to return
rivers to their original flows.

At Alstonville we are blessed with an average annual rainfall of 1600 mm, mainly
falling in the first half of the year. The creek flowing through the property is unreli-
able and the underground water supply also proved unreliable. Water recycling was
the answer. It seemed to be very expensive at the time but should give us dividends
in the future. Our system has minimal effect on the environment and gives us a
secure water supply.

Ten years of water recycling has revealed a range of challenging problems. We
chose a 12.5-ha site for our nursery. The production area is located on a gentle slope
all running down to a catchment dam. We received considerable assistance from
N.S.W. Agriculture in the design of our system (Fig. 1).

All production areas were leveled and graded to a 1-80 fall. Drains were formed
with 200-um plastic with agricultural pipe laid in drains, 7-mm blue metal was
laid around the pipe. A 75-mm depth of 20-mm blue metal was then laid on plastic
covered by weedmat. All areas were piped away commencing with 150-mm PVC
underground in low volume areas, with the size increasing as volume increased to
225 mm into catchment dam. All drainage is in straight lines, with storm water pits
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Figure 1. Schematic design of water recycling system at Alstonville Palms.

installed for change of direction and future expansion and maintenance.

Both dams are lined. One dam has 500-um plastic and the other has polyweave.
The lining is essential as the red basalt soil of Alstonville is extremely porous. This
lining gives us the added benefit of no soil in the water and therefore a clean water
supply to the nursery.

Apart from high rainfall adding to the system, water is reused many times. A total
two-dam capacity of 17 megalitres (ML) allowed better water treatment options.

Last year (2004) our nursery used a total of 9 ML. Evaporation from dam capacity
accounted for 30%—40%. Four to five megalitres of water was pumped from the creek.

Efficiency of use was paramount and we were fortunate in 1995 that our nursery
was selected for a Horticulture Australia Limited research project (NY95025) look-
ing at minimizing water use and nutrient runoff (Huett, 1999).

Considerable improvement in irrigation techniques and the addition of wind-
breaks have helped. The greatest single factor in achieving water saving was the
use of an International Class “A Pan.” An evaporation reading is taken on a daily
basis to establish water requirements to which crop factors were added, i.e., a cal-
culation of irrigation water to be applied based on the requirements of individual
plants and prevailing environmental conditions.

Our biggest problem was algal blooms. A chelated copper product was sprayed on
the surface of the dam, which killed the algae and solved the problem in the short
term. Algae create high pH levels. This can produce difficulties in some forms of
disinfestations, e.g., chlorine injection (which is the most popular form of disinfesta-
tion). In soilless potting media we should aim for pH values in the range of 5.5-6.3
(depending on individual plant requirements). If continually irrigating with water
at a high pH level, the pH in media will also drift upwards. High pH water is also
likely to clog the irrigation system by depositing calcium on irrigation equipment.

Our next major problem was a build up of broken down organic matter in the
catchment dam. After 3 years we had 1.2 m of organic residue on the bottom. Or-
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ganic particles of potting mix breakdown in the layer of blue metal under plants to
a very fine size. Silt traps were considered expensive and too labour intensive to
maintain. Therefore this technology was not implemented. We were worried that
the dam would become full in the years to come.

Around March and September each year the dam was inverted bringing up lots
of sediment. This added to the algal bloom problem making filtration very difficult.
Investigations of this silt showed an anaerobic condition — evident by foul-smelling
sulfur. Anaerobic conditions were very bad when dam water levels were low and
could prove unsatisfactory for plant growth with low levels of oxygen.

The Answer. Aeration equipment was then installed and concentrates of microbes
were added to the water. These concentrates contain billions of microbes. The aera-
tion equipment brought all organic residues to the surface. The microbes consumed
the entire residue in 8 weeks. This treatment was also of assistance in minimizing
algal blooms and assisting these friendly microorganisms to stay healthy and breed.
I have since established that with sufficient aeration, each of our units produces 3.3
kg of oxygen per hour so in our case two aerators were required; algae is now almost
completely eliminated. Now pH levels close to neutral are easily achieved and only
a small correction is required. We still correct pH to 6-6.5. We can save money be-
cause very little hydrochloric acid is needed. Aeration eliminates layering, stirring
up the strata and maintaining a more consistent quality. Aeration need not be a
24-h per day exercise and should take place preferably at night.

We have since dispensed with chlorination and changed to ultra violet (UV) treat-
ment for disinfestation, with great cost savings. Cost to install and maintain UV
treatment would be comparable with slow sand filtration.

Some recent research in the U.S.A. indicates that anaerobic conditions of some
recycled water can be detrimental to plant growth due to low levels of dissolved
oxygen. The method of irrigation application and air filled porosity of potting mixes
all play a part in plant health and growth. My latest indications are that with the
assistance of aeration and microbes we can emulate nature to achieve the equiva-
lent of rainwater.

ADDITIONAL BENEFITS OF RECYCLING

Environmental. A very important environmental point — our system utilizes only
12% of rainfall as our production areas cover 12% of land and our nursery now has a
known water source that is excluded from all water charges within the Water Act 2000.

Improved Profitability. Our recycling system necessitated efficiency of water
use, which in turn led to improved plant health and savings in production costs,
i.e., fertilizer, pesticides, labour, etc.

Self-sufficient. Information gathered indicates that a containerized production
nursery with 1400 mm of rainfall per year or even lower could be self sufficient for
water providing all aspects of recycling are carried out, and dams are covered with
an evaporation barrier.

SUMMARY

Although recycling involves establishment costs, monitoring of oxygen and pH,
careful disinfestation, etc., which is more work, the benefits gained from the effort
far out-weigh any costs or inconvenience incurred in the setup process.
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Once the system has been established the additional upkeep is non-existent
or negligible.

The Council of Australia Governments has stated for many years that water from
the environment will be given to the most profitable use. Top nurseries are report-
ing $60,000 gross sales per megalitres of water. However, when a nursery recycles
water and procures only 2 ML of water from outside, the payback on the water can
easily be as high as $250,000 per megalitres.
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Water Saving, More Than Just Recycling®

Garry Heyne
Heyne’s Wholesale Nursery, Lot 5 Bolivar Rd, Burton, SA 5110

ACKNOWLEDGEMENT

I will begin by acknowledging Lance Gladigau of Irritech. He infected in me enough
of his passion for water conservation to encourage me after his death to continue
his work. The result of which has been several Awards in Environmental Excellence
for our wholesale nursery.

INTRODUCTION

Heyne’s Nurseries Pty Litd is the oldest registered nursery in Australia. It was first
established in Norwood, an Eastern Suburb of Adelaide, South Australia (SA), in
1869 and has played a prominent role in the development of the SA’s nursery indus-
try. High quality stock and good customer service have been our company’s main
aims since its beginning. The challenge of the 1990s was to produce this high qual-
ity stock economically, with minimal impact on the environment. In doing so the
company aimed to increase water usage efficiency and to investigate the feasibility
of recycling its runoff water. In 1995 our company received an $11,800 grant from
the Cleaner Industries Demonstration Scheme to supplement its research.

This paper will provide information on the system of recycling water from the
wetlands that Heyne’s Wholesale Nursery has set up in conjunction with Salisbury
Council. But more importantly, it will supply information on some of the in-house
procedures taken to improve water-use efficiency and decrease pollutants.

HISTORY

In 1845 Ernest Bernhard Heyne migrated from Germany. He was a learned man
with degrees, including a Diploma in Botany from Leipzig University. These, his
experience gained as an employee of Dresden Botanical Gardens along with his
ability to write five languages and speak seven, soon landed him the job as head
draughtsman at the Royal Botanic Gardens Melbourne and Personal Secretary to
Von Mueller, the director. In 1869 after trying several other ventures E.B. Heyne
moved to Adelaide where he established a nursery in Bond Street, Norwood, and a
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Figure 1. An extensive system of windbreaks had to be erected at the wholesale site.

shop in Rundle Street, Adelaide. After his death his wife continued to operate the
business until their son Carl F. Heyne graduated from Roseworthy College. In 1924
Carl F. established a nursery/retail outlet on land he had purchased on the Parade
at Beulah Park. His son Franz W. Heyne (Wally) joined him in, and continued to
expand, the garden centre on that same site. Sons Roger and Garry Heyne became
the fourth generation to become involved in the nursery and in 1984 a 9.4-ha sec-
tion of land was purchased north of Adelaide (wheat country) at the intersection of
Bolivar and Waterloo Corner Roads, Burton. Garry Heyne established a wholesale
production nursery on this site. Both of his sons, Carl and Adam, work with him
and Roger’s son, Michael, works at the Garden Centre.

HEYNE’S WHOLESALE NURSERY

Customer Base. The Wholesale Nursery supplies both retailers and the landscap-
ing industry, the latter requiring a large range of species and container sizes in and
out of season. This has made irrigation more difficult and has resulted in much in
house research into improving irrigation practices.

Environment. The site was flat and unprotected, so a 3-m-wide windbreak of na-
tive dry-land trees were planted around the initial 4 ha to minimize wind damage
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Figure 2. Flow diagram of alternative irrigation system.

and to reduce water loss from excessive transpiration and evaporation from the pot-
ting soil and gravel. A network of 2.7-m-high windbreaks covered in 50% mesh has
also been erected to increase the wind protection within the nursery (Fig. 1).

Possible In-House Recycling. When the nursery was established, large amounts
of clay filling were transported in to allow all the runoff water to be directed to one
particular point with a view to recycling. Some areas were raised by up to 1.5 m.
Lance and I first looked at recycling the runoff water in 1994 but due to the salin-
ity of the mains supply the runoff water reached unacceptable salinity levels (Dec.
1994 — electrical conductivity (EC) 1340 uS-cm). Reverse osmosis (RO) of the
water was not viable because of the suspended fine particles (20-micron filtration
allowed 40% UV penetration). It was decided to look at the feasibility of RO treat-
ment of bore water (EC 1100 uS-cm™) and use the EC 100 pS-cm™ portion produced
to dilute the runoff water (the uncontaminated remaining bore water to be placed
in a more saline aquifer). The usable water would then possibly be disinfected with
chlorine dioxide (Fig. 2).

SUPPLY FROM KAURNA PARK WETLANDS

In 1995 discussions were held with Salisbury Council with a view to being supplied
with winter stormwater from Kaurna Park Wetlands. This was to be the first com-
mercial use of water from the vast network of Salisbury Council planned wetlands.

Water Collected at Kaurna Park Wetlands.

Quality. Electric conductivity approx 260 uS-cm, pH 7.4-7.8, the water has a very
low level of contaminants and undesirable pathogens (the principle of wetlands dis-
infestation is similar to that of slow sand disinfestation). The Salisbury Council uses
aquifer recharge water for sprinkler irrigation of parks without treatment or signage.

Storage. The water is gravity fed via a bore into the T2 aquifer. When this be-
comes impractical due to pressure build up in the filling aquifer, the recharging is
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enhanced with a pump (40 Ls?). The sandy nature of the aquifer allows injected
water to displace the original bore water (high EC) in an orderly fashion forming
a fresh water “bubble” allowing approximately 80% to be retrieved without saline
contamination. Water is retrieved on demand and pumped at 12 L-s' to the nursery
site, treated, and stored in 3 x 160,000 L tanks.

Treatment. Sulfuric acid (67%) is injected into the water, changing the pH to ap-
proximately 6.5. This assists plant growth and keeps the calcium bicarbonate from
precipitating and blocking drippers. The result is a max EC of 330 uS-cm. The
water is filtered by two sand filters and then passes through an ultraviolet disin-
festation system before entering the storage tanks. Turbidity, pH, EC, and UV are
monitored constantly. Any failures will shut supply down and solenoids then fill
tanks from two 50-mm potable mains water meters.

Use. The water is distributed through two variable speed pumps. One supplies the
sprinkler system running sections of Antelco Roto Rains® at 150 Kpa and the other
supplies a vast system of Antelco® drippers and shrubblers at 110 Kpa.

Savings. In the last financial year, the nursery used 124,000 kL of water at a cost
of $45,000 including pumping and associated chemicals. The same amount pur-
chased from the South Australian water authority would cost about $125,000.

Comments on the System.

m AUV disinfestation treatment was chosen because the turbidity of
my water was suitable, it was economical to run, proven, and with
the right equipment safe and simple to maintain.

m  In the near future the old float switches will be replaced with a
pressure transducer, as it is more reliable and easier to access
information via a computer.

m  Because the UV has no residual effect, the tanks and irrigation
lines are periodically treated with a disinfectant.

m  Not realising at the planning stage how much the pH of recharged
aquifers would vary, a fixed rate, manually adjustable acid-injec-
tion unit was installed. This will be replaced with a self-monitoring
variable injection system.

Water Saving and Chemical Reduction. Recently, we have investigated the
possibility of recycling our runoff water. As a result of the cost and the need to use
disinfectants, we have decided to continue to allow the water to run back into the
wetlands, where the treatment is far more environmentally acceptable. Regardless
of where this runoff ends up, it is essential that it have minimal contaminants. Ir-
rigation efficiency is a major part of this, as excessive wetting of the foliage causes
an increase in pesticide use, and leaching of the potting mix has a direct effect on
the amount of these contaminants. (NB: There are frogs and yabbies in our nursery
drains and the ducks in the wetlands where we deposit our runoff water are as
happy as the ones at Kaurna Park where we source our water.)

DRIP IRRIGATION

The majority of the 20-cm containers and all larger containers are watered by drip
irrigation. We will be installing more drip irrigation and will be looking seriously
at capillary for the smaller pots. In our nursery, cells of fresh potted 20-cm pots
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are irrigated in the same cycle as the more established plants adjacent to them.
We found that the water drained through the fresh potting mix quickly without
reaching the sides. We did not want to alter the mix, as the older plants were fine.
We assumed that in time, with compaction, composting, and the extra root growth
in the mix, these pots would behave the same as the older. We set up a trial. Two
trolleys were set up to be watered by drip and have the ability to collect any drained
water individually from each plant for measuring. Trolleys were used so that the
trial could be moved to avoid rain. One of the trolleys was pulse watered. Wetting
agents were added to the surface of selected pots. Results showed that pulse water-
ing had some benefits, wetting agent added to the surface had the most effect, and
the combination of the two was the best. Further testing allowed us to determine
the optimal amount of applied water. The juvenile plants could then be made to fit
with the watering cycle of the nursery.

AQUAMISER®

A persistent Lance Gladigau kept coming up with ideas that intrigued me. He
was determined that the need to irrigate a nursery was directly proportional to
the evaporation rate from a container. We installed a “V” notch weir on our runoff
drain and connected it to a chart recorder. The volume of water over the weir was
constantly recorded. We were able to plot the volume of water retained in the nurs-
ery (mains water — runoff water) on a graph. Concurrently we were able to record
water transpiration from a class A pan on a graph. The two graphs were virtually
identical. We have installed Aquamisers® to control irrigation in the nursery. We
are about to install them on beds containing low-water-use plants and will adjust
them to higher evaporation rates before operating.

SPRINKLER DISTRIBUTION

An in-field catch test was conducted on the original sprinklers and on Antelco Roto
Rains®. It was found that the uniformity of distribution (coefficient of uniformity)
could be increased from 67% to 87% by changing sprinkler heads.

SPRINKLER CONTROLLERS

Irrigation is controlled by 32-station Micro Master® controllers. To allow staff to
irrigate individual areas without running the complete cycle, and without wetting
clients, manual electric control boxes have been installed at visual vantage points
throughout the nursery. Percentage run times of the controllers are monitored and
altered according to the season. Manual input controls are also installed allowing
nonmanagement staff to irrigate according to conditions. Simplicity of operation is
the philosophy used throughout the nursery, to minimize operational errors and
water wastage.

CHEMICAL CONTROL

Weed Control. We use glyphosate on weeds that “get away,” Rout™ as a pre-emer-
gent on most containers, and Sierra Ron™ as a pre-emergent on all growing sur-
faces. Used correctly it has little effect on the environment. In fact, since we have
virtually eliminated weeds, we spray our deciduous plants less often as the breed-
ing grounds for white fly in early spring have been eliminated.
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Insect Control. We have always had a policy of using the safest possible spray
that will do the job reasonably well. We now use a Hardi MRY® knapsack mist
blower instead of a conventional tank, pump, and boom. We can spray the same
area with s of the volume of spray. That is an 82% reduction.

SUMMARY

As a result of the above measures, the installation of a variable speed pump, and
diligence, Heyne’s Wholesale Nursery has been able to reduce the amount of irriga-
tion water used (Table 1).

Table 1. Water use at Heyne’s Wholesale Nursery.

Year Water used (kL) Saving since 1993/94
1993/94 89,500
1994/95 81,000 9%
1995/96 64,000 21%

Our situation is unique, because of the adjacent wetlands, however on my recent
trip to Fremantle (Western Australia) to the National Nursery & Garden Industry
Association (NGIA) Conference, the amount of water recycling technology and the
amount of assistance available now amazed me. NGIA development officers are
available in every state. The technology is there for all to improve our irrigation
techniques now and into the future.

Evaluating an Irrigation System Upgrade®

John Messina
Sunraysia Nurseries, PO Box 45, Gol Gol NSW 2738

INTRODUCTION

As part of a major irrigation system upgrade, Sunraysia Nurseries conducted a test
of system efficiency under the Nursery and Garden Industry of Australia (NGIA)
“Waterworks” program.

The program consisted of training in assessing existing system output and ef-
ficiency, and recommendations for improvements. There were two major areas that
were examined:

m  An existing shadehouse with overhead “B500” sprinklers on a 4.0
m x 4.5 m spacing.

m  An existing group of polyhouses with overhead “Eindor” sprinklers
on a 2.0 m x 3.2 m spacing.

METHOD

Catch cans were placed in a grid across the growing areas. Irrigation was allowed
to run and the amount of water in each can was measured and analyzed using the
Waterwork calculator supplied as part of the training package.
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RESULTS
The results of multiple tests showed consistent results. The major issue with these
old designs was the poor distribution patterns. The sprinkler heads were not lo-
cated at the edges of growing areas, so significant numbers of pots (mainly at the
edges) were not getting as much water in a given irrigation time. This necessitated
longer irrigation times and frequent hand watering. Combined with the older high
output sprinkler heads, we were ending up with large amounts of runoff water to
process. After evaluating these areas and recognizing the problems, recommenda-
tions were made on system alterations to improve water-use efficiency. Major al-
terations made were:

m  Shadehouse — Toro Waterbird sprinklers on a 4.67 m x4.5 m spacing

m  Polyhouse — Toro Waterbird sprinklers on a 5.4 m x 5.2 m spacing

There were also modifications to the pumping and control valves to minimize

pressure variation within each section. The irrigation controller and pump were
upgraded to incorporate a variable speed drive, which allows multiple sections to
be irrigated simultaneously while maintaining pressure at optimum levels. New
control valves incorporated adjustable pressure regulators to further ensure stable
system output.

Table 1. Results of irrigation system improvements.

Shadehouse Polyhouse
Old irrigation New irrigation  Old irrigation New irrigation
design design design design

Mean

application

rate (mm/h) 14.5 10.7 21.1 9.7
Coefficient of

uniformity 79.7% 88.5% 71.0% 82.5%
Scheduling

coefficient 2.3 1.2 4.0 1.4

So, after all this, just how much water is being saved? It is clear that the design
modifications have lowered the mean application rates, and improved distribution
patterns. But what is the actual amount of water being saved?

A single shadehouse irrigation event on a standard irrigation section is typically
4 mm of water. On the old design, this would require 16 min of irrigation, plus an
additional 20 min to fully irrigate the driest part of the irrigation pattern, a total of
36 min. On the new design, it would require 22 min, but just 4 min to irrigate the
driest part of the irrigation pattern. This is 10 min less pumping time on each sec-
tion, or about 18,000,000 L total of water in a year.

Likewise in the polyhouses, to apply 4 mm of irrigation with the old design would
take 45 min. With the improved coverage, it takes 34 min, 11 min less on every ir-
rigation, which equates to about 250,000 L of water saved in a year.

OVERVIEW OF THE NEW SYSTEM
In the year following the expansion, the nursery had used 13% more water to ir-
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rigate 85% more plants. The reduction in output is a saving in applied water costs,
and also a reduction in the amount of run-off which needs to be dealt with. The new
pump and controller allow more flexibility in planning irrigation. A pressure sensor
and auto switch allow irrigation water to be used for hand hoses and tractor filling
points, rather than more expensive “town water.” Temperature sensors allow for
automatic cooling in heat waves, and frost protection in winter.

We have learnt that making savings in water use requires an approach beyond
just designing a new irrigation system. The lower output heads of the new system
are more prone to wind drift, and on particularly windy days, the distribution pat-
tern still lacks excellent coverage. As yet, hand watering of dry spots is still re-
quired, though on calm days is much reduced.

Overall, saving water is a complex process of planning and requires an integrated
approach to design and the requirements of the crops being produced.

Water Disinfecting Techniques for Plant Pathogen Control®

William Yiasoumi
NSW Department of Primary Industries, Locked Bag 4, Richmond NSW 2753

Water for irrigation is becoming harder to get and more expensive. In addition,
the environmental performance of industries, including nursery production, is
under public scrutiny. Water recycling addresses these issues but introduces
challenges to embrace technologies and procedures to ensure plant-safe water
reuse. The provision of disease-free water is part of this challenge.

INTRODUCTION

Many water sources for plant production need some form of treatment before
the water can be reliably used for irrigation. Water treatment includes avoiding
algal blooms, preventing precipitation of solid particles, controlling iron, and wa-
ter disinfestation.

Water disinfestation is a treatment to reduce the risk of introducing disease via
irrigation water and to control bacterial growth in the system. Many disease-caus-
ing organisms are easily transported in irrigation water from diseased plants to
healthy ones. For example, Fusarium and the root rot causing fungi, such as Phy-
tophthora, are readily spread.

PRETREATMENT

There are a number of disinfestation techniques available and their effectiveness
is affected by different aspects of water quality. Disinfestation will be a lot easier,
effective, and generally cheaper if the water is “clean” before treatment. It is a good
idea to pretreat the water so that it is free of heavy sediments, floating material,
fine colloidal clays, and organic matter. Beardsell and Bankier (1996) provide fur-
ther detail on monitoring and treatment of recycled water for nursery production.

Heavy Sediments (Sands and Gravel). These can be removed in a sediment
trap at the end of open drains. Water passes through a pool and the velocity that is
carrying the sand and gravel along is reduced. This makes the sediments fall to the
bottom of the pool. The trap needs regular cleaning to remain effective.
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Floating Material. This can be removed at the collection point of run-off from any
media storage areas, at the car park, and at the end of the drains from production
areas. A simple baffle system removes media, oils, polystyrene, plastic, and plant
material. It needs to be cleaned regularly.

Removing Clay Particles. This can be achieved with a flocculating agent like alum
(aluminium sulphate) to clarify the water, preferably in a tank rather than a dam.
Better still, avoid the problem in the first place and keep clay colloids out — seal
catchments that collect recycling water and keep dam catchments well grassed.

Organic Matter. Organic matter can be removed by filtration. The best filters to
use are media filters with 1-mm crushed basalt. This material is very angular and
hooks organic matter effectively. Disc filters can also be used but must be fitted with
at least 60-micron openings.

DISINFESTATION TREATMENTS

Water sources can be disinfested using nonchemical methods such as heat, ultravio-
let radiation, and filtration or chemical treatments such as chlorine, chlorobromine,
chlorine dioxide, and ozone.

NONCHEMICAL DISINFESTATION
Heat Disinfestation. This is effective in killing waterborne pathogens. Water is
collected in a tank after being filtered and is then pumped into the first of two heat
exchangers. The water is preheated here using the heat lost as the disinfested wa-
ter that has already been through the system cools. Next the water is pumped to
a second heat exchanger. The disinfested water is then stored in a separate tank
until needed.

One gigajoule of gas in the second heat exchanger provides enough energy to treat
about 10,000 litres of water. Gas prices vary widely within Australia. You will need
to check prices locally before contemplating heat as a disinfestation system.

Micro-filtration. Filtration of water through very fine filters almost completely
eliminates Phytophthora and most other waterborne pathogens, but, because the
filter pores get clogged, this system needs regular maintenance. Recent technology
improvements have increased the filter life to the point where they are now more
cost competitive than just a few years ago.

Ultraviolet Radiation. Ultraviolet radiation (UV) is widely used in disinfecting
drinking water. Mebalds et al. (1996) found that UV radiation is also an effective
and environmentally friendly treatment for controlling P. cinnamomi, F. oxyspo-
rum, and Alternaria zinniae.

However, the water requires greater than 60% UV transmission after filtration.
Have your water tested for turbidity before considering this method, as the water
has to be free from suspended particles and tannins (iron and manganese ions ab-
sorb UV light, as do coloured chelates). A survey found that very few growers had
water sources with UV transmission rates over 60%. Filtering generally does not
greatly improve UV transmission of water, but it is a key element in UV treatment
as it is needed to remove solids that may protect fungal spores from radiation.

Slow Sand Filtration. Slow sand filtration passes water slowly through a me-
dium (sand or manufactured volcanic rock fibres) and microorganisms, living in
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the filter, kill pathogenic bacteria and fungi. Soon after the filter process begins, a
skin forms on the surface of the filter bed. It is made up of organic and inorganic
material and a wide range of biologically active microorganisms that breakdown
organic matter.

Gail Barth (1998) found that irrigation water with a high algal or silt content
needed pre-filtering prior to slow sand filtration. In terms of effectiveness, Barth
(1998) recommends a layer of 100 mm of water be maintained over the filter surface
and that this layer of water be constantly circulated with the use of a small pump
from the overflow tank or from the filtered reservoir.

CHEMICAL DISINFESTATION

Chlorination. Chlorination is the most widely used disinfectant in the ornamental
industry. One of chlorine’s biggest advantages is its ability to provide a stable residual
that helps clean slimes out of the irrigation system as well as benches and paths. If
chlorine is to be effective in controlling the spread of pathogens, it is essential to ac-
curately control both the free chlorine content and the pH. Chlorination is unsuitable
if the pH of water is above 7.5. Unfortunately a survey of recycled water in Australian
nurseries has shown that its pH is often above 7.5, so acidification prior to chlorina-
tion is necessary.

Chlorine comes in a gas, liquid, or powder form. Current safety requirements
preclude gas. Liquid (sodium hypochlorite) is more convenient for accurate dosing
than powder. Check the free chlorine percentage of your sodium hypochlorite, as it
varies in different states of Australia. A metering pump is used to accurately sup-
ply the desired concentration of residual free chlorine. These pumps can be used
to adjust the chlorine rate to meet the range of water quality variation throughout
the season.

When using chemical solutions in an irrigation system on town water, a suitable
backflow device is required to stop reversed flow to the water service.

Chlorobromination. Bromine has a similar action as chlorine in disinfesting wa-
ter. Just as chlorine needs to form hypochlorous acid, so too, bromine needs to be
formed into hypobromous acid to be active. This is best done by adding sodium
bromide to sodium hypochlorite. Thus chlorobromination provides two oxidising
agents, hypobromous acid and hypochlorous acid.

Hypobromous acid is a very effective disinfestant over a wide pH range. At pH
8.5, 60% of bromine is still present as hypobromous acid whereas with chlorine very
little hypochlorous acid remains at pH 8.5. Recycled water commonly used in hor-
ticulture contains various and fluctuating levels of ammonium and other nitrogen-
based compounds. Both bromine and chlorine react with these compounds to form
bromamines and chloramines. Chloramines are poor biocides, while bromamines
show disinfestation properties comparable to free bromine which means less chemi-
cal should be required when using bromine.

Chlorine Dioxide. Chlorine dioxide is a greenish-yellow gas that is relatively un-
stable and cannot be stored or transported. For this reason it is formed on-site by
combining hydrochloric acid with sodium chlorite. Chlorine dioxide concentrations
are also affected by impurities in the water, and sensors need to be installed to ad-
just the generator output to maintain the required concentration.

Despite its complexity and high capital cost, chlorine dioxide has advantages. The
material is a potent oxidant with rapid contact time kill rates at a low concentration
and will work in water with pH as high as 10.
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Ozone. Ozone is an unstable gas that occurs naturally in the earth’s upper atmo-
sphere. Passing dry air or oxygen through a high-energy electric field produces ozone.
The oxidation potential of ozone is about twice that of chlorine and it reacts more
rapidly and is less affected by pH and temperature. Ozone can control algae, oxidise
manganese and ferrous ions, and many agricultural chemicals including some herbi-
cides. It coagulates natural water constituents, which improves filtration.

Ozone does not produce environmentally unfriendly by-products as chlorine and
bromine do. However it has a number of disadvantages. For example, it is expen-
sive and it is difficult to measure the “residual” since it breaks down quickly.

Special consideration must be given to the materials in contact with ozone as it
quickly corrodes brass, rubber, and many plastics. Stainless steel is suitable, as
are silicon “O” rings. The major disadvantage is its cost. It is a highly unstable gas
and must be generated on site, an expensive process. Mebald et al. (1996) has more
information on the use of 0ozone and chlorine dioxide for disinfestation.

TIPS FOR SUCCESSFUL DISINFESTATION

m  Know the quality of the water you are treating. This can change
constantly.

m  Before choosing a water disinfestation strategy you should do a
complete analysis of water quality over an extended period (say 12
months), as seasonal variation can be substantial.

m  Whatever disinfestation system you select, pre-treatment has a big
bearing on its success.

m  Chemical systems need monitoring to ensure the right dose is
available.

m It may be necessary to install automatic pH adjustment equipment
in the system, as most recycled water has a high pH, which is
unsuitable for many disinfestation systems.

m  Ifyou are adding nutrients to your water, wait 30 min after treat-
ment before injection.

m  Where frequent backflushing of the filter is required, automation
may be desirable (adapted from Rolfe et al., 2000).
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Growing Plants in Hot Climates®

Robert Chin
Nursery & Garden Industry Victoria, PO Box 431, East Caulfield VIC 3143

INTRODUCTION
Hotter weather is one of the greatest challenges in a production or propagation
nursery in Australia. Our earliest growers from Europe struggled with growing
plants in Australian conditions because they were used to the cooler temperatures
and lower light levels. It is very hard to grow or propagate plants well when it is
so hot. This puts growers in hotter climates at a disadvantage that they need to
overcome in order to compete with growers in cooler climates.

So, how do you grow and propagate plants well? What does summer mean to you
in your nursery? And, what should you be doing to minimise climatic impact? It is
very difficult to grow plants from climates that are so different to ours.

THE HOT CLIMATE IN MILDURA
Very hot climates like the Mildura region are conducive to growing good fruits and
vegetables but present some significant challenges for the local plant producers.
Not only is it hot here, but also it is also dry and evaporation is high.

Figures 1, 2, and 3 show the variation in temperatures and climatic features of
Mildura relative to other Australian cities (source of data: Bureau of Meteorology).

WHY BE CONCERNED ABOUT THE HEAT?
It is simple to say that it is harder to grow temperate plants in the heat, but why is
it so? This is not meant to be a plant biology lesson but a brief description will help.
A plant is all about its leaves and roots. Plant leaves are thin and therefore heat
up and cool down very fast. Plants transpire — it is their cooling system; water is
brought up from the roots and evaporates from the leaves through the stomata. If
the temperature gets too high or the humidity gets too low, the plant can’t move
enough water up from the roots to the leaves, so the stomata start to close to pre-
vent further dehydration. This slows water uptake, which reduces nutrient uptake.
When stomata close, plant growth virtually stops, so in hot periods, there is often
very little growth and leaf and fruit cells start to collapse and die. This normally
happens when the leaf temperature gets to 35 °C.
Heat also has the following direct and indirect impacts in the nursery:
m  Can burn or scald plants, foliage, and flowers — caused by dehydration.
m  Reduces moisture available to a plant in growth medium.
m  Ifroot temperatures get too high it will slow down plant growth.
Plants in pots will heat up quickly. Ideal medium temperature is
between 15-30 °C.
m  Heat is often associated with hot winds that also increase transpiration.
m  Seed germination and root initiation on cuttings are particularly
susceptible to hot weather. The larger the root system the greater the
plants ability to cope with hot weather.
m  Makes it harder for your workers to perform at their peak.
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Figure 1. Annual rainfall in mm (left column) and evaporation in mm (right column) for
each Australian capital city and Mildura.
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Figure 2. Average temperature (°C) in the Australian capital cities and Mildura.
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Figure 3. Average summer temperature (°C) in Australian capital cities and Mildura.
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WORKING AND COPING WITH THE HEAT IN NURSERIES

So what are the mechanisms, coping actions, and other management systems you
need to put in place in the hotter weather? I have outlined some strategies for you
to consider in your nursery business.

Irrigation Systems. Sprinklers work to put water on plants and irrigation can be
used for cooling down the plants on hotter days.

m  Ensure that you have a well designed and correctly functioning
sprinkler system. Concentrate on the potentially dry bits (corners,
along the aisles, and northerly groups of plants).

m  Ensure that all plants are getting watered, even on hotter windy
days, and that water isn’t being wasted.

m  Plants in pots will die very quickly in summer and reduced growth
rates due to water stress can be significant.

m  If possible, group plants with similar water requirements in the
same area to allow most flexibility in sprinkler run times and
frequencies.

m  Use pulse watering to cool plants outside.

m  Precipitation rates of sprinklers should aim to match the ability of
the potting mix to take the water up.

m  Consider, drip, capillary matting, and flood and drain as superior
water-saving systems.

Irrigation Cycles. Summer watering is quite different; in fact you should change
your watering cycles regularly to match the season. Automatic irrigation systems
are great in the nursery but the controllers that operate them do not know it is sum-
mer unless you tell them by changing their cycles. Plants require extra water in the
hotter weather to cool down.
m  Aim to water plants according to their needs.
m  Normal watering should be finished before the sun comes up to
minimise the losses due to wind and evaporation.
m  Supplementary watering is often necessary but is time consuming
and expensive.

Water Supply and Storage. Summer is the time when everybody else is using
more water as well, but summer is not the time to consider this — it is too late.
Planning for summer water needs is a job for the cooler months. In summer water
availability is typically reduced and the flow from bores can also be lower. Be aware
of the following factors regarding water supply over summer:
m  Dams get lower and salt levels will increase in the water, which
might harm plant tissue and cause nutrient imbalances.
m  Flow levels in rivers, creeks, and aqueducts may be affected. The
effects of this are compounded in periods of extended dry.
m  Water supply might not be guaranteed in some areas most severely
affected by heat (e.g., bushfires will reduce pressure, might cut off
power, etc.).
m  Plans should be made for the worst case scenario and now is prob-
ably a good time to think about long-term water needs, including
recycling and treatment, if you are not already doing so.
m  Always have an adequate amount of water in storage with good
back-up systems.
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Fertiliser and Nutrient Management. Plant nutrient requirements will also
change in summer and this should be planned for. Plants need more water for cool-
ing but not necessarily more of all the nutrients.
m  Check your fertiliser regime in conjunction with your media and/or
fertiliser manufacturer.
m  Increased watering will increase the possibility of leaching of nu-
trient salts from your pots.
m  Liquid feeding is more popular than ever — check your percent-
ages and ratios, in particular those of the water-soluble nutrients.
m  Urea-based fertilisers like isobutylenediurea (IBDU) are poten-
tially dangerous in hotter weather if rates are not right.

Spraying and Chemical Applications. Whilst the hotter, drier weather will
mean that generally you will have less pests and disease, mites do love the hot dry
weather. In summer you may also have increased weed growth. Spraying is still
required and you need to be aware of the implications of hotter weather on your
pest management system. Spraying on hot days is a very risky business especially
with volatile chemicals.
m  More spray is lost due to evaporation and the northerly winds will
increase potential for damaging drift. Ensure you don’t spray on
hot windy days.
m  Try to limit sprays on hot days because the chemicals may damage
the foliage or flowers on the plants by marking. Efficacy of chemi-
cals can be increased in hotter weather. The potential for marking
with adjuvants/stickers is increased.
m  Ifyou are using recycled or dam water then the pH of this may
change over the summer period — this may have an impact on a
chemicals efficacy
m  Chemical stores can get too hot and vapours can be an OH&S
issue — be aware of this.

Potting Media. If media is crucial to growing plants then be aware of the affects
and variations that the heat might cause in production and propagation media.
m  Increased temperatures can cause a premature release of the salts
in fertilisers in potting mix, i.e., controlled-release fertilizer (CRF)
dumping.
m  Ifyou do have to store the media for extended periods ensure that
the mounds are kept low (less than % m in height) if they contain
CRF. If salts do build up then make sure plants are thoroughly
watered in.
m  Don’t allow the media to completely dry out as this can increase
the risk of airborne particles. Wet it down to keep it cool as well.
m  Temperate plants are more affected by release variations — leach-
ing may be necessary.

Staff and Heat. Like plants, your staff can wilt under the pressure of the excessive
heat in summer. Ensure that your staff is well protected.
m  Ensure all staff wear adequate protective clothing and other
personal protective equipment including, wide-brimmed hats, long
sleeve shirts, and a sunblock with a high SPF.
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m  Consider extra breaks on the hottest days for extra drink breaks
and relief from the hot sun.

m  Consider the provision of temporary shade structures.

m  Be aware of the signs of sunstroke and other heat related illness.

m  Plan the working day so the tasks that are done in the sun or in
hot greenhouses are done in the cooler parts of the day.

m  Hot dry weather means that potting mix and other particles dry
out and become more of a hazard. Staff should be particularly
aware of dust from potting mix in hot, dry weather.

Growing Structures. Growing plants indoors successfully in hot climates is all
about design. Good house design will allow you to grow plants in them regardless
of temperatures outside — cold or hot. Air movement and ventilation are crucial.
Ventilation can be natural (passive) or supplemental (forced air), both are utilised
to cool things down in warmer weather.
m  Natural ventilation — roof or sidewall vents allow hot air to
escape. Typically the open area should be no less than 20% of the
floor area, but 25% is optimum. High greenhouses ventilate much
better than low ones and 4 m to the gutter is now common.
m  Ventilation should be automatic, ideally based on thermostats, not
time.
m  Misting can be used to cool greenhouses as well.
m  Utilise whitewash and shadecloth in the warmer months but do
not forget to remove them when it starts cooling down. White
shadecloth is better than black or green because it reflects more
light, but still absorbs about 20% of the heat. Aluminium screens
and other mechanical methods of shading work well and repay
the capital investment quickly, achieving 6-7 °C variations under
aluminium screens.
m  Exhaust fans can be used when there is insufficient natural ven-
tilation. Exhaust fans are cheaper to install than motorised vents,
but they are noisier and use a lot more power.
m  Exhaust fans should be sized to give 30—60 air changes per hour.
Inlets for exhaust fans should be 1.5 times the area of the fan outlet.

Evaporative Cooling and Misting Growing Structures. Both systems are
used, though misting is more common.

m  Fogis much more common and can give a larger and more even
drop in temperature of up to 14 °C on hot, dry days.

m  Always have back-up systems (pumps and power) available for
misting systems and check nozzles regularly to sure that they are
not blocked.

m  Effectiveness of cooling in houses is dependent on relative humidity.

m  Using misters can increase humidity, which can be a negative
side effect.

m  Droplet size is crucial — not too big!

m  Low-pressure misting systems are becoming more commonplace
and are proving to be effective.
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Stock Plants. In propagation, the best result comes from healthy stock plants and
the best plants in pots come from healthy cuttings. Reducing stress levels of stock
plants will give you the best results.
m  Stock plants need to be well watered to maintain vigour.
m  Reduce potential competition by removing weeds, mulching, or us-
ing a weed mat.
m  Reduce stress levels by ensuring pests and diseases are well con-
trolled.
m  Sensitive stock plants can be grown in protected environments.
m  Take cuttings in the cooler parts of the day and use immediately or
cool down if storing (4 °C is ideal).
m  Take wet towelling or wet paper into the field to wrap the cuttings.
This allows evaporative cooling of the cuttings.

OTHER POINTS ON HOT WEATHER
Flower colour is often different in Australia to what you might see in Europe. They
either wash or fade out faster, or are lighter as they fade in higher light levels.

Insect screens are desirable in greenhouses but do reduce ventilation.

Wind and air movement are good for plants and cooling. This often conflicts with
some of the other things that we are trying to do with growing plants though. Too
much wind can be a bad thing. Consider properly spaced windbreaks.

Despatch and transport in hot climates needs to be carefully planned. Plants in
trucks or on tarmacs get very hot and can expire quickly. If you want your plants to
arrive in good condition at your customers nursery then be aware of this and plan
to avoid it!

Plants from hot climates grow better than plants from temperate or cold climates
in hot places like Mildura. It is easier to grow plants that originate in hotter climates
in these areas. Some taxa of the same genus and species will vary in their ability to
cope with heat. Refer to the Diggers Heat Zone Map for details (<http://www.diggers.
com.aw/GrowingGuides.htm>). The map shows the various locations around Austra-
lia that are climatically similar (i.e., they have the same number of hot days above 30
°C). This will give us an indication of how you would expect Australian plants from
the various climate zones to grow and cope with hotter weather.

CONCLUSION

Hot weather just happens; it seldom sneaks up on you. It comes at the same time
every year. Be prepared and you will cope well. The hotter part of the year is inevi-
table; you can’t stop it, but you can live with it and so can your plants.
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INTRODUCTION
Williams et al. (2001) estimates that there are approximately 160 alien species that
require some form of control in New Zealand, 1,900 adventive species whose weed
risk status needs assessing, and a further 18,000 species in cultivation, of which at
least 4,000 are listed as weeds in other countries. In 2002 Timmins and Popay esti-
mated that 240 species of invasive weeds were threatening indigenous biodiversity
and that 75% of New Zealand’s environmental weeds were originally introduced
as garden plants. They also estimated that there is a pool of 20,000 to 25,000 in-
troduced plants in cultivation of which 2,100 have become naturalized, and Essler
(1988) calculated that four new species are naturalised every year in the Auckland
urban area. It is further estimated that:
m 1%2% of all introductions will become significant environmental
or agricultural weeds (Williams et al., 2000);
m  Weeds have invaded nearly all types of indigenous plant communi-
ties (Williams, 1997);
m  Over one-third of off-shore islands have a weed problem (Atkin-
son, 1997);
m  Weeds will degrade approximately 575,000 ha within 10-15 years
if no controls are implemented (Buddenhagen et al., 1998);
m  Weeds are a direct threat to one-third of all New Zealand’s nation-
ally threatened plant species (Reid, 1998);
m  Of 117 taxa recorded as naturalised between 1988 and 1993 16%
were probably accidental contaminants, while 84% were horticultur-
al escapees from gardens and amenity plantings (Lee, et al., 2000);
m It has been conservatively estimated that the cost of managing
weeds and pests is $840 million or 1% of gross domestic product
(GDP) (Hackwell and Bertram, 1999).

THE ACTS

It was with this knowledge that both the Biosecurity Act 1993 (BA, 1993) and
Hazardous Substances and New Organisms (HSNO) Act 1996 (HSNO, 1996) were
drafted and passed by the New Zealand Parliament. The purpose of the HSNO
Act “is to protect the environment, and health and safety of people and communi-
ties, by preventing or managing the adverse effects of new organisms.” The HSNO
Act is effects-based, and decisions are made by weighing up positive (benefits) and
adverse effects (risks or costs). However, the Act requires that a precautionary ap-
proach be taken where there is scientific and technical uncertainty about adverse
effects. Further there is a set of minimum standards that require an application to
be declined if there is likely to be:

m  Any significant displacement of any native species within its natu-
ral habitat,
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m  Any significant deterioration of natural habitats, and
m  Any significant adverse effects to New Zealand’s inherent genetic
diversity, or
m  Adisease or parasite, or a vector of a disease or parasite of humans,
animals, or plants unless that is the purpose of its introduction.
This was a significant change in policy at least in regards to the introduction of new
plant species, which had been virtually uncontrolled for the previous 150 years.

NEW PLANT INTRODUCTIONS

Since the New Organisms component of the HSNO Act came into force in 1998 there
have been only two applications for plants species to be unconditionally released, us-
ing the rapid assessment provisions, into the New Zealand environment. These were
for Xanthorrhoea glauca and X. johnsonii, Australian grass trees, and 11 species
of Agathis. The former was approved while the latter was not approved due to the
uncertainty surrounding the cultural dimension of risk to kauri (Agathis australis).
In the latter case the applicant did not pursue any of the other available avenues of
release. The lack of applications is thought to be a result of the plantsmen perceiv-
ing that the HSNO Act process is too difficult and too expensive. While the Act is
demanding, a part of the failure has been on the part of the plantsmen not engaging
with the HSNO Act and of ERMA New Zealand not communicating the possibilities
that the provisions of the Act provides. These provisions are the determination of
the new organism status of a species, and the successive steps of importation of new
species into containment, field trial, conditional release, and release.

Many plantsmen’s first contact with ERMA New Zealand is when their importa-
tion of seeds or plants are stopped at the border by Ministry of Agriculture and
Forestry’s Quarantine officials because the species being imported does not occur
on the Plant Biosecurity Index (PBI) (MAF, 2005). Justifiable criticism can be lev-
eled at the implementation phase of the HSNO Act in that no provision was made
to create a definitive list of all the plant species that occur in New Zealand. The
PBI was an 11th hour attempt to at least have a rudimentary list in place when the
HSNO Act came into force. When an importation of plants is stopped at the border
for this reason the importer will be referred to ERMA New Zealand for a statutory
determination as to whether or not it is a new organism under the Act. A statutory
determination although free in the past will probably incur a $1000 application
fee. However, where the evidence for its presence in New Zealand is incontrovert-
ible ERMA New Zealand has instituted a free, nonstatutory or informal process by
which the evidence is evaluated and the Chief Executive issues a letter stating that
the organism is not new. Where the evidence is ambiguous or lacking a statutory
determination is likely to be unsuccessful.

Where a statutory determination of the new organism status of a species is un-
likely to succeed or has been unsuccessful, i.e., the organism is still considered to
be “new,” there is a tendency for the importer to fall-back into a pre-HSNO Act
mode of thinking. This usually results in the importer pursuing an application for
a full release despite the high hurdles created by the precautionary principle and
the minimum standards. A better, but more circuitous, approach might be to apply
for an importation into containment. In containment the plant could be trialed for
suitability for its intended purpose and more data gathered to assist the release
application process. This could be then followed by an application to field trial or
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for a conditional release. Again at each step more data could be gathered as to the
suitability of the plant for its intended purpose and to gather further data pertinent
to the next step. Moving through such a process will act as a sieve for species that
have undesirable environment or commercial traits.

Each step in the process described will incur an application fee which will pro-
gressively increase from $1000 through to a maximum of $35,000, as well as infra-
structural and compliance costs to maintain containment. This could be overcome
by plantsmen acting in the sector interest and pooling resources through an asso-
ciation, such as the Nursery and Garden Industry Association (NGIA), to cover the
costs of applications, establishing national containment facility, and regional field
trial and conditional release trial sites. Taking a generic approach to applications
rather than a species-by-species approach could further enhance this. Such an ap-
proach would be welcomed by ERMA New Zealand, but it can only succeed if the
sector developing a cohesive strategy.

An example of such an approach might be for an application to import into con-
tainment the hypothetical plant genus Ermanzia which might consist of species E.
alpha, E. beta, E. gamma, and E. delta. In containment E. alpha is found to have
weedy characteristics and is eliminated from any further consideration. A field trial
application is then made to carry out the trial at a nationally established field trial
site. As a result of the field trial species E. beta is eliminated because it has unde-
sirable commercial traits, e.g., it is poor flowering. This is followed by an applica-
tion for conditional release in regionally established trial sites in Auckland, Christ-
church and Dunedin. The results of the trials are that species E. gamma performs
well in all three sites but E. delta only does well in Christchurch and Dunedin. The
developer of these plants may then choose to pursue full release with the knowledge
that the E. gamma will only be made commercially available in the South Island
while E. delta will be commercially released nationally, or the release of E. gamma
will not be pursued, as it is not economically viable. Such an approach is both com-
mercially and environmentally sensible when compared with the non-evaluated
release of a plant species.

Another possibility might be where species traits allow the conditions to be placed
on what would be to all intents and purposes a release. Such controls would be to
mitigate any risk that the species might become invasive. One example of this would
be a dioecious species, in which there are separate male and female plants as in the
case of the maidenhair tree (Gingko biloba). A condition that could be put on such a
species would be that no female plants were to be imported or released. The result
would be species that could not become invasive. Such controls would satisfy many
of the hurdles created by the precautionary principle and minimum standards.

CONCLUSION

In conclusion, the HSNO Act was implemented for the purpose of protecting New
Zealand from the importation of further undesirable plant species. As such it needs
to be noted that the Act is now part of the horticultural landscape and needs to
be engaged by those who wish to pursue the importation of new species. It is be-
lieved that by taking a strategic sector approach to the HSNO Act rather than an
individual approach many of the obstacles, both real and perceived, created by the
precautionary principle and the minimum standards can be used to the advantage
of the sector and the individual plantsmen.
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EXOTIC PLANTS ARE OUR WEALTH

Exotic plants and animals have made New Zealand a wealthy country. In 2003-04,
64% of New Zealand’s exports came from primary land-based industries (Table 1).
These industries are almost totally built on exotic plant species. Pastoral agricul-
ture is dominantly based on ryegrass and white clover from Europe, forestry on
the Monterey pine (Pinus radiata) and Douglas fir (Pseudotsuga menziesii) from
Western U.S.A., and horticulture dominated by kiwifruit (Actinidia) from China
and apples from central Asia. Horticultural exports are made up of a much more
diverse mixture of species than agriculture or forestry and over 20 fruit, 15 veg-
etable, and 10 ornamental species are separately itemized in the export statistics
(HortResearch, 2004). All the species listed in the horticultural export statistics are
exotic plants from around the world except for two native species, sphagnum moss
(Sphagnum cristatum) and Pittosporum (HortResearch, 2004). Together these two
products contributed $8.6 million, which is a very small percentage of the $2.2 bil-
lion horticultural exports in 2003—04. Some native species would also be included in
the export statistics under the collective plants and foliage items but these groups
are also very small ($15.3 million) compared to the total export return.

Table 1: Land-based primary industry export receipts 2003—04.

NZ $ billions
Agriculture 13.05
Forestry 3.23
Horticulture 2.22
Subtotal 18.5
Total exports 28.7

(Source: Ministry of Agriculture and Forestry, 2004a.)

New Zealand growers are internationally recognised for being innovative and
developing new crops. In addition to kiwifruit, commercial development has cre-
ated international markets for South African Zantedeschia and Sandersonia as cut
flowers and for South American feijoas [Acca sellowiana (syn. Feijoa sellowiana)]
and tamarillos (Cyphomandra betacea) as export fruit. The ornamental industry in
particular is continually searching for new colour and form in flowers, foliage, and
plants to gain a market edge as fashions and demand change. These developments
were made possible by the free flow of plant species into New Zealand that occurred
in the past. Future developments will require a constant flow of new plant material
so that new species can be evaluated and appropriate colours and forms selected
and bred for international markets. Research and development and innovation
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have been key drivers of the horticultural industry in the past and are likely to be
key determinants of future growth (Ministry of Agriculture and Forestry, 2004b).
Innovation has not only played a key role in the development of horticulture but is
also seen by government as a general requirement to return New Zealand to the
top half of the Organisation of Economic and Cooperation Development (OECD)
rankings by 2011. To do this, government is committed to implementing policies
that provide a framework to enable an innovative society to flourish (New Zealand
Government, 2002).

BARRIERS TO INNOVATION

Counter to the government policy of providing suitable business conditions to enable
innovative development, the regulatory legislation of the 1990s has placed signifi-
cant barriers in the path of growers and plant breeders seeking new opportunities
from new plant species by virtually stopping new plant species introduction. The
two pieces of legislation are the 1993 Biosecurity Act, which focused on the “exclu-
sion, eradication, and effective management of pest and unwanted organisms”, and
the 1996 Hazardous Substances and New Organisms (HSNO) Act, which focuses on
the “management of hazardous substances and new organisms”(New Zealand Gov-
ernment, 1996, 1998). Under these Acts the Ministry of Agriculture and Forestry
(MAF) administers plant health standards to keep out unwanted pests and dis-
eases on imported plant material, and a Plants Biosecurity Index (Ministry of Agri-
culture and Forestry, 2005), which is a list of plant species they consider acceptable
to grow in New Zealand. Species not listed on the Biosecurity Index are required to
go through an environmental risk assessment before being placed on the Biosecu-
rity Index. Currently about 27,000 plant species are listed on the Biosecurity Index,
but it is well known that the Index is incomplete and some botanists estimate that
there are as many as 40,000 exotic plant species in New Zealand. This means that
there may be up to 50% more exotic species in New Zealand than listed by MAF and
yet these plants are not officially recognised as being in New Zealand. The result
of this is that germplasm of these species cannot be imported until they are placed
on the Plants Biosecurity Index. Although MAF is the regulatory body it does not
know what plant species are in New Zealand.

The purpose of the HSNO Act is stated as “to protect the environment and health
and safety of people and communities by preventing and managing the adverse
effects of hazardous substances and new organisms” (New Zealand Government,
1996). Most people would agree with this sentiment, but it is the definition of a new
organism, which puts a sting in the tail. The definition is: “a species of any organ-
ism which was not present in New Zealand on the date of the commencement of
this Act” (New Zealand Government, 1996). This places plant species in the same
category as pathogenic microbes, insects such as fruit flies, and animals such as
snakes. It is important to note that the HSNO Act is focused on the adverse effects
of plants rather than the much more important beneficial attributes of most plants.
From this perspective it is a justifiable argument that plants should be completely
removed from the HSNO Act and the biosecurity focus concentrated only on plants
with undesirable characteristics. This would return plants to their previous status of
free entry into New Zealand provided they met plant health standards and were not
considered undesirable. After all, exotic plants provide the developed landscape of
New Zealand and are the cornerstone of the New Zealand economy and way of life.
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THE ENVIRONMENTAL RISK MANAGEMENT AUTHORITY (ERMA)

Under the HSNO Act any plant species that is not on the MAF Biosecurity Index
needs an environmental risk assessment undertaken before it can be introduced
into New Zealand. This is undertaken by ERMA who have a rapid and full assess-
ment process. An application for rapid assessment costs $500.00 and ERMA has to
be satisfied that the organism is not unwanted and that it is highly improbable that
the organism after release could form self-sustaining populations anywhere in New
Zealand (taking into account the ease of eradication) or could displace or reduce val-
ued species or cause deterioration of natural habitats (New Zealand Government,
1996) These definitions in the Act make it very difficult to consider plants under
the rapid assessment process because little is known about the capability of many
new species to form sustainable populations somewhere in New Zealand and what
is known is a matter of conjecture. Since 1998 only two new species of Australian
grass trees (Xanthorrhoea glauca and X. johnsonii) have been introduced under the
rapid assessment regulations. Both were introduced for interior and semi-interior
decoration and were seen to provide no environmental threat. Application to import
11 new species of Agathis was declined on the grounds of Maori cultural sensitivity,
as covered by the Act, even though there are nine exotic species of Agathis already
in New Zealand.

The full assessment procedure to enable a new species to be grown anywhere in
New Zealand has an application fee of $30,000 and entails a full environmental
risk assessment. Not surprisingly, no new plant species have been introduced. In
effect, the high fee has stopped new plant species coming into New Zealand and no
new economic species have been introduced in the last 7 years. This is an extraor-
dinary state of affairs for a country reliant on exotic plant species for its economic
survival. It is also a very serious situation for our future economic development
as an analysis by Halloy (1999) concluded that up to 20 new species needed to be
developed each decade to maintain economic growth. Prior to the HSNO Act an
estimated 500 to 600 new plant species were brought into New Zealand annually.
In 7 years this equates to 3,500 to 4,200 species and at a cost of $30,000 per species
this represents a cost of $105 to $126 million or $15 to $18 million per year. As an
example of the draconian nature of this legislation, today it is highly likely that
kiwifruit would not have been allowed entry into New Zealand and we would not
have had the opportunity to develop a billion-dollar industry (Douglas, 2005a). It is
not surprising that no new plants have been brought into New Zealand under the
full assessment programme because for many species it is not known whether they
can be successfully grown until they have been tried. It is a trial-and-error process
without any surety of success. Consequently, the risk of failure and losing money
are high. Secondly, the primary applicant to bring a new plant species into New
Zealand has to meet all the environmental risk assessment costs but once the plant
is approved and placed on the MAF Plants Biosecurity Index it is subsequently al-
lowed free entry. In essence, the implementation of the HSNO Act regulations by
ERMA does not mirror the intentions of the Act, which requires the regulators to
take into account the “enhancement of the capacity of people and communities to
provide for their own economic, social, and cultural well-being” the economic ben-
efits of any new organisms, and the sustainability of introduced flora (New Zealand
Government, 1996). Essentially ERMA has prevented any adverse environmental
effects by virtually stopping the introduction of new plant species. Environmental
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risk has been overcome by eliminating the risk factor rather than managing it,
without taking into account any economic, social, or cultural considerations of new
plant introduction.

ENVIRONMENTAL RISK — HOW REAL IS IT?

In relation to plants, the HSNO Act was brought in to manage any adverse effects
of new introductions. It is therefore relevant to look at past plant introductions as
an indicator of what to expect in the future. From past plant introductions it is esti-
mated that there are 30,000 to 40,000 exotic plant species growing in New Zealand.
Consequently there are 12 to 15 times more exotic plant species in New Zealand
than native ones. Of these exotics, 2108 or 5% to 7% of the total exotic plant species
are listed as having naturalised (Wilton and Breitwieser, 2000). Of these 154 species
are recognised as pest plants and are banned nationally or regionally (New Zealand
Pest Plant Manual 2005). This represents 7% of the naturalised exotic species and
0.4% to 0.5% of the total exotic flora in New Zealand. It can be concluded from these
numbers that any environmental threat comes from a very low percentage of exotic
species and that the majority of introduced species (99% +) pose no threat to the
environment at all. From this summary there seems little justification to assess
all plants coming into New Zealand for environmentally harmful effects when his-
tory shows the vast majority poses no threat at all. Government regulations in the
second schedule of the HSNO Act already include a short list of prohibited plants
as well as other prohibited species that are listed in the Plants Biosecurity Index.
Regulating unwanted plant species seems a much more sensible approach to mini-
mize environmental risk rather than examining the environmental risk of all new
plants coming into New Zealand when most are of no environmental threat. Devel-
oping a Biosecurity Index of undesirable plants instead of acceptable plants would
allow the free entry of the majority of plants into New Zealand and dispense with
the cumbersome bureaucracy of the open-ended Acceptable Plant Index, which has
created the barrier to innovation and development.

The importation of nursery stock of plants that are on the Plants Biosecurity
Index faces an additional hurdle — the requirement to meet an import health stan-
dard. Keeping out unwanted diseases and pests is a key requirement of the national
biosecurity policy but currently import standards are not available for many minor
crops and no importation is permissible without one. This is a second frustration for
plant importers and developers and one that needs resolution.

NEW PLANT SPECIES ARE NEEDED TO GROW THE ECONOMY

The warm to temperate New Zealand environment provides ideal conditions in
which to grow a very wide range of economic species. Nevertheless the number
of exotic plants in New Zealand represents less than 10% of the estimated world’s
flowering plant flora of 422,000 (Govaerts, 2001) and many new opportunities are
apparent from plant species not currently in New Zealand. Essentially, the current
regulation of Government has cut New Zealand off from using this world flora as a
resource to develop new products that may expand the economy. Modern transport
systems mean world markets are available to New Zealand growers but there is
a need for rapid action to capture the opportunities as market demands change.
Fashion has an important influence on the ornamental trade, and developing new
products with novel colours and forms is a key requirement to gain a market edge.
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Demand for new plant products has become more sophisticated with increased
emphasis on plants as resources for specific plant compounds. This is the concept
of plants as factories’ where new plant compounds are sought as starting blocks
for new industrial products or bioactive compounds are extracted for use in foods,
cosmetics, and natural medicines (Douglas, 2005b). Beneficial plant characteristics
are now being identified at the molecular level and with modern plant breeding
methods they can be used to enhance the economic potential of unrelated species.
New plant species and their targeted development for specific end uses will be
needed for new market opportunities, environmental adaptation to climate change,
and resource issues such as bioenergy production. The increasing importance of
identifying and understanding the constituents of plants emphasizes the need to
safeguard the world biodiversity of plants for possible future use. This requires an
active global policy to protect threatened and endangered species. New Zealand has
a role to play in providing a safe haven for species that will grow here. Currently
we cannot offer this haven for plant species not listed on the Biosecurity Index.
This need and all the opportunities and benefits that new species bring require a
constant flow of new plant material into New Zealand and for this to happen there
need to be minimal barriers to new plant introductions.

CONCLUSION

The biosecurity and HSNO regulations introduced in the 1990s have stopped the
entry of new germplasm for evaluation, selection, or breeding within New Zea-
land for the last 7 years. For a country dependent on exotic species for its wealth
this amounts to a national disaster. Exotic plants are the backbone of the New
Zealand economy and there is a requirement for a continual flow of new plants
entering New Zealand to develop new products for new market opportunities. Un-
less the regulations are changed the lack of new plant material coming into New
Zealand is likely to have serious long-term consequences for the economy. The
regulatory emphasis on the adverse environmental threat of new exotic plants
is totally misplaced compared to the benefits that new plant material can bring.
Plant import regulations should focus on keeping unwanted plants out of New
Zealand and allow the free entry of all other plants provided they meet disease
and pest health standards.
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Unforeseen Consequences®
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488C Don Buck Rd, Massey, Auckland

INTRODUCTION

Every person on earth has an individual view of the world. This is influenced by the
culture in which we are raised, by our education, and by individual experiences as
we pass through life. Misunderstandings often arise when discussing a topic if we
do not checkout the other person’s perceptions, or we do not clearly explain our own.
I trained as a plant pathologist and converted myself into a plant breeder of both
fruiting and ornamental plants. As a consequence, I have a heightened awareness
of the need to balance potential benefits from importing plants against the risks.

I also believe in collective custodianship, rather than the notion that naturally oc-
curring plants or animals can be “owned” by anyone. By this, I mean that we live in
a global village and have a shared responsibility to preserve biodiversity worldwide.
We do not just have responsibility for the plants and animals that happened to have
evolved within New Zealand.

IMPORTANCE OF GERMPLASM

Economically New Zealand’s rural industries are almost totally based on exotic
germplasm, whether this be pine trees (Pinus radiata), roses, or cows. As a conse-
quence, New Zealand has frequently acted as an unwitting Noah’s Ark. Cultivars of
several genera that have been lost elsewhere in the world have survived in gardens
here in New Zealand. A good example is Cosmos atrosanguineus, the chocolate-
scented cosmos. This plant is a native of Mexico, but has died out in its country of
origin. Fifty years ago this plant was normally raised from seed. With the advent of
tissue culture propagation a single clone was disseminated worldwide, displacing
other strains. Individual plants of many members of the Asteraceae are self-in-
compatible and without other plants that are genetically distinct they are unable
to set seed. This is the case with the clone currently available commercially. All
vegetatively propagated cultivars become less thrifty over time and the plant was
potentially in danger of being lost to cultivation as well as in the wild. Fortunately
Russell Poulter of Dunedin was able to locate some remnant plants of Cosmos atro-
sanguineus that predated the tissue-cultured strain and the possibility to reestab-
lish and further develop the plant now exists.
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Plant breeding depends on variation. Some genera exhibit a great deal of varia-
tion, while others show very little. I liken a gene pool to a box of toy bricks. The more
bricks you have, the greater the possibility to produce something new. In horticul-
ture a gene pool is simply a good collection of plants of a specific genus. However,
it is important to recognize that it is extremely difficult to maintain and curate a
collection over any length of time. We all lose cultivars, however careful we may be.
Without constant topping up, all collections erode very quickly. It is also extremely
important not to confuse the maintenance of wide diversity in a collection with
simply stirring a diminishing gene pool. Very many of our garden plants have been
developed from a very limited base. Often only just a few plants from a single loca-
tion were introduced to cultivation and most variation that now exists has been
created in cultivation.

In contrast, in nature, species have evolved over many millions of years and vari-
ant forms within species have developed that are especially well adapted to specific
ecological niches. Such forms are called ecotypes and often the locations where they
have evolved are very limited. In forestry it is recognized that matching a specific
ecotype to specific areas where the trees are to be grown is very important, a con-
cept known as provenance.

Provenance is equally important in ornamental horticulture and it is essential
that an ongoing stream of ecotypes of species already here in New Zealand be main-
tained. In addition, it is essential that the ability to introduce and test species not
yet established here be restored. Bear in mind that most ecotypes from the wild
are very difficult to establish, let alone maintain in cultivation. Very few have any
weed potential.

INTRODUCING PLANTS
There was a time when the introduction of new plants and animals was seen to be
virtuous. Until recently Government Departments were actively engaged in the
responsible importation and evaluation of species and crops new to New Zealand.
I was engaged in such activity during the 1980s with the Department of Scien-
tific and Industrial Research (DSIR). Equally Acclimatisation Societies were active
through much of the nineteenth and twentieth centuries, but now bodies such as
the Department of Conservation promulgate the dogma “Native good—Exotic evil.”

For me, breeding ornamental plants is an art form comparable to painting, sculp-
ture, or music. In addition to their intrinsic values, all have a commercial com-
ponent. It is curious that the current Government is doing much to promote and
encourage popular music in New Zealand, but at the same time is doing all it can
to make the breeding of ornamental plants nonviable. I feel sure that this cannot
be deliberate, but has arisen through the inability to understand the time scales
involved in breeding and to be able to see the wider picture. Various Acts have been
put in place with good intentions together with huge bureaucracies to implement
them. Currently the Ministry of Agriculture and Forestry (MAF), the Environmen-
tal Risk Management Authority (ERMA), Biosecurity New Zealand, the Depart-
ment of Conservation (DoC), and Agriquality New Zealand are the key players, and
others such as local authorities also seem keen to get involved.

The interaction of these authorities and subsequent iteration appears like a clas-
sic formula of chaos theory. Compliance costs and fees alone make the importation
and testing of species untenable.
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It is important to understand that there are no really big players involved in the
ornamental plant industry in New Zealand. The larger nurseries can justify lim-
ited importation of relatively mundane plants developed overseas, as they can be
sold and expenses may be recovered within a few years. In contrast, no one is able
or willing to bear the cost of importing a little known species that may or may not
offer some possibility of genuine innovation. It is interesting that plants that were
to become the kiwifruit (Actinidia), and major export cut flower crops Zantedeschia
and Sandersonia, were introduced to New Zealand by enthusiasts. Their estab-
lishment and initial screening for suitability to New Zealand conditions took place
informally and at no great cost. In contrast, over three decades of planned introduc-
tions undertaken by the former Department of Scientific and Industrial Research
were thrown away as a result of the establishment of Crown Research Institutes
and their pseudo-commercial philosophy.

Currently border controls are so draconian that amateur enthusiasts cannot bring
anything back from an overseas trip and are even denied the opportunity to partici-
pate in long established seed distribution schemes such as those run by the Royal
Horticultural and Hardy Plant Societies in Britain. Many overseas seed companies
will no longer supply catalogues to customers in New Zealand as the difficulties and
costs involved in sending seed to New Zealand make it not economic.

THE FUTURE

New Zealand is a very small and remote country. Because of our European heri-
tage, a wealth of plant material has been brought here from around the world dat-
ing from the very earliest days of settlement. This has enabled us to be a player
on the global stage. If we continue on the current course we will become an insig-
nificant horticultural backwater. Regrettably, as things stand, I have to say to any
young people wanting to breed plants — “New Zealand is no longer the place to do
it.” Negatives are always difficult to recognise and with the long time lines involved
it will probably be a quarter of a century or more before the next generation is left
wondering why New Zealand has nothing new to offer world horticulture.
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How to Create a Strong Brand®

Charlotte Henley
Kensington Swan, 89 The Terrace, PO Box 10 246, Wellington

SELECTING A STRONG BRAND

A lot of thought should go into choosing a brand name, because some marks are
stronger and therefore easier to protect and enforce than others. From a marketing
perspective it is tempting to select a mark that is directly descriptive in some sense
of the goods or services it is to be used in relation to (for example “Hastings Native
Plant Nursery” for a native plant nursery in Hastings). From a trademark perspec-
tive however, it is difficult to obtain legal protection for a descriptive mark, as it is
considered that any trader should fairly be able to use a mark that is descriptive
of the goods or services in relation to which it is to be used. The exception to this is
that it may be possible to obtain trademark protection for a descriptive mark where
there has been substantial and prolonged use of the mark.

In comparison, a mark that is fanciful, completely made up or unrelated to the
particular goods or services it is to be used in relation to, is much easier to obtain
legal protection for, as it is considered to be inherently distinctive.

Examples of marks from weakest to strongest are as follows:

1) Wholly descriptive marks — very difficult to protect and enforce
(e.g., Spray-n-Wipe™).

2) Somewhat descriptive marks — still likely to encounter difficulties
(e.g., ConQuip™ for concrete equipment services).

3) Unrelated common words — e.g., Blackberry® for a handheld com-
puter/phone, or Hurricanes® for a rugby team.

4) Completely fanciful — e.g., Kodak®, Adidas®.

So how do you choose?

Choosing a mark that is not directly descriptive of your goods or services may be
slightly more challenging to start with. It may involve more marketing to establish
a reputation in relation to the mark. Ultimately however it should result in a stron-
ger brand that will in the long run be easier to protect and enforce.

PROTECTING YOUR MARK
Once you've chosen a brand name you want to use, how do you go about protecting
it? The best way to protect a brand is to register it as a trademark at the Intellectual
Property Office of New Zealand (IPONZ). This involves filing a trademark applica-
tion specifying the mark and the particular goods or services in relation to which
you intend to use the mark.

TPONZ will then examine the application to ensure that:

m  There are no other identical or confusingly similar marks already
registered or applied for in relation to the same or similar goods or
services; and

m  The mark is distinctive in relation to the goods or services specified
in the application.

Assuming TPONZ does not raise any objections on either of these grounds, an
application will be accepted, and then advertised in the monthly IPONZ journal.
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Provided no third party objects to its registration within a 3-month period following
its advertisement, the application will proceed to registration.

Once registered the trade mark owner has the legal exclusive right to use the
mark anywhere in New Zealand in relation to the goods or services specified in the
registration. This right lasts for an initial period of 10 years, but can be extended
indefinitely upon the payment of renewal fees every 10 years. If you do not register
your trademark, you may still acquire legal rights to the mark through extensive
use in trade that establishes a reputation and goodwill in the mark. If this occurs
you may be able to take action under the tort of passing off or the provisions of the
Fair Trading Act 1986 that prohibit deceptive or misleading conduct in trade.

The disadvantages of relying on unregistered (or common law) rights to your
trademark are:

m  They only arise in the specific geographical locations in New
Zealand that you can prove you have established a reputation and
goodwill; and

m It can take considerable time and cost to make sufficient use of a
mark in trade to have established the necessary goodwill.

It is therefore often more difficult and costly to enforce unregistered versus regis-
tered trademark rights.

MARKETING YOUR BRAND
Once you've chosen and registered your mark, you may want to market it to pro-
mote the goods or services you are offering. When doing so it is important that your
mark is always used in a trademark sense, so that it does not become a generic
term for your goods or services. If it does, then it may not be possible to enforce your
rights in it.
The following guidelines should be followed for trademark use:
m  Use the symbol ® in close connection to your trademark (usually
to the top right of your mark) once you have obtained trademark
registration. Prior to registration of your mark, you should use the
™ symbol.
m  Display the trademark differently from surrounding text, for
example in capitals, bold, italics, with quote marks, or with initial
capital letters.
m  Use the trademark as an adjective followed by the generic name
for the goods/services.
m Do not use the trademark as a noun, verb, in the plural, or hy-
phenated.
m Do not use the trademark as a plant variety/cultivar name. Vari-
ety/cultivar names are by definition generic.

ENFORCING YOUR TRADE MARK

If a third party makes use of your trade mark (or a mark which is confusingly similar
to your trade mark) in relation to the same or similar goods or services to yours, it
is important that you contact an intellectual property lawyer and determine if legal
action can be taken. If you do not take action against the third party, the value and
usefulness of your trade mark, may well decrease. It may also make it more difficult,
if not impossible, to take action against a different infringer or the same infringer at a
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later date if no action was taken in the first instance. Your lawyer will consider if you
have legal grounds for taking action. If so, they will in the first instance contact the
third party and ask that they “cease and desist” their apparent infringement of your
trademark. Ideally the infringement will either cease absolutely or you reach some
settlement acceptable to both parties. If this does not occur it may be necessary to
take court action to obtain an injunction instructing the third party to stop infringe-
ment and, in some cases, to pay damages for their infringement.

CONCLUSION

By selectively and knowledgeably choosing your brand and protecting it by register-
ing it as a trade mark, then by appropriately marketing your brand and enforcing
any infringement of it, you will build a strong and long-lasting brand of great value.

ADDITIONAL READING
Intellectual Property Office of New Zealand <www.iponz.govt.nz>.

The Effect of Gibberellic Acid, Potassium Nitrate, and Cold
Stratification on the Germination of Goldenseal (Hydrastis
canadensis) Seed®

J.M. Follett' and J.A. Douglas
New Zealand Institute for Crop & Food Research Ltd, Ruakura Research Centre, Private Bag
3123, Hamilton

R.A. Littler
Waikato Centre for Applied Statistics, University of Waikato, Private Bag 3105, Hamilton

A laboratory experiment was conducted to measure the effects of various factors
on germinating goldenseal seed. Seeds were soaked in gibberellic acid (0.5 g-L",
GA,) or potassium nitrate (2 g-L"', KNO,) for 2, 6, 12, or 24 h, followed by periods
of cold stratification at 4 °C (0, 2, 4, 8, or 12 weeks). GA, treatment accelerated the
germination process with 61% of the seed germinating to the seed splitting stage
in 47 days compared to 4% in the non-GA, treatments. Neither soak time nor os-
motic conditioning with KNO, had any effect on germination. Cold temperature
stratification at 4 °C had a negative effect on germination. Increasing the stratifi-
cation time from 0 to 12 weeks induced secondary seed dormancy and reduced
overall germination after 6 months incubation at 1 °C by 23% compared to fresh,
untreated seed, which gave 80%—-90% germination after 3 months. Germinating
seed from all treatments was observed to be highly susceptible to disease under
laboratory conditions suggesting this may also be a factor in the poor establish-
ment of goldenseal crops in the field. The lack of seedling development following
seed splitting suggests that the conditions, which favour the early germination
process are different from those that promote seedling growth.

Keywords: Goldenseal, germination, gibberellic acid, stratification, Ranuncula-
ceae, osmotic conditioning.

Deceased
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INTRODUCTION

Goldenseal (Hydrastis canadensis L., Ranunculaceae) is a highly valued North
American medicinal herb which has traditionally been gathered from wild popula-
tions (Foster, 1993). To ensure its survival goldenseal was listed under the CITES
Treaty (Convention on International Trade in Endangered Species) in 1997 (Ban-
nerman, 1998). Research into the production of this species is now focused on devel-
oping sustainable cultivation methods (McGuffin, 1999).

Goldenseal can be propagated by division of the underground rhizome, root cut-
tings, and seed (Henkel and Klugh, 1908; Lloyd, 1912; van Fleet, 1914; Foster,
1993; Sturdivant and Blakley, 1999; Davis, 1999; Davis and McCoy, 2000) with
propagation by seed considered to be the most difficult and unpredictable method
(Sturdivant and Blakley, 1999; Davis, 1999; Davis and McCoy, 2000). As goldenseal
seed is recalcitrant; seed for propagation is extracted from the ripe fruit pulp in
summer and stored in moist sand until sowing (Henkel and Klugh, 1908; van Fleet,
1914; Hardacre, 1962; Davis and McCoy, 2000). Seed stored dry does not germi-
nate (Deno, 1993). Hardacre (1962) successfully grew goldenseal from both autumn
and spring sowings but generally found autumn sowing was more successful than
spring sowing. Foster (1993) suggested goldenseal seed should be refrigerated for
3 months before sowing in spring, while Sturdivant and Blakley (1999) advocated
leaving seed sown in trays outside until early spring to achieve winter chilling be-
fore bringing them into a greenhouse to germinate. Davis (1999) considered that
the best seed germination was achieved by sowing fresh seed in the late summer-
autumn period immediately after extraction. Experiments by Davis and McCoy
(2000) found that where seed was stored in moist sand at 21 °C and sown in late
autumn an average germination rate of 37% (range 25%—88%) was achieved the
following spring. Seed, which was held at 21 °C for 30 days and subsequently at 4
°C, or held over the entire period at 4 °C, and planted the following spring, gave an
average germination rate of 45% (range 30%—70%) but with the germination occur-
ring two seasons later (Davis and McCoy, 2000).

Germination of genera within the family Ranunculaceae is often enhanced by
pre-chilling, exposure to light, gibberellic acid (GA,), and osmotic conditioning with
potassium nitrate (KNO,) (Ellis et al., 1985). Recent examples in the literature
show that low temperature and GA, promoted the germination of Cimicifuga nan-
chuanensis (Fu et al., 1998) and Thalictrum aquilegiifolium (Sim et al., 1996), and
KNO, enhanced the germination of Ranunculus sceleratus (Shim et al., 1998). Fos-
ter (1993) has previously recommended prechilling goldenseal before sowing but
no information could be found on the use of GA, or KNO, to aid the germination of
goldenseal seed. The success of these exogenous chemical treatments in enhancing
the germination of other Ranunculaceae genera raised the question of whether the
germination of goldenseal could also be improved to give a consistently high rate.
To investigate this, goldenseal seed was treated with GA, or KNO, and stratified at
4°C before being placed under constant warm temperature incubation to measure
the effects of the treatments on germination.

MATERIALS AND METHODS

Ripe berries were collected in mid summer (February in New Zealand ) from 5-year-
old goldenseal plants grown outdoors under shade cloth in the Waikato, New Zealand
(latitude 37° 50" S, longitude 175° 18" E). The berries were mashed in a sieve and the
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seed was separated from the pulp under running water similar to method described
by Davis and McCoy (2000). The extracted seed was surface sterilised by soaking it in
a 0.3% sodium hypochlorite solution for 5 min and then air dried and weighed.

Afactorial experiment combing 2 putative-dormancy-breaking agents (0.5 -L* GA,
or 2 gL' KNO, ) x4 soak times (2, 6, 12, 24 h) x 5 moist-seed stratification treatments
at 4°C (0, 2, 4, 8, 12 weeks) with the control treatments consisting of two replicates of
the seed stratification treatments (0, 2, 4, 8, 12 weeks) after soaking in water was laid
down on 13 March 1996 with one replicate. This design gave a total of 50 treatment
units with each unit having ten seeds placed on moist filter paper in a covered Petri
dish and kept constantly moist for the duration of the trial. Following the stratifica-
tion treatments at 4 °C the Petri dishes were placed in a fluorescent lit incubation
cabinet at 14 °C. Seed germination, indicated by the splitting of the hard seed coat,
was recorded weekly for the next 264 days (180 days incubation after the longest
stratification treatment). The germination counts recorded after 47, 89, 131, and 180
days incubation were used to analyse the results. After 180 days, all ungerminated
seeds were dissected and assessed for seed viability by soaking them in a 1.0% tetra-
zolium solution for 6 h (Hartmann and Kester, 1975).

Analysis of variance was carried out on the seed germination counts after 47, 89,
131, and 180 days in 14 °C incubation using the inbuilt replication of the factorial
design to assess the main effects and two-factor interactions. The precision of the
main effect was further enhanced by combining treatments which did not differ
statistically from each other.

RESULTS

The fresh seed extracted from the berries had a mean seed weight of 1.33 g/100 seed
(SD = 0.042) and after soaking for 24 h in either GA, or KNO, solutions had a seed
weight of 1.50 g per 100 seeds (SD = 0.092). There was no effect on germination
from varying the seed soaking time or soaking the seed in KNO, . This data was
subsequently pooled with the control treatments to increase the precision of the
GA, and the stratification effects.

Seed treated with GA, when incubated at 14 °C began germinating after 19 days
with 61% germinating after 47 days and 82% after 180 days. By comparison un-
treated seed or seed treated with KNO, had 4% seed germinated after 47 days and
58% by 180 days (Fig. 1). Seed given a short stratification (0, 2, or 4 weeks) germi-
nated more quickly than those given a long stratification (8 or 12 weeks) with the
use of GA, both speeding up the germination process and overcoming the stratifica-
tion effect (Fig. 2). Seed soaked in GA, gave similar germination counts in all strati-
fication treatments following 47 days incubation, but the subsequent germination
was 20% less in the longer stratification treatment. The short stratification treat-
ments without GA, had a similar but slower pattern of germination than the seed
with GA, treatments with germination continuing over a longer period and ending
with a lower final germination (Fig. 2). The longer stratification treatment without
GA, showed an entirely different pattern of germination with low germination in
the ﬁrst 87 days and germination continuing over the entire 180 days (Fig. 2).

Regression analysis of the stratification treatments showed a significant linear
effect on seed germination as stratification time increased (Fig. 3). Stratification of
goldenseal seed for 12 weeks, reduced the overall germination by 23% from 81% to
58% compared to no stratification, with the effect being more pronounced for the
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Figure 1. The main effect of soaking seed with (O) and without (®) GA, on germination
when incubated at 14 °C.
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Figure 2. The interaction between a short stratification period (0, 2 or 4 weeks) with (CJ)
and without (O) GA, and a long stratification period (8 or 12 weeks) with (m) and without (®)
GA, on seed germination. Error bars indicate the standard error of the treatment means.
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Figure 3. Effect of stratification on the germination of seed soaked with (O) and without
(®) GA, after 180 days incubation at 14°C. The regression equations are y = 93.32 - 2.18
strat week, (R? = 0.99) for the GA, treatment and y = 68.07 - 1.55 strat week, (R*=0.67) for
the KNO, and water treatment.

GA -treated seed (93% to 68%) than for seed treated with KNO, or water (67% to
49%) (Fig. 3).

At the end of the experiment 13% of the KNO, and water-treated seed, and 2%
of the GA-treated seed, that had not germinated were viable but dormant when
tested with tetrazolium. There were also more dormant seed left ungerminated in
the 12-week stratification treatment (28%) than in the unstratified seed (7%) in
the KNO, and water treatment. All treatments had a final germination potential of
80%—100% when the alive but dormant seed numbers were combined with the seed
germination numbers.

DISCUSSION

The propagation of goldenseal from seed is known to be difficult and unpredict-
able (Sturdivant and Blakley, 1999; Davis, 1999; Davis and McCoy, 2000). It is well
known that goldenseal seed needs to be stored moist to maintain viability (Henkel
and Klugh, 1908; van Fleet, 1914; Hardacre, 1962; Foster, 1993; Davis and McCoy,
2000) and, the increased seed dormancy after cold storage is one explanation for
the variable and prolonged germination of spring-sown crops compared to autumn-
seeded crops found by Hardacre (1962). More recent results have found that seed
stored under warm (21 °C) rather than cold conditions has been beneficial to germi-
nation (Davis, 1999; Davis and McCoy, 2000). From our studies and those of Davis
(1999), the most reliable germination of goldenseal seed is from fresh seed sown
immediately. Treating seed with GA, had a significant positive impact on the rate
of germination and in addition it gave the lowest number of ungerminated seeds
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at the end of the experiment indicating it was effective in breaking seed dormancy
as well as accelerating the germination. There was no benefit from prolonging the
seed soaking in GA, beyond 2 h although soaking for 24 h is recommended for most
species (Hartmann and Kester, 1975).

Osmotic conditioning with 2 g-Li' KNO, for 2 to 24 h had no effect on germination
of goldenseal seed but it is unknown whether longer soak times of 2 to 21 days as
recommended by Khan (1992) would be more effective.

Our experiment successfully germinated goldenseal seed to the seed cracking
stage but the subsequent development of seedlings was very slow. Once the seed
had cracked there was a high mortality from a number of diseases identified as
Alternaria alternata, Fusarium oxysporum, F. proliferatum, F. sacchari, and Mucor
species. In spite of the disease deprivation the slowness of the seedling growth sug-
gests that seedling development in goldenseal is either hampered by a secondary
dormancy or else the environmental requirements for seedling development are
markedly different than those for the germination process. This aspect of growing
goldenseal from seed is the subject of further research.

Acknowledgements. We thank Jane Andrew, Waikato Centre for Applied Statistics,
Waikato University, Hamilton, for assistance with the statistical analyses.
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INTRODUCTION

Crops, new to New Zealand, are imported for a number of reasons. They might be
considered to have market potential or the ability to grow in areas where other
crops struggle. Importation might also expand the range of germplasm available
for plant selection. Any crop imported into New Zealand is scrutinised and regu-
lated by Biosecurity New Zealand since its health status may be unknown. It is
held in a closed quarantine facility where it undergoes rigorous pathogen testing.
Frequently, the plant material is found to be infected with one or many viruses that
must be eliminated before the crop can be released and research and development
studies commence. This paper describes an effective and efficient in vitro system
that eliminates viruses in vegetatively propagated species. The system involves
heat and chemical therapies. Five successfully treated species are described. Three
of these are Andean root crops that are of culinary interest: oca (Oxalis tuberosa),
ulluco (Ullucus tuberosus), and arracacha (Arracacia xanthorrhiza). Two other spe-
cies, imported from Japan, are of both culinary and medicinal interest: mountain
yam (Dioscorea opposita) and edible lily (Lilium lancefolium). In addition to apply-
ing tissue culture techniques to eliminating viruses, the processes of micropropaga-
tion and germplasm storage are also described.

METHOD

What Crops and Why Have They Been Imported?

Oca, grown and sold here as New Zealand yam, is an old and well established crop.
In 1993, new accessions were imported by Alfredo Grau to expand this germplasm
base (Grau and Halloy, 1994). It has high nutritional and culinary value (Martin et
al., 2004). Oca is usually propagated by planting whole tubers (Popenoe et al., 1989).

Ulluco is a colourful and attractive new root crop that has been imported to extend
the range of vegetables available to growers, producers, and consumers. It is usu-
ally propagated by planting small tubers (Popenoe et al., 1989).

Arracacha produces lateral roots, arising from the crown of the root, which re-
semble parsnip roots. They are tender and delicately flavoured and are another
interesting choice of new crop. It is usually propagated with offsets or shoots that
are produced on the crown of the main rootstock (Popenoe et al., 1989).

These three crops grow at high altitudes in the Andes in Argentina, Peru, and
Bolivia. Along with potato, with which they are often interplanted, they were the
main staple diet of the Incas and are an important part of the diet of Andean in-
habitants today.

Deceased
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Mountain yam is a culinary crop from Japan where it is peeled and cooked by
any of the methods used for potatoes. In addition to its culinary value, it contains a
range of phytochemicals and is documented to have medicinal attributes. Bensky
and Gamble (1986) claim that it tonifies and augments the spleen and stomach;
tonifies the lung gi and augments the lung yin; tonifies and stabilizes and binds
the kidneys. Traditionally, mountain yam is propagated by cuttings or by planting
small, whole, young tubers (Larkcom, 1991).

Edible lily has been grown as a food source in Japan and China since around the
17 century. The protein content of lily bulbs is twice that of potatoes. Medicinally,
its active ingredient is lilioside, which is said to moisten the lungs, clear the heart,
and calm the spirits (Bensky and Gamble, 1986). Edible lily bulbs are propagated
using stem bulbils (Philips and Rix, 1993).

Virus Testing and Detection. Viruses were identified using electron microscopy,
enzyme-linked immunosorbent assay (ELISA), herbaceous indicator hosts, and PCR
analysis. Viruses detected in the Andean crops were: arracacha A virus, arracacha
B virus, arracacha latent virus, papaya mosaic virus, ullucus virus C, ullucus mild
mottle virus, ullucus mosaic virus (Fletcher and Fletcher, 2001). Viruses detected in
mountain yam were cucumber mosaic virus and lily symptomless virus. Viruses de-
tected in edible lily were dioscorea latent virus and an unidentified poty-virus.

Tissue Culture and Virus Elimination. The tubers of oca, ulluco, and mountain
yam, the root of arracacha, and the bulb of edible lily were planted in sterile soil in
the quarantine glasshouse. Plants were grown at 18 to 24 °C without supplemen-
tary lighting. The first step in establishing the plants in tissue culture was to select
a suitable explant: stem nodal section (oca and ulluco); crown offshoot (arracacha);
developing adventitious stem shoot (mountain yam); and bulb scale (edible lily).
The explants were surface sterilized in a 1% (a.i.) sodium-hypochlorite solution for
20 min and then rinsed three times with sterile, distilled water.

Asceptically, the explants were placed in pottles on Murashige and Skoog (1962)
tissue culture medium that had been modified by the addition of the anti-viral
chemical ribavirin (a synthetic riboside,1-b-D-ribofuranosyl-1,2,4-triazole-3-carbox-
amide, Virazole™. John Bell and Croyden, 51-54 Wigmore Street, London, United
Kingdom) at a concentration of 50 mg-Li!; providing the chemical component of the
process. The pottles were placed in a growth cabinet set for alternating periods of
4 h light at 35 °C and 4 h dark at 31 °C; providing the heat treatment component
of the process.

When the lateral or apical shoots (depending on the species) were approximately
1 cm long, they were excised and inoculated on to the same growth medium without
ribavirin. They were grown for approximately 1 month in normal tissue culture
conditions of 24 °C under fluorescent lights with a 16-h photoperiod and 8 h dark.
The tissue-cultured plantlets were then tested for viruses. Those that tested virus-
free were to be released from quarantine, ready for further research and develop-
ment. The process would be repeated for plantlets that tested positive for virus.

The Micropropagation and Germplasm Storage Processes. These processes
are applied to pathogen-free, tissue-cultured material where the plant is either mi-
cropropagated or is stored as in vitro germplasm that can be sourced at a future
time. Micropropagation is the process used by tissue culturists to build up plant-
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let numbers. Firstly, suitable growing points are excised. These may be shoot api-
cal sectors, stem nodal sectors or, as with mountain yam, developing adventitious
stem shoots. These are transferred to pottles containing appropriate tissue culture
medium, which are then placed in a growth cabinet. After 4 to 6 weeks of grow-
ing under normal tissue culture conditions, healthy plantlets are ready for further
micropropagation or for exflasking into a mist bed and then into the glasshouse.
Germplasm storage retains the plantlets in tissue culture. Germplasm is main-
tained by subculturing and, for many species, the growing conditions are modified;
e.g., cooler growing conditions, less light, and/or altered medium composition.

CONCLUSION
Tissue culture plays an important and useful role in new crop research and develop-
ment by providing:

m  An efficient and effective tool for virus elimination;

m A method for rapid multiplication of the new crop;

m  In vitro, long-term storage of germplasm;

m A cost-efficient process for testing and establishing new crops in

New Zealand agriculture.

LITERATURE CITED

Bensky, D. and A. Gamble. 1986. Chinese herbal medicine, Materia Merdica. Eastland
Press, Seattle, Washington.

Fletcher, P.J., J.D. Fletcher, and S.L. Lewthwaite. 1998. In vitro elimination of onion
yellow dwarf and shallot latent viruses in shallots (Allium cepa var. ascalonium 1.).
N.Z. J. Crop Hort. Sci. 26: 23-26.

Fletcher, P.J. and J.D. Fletcher. 2001. In vitro virus elimination in three Andean root
crops: Oca (Oxalis tuberosa), ulluco (Ullucus tuberosus) and arracacha (Arracacia
xanthorrhiza). N.Z. J. Crop Hort. Sci. 29:23-27.

Larkcom, dJ. 1991. Oriental Vegetables. Kodansha International, Tokyo.

Grau, A. and S. Halloy. 1994. Feast or famine. Growing Today, June 1994: 28-33.

Martin, R.J., G.P. Savage, B. Deo, S.R.P. Halloy, and P.J. Fletcher. 2005. Development
of new oca lines in New Zealand. Proceedings of the first international symposium
on root and tuber crops: Food down under. Acta hort. 670:87-92.

Murashige, T. and F. Skoog. 1962. A revised medium for rapid growth and bioassays with
tobacco tissue cultures. Physiol. Plantarum 15:473-497.

Phillips, R. and M. Rix. 1993. Vegetables. Pan Books Ltd, London.

Popenoe, H., S.R. King, J. Leon, and L.S. Kalinowski. 1989. Lost crops of the Andes.
National Academy Press, Washington D.C.



174 Combined Proceedings International Plant Propagators’ Society, Volume 55, 2005

Showcasing New Zealand Native Plants at Chelsea
Flower Show®

Trish Waugh
Landscape Design Co Ltd., R.D. 1, Katikati

INTRODUCTION

Ten years ago our company did a planning session with our business coach to deter-
mine our mission statement and vision for our business. Our vision was “to create
New Zealand-style gardens and take them to the world,” a heady task at the time.
However, when the Ellerslie Flower Show initially approached us in 2001 to do just
that we didn’t hesitate to rise to the challenge. Our original team comprised Kim
Jarrett, Tina Hart, Doug, and myself. Kim Jarrett is an art director in the film
industry and landscape designer, my husband Doug a landscape manager, Tina
Hart a scenic artist and realiser, and myself a landscape designer. We were missing
something, however, and it was not until Doug and I heard Lyonel Grant speak at
a Landscape Industries Association conference in Rotorua we knew what it was.
Lyonel, a Maori master carver and multimedia sculptor who spoke with such pas-
sion, eloquence, and mana we knew instantly he was the next person to have on
the team. The missing link in our design was the cultural element. We knew in
our hearts right away Lyonel was our man. We approached him after his talk and
suggested we meet in a few weeks time to talk over the Chelsea Project as we were
starting to call it. Under the sponsorship of the Ellerslie Flower Show the first
design for Chelsea evolved with Kim, Lyonel, and myself putting together a grand
design, which covered nearly 250 m?. This design was presented to the Royal Hor-
ticultural Society in August 2001 for approval for the 2002 show. The design was
accepted and a site allocated to us.

However, world events overtook us with the terrorist attacks on the twin towers
and our nervous sponsor decided to withdraw from the project. In retrospect it was
just as well that the project at this stage was canned. We had the biggest site at
Chelsea that year and without question the least amount of money. Our design was
extremely ambitious, far more so than the final garden we were to build. We were
totally under-resourced and we more than likely would not have achieved anything
near the success we did. A change in leadership and direction at the Ellerslie Flower
Show saw them withdraw from the project. Luckily Tourism New Zealand, who had
been waiting in the wings stepped in and decided to underwrite the project. It fit in
with their marketing strategy. Their target demographic was the same as Chelsea
Flower Show and there is a growing market for New Zealand garden tours for in-
ternational visitors. This project was perfect for their marketing strategy but they
were entering into the realms of the unknown. They had never done anything like
this before and they did not know who we were, and no one had ever gone to Chel-
sea from this far away before. It was a huge risk for them that they took on with
much enthusiasm. Basically Tourism New Zealand saved the project and the team
will always be grateful to them for that. It was at this time Brian Massey joined the
team. It was obvious to us all we were going to need extra help building the exhibit.
Brian had just completed a project as head greens man on the Lord of the Rings
movies and was very experienced with creating natural settings. Brian also was to
help Lyonel create the two carvings that were featured in our design.
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THE DESIGN

The theme of the garden was to be one of well-being and guardianship — the health
and spiritual well-being provided by the land and all it provides. It was a slice of
New Zealand from the central plateau of the North Island out to the Chatham Is-
lands. It encompassed elements of Maoridom and indigenous flora and geology that
could only be 100% Pure New Zealand. And so “Ora The Garden of Well Being” was
conceived. Taken from the word Kia ora meaning “be well.” The garden was inspired
by mythical Maori fairies, the Patupaiarehe. These spirits are believed to live under
the cover of mist. They are the gardeners and guardians of our native forests and we
wanted the garden to be distinctly Aoteoroa New Zealand. Much Maori symbolism
and lore was incorporated into the design. The essence of kaitiakitanga or guardian-
ship was very important to the garden and as a result we went to great lengths to
ensure the cultural correctness of our design. We believed if we got this bit right we
would get the rest right as well. Other cultural elements were incorporated into the
design, a hui marae (traditional meeting place), moko waiwera (benevolent lizard
form) carrying hot water from the Puna (spring) cooling it so the visitor to the garden
could bath in the Nga Wha hot mineral pool. A cave or te waha o ruamoko was the
dwelling place of the spirits of the garden. The ruamoko was to be the control center
for all the special effects Kim had planned for the garden. Sound track birdcalls and
the sound of traditional Maori instruments as well as housing pumps, water heat-
ers, ultraviolet filters, smoke machines, and compressors.

THE SEARCH FOR NEW ZEALAND PLANTS FOR CHELSEA

It was my responsibility to design and source the plants for the garden, to liaise
with nurseries to have these plants grown on, arrange delivery to the site, and to
place the plants. The planting design was based on a slice of New Zealand from the
Rotorua area of the central North Island out to the Chatham Islands. We studied as
many Chelsea gardens as possible to figure out a point of difference to English-style
gardens and made the decision to use mainly lush, green-foliaged plants, ferns, and
palms most typical of our northern and outer island coastal regions. It was impor-
tant to select plants that fit the design brief. As many as possible had to be tradi-
tional medicinal plants or edible. They also had to be plants that would normally be
found in the areas of New Zealand that our garden was a slice of. The plants also
had to have a horticultural relationship with each other. We were well aware that
many of these plants are frost tender so we included some species that fitted within
our theme but were also hardier to the English climate. Our first step was to log on
to the Royal Horticultural Society plant finder website which is a huge resource of
information. We researched for plants on the internet and spent many late nights
making phone calls and sending faxes to source the more than 1000 plants that
fulfilled our design brief. Generally we were surprised at the extensive range of
New Zealand native plants available in the United Kingdom. Many species were
grown in small specialist nurseries so it took some time to narrow down the key
nurseries. We found the largest quantities of the plants we were after in the more
temperate southwest of England where the climate is warmer. Nurseries such as
Trevena Cross, Hardy Exotics, and Burncoose. London also proved to have some of
the softer species especially tree ferns, as there tends to be a warmer microclimate
there brought about by the huge generation of heat from the city. Another determin-
ing factor was being able to contact these nurseries readily. Faxed communications
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tended to be preferred by many nurseries but I found that I tended to favour the
nurseries with more up-to-date communication systems. Sometimes it would take
several weeks to get a response. One nursery when we emailed our wish list of
plants replied “in your dreams.” As it turned out they were to supply us with the
most extensive range of plants. After exhaustive crosschecking we came up with a
shortlist of United Kingdom nurseries, including one in Ireland that could supply
us with about 1000 plants.

We then worked out the balance of the plants that we wanted to send from New
Zealand, about 300 in total. Every possible lead was followed up in New Zealand.
We were given many contacts by Mark Dean, Paul Turner, David King, and Gil
Ellis. We called on plant brokers Ayley Horticulture based in Essex and I liaised
with Mark Sylvester there. It was Mark who negotiated for a garden center north
of Brighton to grow on the plants we were planning to export from New Zealand.
South Downs Nurseries in West Sussex offered to care for and grow on the selection
of plants we wanted to send from New Zealand. We especially wanted to use a pro-
portion of plants that weren’t available in England, so among other things we sent
Tecomanthe speciosa, Gunnera prorepens (syn. G. repens), rimu (Dacrydium cupres-
sinum), titoki (Alectryon excelsus), Corokia ‘Silver Ghost’, Elatostema ‘Parataniwha’,
Metrosideros ‘Red Carpet’, Machaerena sinclairii, Astelia ‘Alpine Ruby’, Xeronema
callistemon, Macropiper melchior, Carex trifida, and Dracophyllum. I had designed
the planting to use as many potentially flowering or seeding plants as possible as
one of the rules at Chelsea states that all plants used in the display are to be in
flower. I thought long and hard about how to force some plants to flower out of sea-
son. Many Chelsea exhibitors have long established relationships with some of the
larger growers such as Notcutts who artificially force plants on. However, I couldn’t
find anyone who was prepared to force New Zealand natives, as they were such an
unknown. I reasoned that since flowering is triggered by day length, if I could get
our spring-flowering New Zealand-grown plants over to the United Kingdom by
the United Kingdom autumn (New Zealand spring) prior to the show we should
trick the plants into flowering twice in six months. One of the import regulations
into United Kingdom is that no plants shall have any flower buds or seed heads
present so we had to reluctantly strip the Gunnera prorepens among other things
of its beautiful berries. It was a gamble and responsible for many sleepless nights
on my part. We sent the plants in two shipments one in November 2003 and the
other in January 2004. It was then a matter of establishing an on-going relation-
ship with the nurseries to ensure that they cared well for our plants over the next
6 to 8 months. In November 2003 I set off to England to visit all of these nurseries
and scout around for extras, to establish what the quality of the plants was like,
and to establish some sort of relationship with the people we were dealing with. It
was my first visit to England and I visited many nurseries from the London area
to Southwest Cornwall, from high-tech well presented nurseries such as Tender-
care in Essex where one 40-cm Hebe can cost £36.00 to small back yard operations
such as County Park, where untold treasures were to be found. I was surprised at
the range of New Zealand natives available but disappointed at the quality. The
English climate is not only cold but also very damp and it takes its toll on some of
our more sun-loving species. The short day length and winter snows necessitate
growing of plants in huge artificially lit tunnel houses. For example no Phormium
cookianum, mountain flax, or hybrids were to be found in England, as it was just
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too wet and cool. Phormium tenax hybrids do much better in this climate. At South
Downs Nursery, where our recent imports were housed, we were lucky many could
be grown on in a naturally lit glasshouse as the artificial lights tended to slightly
etiolate and dull the foliage. I unfortunately had to cut the Euphorbia glauca back
hard as it had etiolated badly in the 5 to 6 days in transit, as had the Chatham
Island forget me nots (Myosotidium hortensia). On average the plants we sent over
by air cost us $NZ60.00 each, so every plant was very precious.

Cordyline australis, also known as Torbay palm in England, does exceptionally
well and is not stripped by the insects we get in New Zealand. We sourced one
key specimen for the forefront of the garden for a princely sum of £750.00 and no
discount, not even for Kiwis a long way from home. A palm specialist in London
proved very helpful (The Palm Centre), Toby Shobrook. They import a lot of tree
ferns from New Zealand although they find the Australian Dicksonia antarctica to
be the hardiest, with D. fibrosa and D. squarrosa the hardiest of the New Zealand
tree ferns. The Cyathea species however don’t respond well to the damp cold in Eng-
land, and the same applies to many of our ground ferns. The best finds were to be
had in south Cornwall. Trevena Cross is a nursery that specialises in South African,
Australian, and New Zealand plants. I found many unexpected things there such as
Scleranthus, southern beech (Nothofagus), and many ground ferns such as Blech-
num, Asplenium, and Polystichum, they had ponga (Cyathea dealbata) trunks with
self-seeded ferns and a lot of the detail plants needed in a display such as this. The
Scleranthus was grown in a shaded tunnel house and was badly etiolated so I ar-
ranged for it to be shifted. The second find was a nursery at Penzance called Hardy
Exotics. This is owned by an eccentric ex-shoe designer who has a passion for exotic
plants. His three huge glasshouses are crammed with plants in varying stages of
maturity and it was like walking into a jungle, but among other things he had enor-
mous Astelia, flaxes (Phormium), Cordyline ‘Green Goddess’, nikau (Rhopalostylis
sapida), puka (Meryta sinclairii), and many Pseudopanax lessonii hybrids that I
hadn’t seen before. On my return home I had mixed feelings about our plant selec-
tion but this was to prove unfounded in the end.

Doug and I set off in late April a week earlier than the rest of the team as we
needed to check on the plants we had ordered, look around for anything new, and
check on the plants we had sent over. Although there were plenty of plants to choose
from they had gone through a very tough winter and were not in good condition.
There had been heavy snow falls in Cornwall and Devon and plants such as ren-
garenga lilies (Arthropodium), puka (Meryta sinclairii), and Chatham Island forget
me nots (Myosotidium hortensia) had been damaged even in tunnel houses. Plants
that seemed to thrive in the climate included Cordyline indivisa and Astelia culti-
vars ‘Westland’ and ‘Alpine Ruby’. We realized we really had our work cut out for us
and there would be quite a lot of grooming to do. The day after everyone else arrived
we were all assembled at Clanden House at Guilford. This is the ancestral home of
Lord Onslow, once governor of New Zealand. When in New Zealand he purchased a
meeting house wharenui, which had survived the Mt. Tarawera volcanic eruption,
and had taken it to his English estate and reassembled it as a boat shed. During the
Second World War the estate was used as a hospital for convalescing soldiers. Two
Maori soldiers saw the boat shed and realized what it was. They knew people had
sheltered in this house to survive the eruption. They got permission to relocate the
wharenui and restore it in this very Jacobian garden. Here Ngati Ranana, one of
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the Iwi (tribal group) present in London, gave us a formal welcome. We then went
to the Chelsea site for a blessing and cleansing of the area and a small piece of Ao-
teoroa New Zealand had arrived at Chelsea. Now we had expected something like
a nice grassy slope and a warm sunny day, but the Royal Horticultural Society had
stripped off all the grass and left us with this very muddy site we were to wallow
around in for the next few weeks. The rest of the team was jet lagged but I think all
of us were wondering what lay ahead. More sheds were to be moved onto the site,
including a British Broadcasting Corporation outside broadcasting semi trailer, but
we did not know this for another 2 weeks. Looking at the Chelsea site plan shows
how very crammed in everyone is. Our site was next to the main entry but due to
there being a one-way system for vehicles we were right at the end of the system for
delivery of plants and materials.

BUILDING THE DESIGN

Day 1 of build up it was raining again and we were up to our ankles in mud, but do
remember the Patupaiarehe like it when it is wet and misty. In fact it didn’t just
rain, it hailed and was freezing cold with thunder and lighting. We also had our first
delivery of the large Cordyline australis, in fact this was the first plant on site at
Chelsea for 2004. The next day and still it rained, however we dug the hole for the
spa pool. Patupaiarehe liking it or not we were ready for it to stop raining. Digging
holes was the worst part with 82 years of accumulated Chelsea gardens buried and
just waiting to be dug up: rocks, bricks, stones, concrete, you name it we dug it up.
About 4 days later, it had finally stopped raining. The cabbage tree was settling in,
the silica terraces were in place on the liner, and the rock structures were going in
with the cave being built behind. I think the reason it stopped raining was because
we had built the cave and the Patupaiarehe had somewhere else they could hide.
Day 6 and the spa pool was in and we were starting to lay out the paving. Lyonel
designed the paving in a patiki design with hinuera stone; some natural and some
oven baked which created a very three-dimensional effect.

The Australians were also there, sponsored by Fleming’s Nurseries who grow 5
million units per year; it was designed by Jim Fogherty and built by Marty Semkin
and his crew. They were a good fun team and they were well researched, having had
done a reconnaissance the year before during the build up and the show. They had
selected a site that had easy access, was not too crowded and they were able to have
a container on site for a week or more. They impressed us as being very professional
and a well-oiled machine.

While all of this was going on I had to contend with plants being delivered and not
having anywhere to put them. We had deliveries coming in every day and we had to
ensure everything was watered. The water proved to have a deposit in it so we had
to laboriously wipe each leaf of the larger leaved species with soft cloths. We were
also foliar feeding plants as many were quite yellow from the harsh winter, not
like the rich greens we are used to. Some plants just didn’t come through, such as
the Jovellana, which showed no sign of flowering, and the Clianthus was well past
flowering, which in England occurs in winter, as does the Kowhai (Sophora). The
plants sent from Hardy Exotics in Penzance were a sorry looking lot and I could see
a lot of the other exhibitors looking at us pityingly. Undaunted I set about removing
all the diseased and frost-damaged foliage. There are many tricks of the trade and
we were not above painting leaves green to cover blemishes. One of the worst was
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a purple cabbage tree (Cordyline) from Burncoose Nursery in Devon. The owner
Charles Williams had been very hospitable on our two visits, entertaining us in his
centuries-old stone manor. He was well experienced in shows and when his selec-
tion of show-grade plants turned up I thought he was taking the micky. The purple
cabbage tree was so motley and spotted but it did have an extraordinary flower
about to open. We trimmed and trimmed for hours reshaping the leaves so that the
brown edges and yellow spots were removed. This plant proved to be a showstopper.
We were very fortunate to have a crew of Kiwis who turned up to help including
Dan King and partner Marie who had a lot of experience working on film sets in-
cluding Lord of the Rings. Also Teena Petit and Pam Russ who both came over from
New Zealand especially to help out. Lyonel’s wife Vicki Grant put in a huge amount
of work on and off the site.

Te Thi. When the carved ponga arrived their fronds were not in good enough condi-
tion to exhibit at Chelsea which was a bit of a break down for the team but we were
determined to use them. We had put so much into them and getting them here we
were not prepared to give up on them. We decided to work late that night and have
the problem solved and the ihi looking sharp before we went home. It had been a
major worry for us and we felt we couldn’t go on with out having the problem solved.
Ponga pieces went in and out; new ones went in and were spliced, to join alongside
the carved ones. A few extra touches were made to the carving and a few hours later
we had some compositions we were really happy with as we snuggled them up to
the scenic. During the last few days of the build up the Tourism New Zealand public
relations machine kicked in. Sloane Square Tube station was decked out with post-
ers saying “New Zealand now growing in the United Kingdom” and the New Zea-
land native plants put in during the week of the show looked great. When we saw
the London double-decker buses with the New Zealand publicity splashed all over
them we really felt like we had arrived. Tina had to do the touch ups to the scenic
and then we had to bring it into the garden using the plant material we had. The
scenic was a representation of Mt. Tarawera and Lake Rotomahana where the pink
and white terraces once existed. Three days out we looked as though we were cut-
ting it a bit fine but felt it was completely manageable, until the film crews started
appearing on the scene. We spent the next 3 days working around each other. The
other thing we had to contend with was the guys in the orange vests, the Stewards.
They were there for safety reasons, armed with megaphone loud hailers and they
yelled at people every time a vehicle approached “watch your backs!!!” “Stand to one
side!!!” During the show they would yell at the visitors “move along,” like herding
cattle. Security in general was extreme and we needed a pass for everything. The
TV cameras were everywhere and in particular at the New Zealand exhibit. While
it was quite nice to have the attention it was very frustrating, as we always had to
stop work or work out of shot.

COMPLETION AND CONCLUSION

Completely unannounced and without even so much as a “how do you do,” four
judges walked onto the garden taking us all by surprise. This was the preliminary
judging and stern, poker-faced they sat down with our technical brief. They were
giving nothing away and would make recommendations to the rest of the judges lat-
er that day. The next day the final judging took place with the same protocol. These
guys have a bit to learn about garden-side manner. Luckily we were onto it and
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finished with a small amount of time to spare. Only one other exhibitor has won
gold first time up at Chelsea, made even more remarkable by the fact our team had
traveled 20,000 km to do it. Our exhibit cost £100,000 to construct where the Sheik
who won best of show spent £1,000,000. Two doors down were boasting £280,000
but only a silver award. All up there was approximately £60,000,000 spent on ex-
hibits at Chelsea that year. Four Golds were awarded in our category and with New
Zealand being one of them. It felt pretty damn good, and we beat the Aussies.

The garden had exceeded everyone’s expectations and we had achieved what we
thought was the impossible. New Zealand had not received so much TV publicity in
the United Kingdom since the Americas Cup. Coupled with the success of Lord of
the Rings and Whale Rider movies we were on a roll.

Winning Gold was great but the best part was the overwhelming appreciation
we received from the public. Ex pat kiwis felt home sick, the Canterbury garden
group was the first on the scene and they cheered, the British public was genuinely
overwhelmed by the uniqueness of the garden. People queued for up to 1'/z h to see
the garden. We have no doubt that we were different at Chelsea. They had never
seen anything like this before and we are sure this originality was what gave us
the edge. There were many lessons to be learnt from this experience. One in par-
ticular was to do guardianship or kaitiakitanga and respect for our flora. Our flora
is a priceless treasure that deserves our respect. I felt very privileged to be able to
present such a wealth of unique flora to so many gardening enthusiasts. We are in
an enviable position in New Zealand in that we have such a large number of indig-
enous plants not found anywhere else in the world. When these plants are used in
a way that is sensitive to their natural habitats and associations they resonate. We
created a sense of place in the heart of London that could only be Aoteoroa New
Zealand. At Chelsea they glowed and as we had linked them inextricably with our
geology and our indigenous culture, the English public couldn’t help but be touched.
It was by far the most visited garden at the show and I am convinced it was because
of the spirit or wairua with which we created it. It says it all Turangawaewaea a
place to be, a place to call home. Lyonel wrote a small piece in our technical brief
that always springs to mind:

“He toi whakairo

He mana Tangata”

“From artistic excellence

Comes human dignity”

For the team this garden was a celebration of who we are as a people. A jour-
ney that transcends culture, the land, and all it has to offer. It was a journey that
touched millions of people and we are all very grateful and proud to have been part
of it. We are a country that has only had significant populations of man for 500
years. We have done a lot of damage in that time, but we still have the most unique
culture, geography, and plants in the world. We have a landscape and a culture
that are intertwined. It is the essence of who we are as a people and that deserves
celebrating, but it also deserves looking after. The world is changing at an ever-
increasing pace and conservation now is about managing that change. I will leave
you with one last thought; it is something that we said to ourselves when things got
really tough. “We are all in the same waka (canoe); we just need to paddle in the
same direction.”
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Making the Most Out of What You Grow —
A Client’s Perspective®

Roger Milne
Milne’s Plant Link Ltd, 6 Polaris Place, East Tamaki, Auckland

INTRODUCTION

Milne’s Plant Link is a plant supply company that puts together list of plants for
the landscape industry and for the major plant users. We are very focused on what
we do and do not get involved in design, planting, or growing. We just supply plants.
There are four staff pricing and selling, an excellent backup person in administra-
tion and the support staff for inwards goods and dispatch. We have a depot in East
Tamaki, Auckland, where much of the product is delivered to and dispatched from.
Clients come to us for several reasons, a major one being quality. Our clients’ ex-
pectations are high, so please ensure that any plants you despatch to us are of the
best quality available. We are in an age when information technology is the prime
importance, so communication by email is increasingly significant. We welcome
emailed trade lists and replies to inquiries.

TRADE LISTS

Ensure these are updated and sent regularly to provide relevant information. I
suggest price breaks for quantities are worth considering, and try to provide prices
“freight in store” rather than ex your nursery, as no one likes surprises. Lists are
best, when all plants are alphabetical A to Z, rather than lists within lists, and an
indication of what numbers are available is helpful. Naturally Native’s list is a good
example of what’s required.

LABELLING

Do those who don’t want a label on every plant need to subsidise those who do?
Likewise, with cleaned pots, I suggest that if your client requires attached labels
and clean pots, then they should pay for it. Therefore those who don’t require the
above should pay less — fair enough, don’t you think?

CONSISTENCY OF SUPPLY
Since the days of plants only being available ex rows of field-grown product, the age
of plants as a commodity has arrived. Think of the other commodities and how they
are marketed. One of the keys is consistency of supply. Cereal manufacturers never
run out of cereal. Here’s a list of plants that are commodities, and if any of these are
plants you grow, then you should endeavour to always have them. That way, your
clients will always buy them from you:

m  Rosmarinus officinalis Prostratus Group
Green and black mondo (Ophiopogon)
Choisya ternata
Syzygium floribundum (syn. Eugenia ventenatit)
Syagrus romanzoffiana
Agave attenuata
Convolvulus cneorum
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Clivia miniata (syn. C. grandiflora)
Camellia sasanqua ‘Setsugueka’
Griselinia littoralis and G. lucida
Cordyline australis

Nikau (Rhopalostylis sapida)

Iresine herbstii

Trachelospermum jasminoides
Phormium cookianum green dwarf flax

COMMUNICATION

It’s very difficult to do business when you cannot talk to people. A good phone sys-
tem 1is critical. Personally I don’t mind if I can only phone you on a cell phone, as
long as you are always available on it. Milne’s Plant Link communicates with its
two top supplies almost exclusively by cell phone.

DELIVERY

The distribution of your plants to market in an efficient manner, which suits both
you and your client, is fundamental. Personally, we try to be as flexible as possible
to accommodate deliveries, but please understand that your plants may be just a
fraction of a whole job, so time frames are very significant. Thank you for the op-
portunity to speak at your conference, and I trust the above comments will help in
this ever-changing market.

Replanting for the Future: Environmental Restoration and
a Look at What Is Happening in Tauranga City®

Mark Dean
Naturally Native New Zealand Plants Ltd, Gamman Mill Rd, RD 3, Tauranga

INTRODUCTION

Tauranga City Council has been committed to a programme of restoring native
vegetation and developing wetlands for a number of years. This has been done in
association with its storm water programme, where ponds have been built to con-
trol flooding. As Tauranga has a number of valley systems cutting through the city
into the harbour, this has become a major on-going programme.

Naturally Native New Zealand Plants Litd first grew plants specifically for reveg-
etation in 1983. These first plants were planted into Johnson Reserve, Welcome
Bay, a suburb of Tauranga City. Since the early 1990s Tauranga City has purchased
and planted revegetation-grade plants each year.

In 2001 Naturally Native developed a set of plant standards. This was done to set
a production standard for the nursery staff to help improve quality. However it was
soon realised that the Naturally Native Plant Standard was a sound marketing
tool when Councils started adopting it to use in their plant purchase contracts, as a
means of defining the standard of plant they required.

It was as a direct result of developing the Plant Standard that Tauranga City
signed a contract with Naturally Native to supply and install (plant) revegetation
plants each year. Much of this is being done in the extensive wetland areas around
the city.
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REVEGETATION PLANTS

The City requires that all its plants are eco-sourced. Naturally Native has devel-
oped a protocol for eco-sourcing so that seed material is sourced as close as possible
to the site in which it will be planted. All eco-sourcing is based on the Department
of Conservation ecological regions and districts. All the seed for Tauranga City proj-
ects are collected in the Tauranga ecological district. Staff record the source of all
seed in the field using a field record sheet developed by the nursery and all seed
data is also recorded onto the nursery computer database. This includes recording
the GPS location of all the trees seed is collected from and entering this data onto a
computer-based mapping programme.

CASE STUDY 1: MATUA SALT MARSH

Matua Salt Marsh (Fig. 1) is located in Tauranga City in the suburb of Otumoetai
on the edge of an inlet facing to the west. Immediately adjacent to the estuary, an
area of approximately 5 ha, comprising unused rank paspalum pasture and weeds,
was developed into two storm water retention ponds. The ponds were designed to
filter storm water through two wetlands before it entered the rather delicate estua-
rine environment in Tauranga Harbour.

This project commenced in 2001 when seed was first collected. The ponds were
constructed during January and February 2002 (summer). Once the earthworks
had been completed in May 2002 the planting contractors that were employed by
the nursery started work spreading mulch made from chipped waste wood. This
was first spread over the site using a small excavator, as the soil was so wet it was
difficult for other machinery to move over the site. Planting was done through the
mulch. Wetland plants were placed in drifts along the edges of the two ponds. Apart
from problems with Pukekoes (swamp hens) pulling out the newly planted rushes,
the wetland plants established very easily and grew quickly. An island created in

Figure 1. Matua storm water pond 1 year after planting.
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Figure 3. Planting above the cliffs on Mauao’s north face.

the middle of the main pond as a wildlife refuge proved to be a planting headache.
Water levels rose faster than anticipated, cutting access, which necessitated the
use of a boat to transport plants to the island. Children from the three local schools
were invited to participate in the planting in an effort to reduce vandalism. This
strategy worked well and the project experienced few such problems. One year later
the wetland plants had established very well. By Winter 2004 the two ponds were
starting to take on a very natural effect with a variety of wildlife present.
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CASE STUDY 2: REVEGETATION OF MAUAO

Mauao (Mount Maunganui) (Fig. 2) is an iconic extinct volcano standing promi-
nently at the entrance to Tauranga Harbour. Several fires over the past 20 years
have destroyed vegetation on the Northern slopes of Mauao. Naturally Native New
Zealand Plants Ltd was contracted to supply and plant on a very steep section of
the upper northern face in 2003. A particularly devastating fire in January 2003
had destroyed a large area of both revegetation planting from previous years and
gorse and bracken in areas previously not planted. The area to be planted was clear
of vegetation at the time.

Access was a major problem (Fig. 3). Plants were taken to the top of Mauao by four-
wheel drive vehicle to the summit and then sent down a chute that was constructed
to slide the plants to the various levels at which they were to be planted. On a plant-
ing site such as this safety is a major issue and ropes were rigged to aid the forestry
planters, who were used to plant over 3000 plants in 2 days. A similar operation has
seen the company plant 20,000 plants on the eastern face of Mauao this year.

Figure 4. Before Millbrook wetland development 2003—-2005.

CASE STUDY 3: RE-CREATING A WETLAND—MILLBROOK

In 2003 Tauranga City storm water engineers constructed a retention pond in a
gully that was previously filled with grey willow. The willow was cleared using an
excavator and the logs were buried during the construction process. Earthworks
disturbed much of the site during the building of the pond, which made planting
and subsequent plant establishment difficult (Fig. 4). However 2 years later the site
has already established vegetation and wetland species successfully line the fringes
of the pond (Fig. 5).

Tauranga City is experiencing very rapid growth and developers are building sub-
divisions at an alarming rate. Currently it is estimated that just over 50 people are
moving into the city per week on average. Prime land is being used for housing while
the valleys with their streams that flow into the harbour estuaries and wetlands
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Figure 5. After Millbrook wetland development 2003—-2005.

Figure 6. Kopurererua Valley.

are given as a reserve contribution to the city. This leaves the city with a problem as
to how to utilise these areas. Walkways are being constructed as parts of an exten-
sive development programme to both promote alternative transport within the city
— walking and cycling — and to create a network of parks throughout the city.

In addition a construction programme is underway to develop storm water reten-
tion ponds within the city. These ponds usually have a low constructed earth dam
with various overflows so that water is restrained during times of flood. Planting of
native species, both terrestrial and wetland, is done around the ponds on comple-
tion of the earthworks.
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Figure 7. Vegetation types in the Kopurererua Valley.

KOPURERERUA VALLEY WETLANDS

The Kopurererua Valley (Fig. 6) was purchased by the city to provide land for the
construction of a new arterial highway, which was completed in 2003. In the valley
there are 350 ha of land that was once extensive wetlands but during the mid 20th
century was drained for farming. This poor quality farmland is now to be restored
to as near its natural state as possible by re-creating wetlands and retorting native
vegetation along its margins. In addition an extensive network of walking tracks,
cycle ways and boardwalks will enable the public to use the area.

Naturally Native New Zealand Plants Ltd has entered into a City Partnership
programme with the Tauranga City Council to help develop the Kopurererua Valley
wetlands. This programme will involve council, business, schools, community groups,
and organisations in a 10-year project to develop the valley into a 350-ha park.

Currently the valley has a variety of eco-systems including very degraded willow
infested areas, open wetlands that have been grazed by stock for many years, and
dry margins where tree ferns grow freely (Fig. 7).

Community Involvement. Children are being involved in the project through
a Rotary sponsorship of the Trees for Survival programme where children grow
seedlings and then plant them out. Seedlings are grown from eco-sourced seed at
the nursery and given to the six participating schools to grow on over the summer
for planting during conservation week in August (winter).

Specialist Wetland Plants. Plants for wetlands are being grown for this project in
specially constructed wetland beds at the Naturally Natives’ nurseries in Tauranga
and Whakatane. These beds allow the water level to be controlled throughout the
growing process (Fig. 8).
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Figure 9. Spinifex production at Whakatane Nursery.

COASTAL DUNE RESTORATION

Naturally Native is also involved in supplying spinifex (Spinifex sericeus) plants for

coastal dune restoration throughout the North Island. The spinifex production is

done at our Whakatane Nursery (Fig. 9). Methods for growing spinifex were devel-

oped in a co-operative research project with Forest Research from 1996-2000.
Spinifex has the ability to trap sand and so build beaches thus combating beach

erosion. The effects of planting spinifex are quite dramatic. Some Tauranga and Bay
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Figure 10. Replanted spiniflex dune at Papamoa — south east of Mt. Maunganui.

of Plenty beaches now have a significantly different profile since spinifex has been re-
stored to the dune system (Fig. 10). Council sponsored community Coast Care groups
receive the plants grown at the Naturally Native nursery and plant them out into the
dunes during winter. Growth is fast and the results are dramatic.

CONCLUSION

Extensive programmes of revegetation and restoration of wetlands are being car-
ried out in Tauranga City. Many of the plants being used are being grown and
planted by Naturally Native New Zealand Plants Ltd under a partnership pro-
gramme with Tauranga City Council. The success of this planting programme has
been dramatic and planned future planting will see the work being continued over
the next ten years.
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Superior Callas: More Than Just Great Flowers®

John F. Seelye, Garry K. Burge, Andrew C. Mullan, and Margaret E. Young
New Zealand Institute for Crop & Food Research Limited, Private Bag 11600, Palmerston North

INTRODUCTION

In recent years callas have gained significant prominence as a fashionable inter-
national cut flower crop. Often referred to as “calla lilies,” they belong to the genus
Zantedeschia in the arum family (Araceae). Zantedeschia taxa are endemic to Af-
rica, particularly the southern regions. The “flower” comprises the often-colourful
spathe with a central spadix, the inflorescence, which is made up of numerous male
and female flowers. Zantedeschia taxa are often classified into winter- and sum-
mer-flowering groups with Z. aethiopica and Z. odorata making up the former. In
contrast to all other species, Z. aethiopica is evergreen and largely unaffected by
soft rots. The summer group has a wide flower colour range including cream (e.g. Z.
albomaculata), yellow (e.g., Z. elliottiana), and pink and red flowers (e.g., Z. rehm-
annii). Hybridization within this group has provided the many distinctive colours
seen in modern callas.

THE GLOBAL INDUSTRY

New Zealand has played a leading role in establishing calla as an international
flower crop. Starting in the 1930s, hybridisers such as Tony Brljevich and, later, his
son Trevor, produced well known cultivars such as, ‘Black Magic’, ‘Classic Harmony’
(Harmony), ‘Hawaii’, ‘Majestic Red’, ‘Red Sox’, ‘Elegant Swan’ (Swan Lake), and
‘Treasure’. Greater awareness of the value of intellectual property (IP) associated
with new germplasm has increasingly led breeders to protect cultivars with Plant
Variety Rights (PVR). At present 47 calla cultivars are protected in New Zealand
by PVR, half of which were granted rights in only the past 3 years. In addition to
breeding programmes in New Zealand, numerous programmes are established in
other countries.

New Zealand is still a significant breeder and producer of callas. Annual exports
of flowers, tubers, and tissue culture plants were worth approximately $13 million
in 2004, making callas the second most important flower crop after orchids. An es-
timated 6 million calla plants are propagated by tissue culture annually in New
Zealand — more than any other plant. The Netherlands has the greatest flower
production area (100 ha in 2000) with 58 million calla stems passing through the
Dutch auctions in 2002, an increase of 17% on the previous year. Much of the tissue
culture propagation for The Netherlands is carried out in Asia and Eastern Europe.

Calla production is a competitive global business. International companies capi-
talise on the resources and climatic conditions in various countries to maximise
efficiencies at the various production stages, whether it be breeding, propagation,
or tuber and flower production. For example, a New Zealand-bred calla can be mi-
cropropagated in New Zealand or India, grown on to produce tubers in Kenya or
Ecuador, and flowered in Columbia or The Netherlands for consumers in North
America and Europe.
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PRODUCTION CYCLE

Cultivated callas grow rapidly over the summer months with tuber growth greatest
in autumn when foliage growth has ceased. A period of tuber resting or dormancy
follows as shoots senesce until new shoots sprout in the spring. Tubers are typically
lifted during the winter months, cured, and stored. Starting from seed or tissue
culture plantlets, two seasons growth is usually required before the tubers reach
sufficient size to produce flowers. For clonal propagation, tubers with consistently
high quality attributes and free from known viruses should be selected. For any
sizable tissue culture production, cultures need to be initiated at least 1 year before
the plantlets are required, after which there is a further 1 to 2 years of tuber growth
followed by another season for flower production.

PRODUCTION ISSUES AND DISORDERS

Traditionally cultivars were largely selected for their flower colour, shape, and size.
However, increasingly plants are being selected for a wider range of criteria, includ-
ing in vitro multiplication rates and the field performances of tubers leading up to
flower production. Although calla tissue culture protocols involving proliferating
tissue on media supplemented with the cytokinin BAP are well established (Co-
hen, 1981), large production runs require carefully customised media for specific
cultivars to reduce the likelihood of instability during subsequent growth. Cultivar
sensitivity to BAP can lead to over prolific and abnormal in vitro growth, which can
affect subsequent tuber development and lead to tubers with multiple buds often
with reduced apical dominance and flowers with reduced spathe length (D’Arth et
al., 2002). Similarly, excessive amounts of cytokinins can stunt growth (Chang et
al., 2003) producing small plants at deflasking time. Deflasked plants with larger
shoot diameters are ideal because they give rise to larger tubers at the end of the
first growing season (Chen et al., 2000).

To maximize favourable growing conditions in temperate climates calla tissue
culture plantlets must be rapidly acclimatized. However, growth rates are culti-
var dependent. We have seen cultivars grown under identical conditions produce
tubers at the end of the first season that vary in mean tuber weight from 4 to 35 g,
although mean weight for most cultivars was larger than 12 g. Survival under
“standard acclimatization” conditions can vary from 100% down to less than 20%
for some cultivars. Unless optimized acclimatization procedures are adopted for
some cultivars these cultivars may not be cost effective for commercial production.
An alternative strategy for producing large first-year tubers with minimal accli-
matization issues is to produce in vitro calla microtubers (Seelye et al., 2003). The
compact and relatively robust form of microtubers makes them easy to handle and
transport. In addition, they can be quickly scatter-planted on to prepared green-
house beds. However, the breaking of dormancy in these in vitro tubers must be
synchronized for rapid and even sprouting.

Although calla cultivars may have similar flower colour and form, they may
behave very differently during the various production stages. Producers must be
aware of this, and if necessary, screen out lines that do not perform. For many cul-
tivars in commercial production the exact breeding lineage is unknown, especially
of cultivars derived from plants originating from some of the early breeding pro-
grammes. Molecular techniques, e.g. RAPD profiles, have been used to successfully
differentiate between calla cultivars (Hamada and Hagimori, 1996).
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In recent years there have been reports of distorted and reduced leaves in com-
mercial calla hybrid crops, often with mottled leaf colourings (virescent forms) giv-
ing the appearance of a severe virus infection. Virescent and albino lines were ob-
served a decade ago when Z. aethiopica was hybridized with the summer-flowering
species in an attempt to transfer soft rot resistance from the winter-flowering Z.
aethiopica to the summer-flowering callas (Yao et al., 1995). This leaf disorder is
due to plastome-genome incompatibility, resulting in incomplete leaf chloroplast
development and albino plants. The pattern of inheritance of leaf disorders within
the summer species also shows these incompatibility issues (Brown et al., 2004),
but the effect is less severe, resulting in leaf regions with reduced chlorophyll con-
tent, which are expressed as a mottle effect. Studies also show that soft rot resis-
tance is reduced in these plants (Snijder et al., 2004). Although the frequency and
degree of leaf mottling differs between seasons, it can affect up to 40% of plants
in the field. Environmental and chemical influences during the production stages
leading up to flowering may influence the already fragile inherited plastids in some
of the cultivars in commercial production. Often symptoms do not appear until the
second season out of tissue culture and the effect frequently declines later in the
season as new leaves are formed. However, the presence of malformed plants in
the field can lead to complex liability issues over quality, often involving parties in
different countries.

Flowering performance varies between cultivars, but plant management and the
growing environment can also have a major influence on flowering. For example,
incomplete dormancy-breaking periods due to early tuber replanting can have a
negative effect on the physiological development of apical buds, the source of future
flowers (Halligan et al., 2004).

A QUALITY ASSURANCE SCHEME

Crop and Food Research in conjunction with Multiflora Laboratories Ltd and
Pukekaroro Exotics Ltd, major New Zealand propagators and calla producers/ex-
porters respectively, have assembled a library of selected cultivars and breeding
lines. These are maintained in high health greenhouse facilities. In addition, calla
lines developed by a large Dutch calla breeding company have recently been incor-
porated into the scheme. This quality assurance scheme involves closely monitoring
tuber and flower performance, and routinely checking plants for known viruses.
Tissue cultures for commercial production are initiated from these tubers either
annually, or for very large production runs, twice yearly. Sufficient tubers are main-
tained so that individual tubers are only initiated biannually, thereby giving a full
12-month growth cycle during which tubers may recover from any wounding ef-
fects. All tubers, including break-offs from larger tubers, have unique identification
codes. Data are captured on the origin of the selected tubers as well as flowering
performance, tuber quality, health status, key dates in the production cycle and the
movement of tissue into and out of the scheme. All relevant data are logged into a
customised database where they remain indefinitely. The system enables flowering
plants to be tracked back and compared to the original tuber, ensuring plants have
remained true to type. In addition, tissue cultures of recently initiated material are
stored in vitro so that any issues suspected of being related to the tissue culture
production phase can be referenced against the original stock cultures. Regular re-
views of the stock plants in the high health system are made and improved lines pe-
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riodically introduced to replace existing lines. However, the longer a plant remains
in the system, the more data are captured over a number of seasons to support the
quality status of a particular tuber.

SUMMARY

Calla cultivars for flower production not only require superior flower characteris-
tics but must also have well defined production protocols for in vitro propagation,
acclimatization, and tuber development stages so that growth is maximized, but
susceptibility to abnormalities is minimized. A high health scheme that monitors
individual selected tubers over multiple seasons ensures that only tubers with a
high health status and good growth attributes are used as the starting material for
large-scale clonal production runs.
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You Have a New Variety?®

Chris Barnaby
Plant Variety Rights Office, Private Bag 4714, Christchurch

INTRODUCTION

There are two themes to this paper. The first (Part A) comments on interaction
between variety protection and parts of commercialisation, and the second (Part B)
on two proposed new amendments to Plant Variety Rights legislation.

A) PLANT VARIETY RIGHTS (PVR) AS PART OF COMMERCIALISATION
Many of you have knowledge and experience with commercialisation of new vari-
eties and are hopefully making money out of them. I have no intention of offering
any advice on this. What I will try to do is point out some factors in protecting
and managing varieties that seem to be overlooked. I say overlooked because I am
frequently queried about the points that will be raised and if you are considering
protecting your new variety, what should you consider before commercialisation?
The following are some suggestions:
m  Why is the variety different? You certainly know, and it may appear
obvious, but you need to be able to clearly explain this to others.
m  Think about uniformity or plants being true to type. Is the uni-
formity as good as it could be? If the variety is variegated, look at
other variegated plants in the species or genus and judge if your
variety is better, worse, or the same. Does the variety remain uni-
form through repeated propagation?
m  The variety name, or denomination for protected varieties. It is
desirable for every variety to have only one variety name. The
name selected may be suitable for NZ, but if variety export is a
possibility, how suitable would it be for other countries, especially
non-English-speaking countries? There is a growing trend to have a
variety name/denomination and then a commercial or selling name.
I understand there are commercial advantages to this approach, but
also possible market confusion where a variety effectively has more
than one name. Keep in mind that legally and officially there is only
one name, and that is the denomination and it must be used.

Commercial Sales. There can be some significant consequences following the first
commercial sale. If PVR is considered, you have 1 year nationally to lodge your PVR
application. There is no flexibility in this. One day more than the 1 year the variety
will loose all eligibility. You may wish someone else to bulk up your variety then con-
sider carefully how you do this. Should you contract a specialist propagator such as a
tissue culture lab or liner nursery, make it clear in the contract who owns all the plant
material at the end of the propagation cycle. Should the propagated plant material
become the property of the lab or nursery, then that is a commercial sale and for PVR,
the clock has started, perhaps earlier than you wish. There are various contractual
safe guards to overcome this, and legal advice would be advisable. An option could
be to consider paying the lab or nursery for their propagation services, not for actual
plants or at the end of the arrangement, buy back all plant material. It can be confus-
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ing when the first commercial sale occurs for breeder’s whose varieties are used as
cut material. It may be that no plants have been sold, however cut stems have been.
Sale of cut material could be interpreted as sale of the variety.

The date of first commercial sale can also be of significance if exporting your vari-
ety is a possibility. To lodge a PVR application in another country or the European
Union, this must be done within 6 years of the first commercial sale anywhere, for a
woody plant species and 4 years for all other species. This applies to exported plants
and to cut material where the sale actually takes place overseas. New Zealand-bred
cut flower varieties have missed out on variety protection in Japan, due to not being
new, because cut stems exported from New Zealand had been sold in Japan and the
owners did not appear to take this into account when timing the PVR application
for the variety in Japan. You should be aware that there is one country exception to
the prior sales rules. To be eligible for a United States Plant Patent, it is advisable
to lodge that application within 1 year of the varieties first PVR application date.
The United States is the only country that places any significance on an application
date with respect to whether or not the variety is new.

Labelling for Varieties That May Be Protected in the Future. In previous
years I have spoken about labelling protected varieties. More recently there has
been discussion between PVRO and several nurseries about labelling of varieties
during the 12 months prior sales period. Firstly, the variety has no PVR status and
essential it is a free variety. If a competitor begins propagation during that time,
prior to application, the competitor is doing nothing wrong. Releasing material be-
fore PVR application has a variable level of risk, depending on the species, for the
owner and for other propagators. Once PVR application is made, then it is the other
propagators who really have the problem depending on how the owner proceeds. A
free or non-PVR variety cannot be claimed to be protected in any way, directly or
by implication. It is not acceptable and an offence to label a plant protected when it
is not, however it is acceptable to give a warning that the variety may be protected
in the future by the use of wording such as; PVR may be applied for by a date. The
inclusion of a date is important, which would be 12 months after the first date of
commercial sale. A solution to all this may be to better integrate the commercial
release with the PVR application. I am told there are commercial reasons for not
doing this. One of the reasons, I understand is that printing multiple sets of labels
with different wording is a major difficulty and cost; however the PVR Act states
that claiming a variety is protected when it is not, is an offence.

B) ESSENTIAL DERIVATION

Essential derivation is an entirely new and innovative concept conceived by those
who wrote the 1991 International Union for the Protection of New Varieties of
Plants (UPOV) Convention. This concept has been proposed for inclusion in amend-
ed PVR law, currently under development. An essentially derived variety is one
that is considered to be genetically very similar to an initial variety. The second
variety is derived from the first, possibly the parent, and could include mutations,
genetic engineering, inbreed lines, etc. To be deemed essentially derived, a variety
must not only be distinguishable from the initial variety, but also retain the expres-
sion of the essential characteristics that result from the genotype or combination of
genotypes of the initial variety.
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A key feature of PVR is the ability to use protected varieties to produce other
varieties, often referred to as the “breeder’s exemption” Although highly valued,
this has lead to some problems. A breeder may spend many years and incur great
expense to produce an innovative variety with considerable commercial potential.
Under the breeder’s exemption, however, another person is free to make a rela-
tively minor change to the variety or identify a spontaneous change (a mutation),
to produce a new variety. For example, someone might discover a mutation in the
original variety and from it develop a new variety. If the new variety is clearly dis-
tinguishable from the original variety the person who developed it is free to protect
and exploit it. In other words the second breeder can “free ride” on the investment
of the first. The original breeder is unable to stop the second breeder selling the
second variety and has no right to share in the profits. It is possible that the second
variety becomes more important commercially than the first. This is a problem in
apple, rose, or chrysanthemum breeding where mutations occur quite commonly.
This situation is addressed by the concept of essential derivation where the second
variety could be “essentially derived” from the original or initial variety, and then
providing that, while the second breeder may obtain PVR protection of the essen-
tially derived variety, he cannot exploit it without the authorisation of the original
breeder. The owner of the initial variety will have no ownership over the derived
variety, but will have a say over its commercialisation.

PROPOSED IMPROVEMENT TO THE RIGHTS OF BREEDERS

The 1991 UPOV Convention, which provides the basis for the proposed changes,
enhances the Rights of breeders and allows more effective management of protect-
ed varieties. The rights of breeders under the current law and the proposed law are
compared in Table 1. The rights provided for in the current law are restricted, and
are limited to the production for the purposes of commercial marketing, the offering
for sale, and the marketing of the protected variety. The proposed new law (based
on 1991 UPOV Convention) provides for greater rights for plant breeders in respect
of the propagating material of their protected varieties, and also requires that these
rights be extended to varieties “essentially derived” from a protected variety.

The current law has a rather narrow emphasis on commercial sales of protect-
ed varieties where the proposed law changes provide a much broader interpre-
tation of commercial activity and provide greater opportunities for management
of protected varieties.

Table 1. The authorisation of the breeder is required before carrying out the following acts
in relation to seed or plant material of a protected variety.

Current law (1978 UPOV Convention) Proposed law (1991 UPOV Convention)

Production for the purposes of Production for reproduction

commercial marketing (multiplication)

Offering for sale Conditioning for the purpose of propagation
Marketing Offering for sale

Selling or other marketing
Exporting
Importing

Stocking for any of the above purposes
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The following examples are some deficiencies in the current law, which could be
addressed using remedies in the proposed law changes:

m  Currently it is possible to freely export protected varieties provid-
ing that all sales and marketing takes place off shore. The Rights
holder could take action if protected in the destination market but
not at the source. The proposed law change will prevent exports of
protected varieties without permission of the variety owner.

m  The current Act refers specifically to commercial marketing and
offering for sale. It does not address actions such as holding larger
quantities of a variety or having stock beds without permission. At
present, an owner would have difficulty asserting their Rights if
propagation for sale or marketing had not clearly occurred.

m  Propagation of protected varieties by noncommercial organisations
such as local government or central government agencies currently
poses a problem. Propagation does occur but may not for com-
mercial purposes. Currently a Rights owner would have difficulty
asserting their Rights, however the proposed law would make this
easier as the noncommercial organisation may not be selling the
variety but they would be stocking for propagation and production.

CONCLUSION

With the prospect of enhanced PVR law there are increased opportunities for plant
breeders to take full advantage of the potential benefits. To do this, breeders should
begin early to consider the key unique characters of the variety, why it is different
and how could this be commercially successful. Getting a variety quickly onto the
market may be attractive, but is this the best long-term strategy, especially if PVR
is part of your commercialisation? Consider carefully the possible significance of the
first commercial sale of your variety. A good variety name is crucial and to change
a variety name early in the life of a variety is much easier than later. Seek advice
from those with experience, work out a plan, and look ahead when beginning com-
mercialisation of your varieties.
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Pests Can Be Unintentionally Spread in New Zealand
Through Commercial Transport of Nursery Plants®

Mark McNeill, John Proffitt, and Craig Phillips
AgResearch, Canterbury Agricultural Science Centre, PO Box 60, Lincoln, Canterbury

Nigel Bell
AgResearch, Ruakura Research Centre, Private Bag 3123, Hamilton

This study assessed the potential for pests to be transported within New Zealand
in association with deliveries of plants between commercial nurseries. Soil and
litter were sampled from three deliveries of nursery plants to Christchurch, and
searched for associated organisms. A diversity of nematodes, seeds, and arthro-
pods was recovered, including trichodorid and Xiphinema nematodes, which
can vector some plant viruses and currently have limited distributions in New
Zealand. This small survey showed that transport of nursery plants must be an
important pathway for the dispersal of a wide range of organisms within New
Zealand, including across Cook Strait. The nursery plant industry could stand
to directly suffer from the activity of some pest species and perhaps one of the
challenges is to come up with a strategy to reduce movements of pests in asso-
ciation with transportation of nursery plants

INTRODUCTION

Ministry of Agriculture and Forestry (MAF) Biosecurity aims to prevent foreign, un-
wanted organisms from becoming established in New Zealand. About 40 unwanted,
new organisms were detected in New Zealand in 2003 and this number has been
steadily increasing since 1990 (Wilson et al., 2004). MAF may attempt to eradicate
newly discovered, unwanted organisms in cases where the potential risk from the
organism is high, a successful outcome is plausible, and the intended actions are
acceptable to stakeholders (Stephenson et al., 2003; Wilson et al., 2004). Contain-
ing the spread of the targeted pest throughout the campaign is fundamental to
eradication success (Stephenson et al., 2003). In cases where eradication is not pos-
sible, “slow to spread” measures may be implemented to delay distribution of the
pest to uninfested regions (e.g., varroa bee mite). Although it is generally difficult
to limit pests’ natural dispersal (i.e., insect flight, windborne seeds), it is possible to
influence the extent to which humans unintentionally assist them to spread. Trans-
portation of plants has obvious potential to assist pests to spread, thus the small
survey described here assessed movements of insects, nematodes, and seeds in as-
sociation with the commercial carriage of nursery plants within New Zealand.

METHODS AND MATERIALS

In three separate occasions in June 2004, September 2004, and April 2005, a truck
and trailer unit delivering plant material to nurseries in Christchurch was sampled
for invertebrates and weeds. Plants had been collected from several nurseries in the
North Island including Hamilton, Te Awamutu, New Plymouth, and Palmerston
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North. The trucks were also delivering plants to a range of other locations between
Blenheim and Invercargill. The consignment included flowering shrubs and bagged
and bare-rooted trees. Litter was sampled from the top of plant containers along
with litter and soil samples taken from the decks of the truck and trailer unit.
Sampling was carried out by hand or by using a blower-vac with a net fitted to the
inlet to catch the debris.

Nematodes. Thirteen kilograms of soil was collected from the June 2004 consign-
ment, and 11 subsamples, each weighing 75 g, were processed to extract nematodes
using the tray method of Bell and Watson (2001). Nematodes were observed at
20-80 X magnification and identified to genus where possible. As the June 2004
sample indicated the presence of economically important nematodes, additional
sampling was conducted at one nursery to assess the possibility these had become
established in Christchurch. At this nursery, bare-rooted trees trucked from the
North Island had been dug into rotted sawdust pending their delivery to customers
elsewhere in Canterbury. In April 2005, a 25-mm-diameter by 100-mm-deep corer
was used to take six samples from each of the following situations: sawdust into
which the trees were temporarily placed; soil from an adjacent waste area; soil from
under native shrubs; and potting mix from around Betula pendula (European white
birch). In the latter case the trees had been placed in the sawdust prior to transfer
to containers. Samples were transferred to plastic bags and sent to AgResearch
Ruakura for extraction.

Seeds. From the June 2004 consignment, approximately 2.5 kg of soil was dried
for 16 h at 60 °C. The sample was coarse sieved to remove leaf litter and three lots
of 500 g of soil were placed in plastic bags. The samples were forwarded to the Na-
tional Seed Laboratory (AgriQuality Limited, Palmerston North) where any seeds
found in the soil were identified.

Arthropods. For all three sampling occasions, arthropods were extracted from lit-
ter and soil using the Berlesse-Tullgren funnel technique, which relies on heat from
a light bulb to drive living organisms from the litter into a collecting vial containing
70% ethanol. Arthropods were categorised into order, family, and life stage (e.g.,
larvae, adult).

RESULTS AND DISCUSSION

Nematodes. Table 1 shows that species from the family Trichodoridae (probably
of the genus Paratrichodorus) and Pratylenchus species were most abundant in
the samples. The trichodorid nematodes can vector some plant viruses (Karanas-
tasi et al., 2000) and in many cases still have limited distributions in the South
Island. Xiphinema species nematodes were relatively rare in the samples (Table
1), but can be very damaging pests, particularly of woody plants. They cause direct
feeding damage to roots, including root swelling, and can also vector plant viruses
(Jones et al., 1995). There are currently at least seven species of Xiphinema in New
Zealand, with the only endemic species being X. waimungui (Yeates et al., 1997).
Xiphinema nematodes have very limited distributions in the South Island: X. krugi
and X. radicicola occur in the Nelson area, and only X. diversicaudatum has been
reported from south of Nelson. The remaining nematode genera shown in Table
1 are distributed throughout New Zealand, with Pratylenchus species having the
most pest potential, followed by Helicotylenchus species, then Paratylenchus spe-
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cies. The additional samples taken from the Christchurch nursery did not reveal
any trichodorid or Xiphinema species, and only a small number of Pratylenchus,
Paratylenchus, and Heterodera species. The Helicotylenchus nematodes were not
recovered. This suggests that the while nematodes occurred in the soil at the point
of origin, either the remaining soil adhering to the roots of the bare-rooted stock
was free of nematodes or they did not survive the transfer into the sawdust at the
nursery. Nevertheless, these results clearly indicate that transport of nursery stock
has the potential to introduce nematode pests to previously uninfested regions of
New Zealand.

Table 1. Plant parasitic nematodes observed from soil removed from truck transport and an
indication of their abundance and frequency of occurrence in the 11 subsamples.

Likelihood of Abundance
Nematode group establishment Risk factor per subsample
Trichodorids Low High Common to abundant
Pratylenchus High Moderate Rare to abundant
Helicotylenchus High Low Rare
Xiphinema Medium High Rare
Paratylenchus High Low Rare

Seeds Testing. Seeds from 30 different plant species were found, with Amaran-
thus, Cardamine, and Poa being the most common species, but 43% of the species
were represented by a single seed (Table 2). While none represent significant new
weed threats to the South Island, the results demonstrated the potential for inad-
vertent transfer of economically important weed species (e.g., kikuyu grass), to be
unintentionally spread around New Zealand.

Arthropod Species. On all three sampling occasions, large numbers of a wide
range of arthropods were recovered, with Collembola and Acari being the most
abundant (Table 3). Arthropods were found in their nymphal, larval, pupal, and
adult stages. The diversity of arthropods shown in Table 3 is probably an underes-
timate of that associated with the consignments of nursery stock because plant foli-
age was not directly sampled. Many of the families represented in the samples con-
tain species, which are well known as pests (e.g., springtails, aphids, mites, scales,
thrips, and weevils). It seems possible that some very important pests, which still
have restricted distributions in New Zealand, might frequently be associated with
nursery stock. For example, clover root weevil, which has not been recorded from
the South Island, could occur in clovers growing as weeds in nursery plant con-
tainers. Similarly, varroa bee mite, which is currently also restricted to the North
Island, could be transported to the South Island with bees on flowering plants.
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Table 2. Plant species and number of seeds recovered from 1.5 kg soil removed on 25 July
2004 from trailer unit transporting plant material from North to South Island nurseries.

Common name

Scientific name

Total seeds

amaranth Amaranthus species 103
annual mouse-ear chickweed Cerastium glomeratum 1
bittercress Cardamine species 22
black nightshade Solanum nigrum 6
catsear Hypochaeris radicata 1
clovers Trifolium (two species) 15
fathen Chenopodium album 2
grass species Nine species 38
hairy birdsfoot trefoil Lotus suaveolens 1
hawksbeard Crepis capillaris 1
hedge mustard Sisymbrium officinale 1
hydrocotyle Hydrocotyle species 1
oxalis Oxalis species 8
plantain Plantago (two species) 7
purslane Portulaca oleracea 1
wireweed Polygonum aviculare 2
scarlet pimpernel Anagallis arvensis 1
twin cress Coronopus didymus 11
violet Viola species 1
vulpia hair grass Vulpia bromoides 3

SUMMARY

Transportation of plants almost certainly provides a significant, unintentional,
human-assisted means of spread of many pests within New Zealand. While none
of the insects, acarids, or weeds found in these samples appears to be unique to
the South Island, the trichodorid and Xiphinema nematodes are more restricted
in their distribution and are known vectors of plant viruses. The movement of po-
tential pests is clearly not restricted to commercial nurseries and numerous other
plant-based industries, as well as amateur gardeners, must also contribute to this
issue. The range and volume of plant material being transported around New Zea-
land, along with the diversity of often-cryptic organisms associated with it, makes
it difficult to envisage practical management solutions. Nevertheless, the nursery
plant industry obviously stands to suffer directly from the spread of some pests
species in New Zealand. Perhaps one of the challenges for the industry is to come
up with strategies to reduce movements of pests in association with transportation
of nursery plants.
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Table 3. The order, family, and stage of arthropods extracted from litter and soil collected
on three occasions from a trailer unit transporting plant material from North to South Is-

land nurseries.

Order Family Stage
Acari (mites) Orbatidae, Phytoseiidae, others Adults
Araneae (spiders) Salticidae, others Adults

Collembola (springtails)

Diplopoda

Coleoptera

Diptera

Hemiptera (sucking bugs)

Isotomidae, Sminthuridae,
Entomobryidae

Millipedes

Staphylinidae (rove beetles),
Curculionidae (weevils), others

Sciaridae (fungus gnats),
Psychodidae (sand flies),
Empididae, others

Aphididae (aphids), Coccidae (scales)

Larvae, adults

Adults

Adults, larvae

Adults, pupae
larvae

Adults, larvae

Hymenoptera Braconidae, Ichneumonidae Adults
(parasitoid wasps), Formicidae (ants)

Lepidoptera Moths Larvae, adults

Pscoptera barklice Larvae, adults

Thysanoptera Thripidae (thrips) Larvae
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Time to Rethink Some Aspects of Agriculture®

Duncan Burns
Nelson Marlborough Institute of Technology, Richmond Campus, Private Bag 19, Nelson

INTRODUCTION

As a long serving accredited GROWSAFE® (New Zealand Agrichemical Education
Trust, PO Box 10323, Wellington) trainer I have become aware of how useful it is to
remind agrichemical users to check out their basic operation methods occasionally.
This presentation offers a few suggestions to help improve user safety. “Read the
Label” is also fundamental advice, but this is becoming more relevant at present
in New Zealand due to current legislation changes. It is interesting to note that
these changes are part of a United Nations initiative to harmonise classification
and labelling of chemicals globally. GROWSAFE® is the name synonymous with
agrichemical training and education in New Zealand.

A FEW SUGGESTIONS

A simple but realistic suggestion for all agricultural users is to “stop and rethink
what you are doing every now and again.” We can become creatures of habit and
potentially complacent when undertaking common tasks. I suggest you physically
stop, rethink, and/or analyse your tasks when using agrichemicals. Check to ensure
you are following best practice. Stop and rethink together with your staff, if that
is applicable. A critical analysis from the outside can often spot a fault or area for
improvement, which together you can rectify. Under the Health and Safety in Em-
ployment Act (1992) in New Zealand employers, with the support of employees, are
required to identify hazards and then develop procedures to eliminate, isolate, or
minimize them. This basic way of thinking can be easily transferred to the principal
of “stop and rethink what you are doing every now and again.”

The majority of us use poly-vinyl-chloride (PVC) gloves when handling agrichemi-
cals. I recommend you change to wearing nitrile gloves. Nitrile gloves are thinner
and therefore will allow more dexterity. There is a misconception that they will be
weaker because they are thinner, where in fact nitrile gloves are still physically
strong and generally chemically superior to PVC. Take for example paint and var-
nish removers and a solvent such as xylene (which is found in some emulsifiable
concentrates). Chemically these fluids have minor to moderate effects on nitrile but
have pronounced effects on PVC gloves. When describing general physical perfor-
mance, nitrile can outperform PVC.

Many of us keep our gloves for too long. Be aware that they have a limited lifes-
pan from both contamination and degeneration over time. I recommend that you
consider replacing them more regularly than perhaps you have done in the past.
Many users still apply agrichemicals when wearing everyday clothing. I believe
this is foolhardy, because in our society we are reluctant to take our everyday cloth-
ing off — even if agrichemicals are spilt on them! Wearing overalls when working
with any agrichemical is the obvious solution. If the overalls become contaminated
they can easily be removed and the user still has everyday clothes on. Swallowing
and inhalation are two obvious routes of entry into the body. However, the major-
ity of agrichemical poisoning cases arises from skin absorption. Users with wet



204 Combined Proceedings International Plant Propagators’ Society, Volume 55, 2005

contaminated clothing may be unaware that the agrichemical on the clothing can
be absorbed into the body. Wearing overalls instead of everyday clothing can reduce
the risk.

I am seeing an increasing number of full-length waterproof aprons being worn at
mixing time. They are quick and easy to put on, especially when kept within easy
access to the mixing site. Remember you are dealing with the concentrate at mixing
time so extra care is needed to keep it off your clothing and skin. A useful tip is to
write “inside” and “outside” on the appropriate sides of the apron to keep potential
residue away from your overalls.

I believe not enough users protect their eyes properly at mixing time. As well as
being sensitive and easily damaged, the eye is very absorbent. Agrichemical can en-
ter the body approximately twelve times faster through the eye than through skin
on the forearm. The simple common sense method is to have safety glasses, goggles,
or a face shield readily available at mixing time and ensure staff always use them.

READ THE LABEL

The fundamental advice I can give any agrichemical user is to “Read the Label.”
But by this I mean read it properly! Too many users only search out the amount of
chemical to add to the tank and forget the rest. I strongly encourage users to regu-
larly read the other information on the label, taking particular note of the warnings
and precautions described. This is a simple but important message for both you
and your staff.

Labels are presently changing in New Zealand, thus there is even more reason to
“Read the Label” properly. Under the Hazardous Substances and New Organisms
Act 1996 (HSNO, 1996), hazardous substances (which include agrichemicals) have
been individually classified in accordance with each of their hazardous properties.
This HSNO system of classification is based on the Globally Harmonized System
of Classification and Labelling of Chemicals (GHS). The United Nations Economic
and Social Council (ECOSOC) published this in late 2003. The GHS is designed to
make available a globally harmonized hazard classification and compatible label-
ling system, including material safety data sheets and easily understandable sym-
bols. New Zealand is one of the first countries in the world to adopt GHS.

In the past an agrichemical had just one classification, but now the new labels
will list a number of hazardous properties. The hazard classifications are described
with numbers and letters, and these will appear on the new labels. Alongside this
we can expect to see a written description of these hazards in plain English. It
comes as a surprise to most of us just how many hazards have been identified in the
agrichemicals we use. For example the Syngenta product Actara® (Syngenta Group
Company, Syngenta Crop Protection Ltd, Auckland) which contains 250g/kg thia-
methoxam in the form of a water-soluble granule for the control of scale on kiwifruit
(Actinidia) has the following HSNO classifications written on the new label: 6.1E,
6.4A, 6.9B, 9.1B, 9.3C, 9.4A. The following warning is then listed:

m  May be harmful if swallowed
May cause eye irritation
May cause target organ damage through repeated oral exposure
Toxic to aquatic life
Toxic to terrestrial vertebrates
Toxic to terrestrial invertebrates. Toxic to bees.
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These warnings match the HSNO classifications as listed above, for instance the
6.4A classification identifies that this particular hazardous substance “may cause
eye irritation” and 9.1B classification identifies “toxic to aquatic life”.

The first newly written labels are only now appearing on the market. Be aware
that wording may differ between companies, which hasn’t always been the case in
the past, but that provides even more reason to “Read the Label” completely before
use. And expect to see other differences on the new labels. For instance pictograms
may appear. We are used to seeing international symbols such as a flame signifying
“Flammable Liquid” and skull and crossbones signifying “Toxic.” One new symbol
signifies “Target Organ,” meaning that hazardous substance may cause damage
to a target organ such as heart, liver, kidneys or lungs. A new pictogram showing
a dead fish and tree signifies “ecotoxic.” Under the HSNO Act we can expect to
have a greater awareness of environmental damage from hazardous substances
and stricter controls to prevent such damage than we have had in the past. Also
expect to see more references on the label than in the past to a range of items such
as record keeping, re-entry times, approved handler requirements, and the code of
practice Management of Agrichemicals (New Zealand Standard 8409).

I have only touched on the changes being brought about by the HSNO Act, but
no matter how complicated they are the simple message still remains — “Read the
Label” completely before use.

GROWSAFE®

In this country the New Zealand Agrichemical Education Trust (NZAET) has devel-
oped and maintains education and training in the safe, effective and responsible use
of agrichemicals, under the banner of GROWSAFE®. GROWSAFE® trainers operate
nationwide, providing training to agrichemical users — from basic concepts such as
reading the label through to more complex changes arising from the HSNO Act.
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Sprinkler Uniformity in Greenhouses and Nurseries®

Peter Savory
Netafim New Zealand, P.O. Box 53-139, Airport Mail Centre, Auckland

INTRODUCTION

Greenhouses and nurseries aim to achieve crops that are of a consistent grade and
that can be marketed evenly as one line, all at the same time. To achieve this,
every plant should receive the same amount of water and at the same application
rates. Many growers have long overlooked uniformity of watering systems in the
greenhouse and nursery industries and many systems have grown haphazardly as
properties have expanded. There are now readily available the sprinklers and the
tools to easily design and supply a sprinkler irrigation system that will give the
grower uniform watering from sprinkler irrigation systems.

UNIFORMITY OF DATA
All leading sprinkler manufacturers test their sprinklers in laboratories to gather
the data on where the water falls across the sprinkler coverage. Generally most
sprinklers have a higher application rate close to the sprinkler and then lesser
amounts further out. This data is then used in simple computer programmes such
as WinSpace [SPACE (Sprinkler Profile and Coverage Evaluation) for Windows,
Centre for Irrigation Technology, California State University, Fresno, California,
U.S.A\] to see how even the water is applied at various spacings. Most irrigation
designers in New Zealand have this programme available to them. From the WinS-
pace programme the evenness of the watering pattern is measured by three differ-
ent formulas. These are:

m  Christiansen’s Coefficient of Uniformity (CU%)

m  Distribution Uniformity (DU%)

m  Scheduling Coefficient (SC) (5%)

These are all measures of how even the water is applied to the area and all should
be considered when looking at the results. Both CU and DU should be given when
considering the results as each formula has its strengths and weaknesses. Chris-
tiansen’s Coefficient of Uniformity does not always account for the severity of over
or under watered areas while Distribution Uniformity may be misleading if indi-
vidual amounts of the lowest application rates are widely spread over the total
area. Scheduling Coefficient gives a measure of the additional time required at the
area of lowest application (usually measured over 5% of the area) to achieve the
average application rate.

Table 1. Desired results for different situations.

Measure of uniformity Greenhouse Nursery
CU% >90% >85%
DU% >85% >75%

SC 1.1 <1.3
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Figure 1. Densogram examples.

DESIGN OF THE SYSTEMS
Using the WinSpace programme the designer is able to enter the following data:
m  Height of sprinkler above the crop.
m  Spacing between sprinklers and between laterals.
m  Sprinkler operating pressure.
m  Sprinkler pattern (e.g., strip watering for tunnels, rectangular,
triangular, etc).
m  Sprinkler model (nozzle, swivel, and flow).
The result is a uniformity evaluation shown by a densogram.
The densogram examples shown (Fig.1) indicate:
m  Sprinklers mounted in each corner.
m  Darker area is higher application and lighter area is lesser applica-
tion rates.
m  Areas of most water and least water.
The other data provided is:
m  Application rate (mm/h).
m  Measures of uniformity CU%, DU%, SC.

RESULTS

By varying the spacing, model, and pressure it is very easy to find the best sprinkler
combination for any given situation. Often by changing the spacings by even the
smallest of amounts (<0.5 m) or a change from rectangular to triangular spacings
can have a drastic effect on the uniformity.
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The New Start of IPPS-Japan Region®

Kaneto Aoyama
Kaneya Co., Ltd, 34 Toyohama, Susagaoka, Minamichita-Cho, Chita, Aichi, 470-3412 Japan

My name is Kaneto Aoyama, current president of IPPS-Japan.

For several years now it has been a very hard time for the gardening and horticul-
tural producers in Japan. The membership of I.P.P.S. is working on a horticultural
market with the L.P.P.S. motto that is “SEEK AND SHARE.” Currently in Japan
the gardening and horticultural markets are beginning to change their business
style. Therefore, IPPS-Japan needs to change its management style. The member-
ship of IPPS-Japan is also anxious for IPPS-Japan to change.

In June 2005, we had our 12th Annual Conference in Mie. I would like to express
my appreciation to the executive committee members for preparing the conference
and all L.P.P.S. members who attended this conference. At this conference we not
only had the presentation of research papers but we also had the opportunity to
exchange ideas between IPPS-Japan members. If the members are to attend our
conferences they will expect to get something from the meeting. To achieve this
wish, we decided the subject would be member satisfaction.

As we began the conference planning we received a surprise. To our surprise we
found that many IPPS-Japan members did not know each other. Also they did not
know what other members were doing or what the membership was interested in
receiving from the conference. It was true that we, the IPPS-Japan members are
under a very difficult situation currently. I think it resulted from a lack of following
our policy of “SEEK AND SHARE.”

We then prepared for the annual conference in Mie with the idea to change that
situation,. The program has the content, which was “the meeting to exchange the
idea of IPPS-Japan member with each other.” It would start with an exchange of
business cards between members, introducing themselves to each other, talking
about what is interesting to them, what they are expecting, and so on. It was good
business exchange for IPPS-Japan members at the conference at that time.

I will be changing the management of IPPS-Japan additionally in the future. We
will begin with an extensive change to our IPPS-Japan web page and newsletter
revision. It is imperative that we provide more information to our members and
provide the opportunity for IPPS-Japan members to exchange information with
each other. It should offer a better business chance for IPPS-Japan members.
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Production of Disease-Resistant Tissue Culture Seedlings
Using Endophytic Actinomycetes®

Hitoshi Kunoh, Tomio Nishimura, Sachiko Hasegawa, Akane Meguro, and
Tadao Fujimori
Akatsuka Orchid Co. Ltd., 1868-3 Takanoo-cho, Tsu, Mie 514-2293, Japan

In the mid 1990s several researchers found that a number of actinomycetes inhabit
a wide range of plants as either symbionts or parasites. Since then, endophytic ac-
tinomycetes have been attractive sources of novel antibiotics and growth regulators
of other organisms. Actinomycetes, especially Streptomyces species, isolated from
the rhizosphere have proven to be excellent biocontrol agents of soilborne plant
pathogens. Such an effective activity is largely dependent on secondary metabolites
produced by these organisms.

These earlier reports led us to assume that if a useful endophytic actinomycete
isolated from a field-grown plant can successfully colonize tissue-cultured seedlings
of the plant, the seedlings could become resistant to various plant pathogens. Be-
cause tissue culture flasks are usually axenic, such a novel technique should allow
this actinomycete to colonize easily its host plant without competition and/or an-
tagonism by any other microbes.

Twenty-five strains of endophytic actinomycetes were isolated from roots, stems,
and leaves of field-grown rhododendron. One strain, R-5, that was identified as
S. galbus was selected as a candidate strain. This strain does not adversely affect
growth of the rhododendron seedlings, has a broad antimicrobial spectrum, grows
actively on the multiplication medium for tissue culture of rhododendron, and pro-
duces two major antibiotics—actinomycin X, and fungichromin.

When myecelial suspension of R-5 was spread on the multiplication medium in a
glass flask with rhododendron seedlings, mycelia of R-5 grew, sporulated to form
powdery colonies on the medium surface within 2—-3 days, and colonized inside the
plants within 7 days. The seedling on the multiplication medium that was previous-
ly treated with R-5 were shown to be resistant to diseases caused by Pestalotiopsis
sydowiana and Phytophthora cinnamomi, major air-borne and soilborne diseases
of rhododendron, respectively. Promising protective effects were obtained when R-5
was applied in the tissue culture flasks or directly into soil.

First we assumed that antibiotics produced by R-5 might induce resistance in the
seedlings. However, morphological, biochemical, and molecular studies revealed
that resistance induced by inhabiting R-5 (acceleration of papilla formation, phyto-
alexin production, and signal transduction through the jasmonate pathway) might
be more directly associated with the disease resistance.

Our in vivo test proved that R-5 was an excellent biocontrol agent to produce
disease-resistant seedlings of flowering pot plants for practical purposes. This
technique was patented in Japan [P3629212 (04.12.07)] and U.S.A. [US 6,544,511
B2 (03.04.08)].
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Disease Resistance and Drought Tolerance of Kalmia
latifolia Induced by Endophytic Actinomycetes®

Tomio Nishimura, Sachiko Hasegawa, Akane Meguro, Hitoshi Kunoh, and
Tadao Fujimori
Akatsuka Orchid Co. Ltd., 1868-3 Takanoo-cho, Tsu, Mie, 514-2293 Japan

An isolate of endophytic actinomycetes, designated AOK-30, was selected as a can-
didate for further studies from 73 isolates obtained from field-growing mountain
laurel (Kalmia latifolia L..) based on growth test on the multiplication tissue culture
medium and antimicrobial activity. This isolate was identified as Streptomyces pad-
anus based on morphological, physiological, cultural characters, and nucleotide se-
quences of 16S rDNA. It was tolerant to almost all of routinely used agrochemicals.

Application of mycelial suspension of AOK-30 to the medium surface in flasks
where tissue-cultured seedlings were growing successfully induced their resistance
to Pestalotia disease. Direct soil mixing of the suspension or powdered bean curd
with the AOK-30 culture successfully protected transplanted seedlings from Pesta-
lotiopsis and Rhizoctonia diseases.

Tissue-cultured seedlings turned reddish within 7-10 days after treatment with
AOK-30. Osmotic pressure of protoplasts prepared from these seedlings was great-
er than that of protoplasts from AOK-30-untreated green seedlings. Use of cellu-
lase successfully released protoplasts from the untreated green seedlings, while
cellulase and xylanase were required for the release from AOK-30-treated reddish
seedlings. These results suggested that cell wall components of AOK-30-treated
seedlings could be different from those of untreated green seedlings. Sugar analy-
ses revealed that hemicellulose such as arabinose and callose in reddish seedlings
remarkably increased in contents. A further protein analysis of cell wall fraction of
reddish seedlings showed the increase of a specific protein showing 100% homol-
ogy with potato malate dehydrogenase that is supposed to be associated with lig-
nification. The subsequent histochemical test proved that lignification of cell walls
was accelerated in reddish seedlings, especially in sieve elements surrounding the
vascular system. These results suggested that a high osmotic pressure in cells and
chemical modifications of cell walls could be associated with enhanced water reten-
tion and thus drought tolerance of AOK-30-treated seedlings.
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Current State of the Fruit-Tree Liner Nursery Industry in
Japan. Report No. 1°

Naoki Omori
Sanyo Nursery, Co. Ltd., 215 ltsukaichi, Akaiwa, Okayama, 709-0831 Japan

Most fruit producers in Japan purchase their plants from propagation nurseries,
and this makes common sense. This is especially so with newer clones in which
cultivar propagation rights are protected as has occurred in many other flowering
plants. I would like to discuss fruit-tree propagation in Japan, which is the begin-
ning process of the fruit production industry.

OUTLINE OF SAPLING PRODUCTION

In Japan, the prefectures of Ibaraki (Saitama), Aichi, and Fukuoka are major fruit-
tree-liner production areas. Those areas are located near Okayama, Yamagata, Ni-
igata, and Nagano, which are major fruit growing prefectures in Japan. In Aichi
and Fukuoka, citrus fruit-tree liners are produced, while in the other areas decidu-
ous fruit-tree liners of grape (Vitis), peach (Prunus), persimmons (Diospyros), prune
and cherry are produced. In addition, both apple (Malus) and pear (Pyrus) liner
propagation occurs in cold areas.

All fruit tree liner suppliers (nurseries) are producing based on environmental
conditions. It is very important that protection is provided from both high tempera-
tures and high humidity during the summer season.

In Japan, grafting methods are used for the propagation of fruit-tree liners with the
exception of fig trees and raspberries. The stock selected is determined by the climatic
condition, land condition, and/or production method of each area (or each fruit).

When fruit-tree propagators need seeds for understock production, they purchase
them from a special trader (nursery or market) or gather them privately. A number
of imported seeds from China are now found in the market. Recently, we are finding
in the market small stock plants of prune and cherry, which are propagated by the
in vitro method. However, there is not a large amount of these in market circulation
because the price of the clonal propagule is high.

The original characteristics of some cultivars are not clear, for example, D. khaki
‘Saijo’ or ‘Fuyu’ (major cultivars of persimmon), because they are very old cultivars
and there are many “strains” in Japan. I think it is important to clarify the rela-
tionships among these strains (for each cultivar) by genetic analysis for further
improvements in fruit production.

CONCLUSION

The economic status for many fruit-tree propagators is currently very difficult.
Propagators are not accustomed to competition because in the past they were un-
der government protection for a long time. However, the situation has changed and
it is necessary for producers to develop new markets such as supplying a demand
from amateur gardeners.



Genetic Resources of Indigenous Citrus Species at Kinki University 215

Genetic Resources of Indigenous Citrus Species at
Kinki University®

Nobumasa Nito
School of Biology-Oriented Science and Technology, Kinki University, Uchita, Naga, Wakayama
649-6493 Japan

From ancient times Citrus species have been used as fresh fruits, medicines, and
ornamentals in Japan. Tachibana and cherry trees have been planted in the old
Imperial Palace as the holy trees. Citrus is one of the most important fruit trees in
the world and is cultivated in temperate, subtropical, and tropical areas.

Although the origin and time of introduction is unclear, we have many old species
such as tachibana (C. tachibana), shekwasha (C. depressa), daidai (C. aurantium),
yuzu (C. junos), and kabosu, koji to name some. Kishu-mikan (C. kinokuni) is one
of the earliest species introduced into Japan, where it was the most popular species
because of its pleasant flavor and rich fragrance during Edo era. But, Kishu-mikan
was replaced by Satsuma mandarin during those 200 years. Satsuma mandarin
(C. unshiu) originated in Kagoshima prefecture, southern part of Kyushu Island,
and has been the leading type in modern Japanese citrus industry. It produces
high quality fruits without seeds in the climate condition in Japan. More than 200
cultivars have been obtained by bud mutation and breeding programs. In addition,
some species of Citrus originated in Japan such as natsudaidai (C. natsudaidai),
hassaku (C. hassaku), Iyo-kan (C. iyo), hyuganatsu (C. tamurana), sanboukan (C.
sulcata), and some pummelo cultivars.

Trifoliate orange (Poncirus trifoliata) was introduced into Japan in ancient time
and has been used as a rootstock for Citrus cultivars. Kumquat (Fortunella sp.) has
been used for ornamental and medicinal usages.

About 180 species and cultivars of the indigenous Citrus are maintained in the
germplasm collection at the Experiment Orchard of Kinki University. These mate-
rials are used for taxonomic studies and in pursuit of the origin.

Indigenous species are compatible to the climate condition and grow vigorously
with fewer chemicals. We can expect medicinal and ornamental uses with these
indigenous materials. We want to share the information on Citrus species and cul-
tivars indigenous to Japan.
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MIYOBI: A New Fertilizer Containing Abscisic Acid®

Yasuo Kamuro
BAL Planning Co., Ltd., 2-15-16, Hanaike, Ichinomiya, Aichi 491-0914, Japan

INTRODUCTION

MIYOBI is the commercial name of new fertilizer that contains the natural type
of abscisic acid [SABA (S)-(+)-ABA 5-[(1S)-1-hydroxy-2,6,6-trimethyl-4-oxo-2-cyclo-
hexen-1-yl]-3-methyl-2,4-pentadienoic acid], and that was registered in Japan in
Dec. 2003 (Table 1).

Table 1. Formulation of MIYOBI.
Percent a.i. (w/w) in MIYOBI

Agents as fertilizer

Water soluble K: 8.0
Water soluble P: 5.0
Water soluble Mg: 0.90
Water soluble Bo: 0.50
Water soluble Mn: 0.30

Activator of fertilizer
SABA: 10.0

The natural type of abscisic acid is found ubiquitously in the plant kingdom, and
it is well known that SABA inhibits the K-ion pump (Walton, 1980). In addition, it
is also generally known that K-ion shows growth-promoting effects such as tissue
differentiation, improvement in photosynthesis, biosynthesis of proteins and pig-
ments, flower bud differentiation, and fruit maturation.

Natural type abscisic acid shows totally different physiological effects when com-
pared with racemic ABA, which is chemically synthesized. For exmple, SABA pro-
motes plant growth at a low dosage and inhibits growth at a high dosage (Kamuro,
1994; Kamuro et al., 1992). It is also very interesting that the combination of SABA
and GA_showed synergistic promotive effects on photosynthesis, vegetative growth,
flowering of long-day plants, fruit-set, and fruit-thickening growth (Kamuro et al.,
1997; Kamuro et al., 2001; Nozawa-Gloria et al., 2003). The objective of this re-
search was to study the effects of SABA and GA, treatments, alone and in combina-
tion, on photosynthetic rate and vegetative growth.

MATERIALS AND METHODS

Two-year-old camphora trees (Cinnamomum camphora L..) were used as test plants.
Each plant was grown in a pot 7 cm in diameter. Individual plants were 15 cm in
height and had 10 leaves. This research was carried out in September. Four test
plots were set up as shown in Table 2. Five plants in each plot were sprayed with
SABA 10 ppm, GA, 50 ppm, SABA 10 ppm + GA, 50 ppm, or water only (control).
Photosynthetic rate was investigated under the conditions of 23-24 °C and 1050
pmol'-m?%s?t at 7 days and 30 days after spray treatment. Growth increment at 34
days after treatment was recorded.
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Table 2. Effect of SABA and GA, treatments on photosynthetic rate and vegetative growth
in young plants of camphora tree (Kamuro et al., 1992)

Photosynthetic rate (%) Growth increment/plant (%) at 34 D.A.T.

Spray treatment 7DAT 30D.AT. Plant height Leaves D.W.  Root D.W.

Control 144.5" 124.2" 2.7cm 0.84¢g 0.68g

(100%) (100%) (100%) (100%) (100%)

SABA 10 ppm 106.3 94.7 92.6 98.8 141.2

GA, 50 ppm 103.0 122.0 800.0 120.2 94.1

SABA 10 ppm +

GA 50 ppm 121.9 136.0 740.7 133.3 126.5

*nmol CO,s/plant, D.A.T. = days after treatment, D.W. = dry weight.

Table 3. How to use “MIYOBI” on crops.

Effects Crop Treatment and Dosage (MIYOBI: g per Li! water)
Establishment Seed Quick dipping (1 g per 5 L), or

increase (%) and Soaking for one night (1 g per 500 L)

vigorous growth Bulb Mix treatment with GA, 1-5 ppm is recommended

in some cases.

Increasing rooting (%)  Cutting Spray on cutting, seedling, or nursery stock

and prevent wilting Seedling 1-2 days before transplanting (1 g per 5 L)
Growth promotion Vegetable Spray at the 2-5 true leaves stage
and yield increase Root crop 1 or 2 times at intervals of 20 days (1 g per 5 L))

Nursery stock ~ Mix treatment with GA, 5-20 ppm is recommended
in some cases.

Growth promotion Long-day Spray at the 2-5 true leaves stage
and early flowering ornamental 1 or 2 times at intervals of 20 days
plant (1 g per 5 L+ GA, 10-20 ppm)
Fructification Fruit tree Spray at the beginning stage of flowering.

increase (%) and
under unfavorable  Vegetative fruit 1 or 2 times at intervals of 20 days. (1 g per 5 L)
weather conditions. and leguminous

crops
Preventing of early Fruit tree Spray at the early stage of fruit growth.
fruit drop and
fruit thickening Vegetative fruit 1 or 2 times at intervals of 20 days
(1 g per 5 L+ GA, 5-20 ppm)
Dwarfing All kinds Spray at the early stage of stem elongation.

of plant (1 g per 2 L + Ethephon 100-200 ppm)
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RESULT AND DISCUSSION

The test results are shown in Table 2. The combined treatment of SABA and GA,
showed increased effects on photosynthetic rate and dry weight per plant. It is very
interesting to note that the combined treatment was more effective on dry weight
increase of both top and root growth. These effects might result from the combined
treatment promoting an increased photosynthetic rate, however, the mode of action
is not yet cleared.

It is generally understood that abscisic acid counteracts the physiological action of
gibberellins. A racemic ABA mixture has been used generally for research in plant
physiology and showed only weak effects on growth promotion. We have previously
reported that SABA showed totally different effects on plant growth when com-
pared with racemic ABA and that mixed applications of SABA and GA enhanced
the physiological actions of GA as mentioned above.

We also reported that mixed treatments of K-ion and SABA were effective in pro-
moting these growth phenomenon mentioned above. So, SABA was added as an
activator in fertilizer. A useful fungus that is available for wine brewing since old
times produces SABA, which is added in MIYOBI. Racemic ABA, which is chemi-
cally synthesized, does not work for this purpose.

MIYOBI is valuable only as a foliar spray and not effective as a soil treatment
because SABA is easily inactivated in soil.

Currently SABA is registered as a fertilizer activator and MIYOBI is available for
agricultural production in Japan, Korea, and Taiwan. The use of MIYOBI on vari-
ous crops is shown in Table 3.
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Rapid In Vitro Production of Plants From Immature Seeds
in Lilium japonicum®

Hidehiro Inagaki, Hisao Otsuka, and Yoshinori Terada
Shizuoka Agricultural Experiment Station, 678-1 Tomigaoka, Iwata-shi, Shizuoka 438-0804, Japan

INTRODUCTION
To control the period from sowing to flowering is important in the cultivation of
seed-propagated ornamental plants. However, commercial cultivations of some
plants are difficult because of their long periods from sowing to flowering. Lilium ja-
ponicum Thunb. is a wild lily native to Japan and of great potential as an ornamen-
tal plant. Although seed propagation is generally used for its mass propagation, it
takes a very long time from sowing to flowering (about 6 to 7 years). Therefore, its
commercial cultivation has not been established.

In this report, we investigated characteristics of seed germination and developed
a new method with immature seed culture to promote seed germination and to rap-
idly produce plants, which allows shortening the period to flowering.

MATERIALS AND METHODS

Germinability of Immature Seeds. Immature seeds of L. japonicum were col-
lected from six capsules at various maturities. Lengths of seeds and embryos were
measured monthly after pollination. Twenty seeds were placed in a 90-mm-diam-
eter petri dish containing 20 ml of the Murashige and Skoog (MS) solid medium
(Murashige and Skoog, 1962) or water agar medium without MS salts. Twelve dish-
es were kept at 20 °C under a long-day photoperiodic condition (74 pmol-m#sec?,
16 h). The number of germinated seeds was recorded every 40 days for 200 days
after the start of culture.

Influence of High Temperature Treatment on Germination of Immature
Seeds. Immature seeds 3 or 4 months after pollination were prepared. Sixteen
seeds were placed on MS solid medium in a plastic petri dish. For high temperature
treatment, 12 dishes were kept at 30 °C for 50 days and then kept at 20 °C. For con-
trol, 12 dishes were kept at a constant 20 °C. Both cultures were carried out under a
long-day photoperiod condition (74 pumol'm?#sec?, 16 h). The number of germinated
seeds was recorded at 40-days intervals during 120-days culture.

Influence of Pre-Treatments on Germination of Immature Seeds. Immature
seeds 3 months after pollination were pre-treated with the following methods: (1)
scarification (making a small cut in the seed coat); (2) soaking in 0.5% NaClO for 20
min; (3) no treatment (control). Sixteen seeds were placed on MS solid medium in a
plastic petri dish. Twelve dishes were used for treatment and kept at 20 °C under a
long-day photoperiod condition (74 pmol'm?sec”, 16 h). The number of germinated
seeds was recorded every 40 days for 200 days after the start of culture.

RESULTS AND DISCUSSION

Germinability of Immature Seeds. Seeds and embryos reached their final sizes
in 2 months after pollination (Fig.1). Though immature seeds 2 months after pollina-
tion did not germinate on water agar medium, they germinated on MS medium. In
contrast, there was little difference in germination of seeds collected 3 to 4 months
after pollination between water agar medium and MS medium. Culture on MS me-
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dium promoted germination of immature
seeds. Germination rate of mature seeds
5 months after pollination declined on
water-agar medium, while it increased
on MS medium. Furuya (1999) suggested
that mature seeds of this lily species have
dormancy. Our data support that seeds
became dormant when mature.

It is unknown why mature seeds did
not demonstrate apparent dormancy on
MS medium. The possibility that some
MS salts may have a breaking effect on
seed dormancy remains to be studied in
the future.

Influence of High Temperature
Treatment on Germination of Imma-
ture Seeds. In the previous experiment,
immature seeds were also germinable
(Fig. 2). However, their germination rate
was not high. Therefore, we investigated
effect of high temperature treatment on
germination of immature seeds to improve
the germination rate. High temperature
treatment improved germination rate of
immature seeds 4 months after pollina-
tion (Fig. 3). This suggests that the cause
of low germination of immature seeds 4
months after pollination is seed dormancy
and that dormancy can be broken by a
high temperature treatment. In contrast,
germination of immature seeds 3 months
after pollination was not affected by high
temperature treatment (Fig. 3). The sen-
sitivity to high temperature may develop
later than 3 months after pollination.
High temperature treatment is effective to
promote germination of immature seeds
4 months after pollination. However, it is
desirable to use more immature seeds for
obtaining plants rapidly. Therefore, we
conclude that high temperature treatment
is not useful for this purpose.

FA
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Figure 1. Growth curves of seeds and em-
bryos after pollination in Lilium japonicum.
The bars represent SD (n = 6).
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Figure 2. Germination rate of immature
seeds at various maturities after pollination
on water agar or MS medium. Data were
taken after 200 days of culture.

Germination (%)

Culture period (days)

Figure 3 Effect of high temperature treat-
ment on germination of immature seeds
three (O, ®) or four months (O, M) after pol-
lination. Open symbols (O, O), control; closed
symbols (@, W), high temperature treatment.

Influence of Pre-Treatments on Germination of Immature Seeds. In our ex-
periment, we investigated pre-treatment methods to promote germination of imma-
ture seeds collected 3 months after pollination. As a result, scarification treatment
significantly improved the germination rate of immature seeds 3 months after pol-
lination (Fig. 4). In addition, germination was promoted after a soaking treatment
in NaClO (Fig. 4). A soaking treatment is easy for mass propagation compared with
scarification. Hence, we consider that soaking treatment in NaClO is effective for pre-

treatment of immature seeds.
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Method of Immature Seed Culture to
Promote Germination. Figure 5 shows
a comparison of growth among three
methods. In the case of existing methods,
bulblets weighing 0.1 g were obtained 22
months after pollination (April of 3rd year)
when grown in the soil method, or ob-
tained 10 months after pollination (March
of 2nd year) using the temperature treat-
ment method (Kamata, 1987). On the
other hand, in immature seed culture de-
veloped as a new method in our study can
provide bulblets with an average weight of
0.5 g 7 months after pollination (January
of 2nd year). In vitro cultures to promote

104}
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Figure 4. Effect of pre-treatments on the
germination rate of immature seeds (3
months after pollination). The bars repre-

bulblet growth have already been inves- sentSD (n=12).

tigated extensively (Fukui et al., 1989;
Kawarabayashi, 1993; Haruki et al., 1996, [ sruwwemt (i 5 LTS
1998; Inagaki et al., 2003). Thus, bulblets af
weighing over 3.0 g were obtained in April
of 2nd year using a liquid culture for 90
days following immature seed culture.
When bulbs were planted in containers
after experiments, we observed the first
flowering 2 years after planting.

From these results, it is concluded that
the culture of immature seeds is an ef-
fective method to promote germination.
Furthermore, the time to flowering could also be shortened considerably using im-
mature seed culture.
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Figure 5. Comparison of growth season
among immature seed culture and other
two existing methods.
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The Effect of Slits of Circle Slit Cancel Pot (CS POT)®

Mikio Minamide
Minamide Co., Ltd 7-8-5 Kanbe, Suzuka, Mie 513-0801, Japan

Simply speaking, the characteristics of circle slit cancel pot (called CS POT or “Ton-
demonai Pot”) is that the slits at the bottom of the container stimulate the growth
of many new healthy roots, for the slits allow the excess water from watering to
drain out of the container soundly and the main root to receive sufficient air to grow
well. I think my containers (Table 1) are superior to others on the point of fostering
root growth.

The excessive moisture in the container causes circling of the roots, which is con-
sidered to be one of the biggest concerns when we produce containerized plants. On
the inside of containers water moves along the following courses mentioned below

Table 1. The lineup of CS containers (containers with slits).

Type Japanese Name Size
Circle slit cancel pot for breeding CS Plug-tray 406-40 holes & 128 holes
(for machinery)
Circle slit cancel pot for producing,
breeding, gardening and planting CS POT 6.5 ¢ — 30 cm and 50 cm
Circle slit cancel pot for breeding
and producing Polyester-pot 9em o —15cm ¢
Circle slit cancel pot for gardening Kesyo-pot 9¢-21¢
Circle slit cancel pot for gardening Kengai-pot 1860-30¢

Table 2. A difference of both the flow of water and root development of plants between three
types of containers (In the Polyester Pots, you can grow the roots like that are fostered in
the CS POT with the greatest care). You will be able to make excellent growth in polyester
pots if you wish.

Polyester Pot
Dry The roots easily tend to circulate by
Suitable humidity themselves.

Nonwovens Pot

The middle of the soil is dry. Although the main roots grow well with
The water evaporates through the stitches.  new roots, it is extremely difficult to grow
The bottom of the soil becomes humid them in the middle of the container.

because of the clogging water.

CS POT

Excess water from watering will be able to When meeting the slits, the roots stop
drain out of the container and water is growing temporarily. Also, the number of
dispersed evenly in the soil. new roots increases.
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Figure 1. Camphor tree (Cinnamomum camphora), 1.8 m in height, in polyester container.
The roots have become woody and are circling the container.

(Table 2). The containers made from polyester, vinyl chloride, or plastic drain out
most of the excess water after watering; however, some water remains between the
container and soil because of surface tension. In addition, the circle holes prevent
the soil from getting sufficient air because the water fills such holes owing to surface
tension. Also, dew forms inside of the containers because of a difference between the
day and night temperatures. This condensation produces too much humidity in
the containers. As a result, the roots start circling along the container wall to get
sufficient air. Circling roots have two bad influences on the growth of plants. First,
plants usually absorb nutrition or water from their root tips. If circling happens,
the number of these tips absorbing sufficient nutrition and water decreases. Thus,
circling causes the plants to have a reduced absorption power. Second, the circling
roots, which become woody because of accumulated lignin, prevent the formation of
new roots and cause a plant to age (Fig. 1).

Because of the slits, CS POT can drain excess water following watering owing to
surface tension and condensation. Because containers do not have any excess wa-
ter after watering, water is dispersed evenly in the soil. As a result you can control
watering more easily because you can check how the soil is drying by observing the
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Figure 2. Circle Slit Cancel pot (CS POT).

soil surface. Also, if the soil is given excess water, it is rare for the soil to become
waterlogged. The projections, 1 mm in height, and slant of the CS POT wall lead
the roots downward without circling (Figs. 2 and 3). Additionally, these projections
work as a radiator. The temperature in the container drops faster, because these
projections make the surface area of the container bigger.

As mentioned earlier, the construction of the container leads the roots downward.
These roots stop growing temporarily when they come in contact with the air. This
stopping does not mean that the roots are dead. When sufficient air is given to
the roots, the cells of the root tips become smaller and smaller, and undergoing
hormonal stress, the roots cease growing temporarily. When ceasing the growth,
the roots have mulberry spots. These spots indicate that growth hormones are pro-
duced at those root tips. Because of the translocation of these growth hormones
to the aboveground plant parts, leaves, buds, and fruits become bigger. Due to a
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Figure 3. Camphor tree (Cinnamomum camphora) 1.8 m in height, in CS POT (24 cm in
diameter). After 1'/2 years of culture in CS POT many new roots are formed down from the
proximal part of the root. When viewing the growing points you will note that many of the
root tips have ceased growth.

translocation of growth hormones produced from the aboveground to roots, it can
become possible for the main root to have new roots not only at the lower but also
at the upper part. Thus, it is clear that the main root has new roots at the middle
part (Figs. 4 and 5).

The CS POT has slits at each corner of the hexagonal or octagonal bottom of the
container (Fig. 2). The roots by nature gather around the corners. Therefore, all
the roots ceasing growth gather around each slit. As a result, it becomes possible
that the roots produced in the CS POT do not circle and the main root has new
healthy roots from the top to the bottom. Thus, you can grow plants for a long time
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Figure 4. Camphor tree. A washed view of Fig. 3 showing a lot of new roots in the middle
of the pot.
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Figure 5. A sectioned diagram of the root mass of Gardenia jasminoides (Cape jasmine) (50
c¢m) in CS POT (24 cm in diameter). There are lots of new live roots at not only the middle
and lower levels but also the upper part of the main root mass.

Figure 6. Conifer (ball bird). Right: CS
POT (15 cm in diameter). The main roots
have lots of new live roots growing down-
ward evenly. Left: Typical pot (156 cm in
diamater). The root rot has been caused by
excessive water.

Figure 7. Udo (Aralia cordata) in CS POT
(24 cm in diameter).
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Figure 8. Loropetalum chinense (white, pink,
red selection) in CS POT (50 cm in diameter).

Figure 9. Stands of planted trees making
the use of CS POT (50 cm in diameter).
These CS POT containers are edged with
hyaku-monogatari (a kind of fence made
from thinning trees).

without changing the container because
the slits delay root aging (Figs. 6 and 7).
Also, when transplanting from CS POT
into a landscape site or the next larger
container the plant immediately roots
into the soil and their growth at the
next pot size or place is very good. The
reason this occurs is because the roots
that had stopped growing immediately
become active and start growing follow-
ing transplanting.

The CS POT is useful for the produc-
tion of trees, flowers, vegetables, and
fruits. As often shown in the popular
gardening publications in Japan such
as Amateur Gardening and The Guide
to Gardening, CS POT containers have
nationwide popularity among garden-
ers growing plants such as blueberries,
chrysanthemums, roses, and Christmas
roses. Now, we would like to introduce
our newest use for the CS POT (espe-
cially the CS POT 50 cm in diame-
ter)—tree planting on roof gardens and
stands of planted trees making the use
of CS POT (Fig. 8).

In the currently used containers the
roots begin circling and aging in 1 or 2
years. Therefore, a change in containers
is needed because they are not suitable
for such tree plantings. Our CS POT con-
tainers allow the trees to grow for a lon-
ger time because new healthy roots are
produced in the whole soil mass of the
container. Because of this feature, the
plants are not aging and the changing
of containers is not needed for a longer
time. This broadens the use of CS POT to
tree plantings around houses, buildings,
parks, and exhibitions (Fig. 9).
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Hokkaido Travels for Post Tour in 2004 IPPS’s
International Meeting®

Masaru Shibata
Ohken Co.,Ltd. 16-16 Ueno-cho, Kameyama, Mie, 519-0112, Japan

International Board Meeting is held at different regions every year by a rotation
system in the eight regions. Last year, in 2004, the International Board Meeting
was held in conjunction with the IPPS-Japan’s Shizuoka Annual Conference. At
this conference, as usual, a post-conference tour was planned. To explore the beau-
tiful autumnal tints and great nature of Japan, I selected Hokkaido because early
fall has become a popular destination at this time of year in the north island of
Japan. The list of participants on the tour and my impressions are as follows.

The First Day (10 September 2004). In early morning, we departed from Hama-
matsu to Nagoya by Shinkansen and arrived at New Chitose airport at 10:30 am
via Nagoya airport. By chartered bus we toured to Hokkaido Research Station,
which belongs to Snow Bland Seed Co., Ltd. (1066, Horonai-aza, Naganuma-cho,
Yubari-gun, Hokkaido, 069-1464, Japan). This is one of the major seed companies
in Japan. Here, crops such as forage grasses, legumes, F1 corn for feed and manure
crops, vegetables, and flower and ornamental plants are bred. We were welcomed
by Mr. Yamashita (director) and all his staff and had a splendid lunch and fully
enjoyed natural honey corn, potato, and fresh milk. All members were very satis-
fied with these traditional Hokkaido-like foods! Next we toured the field trials and
visited greenhouses in which we saw the breeding of Cyclamen or Begonia crops.
Lastly, we observed the unique tissue culture technology used with cyclamen. Dr.
Ken Tilt was especially interested in this technology. At the second stop, we visited
the Forestry Museum belonging to Oji Paper Co., Ltd. (Kuriyama-cho, Yubari-gun,
Hokkaido, 099-1508, Japan <http//www.ojipaper-ebetsu.jp/top.htm>). The site is 30

Figure 1. Beautiful wide panorama view from Biei Hill, Hokkaido.
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Figure 2. Memorial photograph at Hokkaido Experimental Forest of Tokyo University at
Furano, Hokkaido. The total participants were 14 people; from USA: Helen Gilbert, James
Gilbert, Margaret Parkerson, Charles Parkerson, Elizabeth Marshall, Richard (Dick) Mar-
shall, Barbara Smith, James Smith, Ken Tilt, and Fred Garrett. From GB&I: Peter Bing-
ham. From Australia: David Daly. From Japan: Fuwa and lizuka.

ha in area and was composed of numerous research trials with trees such as Popu-
lus, Betula, Alnus, Abies, Picea, and Larix. These trees have been studied mainly
as materials for pulpwood. Everybody enjoyed an example of a natural regenera-
tion model with Abies, which was explained by Mr. Koda, director of the Museum.
Mr. James Gilbert and Mr. David Daly especially liked the forest and trees and
enjoyed the forest atmosphere. In the evening we enjoyed a special meal of roast
mutton and delicious ice cream. I was surprised that most of the foreign guests ate
more than two times what the Japanese ate.

The Second Day (11 September 2004). Because a large typhoon had hit Hok-
kaido and this area was considerably damaged, we were not able to visit the famous
Sapporo Botanical Garden at Hokkaido University. Therefore, we went to “Hitu-
jigaoka” (Sheep Hill) where a famous statue of Dr. W.S. Clark is located. There, we
enjoyed sightseeing and had very delicious ice cream. Later we drove to “Hanano
Nikaido” in Asahikawa to see commercial cyclamen production. The group then
traveled to Nature World Hotel at Furano City via “Bieinooka” (Biei Hill; Fig. 1). In
a great natural landscape we spent a happy time all night with beer or wine.

The Third Day (12 September 2004). In the morning, we visited University
Forest in Hokkaido, which belongs to Tokyo University (Address of the University
Forest: Yamabe, Furano City, Hokkaido <www.uf.a.u-tokyo.ac.jp/hokuen/>) (Fig. 2).
This forest is very large, occupying approximately 20,000 ha; it is also a rare natu-
ral forest mixed with broad-leaved trees and evergreen conifers. During our visit
to this forest, most of participants were very busy taking pictures and enjoying
Hokkaido’s natural wonders. Of the many stops on this tour, I guess this stop was
the best and most interesting site for our guests. Afterwards, we moved to Kushiro
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City as the final stop via large farms in Tokachi Plain. In the evening, of course, we
held a goodbye party together with two supporters.

The Fourth Day (12 September 2004). During this day, we visited several fa-
mous sightseeing spots such as Kushiro Marshland, Fogged Mashu Lake, and Sul-
fur Mountain. Although the weather conditions on last day were not always good,
everybody seemed to enjoy this post-tour.

Lastly, I wish for your continued health, happiness, and second coming to Hokkaido.

A Plant-Growing Apparatus for Producing
CO,-Dissolved Water®

Akihisa Minato
Aquatech Co., Ltd, 1-19 Sansho-cho Nishinomiya, Hyogo 662-0978, Japan

Takayuki Asada
QOji Paper Co., Ltd, Forestry Research Institute, 24-9 Nobono-cho Kameyama, Mie 519-0212,
Japan

INTRODUCTION

In this paper, we are introducing a plant-growing apparatus for producing the
highly concentrated gas-dissolved water suitable for plant growth (Fig. 1). The
plant-growing apparatus is characterized by: (1) a step of supplying CO, or O, in a
pressurized state from one side separated with a permeable membrane (a hollow
fiber membrane) that is permeable only to a gas and impermeable to a liquid, while
causing water to flow to the other side of the permeable membrane; (2) a step of
dissolving the CO, or O,in the water so as to reach a predetermined concentration
in water; and (3) a step of intermittently supplying (atomizing and/or irrigating)
CO,- or O,-dissolved water to plants, thereby promoting plant growth.
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Figure 1. A view showing an example of plant-growing apparatus in the present paper. The
apparatus is roughly made up of, from the upstream side, a water tank, a pressure pump,
a hollow fiber membrane module MO, a CO, gas cylinder, a control valve SV2, and a relief
valve. Operations of the entire apparatus are controlled by a control unit (not shown).
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City as the final stop via large farms in Tokachi Plain. In the evening, of course, we
held a goodbye party together with two supporters.

The Fourth Day (12 September 2004). During this day, we visited several fa-
mous sightseeing spots such as Kushiro Marshland, Fogged Mashu Lake, and Sul-
fur Mountain. Although the weather conditions on last day were not always good,
everybody seemed to enjoy this post-tour.

Lastly, I wish for your continued health, happiness, and second coming to Hokkaido.

A Plant-Growing Apparatus for Producing
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Akihisa Minato
Aquatech Co., Ltd, 1-19 Sansho-cho Nishinomiya, Hyogo 662-0978, Japan

Takayuki Asada
QOji Paper Co., Ltd, Forestry Research Institute, 24-9 Nobono-cho Kameyama, Mie 519-0212,
Japan

INTRODUCTION

In this paper, we are introducing a plant-growing apparatus for producing the
highly concentrated gas-dissolved water suitable for plant growth (Fig. 1). The
plant-growing apparatus is characterized by: (1) a step of supplying CO, or O, in a
pressurized state from one side separated with a permeable membrane (a hollow
fiber membrane) that is permeable only to a gas and impermeable to a liquid, while
causing water to flow to the other side of the permeable membrane; (2) a step of
dissolving the CO, or O,in the water so as to reach a predetermined concentration
in water; and (3) a step of intermittently supplying (atomizing and/or irrigating)
CO,- or O,-dissolved water to plants, thereby promoting plant growth.
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Figure 1. A view showing an example of plant-growing apparatus in the present paper. The
apparatus is roughly made up of, from the upstream side, a water tank, a pressure pump,
a hollow fiber membrane module MO, a CO, gas cylinder, a control valve SV2, and a relief
valve. Operations of the entire apparatus are controlled by a control unit (not shown).
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MATERIALS AND METHODS

Hollow filter membrane (MHF) (three-layer composite hollow fiber) module was
used as the hollow fiber membrane module. Carbon dioxide-dissolved water (2,200
umol-mol! CO,) was sprayed in mist form onto kenaf (Hibiscus cannabinus L.) plants
being illuminated with light (light 14 h, dark 10 h, 24 °C) at intervals of 30 min and
for 60 sec at a time during the light period for 47 days. Tap water (as control water)
instead of CO,-dissolved water was sprayed in the same way and compared.

RESULTS AND DISCUSSION
The results are shown in Table 1 and Fig. 2.

The growth of kenaf was promoted when a high concentration of CO,-dissolved
water was intermittently atomized onto the plant. Similar results were obtained
from CO,-dissolved water irrigation with Eucalyptus plants.

The plant-growing method and plant-growing apparatus that use various highly
concentrated gases dissolved in water according to the present paper could be ap-
plied widely to the fields of agriculture and forestry.

Table 1. Effects of CO,-dissolved water (2,200 pmol-mol* CO,) on growth of kenaf (Hibiscus
cannabinus ) on plants sprayed at intervals of 30 min and for a duration of 60 sec at a time
during the light period (light 14 h, dark 10 h, 24 °C) for 47 days (n = 10, data are the average
+SE). SPAD-values were measured with a chlorophyll meter SPAD-502 (Konica Minolta
Sensing, Inc. Japan).

Treatment (N = 10) Dry wt. (g) Height (cm) Leaf size (cm) SPAD
Water (control) 1.49+0.57 30.9+6.9 5.7+0.7 43.6+6.9
CO, water 2.86+0.81 46.7£10.8 7.0+0.7 47.4+3.1
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Figure 2. Growth curve of kenaf (Hibiscus cannabinus ) plants sprayed with CO,-dissolved
water (2,200 pmol'mol* CO,) and tap water as a control at intervals of 30 min and for a
duration of 60 sec at a time during the light period (light 14 h, dark 10 h, 24 °C) for 47 days
(n =10, data are the average =SE).
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We have obtained genetic changes by using grafting and the synthesis of chimeral
plants instead of obtaining transformation by other biotechnological methods (Hi-
rata, 2004). Those results showed the potential available for the induction of genetic
changes. In the present study, the phenomena for using graft transformation and
chimera synthesis are summarized in pepper, brassica, citrus, and other crops.

MATERIALS AND METHODS

We adopted the grafting technique with the special “Mentor Method” for genetic
variation induction (Yagishita, 1964; Hirata, 1979). For artificial chimera synthesis,
in vitro grafting and in vivo methods were applied and were successful in obtaining
chimeral plants (Noguchi et al., 1994). Many materials were used for the experi-
ments such as Capsicum (pepper), Lycopersicon esculentum (tomato), Glycine max
(soybean), Brassica taxa, Raphanus sativus (radish), Brassica napus, B. oleracea,
Citrus, and others were used depending on the research purpose.

RESULTS AND DISCUSSION

1) Experiments on the graft-induced variation (graft transformation)
and the mechanism of the genetic introduction or induction have
been done in pepper, eggplant, tomato, and soybean. Genetic varia-
tions and new genetic behaviors (irregular changes) were obtained
and partially clarified the existence of gene transfer in the vascular
system by grafting (Taller et al., 1999).

2)  Chimera syntheses could be succeeded by in vivo and in vitro
graftings. Intervarietal chimera in cabbage, interspecific chimera
between B. rapa and B. oleracea, transgenic B. napus and B. ol-
eracea, intergeneric chimera between radish and red cabbage, and
interspecific Citrus chimera have been done. Various interactions
between three cell layers that make up the plant were observed
at morphological, physiological, and protein and DNA molecular
levels. The genetic interaction is a very new finding to become ap-
plicable in breeding and gene introduction by using chimera tissue.

3) Those interactions and genetic inductions both open new aspects
and technology for plant breeding and plant propagation.
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INTRODUCTION

This paper is based on my career experiences within both education and nursery
production. It raises issues about the different types of training and education
available to the nursery stock industry and highlights why these are fundamental
within the L.P.P.S. culture of “Seek and Share.”

Surprisingly, not all within the nursery trade think education is important. It
is, however, fundamental in order that nurseries remain up to date and competi-
tive within the ever-changing environment of the modern nursery stock industry.
If education is carried out appropriately it can increase both quality and efficiency,
motivate and develop staff, and keep businesses up to date with new ideas and
technologies.

CHANGES IN COLLEGE EDUCATION

Traditionally, U.K. nurseries recruited their key staff from graduates of National
Certificate and National Diploma programmes from a range of colleges, particu-
larly those with commercial horticulture expertise such as Auchincruive in Ayr,
Hadlow in Kent, Pershore in Worcestershire, and Writtle in Essex. However, the
quantity and quality of such graduates have declined during the last two decades,
and many growers now pass comments that “students are not as good as they used
to be” and “colleges are not delivering the same standards of education as they did
in the past.”

These comments are, in the main, correct, and comparing a graduate from a
National Diploma course in 1990 to one from the same college in 2005 highlights
the following facts. The graduate in 1990 would have had a pre-college year and a
middle year in employment, plus two spells, each of 2 years, in full-time college. The
full-time college year would have consisted of 40 weeks, with the students being
in college for 5 days each week (i.e., 400 days over the 2 college years). A graduate
from the same course in 2005, however, would have completed no pre-college or
middle years. They would still have completed 2 years in full-time education, but a
full-time college year in 2005 typically consists of just 30 teaching weeks, with the
students being in classes for only 4 days per week (i.e., 240 days over the 2 year
course). In effect, a National Diploma graduate in 2005 has had 2 years less indus-
try experience and 160 days less education at college. This makes them less skilled,
less knowledgeable, and, consequently, significantly less employable.

There are many reasons for this decline in standards, most of which are due to
severe external pressures imposed onto colleges, but the important point is that
nurseries must realise these changes have occurred. Then, instead of criticising
colleges and their graduates, they must accept that the “product” of colleges has
become a different one. Consequently, to ensure the quality of staff they require,
nursery owners and managers must take much more of a positive role in the whole
education process for themselves and their staff.
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THE ROLE OF FORMAL IN-HOUSE TRAINING

Most nurseries carry out some in-house training, but these are in a range of forms
and at various levels. Skilled staff can be trained to “teach,” and offices and/or cor-
ners of potting sheds can be converted into makeshift classrooms for workshops and
taught sessions. The advantages to nurseries of such in-house training are:

m  Training is done when and where the nurseries want it.

m  Training can be tailored to the operations of the businesses; staff
members are only taught what the nurseries want them to know.

m  There is no additional college “padding” such as awarding-body
paperwork, registers, and assignments and no qualification “tick
boxing,” such as can happen with National Vocational Qualifica-
tions (NVQs).

There are examples within many nurseries of staff members who have been em-
ployed since leaving school and, over a period of years, have become highly skilled
and knowledgeable within the areas of operation of the business. This in-house
apprenticeship approach can be very effective, and staff members learn the pro-
cesses, approaches, and methods specific to the place where they work. One of the
disadvantages of this approach, however, is that staff can become “blinkered” into
purely the operations of their employer and therefore unlikely to bring new ideas
and innovations to the business.

GETTING THE BEST FROM FORMAL COLLEGE EDUCATION

There are a great many colleges and institutions, including botanic gardens, around
the U.K. that offer horticultural training and qualifications. These range from 1-
day competency training courses to post-graduate qualifications. Unfortunately,
with the demise of specialist national centres for nursery training, colleges can now
be very variable in the quality of their programmes, staffing, resources, and ap-
proach to education.

It has already been highlighted within this paper that education in colleges is not
the same as it was 10 to 15 years ago (certainly not with the mainstream National
Certificate, National Diploma, and Higher National Diploma programmes) and the
traditional commercial horticulture colleges no longer offer the same specialist com-
mercial nursery courses that they used to offer. Nevertheless, horticulture colleges
still have an important part to play in training current and future nursery staff.
However, the important thing nursery owners and managers must realise is that
colleges have had to change how they deliver, and the “product” is now a different
one. Accepting and understanding these changes is vital if growers are to take ad-
vantage of what colleges presently deliver.

Even with the changes over recent years, there are still a great many advantages
to college-based training and education programmes, including:

m  Funding may be available to send staff on the courses.

m  Colleges provide knowledge and understanding of the principles of
horticulture and plant science, which are seldom delivered within
a nursery environment.

m  Sending staff to college can add new knowledge and ideas to your
business (Fig. 1).

m  Courses are delivered by professional, trained, and experienced
teachers (of course, this is only a benefit if these teachers ensure
their knowledge remains up to date).
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m At colleges students/trainees have access to facilities nurseries
would not have (Fig. 2).

m  College training provides networking opportunities for those
attending courses. This gives a different perspective, broadens
minds, and again may result in new ideas returning to the nursery.

m  College courses provide recognised qualifications/certificates at
many levels. This motivates staff and also can be used as part of
your “quality” branding.

m  Attending college can be seen as a “reward” by staff members who
are sent on such programmes.

THE ROLE OF INFORMAL EDUCATION

There is a range of informal ways in which staff can learn outside formal training cours-
es, but growers should consider whether they currently maximise all the following (and
other) varied opportunities for education available to them and their employees.

Mentoring. The standard approach is that new staff members are paired up with
a more long-serving employee (perhaps a supervisor, but not necessarily), who then
acts as a mentor to the new person. It is an approach that can be very successful.
Within this role, apart from helping the person settle in and integrate more quickly,
it also helps to ensure that the practices and systems are introduced from the first
day. The mentor provides the new member of staff with a definite point of contact
for queries, and if done correctly, this approach can ensure new employees become
effective much sooner.

Figure 1. Higher National Diploma students being instructed on how to bench graft Aescu-
lus xcarnea at the Royal Botanic Garden Edinburgh. Such advanced techniques may not be
practiced on many nurseries, but the propagation and plant science principles learned are
transferable to other areas of nursery production.
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Figure 2. Nurseries seldom have the range of facilities available at colleges, such as li-
braries and laboratories. Here a Higher National Diploma student at Edinburgh is using a
microscope to view fern spores.

Books, Journals, and Training Publications. These are very important re-
sources. Most nurseries, for example, subscribe to a selection of horticultural trade
publications, which contain relevant features. But often it is just the owners/man-
agers/supervisors who see these publications; more junior staff should be encour-
aged to read appropriate articles. This, again, is where a mentoring system can be
of benefit, and if keen staff members are encouraged to read and learn, the benefits
to the business can be huge. How many nurseries put copies of the journals into the
staff mess room as well as in the offices?

Conferences, Trade Shows, Study Tours, and Seminars. These are hugely
popular events (Figs. 3 and 4). As well as providing fun days out, they are also
excellent networking opportunities, and much can be learned from them. Often,
though, it is the same staff members who attend most or all the events on offer,
and growers should look critically at who would actually benefit the most from
specific programmes. Ideally a range of staff would go to different events over the
year, and all should have clear aims for their attendance. It is very realistic, even
with the most junior employees attending a trade show, to give staff a target for the
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Figure 3. Visits to look at other nurseries can be an excellent learning experience. Here a
group is being shown around Alba Trees, East Lothian, Scotland.

Figure 4. Growers viewing compost trials at a Waste and Resources Action Plan open day
at the Welsh College of Horticulture.
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day: for example to find one product that they feel would help them in their job or
improve the nursery where they work. It can also then be a very useful exercise if
staff members briefly present a summary of the day at a short team meeting soon
afterwards. The important point is that the information from such events needs to
be disseminated for maximum benefit.

AN INTEGRATED APPROACH TO TRAINING

In reality there are a great many ways in which nurseries and their staff gain new
knowledge and skills. It must be remembered, though, that people learn in different
ways. There is no singular “best” approach to education, and ideally a mix of ap-
proaches should be adopted. All methods have their merits, and it is recommended
that growers question how they train themselves and their staff.

A good approach for large nurseries (or a cooperative of growers) may be to set up
bespoke training courses that are delivered in partnership with a horticultural col-
lege. This brings together the benefits of colleges, but at the same time ensures that
the training is tailored to the specific requirements of the business. It is, however,
key that nursery managers/supervisors are involved in the training process from
the planning through the actual delivery and assessment. Involving senior staff in
this process will help to ensure that the course is tailored specifically to the busi-
ness and its systems. This will also ensure that, after the training is complete, the
skills taught on the course will be assimilated into the nursery ethos and the new
ideas sustained.

Another key opportunity would be for nurseries to get involved in initiatives such
as post-college training. This is seldom carried out, but when you remember that a
National Diploma college graduate is now unlikely to have had any pre- or middle-
year experience, the potential benefit of undertaking a 12-month training period after
leaving college is clear to see. Taking students on into full-time posts with no practical
experience straight from college is a gamble. A fixed 12-month period of post-college
training would give nurseries time to properly assess the person, and even if they
were not subsequently employed full-time, the skills and experience gained in that
year would be invaluable to that person’s future employment potential.

It is generally felt to be important that nursery owners/managers increase their
involvement with colleges as much as possible. There are many cases of nurseries
sending staff to colleges for courses such as day-release training programmes with
little or no idea what their staff are actually being taught while they are there
or, indeed, who is teaching it. At the end of such programmes trainees are simply
expected to be educated and competent, but often they are not. A better approach
would be for the supervisor/manager of the trainees to take time to discuss and
agree to a joint training plan for each of their staff. Modern Apprenticeships and
National Traineeships have tried to instigate such a joined-up approach to staff
training, but often this becomes a paper exercise with no real benefits to either
party. As part of this process, more nurseries could actually train their supervisors
to become instructors/assessors, who would then be able to pass knowledge on to
other staff. With such trained supervisors, every day would become an education for
the more inexperienced staff.

Another way growers can become more involved and influence education is to be-
come a member of either the board of governors or industrial liaison panel at their
local horticultural college. Many colleges are keen to recruit proactive and enthusi-
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astic representatives from the horticulture industry onto these panels, and growers
are encouraged to make enquiries if they want to become more involved.

A collaborative approach between the industry and colleges produces quality,
well-rounded, knowledgeable students, which translates into quality, well rounded,
knowledgeable staff.

Preparing for a New Propagation Unit®

Peter van Delft
West End Nurseries, Moles Lane, Marldon, Paignton, Devon TQ3 1SY U.K.

INTRODUCTON

West End Nurseries is a wholesale specialist liner nursery producing a wide
range of shrubs and climbers. In 2004, production was 2 million liners, 80% of
which was from cuttings and seed, 15% micropropagated plants, and 5% bought-
in cuttings or seedlings.

In Year 2000 we had an opportunity to change our business by investing in a new
propagation facility. We knew we could not continue trading in the way we had done
for previous years. The old propagation unit was highly inefficient, and the site did
not lend itself to horticultural redevelopment. We purchased a neighbour’s unused
tomato nursery that had been redundant for more than 5 years. It included a 1970s
1,920 m? Venlo glasshouse with potential to build an additional 2,350 m? glass-
house. The purchase of the nursery was in order that West End Nurseries could
become as self-sufficient in propagation as possible. It was becoming more difficult
to buy in the plants that our customers wanted, and the cost of bought-in material
was rising — we felt rising transport costs would only exacerbate this trend. With
some competing nurseries abandoning their own propagation units, we felt invest-
ment was a good business opportunity enabling us to offer increased reliability to
our customers.

PREPARING FOR A NEW PROPAGATION UNIT
Based on our experience, these are the key steps in drawing up the specifications
for a new propagation unit.

Preparation.

m  Plan effectively and allow sufficient time for all the processes.

m  Collect data, including current benchmarks for time/labour costs
and your own current costings for production in your existing unit
(Table 1).

m  Seek information from as wide a variety of sources as possible. It
is important to keep an open mind at this stage and view as many
other propagation units as necessary. Variation is useful, and we
included visits to nurseries in other sectors such as bedding and
pot plants. We found other nurseries generally very willing to al-
low us to visit.

m  Visit trade exhibitions (we included those in the U.K. and conti-
nental Europe) to obtain information on the current state of the
technology in areas such as environment control and handling.
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Table 1. Propagation annual comparisons Weeks 18 to 37.

Hours spent per operation

Cuttings Plant Total Cuttings
Year produced  Propagation Movements Watering maintenance (h) (h)
2001 489,530 5079 962 201 525 6767 72.3
2002 482,210 5027 818 142 576 6563 73.5
2003 568,280 5354 268 88 729 6439 88.3
2004 750,050 6474 244 288 1111 8117 92.4
2005% 704,125 6132 211 147 592 7082 99.4

* Data up to and including Weeks 18-31.

Establish What You Have. List all essential features of the current set-up — staff
contributions are valuable — and highlight all the unwanted features as a reminder.
It is particularly important to collate information about your existing running costs
in order to identify how savings can be made. Collate as much data as possible —
don’t forget to include building maintenance, heating, and lighting. Pay particular
attention to costing the labour units in your existing setup; ensure you have sys-
tems in place to log inputs into all the various tasks (Table 2).

Table 2. West End Nurseries propagation staff time sheet.
NAME Date 2005
Monday Tuesday | Wednesday| Thursday Friday

Propagation

Plastic

Watering

Plug Maintenance

Cutting Movement

Stock Plants

Training

Repairs

IPM

Spraying
Sick

Then consider the potential facilities available for expansion, for example, reloca-
tion to a glasshouse that may be suitable, and identify your current position in the
market and what may be available to you — you may end up concluding that buy-
ing in is the cheaper option for your particular situation. Throughout the planning
process it is vital that you maintain awareness of what is happening in the market
around you. Modern trading conditions mean changes are occurring very rapidly
and your plans need to be able to respond.
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Establish What You Need. At West End Nurseries we identified our needs were
for improved production flexibility, reduced running costs through use of the latest
heating systems, and low maintenance cost through use of up-to-date equipment.

We wanted to produce better quality crops by reducing stress on the propagation
material and reducing disease incidence. Higher productivity would be obtained by
reducing rooting times and labour input and improving facilities for staff.

In making your plans it is vital to review results from your own or industry- or
public-funded research and development that will help you achieve your goals.
We were particularly interested in integrated pest management techniques, dis-
ease prevention, reduced rooting times, and the effects of rooting environments
on plant development.

When making a big investment, it is important to future-proof it as much as pos-
sible. We aimed to ensure our new facility would enable us to expand production,
make use of future new techniques in plant raising, or explore the potential of new
crops and new markets such as plug sales. It is very important to have a facility
allowing plenty of flexibility, because it may be necessary to change the crops pro-
duced in response to market forces.

It is also vital to build in safeguards through thorough risk assessment: plan con-
tingencies in case of failures of heating, electricity, or computer systems.

Planning Considerations. Ensure the terrain is suitable or plan how to deal with
any disadvantages. On our new propagation unit we had to arrange for a mechani-
cal lift to move benches between two levels becasue the site is on a slope. A unit’s
position within the nursery and access are also important considerations.

Remember that it is all too easy to allow build costs to go out of control. It is sen-
sible to allow for 20% overrun in your costings, but ensure you have control over
the build.

Availability of labour resources and key skills can make or break the efficiency of
the new unit. Remember that you may need to ask some staff to relocate, work new
practices, or learn new skills such as computer techniques and that this may need
to be negotiated.

Consider your plant range in relation to the new facilities that will become avail-
able in the new unit. There may be potential to expand the range and grow crops
that were previously not possible. On the other hand mono-cropping or speciali-
sation may be more efficient. The production opportunities need to be balanced
against the risks of overproduction.

THE FINAL RESULT: THE NEW PROPAGATION UNIT AT WEST END NURSERIES
Our plans led to the specifications shown below. The new unit was completed
in 2003.

Structure.
m  A2350 m? Venlo glasshouse.
m  Thirteen spans, each 9.6 m wide and 5 m tall, one span 6.4 m wide.
m  All cladding 1-m-wide glass; venting both sides of ridge.
m  Manual internal and electric external doors, 2 m and 3 m wide.

Heating. Hot water via 50-mm pipe under the benches spaced in runs 2 m apart.
A 40-mm pipe for return flow positioned under the shading. Temperature sensors
positioned at strategic points, connected to the environmental control computer.
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A 1-million-Btu oil-fired, insulated, aluminium boiler rated at 90% efficiency pro-
vides heat. A stand-by iron-section 500,000-Btu boiler is also incorporated into the
system and is rated at 65% efficiency.

Roller Benching. Benches are 4.3 m long, 1.75 m wide, and made of formed light-
weight aluminium with galvanised steel mesh base for drainage and heat access. The
bench edges include a machined profile into which the film-plastic sheets used for hu-
midity control can be clipped. Lightweight aluminium hoops with an easy-fitting lock
system support the plastic film. We propagate 3,500 to 4,000 cuttings per bench.

Water Cubicle. Filled benches are watered in a cubicle from aluminium overhead
spray lines controlled by timer or by dispenser into a plastic bench base liner.

Treatment Cubicle. Fungicide may be applied to filled benches from a totally
enclosed aluminium cubicle via overhead spray lines controlled by timer or through
a dispenser.

Sticking Bench and Cutting Benches. Sticking bench is height adjustable to
+30 cm for operator comfort and optimum work rate. The cutting bench has two
operator stations with aluminium worktops sloping away from operators and incor-
porates a shelf for prepared cuttings. Benches were designed with input from the
propagation staff who use them.

Lift. A 2000-kg-capacity scissor lift is used to move benches between the two levels
of the propagation house.

Environmental Control Computer. A weather station monitors wind speed and
direction, outside temperature and light levels, and is backed up with Met Office
downloads four times per day. The inside climate is monitored for temperature, hu-
midity, and shading. The whole propagation unit is divided into four separate areas
with unique environments (two weaning units and two propagation units). The
alarm triggers automatic dial-up to 10 people to report any of the failures identified
in our risk assessment. Additional software for extra-efficient heating has saved an
estimated additional 25% on energy costs.

Shading. A 60% thermal shading screen can be supplemented by 20% additional
summer shade sprayed onto the glass. We are also equipped with 50% side shading.

Store Area. We still work with a small amount of bought-in material. Up to 18
pallets of plug trays can be stored in a cold-store facility at the main entrance to the
propagation unit, which includes box-washing facilities.

Weaning Unit. Consists of two existing former tomato nursery Venlo glasshouses
already on site totaling 1,920 m2. Heating is by a 500,000-Btu air heater in each for
frost-free protection only. Overhead irrigation incorporates injector for compost tea
and liquid fertilizer.

CONSIDERATIONS AFTER COMPLETION
It can be difficult to consider all the implications of a new build so a review of your unit
and circumstances around it may be needed after completion. These may include:
m  Effects on neighbouring land in winter and summer.
m  Effects on wildlife. We have worked with conservation groups such
as the Royal Society for the Protection of Birds to improve habitats
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on our surrounding land. Consider new hedge planting or screen-
ing both for wildlife and to soften visual impacts.

m  Meeting future legislation. Although this should be part of the
initial planning process, once the new unit is in operation you
may be able to identify ways to make further efficiencies in water
recycling, reducing plant waste, material waste, pesticides, energy
usage, and other impacts on your local environment.

LESSONS LEARNED
Even though we planned as carefully as we could, once the new propagation unit
was in operation we felt we did make some mistakes:
m  Did not allow enough time to learn how to use the new facility
before it was commissioned.
Should have included more storage space.
Set aside insufficient funds to finish the unit in its entirety.
Chose incorrect shade levels (75% would be more appropriate).
In some cases relied too heavily on advice from consultants rather
than knowledge from our own experience or our own research.

Advantages of In-House Propagation at Bransford
Webbs Plant Company®

Karl O’Neill
Bransford Webbs Plant Company, Bransford, Worcestershire, WR6 5JB U.K.

In 2002-03, Bransford Garden Plants (now Bransford Webbs) needed to make a
decision about whether to propagate in-house or buy in plugs and liners, because
the old propagation unit had fallen into disrepair. The decision to propagate in-
house was made for the following reasons: control of production, introduction
of new lines, and to retain skills. The new unit was opened in January 2005 and
consists of a 500-m? hi-tech mist unit and a 4500-m? liner unit, incorporating Ef-
ford sand-bed subirrigation.

INTRODUCTION
Bransford Nursery was established in 1963, evolving from a traditional fruit, hop,
and livestock farm. The company founder, John Tooby, wanted to fully utilise the
small number of glasshouses that were only productive for 3 months of the year for
hop propagation, so he decided to propagate hardy nursery stock. By the mid 1960s,
Bransford was seen as an innovator within the industry and had become an impor-
tant producer of trees, shrubs, and roses. In the early 1980s Will Tooby became the
nursery manager, and the wholesale production of nursery stock had become the
core activity of the business. In 1993 the nursery became Bransford Garden Plants,
and by 1996 the nursery had drastically reduced its standard A-Z range and become
almost a purely promotional nursery. It merged with Webbs Nursery in 2005.
Currently, Bransford Webbs supplies more than 1 million trees, shrubs, roses,
climbers, and herbaceous perennials to the garden centre market, of which about
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40% is propagated in-house. The nursery now specialises in new plants and oper-
ates an extensive research and development unit. This has strengthened the com-
pany’s differentiation within the industry. New lines tend to be produced in large
numbers, with batches ranging from 5,000 to 30,000, which has improved efficiency
in production. The speed at which these new lines can be introduced is vital to gain
a foothold in the market. Therefore there is a lot of pressure on the propagation unit
to produce these new lines successfully.

The old propagation unit had been in place for many years and was no more than
a collection of old dilapidated glasshouses, which were used to house the mist units,
together with polytunnels for liner production. The unit as a whole, especially the
propagation houses, had fallen into disrepair, and renovation was not a viable op-
tion. Another major problem with the old unit was that it limited the range of crops
that could be grown: grey-leaved plants such as Lavandula and Leptospermum
proved difficult to grow, with poor rooting conditions and unsuitable irrigation in
the liner unit.

FACTORS IN THE DECISION TO INVEST IN PROPAGATION

The idea of developing a new propagation unit had been discussed by nursery man-
agers since the early 1990s. In 1992, plans were drawn up and planning permission
was granted. These plans initially had to be put on hold because there was insuf-
ficient capital. However, after a couple of very successful trading years in 2002 and
2003, the funds finally become available, and this left Bransford with a decision to
make. There were two alternatives: invest heavily (approximately £250,000) in a
new propagation facility, or phase out in-house propagation totally, contract-out all
plug and liner production to young plant suppliers, and become a finishing nursery.
The following factors were considered:

Advantages of Propagating In-House. An in-house propagation unit, in con-
junction with the research and development unit, enables close control over new
introductions and helps gain exclusivity on certain lines, thus differentiating the
nursery from its competitors and generating added value. Advantages include:
m  Gives ability to control production quality, programming, and flex-
ibility from propagation through to sale.
m  Crop failures are identified early.

Reduced risk of being let down by suppliers on quality and quantity.

m  Keeps skills within the business and makes the nursery a more
attractive proposition to prospective new employees, especially ap-
prentices and trainees.

m  Our costings showed that the cost of producing of a 9-cm liner in-
house is 55p. Whereas on average, the cost of a bought-in liner is 75p.

Advantages of Buying in.

m  Cost of investment in facilities and staff present a risk.

m  Wider supply choice: if an individual supplier fails to meet your
requirements you can look elsewhere, but with an in-house propa-
gation unit, there has to be a return on the investment.

m  Simplified production schedules.

m  Specialist nurseries may have more experience with producing dif-
ficult-to-grow crops to a high quality and may have more suitable
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facilities. For example, Bransford does not have the correct water
type to grow a wide range of ericaceous plants.

The longer a working relationship can be built up with a supplier, the better the
service becomes, priority can be gained, and supply tailored to the nursery produc-
tion schedule.

If production targets are reduced or even dropped, orders can be cancelled right
up until the delivery date or up to an agreed timescale with a supplier. With in-
house propagation a lot of work has already been carried out, and crops may have
been in production for 12 months or more including sourcing stock plants.

BRANSFORD’S NEW PROPAGATION AND LINER UNIT

Having looked at the factors listed above, Bransford Garden Plants’ managers de-
cided in 2003 to invest in a new propagation unit. A key reason was that, as a pre-
dominantly promotional nursery, new introductions are seen as the lifeblood of the
business, so the control that an in-house propagation unit, incorporating research
and development, gives is essential to the future of the company.

The plans drawn up in 1992 were updated after further research into propagation
unit construction methods. Construction began in spring 2004 on a new hi-tech unit
covered with 5000 m? of glass, incorporating a 500-m? mist unit and 4500-m? liner
unit, subirrigated with Efford sand beds. Construction was completed by Janu-
ary 2005, at a cost of approximately £250,000. External contractors undertook the
glasshouse construction and installation of heaters, boiler system, and the Tom-Tec
environmental control computer system. However, the sand beds, the mist unit,
and the concrete roadways were all installed by the maintenance and nursery staff
at Bransford, which helped to control costs.

Currently the company still purchases up to 60% of its young plant requirements
because many of the crops grown are specialist and with many others there are li-
censing regulations that prevent propagation. However, over the next few years we
expect to increase in-house propagation to approximately 75% of our requirements
as a result of access to the more sophisticated propagation facility now in place.

Acknowledgement. With thanks to all my colleagues at Bransford Garden Plants who
contributed in writing this paper.
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Developments in the Supply Chain of Hardy Ornamental
Nursery Stock for the Retail Market: A Finished Plant
Grower’s Perspective®

Alastair Hazell
Darby Nursery Stock Ltd, Methwold, Thetford, Norfolk IP26 5NN U.K.

INTRODUCTION

Darby Nursery Stock is a large wholesale nursery producing container-grown har-
dy nursery stock entirely for the retail market. Production started 36 years ago, and
the nursery has increased in size as the U.K. garden centre market has expanded.
The nursery grows a wide range of plants although specializing in Lavandula, con-
tainer-grown trees, climbers, and soft fruit.

Recent changes in market requirements have led to the introduction of several
promotion crops, mainly herbaceous perennials such as Salvia xsylvestris ‘Rhap-
sody in Blue’, Sidalcea ‘Little Princess’, Verbascum ‘Pink Kisses’, and Veronica ‘Ul-
ster Blue Dwarf’. The introduction of these promotion crops has in part created a
change in the nursery’s propagation, production, and plant buying systems.

Until recently the nursery propagated approximately 90% of its own material.
The propagation department uses mist to root semi-ripe cuttings, most of which are
propagated in 3.5-cm cell trays. This department has rooted more than 4 million
cuttings in a single season. Generally the plugs are potted into a liner pot and then
grown on for another season before being potted on into the saleable pot size.

The 10% of production that was traditionally out-sourced was purchased for one
of two reasons: (1) To make up for any short-falls in our own propagation/produc-
tion; or (2) To obtain material from other nurseries that specialised in a certain type
of production or crop (for example, open-ground bare-root material such as maiden
trees or difficult-to-root plants such as hybrid clematis).

CHANGES INTHE SUPPLY OF PLANT MATERIAL

In the last 5 years, the number of nurseries supplying plants to Darby Nursery
Stock Litd. has increased from 8 to 38 while its own propagation has decreased to
approximately 70% of all plants sold. There are several reasons for this.

Increased Production of Promotional Crops. The most effective promotions
have to be available in reasonable numbers in a short period of time. The nursery
is not equipped to rapidly bulk-up such plants. In addition, most of these crops are
only available from a limited number of suppliers who also control the propaga-
tion rights. Several of these crops are herbaceous, in which the nursery has little
propagation experience; therefore, to ensure uniform production, it is better to buy
in from another nursery that has an expertise in growing them.

Increased Use of Specialist Plant Propagators. Sometimes these suppliers are
growers who concentrate on a limited range of crops. This enables them to improve
all aspects of production including manipulation of stock plants to produce high
quality uniform cutting material; ensuring that the rooting, weaning, and growing
environments are conducive for good growth — and good control of pest and disease
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programmes, thus avoiding transferring any problems. Because of this specialisa-
tion these propagators can often offer their plants in a range of plug and liner sizes
and at different times during the season. This helps with crop scheduling.

The other group of plant propagators used grow a wider range of plants, but be-
cause of their size, they can offer material at competitive prices. Their range of
customers (supplying nurseries growing for both the landscape and retail sectors)
means that they can grow large numbers of popular plants. This reduces their costs
and enables them to offer available stock from availability lists. They also offer dif-
ferent plug and liner sizes as well as jumbo multi-stuck plugs.

When growing plants for the large retail groups there is pressure to reduce produc-
tion costs. By using several plugs, or one large multi-stuck plug, potted straight into
the saleable pot, there is a reduction in the input costs as well as reducing the produc-
tion time. This enables the nursery to be more flexible in an ever-changing market.

FUTURE DEVELOPMENTS

The globalisation of plant production will create more opportunities for plant pur-
chasing. Plant material now comes from several places both in Europe and further
afield. Last season Darby Nursery Stock bought plant material from nine different
countries, some as far away as Japan and New Zealand. Foreign production en-
ables plants to be propagated in ideal conditions (such as Lavandula from Israel) as
well as utilising reduced labour costs (such as multi-stuck Hedera and Euonymus
from Poland). Plugs are high-value, low-weight items, and propagation might be
carried out even further afield such as in Africa or China in the future.

Specialist propagators who concentrate on a limited range of plants will increase
their use of automation. Already robotic transplanters (in pot and bedding produc-
tion) are being used. Some growers have started to use the plug-to-plug systems
that enable small plugs to be automatically transplanted into larger, liner-size
plugs. This large plug can then also be automatically transplanted to the final sale-
able-size pot. This reduces the labour costs throughout the production cycle as well
as helping to improve uniformity of production.

Recent poor trading within the general retail market in the U.K. has caused a
downturn in the demand for garden plants, thus leading to a certain amount of
over-production. This, together with changes in the demand for certain shrubby
species, has meant that liner growers are reducing the amount of material propa-
gated and offered on availability lists: more crops are now being grown on a con-
tract basis.

The Future for Propagation at Darby Nursery Stock. In the future, Darby
Nursery Stock will have to make the decision whether to carry on with its own in-
house propagation. Department overheads will need to be reduced if the nursery
continues with its own propagation. This can be done by only rooting subjects that
have a high percentage take. In addition, propagation and liner departments could
be merged and run as one. A liner department might be needed, even if all plants
are out-sourced, because this enables a greater control of the supply chain. Having a
pool of labour within a propagation-liner department might also indirectly help with
peaks in despatch, because this labour can be used without creating too many prob-
lems to general production. While this is not a sound reason in isolation for retain-
ing a propagation facility, it must not be totally forgotten as a factor. The ability to
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maximise sales in times when demand is strongest will become even more crucial—
and there are few alternative sources of competent people with sufficient prior
knowledge to be of value to uplift despatch volume in peak weeks.

MANAGEMENT OF PLANT PURCHASES

Good communication is the key. Before we start placing orders, the pervious sea-
son’s plant purchases are reviewed. Information on quality, timing, and price of
the input material is gathered together. Then plant wastage and total sales are
considered. This information gives us the ability to talk to our suppliers to improve
supply if needed. An assessment on total requirements is made, and then the order
can be placed.

Specifying certain attributes of the crop is becoming increasingly important be-
cause multiple retailers now work to a set specification for their finished plants.
Height and number of breaks can be noted at the ordering stage — with multi-stuck
plugs the number of cuttings per plug and plug size has to be noted.

Feedback from the supplier is important at all stages of production. Can they
achieve the requested specification? What implications does the specification have
on price and delivery time? If the plants are failing to reach the specification, we
need to know as early as possible. We might then decide to either replace the mate-
rial from another supplier or accept the lower specification plants. Today this has
become easier with the use of digital photography and e-mail.

With tight delivery windows for finished plants, the timing of delivery is also impor-
tant. We work through each order to achieve our time schedule and make-up sensible
delivery quantities for the supplier. Once again it is important to know about any
delays that might occur during production. Unfortunately late deliveries might cause
a reduction in the numbers of plants needed or even a cancellation of the order.

The plant types, numbers on each delivery, and their source are communicated on
a weekly basis to the relevant members of staff. The nursery only accepts deliver-
ies Monday to Wednesday to avoid any problems with plants turning up on Friday
afternoon and then having to be held on trolleys over the weekend. The numbers
are counted and cross-checked with the delivery note as well as a health check
being carried out before the plants can be potted on. We try to communicate any
problems with quality, numbers, or pests and diseases with the supplier within
24 h of delivery.
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The Role of Propagation in a Small Specialist Nursery®

Irene Bowron
MacGregors Plants for Shade, Carters Clay Rd., Lockerley, Romsey, Hants SO51 0GL U.K.

When MacGregors Plants for Shade was set up as a small specialist nursery
business, in-house propagation was the preferred method of production. Exter-
nal and internal factors led to a change in this policy and a greater reliance on
purchased young stock. A recent review of the business resulted in a return to
more in-house propagation.

ESTABLISHING THE NURSERY

MacGregors Plants for Shade was set up 10 years ago by its two partners as a small
nursery business to fill what was seen as a gap in the specialist market. There was
a need for plants for shade areas, and we aimed to supply a market consisting of
amateur gardeners, professional garden designers, and small landscape business-
es. Our market research resulted in a plant list designed to offer a wider and more
unusual range of plants that could be grown in shade conditions.

From the beginning, we decided to control pests and disease using biological
methods and established integrated crop management, with the support of com-
pany specialists, in three protected structures. Spraying with compatible crop-pro-
tection chemicals was kept to a minimum. Integrated crop management was used
from the propagation stage through to the finished plant stage. The only exception
to this was the inclusion of vine weevil control in the compost, a specified, general
purpose, peat-reduced mix, which contained a percentage of loam and bark.

At the beginning the plant list was quite diverse, but with time and experience,
it became clear that a more focused list was required. We found that our plants fell
into one of three categories: plants that required full shade, those that required part
shade, and those that performed best in light or dappled shade. We recognised the
section of the list that gave most opportunity for innovation and experimentation
with suitable plants was that defined by part shade.

Because of the scale of the enterprise, we only propagated in small batches. Propa-
gation techniques were varied, and we judged success by the quality of the finished
plant rather than the volumes we produced. We built a series of propagation facili-
ties to provide for division, cuttings, and seed sowing. Plant types included shrubs,
herbaceous perennials, ferns, grasses, and bulbous plants. Most of the propagation
material was generated on site either from stock plants maintained for propagation
or, where appropriate, material and seed from plants that remained unsold.

We bought-in as young plants only a relatively small proportion of our needs.
As a general rule, this was only to fill sales requirements that could not be met by
in-house propagation; for example, when crops failed, when advance sales commit-
ments could not be met, or when it was more economic to buy in for plant range, as
in the case of ferns.

DEVELOPING THE NURSERY
Over the next 7 or 8 years, sales showed a steady increase with the main selling
season from March to June and further sales from September to November. Outlets
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were determined by the specialist nature of the plant list and the size of the enter-
prise. They included other specialist nurseries, garden designers, small landscape
gardening enterprises, and specialist plant sales events. The nursery was open to
the public, and plants were regularly sold from the site.

An ongoing programme of lectures to horticultural and other related societies
generated useful additional income during the winter. It also provided an opportu-
nity to extend sales and introduce less well-known plants to groups of people willing
to experiment with them.

Since one of the nursery partners had a background in education, contacts es-
tablished with local colleges and other related organisations created additional op-
portunities for the nursery and provided a platform for continued education and
support for the business itself.

We decided that part-time staff would be required to support further expansion.
However, before this could be implemented, several successive external events
caused a downturn in the plant market, which was reflected in our sales. Employ-
ing staff was no longer a short-term option.

Instead, we decided to extend the selling season, reduce the amount of in-house
propagation, and increase the number of bought-in young plants. The extra time
this made available would be used to increase marketing and sales. This had an
overall benefit, but created other difficulties that only became apparent in the lon-
ger term. The plant list became more general and less competitive and lost its spe-
cialist identity. As in-house propagation decreased, it was becoming increasingly
difficult to maintain a reliable source of young, less well-known plants that could be
finished and offered for sale at a reasonable profit. Specialist plants did not gener-
ally have “impulse buy” impact, and as a small enterprise, it was not possible to
gain from the benefit of scale both in terms of production and markets.

The horticultural industry and wider society had both changed, and we realised that
it was time to re-evaluate the business in relation to current issues of environment,
climate change, land use, competition, globalisation, specialisation, and lifestyle.

RE-EVALUATING THE NURSERY

We developed a new framework for the business over a period of time. We decided
to consider plant production in relation to the whole site rather than just the nurs-
ery area. Growth was ring-fenced, production and sales contained, and we decided
not to employ any staff. We re-focused the plant list back to predominantly plants
for shade, with a higher proportion of the less well-known taxa. Volume sales were
replaced by fewer but higher-value sales. Instead of purchasing young plants, we
sourced stock plants from wider and more varied sources, which were then propa-
gated in-house. Production became plant-based rather than commodity based.

THE PRESENT NURSERY AND CURRENT ISSUES

Although the nursery was only set up 10 years ago, it has developed against a back-
ground of rapid, significant, and in some cases irreversible change. Even a small
business has to respond to developing local, national, and international issues.

The Environment, Climate Change, and Land Use. We now run the nursery
as part of an environmental site. The whole area is surrounded by farmland and
ideally situated for biodiversity enhancement. Native hedging has been planted and
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areas of long grass and weeds managed to provide a reservoir for wildlife including
natural predators. These should help to maintain a site pest/predator balance and
help integrated crop management in the protected structures.

The effects of changing weather patterns cannot be ignored. Problems of local
drought, late frosts, and widely fluctuating temperatures are increasing. The plant
list has been modified to take account of site limitations. Generally, we now grow
only those plants that can be successfully produced and maintained with little or no
protection. Heating is restricted to propagation units only.

Tunnel use has become less intensive, with other areas of the site being used for
production. Stock plants are maintained throughout the site, and we make better
use of outbuildings for seed sowing, potting, and propagation. Water use is also un-
der review, with greater emphasis on methods of conservation. No doubt difficulties
will arise in the longer term, but we hope that better use of the site’s assets will lead
to a more economic production of good quality, healthy, robust plants that transfer
well into customers’ gardens.

Competition and Globalisation. The nursery, as set up, cannot compete in the
mass markets. There is a place for intensive plant production that uses the ben-
efits of scale, but this requires a much greater financial input, reliance on technol-
ogy, and commitment to marketing, sales, and competition. MacGregors Plants for
Shade has made its primary focus a much smaller and specialist market with a
plant list that does not lend itself to large-scale production. This does not invalidate
other markets or production methods. It simply fills a specialist niche using rel-
evant methods of production to which in-house propagation is fundamental.

A greater selection of less common stock plants can be obtained economically in
small numbers from a wide range of sources. By propagating these in-house, it makes
far better use of existing assets in the form of the propagator’s skills and propagation
equipment. Effective and economic propagation also requires in-depth knowledge of
plants, including structure, growth patterns, and natural habitats. Even if only small
batches of plants are produced, there is no room for ineffective and wasteful propaga-
tion. Indeed, in the smaller enterprise, there is even less room for failure.

Specialisation and Diversification. Specialisation has been the nursery’s
strength and weakness. Clearly there is a market for specialist plants, but it is re-
stricted by its very nature. We have put considerable effort into marketing, and here
the Internet has an important role to play. However, there are no benefits of scale
with regard to overheads and production cost. There are difficulties in economic
acquisition and propagation of specialist plants. A greater proportion of in-house
propagation does address the problem, but continuity can be difficult to achieve.
Like farming, running a nursery is a way of life, a chosen lifestyle. While plants

themselves can be produced economically within a small enterprise, the lack of size
cannot support overheads and growth. If the chosen lifestyle is to be maintained,
then other methods of supporting overheads and growth have to be found, increas-
ingly through diversification. The small specialist business can then focus on as-
pects of growing that can be of benefit to the nursery industry as a whole, but which
are not necessarily measured in terms of financial success:

m  The practice and maintenance of diverse propagation skills used in

a wide and varied range of small-scale production.
m  The passing on of those skills through education, training, and sharing.
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m  The introduction and promotion of a range of less well-known
plants to a wider customer base.

m  The trialling and assessment of a range of plants that could be
recommended for the needs of the specialist buyer.

m  The production of plants as part of an environmental management
programme for the whole site.

Small specialist nurseries should not have to compromise on professionalism or
quality in order to succeed. Diversification is one possible route that can be taken
and explored in greater detail in order to maintain a position in this small but im-
portant part of the industry.

The Development of Sustainable Growing Media
Components from Composted Specific Bio-Waste Streams®

N. Bragg
Bulrush Horticulture Ltd, Newferry Road, Bellaghy, Magherafelt, Co Derry, BT45 8ND,
Northern Ireland

T.F. Brocklehurst, A.C. Smith, M. Bhat, and K.W. Waldron
Institute of Food Research, Norwich Research Park, Colney, Norwich NR4 7UA, UK.

This paper describes a feasibility study into the preservation of plant structur-
al remains, which can then be used as components of growing media for con-
tainerised plant production. The drivers for the work are both the need to use
bio-waste streams rather than disposing of them to landfill and the need to find
long-term sustainable components for growing media that have properties as
beneficial as the peats currently used.

INTRODUCTION

Currently within the U.K. there are specific drivers that are challenging the use of
traditional components of growing media used for container-grown plants on nurs-
eries. The drivers for change come from a number of directions: E.U. directives on
wetland habitat protection — and hence the desire to reduce the use of peats in
growing media; E.U. directives to reduce the amount of compostable material go-
ing to landfill and finding alternative markets for the composted material; major
retailer pressure to reduce reliance on the peat component of growing media in
order to achieve national government aspiration targets for peat reduction and to
reduce the impact of environmental lobbyists on the public perception of their busi-
ness ethics.

In order to try to find suitable alternative components to the use of peats in grow-
ing media, attention has been focused on the use of composted materials. The pro-
cess of composting materials in an aerobic fashion has been reviewed by many au-
thors, for example, Lopez-Real (1990). The natural process is basically one in which
various phases of degradation can be identified. The phases are characterised by
changes in temperature of the decomposing mass, which relate to changes in micro-
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m  The introduction and promotion of a range of less well-known
plants to a wider customer base.

m  The trialling and assessment of a range of plants that could be
recommended for the needs of the specialist buyer.

m  The production of plants as part of an environmental management
programme for the whole site.

Small specialist nurseries should not have to compromise on professionalism or
quality in order to succeed. Diversification is one possible route that can be taken
and explored in greater detail in order to maintain a position in this small but im-
portant part of the industry.
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bial population, which in turn relate to the breakdown components of the mass at
any one time. The end result of a well-aerated composting process can be shown to
consist of any mineral particles originally present in the material and clumps of mi-
croorganisms. The original structural nature of the materials placed in the compost
process is often completely lost.

Conversely, when peats are exhumed and examined it is quite evident that the
physical structure of the plant remains that entered into the mire are maintained.
The fact that the plant structural remains have in some way been preserved in the
mire gives peats the specific properties that make them ideal for use as components
of containerised growing media.

The challenge of the work described here is to identify the components of the
plant structures within peats that give them their functionality in growing media,
then to emulate this functionality via the aerobic composting process. This might
involve either stopping the normal processes that occur or altering the conditions to
maintain the structure of the plant material throughout the process.

MATERIALS AND METHODS
The work program for this project is shown in Fig. 1.

Phase one of the work has two components: first the characterisation of peats to
identify the components that confer functionality as growing media and, second,
a parallel study of various aerobic compost mixes from selected food and agricul-
tural bio-waste streams (non-animal waste) to fully characterise the processes and
changes in structural nature of the mixes throughout the natural aerobic compost-
ing phases. The selection of materials for use in the composting study has been
governed by the need to have long-term access to bio-waste streams of consistent
type, in large quantities, and with good traceability.
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Figure 1. Overview of feasibility project.

Phase 2 of the work draws together the experimental data from Phase 1 and
is designed to produce a model system that uses the normal aerobic composting
process to tailor the structural nature of the plant remains and hence produce a



258 Combined Proceedings International Plant Propagators’ Society, Volume 55, 2005

well defined, structurally sound material from the normal composting process. This
again is drawn together in Fig. 1.

RESULTS AND DISCUSSION

At the time of writing this paper the work programme, which is sponsored by the
U.K. Government Department for Environment, Food, and Rural Affairs (Defra)
under the LINK programme, is approximately halfway through the initial feasi-
bility study period. The project partners are acknowledged below. Phases 1 and
2, indicated in Fig. 1, are well progressed, and an initial batch of material from
one of the compost treatments has been identified as having preserved structural
composition, which is considered to be a considerable step forward from the normal
end product of the composting process. Germination trials (using French marigold
Dwarf Double Mixed™) have been undertaken using the newly produced material
as a component of a growing medium, and the initial results in terms of growth are
extremely good.

As a result of the initial findings, further mixes of the components have been set
up and the aerobic composting is being monitored and sampled to replicate the
material previously identified for further and more extensive trials.

In addition, further grant applications are being made to develop both the process
control aspects of the work and also to fully exploit the potential of the findings
of the feasibility study. A further feasibility project for this aspect of the work has
recently received a grant from the U.K. Government Department of Trade and In-
dustry Zero Emissions Enterprise Scheme.
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Influence of Rooting Media in Cuttings Propagation of
Caryopteris xcladonensis ‘Pershore Jubilee’, Rosmarinus
officinalis ‘Tuscan Blue’, Fuchsia magellanica var. molinae
‘Sharpitor’, and Abeliophyllum distichum®

Suzanne O’Neill
Avonbank Nurseries, Pershore College, Avonbank, Pershore, Worcestershire, WR10 3JP U.K.

The paper describes a nursery trial that aimed to ascertain the best medium for
rooting and whether a peat-free medium had any significant influence on rooting.
Softwood cuttings of four different plants were stuck in seven different media.The
trial was replicated in the main nursery mist unit and Specialist Plant Unit (SPU)
mist house. There was very little difference between rooting in each medium for
each of these plants. Other factors are therefore more important when choosing
a suitable medium, such as supply, cost, shelf life, and ease of handling.

INTRODUCTION

Avonbank Nurseries consists of two areas, the main nursery and the Specialist
Plant Unit (SPU). The SPU has been using peat-free growing media successfully for
the last 3 years. The main nursery uses both peat-based and peat-free media. It is
reducing its peat use and trialling peat-free media. However, a few technical prob-
lems have arisen, including an inability to incorporate the pesticide Intercept™
(imidacloprid) and supply problems.

There are two propagation units on the site. The propagation unit on the main
nursery is a 192 m? polytunnel with four low, heated beds with mist controlled by
electronic leaf and a further four low, heated beds used for rooting silver-leaved
plants and for weaning. The SPU propagation facility is also a mist unit, but is an
84-m? glasshouse with three beds at waist height. The differences in the set up of
each mist unit results in two different environments being created.

The plants chosen for this trial were Caryopteris x cladonensis ‘Pershore Jubi-
le€’ (easy to root), Rosmarinus Tuscan Blue’ and Fushsia magellanica var. molinae
‘Sharpitor’ (fairly easy to root), and Abeliophyllum distichum (more difficult to root).

Seven different media were used. Both Ellepots and a peat/bark/perlite mix are used
for propagation on the main nursery. The SPU has replaced a 1 peat : 1 bark (v/v) mix
with peat-free compost. Geo Pots, Fertil plugs, and Humax were also included in
the trial.

In addition to rooting success, there are other factors to consider when choosing
a suitable rooting medium. There has been a shift from nurseries mixing their own
compost and using modular trays, to preformed plugs being used, and there are a
number of different plugs on the market. Plugs are easier to handle and quicker to
prepare, as well as being easier to pot on. The plugs generally come out of the tray
effortlessly, without disturbing the roots avoiding loss of rootball.

The cost, ease of ordering, and reliability of supply are also important commercial
considerations. Certain kinds of plug trays can only be bought in large numbers
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and have a limited shelf life. For some nurseries this could be a problem. For ex-
ample, Ellepots must be used within 3 months of purchase; self-mixed media may
contain controlled-release fertiliser, which has a specific life.

Table 1. Ingredients of trial media.

Medium Bulk Ingredients
Geo Pot™ Peat-based plug
Fertil Plug 4 wood fibre : 1 peat (v/v)
Ellepots™ Peat-based plug (exact contents unknown)
Peat/bark mix 1 peat : 1 bark (v/v)
Peat/bark/perlite mix 2 peat : 1 bark : 1 perlite (v/v)
Peat-free mix 1 Sylvamix (composted forestry residues) : 1 bark (v/v)
Humax™ Peat and silver sand blend
METHODS

The trial began on 20 April 2005. The trays were prepared, and uniform softwood
cuttings taken from the chosen plants. As this trial was a grower trial rather than
a scientific trial, large numbers of replicates were not used. Eleven cuttings of each
plant were placed into each medium, totalling 44 cuttings in each tray. The trays
were laid out in the same way each time: Rosmarinus ‘Tuscan Blue’ was placed
into the first two rows, two rows were left empty, and then Fuchsia ‘Sharptior’ was
placed in the next two rows, and so on. The trial was replicated in slightly different
environmental conditions: one set of trays was placed in the main nursery mist unit
and one in the SPU mist unit.

Two weeks before the end of the trial, the trays were moved onto a drier bed
within the mist unit for weaning.

The results were recorded after 7 weeks on 8 June 2005. The cuttings were eased
out of the trays, and the roots were scored on a scale of 0 to 5 as follows: 0 = Dead,
1 = Callus, 2 = Very few roots, 3 = Rooted, 4 = Well rooted, roots can be seen at the
edge of the plug, 5 = Entire plug rooted and extending out of plug.

RESULTS AND DISCUSSION
Rooting results are shown in Table 2.

The media presented as plug trays were easier and quicker to prepare. However, if
they were slightly dry, it was difficult to stick the cuttings without damaging them.
Modular trays of loose media took longer to prepare because they needed to be filled
and wetted before use. This was not a major issue during a small trial. However,
in a commercial situation, when a large number of trays are needed, modular tray
preparation can take a considerable length of time and may even require an extra
employee to complete this task.

When removing the plants from the trays the plugs were much easier to handle
and would have been quicker to pot into liners. Unless the cuttings had rooted espe-
cially well, a lot of compost fell away from the roots of the cuttings in modular trays.
This was especially the case with the peat-free compost and the 1 peat : 1 bark (v/v)
mix, making the roots quite vulnerable for potting.
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Table 2. The root scores of plant for both units and in all media.

Media used
Geo Fertil Elle Peat/ Peat/bark Peat
Plant/unit pot plug pot bark /perlite free Humax
Carytoperis
Main Nursery 4 5 5 4 4 4 4
Caryopteris
SPU 5 5 5 5 5 5 5
Rosmarinus
Main Nursery 3 5 4 4 4 3 3
Rosmarinus
SPU 4 5 5 5 5 4 4
Fuchsia
Main Nursery 3 3 3 2 3 2 2
Fuchsia
SPU 4 4 4 3 3 3 3
Abeliophyllum
Main Nursery 2 3 1 2 1 2 3
Abeliophyllum
SPU 4 4 3 3 3 3 2

Abeliophyllum distichum rooted best in the Fertil plug and in the Humax and
less well in the Ellepots and peat/bark/perlite mix when grown in the main nursery
unit. They rooted well in the Fertil plug and Geo pot and less well in the Humax,
in the SPU.

Rosmarinus ‘Tuscan Blue’ rooted well in the Fertil plugs and least well in the
Humax and Geo pot in the main nursery unit. There was little difference between
the media in the SPU.

With both F magellanica var. molinae ‘Sharpitor’ and C. x clandonensis ‘Pershore
Jubilee’, there was very little difference in rooting in the different media or the two
different propagation units.

With the exception of C. x clandonensis ‘Pershore Jubilee’, cuttings rooted better
in the SPU than in the main nursery unit by one point on the rooting score. The en-
vironment in the SPU mist unit could be better for a number of reasons, including
the size of the unit and the difference between rooting under glass and plastic.

The peat-free medium trialled was neither exceptionally better nor worse for root-
ing than any of the other media trialled and so has a place in propagation. Trials
comparing propagation performance of different kinds of peat-free media would be
useful while a larger trial using a greater number of replicates would enable more
robust statistical analysis to be carried out, perhaps resulting in a more definite
outcome regarding the optimum medium for each crop.

With the exception of Humax, which performed consistently poorly in this trial,
there was little difference in the rooting media generally. Other factors may there-
fore be more important in influencing commercial media choice, for example ef-
ficiency of handling and use, reliability of supply, and cost.
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Integrated pest management (IPM) brings together all aspects of pest and dis-
ease control, cultural techniques such as general hygiene, ground cover materi-
als for weed control, monitoring with sticky traps, and tracking plant movement
being the first line of defense. Biological control should be the next strategy,
introducing beneficial organisms as a preventive measure or at the first sign of a
pest outbreak. Environmental preventative management of the growing area may
help by inhibiting plant pathogens and by providing more suitable conditions for
biological control agents to work more effectively. Pesticide use, preferably with
selective products, should be used only when necessary; it is best to use a pes-
ticide when pest numbers can be clearly seen on a plant or when leaf damage is
evident. Biological control works best when pest numbers and leaf marking are
low as a fully fed predator will take some time to digest its food before it starts
eating again. This paper will describe the IPM practices currently used for several
insects and mite pests on many nurseries in the U.K.

INTRODUCTION

All crops suffer pest outbreaks at some time or other. Numerous beneficial organ-
isms can be used to control common pests such as aphids. There are also several
pesticides with activity against aphids, for example, some of which can be integrated
while others have a much broader range of activity, killing most natural enemies as
well as the pest. Integrated pest management (IPM) is a more sustainable method
of pest control using cultural techniques, biological control agents, and selective or
short persistence pesticides to provide long-term pest management.

Pest identification and knowledge of basic biology is therefore essential for grow-
ers who want to manage a fully effective IPM programme. Sap-sucking pests such
as aphids, mealybug, soft scale insects, and whitefly can excrete vast quantities of
sticky, sugar-rich honeydew that, in addition to direct plant damage, will further
disfigure plants with associated growths of sooty moulds and loss of plant vigour.
Spider mites are also extremely common and severely damaging pests with a rapid
rate of reproduction when conditions are hot and dry; predatory mites are available
and frequently eradicate the pest completely. Various species of thrips can cause
leaf damage as well as transmitting plant viruses. Vine weevil continues to be a
major problem on protected nursery stock production units; granular pesticides
incorporated into the growing medium can provide long-term protection, but re-
medial treatments may be required for unprotected plants or existing infestations.
Nematode vine-weevil parasites, particularly the species active at low tempera-
tures, now provide excellent curative activity for use through much of the growing
season when ground temperatures are above 5 °C.
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IMPORTANCE OF MONITORING AND RECORDING

Monitoring and recording pest outbreaks to build up a diary of trends and identify
vulnerable locations helps to reduce the incidence of major pest problems by an-
ticipating and responding to problems quickly. Nothing beats regular crop scouting
(walking through a crop lifting pots and turning leaves) for finding and monitoring
pest or disease levels. To aid crop scouting, yellow sticky traps hung vertically are
useful for catching winged aphids, leathopper, thrips, and whitefly. To trap adults of
scatella, sciarid, and leaf hoppers the trap should be placed horizontally. Blue traps
tend to catch more thrips but can also attract high numbers of predatory hoverflies
(they are also useful to catch houseflies).

Pheromone lures are available for a wide range of adult moths; however, most of
these lures use a sex attractant to catch male moths and are specific to each species
so correct identification is critical. Arecent development is the use of an aggregation
pheromone lure for western flower thrips. These lures attract both male and female
adults to a blue sticky trap and are a significant improvement over nonlured traps.
A programmed approach to pest control with regular introductions of beneficials for
major pest organisms is best. However, where large infestations are found and a
rapid response is essential to prevent further damage and spread of the pest; selec-
tive pesticides can be integrated to counter this attack without long-term effects on
natural enemies.

PESTS AND THEIR CONTROL

Root-zone Pests. The predatory mite Hypoaspis miles should be introduced into any
plant propagation unit. It lives in soil, growing media, or capillary matting and feeds
predominantly on sciarid larvae but will also eat thrip larvae and pupae, springtails,
and other organisms in the soil. The mite is best introduced as a preventative treat-
ment to all plants, ideally within 2 weeks of potting or striking cuttings, also at the
very first sign of sciarid or scatella fly adults or larvae on the compost. Excellent
results have been obtained by using H. miles at 100 to 150 mites per m?during propa-
gation, as a single introduction on both seed- and cutting-grown material.

Whiteflies. Whiteflies should not be a significant pest in most propagation units.
However, weaning units and subsequent growing-on areas are at risk from whitefly
infestation that can be controlled biologically. The whitefly parasite Encarsia for-
mosa is well known and widely used on many nurseries, particularly those produc-
ing fruiting salad crops. For ornamental plant production introduce E. formosa at
2 to 5 wasps per m? weekly for about 8 weeks to “seed” the area with parasites as
a preventive measure. However, should a population of whitefly establish it might
be necessary to spray with a contact insecticide such as Agri 50E (alginate and
polysaccharides) or Stalwart (nico-soap). These are nonselective, but are of very
short persistence and hence will integrate reasonably well. After reducing the pest
population with a couple of sprays, E. formosa should be introduced at 5 to 10 per
m? weekly for about 8 weeks.

In the U.K. there is now a SOLA (Specific Off-Label Approval) for the use of Chess™
(pymetrozine) at up to 6 g in 10 L for control of adult whitefly and their eggs on to-
matoes. Under the current Long Term Arrangements for Extension of Use it is per-
missible (at grower risk) to use this rate of Chess on protected, non-edible crops. The
product should be applied as a high volume wet spray and repeated after 10 to 14
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days for best results. Although Chess may be slow to provide a full kill of the target
pest it is remarkably safe to most beneficials, including parasitoid wasps.

Several growers have used a tank mix of Chess and Nemolt™ (teflubenzuron) to
control whitefly with good results. However, this is a non-approved tank mix and is
done entirely at grower risk. Growers have also tank mixed Chess with Dynamec™
(abamectin) making a very useful clean-up treatment for use on most plants to
control a wide range of pests including aphids, leaf hopper, leaf miner, spider mites,
thrips, and whitefly while having only a 1 to 2 week persistence against beneficials.
It should be stressed that the use of any tank mixes, unless specified on the product
labels, is entirely at grower risk; to minimize any potential damage always test on
a few plants before widespread use.

Aphids. This pest can be a potential pest problem through all stages of plant pro-
duction. Verticillium lecanii (an insect fungal pathogen) is ideally suited for use in
propagation units and will provide excellent control of several pest species. This
fungus needs specific environmental conditions for its activity: temperature of 12 to
28 °C and relative humidity of 85% or more. This high humidity requirement need
not be permanent; approximately 6 h per day or 42 h per week will suffice so fun-
gal activity can persist after plants leave the propagation unit. Periods of still air
around plants help raise the humidity at the leaf surface and can be used to provide
the necessary conditions for further fungal infection of the pest.

The parasite Aphidius and predator Aphidoletes will easily control most aphid
species, these should be introduced fortnightly at the first sign of aphids at a rate of
500 Aphidius per 1000 m? and 1000 Aphidoletes per 1000 m?. This rate should pro-
vide adequate aphid control for much of the growing season and can allow a breed-
ing population of control agents to establish over the site. Aphidius colemani attack
small, round-bodied aphids such as Aphis gossypii and Myzus persicae, which are
usually the first aphids to be found in the spring. Aphidius ervi is larger and thus
better suited to target the larger species of aphids such as Aulacorthum and Mac-
rosiphum species; these can be green or pink in colour and usually occur from mid
summer onwards.

To broaden the scope of aphid parasites, which can be fairly specific in the aphids
they control, an exclusive mix of the parasite species: Aphelinus abdominalis, A.
colemani, and A. ervi sold as ACE mix or CE mix (250 A. colemani + 250 A. ervi) has
been developed. One unit of ACE mix or CE mix will treat up to 500 m? and should
be introduced fortnightly through the period when aphids are likely to occur. Al-
though they are able to establish, localized introductions may be required through
the season depending on plant movement through and off site.

Lacewing larvae (Chrysoperla carnea) will devour most aphid species and can be
used to control quite large infestations. They will feed on other soft-bodied organ-
isms including leathopper nymphs, mealybugs, scale insects, spider mites, thrips,
and developing whiteflies. Several nurseries have introduced lacewing larvae to
hedges close to their glasshouses and tunnels in May and again in June. This has
helped reduce the numbers of pests in the local environment before they migrate
into the production area and establish a breeding population on site. Lacewing lar-
vae can be cannibalistic if food supplies run short, so they need to be distributed
thinly, rather than many in one place.

The aphicides, Aphox™ (pirimicarb), and Chess will integrate well with most
biological control agents and can be used as clean-up sprays for any difficult or
large outbreaks.
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Spider Mites. Spider mites can survive throughout the year in a moderately heat-
ed house and increase rapidly when hot weather persists. A new development in
spider mite control or prevention is the predatory mite Amblyseius andersoni, a
U.K. sourced and produced mite available in controlled-release system (CRS) sa-
chets that hang on plants and release mature mites continuously over a 6 to 8 week
period. Amblyseius andersoni may also provide control of fruit-tree spider mites,
russet mites, and other small prey but do not perform well on spider mite web-
bing. However, they survive well in surrounding areas, often ambushing straying
spider mites and limiting their spread. Due to their ability to survive on other food
sources, they are ideal to use as a preventive measure on susceptible plants.

The more voracious predator Phytoseiulus persimilis can be used alongside Am-
blyseius species as a curative treatment. The licensed predatory mite Amblyseius
californicus is tolerant to high temperatures and lower humidities; it can also feed
on pollen, other mites, and small prey making it ideal to “seed” a susceptible crop
before spider mites appear. Phytoseiulus continues to provide excellent curative con-
trol and will frequently eradicate a pest colony. The predator should be introduced
at the first sign of spider mite damage, and a repeat application made a fortnight
later. Further introductions may be necessary during the summer months.

Should spider mites not be noticed until plant damage is more evident, a rapid
response is required to minimize further damage and pest spread. Spray with Dy-
namec followed 1 to 2 weeks later with an introduction of Phytoseiulus at 10 to 50
mites per m? of infested crop. Dynamec may be used for any early season outbreaks
and as an emergency treatment in summer, up to 1 week before predator introduc-
tion. It also makes an excellent end of season clean-up treatment to prevent mites
entering diapause. This pesticide is not photostable and will break down in bright
sunlight conditions (May to August in GB&I) in about 5 to 7 days or less if con-
tinuously hot and bright. When the high rate is used (50 ml per 100 L), Dynamec
has activity against leaf miners, thrips, other mites, and leaf nematodes. It can be
harmful to biological agents for up to 2 weeks in the winter but less in summer or
high light conditions. Torg™ (fenbutatin oxide) will integrate well with biologicals
and should be used during spring and summer for any “hot spots” of mites along
with Phytoseiulus or A. californicus to speed up mite control. Increased humid-
ity around the plants helps to decrease spider mite reproduction and also improve
predator activity. All predatory mites struggle to move between well-spaced leaves
and plants. To improve their activity, strips of fleece can be draped over and be-
tween plants that improve mite mobility by acting as a bridge.

Thrips. The other major pest of protected ornamentals is thrips; usually western
flower thrip and onion thrip although cereal thrips can cause widespread plant
damage in late summer. The recently identified black “T” thrip Echinothrips ameri-
canus may be found on many houseplants and in interior landscaped atriums. Sev-
eral thrips species are able to transmit plant viruses (tomato spotted wilt virus and
impatiens necrotic spot virus in particular) to a wide range of plants potentially
causing severe infection symptoms on the whole plant. Thrips also rasp the leaf
surface causing distorted growth and loss of colour from flowers, followed by pre-
mature senescence.

Thrips are best tackled preventatively by introducing the predatory mite Am-
blyseius cucumeris, particularly to flowering plants. The mite can be introduced in
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loose vermiculite carrier material weekly to keep thrips populations low. Alterna-
tively use the CRS — a breeding population of predatory mites in a sachet. The CRS
sachets last about 8 weeks and release mated females that distribute themselves
over an area of about 1 m? The CRS system is very good for use across a range of
crops, in particular bench- or floor-grown crops where leaf contact between plants
can be maintained. The waterproof sachets can also be hung on larger plants; they
come in units of 40 or 200 and 500 CRS sachets.

Nemasys F™, the foliar spray application formulation of the parasitic nematode
Steinernema feltiae, has given excellent and reliable control of western flower thrips
on chrysanthemum and other flowering plants such as gerbera and Saintpaulia.
The nematodes should be applied weekly as a high-volume spray to leave a wet res-
idue on the plant surface. Nematodes swim through this film of water to attack and
kill various prey insects. Once the spray has dried, the nematode activity ceases so
the application should be timed to allow a film of water to remain on the leaf for as
many hours as possible. Some cut chrysanthemum growers are using the nematode
only at certain stages of plant growth, i.e., Weeks 2 and 3 after planting and again
at Weeks 7 to 12 or until harvest. Nemasys F comes in two unit sizes: one box of 5 x
50 million and one of 5 x 250 million. The suggested rate is 50 million in 40 L water
per 400 m? as preventive treatment and 50 million in 20 L water 200 per m? as a
curative for heavier infestations. The larger unit size of 250 million nematodes will
treat up to 2,000 per m? per tray.

Should thrips become a problem Conserve™ (spinosad) will provide excellent con-
trol of all thrips stages and is safe to all predatory mites and nematodes; two sprays
at a 5 to 7 day interval will usually correct an outbreak. Conserve has contact and
translaminar activity and, from grower observations, will also provide incidental
control of caterpillar, including tortrix moth larvae, although there is no label ap-
proval. When using Conserve, the whole crop should be treated so as not to allow
any refuge for survivors. A maximum of six applications per structure per year is
permitted as part of a resistance management strategy. Nemasys F can be tank
mixed with several pesticides, a full and updated list is available from the supplier,
Becker Underwood.

Mealybug and Scale Insect. These pests can establish on many plants, particu-
larly woody ornamentals, slow-growing ornamentals, and even tomatoes. An un-
mated female mealybug can survive on an inert surface for 6 months or more before
mating with a winged male and returning to a plant to reproduce. Biological control
with the Australian ladybird Cryptolaemus montrouzieri works well on egg-laying
species of mealybug such as Planococcus citri and some Pseudococcus species but
these ladybirds can be slow to establish on long-tailed mealybug. Cryptolaemus also
feeds on scale insects but will not establish without mealybug; also their larvae can
be very noticeable on display plants, which has led to the preferred use of lacewing
larvae for mealybug control.

Lacewing larvae are small predatory insects that will remain close to their release
point, unlike Cryptolaemus adults that can easily fly away; a rate of 10 to 15 larvae
per m? on a 2 to 4 weekly cycle is suggested, if needed. The parasitic nematode S.
feltiae will control scale insects when sprayed on leaves; the nematodes swim through
the film of water and enter under the scale to kill it. Specific parasites are seasonally
available for mealybug and scale insect; contact Fargro for availability and advice.
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Applaud™ (buprofezin), off label use at grower risk, will give good control of young
mealybug and developing scale insects but has little effect on adults. White oils and
soft soap sprays will also control mealybug, including adults if good contact can be
made—watch out for phytotoxicity on some plants. Agri-50E™ applied as a contact
spray will also suppress scale insects, particularly soft scale, and can be used on
most plants with good results. Chess, a systemic insecticide with translaminar ac-
tivity against most sucking insects, also has incidental activity against mealybug,
psyllids, and scale insects while being safe to the majority of beneficials. Although
these pesticides are approved on several crops, some uses are at grower risk, and it
is still safer to test on a few plants first.

Caterpillar. Butterfly and moth larvae, in particular tortrix, can be controlled with
routine sprays of the bacterial parasite Bacillus thuringiensis as DiPel DF™, which
has given excellent results. The parasitic wasp Trichogramma will give reasonable
parasitisation of eggs from most moth species; these are introduced on cards when
moths are flying mid spring to later summer, depending on weather conditions.
Pheromone traps are a very useful addition to the IPM programme and will attract
tortrix moths from a wide radius, indicating when to begin a spray programme and
often providing a degree of pest control.

Vine Weevil. These days vine weevil should not be a problem due to the use of
compost incorporated insecticides. However, if larvae are found on any plants, the
insect parasitic nematode Steinernema kraussei as Nemasys L can provide excel-
lent curative activity. This species of nematode is active from 5 °C up to 25 °C and
is applied as a drench to the compost. None of the currently used soil-incorporated
pesticides have any effect on these nematodes except Temik™ (aldicarb).

CONCLUSION

The key points to a successful, sustainable IPM programme is to use cultural tech-

niques to start clean, keep the system clean, and finish the crop cycle clean. Biologi-

cal control will keep a pest population low and can frequently eradicate pests com-

pletely. Selective pesticides can be integrated to control troublesome outbreaks.
Registered trademarks are acknowledged.
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Experiences in Propagation of Cornus mas and Cornus
florida Cultivars®

Norman Standbrook
Midhurst, Ashley Road, Hordle, Lymington, Hampshire SO41 0GB U.K.

INTRODUCTION

In my experience, the propagation of these species and their cultivars has always
presented problems. However, perseverance and the investigation of a number of
different methods have resulted in the following grafting and cuttings techniques
that have proved successful.

Cornus mas. There are many good forms of C. mas available. Cappiello and Shad-
ow (2005) list more than 30, most of which are only obtainable from the U.S.A. I
have only propagated C. mas ‘Variegata’ and C. mas ‘Aurea Elegantissima’, both of
which proved to be quite difficult.

Cornus florida. Cappiello and Shadow (2005) list 135 cultivars of this species; again,
not many of them are available outside of the U.S.A., where the crop is reported to
be worth $50 million per year. In the U.S.A. budding is recommended as the most
efficient propagation method. But this is probably not viable in the Great Britain
and Ireland Region because of our more variable and unpredictable climate. Cornus
florida has a reputation for being difficult to grow in the U.K. except on the south
coast and in Cornwall. But it may be possible to grow it more widely if the climate
here changes as predicted by global climate change forecasts. It would be good to see
it become more popular in our market because it is a superb tree in all its forms.

CUTTINGS

Cornus mas and Cornus florida. I have successfully propagated forms of both
species from semi-ripe nodal cuttings taken late June or early July when the mate-
rial is firming at the base. The material should be reasonably strong and without
any blemishes.

Cuttings were given a quick-dip into Synergol™ (50% IBA and 50% fungicide
solution). They are then inserted in pots or plugs containing a rooting medium of 1
sharp sand : 1 fine peat (v/v) and placed on a mist bed with light shade and bottom
heat at 15 to 18 °C. Rooting should take 5 to 6 weeks.

Rooted cuttings can be carefully potted on into a low nutrient medium and placed
on a bed or bench with bottom heat (15 to 18 °C) and irrigated sparingly. We ob-
tained best results with the use of supplementary sodium light to increase day-
length, over a period of 21 days.

GRAFTING

Cornus mas. I have had moderate success with grafts performed in January and
February onto pot-grown C. mas seedlings of pencil thickness or slightly less. These
are normally available in the trade. Seedling stocks should be transferred into a
warm growing environment at least 3 or 4 weeks before grafting, and grafting
should only be undertaken when the stocks begin to show signs of growth. I have
usually had most success using standard side grafts. The cambium layers are quite
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thin in this species, which makes accurate carpentry and matching of the cambium
layers in stock and scion important.

Stocks should be headed back to 30 cm in height and the scions should be no more
than 18 to 22 cm. Tying material should be rubber, which expands as callusing de-
velops and degrades in 2 to 3 months. After the carpentry the grafts are housed in a
warm case or polythene frame at 15 to 18 °C. It is important to keep newly emerg-
ing foliage as dry as possible. When watering, avoid splashing water onto either the
graft or new foliage, because this is associated with increased risk of fungal con-
tamination. Shade should be provided to moderate temperatures on bright days.

Callusing normally begins within 2 weeks of grafting but is not very pronounced
because the cambium layers are so thin. After 3 to 4 weeks the scions should begin
to show signs of growth, at which time the stocks can be headed back again or
snagged to just above the carpentry, taking great care not to damage the scion in
any way. Also remove any stock shoots that may have developed below or around
the graft.

After heading back replace the plants in the case or frame for a further week, then
begin to wean by gradually increasing ventilation, replacing the cover with shade
netting after 2 weeks. After a further 2 weeks the bottom heat may be turned off.
Continue watering carefully until the plants are ready to pot on.

Cornus florida. Generally these can be grafted in the same way as C. mas culti-
vars. However, C. florida understocks can be difficult to obtain.

One source of understocks is to raise C. florida from seed in preparation, this will
need to be planned at least 18 months ahead of making the grafts. Fresh seed re-
quires some 3 to 4 months stratification before sowing in the autumn; germination
is then usually very good the following spring. When large enough the seedlings can
be graded and the best potted ready for grafting the next January or February.

Alternatively, C. kousa may be substituted as an understock with good results.

As with C. mas, the wood of C. florida is dense and hard with a very thin cambium
layer, so good carpentry is again essential. Also it is important to stick to the same
degree of care for over-watering, shading, and weaning.

CONCLUSION

On balance, the best and most reliable results are probably going to come from cut-
tings. However I understand that use of hot-pipe callusing on grafts during Janu-
ary and February has improved the success of grafting on a number of nurseries.
It would appear there is more potential for research into the propagation of these
plants. The old adage about paying attention to detail is particularly valid for the
cultivars of these fine species.

LITERATURE CITED
Cappielo, P. and D. Shaddow. 2005. Dogwoods. Timber Press, Portland, Oregon.
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Experiences in Propagation and Production of Grasses
and Grass-Like Plants®

Claire Wilson
C.J. Wilson Horticulture, Pitmore Lane, Lymington, Hants SO41 8LL U.K.

INTRODUCTION

C.J. Wilson Horticulture runs a liner nursery with an annual production of 200,000
9-cm liners for the wholesale nursery market. Production is predominantly grasses
(more than 150 taxa) but also includes clematis, ferns, and choice perennials.

When I decided to set up a nursery in 1997, I believed grasses were a good crop,
which was unexploited at the time. Initially I saw them as part of the product port-
folio and also planned to grow groundcover plants such as Vinca and Hedera, spot
crops of patio plants, and clematis. However, the landscape market for groundcover
plants contracted, the patio plants were hard to market in quantity, and clematis
propagation coincided with the busy spring period. In contrast, the six taxa of grass
I initially grew proved extremely popular, and I was soon sourcing new taxa from
the U.S.A. that were already popular. I learned that whatever your initial plans you
need to react quickly to your customers’ requirements.

In my view, grasses are an ideal niche crop for a small specialist nursery. There is
a wide range of species and cultivars, which are adapted to every climatic condition
from arid Arizona to the mountain streams of New Zealand. There is lots of poten-
tial for the all important new introductions.

I use the term grasses in the loosest sense to define a group of plants with similar
horticultural characteristics for the customer and include Liriope as well as rushes
and sedges. Efficient production involves knowledge of the plant’s native habitat, be
it dry or wet, sunny or shady. Most importantly, grasses are divided into two groups
according to their growth type.

Cool Season Grasses. Genera such as Calamagrostis and Festuca grow in tem-
peratures from near freezing to 24 °C. They have two growth periods with an initial
late winter to early summer growth phase interrupted by high summer tempera-
tures and a decrease in rainfall. Growth resumes in the autumn and continues
until the cold weather. In a nursery, growth can usually be maintained throughout
the summer, given adequate water.

Warm Season Grasses. Grasses such as Miscanthus and Pennisetum typically
break dormancy in spring and are very slow growing until summer arrives. They
love sun and grow steadily until they flower in late summer.

PROPAGATION

Division. Division can propagate nearly all grasses, and it is the only method for
most cultivars. On the nursery we tend to undertake most division in the autumn
and winter to smooth the labour profile. Cool season grasses split in the autumn
will root up before the winter. Warm season grasses would ideally be split in the
early spring just as they start into growth. However, for labour reasons, we tend to
split in the winter. The plants make little root growth until the spring, so it is im-
portant to keep the growing medium dry. This is easier to achieve under glass than
polythene but an open compost helps.
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Division is my preferred method of propagating grasses. They can be split very
finely into plugs, but I prefer to split them into larger clumps and pot back into 9-cm
pots. This results in faster production and a bushier plant.

Division is labour intensive, and skilled staff is essential for efficiency. Division
enables batching of plants to ensure there is always a crop of saleable plants.

Seed. Seed propagation is a potentially easy method for producing species crops.
These plants are often available cheaply in the trade. I stick to the more difficult
species such as Stipa gigantea and others that my customers demand, but I do not
grow large numbers speculatively. Seedlings tend to be less bushy, and production
takes longer; and production times can be erratic.

Micropropagation. A good method for obtaining a large number of the more
popular cultivars such as Miscanthus sinensis Zebrinus’, One advantage of this
method, particularly with Miscanthus, is that the growth is very juvenile, re-
sulting in many young shoots. These make ideal stock plants for later division.
Because micropropagation is expensive it is only appropriate for high value, high
volume taxa. Supplies can be erratic and crop failures can happen so care needs
to be taken when choosing a supplier.

Cuttings. Some grasses will root from young shoots taken very close to the plant
base. It can be a useful way of bulking up stock from a few plants. However, it can
take a while to produce a saleable plant from this type of cutting.

PRODUCTION

Potting. We pot all grasses by hand into 9-cm pots in shuttle trays. They are grown
under glass on mobile benches with capillary matting. We use a fairly open growing
medium — a mixture of 17 medium coarse peat : 3 pine bark (v/v). We incorporate a
12-month, controlled-release fertiliser (Sincrocell™, Sinclair Horticulture) at a low
dose rate to maintain healthy growth.

Pest and Disease Management. Grasses are generally pest free. We use bio-
logical control in the glasshouse to manage sciarid, whitefly, and spider mites. Root
aphid can occasionally be a problem, but can be easily treated with insecticides
compatible with the biological controls. We also add fipronil (Vi-Nil, Certis) to the
growing medium at mixing to control vine weevil. This pest is not generally a prob-
lem with grasses but we believe this preventative measure gives security for our
customers.

Cereal rust can affect some ornamental grasses such as Alopecurus (oxtail grass),
and powdery mildew can attack Imperata ‘Red Baron’. Damping off caused by spe-
cies of Phytophthora and Pythium can affect seedlings, so hygiene is essential and
over watering should be avoided.

Scheduling. Grass liners need to be despatched at the right time to ensure they
can be potted by the wholesale grower early enough to achieve maturity before
their main selling season. It is therefore important to understand the lifecycle of
each grass being produced and to know its best season of horticultural interest for
the market.

I generally despatch cool season grasses in early spring. Warm season grasses are
despatched when they have resumed growth in late spring. We have a blueprint
for propagation, which works back from the wholesale customer’s target delivery
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date. A cool season grass needs to be ready for early spring, so we need to divide by
early autumn.

MARKETING
We work closely with our grower customers to ensure they are producing each tax-
on in time for their main season.

Warm season grasses are in flower late summer, but they tend to be very tall at
this time. However, they will sell in flower better than any picture label. Retail
producers need to be educated about the best time to pot grass liners, so the end
product is at its peak in the optimum time frame.

Picture labels help to market the grasses when they are not in flower, but at pres-
ent the range available is quite limited in comparison with the range of grasses
being commercially produced.

There is also the question of whether grasses should be marketed as a separate
plant group or whether they should be mixed in with other “looking good” crops
throughout the year, for example as a type of plant that adds texture, colour, and
flower to a display and so aids sales.

FUTURE

There is a market view that grasses will go out of fashion. However, for diversity of
colour, form, and flower they take some beating. And in Great Britain and Ireland,
with impending climate change and possible hosepipe bans in drier regions, they
offer good garden performance. Grasses fit well with modern gardens, being low
maintenance and architecturally interesting throughout the year. It will be impor-
tant for the trade to continue to select improved forms suitable for smaller gardens
and patio planting.
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Propagation of Cercis canadensis ‘Forest Pansy™

Nicholas J. Murphy
Harley Nursery & Plant Centre, Harley, Shrewsbury, Shropshire SY5 6LP U.K.

Cercis canadensis ‘Forest Pansy’ is a deciduous shrub or tree cultivated for foli-
age and flowers. It is difficult to propagate vegetatively. Grafting and hardwood
cutting trials were carried out in a glasshouse at Pershore College using a hot-
pipe callusing system for the grafts and Malling bins for the hardwood cuttings.
Four grafting techniques were used in four separate trials carried out over 3-week
intervals. Two temperature treatments were used for the hardwood cutting trials.
Apical wedge grafts at the earliest date resulted in the highest success rate. In
the hardwood cutting trials no callus was produced and no roots were formed
at either temperature, however the cooler treatment did yield more cuttings with
vegetative growth than the warmer treatment.

INTRODUCTION

Cercis taxa are deciduous shrubs or trees that can be found in woodland, at wood-
land margins, and on rocky hillsides in the Mediterranean, Central and East Asia,
and North America (Brickell, 1999; Raulston, 1990). Cercis canadensis ‘Forest Pan-
sy’ is cultivated for its foliage and small, pink, pea-like flowers, which are borne
profusely in spring (Brickell, 1999; Raulston, 1990). In today’s hardy nursery-stock
industry, small, compact-flowering trees are in high demand; the genus Cercis con-
tains many desirable candidates that can meet this requirement because they can
either be grown as a single or multi-stemmed tree in a container, as a specimen in a
lawn, in a border in a commercial or residential landscape, or as a specimen tree in
a residential street (Gilman and Watson, 1993; Raulston, 1990).

Cercis canadensis cultivars are difficult to propagate vegetatively so for my dis-
sertation at Pershore College I was determined to find a successful method. The
time my research could be carried out (October to mid-April) meant that softwood
or semi-ripe cuttings could not be taken and that budding couldn’t be used; this
meant grafting and hardwood cuttings were the two propagation methods trialled.
There was very little information on past trials on propagation of C. canadensis
cultivars so I wrote to growers asking them what grafting technique they used; it
was from their replies that I decided on four grafting techniques to trial. The aims
of this experiment were to find a successful grafting technique for the propagation
of C. canadensis ‘Forest Pansy’ and to examine whether hardwood cuttings were
another viable method of propagation.

MATERIALS AND METHODS

The experiments were conducted in a glasshouse at Pershore College. The stock
plants used for the scion wood and hardwood cutting material came from a C. ca-
nadensis ‘Forest Pansy’ growing at Avonbank Nursery and from plants imported
from Holland; the propagation material from the two sources was mixed to ran-
domise its distribution. The rootstocks were bare-root C. canadensis seedlings
graded at 4 to 6 mm diameter from Oakover Nurseries Ltd. in Kent. The grafting
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techniques used were whip and tongue, saddle, apical wedge, and side-cleft; these
techniques were carried out at 3-week intervals beginning on 14 Dec. 2004 and
ending on 15 Feb. 2005.

Grafts. At each date, 160 grafts were made, i.e., 40 grafts from each grafting tech-
nique. Each grafting technique had a control and three replicates that consisted of
10 grafts in each. The finished grafts were dipped in low-melt-point wax then lined
out for 14 days on a hot-pipe callusing system at a temperature of 23 °C. The roots of
the grafts were covered with growing medium to prevent drying out. After 14 days
the grafts were potted into 2-L pots and lined out on a glasshouse bench in a sys-
tematic block design. Observations on callus formation and vegetative growth were
made at weekly intervals beginning when the grafts had been completed (Table 1
and Table 2). The Kruskal-Wallis test was used to test the results from the callus
formation and stages of vegetative growth scores for statistical significance.

Hardwood Cuttings. Straight hardwood cuttings (20 cm long) were used in the tri-
als. The cuttings were taken on 15 Jan. 2005. The trials were set up in two Malling
hardwood-cutting bins run at 10 and 20 °C with 60 cuttings in each. The cuttings
were dipped in Doff hormone rooting powder then lined out in a randomised block
design in the bins at equal spacing with nine per row at a 45° angle in a 1 peat : 1
perlite (v/v) growing medium with the top two buds exposed. Observations on root
formation and vegetative growth were made on 2 April 2005 (Table 2). The z test
was used to test the results from the root and vegetative growth scores for statisti-
cal significance.

RESULTS

Grafting Trial. The results from all four grafting trials were affected by two fungal
outbreaks. Samples of the fungal spores were examined under a microscope: one
remained unidentified, but the other was identified as coral spot (Nectria cinnabar-
ina). Because the fungus affected later results for the first three grafting dates, the
results for the statistical analysis were selected from the 8th week after each date.

Callus Formation and Stages of Vegetative Growth. The most successful
grafting technique for callus formation and vegetative growth was the apical wedge
graft; it resulted in the highest number of successful grafts from each grafting date.
The side-cleft graft was the least successful with the percentage of failed grafts
increasing with each successive grafting date while mean callus formation and veg-
etative growth score decreased with successive grafting date. The most successful
grafting date for callus formation and vegetative growth was the earliest (14 Dec.);
it resulted in the highest number of successful grafts of each type.

Hardwood Cutting Root Formation. Hardwood cuttings failed to produce any
callus or show any sign of forming roots at either temperature.

Stages of Vegetative Growth. The majority of the hardwood cuttings failed to
show any sign of producing vegetative growth at either temperature. However,
the cooler treatment resulted in more cuttings with vegetative growth than the
warmer treatment.
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DISCUSSION

Grafting Trial. The apical wedge graft at the earliest grafting date (14 Dec.) re-
sulted in the highest number of successful grafts. Cercis has a very thin cambium
layer, which makes matching the rootstock and scion difficult. The apical wedge
graft exposes cambium on two sides so it increases cambial contact and the chance
of the cambial layer being matched successfully. At the 14 Dec. grafting date the
propagation material was fully dormant, so when they were lined out on the hot-
pipe callusing system it was only the graft union that had its dormancy broken by
the heat and was able to form callus. These grafts also had longer to continue to
heal before phloem and xylem became “active” in the spring, whereas in the later
trials the rootstock and scion might have to become “active” before the graft union
had healed, flooding it and causing failure.

Hardwood Cutting Trial. For a cutting to be successful it needs to callus over the
wound and develop roots. The type of hardwood cutting used could have affected
callus and root formation. Instead of using the cuttings from the current season’s
growth, a heeled or mallet cutting that retained a piece of the previous year’s wood
at the base of the cutting could have been used because this serves as a larger store
of carbohydrates, which could have improved rooting.

If a hardwood cutting fails to produce vegetative growth it will die because it can’t
replenish its store of carbohydrates, which it uses to survive the dormant season
and produce roots. The cooler treatment cuttings produced more vegetative growth
than the warmer treatment, in agreement with the findings of Dick (1982), who
states a lower temperature for longer period of time is better than a warmer tem-
perature for a shorter period of time. Whalley and Loach (1981) also state that the
longer a hardwood cutting is kept in a heated bin the more its stores of carbohy-
drates will deplete and with it its chance of establishing itself. Perhaps if the cut-
tings had been kept at a low temperature then potted on after a shorter period they
would have been more successful.

Table 1. Callus formation scoring system.

Callus formation

scoring Callus characteristic
0 A lightening in the colour of the scion material. When a knife edge
is lightly scraped over the surface of the bark the cortex will be pale,
not green.
1 There will be a mass of undifferentiated parenchyma cells, which are

visible around 0% to 25% of the edge of the graft union.

2 There will be a mass of undifferentiated parenchyma cells which are
visible around 26% to 50% of the edge of the graft union.

3 There will be a mass of undifferentiated parenchyma cells which are
visible around 51% to 65% of the edge of the graft union.

4 There will be a mass of undifferentiated parenchyma cells, which are
visible over 76% of the edge of the graft union.
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Table 2. Stages of vegetative growth scoring system.

Stage
of development Bud characteristics
1. None No expansion in length or diameter. Bud colour dull, like that of
an overwintering bud. Bud tip acute.
2. Slight Slight increase in length, but little or no increase in diameter.

3. Slight to medium

4. Medium

5. Medium to maximum

6. Maximum

7. Burst

8. Expanded 1-7 inches

Bud colour brown-red. Bud tip acute.

Acropetal one-fourth to one-half increased in length, but little in-
crease in diameter. Colour similar to Stage Two. Bud tip acute.

Acropetal one-half to three-fourths increased in length, but only
slight increase in diameter. Colour similar to Stages 1 and 3. Bud
tip acute.

Bud increased in length over the entire bud surface and exhibit-
ed a marked increase in diameter. Colour similar to Stages 2, 3,
and 4. Bud tip blunt (obtuse)

Buds much increased in length and diameter over Stage 5 buds.
Colour much lighter than in the previous stages due to extreme
expansion of bud. Bud tip rounded.

Bud scales separated; leaf tips exposed; new stem not visible.

New stem visible and stem elongated 1 to 7 inches.
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Micropropagation of Mother Stock Plants at
Walberton Nursery®

Claire K. Hobbs
Walberton Nursery, Yapton Lane, Walberton, Arundel, W. Sussex, BN18 0AS U.K.

INTRODUCTION

Walberton Nursery is one of the founding members of the Farplants Group. The nurs-
ery was established in 1975 and is owned by David Tristram. Its main crops are
herbaceous perennials including several that have been introduced or bred on the
nursery including Coreopsis grandiflora ‘Walcoreop’, Flying Saucers™ blanket flow-
er, Crocosmia ‘Walcroy’, Walberton Yellow™ montoretia, Spiraea japonica ‘Walbuma’,
Magic Carpet™ Japanese spiraea, and Erysimum ‘Fragrant Sunshine’.

The nursery has two small micropropagation laboratories on site. The first is used
primarily for research and the production of virus-tested mother stock for in-house
propagation and for other nurseries throughout the world. The second laboratory is
currently used for the commercial production of two of our crops. In addition, there
is a small isolation house where we are able to exclude the vast majority of pests and
diseases and grow on plants from the laboratory ready for sale or use on the nursery.

BACKGROUND AND HISTORICAL PERSPECTIVE

Plant micropropagation is the technique of growing plant cells, tissues, or organs
isolated from a mother plant and grown on artificial media (George, 1993). It is
a useful tool allowing the rapid production of clonal plants using relatively small
amounts of space and supplies. It may be used by anyone from enthusiastic ama-
teurs multiplying plants in the kitchen at home to distinguished scientists working
in elaborate laboratories (Kyte and Kleyn, 1996).

It was in the 1830s that the seeds of micropropagation as we know it today were
sown with the development of cell theory and the notion that tissue had the potential
to differentiate into any type of cells. In the 19th century the presence of plant hor-
mones was deduced and callus formation was observed in wounded trees. By the ear-
ly 20th century attempts were being made to micropropagate monocotyledons while
immature embryos had been isolated and fertile plants recovered from brassicas.

Through the next 50 years, significant developments took place, including work
on the role of plant hormones in the development of micropropagated tissue, the
embryo culture of a wide range of subjects, and the culturing of root explants. By
the 1970s the principles of micropropagation were established and its commercial
use was becoming feasible for a wider range of plant subjects. The number of nurs-
eries involved in plant propagation through tissue culture grew rapidly during the
1970s and 1980s as techniques developed and became more widely utilised (Kyte
and Kleyn, 1996).

Micropropagation was first used on a large scale by the orchid industry, enabling
growers to overcome issues such as unpredictable seed, taxa that were difficult to
propagate, and virus-infected plants (Kyte and Keyn, 1996). Micropropagation is
now widely used throughout the world for the commercial production of a wide
range of subjects including Heuchera, Hosta, Digitalis, Fragaria, Geranium, La-
vandula, Nemesia, and Yucca.
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THE MICROPROPAGATION PROCESS

The basic procedure of micropropagation is relatively straightforward and consists
of four main stages: explant establishment/initiation; multiplication; rooting; and
acclimatisation/hardening off (Kyte and Kelyn, 1996).

A piece of tissue known as an explant is removed from the mother plant, carefully
sterilised, and then placed in a test tube or similar sterile culturing environment.
The explant may be a meristem, piece of stem, root, leaf, bud, seed, or flower part.

Once initiation has taken place, the explant is then able to grow and/or be divided
to produce plantlets that can multiply almost indefinitely given proper care (Kyte
and Kleyn, 1996). The plantlets are then rooted and acclimatised.

In its sterile environment the explant is given a balanced diet of nutrients and
hormones often tailor-made to suit the particular species. The medium provides
the major and minor nutrients and usually a carbohydrate (sucrose being the most
common) to replace the carbon, which the plant normally fixes from the atmosphere
by photosynthesis. Vitamins, amino acids, and plant growth regulators may be add-
ed to improve growth, and antibiotics may be added to control infections. A solidify-
ing agent such as agar is used to thicken the medium and thus provide physical
support to the explant (George, 1993). Although there are standard media mixes
that may act as a starting point for micropropagation, the exact proportions of the
ingredients can vary greatly between species.

Plant cells and tissues have the natural potential to put forth new growth and
to multiply; micropropagation merely directs and assists this. New growth is usu-
ally initiated in meristematic tissue (undifferentiated cells that have not yet been
programmed for their ultimate development). Such cells are located in the tips of
stems and roots, leaf axils and margins, in stems as cambium, and in callus tissue.
These cells are influenced by factors such as genetic make-up, light, temperature,
nutrients, and hormones to differentiate into leaves, stems, roots, and other organs
(Kyte and Kleyn, 1996).

USE OF MICROPROPAGATION IN PRODUCTION OF STOCK PLANTS
Advantages. Micropropagation has a number of advantages over conventional
propagation in the production of mother stock plants. Advantages include:

m  Once a plant is in culture it is relatively easy to maintain and it is
possible to sustain healthy material for many years.

m  Itis possible to achieve greater uniformity than with cutting-
raised plants.

m  Laboratory stock requires less space than conventional stock
plants and a very small stock can be maintained which can be
quickly multiplied. However, if micropropagation is being used as
the source for mother stock plants, space will still be required for
these plants.

m  Micropropagation allows rapid multiplication from one plant,
which is particularly useful if only one plant is available, for
example, where a plant is particularly rare or a single plant from a
breeding programme. The multiplication rates of different species
vary greatly. Houseplants may take only a few days to initiate
roots while some rhododendrons may take 4 to 6 months. If a plant
in micropropagation were able to double in numbers every month
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then a single plant could create 1024 plantlets after 10 months and
2048 after 11 months (Kyte and Kleyn, 1996).

It is possible to produce plants “out of season,” and therefore year-
round production of stock plants is possible. This can be particu-
larly useful when exporting material to other parts of the world.
Laboratory plantlets require less attention than stock plants on the
nursery. Surveillance is necessary to check for signs of infection and
progress and dividing and subculturing may be needed every 2 to 6
weeks, but the plantlets do not need watering, spraying, or weeding.
Diseases, which can be transmitted through conventional propaga-
tion, may be eliminated through the procedures of micropropaga-
tion. External contaminants such as bacteria, fungi, and insects
are removed when the explant is sterilised and using the apical
meristem as the explant for the tissue culture may eliminate
internal contaminants such as viruses. The apical meristem is

a group of undifferentiated cells located at the microscopic tip of
the dominant shoot. It is often virus free even in diseased plants
because these meristematic cells haven’t yet joined to the plant’s
vascular system and perhaps grow faster than a virus can spread.
Thus if the few virus-free cells that make up the apical meristem
are removed from the plant and placed in a culture they can grow
and produce healthy, disease-free plants. This technique is known
as meristem tip culture (Kyte and Kleyn, 1996).

The ability to produce virus-free mother stock is a key advantage
of micropropagation, particularly valuable in virus-prone plants
such as Nemesia. Plant viruses may be observed by visible leaf
symptoms; however, some latent viral symptoms may not be ex-
pressed in the plants when in culture and thus the virus testing of
plants becomes essential. This may be done through the sap inocu-
lation of an indicator plant with an extract from the infected plant
tissue. Indicator plants such as Chenopodium album or Nicotiana
tabaccum show symptoms for a wide range of viruses (Cassells,
1992). Sap inoculation is an easy and inexpensive method of de-
termining the presence of viruses although results may take a few
weeks. If a virus is detected, other, more detailed tests such as elec-
tron microscopy or enzyme-linked immunosorbent assay (ELISA)
can be carried out to determine the exact virus present. Elisa tests
are available for the detection of over 100 different plant viruses
(Gugerli, 1992). If a virus is detected meristem tip culture may be
employed to obtain virus-free material.

Disadvantages. Micropropagation also inevitably has its disadvantages:

It is labour intensive and requires highly skilled staff, especially

at the research stage, in refining nutrients, detecting, identify-

ing, and overcoming contaminants. Unless there is an established
procedure for tissue culturing a desired plant the labour required
to establish the right medium formulations and growing conditions
can be time consuming and therefore costly. Labour may account
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for up to 80% of the costs of running a laboratory (Kyte and Kleyn,
1996). Most large-scale micropropagation is now done in develop-
ing countries because of their lower costs of skilled labour. Many
U.K. laboratories that existed in the 1970s and 1980s have now
closed, and those that remain tend to be very specialised.

m  Genetic instability can be an issue with micropropagated plants:
thousands of plants could be raised only to reveal a defect when
mature, which may be due to a chemical imbalance or a mutation
that has multiplied in culture (Kyte and Kleyn, 1996). However,
rooting and growing on a number of individual “test” plants prior
to large-scale production could detect this. Some species are more
prone to mutation than others. Some mutations may occasionally
be desirable and result in new cultivars.

m  Some plants appear impossible to micropropagate; on some cases
the right method, media formulation, and conditions have yet to
be found.

m  Although micropropagation can be used to clean up plants prone
to diseases and viruses, plants within micropropagation are prone
to biological contaminants such as bacteria found on or within
explants or in the laboratory. Infections can spread rapidly on
agar and destroy the plantlets. Such risks are minimised by using
sound sterile techniques in the laboratory. However, some plants,
for example, some hellebores, carry endogenous bacteria, which
are very hard to eliminate.

SELECTION OF SUBJECTS SUITABLE FOR MICROPROPAGATION

A plant’s growth characteristics in nature affect the ease with which it can be
adapted to micropropagation, and as a rule, plants that show indeterminate growth
are more successful in micropropagation than those that demonstrate determinate
growth. Bulbs for example are difficult, especially as their growth underground
means they are difficult to clean — meristems deep within bulbs make good ex-
plants but root explants are almost impossible (McCown and McCown, 1999). Un-
fortunately, assessing which plants will be suitable for micropropagation; how long
they will take to establish a plant in culture and produce a rooted plant; and what
the rate of multiplication will be can only be discovered with experimentation.

CONCLUSION

Micropropagation has potential not only as a source for mother stock plants but as
a propagation method in general. It can be a little strange to see plants growing
in test tubes in sterile laboratory conditions with no soil in sight, but they are still
plants and it is fascinating to watch them develop in their microenvironment and
produce roots. At Walberton Nursery we have certainly benefited over the years
from being able to “clean up” plants prone to bacterial infection and viruses. Our
successes include our micropropagated Daphne tangutica, which is healthier and
more vigorous than those propagated conventionally; we have removed the bacte-
rial problem from our Photinia crop; improved the quality of our Scabious; and
produce high quality plants as the base for our mother stock plants.
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Use of Cost Analysis to Improve Nursery Profitability®

Will George
Prenplants, Haven Road, The Haven, Billingshurst, West Sussex RH14 9BJ U.K.

INTRODUCTION

It is now possible to calculate the cost of every line of nursery stock on an individual
nursery. The ease and accuracy of these costs will depend on the detail and quality
of data collected by the nursery. In such a short paper it is not possible to fully cover
all aspects of nursery stock costs. This paper will examine the most important fac-
tors that affect profitability and highlight the effects of time, space (crop density),
yield, and waste on the profitability of nursery stock. The ways and means of al-
locating labour costs will also be reviewed.

Current Performance Within the Industry. Over the last few years the U.K.
nursery stock industry has come under severe financial pressure. This has a num-
ber of causes. The market has slowed down due to adverse weather during key
seasons and changes in consumer buying, resulting in over-production, both in the
U.K. and in countries that export to the U.K. Many crops have been offered at low
prices just to clear the backlog of plants.

At the same time, costs have been rising dramatically, and aggressive pricing poli-
cies from some of the larger multiple retailers are keeping prices of finished plants
uneconomically low.

Tables 1 and 2 show the results from all nurseries within the Horticultural Trades
Association’s (HTA) Nursery Business Improvement Scheme (NBIS) for the 12
months to 31 March in each year. The NBIS is a scheme in which member nurser-
ies can compare costs and other business data within local discussion groups. The
data represent a comprehensive cross section of the industry and shows the trends
within the nursery trade. Labour costs have increased dramatically over the last
few years, as have transport, marketing, and sales costs, which are included in dis-
tribution. Despite a steady increase in productivity, the surplus available for extra
income and investment has fallen.
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Table 1. All nurseries analysis of costs in £ per m2.

Return per m*> Labour Distribution Plants Potsetc Overheads Surplus

2002 £12.26 £4.24 £1.12 £3.87 £0.83 £1.51 £0.68
2003 £14.94 £5.18 £1.40 £445 £145 £1.80 £0.65
2004 £20.23 £7.03 £1.83 £6.29 £1.83 £2.40 £0.85
2005 £19.41 £7.14 £1.95 £5.41 £1.48 £2.88 £0.55

Table 2. All nurseries analysis of costs as a percentage of output.

Return per m*> Labour Distribution Plants Potsetc Overheads Surplus

2002 £12.26 34.6 9.2 31.6 6.8 12.4 5.6
2003 £14.94 34.7 9.4 29.8 9.7 12.0 44
2004 £20.23 34.8 9.1 31.1 9.0 11.9 4.2
2005 £19.41 36.8 10.0 27.9 7.6 14.9 2.8

Table 3. Analysis of costs as a percentage of output for market sectors for the 12 months
ending March 2005.

Return per m*> Labour Distribution Plants Potsetc Overheads Surplus

All sectors ~ £19.41 36.8 10.0 27.9 7.6 14.9 2.8
Amenity £10.44 39.0 6.1 28.1 5.5 9.9 11.3
Retail £25.81 35.4 14.5 29.0 7.5 19.9 -6.4
Liners £68.72 32.3 7.1 27.6 8.2 11.4 13.3

As the profitability of the industry is falling it is now more important to establish
the accurate cost of each line that a nursery produces. This is important in produc-
tion planning and price setting.

Table 3 shows how various sectors of the industry are performing. Nurseries sup-
plying the amenity market and young plants were doing relatively well up to the
end of March 2005. Since then, even these sectors are beginning to find things more
difficult. Nurseries supplying the retail market are finding trade particularly dif-
ficult because of a run of poor weather at critical periods, and other market forces.

OBTAINING ACCURATE COSTS

Within each sector there will be a range of nursery performances with some being
very profitable and others not so. It is quite amazing that, in a relatively small
industry supplying similar outlets, the cost structures of individual nurseries differ
so much. It is therefore important when attempting to find the unit costs on your
nursery that you use your own data and not an average of other nurseries.
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It is possible to calculate the cost of each line on nearly all nurseries from the data
they commonly keep. The accuracy of the costs will depend on the accuracy of the
data retained by the nursery. All the information required for finding the unit costs
of each line should be available from the normal records and accounts kept by most
nurseries. However it may be necessary to modify some of the records to give more
accurate costs.

It is not necessary to include all the costs individually because some costs are so
small when taken on a unit basis that they will make little difference to the overall
cost structure. For example, if a nursery spends £504 on compost tea and produces
250,000 plants each year, the cost per plant is 0.2p per plant. However, several
items such as this will amount to a more significant sum — it is easier to handle
such items as a group rather than individual items.

On most nurseries costs tend to be historic and dynamic. To cost accurately it is
usual to take historic data that will have been affected by circumstances within
that time span, e.g., weather affecting sales, disease causing crop loses, etc. This
should never be an excuse not to attempt a cost exercise because the results will be
very informative and will help considerably in planning and price setting. However
it should be noted that costs are controlled by many variables and as these change
with time then so will the unit cost.

TYPES OF COSTS

Variable Costs or Direct Costs. Variable costs are those that can be directly at-
tributed to the crop such as pots, plants, labels, and so on. They can account for 35%
to 40% of the total cost. They should be easy to allocate to a particular crop. Because
most nurseries purchase their requisites from the same wholesalers, the price of
most of these items is relatively constant.

In some costing exercises this is as far as the costing would go. The variable costs
are taken from the output (sales) figure to give a margin. This gives an indication of
the profitability of the crop but this is limited unless other factors such as time and
space are taken into the calculation.

Partial Variable Costs. These are items usually included in fixed costs or over-
heads that can be calculated and applied to various crops. The best example would
be transport, the cost of which can be easily calculated and added to the crop costs
as a percentage or as a cost per unit.

In a similar way the cost of glasshouses or a heated propagation unit can be cal-
culated either on a plant unit or an area basis, and this can be added onto the cost
of plants that require these structures.

Fixed Costs. Fixed costs, or overheads, are those costs that cannot be directly re-
lated to a specific crop. Items include accountancy and other professional services,
administration costs, insurance, and so on. Once labour and partial variable costs
have been removed there should be relatively few true fixed costs to allocate.

Any allocation is going to be purely arbitrary, and it will be a matter of what best
suits the nursery. Below are some of the methods used:
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Table 4. Calculating labour costs from time sheet task analysis.

CropA  Crop B Crop C Total Total Unit
Task (no.) (no.) (no.) (h) cost Units costs
Seed sowing 100 1 10 100 0.10
Cuttings 100 100 3 30 200 0.15
1st pot 100 100 100 3 30 300 0.10
Trimming 100 2 20 100 0.20
Staking 100 2 20 100 0.20
Weeding 100 100 100 4 40 300 0.13
2nd Pot 100 100 100 4 40 300 0.13
Watering 100 100 100 3 30 300 0.10
Trimming 100 2 20 100 0.20
Dispatch 100 100 100 5 50 300 0.17
Table 5. Calculating unit labour per crop from task unit cost.
Crop A Crop B Crop C
Task (no.) (no.) (no.)
Seed sowing 0.10
Cuttings 0.15 0.15
1st pot 0.10 0.10 0.10
Trimming 0.20
Staking 0.20
Weeding 0.13 0.13 0.13
2nd Pot 0.13 0.13 0.13
Watering 0.10 0.10 0.10
Trimming 0.20
Dispatch 0.17 0.17 0.17
Unit Cost 0.70 0.78 1.38

Table 6. Cost comparison between a similar plant produced in a 1-L and 2-L pot.

1-L container 2-L container
Plug and label 34 pence 34 pence
Growing media 7 14
Pot and tray 5 7
Total cost 46 55
Price 123 191

Margin 77 136
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A. Plant numbers
Total OC*
Total plant number
B. Compost Volume
Total OC
Total volume compost
C. Time and Space
[Time (mo) x area (m?) Crop A] x total OC
Sum (time x area) all crops
*OC = Overhead costs
I prefer the time and space method because it reflects directly on the profitability
of crops. It works best for a nursery that produces similar crops over a similar time
scale but does not work as well for nurseries that produce very different crops over
different time scales, such as a mixture of liners and open ground trees.

= Overhead/plant

= Overhead/litre compost

= 0C/Crop A

Labour. Labour is the largest single cost on most nurseries. It is also a cost that
continues to rise. Nurseries, which have reduced their labour costs, are among the
most profitable. Monitoring and accurately costing labour could well be the key to
managing a successful and profitable business. It should be noted that not all of the
labour cost is productive time. In nursery studies only 55%, on average, of the total
labour budget is used on productive (crop-related) work. The remainder includes
holidays, sickness, and non-crop-related work. It is important that this “down time”
is included in any nursery cost exercise.

There are many ways of allocating labour costs. It will depend on the data avail-
able from the nursery how this can be tackled. The more sophisticated the nursery’s
recording systems the better the results should be. The results will also depend on
the cropping systems of the nursery. It will be more difficult to allocate labour to
specific crops when a nursery produces small numbers of many crops, than on a
nursery that produces large numbers of a few crops. It would be possible to group
crops according to similar labour needs.

Some nurseries treat labour as an overhead and allocate it in the same way as for
other overheads, as explained above.

Another way is to record specific tasks on the time sheet and then allocate them
to specific crops. Table 4 shows how task unit cost may be calculated once the total
number of hours that each task takes. These costs can be used to calculate the unit
labour cost for each crop (Table 5).

It is also possible to time the individual tasks that are involved in producing a
plant, such as potting, trimming, etc. These sample times from the majority of tasks
can be combined to produce a cost per crop or plant group. This method will not cap-
ture all of the labour cost but will help proportion the labour between crops. In pre-
vious exercises the best that sampling has achieved is 55% of the total labour cost.
It is very important that these other labour costs are included in the calculation.

Some nurseries are starting to use data loggers to record labour data. This should
give extremely accurate labour data per crop.

FACTORS AFFECTING PROFITABILITY
Time and Space. Table 6 compares the cost of growing in two sizes of container.
It would appear that the higher price commanded by the larger container gives a
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Table 7. The effect of space on margin.

1-L container 2-L container

Margin 77 pence 135 pence
Number of plants per m? 59 34
Margin per m? 4543 pence 4590 pence

Table 8. The effect of time on margin.

1-L container 2-L container

Margin (pence) 77 135
No. of plants per m? 59 34
Margin per m? (pence) 4543 4590
Production time (months) 1.5 2
Margin per m? per month (pence) 3029 2295

Table 9. Value of waste from five nurseries.

Value of waste (£) Waste as % of turnover

2002 315,027 7.85
2003 383,081 8.81
2004 409,237 10.00
Table 10. Analysis of waste.
Not sold 90%
Watering 3.2
Disease 2.3
Poor grade 1.9
Pests 1.4
Weather 0.8
Poor culture 0.3
Weeds 0.04

Table 11. Cost comparisons of two liner crops.

Berberis thunbergii

Spiraea xbumalda

‘Atropurpurea Nana’ ‘Anthony Waterer’
Number potted 9354 3501
Cost £1821 £633
Unit cost £0.19 £0.18
Number sold 9254 1746
% Yield (%) 98.9 49.9
True unit cost £0.20 £0.36
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Table 12. The effect of reducing production:

Initial Reduced
production production

No potted 3501 1770
Cost £ £633 £319
Unit cost £ £0.18 £0.18
Number sold 1746 1746
Yield (%) 49.9 98.6
True unit cost £0.36 £0.18

greater margin and is therefore more profitable. However, if you look at the space
each crop takes up it gives a slightly different picture (Table 7). In a given area, the
number of 1-L pots that can be produced in a given area is greater than 2-L pots;
thus the margin per given area will be greater

Table 8 shows how time affects profitability. A 2-L pot will take longer to reach a
marketable size than a 1-L pot; thus in time and space terms the smaller pot is the
most profitable.

In general the faster that a nursery can turn over its space then the more profit-
able it will become.

Yield and Waste. Waste on nurseries has been increasing over the last few years.
While the average on individual nurseries is now about 10% (Table 9) there is a con-
siderable range of between 4% to 24% waste. This figure is for finished plants and
generally does not include propagation or young plant waste. If these plants were
sold, that income would go straight onto the bottom line. Table 10 shows the analy-
sis of waste from one nursery. The majority of waste is not from pests, diseases, or
plant losses but from plants not being sold. Therefore, if the nursery’s total waste
was 10% of turnover, 9% would be due to lack of sales.

Table 11 shows the affect of yield (where %yield = 100 — %waste) on two liner
crops. Initially the Spiraea looks the most economic crop because it is a penny
cheaper to produce. However, only half the crop is sold so the true unit cost is much
higher than originally estimated. It is important that, when calculating unit costs,
the total cost is divided by the number sold not the number produced.

By reducing production, and therefore increasing yield by reducing waste, consid-
erable savings can be made and profitability improved (Table 12).

CONCLUSIONS
It is possible to calculate the cost of each line produced by a nursery. The methods
used will depend on the quality of data produced by the nursery. It is important that
the cost calculation is tailored to the specific nursery.

Once calculated, the costs will become historic but they still provide a very effec-
tive management tool in improving profitability.

The crop yield, the time the crop spends on a nursery and the space it takes up
will also have an effect on profitability.
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Experience of Applying Lean Manufacturing on a
Container Nursery®

Gill Dowling
Lowaters Nursery, Hook Lane, Warsash, Southampton SO31 9HH U.K.

INTRODUCTION

Lean manufacturing is about improving efficiency and productivity and decreasing
waste in the workplace. By following seven sequential improvement steps a busi-
ness can save time and costs in all areas of activity.

In implementing lean manufacturing at Lowaters Nursery, our aim, as manag-
ers and supervisors, was to involve staff in tracking the time taken, movements
involved, and cost of propagation by cuttings from the moment the secateurs were
picked up by the person obtaining the propagation material to the moment the fin-
ished plant was put onto the lorry for despatch to the customer. We worked with the
staff involved to identify where efficiency improvements could be made. We were
amazed at the results.

STEP 1: PROCESS MAPPING

A good visual way to start is by using a “string diagram” on a scale drawing. This
will show you straight away the lack of order and considerable movement of people,
tools, and materials involved in each task.

To do this process mapping you need a stopwatch, tape measure, and process activi-
ty chart. By observing a person carrying out a task we recorded and numbered all the
process steps required to perform it, the time taken to do it in seconds, the distance
travelled in metres, and whether it was adding value to the end product or not. Non-
value-adding (NVA) tasks make up 95% of wasted time or costs on a typical nursery.
This includes waiting time, delays, unnecessary movements, excess production, set-
up time, breakdowns, searching for tools or materials, and storing. Value-adding (VA)
tasks include those such as taking cutting material, sticking the prepared cutting,
putting unrooted trays onto the prop-bed to grow, potting-up, trimming, adding pic-
ture/price labels, and loading onto the trolley ready for despatch.

STEP 2: IDENTIFY VALUE-ADDING AND NON-VALUE-ADDING TASKS
On the activity chart we used different coloured sticky memo notepapers to signify
VA tasks and NVA tasks, respectively. Each note detailed the step number, activity,
time, and distance in red, black, blue, and green inks, respectively. We could then
focus on reducing or eliminating the NVA activities and calculate how much money
we could save.

From the records taken, the journey of one plant from cutting to end product took
a grand total of 131 steps, of which only nine were VA. These VA tasks took a total of
30 sec. Non-value-adding steps took 8.8 h and involved the plant travelling a total
distance of 3,038 m.
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STEP 3: IDENTIFY ALL POTENTIAL SOLUTIONS TO ELIMINATE NON-VALUE-
ADDING TASKS

Brainstorming, then experimenting with different suggestions and evaluating them
enabled us to speed certain processes up and has made many of the jobs easier and
more efficient. In propagation alone, from taking the material out of the fridge to put-
ting the stuck trays down in the fog involved 15 actions, only two of which were VA. To
make one cutting either it or the workers involved travelled 210 m and took 285 sec.
By streamlining the work area and working more efficiently we eliminated four NVA
activities, reducing the distance travelled to 140 m, and the time taken to 170 sec.

STEP 4: REJECT ANALYSIS
Another improvement process within lean manufacturing is reject analysis based
on “the 5 whys.” For example:
m  Why did we lose more than 2,000 of a batch of one particular taxon
of Hebe to disease?
1,500 had Botrytis. Why?
Environmental conditions. Why?
Wet months. Why?
m  Exaggerated by poor ventilation. Why?

Solutions included introduction of a preventative spray programme; improved
instructions to the workforce on dumping dead material; regulating tunnel-side
ventilation for frost, sunny, or rain conditions; giving the plants more space; and
training staff on the correct way to water.

If you don’t follow a line of questioning to its ultimate conclusion the problems
will recur and continue to result in wasted time and money. Then you can make an
educated decision whether to continue a process or drop it. If it is recognised that
batches are still unsuccessful, don’t continue with them in production.

STEP 5: THE FIVE Ss
This is the starting point for continuous improvement and is based on a fundamen-
tal clear-out of the work place involving the whole production team.

Sort. All unwanted or unnecessary items are tagged and removed from the work-
place. Any items in need of repair should be tagged for attentions. Infrequently
used items should be stored away.

Set. Give everything a logical home and to a standard needed for an effective work-
place. Everything has a place so keep it there. Frequently used items need to be
within three steps of where they are used.

Once everything is in its place, the next step is to make visual signs and marked
out locations for materials — for example shadow boards marking the location to
which hand-tools should be returned for rapid access next time they are needed.
At Lowaters we have different coloured labels to show whether plants need to be
trimmed, dumped, lifted for despatch, weeded, watered, etc. There are bed labels
for sterilised beds and white-boards on which we can flag-up problems and day/
week targets. Efficiency has increased as movement and searching for items has
been improved.
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Shine. This is, simply, keeping the area clean and leaving it as you found it.
Standardise. Implementation and training across the whole organisation.

Stick. Most importantly, stick to the five Ss.

STEP 6: PRODUCE AN IMPLEMENTATION PLAN

New plans need to be prioritised. Have a person responsible for getting it done and
a time scale. These should be reviewed weekly or monthly. Don’t change things for
change sake, you may find it won’t make an improvement. Be aware that making
changes at one stage may produce a knock-on effect down the line.

STEP 7: RUNTRIALS

It is very important to involve all employees and brainstorm any ideas as a team to get
the most suitable working layout. Continuous improvements means benefits achieved
and lessons learned. The new patterns of behaviour will soon become the norm.

CONCLUSIONS
For the lean manufacturing processes to work it is vital to track the action points
each month to ensure continuity with your teams.

By focusing on NVA across the nursery and improving on our movements we were
able to save a total of 534.5 h in a year, which amounts to £3,581.15.

If you do nothing then you will fall behind your competitors as they improve. Just
remember, waste is costing your business not your customer.

The mapping process made us focus on our wastage or NVA so go in with an open
mind — although you think your area may be efficient, think again!
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INTRODUCTION

The Mary Helliar Travel Scholarship helped to fund a visit to California to study
native plants in their natural habitats and in cultivation. Throughout my study I
observed Arctostaphylos, commonly known as manzanita, growing naturally and
was able to relate the natural habitats to cultivation conditions in botanic gardens
and commercial nurseries where I learnt about the propagation and production of
members of the genus.

Arctostaphylos is a fundamental genus to California, found almost exclusively in
the state, with different species occupying a range of habitats. It is a member of the
Ericaceae and is closely related to Arbutus, sharing the same subfamily, Arbutoi-
deae. The generic name is derived from two Greek words — arktos meaning bear
and stuphule, a grape. The common name, manzanita (popularly used in California
today) is Spanish for “little apple” from the appearance of its berry. There are ap-
proximately 60 species, of which several have many subspecies due to frequent
hybridisations within the genus (Stuart and Sawyer, 2001). This can make identi-
fication difficult in areas where species ranges overlap. Schmidt (1973), a manza-
nita enthusiast, describes her excitement regarding the future possibilities for more
horticultural forms from the natural hybridisations, as a “tantalising prospect.”

KEY HORTICULTURAL FEATURES

The genus includes many forms of evergreen, woody shrubs ranging from low, pros-
trate, mat-forming types to a few which approach tree size. The majority grow to
between 60 and 200 cm tall and have a rounded or vase-shaped habit. All are rela-
tively slow to mature. The fruits, especially those of the larger species, resemble
miniature apples and are attractive to birds, while California Indians made cider
from them. The seeds have an extremely hard coat, and the Indians used to grind
the seeds to make a manzanita bread.

Arctostaphylos is prized for its colourful mahogany-red or cinnamon bark that is
smooth to the touch or peeling in some species. The twisted limbs in the taller spe-
cies provide sculptural interest.

The attractive urn-shaped flowers range from white to various shades of pink.
The simple, alternate leaves are of a pleasing grey or lime-green shade, with new
buds often providing a delightful contrast, some being pale green, downy from fuzzy
hairs, crimson, or bronze (Schmidt, 1973).

NATURAL HABITATS
Arctostaphylos species are most frequently found growing in the arid belts of Cali-
fornia, on dry slopes and hillsides, and usually in full sunlight (Horn, 1998).

'Recipient of IPPS GB&I Region Mary Helliar Travel Scholarship, 2005
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A typical habitat I observed while on a wildflower and botany course organised
by the Yosemite Association is the Hetch Hetchy area of Yosemite National Park.
The Hetch Hetchy dam trail is a foothill woodland habitat, 1300 m above sea level
— hot and dry in summer with very little snow in winter. Many Arctostaphylos
species including A. viscida subsp. mariposa were seen throughout the trail. While
exploring the Merced giant redwood grove, A. manzanita was observed where there
were gaps in the forest that let in valuable sunlight.

I was fortunate to join an expedition with Andrew Wyatt, head of propagation at
Santa Barbara Botanic Gardens (SBBG) to collect seed and cuttings. We collected
in chaparral vegetation around the Santa Ynez foothills of Santa Barbara, through
Figuero Loop and Ojai Highway 33. Chaparral — tough woody, evergreen shrubs
with dense foliage — is the most widespread form of vegetation in the Mediter-
ranean part of California, covering about 5% of the state (Dallman, 1998). Arcto-
staphylos glandulosa is common to the chaparral community (Ornduff et al., 2003).
Other typical chaparral species were also encountered including Yucca whipplei,
Adenostoma fasciculatum, Fremontodendron californicum, and Ceanothus species.

Drought Resistance. Exposed to high sunlight levels in the summer, Arctostaph-
ylos has many interesting mechanisms to avoid dehydration. Species will lose their
leaves to prevent loss of water. Most species will hold their leaves perpendicular to
the sun to avoid the direct glare. Leaves are also particularly waxy.

VEGETATIVE PROPAGATION

During a 10-day internship at SBBG I worked alongside Andrew Wyatt who ad-
vised me on Arctostaphylos propagation techniques. For vegetative propagation,
Wyatt (2005, pers. commun.) recommended using semi-mature cutting material
taken from the previous season’s growth, from December to January. Soft young
growth is inclined to rot off more easily. The cuttings are treated with a standard
IBA liquid hormone solution [concentration of 1 hormone : 15 water (v/v)] for 10 sec
before inserting into 1 peat : 10 perlite (v/v) rooting mix. The cutting trays are then
placed in a polythene enclosure in a shade house, under a solar-controlled misting
unit with bottom heating mats. Wyatt has found lower growing cultivars such as
‘Emerald Carpet’ tend to root more easily and are more resistant to fungal patho-
gens. Some Arctostaphylos species have particularly downy leaves, which give rise
to rotting and fungal problems.

Rooted cuttings are potted into liner pots containing a 1 sand : 7 peat : 7 perlite (by
volume) potting mix. Established liners are then transferred to 1-gal pots containing
a pre-mixed potting medium of 4-milled redwood bark chips : 1 washed and bleached
sand (v/v), plus a base fertiliser ingredient, known only to the medium manufactur-
er. The medium has a dark blackish appearance mainly caused by the redwood bark
tannins. The tannins have alleopathic properties that are leached out before being
supplied as a growing medium ingredient. The medium has good pore space, holds
moisture well, and has a springy texture that prevents compaction. Good aeration
and drainage appears to be a key factor to the success of Artcostaphylos production.
Weak concentrations of liquid foliar-feed fertilisers are applied to Artcostaphylos, as
their leaves are susceptible to scorching, while growing on in 1-gal pots.

Tilden Botanic Garden, Berkeley, claims to have probably the most complete
collection of California Artcostaphylos to be found anywhere (Friends of the Re-
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gional Parks Botanic Garden, 2005). Its propagation techniques differ from those
at SBBG. Steve Edwards, Tilden Botanic Gardens’ director, said that cuttings of
Arctostaphylos are taken during the summer months but grown in dry shade tun-
nels with no overhead misting or irrigation. He believes good ventilation, no bottom
heat, and good drainage in pots with holes in the sides as well as the bottoms are
imperative for success.

In Berkeley, I helped the California Native Plant Society (CNPS) East Bay Chap-
ter with their native plant production for their autumn annual plant sale. Here
cuttings are taken from November to February in order to produce 1-gal saleable
plants for the following October. Mcpheeters (2005, pers. commun.) commented on
the variable time for Arctostaphylos to root. Low-growing coastal species such as A.
uva-ursi tend to root within 6 weeks with A. uva-ursi ‘Woods’ being one of the quick-
est to establish. Medium shrub and tree-like species such as A. glandulosa can take
much longer, from 3 to 5 months to root.

SEED PROPAGATION

Seed propagation of Arctostaphylos is more difficult than vegetative propagation.
After seed collecting, food processors are used to extract the resilient fruit flesh
from around the seeds. Arctostaphylos seeds have a tough, thick, seed coat and a
scarification treatment is required to break the physical dormancy it imposes. Em-
ery (1992) reported Arctostaphylos species can be given an acid treatment to break
down the seed coat by soaking in dilute sulphuric acid for 2 to 4 h.

Fire scarification treatments are used at SBBG (Wyatt, 2005 pers. commun.). The
technique involves setting fire to a 100 to 150 mm layer of pine needles placed over
the seedbed with a few small pieces of wadded paper to help ignite the material. The
flash fire treatment is a quick process, but effective high temperatures are reached.
Arctostaphylos seeds then require a minimum of 2 months to germinate (Emery,
1992). If seeds are sown in October and no germination has taken place by June, the
seedbeds are dried out for the summer and watering is resumed the following au-
tumn, some germination may occur as late as the following spring (Emery, 1992).

MANZANITA CULTIVATION IN GREAT BRITAIN AND IRELAND

The Californian climate offers its plants long, hot, dry periods, something that a
summer in Great Britain and Ireland only occasionally does. Arctostaphylos are
generally very drought tolerant. High rainfall within the Region of Great Britain
and Ireland may therefore be the limiting factor to successful cultivation, rather
than low temperatures. Most species are hardy to -12 °C or lower (Baldwin, 2005).
There are, however, some durable cultivars grown in the Californian nursery in-
dustry, and utilizing drainage techniques such as growing in raised beds or in well-
drained soils, moisture problems could possibly be overcome. At Tilden Botanic
Gardens granitic and shale substrates are used in the planting area for higher el-
evation species (McPheeters, 2005, pers. commun.).

During my stay in Santa Barbara County I visited a few nurseries, including San
Marcos Growers, who grow a good selection of Arctostaphylos cultivars. Baldwin
(2005, pers. Commun.) recommends a reliable and garden worthy cultivar, A. den-
siflora ‘Howard McMinn’, which appears to grow happily almost anywhere. He has
also found A. Pacific Mist’ to be dependable under adverse conditions (especially
for a grey leaved mazanita). Bornstein (2005, pers. commun.) suggests A. ‘Canyon
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Sparkles’, a SBBG introduction that might be suitable for the GB&I Region cli-
mate. Baldwin (2005, pers. commun.) also recommends ‘Emerald Carpet’, which
grows quite well in California near the coast and requires summer irrigation in
southern California. Baldwin (2005, pers. commun.) additionally suggests another
of the cultivars San Marcos Growers produces, ‘Sunset’, describing it as an attrac-
tive garden-tolerant selection.

Provenance can play a big part in cultivation success, with species from northern
California such as A. canescens usually being more tolerant of summer rainfall and
lower temperatures (Wyatt, 2005, pers. commun.). Arctostaphylos columbiana has
dark reddish-brown and white flowers and, according to Las Pilitas Nursery (2005),
grows in clay soil as well as dry rocky slopes in the wild.

In southern parts of the U.K., perhaps the drought tolerance of manzanita species
is a welcomed attribute rather than a limitation. It is well reported that climate
change exists, and gardeners need to become proactive in reducing the usage of
water. One obvious technique would be to grow species that require less irrigation.

IMPROVING MANZANITA POPULARITY
Despite the ornamental attributes of these ericaceous, evergreen flowering shrubs
there is still the potential to improve the popularity of Arctostaphylos within the
Californian plant sale industry. Mcpheeters (2005, pers. commun.) comments that
manzanitas are very popular at the CNPS plant sales with those who “enjoy the
outdoors life” and who see Arctostaphylos growing in the wild on their walks and
hikes. Arctostaphylos are an integral part of the California countryside. The walk-
ers identify the plants with nature and are keen to capture that in their gardens.
Those people who are not so familiar with the wild species do not identify their
subtle beauty and tend to understand less about their specific cultivation needs.
With the stunning bark, urn-shaped flowers and interesting lime green to grey
shades of evergreen leaves, it seems that Arctostaphylos has most of the ornamen-
tal features that garden centres require for their stock, except for being slow-grow-
ing and difficult to establish. Arctostaphylos is perhaps a plant for the dedicated
only, but certainly one to experiment with.
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