_FO1-1-A-FL-094

?gJ ‘.‘.. :w,r.._w w_u

‘ ‘\.fmwﬁ.ﬁ
ﬁ;k~§3v_

\..3\::_

22-27 September 1991

a‘
o
| S
—
(/]
o |
<
=
t
@
|
v
(1]
<
el
.
Q
o

INTERNATIONAL PROTEA ASSOCIATION

=
O
z
=
£
=
f=
z
®
O
-
<
Jun
z
z
&
Fia
=
-
W

Conference Proceedings



INTERNATIONAL PROTEA ASSOCIATION

SIXTH BIENNIAL CONFERENCE

Perth, Western Australia
22-27 September 1991

Conference Proceedings



INTERNATIONAL PROTEA ASSOCIATION

SIXTH BIENNIAL CONFERENCE

Perth, Western Australla
22-27 September 1991
A

Conference Proceedings

Published by Promaco Conventions Pty Ltd for the
International Protea Association



First Published 1991
by
PROMACO CONVENTIONS Pty Lid
for the
Intermmational Protea Association

This volume is a pre-Cohference publicatioh of the papers to be given at
the Conterence.

Cnly papers or abstracts received in time for publication are contained in
this volume. They have been published in the form in which they were
received and no editing has been carried out.

The Organising Committee is grateful to the authors who made this

volume possible by meeting the required schedules so that the volume
could be presented to the delegates at the Conterence.

Additional copies of this publication may be obtained from:

THE SECRETARY

INTERNATIONAL PROTEA ASSOCIATION
PO BOX 18

MONBULK 3793 AUSTRALIA

Tel: (03) 7567233 Fax: (03) 7566948

This publication is copyright. Apart from any fair dealing for the purpose
of private study, research, criticism or review, as permitted under the

Copyright Act, no part may be reproduced by any process without
written permission.

ISBN :1 86308 007 4



PREFACE

“No man is an island" and no one in the Protea Industry can strive to achieve the
highest standards without the benefit of others in the field. This benefit comes in
many forms including embracing the latest research, planting new varieties and
simply communicating with others in the industry worldwide.

Hence the importance of the Biennial Meetings of the International Protea
Association.

This book of Proceedings includes as many papers as possible from the
outstanding array of international and local speakers who have been assembled in
Perth, Western Australia for the Sixth [International Protea Association
Conference.

This is the 10th Anniversary of the founding of the IPA and the Programme
content is illustrative of how far this relatively new industry has progressed in
these 10 years.

Growers need the continued networking of all those in the Protea and Allied
Industries to assist them to produce a top quality product that will keep pace with
developments in the world Floriculture Industry. Growers need all the assistance

they can get to enable them to compete in the tough international arena and to
expand their market share.

This Conference goes some way towards achieving these goals.

[ would like to pay tribute to my colleagues on the Organising Commitiee jor the
Sixth Conference: Kingsley Dixon, Mark Webb, Bob Harington, Gordon Davies
and Rose Dower.

They have put much time and effort into.ensuring that this Conference is both
rewarding and enjoyable.

This Book of Proceedings is a reference book which will prove its worth for many
years to come. '

I wish all Protea growers success and a sense of satisfaction from their efforts.

With kind regards,

Maggie Edmonds
President, IPA AUGUST 1991
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GROWING TO PACKAGING



PROLOGUE TO PROFIT.
By Jack Harre’

Ladies and gentlemen,

The Concise Oxford Dictionary definition of "prologue"” is:-

a preliminary speech, poem, or any act or event serving as an
introduction. This paper is noct an act, event or pcem but it 1is an
introduction to the Profitable Production Of Proteas at the basic
level, the level [ believe this industry must come to grips with before
it can make the progress that it must. Vhat [ am gong to tell you is
not based on theory or crystal ball gazing. It 1s pure fact based on
my observations of where the protea industry is to-day and what it must

do to become a vital and profitable part of the 1international
floricultural trade.

In the last two years I have seen protea growing 1n California, El
Salvador, Hawaii, Tasmania, Western Australia, Zimbabwe and of course
New Zealand. In the past few years I have also seen them in the Eastern
Australia States and South Africa and I have been to Canada, Western,
Central and Eastern United States and Europe looking at the markets
where these flowers are sold.

In the course of these visits I have seen many hundreds of thousands of
proteaceae plants, spoken +to hundreds of growers and interviewed a
number of persons involved in the international floricultural wholesale
and retail industries.

These contacts have repeatedly revealed two problems affecting to-days
proteaceae industry and these are:-
i. A miss-match of the product being praoduced to market demand.

ii. A miss-match of plant variety/variant/clone to the climate where
they are belng grown.

Whether or ncot these miss-matches do occur and the magnitude of them 1if
they dao occur 1z almost always the governing factor of whether a grower
makes a profit or not.

It 1is how to 1identify +these miss-matches +that is the basis of my
"Prologue To Profit”.

Later to—-day in the happy hour after the formal part of the day is over
I will be presenting the sequel to this prologue entitled "Profit From
Proteas'”. In this I will tell and show you how to identify and rectify
your problems SO you can make your plantations more profitable.

Proteas first showed up in the flower markets of Europe as a flower
that was “wild picked™ in South Africa and sold as a seasonal TAfrican
Wild Flower™ at very low values and consequently 1low returns to the
farmers in South Africa.



In the last twelve to fifteen years there has been widespread
developmnent of ~“cultivate plantations™ in a number of zones around the
world with most of these being based on seedling stock. It 1s ny
analysis after seeing many of these that because so many plantations
are composed of non-descript seedling stock or poorly selected cutting
grown plants and not planted with selected clonal material or even at a
basic level of seedlings of defined wvariants of varieties, that
although we are now 1Iin our second decade of trading, little progress
has been made in developing proteas away from being a wild flower and
transposing them 1into +the realms of ©being a reliable high profile
floricultural product which can compete for and increase {ts share in
to-days discerning and highly competitive international markets.

Proteas are to-day still wvirtually where they were twelve to fifteen
years ago. They are still a flower +that 1s regarded with deep

suspicion by much of the floricultural +trade because of their highly
variable quality and supply patterh.

There is absolutely no doubt in my mind that the sub-standard material
from these random seedling based plantations 1Is bhaving a depressing
effect on the image and values of proteas in the international market

place. The product from these plantations falls a long way short in
the quality that the bigh priced markets demand not to mention the
procductivity needed by growers to survive. Compared to what selected

clones can achieve they are poor performers and the profit margin from
many oI to-days plantations is marginal to survival,

2as are capable of much greater things than what has been achieved
at

it i3 a fact 1in this business of flower production that you will reap
what you sow. If you plant rubbish you will harvest rubbish and it is
a fact of life that there i1s very little difference in the quality of a
flower that is harvested wild in South Africa toc that of a semi tamed
flawer harvested from a random seedling or a cutting grown plant of
poor genetic characteristics growing in a plantation in some other

country except +that the plantation flower has cost you a lot of energy
and money to produce it.

L)

Who ewver heard of a commercial crop of roses, carnations
chrysanthemuns, orchids or almost any other flower being grown from
seed that has been collected at random in the wild? These crops are

all grown from carefully selected stock which 1s matched to the climate

in which it is to be grown and the product is matched to the market in
wbhich it is to be sold.

1 ask you. Why aren't proteas?

After seeing <fens of thousands of plants and viewing film of some that
I have not visited 1t is -my assessment that to-day no more +than 15% of
the plants 1in +the plantations o©of some =zones around the world are
capable of producing a crop which 13 totally acceptable to the
consumers and at the same time be viable for the owners to grow.



hiz assessment would put California's estimated 400 odd acres at 69

ective acres, Australia's 20090 odd acres at 300 effective acres, and
imbabwe 60@ acres at around 90 effective acres. With South Africa it
ts difficult to <calculate the situation as much of 1its crop is
traditionally grown for and targeted into the low priced mass markets
ci Eurcope against a low production casting.

There are two exceptions to this 15% level and these are Hawaiil and New
Zealand. In both of these zones attention has already been paid to
clonal selection. The Hawailan plantations with their significant
plantings of 1improved leucospermums would now probably exceed 70%
effective while in New Zealand, although the total area planted in
proteaceae has declined from an estimated 509 acres in the early 8@¢'s
to about 100 acres to-day, this smaller acreage 1is about 80% effective.

Ladies and gentlemen, there is a lessaon for all of us to learn from the
very significant decline that occurred in the New Zealand plantings. It
Las happened for two reasons and I am going to highlight the reasons of
this plece of recent history to you, not because I am a New Zealander
and was involved in 1t but because I know that many of you here and
many growers around the world will be able to relate to what happened
in New Zealand in the mid-1989,s. [ ¥k¥now from my extensive exposure
with growers around the world, that many of +them are now finding
~“hemselves 1n exactly the same situation as those growers in New
Zealand did in the mid 1980’'s.

Firstly, the New Zealand leucadendron Safari Sunset crop which was a
major part of the early 1980,s acreage planted, was found to be naon-
viable in many provincial areas owlng to a high degree of funga.
invasion and fraost damage. Becth oifi these problems were associated with
unsuitable climatic condiiions Zor that particular <clone 1in those
particular production areas.

Waen these problems were coupled to the reality cf high transport costs
-C international markets for a procduct which was principally on stream
fzr harvesting during the low market demand period (April to August;
the northern hemisphere summer) and a very small domestic market (which

can be flocded with a few hundred stems a week into any one market), 1t
has resulted in the fact that this clone 13 now only grown 1in a few
specific provincial areas where fungal and frost problems are not so
acute and the crop either matures before or can be held until after the
iow demand/price period 1n +the northern hemisphere. To—-day this
product 1s maostly grown in areas where it can be held for late harvest
when the bracts have changed from their none too popular reddish brown
beer bottle <colour to the very popular rainbow yellow/red/bronze
colouring. This change of colour can result in the price paid to the
grower trebling with these 1late harvests 1in conmparison +to the low
demand and priced April to August sales.

The second reason for a fall off in YNew Zealand acreage 1is because
growers of the garden variety type o©of proteas <(the seedlings and the
cutting grown plants of pcor gemnetic characteristics), quickly fell by
the wayside when they were presented with zero and minus returns on
cartons of flowers which they had submitted for export but which were



c.:v fit for the garbage bin on arrival at the international markets.

4. Lts peak of area planted in the mid 80's, New Zealand was also only
157 effective, and in actual fact New Zealand has already done what
mozt other zones are going to be faced with; that is: get rid of the
non viable plants and plantations.

In those early years of development New Zealand growers experienced all
the classic problems that many 1international protea growers are now
experiencing and these were:-

X without any prior experience in +the production or marketing of the
crop it planted a mono crop which just happened to be Safaril Sunset;

¥ it planted big numbers of Safarli Sunset which in many provincial
areas were miss—matched to the prevailing climate

- ¥ because 1in many provincial areas Safari Sunset produces the bulk of
its crop during the low market demand period of the year 1t was
therefore also seasonally miss-matched-to the seasonal market demand

¥ because the product was the wrong colour at the wrong time of year
for the New Zealand target markets 1t was also miss-matched +to those
markets during it's main season of availability because of its colour

X because 1t was on stream during the low demand and therefore low
priced periods, the value of the product was often only eguilvelent to
or less than the freight cost to the international markets

¥ +there was a very small domestic market to absorb the volume of
product that could not be viably exported.

With the other proteaceae varietles of poor genetic origin it was found
that: -

¥ much of it went black in transit

* it was inconsistent 1n quality, style and colour and was therefore
down graded by the high priced markets

¥ because of the blacking and inconsistent guality the value received
was too low to support the harvest, packing and tramsport costs.

Have any of you people here ever experienced any of these problems? I[f

you have and you want to continue to grow proteas and make a profit,
then you are going +to have to do something about 1t the same as those
in New Zealand did. If you haven't experienced any of these things it
5 a miracle.

Ladies and gentlemen if you are to progress from the position of where
you are to-day, that of being the growers of a semi-tamed wild flower,
and you are to move into the realms of being the producers of a high
profile exotic floricultural product, you must, both as an industry and
as individuals do something about the quality and supply pattern of



your production.

To improve your level of production you must identify and select the
best plant material that is now 1in your plantaticns or available to
you, You mus®t then propagate 1t and populate your plantations ‘with
those elite <clones and then from those plantations efficiently and
consistently produce a high gquality end product. If you don't you will
remain 1n that semi wild flower slot forever with returns that are
marginal to survival.

So we can define what must be done I must now briefly +turn your
attention back to the cultivated plantations that have been established
around the world in the last twelve to fifteen years and analiyse what
iz being produced from them.

We know that most of these contain a very high percentage of plants
that are from a seed base. [ am not completely agalnst seed based
plantations, they do have their place in supplying +the 1less
sophisticated lower priced markets provided your production cost
structure is matched to those lower returns. It must also be conceded
that it is from these seedling plantations where we will get cur new
cultivars from to upgrade our vegetatively based plantations. However
what I do say to you here and now, 1s thatvat this time, there are
sufficient unidentified promising plants of every variety that I can
think of that are out there in these seedling based plantations to keep
this industry going with new cultivars for a 1long time. Growers 1in
every production zone around the world have valuable plants in their
seedling plantations that are there just waiting to be identified.

Admittedly there are some plantations which have been established with
seedling plants of certain specific variants of some wvarietles that are
rreatly producing a more or less acceptable commerc-al crop for

urre
sp2cific slot markets such as the less disceralng local dcaoestic areas
ci +*trade or in the <case o0f some varieties for some intermational
markets but 1t {s a fact of 1life that as each year passes and the
zarket Dbecomes more selective in what 1t will accept and as the
eccncnics oI production continues to tighten, it will ©become more and
ocre difficult to sell the product at all from many seediing or poorly
=

ic
if
selected vegetatively based plantations and for the grower to make a

You may ask, what 1s the matter with flowers from these plants? Vell
my answer to you 1s that you shbuld go and have a look for yourself at
the quality of the flowers in the up—market areas of trade where you
are hoping to and need to sell your product for you to remain viable.
All other flowers in these markets from alstromeria to zanderdeicias
are perfect Iin every sense every time, many of yours are not.

In the past ten years a lot of expense and dialogue as been expended by
various protea grower organizations on “The Marketing Of Proteas™. In
fact, this subject has often dominated the thinking of those persons
organising conferences. Ladies and gentlemen, in my book many of you
don't yet have a product that you can market, all that you have 1is a
conglomerate of herbage you can sometimes sell.



What does your target market, the fashion and top shelf areas of the
market place think of our product? Well if you ask them the answer is
not too much a lot of the time.

WVhy? You may ask.

Because in general terms your flowers when compared +to other flowers
such as roses, carnations, chrysanthenmums, and orchids, is too
inconsistent in quality, form, colour and season of supply, everything
that the consumer evaluates and measures when setting a price they are
prepared to pay for a product.

I understand that as an exercise at the 1989 IPA conference in San
Diego, cartons of proteaceae product were sent from various production
areas around the world and opened in front of the delegates. I also
understand that there were a few red faces around when those cartons
were opened, and this ladies and gentlemen is what your customers, the
end consumers, the person who you are expecting to pay you money for
your flowers could be faced with when they receive a consignment from
you. Vould you buy flowers that were less than perfect and pay big
money for them. I think not!!!

To achieve success there are +two aspects of our industry we must
consider and woOrkx on. Each one is inter-related to the other and they
both relate to the miss—-match of product to market demand and the miss-
match of plants to climate that I mentioned at the beginning of this
paper.

First there is the consumer demands, that is the physical properties
and make up of the flower as presented to the consumer which include
such things as vase life, stem length, colour and so on, all those
things that are measured visually.

Secondly there are the needs of the producer which cover the health and
productivity and therefore profitability of the plant that 1is going to
produce that perfect flower for the consumer.

As I will be referring back to these summaries a number of times in my
papers | have made arrangements for you to have them in a printed form
s0 you can refer back to them, not only while you are here at this
conference but for the rest of your days as a grower, for 1if you don't
heed what 15 contained 1Iin the consumer and the producer parameters,
then in the long term I believe you won't succeed.

In the remainder of the time left to me now [ am going to outline to
you the reasons for setting these parameters and this—-afternoon I am
going to demonstrate to you how to identify and select those plants
that match these parameters.

The consumer parameters come first because as | said a few minutes ago,
they are buying, they are paying, they must be satisfied. Remember, no
sale — no profit.



what constitutes the level of perfection a flower must achieve 1in the

consumers eyes? Remember they are anly interested in the flower and
not the problems you the grower may have to avercome to produce what
they want. Those are your problems and are covered in the produca;
parameters. : -

There are four things that a florist, commercial flower arranger or end
user demand of the flowers. These demands are more or less universal

at the fashion and top shelf level of trade, which are the ones under
consideration here, they are:-

THE CONSUMER PARAMETERS
These are in order of importance:-

X a satisfactory vase life.

* a near straight stem.

X a stem length that is as long as
possible, 1le. not less than 45cm. for
flowers and 65cm. for foliage. This
will vary a little between markets.

¥ a flower/foliage must have a shape,
form and colour which 1s visually
appealing and be acceptable within
sSeasonal, fashion or ethnic demands.

Having defined these parameters 1t is now necessary +to determine what
levels aof each one is acceptable to the consumer bearing in mind that
the level of quality demanded by the consumer decreases as you come
down the price scale and when you get to the mass market price, (such
as in the European street vendor range) the above criteria are not of
any great consegquence provided the price 1s acceptable to the buyer.
However the price being coffered for mass market material 1s not usually
acceptable to the producers of cultivated proteas.

£ we look at the ccnsumer demands 1n order of importance, we see that
isfactory vase life to the final end wuser, that 1s the condition
e tlower at the pcocint of presentation and its subseguent time span
usefulness 15 number one ta themn. Because 1t is the number one
int to them I am going to investigate 1t in some depth here because
{f you dcn't get this right in your producticn the rest doesn't matter
much anyway because you just won’t have a market. If your flowers are
a degenerated mess on arrival at the wholesalers he won't accept them,
1f they are less than perfect at the final point of sale, the consumer
either won't buy them or alternatively will not pay the price you need.
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Ladies and gentlemen, you as growers have no choice. You must aim to
Present a perfect flower to the consumer every time or your returns
will be down graded.

The period of vase life required by the consumer can vary depending on
the end use. For instance 1f the flowers are purchased for use 1in the
home the buyer would expect a minimum of a week or ten days vase life
where-as 1{f the flowers were being used for a wedding, anniversary etc.
then, provided they were perfect on that day, most buyers would be
Feascnably satisfied but note the point that the flowers must be



perfect for that day.

For general consumer acceptance we should aim for always presenting at
the point of sale a perfect flower that has an absolute minimum oOf one
week and preferably two weeks vase life. Most flower dealers would be
apprehensive of handling any product that was not perfect or near
perfect at the point of sale and that ' in addition it would not give
satisfaction to their clients for at least a week after 1t left their
premises. '

In the flowers 1life-span that I am discussing here, we must also
include in this parameter not only the expected vase life but also the
ability of a flower to travel from your plantation to the wholesalers
or retailers premises and then still be up to these standards when they
are finally sold to the end consumer.

Many of you are producing flowers that need stay fresh in a carton for
at least three days and often up to five days and then still give a
satisfactory vase 1life +to the end - consumer. This can add up to a
period of two weeks or more from your bushes to the consumers dust bin.
It's a long time to stay fresh and bright.

It 15 a proven fact that many flowers can gilve a satisfactory static
vase life, that is they are O0O.K. In a vase 1life test when they are
harvested and put stiraight into water, but when they are harvested, put
through a standard pack house procedure and then put into carton for
the three day trip +to their destination, +they may either degenerate
during transit or very soon after they are re—-exposed ta the air and
they are then unacceptable to the consumer.

One of the principal areas of 1nvestigation of plants I have carried
out over the past twelve years is the ability of +the flowers from any
particular clone to sustain the terrors of international travel and
then still give satisfaction to +the consumer. In my selection
programmes [ have had to discard many clones that have been
satisfactory for twelve to fifteen days in a static vase 1life test but

were repeatedly a degenerated mess after three days in a carton or soon

after. .

Ladies and gentlemen, for the past 12 years my philosophy has been;-
IF IT WON'T TRAVEL DON'T PLARNT IT

In 178 I was in Europe, full of hope and a mass of dash looking at the
possibillities of our N.Z. protea products in the Dutch markets. 1 had
arranged for a carton of flowers and foliage +to arrive at a certain
wholesalers in Alsemeer on the day of my visit there. I was goilng to
show these Dutchiles just what proteas were all about.

I picked up a knife and cut the tiles on my box of flowers, opened the
lid and behold, inside was an assortment of flowers and foliage 1Iin
various stages of decomposition probably pretty similar toc that which
was 1in those cartons in San Diego a couple of years ago.



However the most important thing to me that day was the fact that there
were three flowers each of seven different clones of P neriifolia wh£c£
kad been harvested from my bushes back home 1in N.Z. Of those seven
clones, one was 1n perfect condition, just as 1if they had been piékéd
from their parent bush. Two others were near perfect and I was proud
to own them. Of the remaining four, two were of a standard similar to
wbat the street vendors were selling in Europe and I was not guite sure
whether they were semi-dried <flowers or semi-dead flowers. The
remaining two were garbage.

I was shattered but there was a lesson to be-learnt from this and this
was that some plants have +the genetic characteristics to produce a
flower that will survive +travel and some don't. This observation that
day set the level of all my future selection programmes. [f it wont
travel it 1s no use growing it.

In the 1light of this, 1f we take p. neriifolia as a bench mark which
are after all the most traded flower of the protea group, [ have
identified by research that on an average in my climatic location, the
flowers of only one in fifteen seedlings plants will sustain travel and
then consistently give a satisfactory vase life.

Further to that you will find that only about one in fifty seedlings
(that is one in three of those that will travel) will also produce what
the "top-shelf”™ market terms an acceptable flower in stem length, form,
shape and colour.

As we progress through our investigations into what an average seedling
plant can produce as a salable flower, we find that only one in five
hundred plants do everything right, that is - the flower travels well
and then gives a satisfactory vase life, has an acceptable stem length,
colour and form, that it can produce a crop at the optimum +time o the

year tc command top dollars in the markets that are accessible ta ycu
and finally 1t is a plant that is long lived, resistant to your local
strains ci fungl, nematodes, insects, sunlight and frosts and sc oo,
and finally that the plant you are choosing as the basils cf your
orcduction iz capable of producing a bountiful crop every year under
¥yOUur management.

And this brings us to the production side of things. To be a viable

Prospect for you the producer to consider even growing, a plant must

measure up tao the following specifications and these I <call the
Praducer parameters.

THE PRODUCER PARAMETERS.
Those which concern all growers are:-—

X all of those factors as set out for the

consumer, le. stem length, colour, form etc.
Plus the following: -

* resistance to leaf blacking during and after
transport.
resistance to fungal invasion above the ground
resistance to fungal invasion below the ground
resistance to by-passing of flower heads.

* M K



* productivity per unit.
¥ season of harvest in relatlon to accessible
. market demand.

Those that are additional to the above and are specific +to particular
climates, locations or management regimes are:-

¥ tolerance to sub-zero temperatures.

X tolerance to high temp/low humidity.

X tolerance to high light levels.

¥ resistance to nematode invasion.

Ladlies and gentlemen.

You can see that by the +time a plant and its product have been
evaluated for all these things that many fall by the way-side because
they just do not measure up to these parameters.

If you doubt me on these figures them I urge you, that when you get
home you go out into your plantation of seedling proteas, or perhaps
some of your-vegetatively propagated plants, and look at them really
critically and compare their performance and their product against what
I have outlined to you in the past fifteen minutes and when you take
into account all of these points you will begin to come to terms with
the i1mmensity of what you must do to become a professional and
profitable grower of proteas. I know that at this moment that at least
some of you will be focusing your thoughts on a very few individual
rlants in your plantations that do most of these things right and thatl
~he perceantages [ have quoted you on this are not far out.

it is up to you to research your own production base and evaluate your

successes and failures and 1f you feel that +there 1is room for

improvement in the quality of +the product you produce and/or the
econonmics of your production, then [ suggest you take time to listen to
the second paper on this subject 1later to-day. In 1t I will
demonstrate how to go about your own evaluation and selection
programmes o©of matching your flowers and plants that produce those
flowers to the parameters I have outlined to you. - You will then be

able to 1dentify those plants that are there in your own plantations.
In many cases the best stock for your climate and market is there right
now awalting you. Let me show you how to identify it.

For thcse of you who do not choose to select your own superior clones
or perhaps do not already have a plantation of seedlings to select from
and therefore must purchase your plants, the paper this afternoon will
also be of value to you, as 1t will outline also what you must seek in
the stock you choose to plant and show you how tao investigate the
characteristics of the plants that are available to you.

Ladies and gentlemen, it is over to you.



ESTABLISHING & MANAGING A SMALL PROTEA PLANTATION IN AUSTRALTIA

DAVID MATHEWS
PROTEAFLORA ENTERPRISES PTY. LTD.
MELBOURNE, AUSTRALIA

This paper covers aspects of setting up a Protea plantation,
plantation management and flower harvesting for a small viable
production site (approximately 4-10 Ha) in Australia.

SETTING UP

Protea growing like any other production of goods and services
needs to be customer oriented if it is to flourish. all
aspects of growing must take account of market requirements.
So before we begin the first steps of setting up our new
plantation (or expanding an existing site) we need to
understand our customers needs.

The Market

1. Local or overseas.

2. Colour preferences.

3. Time of peak demands.

4. Capacity.

5. Quality perceptions and requirements.
6. Packaging preferences.

The Site.

The site provides the growing opportunities and sets the
limits to what can be grown. In an ideal situation the site
will be selected to grow the species required by the market.
Economic factors will influence the location of growing and
favour sites close to the market.

Desirable Site Characteristics

1. Drainage suitable: Soil _,drainage to 60cm. Slope
drainage to avoid rising water table (particularly where
soils are shallow).

2. Socil: well drained and pH5 to pH 6 for most species.

3. Nutrients: Low 1levels of phosphorus. Below 15ppm is
usually suggested. Low-moderate levels of nitrogen and
potash and desirable.

4. Water: a source of clean irrigation water low in salts is
essential in most situations, for most species.
5. Frost: There 1is a wide tolerance variation between

species but a frost free site is preferable. Most
species tolerate light frosts to - 3°C.

6. Access to Markets/Proximity to transport: Freight can be
a major cost and significantly effect returns.

7. Humidity: Air movement is essential.

8. Wind: moderate wind but not extreme.

9. Disease: Check for Armillaria, Phytophthora and
Nematodes.

10. Shade/Sun: All day sunshine 1is ©preferred by Tmost
species. Late afternoon shade is tolerated.



Species Selection.

There are
species:-

three

factors

to be

Market reguirements
Growing conditions
Management constraints

Each of these factors is equally important and whether they

considered when

are fixed or variable will depend on each situation.

Market Requirements.
market you will be supplying.
between June &
"of material,
flowers

red

are in

September,
special days,

Understand the requirements of the

e.g.

Europe take few flowers
local florists prefer a wide range

occasions require more flowers e.g.

demand during December,

etc.

selections have more predictable performance characteristics.

Growing Conditions.

on your site.

If you have any particular features try to take

Aim to grow species that will thrive

advantage of these e.g. late/early flowering.

selecting

Clonal

TABLE 1: SPECIES, SOIL AND ?ROST TOLERANCE
HEAVY SOIL ALKALINE SANDY SOIL FROST
SOIL
Protea cynaroides obtusi-  'Pink Ice’ 'Pink Ice’
repens folia ! repens repens
neriifolia repens (m) | (winter)
Frosted neriifolia magnifica
Fire (m)
Leucaden-— laureolum coniferum most laureolun
dron orientale Silvan species Silvan Red
salignum Red (m) salignum
Silvan Red laureolum Red Devil
Red Devil uliginosum Safari
Safari Sunset
Sunset
Leucosper- patersonii | cordifol- reflexum
mum ium
most
species
Banksia prionotes most burdettii
ashbyii species
most
species
(m)
(m) = moderate tolerance
. Management Constraints. Select species with flowering

times that fit into your work program or labour availability.



TABLE 2:FLOWERING TIMES (Average times, Victoria, Australia).

MONTH

SPECIES

January:

February:

March:

April:
May:
June:
July:

August:

September:

October:

November:

December:

Banksias baxteri, speciosa, burdettii

Protea aristata and repens.

Banksias baxteri, speciosa, burdettii,
prionotes, victoriae. Protea repens,

Lcd. ‘Red Devil’.

P. repens, P. cynaroides, P. neriifolia,

P. ’Pink Ice’, Lcd. ’‘Silvan Red’, B. prionotes,
'Red Devil”’

As for March plus P. longifolia,

P. obtusifolia, Lcd. salignum, Lcd. tinctum
As for March and April plus B. hookeriana,

B. menziesii.

P. neriifolia, P. ’‘Pink Ice’, Lcd. laureolun,
Lcd. macowanii, Lecd. ’‘Silvan Red’,

B. hookeriana, B. menziesii.

As for June

P. neriifolia, P. ’Pink Ic&’, Lcd. comosun,
Lcd. daphnoides, Lcd. salicifolium,

Lcd. ‘Silvan Red’, B. coccinea, B. hookeriana,
B. menziesii

P. compacta, P. magnifica, P. neriifolia,

P. obtusifolia, P. scolymocephala,

Lcd. comosum, Lcd. coniferum, Lcd. daphnoides,
Lcd. eucalyptifolium, Lcd. gandogeri,

Lcd macowanii{(f), Lcd. orientale,

Lcd. salicifolium, T. speciossissima,

D. formosa, D. polycephala, B. ashbyii,

B. coccinea, B. hookeriana

As for September plus P. cynaroides,

P. eximia, P. grandiceps, Lcd. conicum,

Lcd. discolor, Lcd. platyspermun,

Lcd rubrum, Lcd. tinctum, Lcd uliginosunm,
Lsp. cordifolium, Lsp lineare,

Lsp. reflexum, Lsp. ’‘Firewheel’,

B. grandis

As for October plus Lcd. floridum,

Lsp. tottum, B. speciosa

P. eximia, P. grandiceps, P. magnifica,

Lcd. conicum(f), Led discolor(f),

Lcd coniferum (f), Lcd orientale(f),

Lsp. cordifolium, Lsp. lineare, Lsp reflexum
Lsp tottum, Lsp. ’‘Firewheel’, Lsp vestitum,
B. ashbyii, B. grandis, B. occidentalis,

B. speciosa.




Preparation prior to planting

Design. Prepare a general plan for your whole plantatlon
and then work out whether you develop in stages or complete it
with one planting. This plan ehould include: -

- row layout

- traffic flows and roads

- packing shed

- irrigation (consult an expert in this field)
- fencing

- drainage patterns (storm water)

- hygiene controls

Site Preparation. Correct preparation before planting
will save time and money in the long term. The following
sequence is suggested:- '

Peg out planting rows and access roads
Rip planting rows (if necessary)
Cultivate planting rows .

(1
(2
(3
(

K
(
(
(
(

)
)
)
4) Mound (if necessary)
5) Add humus (1f necessary)
6) Install main water lines
7) Construct access roads (if needed)
8) Lay weed mat
9) Lay drip irrigation
Plant Selection. In general, selected stock grown from
cuttings 1is preferable to seed-grown material. Where species
have been hybridised to give further improvement, these
hybrids may be preferred (if suitable for your location).
Planting. Autumn planting is preferred in winter
rainfall areas so that the root system establishes during
winter. Where frost is a problem Spring planting may be

advisable. .

Steps to follow:-
distribute plants along rows
- cut weed mat
- dig hole
- remove plant from pot
- place in ground (pot soil at ground level)
- replace weed mat, use gravel to hold it down
- water in as soon as practicable (within the day)

(approx planting rate - 250-300 per person per day (150mm
pots).

Follow up Maintenance

Clear a narrow strip of weeds next to the weed mat using
herbicide.

Slash between rows. »
Irrigate as required. Depends on rainfall, temperature and
soil type.



PLANTATION MANAGEMENT

Once the selections and layout decisions have been made then
the methods of plantation management become critical.

-

Important factors in a plantation management programme are:

Pest Control
Disease Control
Irrigation
Nutrition
Pruning

Weed Control

Pests

Pests are those animals which damage the flower crop by
reducing the number or quality of saleable bloons. Common
pests are spiders, caterpillars and scale. Identify which
pests you are dealing with before selecting and applying any
treatments.

Spiders. Spiders are generally unacceéptable to florists
and certainly must not be present in export shipments.
Spiders do assist in controlling the level of scale in the
plantation so.care does need to be taken in managing the
spider population. Spray Ambush 4-6 weeks prior to picking a
crop and immediately prior to picking OR treat flowers after
picking - dipping or gas.

Caterpillars. These grubs damage the growing tips of
Leucadendron and occasiocnally cause leaf damage on Protea,
Banksia and Waratah.

Control:- DIPEL, applied at the stage when caterpillar eggs
are hatching (monitor weekly). '

- AMBUSH, applied during the growing season every 4-6
weeks (October-March).

- CARBRYL, applied during growing season every 1-2
weeks. : .

Scale. Scale is particularly serious where import
requirements are stringent. Scale must be prevented in the
plantation as it 1is not viable to remove it by post harvest
treatments. :

Prevention measures include pruning and thinning, and weed
management which allow air movement through the plant
minimising scale growth. Spiders are scale predators so high
spider populations will also limit scale.

Eradication measures include: :

Malathion - sprayed April/May and October/November when the
scale are in their juvenile or crawler stage.
White 0il - sprayed during the cooler months on mature scale.

Supracide.



Disease Control

Disease identification can require expert analysis. In each
State the Department of Agriculture can provide this service.
The following may be helpful in identifying and treating
problems. The controls are measures we have seen used
successfully, they are NOT recommendations.

Root Fungi.
Phytophthora cinnamomi (P.C.)

Symptoms - plant becomes slightly yellow due to water stress.
P.C. is a water-borne fungus that attacks the fibrous root
system of a plant. :

control - "Ridomil 50G" spread at a rate of 10g/bush, Aliette
sprayed at a rate of 3.75g/litre, twice/year (or may be used
as a drench)-.

-

Armillaria
Symptoms - very similar to P.C. It can be distinguished by
white mycelium under the bark at ground 1level. The fungus

lives on old buried pieces of root.

Control - only possible method is to remove all old infected
roots and fumigate ground.

Nematodes

Symptoms - gradual yellowing of leaves. Mainly occurs in
light sandy soil.

Control - Nemacur or fumigation.

Leaf and Stem Fungi.
Botrytis

.

Symptoms - mainly affects Leucospermum. Leaves turn grey on
the tips, then gradually shrivel.

Control - Rovral 1lg/litre
Colletotrichum

Symptoms - affects only Proteas. New soft growth turns black.

Control - Octave 2g/1. -

Drechslera
Symptoms - affects Leucospermum. Leaves develop red/brown
streak, gradually curl and then shrivel up. It spreads into

the stem and the plant collapses.

Control - Rovral 2g/litre or Octave 2g/litre.



Scab Disease
symptoms - corky stem and raised brown spots on the leaves.

control - Octave 2g/litre, immediately after wet weather,
every 2 weeks.

Leaf Spotting (bacterial). Only significant on two

species. It mainly occurs in the summer.

P. cynaroides - the leaves develop brown indentations with a
watery or red halo. .

P. magnifica - the spcocts appear as brown indentations with a
red halo.

Control - Copper oxychloride at a rate of 3.5g/1.
Maximum twice per year.

Leaf Spotting (non-bacterial). Spotting can be fungal.
These spots have raised red scabs. This damages the
appearance of the cut flower. Treat with Benlate to prevent
spread to new growth. (P. cynaroides and ‘P. magnifica).

Spotting may also be caused by chewing insect pests - treat
with Ambush.

Irrigation

Irrigation is essential to most Prctea plantations. Where
rainfall is over 1100mm per year irrigation may be needed only
to establish the plants and supplement during very dry
periods. In areas where rainfall 1is below 1100mm per year
irrigation will play an important role 1in producing top
guality blooms.

The quantity of water required will depend on soil types, age
of plants, evaporation rates, and species planted. It is
therefore not possible to give a general water requirement.
It should be noted that P. cynaroides and Serruria florida
have higher than average water needs.

Water quality is important. Irrigation water should be low in
salt, free of phytophthora and must not have particles large
enough to block the outlets.

Selection, design and llayout can be advised by companies
selling and specialising in irrigation equipment.

Nutrit;

Protgas have a very efficient root feeder system and therefore
require lower than average level of nitrogen (N) and potash
(K) and much lower levels of phosphorus (P).



Before planting it 1is necessary to test socil nutrient levels
particularly phosphorus. It is unusual to require additional
nutrients at the planting stage but there may be excess
phosphorus in areas which have received regular applications
of sguperphosphate.

Estzblished plantations may require additional nutrients,
particularly those in the poorer sandy soils. A general
fertiliser, low in phosphorus is usually recommended but each
soil type and species will have specific requirements. The
quantity and frequency of applications will need to be worked
out, Pprobably by ¢trial and error. Fertilisers should be
aprlied in spring and early summer.

Pruning

Pruning is essential for successful commercial Protea
cultivation. Pruning 1is undertaken for the following
reasons:- '

To clear the area around the base of the plant which improves
weed and pest control measures.

‘To establish a strong framework.

To limit the height of the plant for ease of picking and
minimising wind damage.

To control flower stem length.

To increase productive life of the bush.

To thin bushes giving better pest and disease control.
To influence flowering times and flowering patterns.

weed Control
Fach region and soil type has its own weed problems and so
this discussion must necessarily be generalised.

There are three major techniques of weed control.
Mulch
Pre-emergent herbicide (germination suppressant)
Herbicide (weed killer)

Mulch - a number of options are available.
Weedmat - woven plastic mat allows air and water to pass
through but prevents weeds. Manufacturers claim about 5 years
life. This is a very economical method which would appear to
be effective.

Straw - excellent mulch, some problems with weed growth from
seeds 1in straw. Effective when used with pre-emergent.
Requires frequent replacement, more costly than weed mat.

other organic mulches eg. leaves, newspaper, chips (bark or
wood) .



Pre-emergent herbicides - we have used Casoron G. (in
granulgr form) which, applied at the correct rate is
effgctlve. There 1s a range of pre-emergent herbicides
available and it is essential that you select the right one
for the weed to be controlled. At the same time test to see
that it has no adverse effect on the Proteas. ”

Herbicides some common ones used by Protea growers
include: -

Roundup - kills most weeds (and Proteas too if it gets on the
leaves!). Systemic.
Triquat - knock down spray, kills annuals without a persistent

root system.

Equipment for Plantation Management

The major activities in a plantation are initial planting,
pruning, flower picking, dgrass cutting and spraying. The
following (or similar) equipment is essential to carrying out
these tasks efficiently.

Tractor. A smaller tractor, approx. 20-25 H.P. gives
sufficient power and allows closer row spacing. Use 4WD on
steeper properties.

Spray equipment. Either linked to tractor or tow behind.
Those units attached to the tractor are more manceuvrable.
The trailer units will carry more spray ligquid for a given
size tractor so there is less time used in refilling. This is
an advantage in larger plantations.

Slasher. Larger ride on unit or tractor attachment.

Secateurs. Sharp and of good quality.



FLOWER HANDLING

The handling methods outlined are those required of growers
supplying flowers to Proteaflora. Each market will have its
particular requirements but those 1listed are generally
applicable.

Research into post harvest handling of Protea is in i?s
infancy and treatments and techniques will change as more 1is
learnt.

Harvesting
When are Flowers Ready to Cut?

enus Leu on. The Leucadendron has both a
female and a male flower occurring on separate bushes. The
female flower develops into a cone which contains seed.

The flowers (both male and female) are surrounded by leaves
(bracts) which colour and take on the appearance of ‘petals’.

The male flower 1is made up of a pollen bearing centre which
"breaks open" starting from the base of the pollen centre and

it continues until it 1is covered with pollen. The time to
pick this is just before or just after the pollen presenters
begin to break open. No more than 25% should be open,

otherwise the 1life of the cut flower is considerably
shortened.

The female flower is different. It is a seed bearing cone
which develops over a period of two or three months and can be
picked at any stage during this period. Some are beautiful as
the leaves surrounding the flower become coloured.
eg. laureolum

‘Silvan Red’

salignun

floridum

Others are more useful when the seed cones have developed.

L. salicifolium after 3 months

... conicum and macowanii after 2-4 months (the cones are red)
L. galpinii after 4 months (the cones are silver).

In some species the bracts change colour a number of times.
eg. tinctum, orientale and ‘Silvan Red’. They are useful at
each of the stages of colour change.

Leucadendron also offer a wide range of types of foliage. The
foliage of many species can be used at any time of the vyear
for ff£fill’ or ‘background’ by florists. Ensure that growth
tips are not soft, as this wilts soon after picking.

”



Examples of foliage are:

salicifolium for large fine leafed branches
galpinii for mauve/grey foliage

platyspermum for yellow green foliage

conicum for a grey/green/pink foliage

. argenteum for large silver foliage

xanthoconus and L. uliginosum for silver foliage

(ol ol ol ol e

Genus Protea. Proteas are picked, with some
exceptions, when they are Jjust about to open. This we will
call the ’‘soft-tipped’ stage, when the bracts still cohere but
have loosened.

* For protea neriifolia, repens, Pink Ice, longifolia, the
bracts should be just beginning to part.

* Protea grandiceps and magnifica should be picked j u s t

pefore or just as the bracts begin to reveal the flower

mass which they surround.

* The Dbroad-leafed protea cynaroides which flowers in

summer should be 1left until the first few florets on
the outer ring of the flower mass begin to part.

* Protea aurea, lacticolor and mundii should be picked in
pencil form (in bud) when the top of the pencil is
showing cclour and loosening.

Leucospermum. The pincushions are picked as their

styles begin to open. The aim 1is to maximise colour,
facilitate packing and achieve longest vase life. To achieve
this most are picked when about 50% of tiie styles are open.

Styles usually open first on the north facing side.

TABLE 3: PERCENTAGE OF STYLES OPEN FOR PICKIRG

SPECIES EARLIEST LATEST
PICKED AT THIS STAGE
FOR EXPORT AND

PACKAGING
Lsp. cordifolium 15% 80%
Lsp. vestitum 40% .90%
Lsp. firewheel/
Caroline 70% 100%

Banksias. Banksias are ready for picking when the
first few rows of styles have uncurled. Dryandra are similar.
There should be no more than 30% open.

Telopea. These are similar to Leucospermum but they
are ready when between 2% and 50% of the styles are uncurled.
Pick as early as possible for export.

The minimum frequency of picking would be twice a week,
irrespective of size of plantation. In the hot months,
November to March, it may be necessary to increase this to
three times a week. This will depend on weather conditions,
and species being picked. The number of blooms to be picked
will determine the labour force needed. Pick repens daily.



Factors affecting the life of cut flowers

Protea flowers 1last very well and are readily transported.
This is one of their major advantages when compared with other
flowers. This great advantage should not be taken for granted
and it 1is important to understand the factors that do affect
vase life so that Proteas gain their maximum advantage on the
flower markets.

The genus Protea presents the greatest challenge - in
particular, 1leaf blackening will occur on mnmany species if
handled incorrectly.

Tips for improving vase life include:-

1. Selection of good genetic material when planting.
2. Cooling at high humidity.

3. Use of an appropriate pulsing solution.

4. Time out of water/pulsing solutjion.

5 A sharp, clean cut when picking, and stripping of bottom
leaves. '

Clean water. .

A cool room with lighting

Clean buckets/containers

Packing and cool rooms free of ethylene gas.

Dry packing of all Protea except Leucospermum.
Time held before despatch minimised.

Care in general handling.
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With the exczption of material selection, these factors are
equally the responsibility of grower, wholesaler and florist.
In the U.S.A. this Jjoint responsibility has been prcmoted
under the slogan "The Chain of Life".

Selection of Material. Selection programmes are being
undertaken to find plants/flowers with desirable vase 1life
characteristics, particularly P. compacta, neriifolia and
repens with long lasting leaves. Proteaflora has released
Pink Ice and selections of neriifolia with better vase life.

Cooling at High Humidity. Cool rooms should be kept
between 1°-4°C and a humidity of at least 80%.

Preservative Solutions. There are many theories and
formulations. At present we add 10 grams of granulated
swimming pocel chlorine to 100 litres of rainwater.

Flowers should be held in soclution for at least 6 hours before
despatch.

N.B. Buckets should be about 1/3rd full and topped up
regularly, especially in summer. Preservative should be
discarded after one use.

. Time out of Water. Stems dry after cutting making it
more difficult to absorb water. Ideally stems should be
placed directly in water when cut or recut if out of water for
more than about one hour.




Cutting and Stripping. Stems should be cut cleanly, with

a minimum .of stem crushing. Use a very sharp pair of
seccateurs with a scissor-cutting action.

Leaves should be stripped cleanly from bottom 1/3 to l/2jof

stem. .(in particular Proteas). Leaves should not contact
waper 1n the bucket as this promotes leaf blackening, bacteria
bulld up and reduces flower 1life. It is often not necessary

to strip the leaves of Leucadendron.

Clean Water. Total Dissolved Salts should be very low
and water should be clean. Rainwater is preferable.

Cool room Lighting. Fluorescent lighting has been found
to slow down leaf blackening. Further experiments are being
conducted in this area with good results.

Clean buckets/containers. Use a chlorine based cleaner

eg. White King, Sodium Hypochlorite to rinse buckets after
each use. '

Ethylene Gas. Specific research on Proteas is currently
being undertaken. Avoid storage with fruit and vegetables and
do not keep dry and fresh flowers together. Keep packing shed
clean of old stripped leaves etc.

Dry Packing. Genus Protea leaves blacKker more rapidly if
pacxed wet. For Leucadendron, Banksia and Telopea it is less
¢ a problem, although mould can occur 1if ©packed wet.
.eucospermum are preferably packed slightly - ist.

Time held before Despatch. The grcwer :hould hold the
fliowers for no more than 24 hours (less in summer 1if there is
ne coolstore). The earlier that the flcwer is delivered to
the final purchaser the longer the vase life. '

General Handling. All Proteas do bruise if handled
roughly. When delivering flowers to the next point of sale,
either in buckets, hobby bins or boxes, care should be taken
to pack firmly but not to sgquash flowers together. If too
loose, the flowers can damage each other as they -are too free
to move in the container. If too tight, leaves and flower
heads can be crushed. If packed in boxes, place layers of
absorbent paper between layers of flowers to avoid stems
damaging flower heads in a lower layer and to minimise
moisture.

Grading and Standards

In the flowers that we handle, we are aiming to:-

* offer a consistent product

* ensure flowers have a satisfactory vase life

* provide flowers with those characteristics required by
the buyer

These aims influence our guidelines on grading and standards
on quality.



It is the growers’ responsibility to grade their flowers.
This will involve sorting out those that are unacceptable and
the remainder into the required grades. :

General Guidelines on Grading

Key factors in grading include the following (in order of
importance): -

Quality of flower head and leaves;

Stem length;

Degree of bend in flower head and stem;
Degree of openness of flower.

* %X % %

Flower head Quality. Flower heads should be unblemished
on the top 1/3 of the bloom and be cleaned of cobwebs, spiders
etc. Leaves should be healthy, not spotted, yellow or eaten.
only unblemished, well developed flower heads can be eligible
for ’‘choice’ grade. ’

Stem Length. Stem lengths are standardised by

wholesalers to aid handling procedures. Minimum stem lengths
are set to reduce damage to flowers during handling,
.particularly in buckets, hobby bins etc. They also relate to

the aesthetics of the ratio of flower head size to the sten
length.

The table below sets out minimum stem lengths for
Proteaflora’s flcwer purchases of CHOICE and STANDARD Dblooms.
In a CHOICE grade, with a longer stem, more flexibility g
available to the florist in using the flower. Note, however
that in the grading, a long flower stem is one factor only in
determining whether a flower is Choice quality. A maximum

length of 1000mm 1is suggested - beyond this the flowers are
difficult to handle.

Bend in flower head/stem. Where the angle of the flower

head is more than about 30°, the risks of damage during
handling are greater. They do not present well in a bunch,
nor do they pack well singly in a box. Ultimately they

restrict the use to which a florist can put the flower in an
arrangement.

Degree of openness. Section 1 sets out when flowers are
ready to pick. If flowers are harvested later than suggested
in these guidelines the end result is that of a flower with
little vase life for the final purchaser to enjoy and a flower
that is more easily damaged through  normal handling
procedures. Risk of damage to varieties such as P. repens or

Lsp. cordifolium increases substantially the more open the
flower.




chin

Protea and Banksia. For Protea and Banksia flowers,
where bunching is required (see Table 4), bunches should be
secured as shown - banding starts from where the leaves have
peen stripped to, to the base of the stems. This ensures the

punching process will not damage the leaves and that the bunch
is ‘stable’ and will not spray apart.

X

Proteas for export usually are not bunched.

Leucadendron. Leucadendron may be bunched as for Proteas
and Banksias making sure that the resulting bunch is ‘stable’
and will not spray apart when handled.

Number of stems per bunch. Table 4 (below) sets ocut
nunbers of stems per bunch for Protea and Banksia.

Yor Leucadendron the number of stems per bunach £cr single

steamed flowers has also been specified. Fcer Leucadendron
nultiflora and multicones, the number of stems/bunch wiil need
to vary to give an average sized bunch. The number of

stems/bunch is a rough guide only, due to the variability in
width of stems, bushiness of foliage and length of stems being
produced by different bushes of one variety. An average bunch
diameter of 45 to 55mm is suggested.



TABLE 4: GUID ES O
VARIETY UNIT MINIMUM LENGTH
INCLUDING
{mm)

rot CH STD
P. coronata 5/bunch or STEM 600mm 400+
'P. cynaroides stem 650 450
P. ‘Frosted Fire’ 5/bunch or STEM 600 400
P. grandiceps stem 600 400
P. lacticolor 5/bunch or STEM 600 350
P. longifolia stem 600 400
P. magnifica stem 650 450
P. minor 5/bunch or STEM 500 250
P. neriifolia 5/bunch or STEM 600 400
P. obtusifolia S /bunch . 600 350
P. ‘Pink Ice’ 5/bunch or STEM 600 400
P. punctata 5/bunch or STEM 600 350
P. repens 5/bunch or STEM 600 400
P. scolymocephala 200
P. speciocsa stem 600 400
Banksia
B. burdettii stem 600 400
B. bkaxteri stem 600 400
B. coccilivza stenm 550 I
B. grandis stem 750 550
B. hockerana stem 600 400
B. menziesii stem 500 350
B. prionotes: stenm 650 450
B. speciosa stem 650 ° 450
B. victoriae sten 600 400
Leucospermum .
Lsp. cordifolium 5/bunch or STEM 600 500 400
Lsp. ‘Firewheel’ 5/bunch or STEM 600 500 400
Lsp. lineare 5/bunch or STEM 600 500 400
Lsp. reflexum 5/bunch or STEM 600 500 400
Lsp. tottum 5/bunch or STEM 600 500 400
Lsp. vestitum 5/bunch or STEM 600 500 400



TABLE 4:

GUIDELINES ON GRADING STEM LENGTH AND BUNCHING

(CONT'D)
VARIETY UNIT MINIMUM R
LENGTH INCLUDING
FLOWER HEAD (mm)
Leucadendron (number) CH STD
Lecd. comosum - 380
Lcd. conicum - 350
Lecd. coniferum ~ 400
Lcd. daphnoides 10/bunch 450 350
Lcd. discolor 10/bunch 500 400 300 =*
Lcd. eucalyptifolium 400
Lcd. floridum 350
Lcd. gandogeri l0/bunch 800 700 600 500 400 *
Lcd. laureolum 10/bunch 800+ 700 600 500 400 *
Lcd. macowanii 500 400
Lcd. orientale 10 or 5 500 350
Lcd. platyspermum - 350
Lcd. ‘Red Gen’ 10/bunch 700 600 500 400
Lcd. salicifolium 400
Lcd. ‘Safari S/set’ 10/bunch 800 700 600 500 400 *
Lcd. ‘Silvan Red’ 10/bunch 800 700 600 500 400 =*
Lcd. tinctum 350
Lad. uliginosum 350
Lcd. strobilinum 350 .
Cther Lod. foliage 400 °
* Bunched to actual length, all stems the same.



Grading

Genus Protes.

Cheoice: Stems must be between 600mm and 1000mm. Flower head
should be unblemished, clear colour and an
appropriate size for the species. Leaves near
perfect.

Standard: Stems must be 350mm, or 400mm minimum (depending on

species and flowerhead size (see Table 4) - Flowers
should be free of major blemishes. Leaves: Some
blemishes are permitted. " Smaller head sizes
accepted. :

Genus Leucadendron
Lcd. multiflora and multicone would be in stem lengths 400mm+.
Lcd. foliage, stem lengths 400mm+.
Foliage should be healthy, not spotted or eaten.

Leucadendron flowerheads. There 1is great variation between
male and female flowers. There is also great variation in
size of flowers between male and female flowers, eg. for Lcd.
laureoclun, the male flower generally being <classed as
~standard. Some species grow multiple heads as well as single
heads. For Lcd. discolor male, which does this, each stem
would be judged on its overall merits.

Stenr lengths should be not 1less than 350mm or 400rm - se
Takble 4. Flowers should be near perfect.

(0]

Silvan ked, gandogeri and laureolum are graded into se% stean
lengths. Note that superior flower heads are expectad with
the 1longer stem lengths. For these flowers the specified

length is the exact length required. Measure overall length,
top to bottom.

Genus leucospermum.

All should have:- * Flowerheads near perfect.
* Flowerheads at not more than 45° to
stem.
* Stem length 400mm or more.
Choice: Flowerhead at not more than 15° to stem. Stems 600mm

Oor more.
Standard: Stem 300mm+ Flowerheads 15-45°.
Measure stem length from base of flowerhead.



Packing & Transport

gartons. This section is applicable where flowers are
carried over longer distances and require packing in cartons.

Prqteas are packaged dry. i.e. No water on leaves becausé
this can hasten the blackening of the leaves. Do not use

ngwsprint paper with cream Proteas. Use an absorbent paper
with all proteas.

Leucadendrons, Banksias and Dryandras are packed dry. Use an
absorbent paper. :

Leuco§permums are sprayed with water and enclosed in polythene
sheetilng.

The Leucospermum flowers are packed with their heads in rows
as follows: -
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The box is packed tight and the plastic sheeting is wrapped
over the flowers to hold in moisture.

Transport to the Wholesaler. 1Ideally this would be by
refrigerated transport. Alternatively by the quickest and
coolest method available. Obviously this would apply to the
warmer months in particular.

Planning the Packing Shed

The layout is important as it can save hours of labour. Shed
should be located centrally to the plantation. For operations
of 2-4 hectares the following layout could serve quite well.
Shed 60’ x 20’ x 10’ high '(approx.). The height allows extra
storage. Size depends on maximum volume to be handled at any
one time and storage time.

The shed should be insulated and/or shaded by tall shrubs or
trees. Windows for adequate light and ventilation should be
provided above the benches. Do not use skylights as these
allow too much heat into the shed. The floor can become wet
therefore use cement slab or suitable timber.



There are two distinct functions in the packing shed -

(1) cleaning flowers immediately after picking and (2) packing
the flowers for transport and sale. It is ideal to separate
these two functions.

After flowers have been cleaned they are placed in water for
at least 6 hours. Depending on the market they may either be
cooled to 3°C or fumigated at 22°C. After this the flowers are
ready for packing. ' If flowers are packed warm (ex fumigation)
forced air cooling is necessary to rapidly cool the flowers in
their boxes.

CONCLUSION

The methods of plantation management adopted on a given site
in a particular country will vary greatly but in every case
they should be dictated by market requirements  and the
economics of production. '

This paper has emphasised the importance of understanding the
market as an integral part of any Protea flower production
programme. '
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INTRODUCTION

The information on the irrigation requirements of proteas
is not only incomplete as has been highlighted by Nichols
(1985) and Webb and Pegrum (1991) but also contradictory
as seen by comparing the work of Furuta (1983) and
Nichols (1985).

In Western Australia, a range of alternative irrigation
techniques and scheduling regimes are employed with
proteas. It is difficult to determine which is the most
appropriate because there is little information upon
which to base that assessment. However with a very basic
understanding of the plant's physiology, and the
conditions under which they occur naturally, it is
possible to draw a few conclusions which* should help
design a suitable irrigation system and scheduling
package.

The final implementation of the peckage will however
depend upon many factors includinc the area in which the
plants are to be grown, the srecies. soil tyres and
water quality.

IRRIGATION

The irrigation of any crop can be considered in two
parts, the system or equipment, and the scheduling or
management. These two components are not mutually
exclusive, but for the purpose of this exercise we can
consider them in isolation.

As an aid in designing a system and management package,
information on the plants' natural environment and water
use patterns should be examined. This will assist- in
designing a package which will best suit the plants
needs.

Water use by Proteas as indicated by their natural
environment.

In South Africa, proteas grow on a range of soils which
are usually coarse grained, acidic, and nutrient poor.
(Ben-Jaacov, 1986). In Western Australia, banksias prefer
- deep,well drained, slightly acidic sands. (Webb and
Pegrum, 1991).

However Leucospermum cordifolium, and Protea neriifolia
can tolerate fairly alkaline soils, while Protea
obtusifolia grows naturally in alkaline soils, (Furuta,
1983). Protea cyprinids, grow naturally in heavy soils,
(Furuta, 1983).



Although proteas occur naturally under condi?ions of low
soil fertility, Nichols (1985), cautions against drawlng
the conclusion that they do not_respond to fertilisers.

The same could be true of the fact that they occur
naturally on coarse sandy soils with low water holding
capacities. While many growers consider that theilr
proteas do not require irrigation, especially after the
first or second summer, this is not necessarily the case.

The significance of proteoid roots.

Lamont (1986), reported on the significance of proteoid
roots to different protea species. Every member .of the
commercially grown Leucadendron, Leucospermum, Mimetes,
Protea, Serruria, Banksia, Dryandra, Grevillea, Isopogon
and Telopea genera examined had proteoid roots.

Proteoid roots are dense clusters of hairy rootlets which
form a mat two to five centimeters thick at or near the
soil surface. Although they are found under the canopy,
especially in the presence of good layers of mulch, they
can cover an area six times that of the mature canopy
(Lamont, 1986).

Hanekom et.al.(1973) reported that there were two periods
of active grnwth of these proteoid roots, immediately
preceding the bud differentiation, and bud development
stages. These periods of active growth of the proteoid
roots coinuided with periods of rapid nutrient uptake.

Ben-Jaacov (1986), however reported that there was no
relationship between these proteoid roots and shoot
growth in nutrient solutions. This finding is supported
by Lamont (1986), who reported that high levels of
nutrients in potting mixes will suppress the development
of proteoid roots.

It appears therefore that the proteoid roots play an
important role in nutrient and probably water uptake
under conditions of low nutrient or water availability.
Thelr presence probably reflects an adaptation to the
natural conditions under which many proteas developed.

The literature seems to suggest that the importance of
proteoid roots will be diminished under conditions where
nutrients and water are readily available. Lamont (1986),
however concludes that conditions such as minimal root
disturbance, use of mulches, careful use of phosphate
fertilisers, and careful management of soil water levels
to prevent high concentrations of nutrients from
occurring, should promote the growth of proteoid roots,
and enhance the performance of the plants.



Jrrigation Systems ror Proteas.

The first decision to be made when designing an
irrigation system for proteas is the type of system to
use. Furuta, (1983) recommended that proteas should not
receive overhead watering. Therefore either trickle or
microsprinklers are suitable.

The final choice between microsprinklers and trickle
depends upon factors such as the soil, the cost, the area
which must be wet, the qguantity of water to be applied,
and the water quality.

The poor lateral spread of water from trickle irrigation
emitters, on the sandy soils of the Swan Coastal Plain
near Perth, tends to limit the usefulness of that system.
However the price of microsprinklers is about double that
of trickle, and growers who only wish to irrigate for a
the first couple of years may feel that the price is not
justified. -

Other design criteria such as filters, orifice sizes and
pipe sizes depend upon the local climatic conditions and
water quality. There are a number of areas where
expensive pretreatment systems and filters will be needed
if trickle is to be employed.

The ultimate choice will depend upon the grower's
requirements. These can be determined in consultation
with a competent irrigation designer. Remember it is
worth employing and paying a nrofessional designer who
will ensure that you get a reliable workable system.
There are numerous cases of grewers who tried to set up
their irrigation systems "on-ire-cheap", only to find
that short cuts usually dorn't pray.

Irrigation Scheduling for Proteas.

There is little information available on the quantity of
water required by proteas. Furuta (1983), quotes rates
from about one to 35 litres per week, for proteas in
Southern California. WebB and Pegrum (1991), suggest that
regular watering is required to establish banksias in
Western Australia, but the value of watering plants over
three or four years of age is unclear.

While Furuta (1983), recommended regular watering to
maintain soil moisture, Nichols (1985), warns of the
problems of diseases such as Phytophthora spp., if
heavier soils are kept too moist.

The conclusions of Lamont (1986), suggest that the
natural advantages accruing from the proteoid roots may
be lost if the soil is kept wet. Infrequent watering,
either deliberately, or due to equipment failure, may
result in the production of proteoid roots being
interfered with, and the benefits of them being lost.



Tt is possible that a choice has to be made between
ancouraging the surface feeding proteoid roots or the
jeeper ones. The irrigation systems and schgdullng
packages will differ depending upon the choice.

The grower's role is to interpret the varying pieces of
information and design an irrigation scheduling package
which suits the particular conditions.

Good soil moisture conditions, (i.e. around field
capacity) should be maintained during the periods of
active growth (floral initiation and development). This
varies between species and regions. Banksia baxteri and
B. menziesii initiate flowers in W.A. between September
and December, while B. hookeriana initiates flowers
between December and March (Rohl L.J. and Fuss A.M. pers.
comm. ). It is essential that growers are aware of these
critical periods for their species and regions.

It is possible that the high numbers of aborted flowers
>n some non-irrigated banksias -in W.A. (Webb M. pers.
comm.) may be due to moisture stress. On similar soils,
the abortion rate of avocado flowers and fruit was
significantly reduced when the irrigation management was
improved (Luke, 1991).

Improving the water management, by maintaining soil
moisture within a desired range, is a relatively simple
matter using a soil moisture sensor. One of the most
common of these is the tensiometer. Full details on
installation and operation of tensiometers are available
from the manufacturers or the Department of Agriculture.

When using a tensiometers it is important to know which
readings on the dial are critical for the plant/soil
combination. These critical or trigger points at which
the plants start to suffer from water stress can be
determined either from experimental work, or in the
field, by the grower. It is important however to
determine at which level of stress plants yields decline
significantly. Indeed some stress may be necessary to
initiate flowering, or to prevent excessive vegetative
growth.

Tensiometers should be set up in nests, with'one in the
active root zone, and one set below the active roots.
This will enable the depth of watering to be determined
and provide an indication as to the amount of water being
wasted. The actual depths used will depend upon whether
management practises aimed at promoting protea roots are
in place.

As a starting point the guidelines in Table 1 could be
used as the trigger points for irrigation when using
tensiometers. These rates should replace the amount of
water the plants are using, without putting them under
too much water stress. Individual growers are strongly
recommended to carry out trials to determine whether
these rates produce maximum economic results.



raple 1. First guess trigger points for using with
tensiometers as the scheduling guide for proteas.

Soil Type Tensiometer Reading
(Centibars)
Light (Sands, Sandy Loams) 15 ~ 20
Medium (Loams) 20 - 25
Heavy (Clays) ' 30 - 35

The frequency of watering is then determined by the rate
at which the plants draw the water available to them.

CONCLUSIONS

clearly there has been little work into the irrigation
requirements of proteas. A number of suggestions have
been made as to the most appropriate type of irrigation,
and scheduling of the watering programme.

A considerable amount of further work is required to
determine the economically optimum levels of irrigation.
That will require the development of a better
understanding of the relationship between proteas and
their environment, especially the interaction between
protea roots, nutritional levels, and the depth/frequency
of irrigation.
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GROWING PROTEAS ON A LIVING VOLCANO
: ISLAND OF HAWAII
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The Hawaliian Islands are perhaps the most isolated lands found on
our planet. Isolated, that is, from major land masses. This has
played a major role in the evolution of plants and animals as
well as the ultimate discovery and settlement by the Polynesians.
Most of the archipelago’s sixteen hundred mile length is composed

of small islands and reefs. The higher islands are found at the
southeastern end, with the Island of Hawaii the youngest and most
eastern. Maul is to the north and west of Hawaii Island.

It 1s hypothesized that these islands were formed over a period
of about 25 million years with the Island of Hawaii being less

than a million years old. The accepted theory today is that
these volcanic islands formed over a thin area in the earth’s
crust called a "hot spot". That hot spot is now beneath Hawaii

Island, at latitude 19 degrees north and longitude 155 degrees
west, and 1s producing new land each day from the fiery Kilauea
Volcano. There are actually three active volcanos on our Island,
dominating much of its 4,000 sguare miles with tortured 1lava
ceds. These extend from sea level to almost 14,000 feet. Where
molsture and temperatures are ideal, forests of treefern and
Meterosideros quickly cover the landscape. Where it is too cool
cr dry, only lichens grow. The west side of the Island has
substantial lava lands formed as recently as 1950. It is this
side that has become home to a number of proteaceous plants and
other Australian natives as well.

Initial research by Dr. Philip Parvin and commercial plantings
during the last 25 years were carried out on Maui, primarily in
"the Kula area, at about 3,000 feet elevation. Briefly, the
Climate there is cool and dry (20 to 30 inches of precipitation)
with much of the rain occurring in our winter from November
through March. Kula 1is on *the western slopes of Haleakala

volcano, where the soils are fairly well developed and well
drained.

A similar area on Hawaii Island is found in Waimea at 2,000 to
3,000 feet. This area also became popular for planting Proteas.
Our young Protea industry grew at these two 1locations despite
“any obstacles. Nematodes and diseases plagued most farmers, but
Over time these challenges have at least been managed.

‘tand prices have also escalated over the years. With land prices

—-

“inning above one hundred thousand dollars per acre in Kula and



waimea, a number of new growers began to look at less expensive
lands on the Island of Hawaii. These "lava lands" were priced as

l1ittle as $5,000 per acre but were without soil. Some of the
java flows are less than 50 years old, but these areas were also
free of most diseases, insects, nematodes and even weeds. A

whole new set of challenges needed to be explored on the lava
lands, and that is where we are today.

To understand why this particular side of the island is well
suited for Banksias, Leucospermums, Grevilleas, Macadamias and
others, it 1is important to note how the well drained 1lavas
interact with temperature, moisture, and rainfall distribution.
Most of the Hawaiian chain is influenced by moisture laden
tradewinds blowing from the northeast. The windward east side of
the high islands receive 50 to 600 inches of rain per year with a
tendency to be wettest from November through April. The leeward
side of the high islands except Hawaii generally receive 10 to
30 inches also during that period. However, because Hawaii (also
known as the Orchid Island) has such a large mountain mass, the
leeward side tends to have a dry period from December through
February. Convectional rains occur during the rest of the year
and usually fall in the afternocn. This type of rainfall,
little influenced by the tradewinds, may range from 10 to 80
inches per year, depending on elevation. Highest rainfall 1is
found in a belt from 1,000 to 3,500 feet, and tends to get dryer
as one descends or ascends from the rainiest area. Toward the
north side of this rain belt is Hualalai Volcano. This area is
generally older than the south end of the island, the last flow
being in 1801. To the south end is Ka’u, a very young part of
the Island with almost no soil. The terrain is mostly a‘a and

pahoehoe lava with sparsely growing Meterisideros and other
native dryland plants. ’

Temperatures vary tremendously. It might be 80 degrees on any
given day at sea level, 70 degrees at 4,000 feet, and 60 degrees
at 6,000 feet. That same night, the temperature at sea level
could be 75 degrees. At 4,000 feet the temperature might fall to
50 degrees and at 6,000 feet almost down to frost. Because of
all these microclimates, there is a great opportunity to grow
almost any kind of plant. The problem is to figure out what will
grow where, and then hope the volcano cooperates.

Protea farms have clustered in three main areas. Waimea--older
volcanic soils, _ Kona--young lavas and Ka’u--very young lavas.
The 1latter two areas are also planted to Macadamia and contain
substantial forests of naturalized Grevillea robusta.

Because our Islands are isolated, we have very few endemic pests
of Proteas. Unfortunately, along with plants, we have
inadvertently introduced plant parasitic nematodes and diseases
such as Phytophthora root rot, Colletotrichum, Drechslera blight,
Elsinoe disease and Botrytis, 3just to mention a few. Thus
growers make every effort to start their farms in areas as free



of pests as possiple. They focus on growing types that are
adapt?d to the environment and try to be as sanitary in their
practices as possible.

They tend to use chemicals such as fungicides and nematicides
where necessary, but are looking for non-chemical approaches to
pest control. Damaging insects have not been a major problem in
the past, but regulations limiting shipments, of flowers to the
mainland United States and other countries, regquire the flowers
to be absolutely insect free.

Some of the major limitations to the industry include a very
limited labor supply. With minimum wage soon to be over $5.00
per hour in Hawaii and the attraction to more lucrative work, the
typical Protea farm is family operated. Expanding to large farms
requiring large numbers of hired labor is difficult.

It 1s hard to say what the future will bring for the Protea
industry in Hawaii, but it will most definitely be tied to our

visitor industry. More than 6,000,000 Vvisitors come to our
Islands each year. Many have never seen King or Queen Proteas,
Pincushions or Banksias. When they see them in spectacular

flower arrangements at their hotel or in a garden setting, they
are awe struck. Returning home, they ask their local florist for
these magnificent flowers, thus creating the market demand for
"Hawaiian" Proteas.

Hawail Island has long been known as the Volcano Island, and the
Orchid Island, but with more and more Proteas being used locally
and shipped to the mainland U.S., our Island may one day ke known
nmore for its Proteas than its orchids. Perhaps it is appropriate
that an island permeated with legends of gods, goddesses and
denigods has become the home of a family of plants whose name 1is
associated with the Greek God Proteus, who was able to change
into many shapes and forms. Living and farming on the Island of
Volcanos, one 1is constantly aware of nature’s continuous and
often violent changes.

We, of Hawaii, thank you for your hospitality and look forward to
your visit so that we may share our Island Aloha with you.
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waratah is the common term used to describe the small endemic
genus Teleopea, a member of the Proteacea family. This genera
includes four species: T. speciosissima (Sm.}) R.Br., T.
truncata (Labill.) R.Br., T. oreades F. Muell. and T. mongaensis
Cheel. To date the most commercialised and most researched of
this genera is T. speciosissima or the New South Wales Waratah.

In the past five years I have studied both Teleopea
speciosissima and T. truncata (Tasmanian' waratah). The two
major aims have been to study the effects of altitude on their
flowering times and growth and the selection of the Tasmanian
waratah for the cut flower market. The work has involved the
propagation and care of both potted and field planted waratahs.

The Tasmanian waratah (T. truncata) is endemic to Tasmania and
this paper will discuss aspects of propagation, cultivation and
progress towards its commercialisation.

This waratah has a smaller more compact bloom than the NSW
waratah adding versatility to its use in flower arrangements and
1ts stem lightness reduces freight costs. Its flowering time 1is
later, commonly around late October to early December - closer
to the lucrative Christmas market.

It is also a variation on a theme, being similar to the NSW
waratah, but 1lacking the larje bracts and having a flatter
raceme. It may eventually be marketed under another name or it
may be hybridised with one of the other waratah species - its
development is at the embryonic stage.

DISTRIBUTION

The Tasmanian waratah is an evergreen shrub/tree usually growing
one to three metres tall in the wild, there are, however, some

Specimens up to eight metres. The bush size and shape varies
from small stunted bushes ranging through straggly shrubs to
Small trees. The plant is widely distributed over the high

rainfall mountainous regions of Tasmania. It is frequently



associated with Nothofaqus cunninghamii (Southern Myrtle Beech),

Drimys lanceolata (Native Pepper) and Phyllocladus
aspleniifolius (Celery Top Pine). Areas regenerating after

logging or fire damage often initially have waratah as the
dominant species due to their ability to promote growth from
their lignotuber.

SELECTION CRITERIA FOR CUT FLOWERS

Selections to date have been made from naturally occurring
waratah stands and have been based on flower form and colour,
vigour and leaf shape. It has become evident that other aspects
to consider are flowering time, the tendency for the growth of
new shoots through the flowers and vase life.

1

Leaf shape varies from obovate to oblanceolate with apex acute,
with tip serrate or blunt toothed, to apex rounded and there is
also a wide range in size. A variegated leaf form has been
found.

Flower form varies in the number of florets per flower head or
raceme. This can range from eight to in excess of thirty. The
symmetry can also vary considerably, with some blooms appearing
malformed whilst others are well formed and symmetrical.

Flower colour is most commonly red, with tones of orange-red to
deep red. There are yellow forms but sightings are rare. There
is an o0ld report of a yellow form with a pink centre but
unfortunately the bush's whereabouts were not recorded and no
specimens are known today.

In summary, the selections to date have been for a deep red
flower colour with a symmetrical flower head of approximately
thirty florets. Any plants showing peculiarities, particularly
of potential commercial value, are recorded, and where possible,
cuttings or seeds collected to establish a germplasm collection.

PROPAGATION
Vegetative propagation using semihardwood stem cuttings has
been the main method for bulking up the selected plants. Two
systems can be..used: leaf bud cuttings or stem cuttings. For

stem cuttings all but. the top one to two leaves are removed; the
leaf tips are not cut.

Leaf bud cuttings are useful when there is a limited amount of
~plant material available, however stem cuttings are easier to
prepare and if there is sufficient material it is the preferred
niethed.



rhe cuttings are dipped in benomyl fungicide, drained and the
pases dipped in 2000 ppm indole butyric acid for five seconds

They are then placed in a peat:perlite mix in a heated (22°Ci
misting bed. The growing mix is pressed firmly around the
cutting. After 10 weeks (undisturbed) the cuttings are checked
and if the root growth is sufficient they are potted. Care must
pe taken not to over pot. Cuttings with small root growth
should be returned to the misting bed for a few more weeks. If
no roots are present and the cutting is still intact the base
can be recut and retreated with the hormone dip and returned to
the misting bed.

The strike rate using this method is variable depending on the
quality, treatment of the material and the time of year the

cutting is taken. The post flowering surge of vegetative growth
provides the best cutting material. The regrowth growing
through o0ld = flower Theads also provides good propagation
material. It is possible to have a strike rate of 80%, however,

for T. truncata 40% would be the average strike rate.

Seed propagation is a good method of obEaining a large number
of plant stock, however there will be variability in the form of
the bush and flower. It will be a minimum of three years before
the plants will flower to allow the commercial selections to be
made.

dlings have the'following advantages; they establish better

See
than cuttings, are cheap to produce, and there is that
ceportunity to find that extra special plant.

It 1s important to use fresh seed since the wviability will
s.cwly decrease up to six months and then rapidly thereafter.
’rior to planting it is Dbeneficial to dust seeds with a
combination of the fungicides thiram and benomyl. Good results
have been found using a peat:perlite '"plug tray'" system or
rockwool propagation Dblocks. Both systems avoid transplant
shock. The trays can be watered and placed in large plastic
bags to minimise the chance of drying out. The bags need to be
supported so as not to rest on the newly germinated seedlings
and it is also necessary to occasionally aerate the bag. A
germination rate of 80-90% is not uncommon. Once the seeds have
germinated they can easily be potted into ''slim-line'" pots
(5x5x12.5 cm deep).

Watering of the seedlings is crucial in the first six months and
daily watering, provided the pots are off the ground either on
gravel or on a wire bench, has resulted in an improved growth
rate.



CULTIVATION

Getting the cuttings to strike is the easy part. Care of the
potted plant stock in the first 18 months is thwarted by many
problems and unsolved deaths. A 30% stock loss is common.

The waratah has a shallow root system with a deeper '"tap' root.
In its natural habitat the shrubs often occur as an understorey
plant with a lot of bush leaf litter protecting the surface

roots. The potted plant responds well to regular watering and
also to mulching; the surface roots should not be permitted to
dry out. However, the pots must be well drained. Problems are

more likely to occur through insufficient watering rather than
overwatering unless the roots have been damaged in some way.

The use of a slow release low phosphorus fertiliser with added
iron has given good results.

-

Several different potting mixes have been investigated. A
peat:sand:loam mix (1:1:1); composted pinebark; soil from
beneath established waratah (native); combinations of
peat:sand:loam and native soil. The best growth rate and least
deaths occurred with the peat:sand:loam mix and the next best
response was with the composted pine bark mix. The pure native

soil resulted in the most deaths.

A preliminary trial has indicated that waratahs benefit from
shading in the first 18 months of growth ; the healthiest plants
were produced in a shaded environment.

Field Trial Plot Construction and Selectioﬁ Four trial plots
have been fenced in the North East of Tasmania in the Scottsdale
district. .

Altitude (m)

1. Maryvale Flats, Tonganah 50
2. "Sunnyside', Branxholm o 200
3. "Gum Flat', Trenah 400
4. Gray's Hill, Branxholm 580

oy

Trial plot selection was based on the following criteria:

A, The climate was known to support native stands of
Tasmanian waratahs.

B. The soil had good drainage and a pH range of 5-6.

C. A topography that allows 4 sites to be selected within
the range of 50-600.

D. Private property to enable suitable overseeing of the

equipment and plants.



These sites were selected to test the effect of altitude on
flowering time and growth of the New South Wales and Tasmanian
waratahs. Unfortunately due to herbicide drift from- a
neighbouring paddock the 50 m plot was abandoned. ’

The plots were constructed wusing vermin-proofed fencing.
windbreak cloth was erected to protect the plants from
prevailing winds.

prior to planting the rows were sprayed with Roundup (R).
planting began in April 1989. Replants have been necessary
since a 30% death rate in the field is not uncommon.

At planting a slow release fertiliser tablet (Agriform (R)) -
20:4.3:4) was used as a source of nutrients. Rows were mulched
with pinebark to aid moisture retention and weed control.

The planting density was 1.5 m within thé row and 3 m between
the rows. Row orientation was East-West.

All plots have a microirrigation system with 4 1/h drippers and
an irrigation header tank. The plants were irrigated in the
period immediately after planting. It appears even in these
high rainfall areas summer irrigation is necessary if the plants
are to survive.

Four Easidata environmental recording system sensors have been
purchased to record the c¢limatic conditions at the selected
sites. These solar powered sensors record humidity and soil and
air temperature. The data is collected monthly using a Toshiba
1200 F portable computer. .

Rainfall is recorded using a standard rain gauge.

Selected Tasmania waratah clones and seedling material have been
planted at these sites and their growth, flowering time and
quality will be compared with New South Wales waratahs.

PESTS AND DISEASES

Disease problems have been numerous, although it has not been

Possible to positively identify them as the primary cause. Many
Problems have been attributed to that frustrating term
"physiological disorders". One symptom which has caused

Particular concern is an ink black discolouration of the leaf
axil, leaf main vein, and sometimes a discrete banding of the



stem. No fungus has been consistently isolated and it may be a
physiological response to a variety of disorders. some of the
fungi isolated from both the New South Wales and the Tasmanian
waratahs have been: Cylindrocarpon sp., Cylindrocladium_sp.,

Phythophthora sp., Gliocladium sp., Fusarium sp., Cladosporium
sp., Phoma sp., Phyllosticta sp. and Colletotrichum sp.

Pests that have caused damage include Looper caterpillars

(Family Noctuidae) [control: carbaryl]; Twoéspotted mite
(Tetranychus urticae) [control:predatory mites (Typhlodromus

occidentalis)].

A pest of major concern in nursery plants is the European
strawberry weevil (Otiorrhyncus sulcatus). The larvae destroy
the roots and lignotuber of the plants in spring and autumn.
This pest was controlled by drenching the pots with nematodes
(Eeterorhabditis s».) and this has reduced thre number of plant
losses.

POST HARVEST TRIALS

Trials conducted in 1985 on the post harvest handling of
Tasmanian waratah indicated that the vase life was 6.5 days at
21°C for blooms harvested at maturity stage 3 (0-2 styles

reflexed, 80-100% perianths split). The end of vase life was
taken as the point where a minimum of 10% petal necrosis had
occurred. The blooms used in this experiment were from
unpruned, zrarely harvested, well established trees, and the
flower stems were short and woody. This vase life indicated the

need for careful post harvest care and correct harvest maturity.
The experiment has since been repeated using flower stems of

young wood but the results have yet to be analysed. There was
no increase in vase life due to the floral preservative,
Chrysal(R); however it did increase the rate of flower

development when the blooms were harvested at the earlier
maturities, thereby extending the period where the bloom would
be attractive to the public.

This series of experiments brought out several important points:

(1) Seedling material is highly variable in post harvest



venaviour and response to treatment.

(2) The tendency for flowers to produce vegetative shoots
through the flower head is a bush related phenomena which
should be avoided in the selection process.

(3) There is the possibility of selecting for bushes that yield
longer lasting blooms. ’

CONCLUSION

Like many of the Proteacea family, the Tasmanian waratah is a
frustrating plant to work with. .

-

There are opportunities in hybridising with other Telopea
species as well as selecting from its own genetic pool.

The beauty and potential of this plant as a cultivated
ornamental 1s a driving force for us to continue to gather
knowledge and understanding of its growth requirements.

.
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POST-HARVEST TREATMENT AND DISINSECTATION OF
PROTEA CUT FLOWERS

J. H. Coetzee & M. G. Wright e
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Private Bag, Elsenburg 7607, South Africa

Introduction

- -

Protea cut flowers harvested in South Africa are subjected to
phytosanitation post-harvest treatments to meet with
phytosanitary requirements, and to prolong the shelf-life of
blooms. International phytosanitary requirements require flowers
to be free of insects and fungal infections. Three main groups
of insects cause phytosanitary problems on proteas, namely
(a) borers tunnelling into buds/stems; (b) leaf miners and leaf
feeders, which scar leaves; and (c) insects which visit flowers
to feed on pollen and nectar. .
The presence of fungal infections on leaves and stems is not
aesthetically acceptable, and can lead to the rejection of plant
material by quality inspectors. Pre-harvest, harvest and post-
harvest treatments are required to avoid these problems.

Pre-harvest treatment

Preventative treatment in orchards is required if high quality

cut flowers are to be produced. Insect pests such as leaf
feeders can be controlled with an intensive spray-programme.
Orchard sanitation is of value in controlling borers. Fungal

diseases also require contreoclling with an intensive spray
programme.

Spray programmes used in South Africa are presented in Tables 1
and 2. A more complete spray programme including comments on the
application of insecticides has been compiled (Wright 1991).
Such spray programmes contribute to the phytosanitary
acceptability of flowers, but further measures are often needed.

Harvest treatment

If Protea flowers are harvested in the 'soft-bud'" stage, few
insects are present, and the shelf-life of the blooms is
increased. At the '"soft-bud" stage, anthesis has not yet
occurred, so there is little to attract insects. Picking of
flowers at the "soft-bud'" stage requires careful training of the
pickers, as there are large variations between cultivars/species.
Flowers picked too early will not open. At the picking stage,
careful inspection for the presence of borers and diseases is
required.



rable 1: Insecticides for use on Proteaceae

|
Leaf feeders 1
conc./ . .
rest Insecticides 1002 Application
water
.esaf miners Dichlorvos ec. 100 me Apply when growth
cycle commences.
Repeat every six
weeks.
ieevils Deltamethrin ec. | 10 mg Every six weeks
| Caterpillars or and alternate.
| I.ocusts Dichlorvos ec. 100 me
Scale Chlorpyrifos ec. | 100 me Only if pest is
insects ' present.
(Two or three
Prothiofos ec. 50 me applications
Mineral oil 5 000 me | needed)
Mealybugs Chlorpyrifos ec. | 100 me Only if present.
Pine emperor Bacillus 450 g Only if present. ;
moth larvae thuringiens var.
kurstaki
Borers
Black moth Dimethoate ec. 120 me Apply to growth
(larvae) points and buds.
Other borers Sanitation - Remove all
infected plant
. material, un-
harvested flowers
and seed heads.

Table 2: Fungicides for use on Proteaceae (Compiled by
M.D. Saunderson)

Spray a combination of the following every 2-3 weeks when flushes
are forming and once a month thereafter:

Two of : ProcHtoraz/Captab/Mancozeb

plus: Chlorothalonil or Iprodione

plus: Benomyl (not more than three times per annum)

Apply as specified on container.

A general spray programme should be followed during the
“"flushes" or periods of growth and flower formation with the
intention of keeping young tissue free of infection by pathogens.

. The programme will be effective against all leaf spot diseases
and shoot and flower diseases.




post-harvest treatment

various options exist for the post-harvest treatment of Protea
flowers. The internationally prescribed treatment, viz.
fumigation with methylbromide, is unsuitable for use on proteas,
as leaves go brown when treated. Various alternatives have been
investigated in South Africa. Controlled atmosphere treatment
i.e. 2° C; 20% CO,; 2% O, (Seaton & Joyce 1988), did not give
acceptable results. Only;%1% insect mortality was achieved after
10 days of this treatment. Controlled atmospheres do, however,
have some potential as they appear to improve the lasting ability
of some Leucospermum and Leucadendron cultivars.

v

Alternative fumigation methods have been tested (Wright.& Coetzee
in prep). Protea neriifloria and Protea laurifolia
inflorescences were subjected to fumigation in a chamber

(3.8 x 3.5 x 2.6 m) at an ambient temperature of 10°C or higher.
An exposure period of 16 hours was used.

No treatment gave 100% insect mortality (Table 3) but if used in
conjunction with pre-harvest spraying, less insects would have
been present and acceptable results could have been achieved.

Table 3: Results of various fumigation treatments tested on
Protea cut flowers to effectuate disinsectation.
(Exposure time: 16 hours)
Treatment Concentration %
Mortality
Mg 2.65 g.m-3 95.5
Mg + deltamethrin ec. 2.65 g.m> + 1 % (v/v) 97.4
Al + dichlorvos ec. 2.65 g.m3 + 1 % (v/v) |[97.9
Dichlorvos ec. 1. % (v/v) 92.5
Dichlorvos aerosol 9.3 % 91.6
Control - 4.1
Mg = Magnesium phosphide gas Al = Aluminium phosphide gas




After fumigation, the temperature of the flowers must be reduged
to 2°-5°C, and maintained. A drastic drop in cut flower quality
is often found after the packed blooms leave the producer. By
placing a data logger in a box of flowers sent to Europe, a curve
of the temperature changes was recorded. As seen in Figure 1,
these fluctuations are large. To ensure the bloom quality and
shelf-life, the flowers must be stored and transported at a
constant temperature of 2°-5°C.

Temperature®C
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i . Cargo agent 6711 15:00 | Flignt to Amaterclam 7/11 20:10
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Figure 1. Temperatures recorded in a box of cut flowers in
transit from Cape Town (5 November) to Amsterdam
(9 November). The greatest increase in
temperature occurred between Jan Smuts airport
and Amsterdam
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Intreduction

The importance of insect problems as barriers to the
development of Proteacea as a viable export industry has been
recognized for at least 20 years (Myburgh and Rust, 1971). 1In
1988, 12% of Leucadendron spp., 57% of Leucospermum spp. and
59% of Pyotea spp. did not pass quarantine inspection on
arrival in Japan due to the presence of insects (Anon 1988).
For flowers to enter these countries in top quality, free from
blemishes or damage and without insects, effective field and
postharvest insect control measures are of utmost importance.
This paper reviews insects occurring in Proteacea in Australia
and overseas and methods for their control.

Insect Pests and Field Control

In a survey (1988) of Australian Proteaceae cut flower exports
Seaton (unpubl.) found that a wide variety of insects and
spiders were present in flowers before export from Australia:
Insects found were thrips, beetles, aphids, caterpillars, mealy
bugs, scale, ants, true bugs and weevils (Table 1).

The family proteaceae is primarily a southern hemisphere plant,
with greatest diversity being in south-western and eastern
Australia and South Africa (Morley and Toelken, 1988). A great
diversity of insect pests have evolved with to feed on these
plants, consequently the greatest number of species of insects
attacking proteaceae will also be at these centres of
diversity. These centres will be Proteas grown in South Africa
and Banksias grown in south western Australia. Proteas or
Banksias grown as exotics in a similar, but foreign environment
will be expected to have a more restricted insect population.

In s Attacking Banksi nd Waratahs in A ralia. Many
insects attack Banksias in the wild (Woods, 1988). A major
insect pest are gall forming eriophyid mites and cecidomyiid
flies. Scale insects and leaf miners and termites also occur.
However these insects are not a problem in plantations.

A survey by Scott (1982) of Banksias growing near Perth found
moth larvae and weevil larvae damaged the flower spikes and
seed heads. The most widespread insect was the Banksia moth
larvae (Arotrophora arcuatalis (Lepidoptera: Tortricidae).
This species occurs throughout Banksias in Australia (Zamnut
and Hood 1986, Wallace and O'Dowd 1989). 1In Western Australia
Arotrophora moth is a major pest of B. prionotes (summer




flowering) and less so of B. hookeriana (winter flowering)
(Woods and Rohl, unpubl.). Damage occurs'from the larvag
feeding from within the flower spike causing a malformation of
the Banksia inflorescence.

Biological control of Arotrophora by the.Tr%Qgrgmmg carverae
egg parasite together with Bacillus fhuringiersis gave
incomplete control whereas fortnightly application of
alphamethrin gave effective control (Woods and Rohl, unpubl.).

A serious pest of Telopea specicsissima is the protea bud
borer, (xyloryctid moth larvare) (Mullins 1987). No other pest
problems of Waratahs have been reported.

Insects Attacking Proteas (Protea, Leucadendron, )
Leucospermum and Serruria) in South Africa and Australia. )
In 1986 Coetzee (unpubl.) listed 233 species of anthropods 1in
proteaceae in South Africa. The insect fauna of Protea repens
growing in its natural environment was studied by Gess (1968),
Myburgh et al (1973) and Coetzee and Latsky (1986). Numbers of
species of insects and mites found varied with sampling
location and Protea species, but included seven orders, and 314
species. Typical numbers of insects found per 10 cut flowers
were 50 to 600.

Insects attacking cultivated proteas were classified by Starke
(1979) as (i) borers, (ii) leaf miners, (iii) leaf feeders and
(iv) flower insects. Four borers were important pests.
Speckled Shoot Borer (Cryptolechia spp., Lepidoptera
Oechophoridae); Flower Head Borer (Capys alphaeus and

C. ammopleura Lepidoptera Lycaenidae); Black Moth (Argyroploce
sp.., Lepidoptera:Tortricidae) and Flat Head Borer (Sphenoptera
sinuosa., Coleoptea Buprestidae). The three leaf miners were
Blotch leaf miner, (Lepidoptera:Incuvariidae); Canal leaf miner
Eucosma sp., (Lepidoptera:Tortricidae) and Fine leaf miner
Phyllocnistis sp. (Lepidoptera:Phyllocistidae). .Leaf feeders
included species of weevils (Coleoptea:Curculionidae) and a
leaf spinner Bostra conspicuals (Lepidoptera:Pyralidae).
Flower insects included beetles, butterfly and moth larvae,
thrips, bugs, scale insects, flies, bees, wasps, ants,
cockroaches and earwigs.

The mites Proctolaelaps vandenbergi (itch mite) causing skin
irritation to humans and Aceria protcae causing a growth
distortion called witches broom are of phytosanitary and
economic importance to proteas (Coetzee, Rust and Latsky
1586). Seedlings infested with witches broom grow poorly;
adult plants have a mass of slender malformed shoots (Starke
1979) and poor fiower production.

Proteas appear to be attacked by many fewer pests in Australia
than South Africa. For instance borers and leaf miners which
have caused problems to the South Africa protea industry are
not a problem on proteas grown in Australia. Springtails,
weevils and moth larvae have all caused rejections of overseas
shipments from Australia on phytosanitary grounds (Woods and



Seaton, unpubl.). Native weevils have caused d

: A amage to th
follag? of Leucodendrons with synthetic pyrethroidg an ©
effective control measure.

postharvest Control .

A number Qf postharvest disinfestation treatments have been
applied with varying success as insect eradication methods for
Proteageae. These include methyl bromide fumigation,
gamma-irradiation, heating, low temperature, controlled
atmo;phere aerosols (fogging and/or forced air), insecticide
dipping, and slow release insecticides in transit. Most
research work has been conducted on Banksia, Telopea, Protea,
Leucadendron and Leucospermum species.

Fumigants

Methyl Bromide. For Banksia prionotes, methyl bromide at
24 g m-< for two hours at 28° gave complete control of
torticid moth larvae (Arothrophora arcuatalis) living inside
the rachis of the inflorescence (Seaton et al, 1989). Flower
vase life was unaffected following fumigation. Protea appear
more sensitive than banksia to methyl bromide and were damaged
after 1.5 hours at 21°C with 30 g m~3 methyl bromide (Wit and
Van de Vrie, 1985). For Protea neriifolia and P. cynaroids
32 g m~3 for 2 hours at 22° gave 100% kill of earwigs
(Badumna insignis) 18 hours after treatment (Maughan, 1986).
However leaf blackening one week after treatment rendered the
flowers unsaleable.

Other fumigants. Sulphur dioxide killed up to 73% of
insects in P. neriifolia, but caused some bleaching of flowers
and foliage (Maughan, 1986). Dichlorvos pest strips (half a
Shelltox® pest strip per flower carton) gave 76% kill of
earwigs after 18 hours in P. neriifolia and P. cynaroids
(Maughan, 1986). A dichlorves pest strip or
vpara-dichlorobenzene (Parry® fresh air) tablet killed flies
and beetles with no damage or loss of vase life of B. menziessi
flowers (Seaton unpubl.). Phosphine gas for 14-16 hours gave
100% kill of test insects fumigated along with Protea cut
flowers and did not cause leaf browning (Coetzee and Wright,
1990). )

Gamma-irradiation. At a dose required to kill insects (i.e.
10 k Gy) flowers and leaves of B. hookeriana were blackened .
(Seaton and Joyce, 199l1la). Blackening of flowers also occurred
following gamma irradiation of protea flowers (Maughan, 1986).

Temperature and Storage Treatments. Thirty (30) minutes at
46°C with hot water or 10 minutes at 56° with vapour heat
required for insect disinfestation caused increased opening of
florets along the inflorescence of B. prionotes and
3. hookeriana rendering flowers unsaleable (Seaton and Joyce,

1991Db).




Cool storage for one to two weeks which is an effective_me@hod
of killing insects and has been used extensively for shipping
citrus to export markets (Hill, et al, 1988) has been applied
to cut flowers. B. prionotes stored well at 1°C, losing only
2% of vase life after two weeks storage, 42% after four weeks
storage and 52% after six weeks storage (Seaton and Joyce,
1991b). It may be possible to use th}s method during sea
freight of banksia to export markets in Japan or USA. However
leaf blackening may limit this application. Variations were
observed between the proteas when cold stored (Jones and
Faragher, 1989). Vase life of I. speciosissima lost one
quarter of flower vase life (compared to unstored control)
after four weeks cold storage (Faragher 1986a, b).

Controlled atmospheres. One hundred per cent nitrogen
atmosphere for 24 hours gave 90% control of earwigs but no )
control of garden weevil when tested on Protea while vase life
of flowers was not diminished (Maughan, 1986). Forty per cent .
COp at 20°C (initial storage concentration) for 48 hours was
required for 90% kill of earwigs but there was some loss of
vase life of Proteas (Maughan, 1986). Storage at 2°C in a 20%
CO, and 2% O, atmosphere gave 91% mortality of test insects
after ten days (Coetzee and Wright, 1990). After this time
Protea flower quality had deteriorated.

Aerosols. Applying insecticides as an aerosol to bunches of
flowers standing in buckets of water in a 20°C room has been
favoured for disinfesting proteas (Meynhardt, 1976). Less
damage of flowers with aerosols compared to dipping is expected
and flowers remain dry throughout treatment. Aerosol
insecticides formulations with CO, as the carrier are
commercially available as Insectigas® containing dichlorvos
(Anon 1986a) and Pestigas P® containing natural pyrethrin
(Anon, 1986b). These can be applied by an automatic dispensing

system "space controller" (Commonwealth Industrial Gas®, Anon,
l986¢c) .

Pestigas P® or Pestigas P® plus Insectigas D® gave 90 to
95% control of earwigs, spiders (Forficula auricularia), thrips

and ants in P. cynaroids, P. neriifolia and P. grandiceps
(Maughan, 1986).

A combination of permethrin (0.036 g ai m—3) as Pea Beu
Control® and Insectigas D® (0.038 g ai m~3 dichlorvos)

killed more earwigs within flowers than Pestigas P®

(0.008 g ai m~—3 natural pyrethrin) plus Insectigas D® or
permethrin alone (MacFarlane and Franz, 1989). They achieved

up to 99.4% kill for earwigs and 98.8% for spiders 48 hours
after treatment.

There was 8 to 10% less kill of insects located inside

B. speciosa flower bunches than of insects located outside of
bunches (i.e. 85 to 99% kill). However, by drawing Insectigas
D® through flower boxes located within a disinfestation room

(forced draught application) 99% kill was achieved, (Seaton
unpubl.).

-



A novel method of disinfestation of injection of dichlorvos or
deltamethrin directly into Protea inflorescences was found to
give satisfactory control of insects (Coetzee and Wright, 1990).

Insect Disinfestation Control Methods Used by Australian Protea
exporters — a national survey

A survey 1n 1988 (Seaton unpubl.) found that insect
disinfestation methods used by Protea exporters were: field
spraying, dipping, aerosols and fumigation (Table 2).

In the survey, insecticidal dips used were Permethrin or
dichlorvos. Dipping was found to be suitable for some proteas
but in other proteas, flowers took a long time to dry and
flower anthers and style became disarrayed. Dipping with
dichlorvos is considered too hazardous to operators and the
less toxic deltamethrin (0.0025% v/v) is now registered for use
on cut flowers (Seaton and Joyce, 1988).

Exporters found they had varying success using methyl bromide
fumigation. A prefered method of disinfestation was using
aerosols. One exporter recirculating the aerosol through boxes
of flowers using a forced air circulation.’

Conclusion

To minimize insect damage in proteacea and reduce quarantine
problems on export markets there is a need to identify the
insect species, the damage caused and to monitor seasonal
changes in insect numbers. Insect control would then include a
strategic field spray programme to prevent early damage to
flowers and to reduce insect numbers before harvest. It would
also include a postharvest disinfestation system suitable to
the particular protea flower and insect type. Further research
is needed in these areas to develop insect free flowers.
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Table 1.

Insect pests encountered in Proteas, Waratahs and

banksias at post harvest packing sheds during
processing for export, from a survey conducted 1n
1988 of the Australian cut flower industry (Seaton

unpubl.)

Cut flower export

Insect

Western Australia

Banksia spp., Dryvandra spp. Gall wasps, thrips, borers,
beetles, aphids

Protea Spiders

(Brotea spp..

Leucodendron spp.,
Leucospermum Spp.)

Protea Spiders, earwigs, scale,
thrips, caterpillars, stink
bugs, mealy bugs

New South Wales
Protea Spiders, ants, scale insec:s
Waratah Spiders, ants
Queensland
Protea

Mites, weevils
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Insect disinfestation control methods used by Australian

Proteaceae exporters from a survey conducted in 1988 of
the Australian cut flower industry (Seaton unpubl.)

Species Method Comment
Protesas

P. grangigggs, P. cynaroides, Manual To dislodge insects
P. magp}flgg, Losalignum, field. Permethrin plus
p. neriifolia (pink ice), spray -~malathion
Leu ndran salignum
p. repens, P. magnifica, Aerosol Insectigas D® and/or
p. neriifolia, P. grandiceps Pestigas P® in
p. cynaroides, P. obtusifolia combination 38 gm/m3
Telopea speciosissima Two hours 15-20°C

rLeucospermum spp. (pincussion), Dip
T. speciosissima

P. cynaroides, P. neriifolia Dip
Banksias
Banksia spp. Aerosol
Banksia spp, Drvandra spp, Methyl
Stirlingia spp. bromide

Permethrin plus
fungicide

Dichlorvos

Insectigas D® and/or
Pestigas P® as for
proteas

as fresh flowers

32 gm/m3 two hours
at 20-25°C
Varying results
For fresh or dry
flowers
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BIOLOGICAL CONTROL OF SILVER-LEAF AND ARMILLARIA
DISEASES OF WOODY PLANTS, INCLUDING LEUCADENDRON WITH
TRICHODERMA

By: Robert A. Hill, Ministry of Agriculture and Fisheries,
MAF.Technology, Plant Protection Group, Ruakura
Agricultural Centre, East Street, Hamilton, New Zealand

ABSTRACT

Isolates of Trichoderma species were screened for activity
agalnst a variety of <crop pathogens and the best strains were
selected . as potential biological control agents (BCA's).
Inoculum from superior Trichoderma BCA's was formulated into
a variety of gels, liquids, solids and pewders for field trials
against silver—-leaf disease of pipfruit and Leucadendron
and Armillaria disease of kiwifruit vines and shelter trees

in the Hawke’s Bay, Waikato and Bay of Plenty districts of the
North Island of New Zealand.

Silver—-leaf 1infected Asian ©pears became free from symptonms,

healthy and vigorous, after one Trichoderma BCA injection
treatment. Healthy +tree where ©pruning wounds were protected
with Trichoderma BCA gel, remained largely free from
silver—leaf 1infection. By contrast, controls and fungicide
treated +trees Dbecame seriously infected (1988-1991). Field
trials to evaluate prevention and cure of silver-leaf
disease in Leucadendron with Trichoderma BCA

formulations are in progress and the initial results appear to
be promising.

The "Tipit" gel ©pruner, which was specifically developed at
Ruakura for kiwifruit in New Zealand, is under evaluation for

Trichoderma BCA gel- application in .Leucadendron,
pipfruit and stonefruit.

Mortality of kiwifruit vines and shelter trees from
Armillaria disease was reduced and plant vigour increased by
various Trichoderma BCA treatments (1987-1991).
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A BUDGET ASSESSMENT OF PROTEA GROWING IN WESTERN AUSTRALIA
Eric Skipworth B.Bus (Hort)

R & I Bank of Western Australia
Perth. W.A.

Introduction

Early in 1989 the Western Australian Départmgpt of Agriculture
decided to undertake an economic evaluation of the states
protea industry. Having just completed budgets to evaluate the
growling of kangaroo paws and Geraldton wvax, I had an
opportunity to complete a similar evaluation of the protea
industry.

An economic evaluation of the protea industry was required for
two maln reasons,

1 ) to assist in 1ldentifying the growing costs to indicate the
profitability of the species examined
2 ) these budgets could then assist in the evaluation of both

the industry and individual species.

The preparation of long term development budgets for a number
of species was considered to be the most appropriate method to
conduct this evaluation. A ten year term was decided upon as
this was estimated to be the expected viable 1length of
production for most species. :

It may be asked why budgets were used to assess the industry:
Well prepared budgets will indicate ;

- the start up capital required

- when that capital was required

- the profitability of the crop

- labour resources required

- the actual growving costs

- it would 1identify high cost activities which need
speclal attention

- and allowv a sensitivity analysis to assess the various
risk factors possible, due to changes in management
practices or markets.

Such flgures assist the Department of Agriculture's advisory
work with potential and existing growvers.

Alm

The aim of this project was to work with commercial growvers of
South African Protea species In Western Australia, collecting
accurate data to produce long term development budgets for a
broad range of protea species. These budgets would show the
costs assoclated with the production, and the expected
returns, of the protea crops of these growers. This data would
then be wused to determine growing practices and to provide



ccurate flgures to assist in the preparation of budgets for
‘he Department of Agriculture.

iethod

From the results of the Wildflower and Protea survey, conducted
y Julie Pegrum, research officer with the Department of
32griculture, in 1988, four maln species wvere identified for
which to collect data for this project. They vere ;
Protea cynaroides

Protea repens

Protea neriifolia

ProteaPink Ice"

Leucadendron discolor

Leucadendron gandogeri
~Leucadendron laureoleum

Leucadendron™"Silvan Red"

Leucospermum cordifolium , and

Seruria florida.

For budgets to be of use to the Department of Agriculture,
accurate data had to be collected. To obtain such accurate
information, four protea growers were approached to record all
theose activities that were used in growing their protea crops.
Unfortunately the main protea growing region of Busselton in
the states south west provided location difficultlies, hence
growvers from Gingin in the north to Mandurah in the south wvere
used. The four growers selected, needed to be reputable growvers
prepared to cooperate in this project by giving accurate data
on their growing activities. They were selected from as diverse

an area as possible to give a range of ylelds £from different
locations.

At the first mee%ing with each grower, in March 19839, I
described the aims of the project and what I expected to
achieve. They were then asked 1f they wvere prepared to
participate, each being assured that the confidentiality of
their data would be maintained. Each showed enthusiasm for the
project and all were willing to Join. At this first visit, each
growver was gliven a "dlary" to record all activities,such as
wveeding, spraying, fertilising, irrigation and general
manitenance, incurring a cost that could be attributed to the
growing of theix proteas.

Perlodic visits were made to each grower to address any querlies
that may have arisen. At the last visit in December 13989,
diaries were collected along with further detailed data
regarding harvest costs, the hours required to pick each
species and the ylelds.

K11 budgets were prepared on the Departments "Wild" program.
This program was originally written by Trevor Boughton from the
Department's Manjimup Office for use in the £ruit 1industry,
which was then modified by myself for use with floriculture
crops.



To ensure that the same costing was used for all budgets the
individual costs of each grower were not used. All costs wvere
taken from a Department of Agriculture price file costing all
jtems and activities associated with horticulture. This allowed

a true comparison to be made between the growers for the final
assessment.

Costs associated with harvest, from the picking through to the
point of sale, wvere calculated by determining the number of
stems picked and processed in one hour and then expressed as a
cost per 108 stems. The labour cost per hour was used to glive
the actual harvest costs. The number of stems harvested per
hour was averaged over the full harvest season where possible.
where this had not been possible to record, grower figures from
previous harvests or from crops of similar handling features
and times were used.

A joint table was prepared for all management practices used by
the growers. These were then assessed to ensure that they were
accepted as 1industry practice before they were used in the
final budgets.

RESULTS

My results,'based on a wide range of predetermined assumptions,
reveal there are minimal profits to be made from growing most
protea specles.

I have chosen to demonstrate the results in three forms.

Firstly by a graph of the cumulative cash £lows over the 140
vyear term of the budget. (Graph 1.)

This clearly shows that only P. cynaroides and L. cordifolium
return a positive cash flow by year ten.

The second by a table showing a summary of the major costs for
each speclies against the respective return. Table 1. You may note
that there 1is assumed to be little difference in "the growing
costs and practices for most species.

The only species shown to be profitable to grow are those that
command a premium price such as P. cynaroides or are high
Ylelding and fast to harvest, such as L. cordifolium, L. discolor,
L. "Silvan Red" and 8. florida.

Once again the most profitable species to grow 1s P. cynarolides
at 95,12 cents per stem. This is due to its premium price. L.
Gordifolium was the only other specles showing a reasonable
Profit margin at 22.86 cents per stem due to its higher price and
high yielding capabllities. These two species returned a net
Profit of 63% and 57% of their respective sale price.

The third method use to show the results is by calculating
“he break even point for each species. ( Table 2.) The break
"ven point beilng calculated by dividing the total cost of
£Idduction by the total number of stems produced, over the
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ten Yyear term of the budgets. No allowance has been made for
ynflation with regard to cost or changes in return over +the
term of the budget. All capital costs were excluded from this

calculation.

1. Costs and Returns.

Table

gummary of Protea Budget Results Prepared for the Department of
Agriculture. M

All costs and returns shown in cents per stem

gpecles Grow Pick Post- Over- Total Return Net
-ing -ing Harvest heads costs Profit
(Loss)
P. cynéroides 22.73 7.83 15.1 9.22 54.88 158 95.12
p. neriifolla 6.35 5.85 11.3 .46  25.9¢6 28 (5.96)
P. repens 6.35 5.85 11.3 Z.46 25.96 28 (5.96)
P. Pink Ice 7.94 5.85 11.3 3.67 28.16 349 1.84
L. discolor 5.29 3.13 6.1 2.85 16.57 25 8.43
L. gandogeri 7.94 3.13 6.1 3.7 208.24 280 (9.24)
L. laureoleum 7.94 3.13 6.1 3.87 29.24 20 (8.24)
L. Silvan Red 3.97 3.13 6.1 1.54 14.74 28 5.26
L. cordifolium 5.72 3.13 6.1 2.18 17.14 48 22.86
S. florida 5.29 3.13 6.1 2.95 16.57 25 9.43
Table 2. Break Even Points
Species Total Total Return BEP
Stems - Cost($) Cents/Stem Cents/Stem
P.cynaroides 142,210 194,046 158 73.16
P.neriifolia 583,318 173,551 20 29.75
P.repens 583,314 173,551 29 29.75
P.Pink Ice 491,690 157,816 39 32.190
L.discolor 858,000 151,952 25 17.88
L.gandogeri 566,690 125,798 29 22.208
L.laureoleum 566,699 125,798 28 22.20
L.Silvan Red 1,149,978 179,645 20 15.62
L.cordifolium 699,980 137,911 40 19.70
S.florida 725,000 148,441 25 19.37
These figures again show the most profitable specieé to grovw
ire P, cynaroides and L. cordifolium.




Discussion

A  budget is a tool used to make management decisions. It is a
set of assumptlons to predict future costs and income so the
reality of the budgets depends upon the accuracy of the data
used. Any set of figures may be used to justify a cause |{if
needed, but i1f budgets are to be of any use in decision making,
they have to be accurate.

To prepare a budget for general use is a dangerous task because
of the many dlffering variables between growers. These 1include
ability, management practices used, yield, 1location of the
property, other Dbusiness 1interests and capital reqguired.
Because of these variables between growers, it is important to
state the parameters that are used.

Four growers is not a sufficient number to survey to get a true
indication of growing practices to determine average industry
costs. This number was used because of the limited number of
growers prepared to divulge their growing costs, methods used ,
record the data required, and the remoteness of the properties.
I have based my assumptlions on the data collected from these
four growers however, my research 1indicates that the
assumptions used are comparable to accepted industry practice.

In preparing these budgets I have included all capital items
that may be required. They include the purchase of a b5ha
property, machinery requirements and irrigation eqguipment. I
determined that these initial capital cost to set up a protea
enterprise would be $85,880¢. By returning to Graph 1, it can be
seen that growers already owning a property and machinery may
grow proteas more profitably. This is demonstrated by shifting
the "8" line down by $ 85,688.

For the growing activities I have included every item possible
giving a maximum growing cost. These costs include planting,
materials wused such as chemicals and fertilizer, labour
requirements for each activity costed at $9/hour, pump running
time for irrigation, machinery use, weed control and pruning.

The most difficult costing to determine accurately was for
harvest and postharvest handling. These costs, along with
yield, are the most variable within species and differ with the
efficiency of each grower. This item ,as a percentage of total
cost, represented approximately 68% over all the budgets
prepared. Given the importance of this figure to
profitability,. data specific to the harvest operation was
obtained from several other growers to verlfy this component of
the budgets.

Other costs lncluded overhead costs such as telephone, rates
and {insurance. These have been proportioned down to match the
area of the c¢rop. Neither 1nterest payments nor capital
repayments have been included in my budgets but the programme
-has the facility to add these costs if reguired. The reason no
capital or interest repayments are included in the budgets |is
bacause of the varying levels of capital grovers may have
access to and the variation In borrowlngs required.



AD the Department of Agriculture is a Government sponsored
advisory body, it may err on the side of caution. Data used in
the preparation of budgets has to be supported by hard evidence
and any data collected from the four growers not conforming to
existing written data, had to be thoroughly investigated before
being used.

The practice of being conservative on yield estimates and the
sale price, then using maximum production costs narrows the
pxofit margin for each crop. However, growers,. who can trim
thelr costs by being more efficient, by harvesting more stems
per hour or produce yields above those used in my assumptions,
vill 1increase their profit margin above the level shown. The
prices used for each species were assumed to be the farm gate
price and were lower thar actual prices received by growvers.
This eliminated the need to determine the freight component of
costs. Using a lower price also made allowance for new growers
not being able to produce the high quality stem that
experienced growers may do and attract a premium price.

A small section of the budget summary is called the "Average
Production Cost Summary". This reaveals activity costs and the
viability of each species. (Table 2.). This summary is also
useful to compare all activitles as it also expresses this cost
as an overall percentage. (Table 3.)

Table 3. Costs expressed as a percentage of total cost.
Species Cost as a percentage
Growing Harvest Postharvest Overheads

P. cynaroldes 41 14 28 17
P. neriifolia 24 23 44 9
P. repens 24 23 44 9
P. Pink Ice 28 21 49 11
L. discolor 32 ) 19 37 : 12
L. gandogeri 39 15 30 15
L. laureoleum 39 15 39 15
L. Silvan Red 27 21 41 19
L. cordifolium 33 18 36 13
S. florida 32 19 37 12

The combined harvest and postharvest cost of most species is in
the wvicinity of 68% of the total cost and the growing costs
about one third. Budgets prepared for the growers indicated
that the growing cost was generally belowv 28% and the combined
larvest and postharvest costs were mainly in the vicinity of
75%, This difference indicates the effect of using maximum
;ftowing costs used in my budgets.



NCLUSION

hope that I have not discouraged any growvers or potentlial
‘owers with my research. My results are based on the
sumption I have drawn from working closely with four growvers
nd will differ from another person preparing similar budgets.
wever, there are benefits to be gained by my research.

It shows that the large capital outlay to establish a protea
growing enterprise will not necessarily return those setup cost
in the short term. However, as an extra activity on an existling
property, profits can be made as it allows for the better use
of existing resources.

One of the great benefits of preparing these budgets is that it

identifies less profitable species. Under current market
conditions, several species should not be grown in 1large
numbers because of their low returns. These are B

neriifolia, P. repens, L. gandogeril and L. laureocleumn.

By studying the intimate activities of growing proteas it 1is
evident that the main cost starts at harvest. Therefore an
extra application of fertilzer or chemical, to improve flowver
quality, will not make a great difference to the overall cost.
This 1is an indication of how the budgets can be used to make
management decisions.

My research indicates that the species most profitable to grow
are those which command a high price or are high yielding, thus
giving a higher margin of profit over species returning 1lower
prices and yields. I would not recommend however, that only
these species be grown, for it is necessary to have a vari=-y
of flowers to have continuity of supply to your market and to
maintain your market share.
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THE ECONOMICS OF PROTEA GROWING
FINANCIAL ASPECTS OF PROTEA GROWING

Denis V. C. Tricks
Longford Flowers
P. O. Box 754,
Sale, Vic. 3850
Australia

mich title do you like? I have chosen the lower one. It seemed to give more
flexibility and anyway I have often wrestled with "Profifs From Proteas" and
the like and it comes out more like "How Long Is A Piece Of String?"* There
are sSo many assumptions which differ for each producer. It would be much

simpler if the wholesalers were asked to deliver a paper on "Making Proteas
pay" oI somesuch because they don't have the same climatic variables and lots
of them operate from the same sheds and their flowers come packed in boxes
that are relatively standard too. Strangely though over the past few years or
s0 I can't recall seeing an article touching on the profitability of the
«~nolesalers, or their costs or much else really factual about them.

-ne really big flower growers in roses, carnations etc are wholesalers and
-nere is probably a lesson to be learned from them. * Investment in marketing
arnd selling is associated with success in the cut flower business.

w2 have some great personalities in the wholesalers ranks but am I beginning
to imagine that there is some negative selling technique in the wholesalers
refrain "Things are not looking too good?" For goodness sake you can't

cncourage growers expectations.

*.crists come and go rather more rapidly than wholesalers - a bit like Protea

wicwers really. The ones that are very careful not to overbuy and can use all
no bits and pleces, old and new, seem to still be around. I remember selling
2 Zanksia spinulosa bunch to one of these people once and saw each flower cut

:2icss into colourful slices - it looked attractive, quite different and went

m.zn further.

" i then there are exporters/importers and rather gpecial traders who somehow
rnage to continue in existence - even dried flower dealers. You can't omit
‘L nurseryman. Quite extensive studies have been carried out and published
On Retall Nurseries. Detailed costings regarding use of space, cost of
rolplants, display turnover ratios and many other aspects are available. But

we know times are difficult for some nurserymen. Perhaps that's why we have

I2ports. Wholesaler nurseries somehow remain more of a mystery.- Profitable?

You can see from all this that there are many people involved in making money, .
tferhaps even a lot of money, from Proteas. But everyone wants to know about
‘he growers financial welfare.

:* will be apparent that the growers fortunes are not isolated from all these
Other groups. Growers sell to them and depend on them for volumes and prices.
%3 with the growers there are some very inexperienced business people
4. tlracted to and involved in the 'come lately' protea flower 1ndustxy and this
*%3uld be borne in mind when conducting business.

‘v23¢ days sound profitable business links have become important. Bad debts
causing great concern. All the 1links in the selling chain, grower,



tovdssaler and retailer or the other intermediaries when used should trade at
.. .c25 which leave adequate margins. But there are some features of cut
lower tracing whlich would not be acceptable in other markets. What
rotection does a grower have when he consignment sells to a wholesaler who
1.0 acts as a principal and is also a grower? Should wholesalers disclose

1Y position? Should agency sales be put ahead of principal sales? What is
" -+ basis of pricing between these sources?

our wholesale markets simply pre-selling stations rather than auction
~.ms? To what extent are prices controlled by wholesalers positions rathe:
» n the supply of produce coming to market? Are market positions/stalls
~ficiently available to prevent wholesaler dominance of prices and volumes?
13 not believe there are satisfactory clear cut answers to many of these
¢.:»stions.

v ota g

BEowaver 1t 1s clear from the margins and costs in Australia that the most
pr. fitable outlet for growers is direct to florists..Sydney prices for most
I'rotea/Banksia cut flowers are higher than elsewhere in Australia. Sydney
flerists are therefore the most profitable outlet for growers who sell direct
to florists. But to maintain such a service the grower needs a wide range of

products. He needs to maintain close contact by telephone or fax with the
needs of the florist uppermost and partigularly there is a need to maintain
freshness and quality of his product.. Too often do business associations slip

because unwanted inferior and badly packed flowers are ‘'slipped in' to
consignments. Selling direct to florists avoids the 20%-30% wholesale charge
and it aveids wastage when freshly cut flowers can not be sold quickly at the

market. Freshness 1s the great asset of cut flower growers. When new
technologies are rapidly improving the guality of dried flowers cocol storage
may be a necessary evil in some situations. But time saved in delivery from
cutting to end user should always be top priority. Also it should not bs
forgotten that 20% of market price represents 25% of the growers net market
price and so on. These observations arze made in the hope that those setting
up wholesale markets, especially if these groups are non-governmental, will

aspire to the reguired standards without the need for cumbersome regulations
by "the Authorities".

Probably the next most profitable market is the export market but it means
significantly higher 1isks, additional work and extra time consuming
documentation. At this stage there are few fixed .price contacts for
Australian producers exportingto Japan. The USA 1is better. There are some
and these from personal experience are subject to price under cutting from
other protea growers. Growers may export direct to overseas markets or use an
agent. Direct export obviously saves charges ranging from 10%-20% generally
which is the agents fee. However it also needs a reasonable volume of a
single product. Negotiations about freight are very important as up to one
half of the shipment value is freight costs. It is possible for smaller
shippers to negotiate 'add on' and obtain marginal air freight costs for their
flowers. They <can also co-operate with other exporters to cCreate
consignments, say 1500kg large enough to bring concessional freight zrates.
Recent lower Qantas freight costs to Japan from Melbourne are:-

100kg $2.10 per kg
. 250kg $1.80 per kg
500kg i $1.60 per kg

Despite the talk Governmental Departments are making it much more difficult
for small producers to begin to create new markets with their enterprise. Thi
policy seems to be the trouble not the 1individual employees; that 1is



warantine Policies not Quarantine Officers. Let me quote one example

;nmm‘—‘”t of 3‘0 .boxes, say 420 kgs, costs $900 in air freight to Japan. ItA
.aculs an adgltlonal $400 in costs in Japan and it realises $3000. There are
aany c€osts in selling other than those quoted. Boxes at $4.00 each, local
L 7ansport Sl.OO/k?ox for example before farming costs of selling such ag
picking and packing and the farm charges such as spraying and weeding and
runing and depreCLatlon and overheads. These farm charges will range very
considerably with the product but let us try a table.
Revenue 30 boxes at A$100/box $3,000
charges in Japan $400 ~.-
_ $2600
Air freight $900
§1700
Boxes, local transport $150
$1550
Farm charges $200
Picking - Labour 20 hrs at$10/hr
) 1 $1350
Packing - Labour 30hrs at $10/hr $300
(packing for Japan is very laborious)
$1050
Farm overheads $150
Growers margin $900
Quarantine inspection $91
(15 minutes overtime)
$809
It is somewhat of a shock to realise that this compulsory inspection (although

jucted at 15 minutes rarely takes longer than 5 minutes of the Quarantine
Sificers time but much longer for the grower who has to repack and bind opened
tex2s) absorbs more than 10% of the margin due to the grower. Five minutes
«21% takes $91.00 and the equivalent of 50 hours work (often overtime and
Z.ndavs) yields say $809.

-~ is now proposed in Victoria at least that' the hourly quarantine rate should
Iise by 10% and that a document charge of $20 for the phytosanitary
Certificate should be added. These new charges are discouraging the smaller

9iowers with the initiative to export. N

There is nothing wrong with the ‘'user pays' princple if it means the proper
allocation of costs. However if this is extended to mean “"double dipping" by
Government Agencies and even worse the attempt to make people bear charges
that are not needed or inefficiently applied it is quite wrong. The present
bethod of Quarantine Inspection in Australia as applied to exporting
"orticulture is entirely unsuitable as to cost and effectiveness and should be
“ompletely revamped.

?‘“- to come back to the example of our impoverished exporter. The figures I
lave are for say exporting Banksia Coccinea and achieving $2.00 a stem for a
"X of 50 stems of big flowered and long stemmed B. coccineas. The $10 per

;‘?UI labour rate is the rate applicable to trained staff and compares to say
“Y an hour for trained motor mechanics. There is a greater margin if the



"abour cost is reduced and the only labour input is the farmer and his family.
They would be working all hours without penalty rates. It would secm that
many growers are working for less than $10/hr - more like $3.. It does take
a;om:s: time for the harmful effect of loss on sales to become evident, usually
when the 1initial investment needs to be replaced. Costs per stgm are
difficult to calculate because output of saleable quality flowers varies SO
much. Costs per hectare and profits per hectare (or other measures) are
robably easier to work out. But a recent costing of Pink Ice which was
qucted in the June 1991 issue of "The Australian Protea Grower" set the per
stem cost at 49 cents. It is not quite clear from the article whether cost._s
such as plants, depreciation, chemicals,fertilisers, interest, office
overheads etc were included but the cost headings seem to indicate they were
not. So for all those who sell nerifclias at say $3.00 a bunch they should be
aware that they are in the break even area only.with a very limited future.

one of the areas of special interest to Protea growers is the pricing of

flowers that are new to the commercial cut flower market. The Australian
"protea" flowers are often novel and rarely hybridised. It has been my
experience that gquite profitable prices initially established from such
flowers are relatively gquickly reduced to a cost of production price. In many
cases this is quite unnecessary. Once established at the lowest price it is

much more difficult to get the market ¢to recognise the new product as a
*quality" product.

This placing of new products in.quality zones 1s of greatest importance te
growers. Wholesalers can make their margins at varving price levels but
growers who teceive their payments after the others have made their profits
should be far more conscious of their need to take considerable care anc
commitment 1in trving to establish good prices for new products. As our
industry develops no doubt growers will concentrate more of their resources on
promotion. This does not imply that ridiculous prices should be sought . I
is the sensible and necessary alternative to the present trend where growers

sell down to a cost of production basis which is often underestimated or not
estimated at all.

Protea growers are part of the wider world when they sell their flowers.
Their market 1is international and they compete not only with their fellow

protea growers but with all other flower growers and in the gift market scene
with all other sellers of gifts. Their organisation does need to co -
operate/co-exist with the florists.and wholesalers and exporters. However
growers have special needs and they should lock at marketing their flowers in
a way which will lead.to a sound future for growers. They should be looking

at marketing where they have strong influence in the selling organisation

We are quickly learning where Proteas grow well in Australia and how to look
after them. Soon selection will bring better control over gquality and
flowering times. Hybridisation will take us into exciting new forms and
grafting will also greatly enhance commercial viability.

But more of our efforts as growers will have to be directed towards selling
our flowers. It has been my experience that to make the best prices and
profits a grower needs Lo take an active part in the selling of his Oowr.
products. This Is the single most important aspect of Protea growing. If a

grower talks to the florists who buy his flowers they will learn (1) that

freshness is very wvaluable (2) that early and late season flowering rather
than mid season is of great concern for prices. The protea flower industry s
exposed to chrionic oversupply at times. Interstate suppliers should also be
taken into account in setting flush growing times. (3) Each florist hat



Lecial likes and dislikes in flower choices (4) Florists will sometimes
Lealk dow:j' prices but the sale price to florists offers the greatest margin
., Florists want something new - new flowers and new seasons.

-¢ export is chosen pay close attention to the price being achieved at the
.etail outlets in the importing country and work back to an anticipated
austzalian equivalent. The performance of the different importers varies a
..ry great deal. 1If selling through a market system carefully check the costs
.nich are being charged against your account As well in Japan for example
wnere there are many alternative markets your representative (importer or
wnolesaler) may quite possibly be selling into the wrong auction for your
products. It has again been my experience that these checks should be made no

matter how prominent 1is the name of the importer... . In fact some
internationally known names can behave in an arrogant manner. Exporting to
japan introduces 1isks of Methyl Bromide fumigation which is costly and quite
harmful to many flowers. Japanese Quarantine standards are very high indeed

and a grower must go to great lenghts to examine flowers for any insects or
plemishes. Quarantine standards to the USA are not so extreme but only clean
material should be exported.

:n exporters ideal target would be the end seller in Japan where high prices
can be obtained. I know of excellent long term trading relationships being
established with a high degree of loyalty and confidence.

sydney has the best developed wholesale marketing system with the largest
volume. Price information coming from wholesale markets is of wvalue to

growers. The Melbourne market is not regarded as a good outlet for quality
fowers. It is used to dispose of lower quality material and has a relatively
small turnover. Large merchant grower/wholesalers supply much of the
wslzourne markets directly. Brisbane and more recently Adelaide have
cstablished wholesale markets but these markets would be much smaller than the
5ydéney/Melbourne markets and would not attract a big volume of interstate
{lowers.

.

Y

3

35 the growers must learn to look after themselves. If you concentrate only
in growing you are likely to head quite quickly into "“peasant" status.



MAKING PROTEAS PAY - BN AUSSIE PERSPECTIVE

Byron Scott
Progal
Carey Gully PO, SA, 5144

I hope to answer the question "Can you make a living growing
Froteas?", and to examine the effect of marginal changes in
the cost/price equation of a Protea growing Enterprise.

I wish to present the actual trading figuresv_jfor my Protea
business PROQAL (Protea of Quality) for the period 1/6/90 to
31/5/91.

I will examine this in two sections;

a. Sales of flowers grown on my property, which accounts for
about 50% of the total sales.

b. Sales of our own product, PLUS sales of product of other
growers in the area (see addendum where the structure of
the business is summarised). Expenses have been allocated
as appropriate (eg. wages 80% to own material, 20% to
purchased flowers).

>

SUMMARISED PROFIT AND LOSS ACCOUNTS

(Figures not fully available at deadline for publication
copies will be supplied at Conference date).

PLEASE UNDERSTAND THAT THESE FIGURES ARE NOT BEING HELD UP
AS AN EXAMPLE OF EXCELLENCE - BUT SIMPLY AS A POINT OF
COMPARISON.

These figures are accurate only for my operation. No other
business will have exactly the same mix of costs and
returns. Many will be able to operate on a lower cost base,
especially small family operated farms. These should also
be able to aim at a higher quality/price level, the two
factors together giving a significantly better net profit
ratio.

From my observation, the larger the business the lower the
price level obtained and the higher the cost Dbase,
resulting in lower margins. ‘

If you take the time to factor in the inherent differences
between your business and mine, you will have a useful
reference point from which to estimate your own weak and
strong points, and how to work on those. That is the value
that I hope you can get from these figures.

Points to note:
1. Without the commission wholesaling side of the

business, we would not be able to export
successfully in our own right
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B.

- insufficient volume (of export gquality) for
much of the year (a certain minimum volume is
needed to make export shipments worthwhile -
especially to Japan).

- (Importers want variety in each shipment not
just a large quantity of one or two types).

Without an export market our profitability would not
be as healthy as it is. All products would be sold
at the lower Sydney prices. Thus, in the present
marketing situation, we would not have the same
profitability if we operated as a grower only.

But the profitability does not come from commission
wholesaling as such - the 10% commission does little
more than defray costs. The value arises from the
extra opportunities presented by the greater supply

‘period, and variety of product.

It follows from this that I would be content to sell
my flowers to someone else offering a similar deal
as long as I was sure that they would be in business
for the long term.

Thus any grower can get the same or Dbetter
profitability, without the commission wholesaling,
as long as they can sell to someone offering a
comparable price structure.

My feeling is that greater economies of scale can be
seen, up to approximately double the turnover.
Beyond this it may be difficult to keep full control
of the gquality, under my present system.

I am presently planting another 4 - 5 acres, and am
expecting a further 8 - 10 acres of recently planted
material. to come into production over the next 2
years. Along with other newly planted material in
the district, I expect our turnover to double in the
next 2 years.

HOW CAN WE IMPROVE ON THE BOTTOM LINE? or Lets fiddle

with the figures

Cost Control

Many costs are inelastic. The major variable cost is
wages. In my operation wages are about 35% of my net
profit. (If I and my wife worked full +time in the
business it would be a lot less. Conversely as the
business grows, wages will increase as a percentage
of net profit).

Most of us could reduce our wage bill by attention
to the following:

- the flow of work, both field and shed



- better planning and organisation of each days
work

- machinery and equipment, more mechanisation
- improved varieties (fewer bypasses etc)

- the efficiency, motivation, work practices and
working conditions of individual workers. This
will involve formal or semi formal training,
instruction sheets for individual tasks, and
strict rules of practice for all procedures.

I suggest that 90% of us here, including me, do not
pay sufficient attention to these points. In fact,
to do the subject justice, we could probably devote
a whole conference to it.

For example, if a business that picks, strips,
trims, hydrates, transports, grades, bunches,
fumigates, cools and packs 100,000 stems per vyear,
were able to save just 5 seconds per stem over the
total of all those procedures that business would
save around $1300 per year in wages. In some
businesses the potential savings are upwards of 15 -
20 seconds per stem.

In my case, if my wage bill can be reduced by 10%,
that will result in an extra $2500 in- my pocket.
Note that I am talking about improved efficiency and
less working hours rather than reducing the hourly
rate. Paying a lesser rate will probably be counter
productive.

Naturally cost reductions should not be at the
expense of quality maintenance.

Increase quantity (from existing plantings) while
maintaining the quality mix.

An increase of 10% would increase 1labour cost by
around 5%. Allowing minor increase of other costs,
we would expect an improvement in net profit of
around 15%.

Possible means of increasing quantity (average
stems/bush)

1. Improved insect and weed control
2. Improved watering (timing and technology)

3. Increased knowledge of specific fertiliser
application

4. Better pruning



5. Reducing incidence of missed flowers at
harvest, and better marketing during periods of
glut.

6. Better varieties/cultivars (applicable to
future plantings)

7. Support and apply industry led research into
specific problems of cultivation and
management.

Improve gquality (whilst maintaining quantity)

If I could move 10% of production into the next
grade up, my gross profitability would be some 13.5%
improved leading to a net profit increase of over
20%. Note that there need be no increase in costs or
work involved, at all.

How to achieve this;

- all of the points 1listed in (b) above with
special emphasis on 1, 4, 6.

- in addition

8. Attention +to all aspects of post harvest
handling, water, cooling, pulsing (where
appropriate) cleanliness, and avoidance of

physical trauma.

9. Packaging materials, packing techniques and
presentation, and the method of transport.

Attention to quality will also have the
unquantifiable benefit of enabling your flowers to
be s0ld when others are 1languishing during the
inevitable glut periods. During such times superior
quality really pays off.

Increase price received.

A 10% increase in price received will increase the
gross receipts by 10% while not changing the cost
structure at all. Again, the bottom line improvement
is 20% plus. :

Very ~few of wus would fail to benefit from a
judicious examination of our marketing and sales
efforts. This could involve shopping around for new
outlets offering either better prices or more
consistent flow of orders.

Whether we are selling mixed bunches to the 1local
deli or selling *to a variety of overseas buyers,
there are likely to be benefits in getting price
comparisons and a little personal representation. In
some cases it may be as simple as being more in



touch with our existing outlets, to take advantga
of shortages of supply, special day Promotiong etge
Whilst our phone bill may be a little higher tg'
extra income is all cream. ! ©
In my experience flower growers tend to underse]]
their product rather than oversell.

However

flexible attitude of mind is necessary to meei

changes in our market environment.

Suggestions on improving prices.

1. Attention to quality as in (c)

2. Sound out other wholesalers/florists etc

3. "Gn direct to florists with part of production

4, £ aine markets in other Australian cities

5. Eiemine the possibilities of export either
alone or with someone experienced.

6. Make regular visits to your markets. Get to
know the system, the people, the buyer's needs
etc.

7. Concentrate on the best forms within a floyer

variety and the best species. Where pPOssible,
take into account the current and likely extent
of plantings of specific <types. Some highly
attractive and popular varieties have been
overplanted, (relative to the current market)
and enter regular glut periods when priczs are
forced down. Other varieties, of limited appeal
by comparison, are always saleable simply
because they are different and available only
in small numbers. If possible grow at least a
couple of types that are not generally
recommended, because you know they will never
be available in quantity. Similarly if your
conditions are suitable for a variety that most
£find hard to grow, then you have the
opportunity to produce a higher priced line.

8. Aim production at the early or latg stages of
the period typical of that variety, where
possible, eg. Pincushions comman§ a higher
price at Christmas than during mid November.
Techniques are being studied to delay bud

development using chemicals, and there are
other more natural ways to use the irherent
characteristics of your environment to
advantage.

9. Foster a reputation as a good consistent

supplier. These are the ones the buyer: will
wish to retain and help when times are tcugh.



10. Support Industry promotion designed to bring
greater awareness to florists aqd/or the
general public, both within Australia and in
selected overseas markets.

The Improvements are Cumulative

By selecting one or two relevant suggestions from
each of A, B, C, and D it is likely that the bottom
line of every enterprise, large and small, could
benefit by 15% - 35% with no extra physical effort
involved.

It is up to each of us to identify the points where
we are weak and to work out a program to overcome
these weaknesses. In most enterprises there will be
several areas, each of which could yield a 2%, 3% or
4% improvement and these are additive.

The identification of these weaknesses is dependent
on a good working knowledge of our Industry. How,
for instance, can we come to the realisation that
our gquality would benefit £from better pruning, if
we, and our staff, don't understand +the Dbasic
principles of pruning?

Qur beloved leader, Mr Haw.= said recently that
Australia should become the 'Clever Country' - that
we should work smarter, not harder. We need
knowledge, training and a degree cf lateral thinking
to spice up our Management skills. This is one of
the few things he has said that I can unreservedly
agree with.

FUTURE PROFITABILITY LIES IN EXPORT MARKETING

In the medium term, Australians have to aim at sending a
larger percentage of product overseas. Our local market is
close to saturation point and we could be on the verge of a
serious price collapse. Export sales are rewarding but there
are some serious pitfalls to negotiate first:

1.

Quality 4is of paramount importance. Some markets just
won't pay for poor quality product. Besides, airfreight
space is just as expensive for poor product, so why not
use a scaxce and expensive resource to best advantage?

Airfreight space is at a premium during Spring. A good
freight forwarder is worth his weight in gold when the
problems pile one on top of another.

Government red tape and paperwork is Dbecoming more
onerous, more costly and less flexible. In combination
with other fresh produce exporters, our Associations must
lobby to curb some of the bureaucratic excesses.

Associated with the above, our Quarantine Inspection
System needs a special shake up in terms of cost, and



particularly out of hours charges.

5. The more material that goes overseas the less likely we
are to suffer 'gluts' locally.

6. On the other hand we must not leave only the 2nd grade
product for sale in Australia, either. There must be a
balance.

7. Promotion of our product overseas will become essential

in our drive to increase sales. It is expensive. It will
need cooperation between Growers, Industry Associations
and Government on a scale which is not yet-evident. It is
important that all Growers support such schemes
proportionally. A successful promotion in (say) Japan,
benefits even the smallest grower (see point 5 above).

INDUSTRY BODIES - Are they relevant to our profitability?

Our Industry is still immature and because of that there is
little consolidated, authoritative text on cultivation,
management etc. However, individual practitioners have a great
deal of knowledge in their heads. Most are prepared to share
it in the appropriate surroundings.

The funding of'research, and dissemination of the results, is
a task suited to National and International Associations -
another aspect of the information sharing process.

I cannot emphasis toco strongly the importance of membership
of, and participation in, your local Association. But to get

full value, each of us has to put something in - direction,
ideas, sharing knowledge and an open mind. The stronger the
local body, the greater are the benefits to individual
members.

Similarly the greater the cohesion between local Industry
Associations on a National and International scale, the
greater the advantage to us all.

ADDENDUM DETAILS OF PROQAL

Situation Adelaide Hills, 30 mins east of GPO, 45
mins from Airport.

Climate ' Winter, cold, wet (40" rainfall)
Summer, hot, very dry

Terrain Hilly, well drained

Soil Poor, thin sandy loam topsoil over

sandstone clay in some areas.

Area Under
Cultivation 20 acres (10 acres in full production
now) another 4 acres being planted.




Varieties Approximately 50 : 50 Protega,
Leucadendron. Moving towards increasing
proportion Leucadendron.

PROTEA: repens ( summer) magnifica,
cynaroides, nerifolia, pink ice, frosted
fire, obtusifolia.

LEUCADENDRON: silvan red, safari sunset
uliginosum, argenteum, 'harvest', 'pisa',
'maui gold'. Ixodia Achillioides (SA
Daisy).

Plant and Facilities 18 hp Tractor, cultivator slasher, Hardi
spray unit, Silvan Turbomiser, 4 wheel
motor bike and trailer.

Large shed, coldroom (3.6 x 3.6m)
Fumigation chamber (self constructed)
sundry trolleys etc.

Bore, drip irrigation system utilising
Netafim drippers (self compensating).

Staff From Feb 91 - one full time person
4 part timers

owner works approximately 3/4 time In
this business

Progal is a grower of flowers

a commission wholesaler of flowers gr~oWn
on properties in our area-

an exporter dealing direct with overs«as
clients

an export combining with other exportsrs
‘'when appropriate.

At the present time we export about 1/3 of the flowers <+:iat
pass through our packing shed. The rest are sold interstst€
mainly in the Sydney market.

Financial relationship with suppliers.

We remit 90% of the Sydney price to our growers. Exp~ort
quality material usually earns a 10 - 20% premium, depenc 9
on a number of factors: volume, prevailing export prZ.=¢.
adequacy of preparation and grading by grower, export demznd,
etc. Almost all export shipments are invoiced on a fixed pz i€
basis.

The premises and plant are all fully owned and no expe7S€
figure has been allotted to rent, lease, interest nr
opportunity cost in the profit and loss statements presentes -



BYRON SCOTT - A PERSONAL PROFILE 1991

Born Adclaide 1948
Grew up on a sheep/cattle property in South Australia.

Attended University of Qucensland, graduating in 1970 with a Bachclor of Vetcrinary
Scicnce degree.

12 ycars in private Veterinary Practice including 2 ycars in UK.

1980 Founded an Investment Newsletter for those interested ih International Commoditics
and Currency Futures Trading. The Australian Investor's Digest gained a respected
reputation and World Wide circulation. Sold out in the mid 80's.

Began planting Protcas on a property in the Adclaide Hills in 1982, 30 km cast of
Adclaide. Cash flow was provided by the Investment Publication and other retail
businesscs.

For the past 3 ycars the Protca plantation has been wholly supporting a family including 3

children (2 - 9 ycars).

The Protca business now consist of production from about half of thc 20 acres planted to
Protca and Leucadendron, together with marketing and distribution of this matcrial plus
that of other growers in the Adclaide Hills arca. '

Immediate Aims: To further the growth of thc marketing side of the business with
special emphasis on quality, cfficient systcms of handling, and further dcvelopment of
Export cxpertisc with Japan receiving highest priority.



THE ECONOMICS OF PROTEA PRODUCTION IN HAWAII

Kent D. Fleming, Kenneth W. Leonhardt, and John M. Halloranl
College of Tropical Agriculture & Human Resources,
University of Hawaii at Manoa
112 Gilmore Hall, 3050 Maille Way
Honolulu, Hawaii 96822, U.S.A.

7t is convenient to think of Hawaiian agriculture in terms of two
distinct sectors: plantation agriculture (pineapple and sugar
cane) and diversified agriculture (all other crops.) The former
used to dominate the Hawaiian agricultural economy, but the
palance is rapidly shifting to diversified agriculture. Flower
production, mostly for export to the mainland, is the major
diversified crop. (Department of Agriculture, 1990)

The state Department of Agriculture statistics do not treat
protea separately, but clearly protea is a small component of the
total flower crop. However, many feel protea's market potential
is substantial. Also, in the suitable, higher elevation growing
areas, it 1s an important production alternative. An economic
analysis of protea production is necessary to assess the crop's
commercial feasibility. Most existing and prospective growers do
not know whether or not protea production is in fact profitable
or how it compares to alternative production possibilities. The
importance of being able to determine the current profitability
is emphasized by the long-term nature of the crop relative to the
rapidly increasing land values. Much of the land in the protea
growing regions has appreciated in value recently and is now
nmonly valued in excess of $100,000 per acre ($250,000 per

PROTEA PRODUCTION MCDEL AND EXAMPLE FARM

% computerized spreadsheet model of protea production in Hawaii
enables one to estimate profitability over a wide range of condi-
tions. In this analysis the measure of profitability is
"economic profit" excluding a land charge, that is, gross income
less all costs except a return to land. The result is a return
to the land resource devoted ‘to protea production. The user will
need to determine whether or not this return is adequate, given
particular circumstances with regards to land access.

t is assumed that the grower sells in the wholesale market and
that the marketing decision is limited to choosing a buyer.
Consequently, price risk is a major consideration, and the
Program allows a sensitivity analysis if 1-in-10 year high and
-ow prices are entered along with the most likely current prices.

_ ' k.p. Fleming and J.M. Halloran are Extension Economists (management and
"irketing, respectively), Department of Agricultural & Rescurce Economics;
"-%. Leonhardt is Extension Horticulturist, Department of Horticulture.



The example enterprise discussed below is representative, but it
is important to realize that conditions vary widely and all of
the production and price variables can be modified in the model
to conform to particular growing circumstances. The program
easily accommodates any reasonable size protea enterprise. The
example growing area being considered is 10 acres (4 hectares),
but the total area is assumed to be somewhat larger in order to
accommodate roads, buildings, and other infrastructure.
Furthermore, while this study only examines the protea enter-
prise, the farming operation may include other enterprises as
well. However, protea farms in Hawaii usually specialize in
protea production. In any case, the scope of this study is
limited to examining the annual returns to the protea-growing
land resource, i.e., to the protea-growing land as a whole and
per acre (or hectare.)

GROSS INCOME

The revenue equation is yield times price. Producers typically
grow a number of varieties to reduce market risk, to achieve a
more stable cashflow, and to reduce the risk of disease.
Reducing marketing risk is particularly important. As wholesale
supply increases relative to the retail demand, most wholesale
buyers will continue to buy but at a progressively lower price.
However, some will maintain the initial price as long as possible
and then at some point, simply refuse to buy anymore at any
price. Therefore, in selecting varieties, the producer needs
o be very sensitive to the needs of the buyer.

The program allows one to enter up to ten varieties.? However,
each variety may produce different numbers of marketable blooms
per plant and may yield differently according to plant age. The
program reguires one to enter the actual number of plants and the
ages of those currently being grown. The varieties checsen and
the plant numbers of each variety in this example, reflect what
some buyers believe approximates the current demand.

Yield per unit of land area will vary according plant density.
Most growers use a single row planting pattern, although a few
are going to double rows to increase plant density. (The double
row arrangement of course requires attendant changes in cultural
practices.) The program allows one to choose either single or
double row spacing. A third option is to grow some varieties in
single rows and other varieties in double rows.

The vyield problem is further compounded by the necessity to
replace a certain number of plants per year. These replacements

PR

2 The probability distribution for the former is roughly triangular,
whereas that of the latter is rectangular. Later, in the sensitivity analy-
sis, we will assume a triangular 10%/90% distribution.

3 The names of the varieties are typed in only once, at the beginning of
the program.

“ If this option is chosen, select "3" in the "row plan” box, and enter &
"0" in those cells that do not apply.



will restart the production cycle, putting the new one year-old

jants out of phase with the rest of the crop and reducing the
overall yield for a few years. The following cost of production
analysis indicates that replacement rate 1is the single most
important production factor.®

when all of the relevant production data is entered, the program
is able to project an annual yield. Price is the other component
in the gross income equation.

with the addition of data on price for each variety and grade of
ploom sold, gross income for each of the varieties can be
estimated for each of five years. Current off=wgrade and select
grade prices are readily available from buyers. With the
grower's select grade percentage of marketable crop, the annual

gross income can be estimated for varieties and the whole
enterprise.

It is extremely difficult to project what the price for different
grades of different varieties will be over the next five years.
Presumably most (if not all) production for market will be select
grade, and it is probably relatively safe to hold the grade price
constant. Over time the greatest impact bn gross income will
probably be the variability of the select grade prices. If one
expects the select price to remain constant (with an adjustment
for inflation equal to the inflation rate for the input prices,)
the assumption made in the following projection, then the result
will reflect a relatively optimistic return to land. If however,
one assumes a range of prices, a range skewed to the left, that
is with considerable downside risk, and take the median price,
the projection will be considerably less optimistic. Further-
more, if we are able to do a simulation with price as a probabil-
ity distribution rather than a point estimate, we will be able to
view the range of possibilities and estimate the probability of
achieving a specific target return to land. Therefore, our gross
income estimates, and ultimately our estimates of net return to
land, will be more useful if we can also include a realistic
range of select prices.

The program will function properly if one's price information is
relatively limited. However, if one is able to include, in
addition to the most likely price, a 1-in-10 year .high and low
price for each variety, the program will perform a sensitivity
analysis. With adequate price estimates the sensitivity
analysis, as pointed out earlier, enables one to visualize the
likely range of expected returns and the probability of achieving
or exceeding a target net return to land per acre.

ANNUAL OPERATING COSTS

Initial land preparation and planting costs are assumed to be a
capital investment, to be recovered over a number of years,

5 varieties vary with respect to their inherent replacement require-
ments, but for the purposes here, one may estimate the weighted average of
individual replacement rates to arrive at an overall rate.



rather than an annual operating cost. Maintenance of this
initial investment is calculated annually as a replacement cost.

Replacement plants:

The number of plants is calculated from earlier input. The
direct costs are assumed to be $2.25 per replant. This cost is
comprised of the plant cost (about $1.75), the pre-plant
nematicide (about $0.25) and the replanting by hand (about
$0.25/plant.) In our example farm, replacement direct costs
average less than 2% of total revenue per year. However, with
different plantings, replacement rates, and replacement costs,
the replacement category could explode into a major annual
operating cost. Replacement costs, because of their potential to
be a significant annual operating cost, are calculated and
itemized for each year. They are not, as are all other operating
costs, averaged for the five year period.6 Indirect costs of
replacement, such as reduced annual yields for a number of years,
are not immediately obvious here but they have a significant
impact on profitability.

Fertilizers and chemicals:

The total cost of fertilizer and chemical inputs, by contrast to
plant replacement, is a relatively large compconent of the gross
income. Net returns will be relatively insensitive to small
changes in individual price or amounts applied. Therefore, while
the different inputs are specified, the prices per unit of input
and the precise amounts applied per plant of a given age, are
averaged over the five year period. Unlike plant replacement,
these costs do not include labor or machinery.

The fertilizers and chemicals selected for inclusion here are
neant to be representative and do not constitute either a
recommended practice or a product endorsement. Choice of
specific applications will depend on local situations, particular
field problems, current cost and perceived effectiveness of the
input, and legal clearance for use in protea. These conditions
often change, but the spreadsheet format allows one to accommo-
date these changes easily and to make revised projections.

Labor:

Labor is the largest single item, consuming on average over one-
third of the gross income. Experienced growers estimate that two
full-time, motivated workers could operate up to 10 acres (4
hectares) per year. This labor would be in addition to manage-
ment. Following the conventions of cost of production studies,

6 This model does not calculate this or any other operating cost with
respect to age of plant.

7 The program automatically includes the indirect costs in the yield
calculations, but if one wishes to do so, indirect costs can easily be
separated out. The profitability with zero replacement can be compared to any
level cf replacement, with replacement costs set to zero. The difference in
annual profitability will approximate the indirect costs of replacement.



management is valued at 5 or 6% of the gross. Again following
enterprise budgeting conventions, farmer 1labor is assumed to
total 2500 hours per year, or in the case of protea production
about 500 hours per acre (1,250 hours per hectare.) '

Most labor will be hand labor, and this is valued at $8.00 per
hour. .Machlnery labor is valued at $12.50 per hour because this
labor 1s presumably more skilled labor. Many producers do not pay
a higher wage for machine labor, arguing that it is not particu-
larly more skilled and is much more popular than hand labor.
Hand harvest labor is separated out because producers often will
undertake all farm activities but require extra help at certain
peak times to harvest a crop. Payment to harvest-labor is often
on a different basis, either based on piece work or a different
wage rate. The allocation of labor to these three categories can
be adjusted to fit a particular production systemn. In the
example, it is assumed that 20% of the labor is machinery labor
and that all hand labor is paid the same rate. All wages are
adjusted upwards by 15% to account for social security and other
insurance requirements.

There are many possible labor scenarios. As noted earlier, two
owner-operators may attempt to take on all labor and management,
with perhaps some peak harvest help. A single owner-operator
might assume all management responsibilities and do all of the
machine work. Such an arrangement (given the following projec-
tion) would generate an average annual cash income, aside from
any return on owner equity, of at least $20,000.

Repairs and fuel:

Machinery, equipment, and building annual repairs are estimated
as a percentage of the initial capital cost. It is assumed that
the machinery, equipment, and buildings are reasonably new. If
in fact they are fairly old, and therefore more likely to need
greater repair, the percentage rate should be increased. The
amount of fuel required to operate an acre (hectare) is based on
producer estimates. Lubrication,. again following budgeting
conventions, is estimated to be about 10% of total fuel costs.

Post-harvest activities:

Harvest labor is assumed to include picking blooms and trans-
porting them to a packing facility. Post-harvest activities
include all efforts to get the marketable product to the buyer.
Processing is the labor to clean, sort, grade, and dip or pack
the flowers. To the degree that some of these activities are
performed in the field before the flowers are carried to the
packing shed, the harvest costs will be higher and the processing
and storage cost item will be lower. Storage will normally be
only a minimal consideration and is not accounted for in this
budget.

Transport to market involves the labor to deliver the product to
the wholesale buyer. Protea fields are assumed to be harvested
and a delivery made twice a week nine months a year and once a
week during the rest of the time. If the truck is owned,



iery costs will have already been accounted for. If the
.. is hired or if a trucking firm is contracted for transport,
.»sts will be accounted for here. 1In this example, we are
ing that the grower owns the truck. Marketing costs, 1n
... "ion to management or those marketing-related costs already
4. .oned, will be minimal or non-existent. 1In the example, no

- % -ional marketing costs are assumed.

eerating interest:

;. charge is estimated for the cost of an operating loan. If a
“:2n were not used to pay for some operating costs, this amognt
csn1 be considered as an opportunity cost of the owner's operating
capital. In our example we calculate that the loan would only be
ir2eded for half the year (equivalent to having the loan for a
71ll year but paying it back monthly.) The loan's term length
and interest rate can be adjusted. The operating loan is assumed
to include the replacement costs, the fertilizer, chemical,
water, and fuel inputs and machinery repairs.

GROSS MARGIN

The gross margin is simply the difference between the gross
income and the total operating costs. It is the amount available
to pay the annual costs "fixed costs" that will be incurred
whether or not any production takes place. Because gross margin
does not take into account individual financing considerations,
it is especially useful in comparing alternative enterprises for
a given a farm, or in comparing production efficiencies between
farming operations. Even if one were not making a profit, i.e.,
if one were generating an inadequate or a negative return to the
land resource, microeconomic theory would postulate that one
would in the short-run, continue to produce as long as the gross
margin were positive, i.e., as 1long as the enterprise were
contributing something to the so-called "fixed costs."

CAPITAL INVESTMENT

Enterprise budgets often divide all costs into one of two catego-
ries: variable costs and fixed costs, according to whether they
vary or not with relatively small increases in area of produc-
tion. Unfortunately, there are a number of costs, such as fuel,
repairs, office overhead, and labor, which are not easily
allocated to a specific enterprise. In this cost of production
study, since we are focusing on the protea enterprise, even at
the expense of less accuracy for any particular farming opera-
tion, we attempt to allocate all costs. At this point in the
process, we Have allocated all costs except the initial capital
investment (and of course land costs.)

8 some growers who have used this program claim that they do not sell
any off-grade flowers. Furthermore, of what they do sell, some 1s for whole-
sale but also a significant amount is sold retail. For these producers, price
.categories of wholesale and retall are a more useful distinction than off-
grade and select. These growers can replace the headings and enter the
appropriate prices and percentages by variety. They will however need to
increase the marketing costs appropriately.



In thilis example we are assuming that land preparation costs

plants and planting, and irrigation total about $10/rather oé
about $10,000 per planted acre, assuming about 1,000 plants per
planted acre. Irrigation would be about 40% of the total
$10/plant, land clearing, tilling, fumigation, and ground cloth
would rquire about 40%, and plants and planting, about 20%. We
are assumlng that about 10% of the ten acres devoted to the
protea enterprise is used for infrastructure. Therefore, planted
acres totals nine acres. Other capital purchases include a light
duty pick-up ($12,000), one tractor and attachable implements,
such as sprayers and a mower ($25,000), depreciated smaller
equipment items, such as '"green machines" ($3,000) and a
garage/packing-house structure ($10,000). -

Capital Recovery Charge (CRC):

A capital recovery charge is essentially the annual principal and
interest payment on a capital investment devoted to a particular
enterprise, given an appropriate term (in years) and annual
interest rate. (Luening, 1985) An appropriately calculated CRC
will account for the depreciation and timely replacement of
capital items, and it will account for the opportunity cost of
funds, inflation, and the real rate of interest. It is important
that these be adjusted to fit the individual grower's situation.
In this example the terms approximate the IRS cost recovery
categories, and the interest rates reflect the current intermedi-
ate and long-term rates of the Farm Credit System. The total CRC
is divided by the number of planted acres (hectares) to produce
the annual CRC/unit of productive land.

TOTAL AVERAGE COST

The sum of the total average ocperating cost per unit of produc-
tive land and the total CRC per unit of productive land, is the
total average cost, per unit of land, excluding any land charge.
On a per stem basis this figure is the "break-even" price, again
excluding what ever may be required to adequately compensate the
land resource. The difference between the total average cost and
the gross income, is the return to the land resource.

DISCUSSION

The return to the land resource, the final result of the economic
analysis of this crop, is projected to average, over five years
and given these assumptions, approximately $5,000 per acre per
yvear. This return is not "profit;" rather it can be thought of as
the maximum amount one could afford to pay for land rent. The
individual producer will need to determine if this return is
adequate, given one's personal goals, one's financial circum-
stances, the particular ownership situation, and one's perception
of the current and anticipated land market. If, after paying the
charge for land, a surplus exists, this surplus may be interpret-
ed as "economic profit."

If the land charge exactly equalled the return to land, the "eco-
nomic profit" would be equal to zero. However, the enterprise
could nevertheless be considered "profitable" because all costs



LzZ been met and "unpaid" labor, management, and owner egulty
received an adequate return. Economic theory would lead one to
expect that on average and in the long run, in purely competitive
industries, such as agricultural production typical}y are,
economic profit will egual zero. If economic profit were
positive, new producers would be attracted into the industry; Fhe
consequent increase in supply would ultimately reduce the price
until economic profit stabilized around zero. If economic profit
were negative, producers eventually would exit the industry,
reducing the supply of the commodity produced. The reduced supply
would lead to a higher price and economic profit would return to
an equilibrium point of about zero.

Having said this, it remains difficult to determine if potential
producers would perceive that there were economic profits to be
reaped in the protea industry. The example farm presented here 1s
not 1likely the optimal organization of protea production.
However, it is representative of the returns one could expect.
The land charge will vary from producer to producer, but the
$5,000 generated per acre per year in the example is less than
what many in Hawaii considered to be a fair agricultural rent for
flower and nursery production. At 10% interest $5,000 would not
be adequate for debt service or even interest only payments on
land with a market value of $100,000 per acre. However, there
will be individual situations in which the land can be acquired
for substantially less or situations in which one does not have
to be purchased or rented specifically for protea production. In

these cases, producers will want to consider commercial produc-
tion of protea.

While the land charge is a major consideration, the degree of
econonic profit will be influenced to some degree by all of the
variables. Labor consumes almost one third of the gross revenue
and therefore is a major determinant of economic profit. However,
the manager may have some control over labor costs to the extent
that one can reduce this cost by increasing labor efficiency. As
a "price-taker" the producer's greatest exposure to risk is in
the area of price wvariability. While the foregoing economic
analysis of protea suggests that the returns will on average
approximate §$5,000 per acre per Yyear, the price variability
produces a wide range of possible results. It would be more
useful to be able to estimate the probability of generating at
least $5,000, or any other target amount.

PRICE SENSITIVITY ANALYSIS

The large number of variables in the model limit our ability to
say with any certainty what the likelihood is of attaining these
returns or better. The variable with the greatest impact for
someone selling in the wholesale market, that is, for a 'price-
taker," is the wholesale price. If we can obtain the 1-in-10
vyear highs and lows, we can use this model to simulate the market
situation. In a few minutes of run-time the program will
generate a hundred iterations and allow one to estimate the
probabilities of interest. The sensitivity analysis plots a line
that represents the 1likely average return to land over five
years, along with the range of variance which will include two-



thirds of the returns. The sensitivity analysis also produces for
each year a probability curve of returns to land that enables one
to visualize the likelihood of reaching or exceeding a target
return to land.

The cost-of-production computer program will run properly without
the data necessary to perform the sensitivity analysis. However,
it cannot be over emphasized that the return to land result
obtained above is only one possibility in a fairly wide range of
possibilities. At the completlon of this and similar analyses,
producers often sigh in relief that we have come to some
conclusion. More than once someone asks, '"So is this the dollar
amount I will probably receive as a return to land?" They are
somewhat dismayed when we have to report that all we can say for
certain is that they will certainly not receive that particular
amount. The best we could hope to say is that there is a 55% or
40% or some other percent chance of receiving this amount or
more, or perhaps that there is a 90% or some other percent chance
of receiving at least zero or some other target.
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THE ECONOMICS OF PROTEA PRODUCTION IN HAWAII

Dr. Kent Fleming, Extension Economist, Dept. of Agricultural & Resource Economics,
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The purpose of this program is to determine the return to the land resources devoted to protes
production. The program is designed to be used by a producer who wishes to start production or
who wishes to msintain or expand an existing operation or to start production.

There arc five parts to the program: Part I calculates the enterprise gross income; Part IT calculates
the average annual operating costs; Part III caiculates the annualized investment costs
(i.e., the annual capitsl recovery charge). The end result, the return to Jand, is simply the
gross income (Part I) minus the sum of the operating costs (Part II) and the investment costs (Part II1.)
Part IV is a summary of results and Part V is a sensitivity analysis.

USER NOTES: Cells which allow data input are highlighted on the computer screen and outlined in the computer print-out.
Reference to a particular product does not imply endorsement or clearance for usage with protea.
This program is available in either metric or U.S. format. The total out-put is 8 pages.
CHOOSE the prefered format (USA or METRIC) => USA

- PART I: PROTEA GROSS INCOME:

This part of the computer program estimates the protea crop’s annual gross income over
a five year period. In order to calculate the gross income, the program needs relatively
accurate estimates of marketable production per plant. If the default values in Section A
do not refiect your situation, enter more appropriate yields.

In the next section of the program enter farm specific data, such as the size of your
protea enterprise, your planting density, your existing plantings, and your replacement rate.
Default values are provided as a guide only and should not be used in place of
actual farm-specific data.

Initial, one-time entries:

1. Enter the year in which this-5-year plan is meant to begin: 1991

2. Enter the names of up to 10 crop varieties of interest in Section A below.

Section A. PROTEA PRODUCTION ASSUMPTIONS: P. = Protea
L. = Leucospermum
EXPECTED VYIELD: B. = Banksia
ENTER marketable yield/plant by variety & age:

AGE OF PLANT => 1 2 3 4 >4
1. |P. cynaroides "King” 0 1 5 15 20
2. |P. nerifolia "Mink” 0 5 20 -30 45
3. |P. May Day 0 2 5 20 30
4, L. cordifolium 0 15 50 75 75
5. |L. Hawaii Gold 0 15 50 75 75
6. L. Harry Chittick 0 15 50 75 75
7. " |L. Carol 0 15 50 75 75
8. B. menziesii 0 2 10 15 20
9. B. coccinea 0 2 10 15 20
10. |Leucadendron 0 5 10 20 50




section B. SPECIFIC FARM ASSUMPTIONS:

ENTER TOTAL land area dedicated to the protea enterprise =>
ENTER percentage of land area required for INFRASTRUCTURE =>

Land area available for production, ie, growing area =>

PLANT DENSITY (Ignore land used for infrastructure)

a. Select single (1), double (2), or mixed (3) row spacing =>

10.00
10.0%|
9.00

ya

acres

acres

row plan.

lacre

5-YEAR
TOTAL

2,940
390
390
790

980

980

980

785

395

490

b. ENTER average spacing SINGLE DOUBLE =AREA™ ~ => PLANTS
gistance between => PLANTS * ROW + ROWS (unit*2)  Junit*2
1.  P.cynaroides "King” 4 10 13 40 1,089
2.  P. nerifolia "Mink” 5 10 13 50 871
3. P.MayDay 5 10 13 50 871
4. L. cordifolium 5 10 13 50 871
5. L. Hawali Gold 4 10 13 40 1,089
6. L. Harry Chittick 4 10 13 40 1,089
7. L. Carol 4 10 13 40 1,089
8. B. menziesii 5 10 13 50 871
9. B.coccinea 5 10 13 50 871
10. Leucadendron 4 10 13 40 1,089
Enter EXISTING NUMBEH of PLANTS by age & variety: |
AGE OF PLANT => i 2 e 4 >4
1. P. cynarmdes "King” 588 588 588 588 588
2. P. nerifolia *Mink” 78 78 78 78 78
3. P.MayDay 78 78 78 78 78
4. L. cordifolium 158 158 158 158 158
5. L. Hawaii Gold 196 196 196 196 196
6. L. Harry Chittick 196 196 196 196 196
7. L. Carol 186 196 196 196 196
8. B. menziesii 157 157 157 157 157
9. B. coccinea 79 79 79 79 79
10. Leucadendron 98 98 98 98 98
EXISTING TOTAL = 1,824 1,824 1,824 1,824 1,824

ACREAGE CHECK:
Calculated area now planted =
EXCESS area calculated =

Ave.no.of ea.age =

8.0 acres
0.0 acres

9.120
1,824



NUMBER of REPLACEMENT plants required each year for protea enterpnse

NOTE:
In order to maintain the size of the above existing and expansion acreage, a& percent
of this acreage must be replaced with seedlings (1 year old plants) each year.

Enter the REPLACEMENT RATE for each year: ' :
Replacement rate => { 10%) 10%) 10%)| 10% 10%)|

Calculated Replacements
REQUIRED IN YEAR =>

1 P. cynaroides ~King” 294 294 - 294 294 294 1,470
2 P. nerifolia *Mink” 39 39 39 39 39 195
3 P. May Day 39 39 39 39 - 39 195
4 L. cordifolium 79 ’ 79 79 79 79 395
5 L. Hawaii Gold g8 88 98 a8 a8 482
6 L. Harry Chittick 98 98 g8 98 98 490
7 L. Carol 98 98 o8 98 98 490
8. B. menziesii 79 79 79 79 79 383
9. B. coccinea 40 40 40 40 40 198
10. Leucadendron 49 49 49 49 49 245
TOTAL REPLACEMENTS = 912 912 912 912 912 4,560

Average = 912

Section C. PROJECTED GROSS INCOME (by variety):
This section calculates the weighted average price and the annual gross income by variety.

ENTER prices & percentages ( 1-in—- 1 0 year lows & highs are for the risk analysis.)

SELECT GRAD é
WEIGHTED
AVCRAG—

. PRICE:
1. P. cynaroides "King* $1.00 $1.50 $2.00 $2.10 75% $1.75
2. P. nerifolia " Mink” $0.25 $0.45 $0.65 $0.80 75% $0.55
3. P.MayDay $0.50 $1.10 $1.25 $1.50 75% $1.08
4. L. cordifolium $0.10 $0.25 $0.40 $0.45 75% $0.33
5. L. Hawaii Gold $0.10 $0.25 $0.30 $0.35 75% $0.25
6. L. Harry Chittick $0.15 $0.40 $0.50 $0.60 75% $0.41
T L Carol $0.10 $0.25 $0.30 $0.35 75% $0.25
&.- B. menziesii $0.35 $0.50 $0.75 $0.80 75% $0.65
9. B. coccinea $0.50 $1.20 $1.25 $1.35 75% $1.06
10. Leucadendron $0.10 $0.20 $0.25 $0.35 75% $0.21




projected ENTERPRISE GROSS INCOME (by variety & year), using weighted a

verage price:

4 S :>Ei 'S-YEAR

- YEAR= '- AVERAGE:

1. P. cynaroides "King” 37,970 50,843 60,428 66,429 68,117 56,757
2. P. nerifolia *Mink” 3,861 5,039 5,873 6,310 6,522 5,521
3. P.MayDay 4,251 5,840 7,015 7,831 8,102 6,608
4. L. cordifolium 9,936 12,062 13,414 13,882 13,882 12,635
5. L. Hawaii Gold 9,482 11,510 12,800 13,247 13,247 12,057
6. L. Harry Chittick ~ 15,644 18,992 21,120 21,857 21,857 19,894
7. L. Carol 9,482 11,510 12,800 13,247 13,247 12,057
8. B.menziesii 4,317 5,538 6,406 6,815 6,983 6,012
9. B.coccinea 3,551 4,555 5,269 5,606 5,743 4,945
10. Leucadendron 1,593 2,277 2,775 . 3,124 3,329 2,620
TOTAL GROSS INCOME = $100,087 $128,166 $147,900 $158,347 $161,028 139,105




[T an Y I S § 1l

NN AL AVvENAOLD

FRUDUGTION COSTS/ATRE

Quantity %k Price/ | - Value | % of ave.
. GROSS RECEIPTS: “facre:. |Unit ' | unit | /acre: | Gross:
Year 1: 21,617 stems $0.51  $11,121
From Year 2: 26,941 stems $0.53 $14,241
Part! Year 3: 30,506 stems $0.54 $16,433
above Year 4: 32,104 stems $0.55 $17,594
Year 5: 32,433 stems $0.55 $17,892
S-year Average: 28,720 stems $0.54 $15,456 100.0%
iI. OPERATING COSTS
Replacement plants: _
1-yr old plants: Year 1: 101 plants $2.25 228.00 1.5%
Year 2: 101 plants $2.25 228.00 1.5%
Year 3: 101 plants $2.25 228.00 1.5%
Year 4: 101 plants $2.25 228.00 1.5%
~ Year 5: 101 plants $2.25 228.00 1.5%
5-yr Average: 101 plants $2.25 228.00 1.5%
Fertilizer & lime: ’
1. Osmcoat 13.5-13.5-13.5 125 |pounds $0.95 | $118.75 0.8%
2. pounds $0.00 0.00 0.0%
Herbicide:
1. Round-up 2 |gallons $85.34 170.68 1.1%
2. Rout 200 |pounds $1.76 352.00 2.3%
Insecticide:
1. Malithion 0.75 |gallons $30.00 22.50 0.1%
2. Sevin 50W 40 |pounds $6.22 248.80 1.6%
Fungicide:
1. Benlate 10 |pounds $18.65 186.50 1.2%
2. Dithane M45 40 |pounds $3.68 147.20 1.0%
Nematicide: '
1. Nemacur 10G [ 100 Jpounds 343.00 2.2%
[rrigation:
Water (2 tier pricing)@ 25.0 Kgal @ $1.21 30.25 0.2%
i} 182 |gal/plant/yr. 11.9 Kgal @ $0.61 7.25 0.0%
Energy for pumps, etc. 0 |kwh $0.10 0.00 0.0%
Labor: base rate + | 15.00% :
Machine 100.0 |hours $12.50 | 1,437.50 9.3%
Hand (includ. pruning) 250.0 |hours $8.00 | 2,300.00 14.9%
Harvest 213.0 |hours $8.00 | 1,959.60 12.7%
Fuel:
Gasoline e 96 |galion $1.70 163.20 1.1%
Diesel 24 |gallon $1.50 36.00 0.2%
Lube (% of fuel cost) 10% 16.32 0.1%
Repairs:
Mach. & eq. (% of cost) $25,000 cost ™ 2.0% 500.00 3.2%
Buildings (% of cost) $10,000 cost * 2.0% 200.00 1.3%
Post-harvest (includes labor): _
Processing & storage 28,720 stems $0.01 287.20 1.9%
Transport & marketing 28,720 stems $0.04 | 1,148.81 7.4%




operating costs of
Cash overhead costs:’
Management (% of gross)

Office exp. (% gross)

Equipment tax, insurance & repairs (%)

Excise tax (% of gross)
Miscellaneous

TOTAL PRODUCTION COSTS/ACRE

GROSS MARGIN /ACRE

Year1 = $2,437 21.9%
Year 2 = 6,663 46.8%
Year 3 = 8,820 53.7%
Year 4 = 9,965 56.6%
Year 5 = 10,242 57.2%
5- year Average = $7,625 49.3%
PART lIl. ANNUALIZED INVESTMENT COSTS
(Capital Recovery Charge = CRC)

Total production Total Term Interest: | Annualize|. % Ave.
acres = 9.0 Cost: (yrs): 'CRC: | Gross:
Land preparation $3,600 10 10.00% 65.10 "0.4%
Amort. of initial planting $1,800 5 10.00% 52.76 0.3%
Truck $12,000 5 12.00%| 369.88 - 2.4%
Other machinery 25,000 7 11.00%| 589.49 3.8%
Equipment 3,000 7 11.00% 70.74 0.5%
Buildings 10,000 20 10.00%| 130.51 0.8%
Irrigation system 3,600 5 11.00%  108.23 0.7%
Other initial investment 1,000 1 11.00% 123.33 0.8%

TOTAL DEPREC’'N & INTEREST/UNIT PROD.LAND =  $1,510 9.8%

TOTAL AVERAGE COST/ UNIT PROD. LAND = $9,341 60.4%

AVERAGE RETURN/ UNIT PROD. LAND = $6,115 39.6%
AVERAGE RETURN/ UNIT OF ALL PROTEA LAND =  $5,504

2,770 @.5* 173.15 1.1%
$15,456 gross 6.0% 927.37 6.0%
15,456 gross 1.0%| 154.56 1.0%
0.5%| 213.00 1.4% . ~
15,456 gross 0.5%  77.28 0.5%
250.00 1.6%
Year 1 = $8,684 78.1%
Year 2 = $7,578 =~ 53.2%
Year 3 = $7,613 46.3%
Year 4 = $7,629 43.4%
Year 5 = $7,650 42.8%
5- year Average = $7,831 50.7%

(Returns/area unit minus operating costs)

(Average per land unit returns minus total costs)
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PART IV. FIVE-YEAR SUMMARY OF RESULTS
per stem, per unit of ALL land, & for the whole enterprise.

5-YEAR
YEART |3 . |[YEAR 3 = [YEAR 5 - | AVERAGE
1991 |: {51998 | . 1904 7. 4995 o ¢
Ave. no. of stems sold = 21,617 26,941 30,506 32,104 32,433 28,720
I. GROSS RECEIPTS:
Ave. Price rec’d./stem $0.51 $0.53 $0.54 $0.55 $0.55 $0.54
Expected Gross/unit land $10,009 $12,817 $14,790 $15,835 $16,103 13,915
Expected Total Gross $100,087 $128,166 $147,900 $158,347 $161,028 139,105
Il. TOTAL OPERATING COSTS:
Ave. Total op. $/stem $0.36 $0.25 $0.22 $0.21 $0.21 $0.25
Total op. costs/unit land $7.815 $6,820 $6,852 $6,866 $6,885 7,048
Total operating costs 78,153 68,199 68,520 €8,664 68,847 70,477
GROSS MARGIN (Returns over operating ¢osts):
Ave. Gross margin/stem $0.15 $0.28 $0.31 $0.33 $0.34 $0.28
Gross margin/unit land 2,193 5,997 7,938 8,968 9,218 6,863
Enterprise gross margin 21,934 59,967 79,380 89,683 92,180 68,623
Il INVESTMENT COSTS (Annual Capital Recovery Charge):
Average CRC/stem $0.06 $0.05 $0.04 $0.04 $0.04 $0.C5
CRC/unit land 1,359 1,359 1,359 1,358 1,359 1,359
Enterprise CRC 13,590 13,580 13,590 13,580 13,590 13,590
TOTAL COST (except land charge):
Ave. Total cost/stem $0.42 $0.30 $0.27 $0.26 $0.25 $0.30
Total cost/land unit : 9,174 8,179 8,211 8,225 8,244 8,407
Total cosVenterprise 91,743 81,790 82,110 ‘82,254 82,438 84,067
NET RETURN TO LAND:
Average Net Return/stem $0.09 $0.23 $0.27 $0.29 $0.30 $0.23
Detailed projection of NET RETURN TO ONE UNIT OF LAND
(by variety and year), using weighted average prices:
P. cynaroides "King” 1,045 2,631 3,580 4,176 4,339 3,154
P. nerifolia " Mink” (70) 97 179 222 242 134
P. May Day (31) 177 293 374 400 243
L. cordifolium = 69 382 514 559 558 41Z
L. Hawaii Gold ) 31 333 459 502 500 365
L. Harry Chittick 647 1,081 1,291 1,363 1,361 1,14‘:’
L. Carol 31 333 459 502 500 365
B. menziesii (487) (265) (181) (142) (127) (240}
B. coccinea (107) 43 113 146 159 m
Leucadendron (299) (181) (133) (99) (79) (158
NET RETURN TO LAND/AC. = $828 $4,632 $6,573 $7,604 $7,854 $5,498
ENTERPRISE NET RETURN = 8,283 46,323 65,735 76,038 78,535 54,983
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PROFIT FROM PROTEAS
2y Jack Harre'.

L?dies and gentlemen in your industry +there has been more than enough junk
FLanfe? already so let us now start on 4 programme of eliminating the o
5t0CK Irom your plantations and turn = poor

those losses into prcfits.
How are we going to go about this programme of plantation improvement.

As I saild this-morning we nust always bear in mind thaw%--the Plants you plant
must be capable of producing a flawer that is acceptable to the
profitable for the producer tog grow. So,
I autlined this morning,
it as superior stock.

consumer and
let us look at the parameters that
the ones that a plant must match before we can adopt

TEE CONSUMER PARAMETERS

¥ a satlsfactory vase life.

X a near straight stem.

¥ a stem length that is as long as possible. ie.
for premium prices, not less than 45cm. for
flowers and 6@cm. for foliage.

* a flower/foliage must have a shape, form and
colour which 1s visually appealing and
acceptable within seasonal fashion or ethnic
demands.

THE PRODUCER PARAMETERS
* all of those factors as set out for the consumer.

PLUS
* resistance to leaf blackin
* resistance to fungal invasion above the ground.
* resistance to fungal invasion telow the ground.
¥ reslstance to by-passing of flower heads.
¥ productivity per unit.
* seascn oi harvest in relation to accessible markets
demand.

Those that are additional +to the above and are specific to particular
climates, locations or management regimes are:-—

tolerance to sub-zero temperatures.

tolerance to high temp/low humidity.

tolerance to high light levels.

resistance to nematode invasion.

¥ H K ¥

For the evaluation programme, I have broken these parameters into sections so
that they can be carried out by you in a practical manner on your properties.
In thisz programme there are three sections of field observations and one of
vack house testing. They are:-

PACK HOUSE TESTS
leaf blackening during transit
vase life

[§1}



OBSERVATIONS.

cal properties of plants.
stem length
stem straigbtness
shape form and colour of flower
resistance to bypassing
season of harvest
production per unit

Hezlth properties of plants.
resistance to fungl above the ground
resistance to fungi below the ground
resistance to nematode invasion

Tolerance of plant to:-
sub zero temperatures
high temperature - low humidity conditions and
high light levels .

All this is pretty simple and is easily carried out with the minimum ¢
equipment or previous experience. By using tkhis programme you should be at:
tc identifyv superior stock in your plantations within a year and for

ieties within a2 month or two, depending on when they flower on

properties.

0
(GRS
£

(o)

So where do we start? 1 said this morning that my philosophy was:

IF IT WON'T TRAVEL, DON'T PLANT IT and to me this must come first in a.
evaluations because 1f the product won't travel and then give a satisfactor
vase life, then nobody will want to buy 1t. So we will start with the pac
house tests because 1f your flowers ever arrive at the wholesalers as
blackened mess then you have a problem.

Some flowers may look like a million dollars on the bush but after three *

five days in transit from the bush to the consumer they look like and are
disaster.

How do you test for travel? First of all +the flowers must always b
harvested and post-harvest handled under the standard system that you use ¢
intend to use in your pack house.

For this they should preferably be harvested before Sam, placed 1in wate

immediately and 1in a coaler within 45 minutes especially 1{f the ds
temperature 1is over 18C. :

After any fleld heat has been removed the flowers should then be process®
and packed 1into cartons at normal density. Don't fill up spare space in tl
carton with paper or leave big air cavities as this will cause the flowers ¥
dehydrate more than they normally would. Use small cartons for smal
quantities of flowlrs. You then place the carton in a building where 1t wil
be subjected to normal -day and night temperature variations the same as !
would be in transit to a distant destination, or alternatively, give 1t ¥
the local carrier for three days to cart around. After three days unpack ﬂ‘
flowers and then, and only then, will you recut the ends and ©place them *
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water for observation. The evaluation of flowers in a static va L

croframme; i1e. just picking them and putting them in a vase at ST’L :
memperature is a totally worthless exercise unless they are mnnoimi s
2ver be sold on a local domestic market. Export flowers must bn_aat tgfonlg
2ither actual or simulated travel first and then evaluated for v;sz lifeLoug

How long should flowers stay fresh in a vase at normal room temperature afte

transit to be regarded as satisfactory? Well I have set my selection at ag
absolute minimum of ten days and you will find that the flowers of only about
one in fifteen plants will produce flowers +that will ~gustain thrie days
travel and then give ten days vase life. e

¥hen is a flower spent? I have set my level for this as being when the
flower 1s obviously degenerating when viewed at two meters in a light level
of 190 lux., eg. this is what the daytime light level is in most houses.

Having vetted out the flowers for traveling ability and vase 1life, you can
~hen start to assess all the other things they and the plants that produce
them must measure up to be able to be called a superior clone.

FIELD OBSERVATIONS. )

Stem length. Where do you measure the stem length +to? Some flower dealers
claim that 1t should Dbe the length of +the stem only while others say 1t
ncludes the flower head as well. In all other flowers the term of stem
length refers %o the stem plus the head, sa why not proteas? For my
calculations [ measure all proteaceae products over the full length of stem
and flower the same as every other genus of flower.

0

w long do they need to bte? For most markets a minizmunm of 45cm for flowe
d 65 cm for foliage but this may vary from market to market such a
-agan which usually requires all material to be longer than this.

[
o]

S

Stem conformity. As stiraight as pcssible, this also may vary between markets
cut as a general rule flower arrangers prefer to bend the stem thercselves
cxtzer than have ta try to stiralghten i{t. Also bent stems are a nightmare to
tack iatc cartcns anc are ver wasteful of space and consequently ccst you
nore to ship to  your end user. So for practical reasons they should be as
straight as possible and certainly have no more than a 15 degree curve.

Shape, colour and form of flower. It 1{s here where we get 1into market
fashion or ethnic or even personal preferences and because of this it is a
facet of quality that can not actually be measured. For instances, in shape

and form some markets like one thing and another likes something else.
Also colour preferences are often seasonal or ethnic 1in such things as reds
for Christmas and Vslentines day white for Mothers day gold for western
3prings and Chinese new year.

7o match these market demands you must know what month the plant will produce
Z0st of 1its crop 1in and whether there is indeed an accessible viable market
i1 that month for that product. So alaong with the shape,colour and form of
“he flower we must also consider 1ts season of harvest.

Z2ascn of harvest. [f we look at the present supply and demand pattern of
=ur flowers we find that most of the worlds population 1live in the northern
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hem. _.a=re and buy our type of flower in their winter months. Trying to
sup1w° +nhis northern winter demand, there 1s a large proportion of prote?s
beins . ~oduced in the southern hemisphere where they have their natural cyc:ie
of £ o-sering during the southern winter. 1f we analyze +this northern demand
and ~.thern production pattern we find that as the demand picks up in the
northe ~n hemisphere the supply from the southern hemisphere generally drops
off, i as the northern demand picks up agaln as they enter winter, then the
suppl drop off as the southern hemisphere goes into summer. This southern
supply to meet the mnorthern demand is exactly the wrong sequence and it is
this rn.s=-matck of supply and demand that causes the gluts and shortages of
protez Zlowers in the international markets. :

Because of this 1t is important that when you are making selections that are
to be g own in the southern hemisphere and their flowers are to be sold in
the nor-hern hemisphere, then they should have their flowering perlod during
the northern winter and not during the northern summer.

Currently. with the natural winter flowering cycle of proteas, Australia with
its relatively high domestic winter demand is in a much better position than
Few Zoaland, Zimbabwe and South Africa are because these three have to relvw
almost =ctally o©on export +to the north. Production from the two principal
northern henisphere zones o©f Hawaii and California are defilantly better
pocsiticned than  those from the south but even so they also must select 1o
avoid Tglut” periods.

As an instance o©f miss-timed product availabllity £from the southern

herisphere for the northern hemisphere markets, let us look at the huge crops
cf Zilvan Red and Safarl Sunset that Australia and New Zealand are capable cf
producing for hnarvest during the northern summer of April to August. These
red leucadendrons don't sell well i1into +the northern hemisphere after mid
April because they are in their red c¢olour, {(a hot colcour?, sumnmer 1is
starting and demand 1is falling oiff. However from Sept onwards by which time
the crop is alimost over, then +the demand 1is rising agaln because (a). th=s
colour iz much more acceptable to the consumers because they

have changed
from that

red colouring to their more popular rainbow coclouring and (b). the
demand i3 picking up again because the northern hemisphere 1is entering
autumns/winter. At this season these leucadendrons are often worth two or even
three times per stem more than they were in the April/August season.

[f you as a producer have the ability or the plants availlable to produce scme
special product and you are unsure of whether that particular flower is;-

. Xlowering at the right time of the year for your accessible markets;
. whether or not it is the right colour or product for a particular market

t that time of year;
hen it s your wholesaler or exporters who should be able to advise you.

ey

a
o
b
a
+
“

They should be able to tell you which specific products are viable for which
specific time slots into which specific markets, provided of course they are
true wholesalers or exporters and are nct just freight forwarders. It 1s here
wnere you sort out the professionals from the wheelers and dealers.



in the main, you should always be able to profitably sell any recognised
commercial proteaceae flower or follage provided it is of top quality and
sroduced at a time of year when there is known to be a demand for flowers in
+ 4 ’

v

2 markets that are accessible to you.

k8]
i

siztance to by-passing. This 1s a facet +that you may not think is
carticularly important, but let me assure you that it is very important, not
nly from a quality angle of stem length but also 1in the man hours involved
:n removing them and the cost of getting this excessive foliage to market.

Uy

9}

Proteas fall into two catagories of growth habit.” There are those that make
three growths terminally and then set a flower and then ¥hére are those that
grow once, then set a flower bud, then they bypass and set another bud and
ofiten they bypass and se2t another bud before the first ©bud ever comes into
flower. Such plants are a production disaster and there are tens of thousands
of these plants in your plantations that fall into this category.

7o remove these unwanted by-passes elther in the field or in the pack house,
it will +take an average worker an average of six seconds per growth to cut
them away. [f you don't believe me go out 1into the field and sSee how many
you can remove 1in half an hour including the peripheral time consuming
cperatlions such as coffee breaks, locking intelligently at the birds 1in the

55y and watching your watch.

Z for instance one flowering head had eight growths to remove then at six
s2conds per growth multiplied by eight equals forty-eight seconds. Say a
zinute by the time you take into account every function connected with this
cgeration, picking up the flower and putting it back into the water again in
taz pack house or, moving from bush to bush in the field or coffee breaks.

‘I you are paying around eight dollars per hour as many of vyou will be in
acstralia, Eawaiil, California and New Zealand, then this will amount to
:round thirteen cents per stemn. [f your margin of profit per stem Is less
“han this ycu are down the drain, 1f your mAargin of profit, over and above

sarvesting, sorting, packaging and <fIreight was thought to be say around 80
t2ants then you are reduced by about 15%. in nett returns just to remove those

Srowihs.

YIu may claim that you don't have to remove those bypasses as the florists

.i%¥e them asz follage and you are getting paitd for them. This may be true for

“he Californians but let me tell you that for the rest of you, then for other

than local domestic sales those by-passes are costing you big dollars in
rackaging and transport because it is you who pay the cost of the extra

tartons and the freight and so it is you who will loose out.- The cost of
shipping a neriifolia flower with six bypasses on 1t from New Zealand to Nth

Anerica is around NZ $1.04 compared tao 67 cents for one without bypasses.

Production per unit.

‘rateaceae plants of each particular variety of each species vary greatly in
“S2ir productive 1life span and the crop that they can regularly produce each
‘ear,

‘I we look at say serruria florida we will find +that it will produce
“elatively few salable stems each year - and have a short productive life of
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two or three years. Are these worth growing unless
seventy cents per floret? A stem with six 1lor.tl“‘ ’ e
your pocket but | doubt if you will get 1t. On the otjﬁ:;_~
crop of leucospermuns, which, provided they are nltoh.amh-;~u
they are planted, are capable of carrying a bounti!ugua'rz'ﬁ
each year and will continue to do so for many " :
capabie of producing a crop many times the value P.rL‘Q

;f’;t least say
~-worth $4.20 in
jets think of a
_=c11nate where
¢ calable stens
H aspernums are
sfar: and per man
"‘serrurias can
be increased many times over.

Production per wunit is a very easy thing to calculat~w$§gai. 
you have under observation provided you have carried out all.
already outlined. R
pies
Therefore to assess the productivity of a plant -you Inl determined the
number the stems that are long enough and straight bnough to meet the
parameters set. The flowers must also be the right size,’ be the right shape
and be the right colour for the season or the particular market. Further to

this the plant must produce the majority of its crop at the prime time of the
year for your accessible markets.

‘yin the plants
@ observations

Ladles and gentlemen you must look for this type of plant to establish in
your plantations rather than the hotch-potch of plants which you have planted
in the past as any continuation of this shot gun approach can only result in
more poor quality flowers on the market and more unprofitable plantations.

HEALTH PROPERTIES OF PLANTS

This will ©be of varying interest to each of you depending on where you live
and what your problems are.

Resistance to fungi above the ground. Proteaceae plants vary greatly in
thelr resistance to, or susceptibility to, the local strains of fungi. Anyone
who has visited some of the plantations of Zinbabwe will -know what can happen
when the plants are miss-matched to the local climate. In all production
zones the Incidence and severity of fungal invasion 1s 1linked +to the
prevailing temperature/humidity ratio of your location and anyone can easily
measure what their local conditions are.

For calculation purposes I have gilven this factor the equation of th/C which

is calculated by reading the temperature 1in Celsius, and adding to it the
humidity measured in %.

For instance 1f you have a temperature of 27C and a relative air humidity of
85% then you would have a th/Cl02. For most proteaceae varieties th/Cl05 is
right into the danger area where as th/C385 is safe for at least most of the
commercial ones. There are combinations where you can get a low th/C even
although one or the_.giher of either the temperature or humidity are high such
as in W.A. where 1in the summer you could have a high temperature and a low
humidity or in New Zealand which has a low temp/high humidity ratio in the

winter. On the other hand we have situations where we have high temp/high
humidity and we have huge problems like in Zimbabwe in the sSummer and Hawail
in a freak summer weather pattern, some parts of east Australia and some

parts of northern New Zealand in the summer months.



you alreacy have a plantation of seedling stock then the plants will
e

ady have told ycu whether or not they can take your particular th/C
se 1f they can't they will either be seriously diseased or dead.

icwever, 1if you are just starting out and you are faced with purchasing
clants to establish your plantation then you should determine what your th/C
ievels are during your most humid period of the year and then purchase clones
+hat are know to be satisfactory 1in those conditions. By the same token,
persons offering plants for sale should be able to give-..you information on
those plants as to their tolerance to specific levels of th/C. If they can’'t
then they haven't researched their plants properly.

Jiseases below the ground. It 1s a fact of 1life +that if phytophthora is
really persistent 1in a given location then that location is almost certainly
not a satisfactory place for the commercial production of protea flowers and
vou should 1look for other land or forget growing proteas because you will
n2ver beat phytophthora, the best you could expect to do is to control it but
tae cost of this control may not be viable.

At this stage 1t is not possible to be positive whether a plant is resistant
to phytophthora. However there are 1indications that there are certain plants
ci every varilety that do show some resistance in varying degrees and when you
are importing plants 1into your 1local climate from one that 1is greatly
ilfferent to yours you should seek Information from your suppliers as to
2 particular clones which have shown susceptibility or resistance to this

Z2sistance to nematodes. In areas where nematodes are a problem these little
teasts pose a real prcblem and unless the plant has some natural resistance
in will usually start to visibly degenerate by its second year. There 13 no
Zzubt fthat selections can be made of plants that are resistant to nematodes
such as some in Zimbabwe that [ have seen which were showing resistance. When
tutzing grown plants of these were planted in an area known to Dbe highly
:nfected with nematodes they proved to be totally immune to invasion.

servations through-out many plantations in Zimbabwe show that a percentage
plants of every varilety seem to be immune or at least partially resistant
nematode 1invasion but at this stage it 1s not known whether plants
lected in Africa which are showing immunity from their local strain would
So be immune from say the Hawaiian ones or the Australian ones.

o’
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Tolerance to sub zero temperature. Big varliations exist in the sub-zero
tolerances of plants even within a single varlety of a species. For instance
lsp. cord. Riverlea will take temperatures down to -5C for six hours without
damage while on the other hand we have lsp. card. Harry Chittick which will
cnly take -3C for six hours before it shows damage. :

ce again 1f you are making selections from an established seed based
antation most of the screening will already have been done by natural
lection but this does naot however solve the problem of whether plants that
e CK in Joe Boggs plantation over the hill will ©be OK in your plantation
less you both know what your minimum temperatures are and how many hours
“Sose temperatures last because it is the minus degrees below zero multiplied
Oy the haurs 1t lays which will destroy your plants or your crop.



I a1l +this frost factor, abbreviated to £/f and 1t is calculated by

z:ring the minus degrees C. and multiplying that <figure by the number of
hc ws. If for instance you had minus four degrees C for four hours it would
gi vou a f/f of 16, It is important for you to have that information about
yc location and 1t is imperative that it is known in the location where any
se’ tions are being made because if those selections are intended to be used
in y other location where there may be frosts, you must know whether those
plam=s will take your frosts. Therefore for those of you who have to buy
your »lants in or who wish to import from another state or country you should .
kncw w~hat your f£f/f is and your supplier should be able to tell you what the
f/f tnlerance 1s of +the plants they are selling. If they can't then once
agai: they have not researched their stock properly.

- Tolerance to high temperature/low humidity and high light levels. This 1is the
othe: end of the scale from frosts but_the calculation and damage caused by
it is similar to frosts. The results of this will manifest itself in scorched
looking foliage, Dburnt up 1looking flower buds and at times the aborting of
flowers. :

.

Again s=lf selection will have done i1ts job 1in an existing plantation but
when stock 1s being brought in it is 1important to be aware of which leaf
‘types and in most instances their flowers as well will be more tolerant to
high temp/low humidity and high light levels.

In places around the world where you find high light and temperatures, you
will find that those proteas with blue leaves or green leaves with a red
edging are much more resistant than those with green leaves. In
leucospermuns 1t 15 those with grey/blue and/or hairy leaves which are best
and the same with leucadendrons, with reds, blues and/or hairy leaves rather
than those with plain green leaves being most resistant.

As there are so many variables in the temp/humidity/light intensity <that are
possible, it 1s almost impossible to predetermine which will be satisfactory
in any given area but it should be borne in mind that a plant froma
tenperate low 1light area such New Zealand may fry up if it is planted in aa
area such as some parts of California or more than about 15km inland here in
Western Australia.

Ladlies and gentlemen. If you want to make a profit from your proteas thes
you must first research what the markets demand of your product and then look
for the plants that capable of producing that crop viably in your climate. In
the past few years there have been dozens of plants named and proclaimed 8§
being the ultimate 1n proteaceae cut flowers. In many instances these fall
into one of three catagories;-

1. Their product is only suited to a particular market which may be very
small and low priced or it may not be viably matched to any market at all.

2. The plants are only suited to being grown in a particular climate where
the temp/humidity ratiocs, light levels, soil types and rainfall patterns aré
matched to their specific and sometimes very exacting genetlc

characteristics.



-

3 They are no more than a pretty face 1n the garden that looks like a
million dollars on the bush and a disaster at the end of three days travel in
a carton.

if I were starting out now to set up a plantation for the profitable
production of proteaceae cut flowers, [ wouldn't plant a single seedling nor
would [ plant the stock of a single selected clone unless the supplier of the
plants of that clomne could give me all the information Leneeded for me to be
able to mnmake a Judgement that the plants of that clone would grow well in my
climate and produce a product that was viable in my accessable markets.

Thank you for your attention.

[
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TRENDS - THE DECADE AHEBEAD

Philip E. Parvin
University of Hawaii .
Maui Agricultural Research Center
P.O. Box 269, Kula, Hawaii 96790 U.S.A.

INTRODUCTION

I= was with great interest, and some concern that I accepted
president Maggie Edmond's kind invitation to consider with you,
the subject of "Trends - the decade ahead"! After all, it was
only six years ago that Joe Hands provided me a similar
opportunity during his meeting in Adelaide entitled, "Protea
Panorama”. Fortunately, we are only half way through that 10
year forecast, so there is still time to take another look in our
crystal ball and to look alead to the dawn of the 21st century.

Background

How many of you were with us, 10 years ago, when Proteaflora
Enterprises convened the first International Protea Conference at
the picturesque country Inn, Baron of Beef, in the beautiful
Dandenong Mountains of Victoria? It was an historic event! 116
people from 5 countries came together to discuss areas of mutual
ccoperation in the orderly development of a brand new cut flower
crop. Our host, Peter Mathews, challenged us in his introduction
to the conference, saying that the future of the protea industry
depenced upon the extent to which proteas, as a legitimate floral
commodity, could take a significant share of the world market.
This could happen only 1f growers produced the very best flowers

zossible, consistently. In orcder to produce 1lst class flowers,
stcpport was urged for research in the production of hybrids,
propagation, disease control and plantation management. At the

conclusion of the conference, everyone agreed that they would
like to meet again. An interim constitution was adopted, and the
IPA, the International Protea Association, was "off and running”.

Production base

At our second meeting, in 1883, area representatives reported, as
best they could, on the number of acres planted to proteas.
Australia reported 750 acres in the ground, of which 200 were in
oroduction. California - 500 acres and Hawaii 111 acres. Israel
reported 115 acres had been planted and New Zealand - 200 acres.
South Africa reported that only a very small acreage was planted,
while 3 million dollars U.S. was generated in exports from
faterial gathered primarily in the wild. Zimbabwe rounded out
the report with another 200 acres in the ground. So, in 1983, we



estimated that there were approximately 2,000 acres of cultivated
Proteaceae planted, worldwide. I look forward with great
interest to this year's reports, but even 2 years ago, at the 5th
Biennial Conference in 1989, the reports totaled 11,000 acres, an
increase of 9,000 acres planted in 6 years! The most dramatic
increases came in South Africa (7,000 acres in cultivation), and
Australia (1,800 acres). California was next, with 700 acres,
Zimbabwe with 680, Hawaii - 300, New Zealand - 185 acres, Israel
- 78 acres, Madeira -~ 14 acres, Tenerife - 5 acres and E]l
Salvador - 5 acres.

What will the future bring, in expansion of plantings? It is my
fervent wish that we see no "explosion™ of production in the near
future, until we can work toward the solution of some well
defined constraints - both in our ability to produce high quality
flowers, to maintain their quality enroute to the customer and to
market them effectively and profitably.

MARKET POTENTIAL

During our discussions in the Protea Panorama, emphasis was
placed on the importance of determining consumer preference and
demand and controlling production to grow what the customer
wants. During our first 2 decades of an emerging protea
industry, Economist would say that the market 1is production
driven. That is, the novelty value was so high, and the supply
was so low, that almost anything we could get to market was sold,
in other words - production determined what was marketed.

In the decade ahead, it is easy to see two things happening. New
markets - those where proteas are relatively unknown, will
continue to be production driven in the short term. If they
don't know what a protea should look like, they may be a bit more
tolerant of shorter stems, or less than vivid colors, etc. Dbut,
in the 30 years or more, that proteas have been seen on the major
markets of Europe and North America, there is a definite swing to
a consumer driven market. Once a customer - whether that
customer is a wholesaler, retailer or ultimate consumer, gets a
taste of quality, then they are spoiled for 1lifel They will
refuse to accept the lower quality, at the higher price they once
did. The bright and promising future of the protea industry
continues to”f®ly upon producing the highest guality flowers, and
marketing them in a ‘'manner that will produce the highest customer
satisfaction - a market driven by consumer preferences - not by
grower preferences.



size of Market

Is it worth it? Based on the reports from delegates at the last
IPA Conference, world wide sales of proteas were estimated to be
approximately $12 million dollars U.S. (South Africa-$4, USA-3%4,
australia $2.5, New 2Zealand $1, Other $0.5) Herb Mitchell, a
floral marketing specialist, told the Conference that this
represented less than 1/2% of the world's annual expenditure for
flowers and floral products of $25 billion dollars,..U.S.

In the March, 1991 issue of "EUROfloratech", the 1990 per-capita
consumption of floral products in U.S. dollars of the top 15
nations was reported by the Holland Flower Bureau. The U.S.
figure was $48. Multiply that by 250 million people, and you
have a U.S. national market of $12 billion. Trade estimates
generally agree that the market share for "speciality" flowers is
10%, or $120 million dollars U.S. If one agrees with Herb
Mitchell's assumption that proteas could easily represent 2% of
the "speciality" market, then it 1is reasonable to predict that
protea sales in the U.S. alone, could total $24 million dollars

U.S. per year - -a potential increase of 6 times over that
reported in 1989. The exercise could continue by multiplying the
population figures of each <country, by their per capita
consumption (e.g. Norway - $154, Switzerland - $143, Sweden -
$126, Denmark - $116, Italy - $112, W. Germany - $101, and Japan
- $53 per person of flowers, only!, it 1is easy to see why we feel

that there is indeed, a great potential market for gquality protea
production.

RESEARCH

As our founder Peter Mathews put it so succinctly that October
morning, a decade ago, "To produce first class flowers, we are
going to have to do what growers of roses and carnations have
done - i.e. to support research programmes - ..." And in her
talk, "Protea - An International Review", at Protea Panorama II,
3 years ago, Dame Joyce Daws concluded her remarks by urging,
"..support for research ...(as being) wvital to a flourishing
industry”. And we HAVE! For the first time, an international
commodity group has banded together to support two activities,
critical to the development of an industry - PROMOTION and
RESEARCH. Support of these activities, through your annual dues,
has made it possible to provide "seed" money, or matching funds

to encourage research on protea problems of importance to your
area, and to all of us.




Research on proteas has expanded drastically since IPA came into
existence. In 1981, we heard research reports from 2 men from
Scuth Africa, Drs. Van Staden and Jacobs; 2 men from Australia,
Greenhalgh and Nichols and I reported on work in Bawaii. In 1983
- Marketing and ‘Promotions for the North American Markets were
emphasized, and in 1985, the first international protea research
symposium was held in South Africa under the joint auspices of
IPA, and the International' Society for Horticultural Science,
(ISHS) Twenty-four papers and ten poster presentations were
given.,. The complete text of all 34 reports were published by
ISHS in Acta Horticulturae #185. 'Proteas were beginning to Le
recognized on the world stage. In 1987, our New Zealand
conference provided:- us with a balance of current research
reports, local' production practices,; and international marketing.
Our last conference 2' years ago once again jointly sponsored an
international protea research symposium, and gave us an insight
into growing' and marketing - California style. The' proceedings
of the second international protea research symposium containing
16 reports are available in Acta Horticulturae #264.
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~Since I firmly believe that our future trends are based on what
is happening today, let us take a look at some of the research
that is currently in progress, around the world.

IPA RESEARCH GRANTS

The IPA is partially supporting three research projects: one is a
"non-chemical" approach to disease control - Biological control
of Phytophthora cinnamomi in proteas by Pseudomonas cepacia (Lois
Turnbull, University of Queensland), one in cultivar improvement
- The establishment of a selection and breeding program to
produce cultivars of Banksia and Dryandra for floriculture
(Margaret Sedgley, ‘University of -Adelaide) and one 1in tissue
culture - In vitro propagation of Banksia and Conospermum, Eric
Bunn, Kings Park and Botanic Garden). IPA has also approved two
student research scholarships - one to Mark Wright, working on an
entomology project in proteas, in South Africa, and one to Cathy
Girard, working on the effects of temperature and moisture on the
survival of Pseudomonas cepacia, in Queensland.

ISHS PROTEA WORKING GROUP REPORTS "

Immediately following the conclusion of the 23rd International
Horticultural Congress in Italy, August 27 - September 1, 1990,
an international protea research workshop was convened in Israel,
September 2 - 7. The abstracts were reprinted in Volume 21, of
the IPA Journal. It is interesting to see once again that the
focus of research activity depends upon the needs of the clientel



group supporting that activity. The theme for the Israel meeting
was, "Intensive Cultivation of Protea".. Scientists from the host
country reported on cultivation in inert growth media, the use of
grafted plants, and foliar micro-element sprays. Dr. Jaacov Ben-
Jaacov, leader of the protea research project in Israel, states
that, "difficulties in cultivating proteas in Israel are usually
related to soil problems". So 1in addition to 1looking for
cultivars that can grow under their conventional field
conditions, they are also developing systems of .growing the more
sensitive cultivars using volcanic ash and a mix of 3:1 volcanic
ash and peat. For potted plants, peat and 20% perlite is used.
Fertilizer is added with every watering. Of perhaps greater
potential interest to protea growers throughout the world, is the
work currently in. progress in South Africa and Israel on the

development of appropriate rootstocks to overcome soil problems

such as disease and adverse pH. What an exciting development it
would be, 1if we «could establish our protea plantations on
rootstock - resistant to root rots, to nematodes, to high ph and

see the same vigorous growth and production from our superior
cultivars grafted or budded on these rootstocks that we get from
grafted roses or fruit trees! Then, as cultivars became
available, instead of tearing out a field and starting all over
again, we could merely "top work" our newest varieties onto the
established rootstocks and enjoy a significant reduction in the
"down time" before harvesting and sales could be expected. There
is also increasing activity on the cultivar improvement front.
Gert Brits reported on the interspecific hybridization in Protea,
_eucospermum and Leucadendron at the International Congress, and
on breeding programs for Proteaceae cultivar development at the

workshop in Israel. Malan gave papers on improving shoot growth
and flower quality with sprays of Gibberellic Acid and
Zenzyladening, and discussed some of the factors affecting
llowering of Leucospermum cv Red Sunset. The patterns of growth

and flowering, as a guide to future control for market advantage
was touched upon both by Dr. Wallerstein, from Israel, and Steven

Dupee, from Australia. As the number of improved cultivars
increases, the pressure for more efficient methods of rapid
propagation increases. Abstracts of 9 papers concerned with

propagation, from 4 countries are to be found in the proceedings
of the workshop, soon to be published in Acta Horticulturae.

CONCLUSIONS

What are the trends for the Decade ahead? In the short term I
see a "settling out"” period continuing. We may expect to see
some of our growers, who are not serious about the industry, or
who unfortunately are located in less than favorable soil and
climatic areas with no compensating marketing advantage, drop by
the wayside as the market for proteas shifts from Dbeing
broduction driven, to consumer driven. There continues to be a
dright future for an expanding market for proteas. However, in a



.»nsumer driven market, we must be sensitive to what the consumer
vants, and when he wants it. We must continue to educate the
Z»nsumer regarding the existence of proteas and how to handle
vhem. We must continue to improve the gquality of our product,
1ot only in the field, but in the marketplace. We must continue
our efforts to specialize our product line and grow only what we
can grow best and cooperate with others in providing markets with
a dependable, high quality product - throughout the year.

With the final decade of the 20th century upon us, it is time to

"get serious" we can't do it alonetl Through increased
cooperation, . communication and support of research, we can solve
the production problems within our region. Through increased

cooperation, communication and support of marketing and
promotion, we can tell the world about our product, and deliver
it in the form and quality that a consumer driven market demands.

Cooperating and working together within our production area,
within our country, and within the 1International Protea
Association, we WILL see the protea achieve the status on world
markets that it deserves. WATCH OUT ROSES - MOVE OVER ORCHIDS -
HERE WE COME!!| ’
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GRAFTING AND THE USE OF ROOTSTOCKS IN
LEUCADENDRON AND OTHER PROTEACEOUS PLANTS

J. Ben-Jaacov, S. Gilad, A. Ackerman and R. Carmeli
Department of Floriculture A.R.O., The Volcani Center,
Bet Dagan 50-250 Israel
Abstract:

Proteaceous flower production under Israeli conQ}Qions is limited
mainly by soil-root problems, namely: high pH. of the soil,
diseases and nematodes. Grafted plants using selected resistant
rootstocks can overcome these problems. In addition grafting is
being used as a method for vegetative propagation of species which
are difficult to propagate by cuttings.

Species o©f Leucadendron are the main group of Proteaceous plants

being wused, in large scale production, o©of cut flowers and
decorated branches. From the climatic point of view they are very
suitable for cultivation in Israel. The purpose of the present
study was to test the possibility of using suitable rootstocks to
overcome soil problems encounted in the production of
Leucadendrons in Israel and in other places with similar soils.
Wedge-cleft grafting was used. The rate of success was 40% to 100%
depends on season and scions - rootstocks combination.

In experiments conducted in high pH soil (8.2 pH) grafted L.
"Safari Sunset" and L. discolor plants grew very well, whereas
these varieties planted on their own roots suffered extremely by

chlorosis and died 18 months after planting.

Introduction

Species of the genus Leucadendron are the main Proteaceous plants

being used as cut flowers. This genus includes male and female
plants. Both kinds of inflorescences have the potential of being
used as cut flowers and decorative cut branches. There are at
least 25 commercial cultivars belonging to about 10 species which
are being used worldwide as cut flowers.

Most species were orignated in acid soils and all commercial
cultivars were developed for cultivation in acid soils (in

Australia, S. Africa and N.Z.). Few species of Leucadendron were

>riginated in limey soil parts of South Africa. These species are

irown relatively easy in Israel.



sucadendrons have been grown commercially in Israel since the

arly 1970's. Production has been 1limited, mainly, because of
cdifficulties in cultivating these plants. Difficulties are related
to soil problems; too high soil pH, tdo high so0il phosphate and
. s2il born deseases.

About 5 years agb the hybrid '"safari Sunset'" has been introduced
to Israel. In few locations it grows well: - on some soils of the
Golan Heights and on some of the well earated-light soils of the
coastal plane. Some farmers developed a method of cultivating
"Safari Sunset" in volcanic ash trenches. Quality of flowers is
excellent (prices up to $0.35 per étem) énd the yield is good.
These plantations however need special care - daily irrigation and
fertilization. The investment is very high and life spend of the
plantation is very limited.

Some leucodendrons grow very well in Israel and individual plants

(L. muirii) have survived for over 20 years.

The present study describes technologies developed for grafting
several commercial cultivars of Leucadendron on selected

Leucadendron rootstocks. The report includes initial observations

on the performance of several scion/rootstocks combinations under
field conditions. -

The idea to use rootstocks in Proteaceae has been suggested as

early as 1968 by Rousseau. But even though several studies were
carried out on the subject (see the enclosed list of publications)
there is still no use of rootstocks in commercial Proteaceous cut
flower production.

Large assortment of Leucadendrons native in high PH soil have been
introduced to Israel since the beginning of Protea's interest in
this country in the early 1970's. The following species have been

planted and- are grown in several locations in Israel (Table 1).



There 1s a need for using rootstocks and grafted plants, under

Israeli condition, not only in the genus Leucadendron but also “in

other Proteaceous genera: Most Banksias grow well in Israel and
the main reason for grafting is vegetative propagation. The reason

for grafting Protea and Leucospermum is the possibility to use

resistant rootstock.

Methods and Materials

Plant Material:

Experiment no. 1: In experiment no. 1, which was more a small

scale observatioq than a planned experiment, we used ~Orot' (a
local clonal selection of L. coniferum) as a rootstock and L.

discolor and L. "Safari Sunset' as scions.

Experiment no. 2: In experiment no. 2 L. "Orot', L. coniferum

and L. muirii were used as rootstocks - the first one propagated
by cuttings and the other two by seeds. As scions L. discolor and

L. “Safari Sunset' were used. Small scale observations using other

rootstocks and scions are also presented.

Other Proteaceous plants: With Banksias we tried B. integrifolia

and B. ashbyi as rootstocks ~and B. ashbyi and B..coccinea as

scions. In the genus Protea we used P. obtusifolia and P. susannae

as rootstocks and P. neriifolia, P. cynoroides and some selected

cultivars as scions. In the genus Leucospermum the main rootstock

tried was L. patersonii with observations also with L.

conocarpodendron. As scions we used cultivars of L. pattersonii,

selected clones of L. cordifolium and some of the L. cordifolium x

L. lineare hybrids.



Methods of propagation and grafting

Propagation of L.- Orot' (and silver bush) were done by cuttings:
Stem segments, 10 cm long and 2-3 mm in diameter were taken from 2
years old L. “Orot' plants grown in 35 litre plastic containers
containing 75% tuff: 25% peat growth medium. Leaves were
stirpped off the bottom 1/2 of the cuttings. The bases of the
cuttings were placed for 10 seconds in aquaeous solution of 4000
PPM K-IBA. The cuttings were stuck in 1 inch-cells plug trays
("speedling"') containing rooting medium of 50% peat: 50%
styrofoam. Temperature at the bases of the cuttings was kept at

24=C + 2. The rooting was done in a temperature controlled (max

25°C  winter, 32=C summer, . min. 11°C) glasshouse. The
cuttings were kept under intermittent mist (on 20 sec. off 20
min.). Rooting of 55-75% occured 8 weeks after stuckings, when

the rooted cuttings were repotted into 5 cm. plastic pots.
Grafting was done 3-6 months after repotting when the plants were

actively growing (Fig. 1 and 2).

Other rootstocks; L. coniferum, L. muirii and L. linifolium were

propagated by seeds. Seeds were sown in October and seedling were
ready for grafting 10-12 months after germination. Stem segments,
5 cm. long with 2 fully developed leaves (see Fig. 2) were used as
scions. The top - w<left grafts and the side grafts were tied with
plastic stripes and covered with white plastic bags. Most
successful grafts started sprouting 2-3 months after grafting (2-3

weeks after removing the white plastic logs.).



The plantation:

Soil and soil preparation: The experimental field is located at
the Dept. of Floriculture, A.R.O. The Volcani Center, Bet Dagan.
The soil is sandy loam, reach in lime agrigates. The pH is 8.1 -
8.4 at depth of 10 cm. The soil was ploughed well to depth of 40
cm. treated with Methyle Bromide and leached well“before planting.

Planting was done in experiment no. 1 in May 1989 and in
experiment no. 2 in May 1990. Plants are watered with on-line
(3/meter) 2 1liter/h. drippers. Watering is done once a week
providing 2 liter/plant/day. Every irrigation., includes 100 g/m3
ammonium sulfate, 30 g/m® Potassium nitrate 2.5 g/m>3 Fe
Chelate (Sequestreen) and 30 ml/m>3 microelements complex

("Korateen').

Plants were planted 3 meters between the rows and one meter
between plants in the rows. A strip of ''ground cover'" (one meter
wide) was placed along the rows to conserve soil moisture, and

prevent weed growth.

Results and Discussion

Grafting

Some initial results of graft take are presented in Table 2
(Experiment no. 2). The main groups tried were "orot", L.
coniferum and L. muirii as rootstocks and "Safari Sunset"”, L.
discolor and L. '"Yaeli" as scions. When this plant material was
grafted in late full, winter and mid spring 40-100% graft take was
achieved. Early March seems to be generally favorable date for
grafting of all combinations. There is still no sufficient data to

indicate favorable rootstock/scion combinations.



owth response under field conditions

zperiment 1: This experiment included 2 groups of plants planted
1 adjacent rows. In one group the plants planted in the following
der:

"Orot"

"Safari Sunset'" on its own roots
3) '"Safari Sunset" on "Orot"
4 "Safari Sunset'" on its own roots.
5} "Safari Sunset" on "Orot". '

In the second group '"Safari Sunset" was exchanged by L. discolor.
Within 18 months all the 4 plants of '"Safari Sunset'" and L.
discolor grown on their own roots died (Fig. 3 Table 3). The
grafted plants and the '"Orot" rootstock grew very well - at least
as good and even better than '"Safari Sunset'" plants in identical
age grown on their own roots in best plantations in the country
(in volcanic ash artificial medium and on low pH sandy loam of the
coastal plane of Israel. Grafted L. discolor grow well and produce
very dense bushes, denser than L. discolor grown on its own roots
in sandy soils. Now, the 2 years old grafted piants are continuing
to grow very vigorously.

N

Experiment 2: The main part of Experiment 2 include 3 rootstocks:

L. "Orot", L. coniferum, L. muirii and 2 cultivars; L. "Safari
Sunset" and L. discolor. Each treatment (& scion/rootstock
combination) included 3 blocks of 4 plants each. It is clear that
these cultivars grow better when grafted. The different rootstocks
produced different rate of growth. "Orot" seem to be the

strongest, followed By L. coniferum and L. muirii.

Based on these limited information (Table 4) there seem to be no
interaction between the scions and the rootstocks. The effect of

the rootstocks seem to be however more pronounced with "Safari



Sunset' than with L. discolor. L. muirii produced slower growth of
the grafted plants than the other 2 rootstocks. The color of the

scions folliage is deeper green when grated on L. muirii.

Since 1t 1s hard to grow Leucadendrons in most soils in Israel,
the above technology may make it possible to grow successfully L.
"safari Sunset" and L. discolor in much wider range of soils. In
addition, the proposed method may make it possible to grow in

Israeli soils much wider range of Leucadendron cultivars.

Continuation o©of the present study and further planting of other
scion/rootstock combinations may lead to specifically selected

scion/rootstock/soil combinations.

Results obtained with other Proteaceous genera

We were successful 1in grafting only few Banksias. Scions of

selected Banksia ashbyi clones were grafted successfully on one

year old B. ashbyi seedlings.

Rate of grafting success was very low (10-15%) but these grafted
plants grow well in our experimental plantation (see method and

material - The plantation).

In the genus Protea best results both in grafting take and of

being used as rootstocks was achieved with protea obtusifolia. We

have not encountered any in compatibilty problems even P.

cynaroides was grafted successfully on P. obtusifolia.

With Leucospermum grafting is very easy. We have not, however,

identified the most suitable rootstock. L. pattersoni seem to be

the best - it is very lime (high pH) tolerant. However it has

relatively short life span and it is sensitive to nematodes.
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rable 1: Relative success, use and adaptability of

— Leucadendrons grown in Israel.

Species Relative distribution= Comments
successY

.. argenteum ++ + 5 meter tall trees on

- sandy loam soils of
the coast.

Life span 15 years.

;. coniferum ++4 + -

.. discolor ++, ++ 2 local clones.

- 3 hectares commercial

. plantations. Flowering
starts at 3rd year.
Life span 6-10 years.

L. galpinii +4++ ++ Few commercial
plantations. limited
commercial value.

. Laureolum + + -

meridianum +++ + Sold as silver bush.
Limited commercial -
value.

L. muirii +++ + Grow very slowly but
very well. Have long
life span (20 years
up) .

L. “Yaeli' (L. salignum) ++ + A local selection of
vyellow salignum.

v Relative success = = Distribution

Tt Grow very well. +++ = Widely distributed. There are

Grow well.
Difficult to grow.

commercial plantation.

+
+
non
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Restricted distribution.
Very restricted indistribution.



Species Relative distribution= Comments
successY

L. thymifolium +++ + May have commercia:
value

L. tinctum ++ + -

L. uliginosum +44 + Sold as a silver byg
Limited commercial
value.

L. "Safari Sunset' 4+ +++ Grows well on volcar
soils and artifi----
"tuff'" trenches.
variable succes:
sandy soils of «t.
coast.

L. Orot' (L. coniferum) 4+ + A new, cuttings'
propagated rootstc::
-selection.

¥ = Relative success = = Distribution

+++ = Grow very well. +++ = Widely distributed. There ar:z

++ = Grow well. commercial plantation.

= Difficult to grow.

++ = Restricted distribution.
= Very restricted indistributicn

w

[Re]
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Table 2:

Percentage take-off Leucadenaron grafts

Rootstock

Scion

grafting

”OI_‘Ot”

"Safari Sunset"
Salignum "Yaeli"
discolor (early)
discolor (late)

Muirii"

"Safari Sunset"
Salignum "Yaeli'"
discolor (early)
discolor (late)

60
40

Coniferum

"Safari Sunset"
Salignum 'Yaeli'"
discolor (early)
discolor (late)

20
80

« sy

Uligonosum

Salignum "Yaeli"

60

Linifolium

discolor

"Safari Sunset"

oo

x —_

= At each date 50-70 plants were grafted.



The effect of "Orot''

rootstock on survival and

growth of Leucadendron "Safari Sunset' and L.

discolor planted in Sept.

1989 and measured in

June 1991.
Scion Rootstocks Gain in stem diameter
11/90 - 6/91
(mm)

L. "Safari Sunset" "Orot" 16.5
" " Own roots 0 (plants died)

L. discolor "Orot" 11.5
! Own roots 0 (plants died)

L. 'Orot" Own roots 19.5




Table No. 4: The effect of Leucadendron "Orot", L. coniferum and
L. muirii rootstocks on gain in stem diameter (mm
and %) of L. "Safari Sunset", L. discolor and L.
"Yaeli". Planted in May 1990 and measured in June -

1991.
Scion Rootstock Gain in stem diameter
~ 11/90 - 6/91

(mm) %
L. "Safari sunset' L. "Oorot" 11.0 208
L. "coniferum'" 10.7 202

L. "muirii" 7.0 132

- Own roots 5.3 100

L. discolor L. "coniferum" 7.3 183
L. "muirii' 5.0 125

Own roots 4.0 100

L. "Yaeli" L. "muirii'" 4.0 -




"Orot" (a cloner selection of Fig. 2: A grafted plant ready for outdecu

L. coniferum) plant ready for planting. Three months after

grafting. grafting.

- cuttings stuck Feb. 25, 1990. Scion: L. "Safari Sunset"
photographed May 25, 1990 Rootstock: L. "Orot".

Eighteen months cld plants of grafted and own roots groun
"Safarl Sunset" plants.

Front row-center; "Safari Sunset" grafted cn "Orot" rootstock:
On its both sides "Safari Sunset" oplants arown an theie oo
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REVIEW OF FLORICULTURAL RESEARCH IN SOUTH AFRICA, WITH
SPECIAL EMPHASIS ON THE PROTEA CULTIVARS RELEASED
BY THE FYNBOS RESEARCH UNIT

J.H. Coetzee and G.J. Brits
Fynbos Research,
Vegetable and Ornamental Plant Research Institute
Private Bag, Elsenburg 7607, South Africa

South Africa is a country with a most interesting plant kingdom.
More than 22 000 different plant species are found in this
region. Some of the world's best-known flower crops like
Gladiolus, Freesia and Pelargolium were developed from this gene
source.

The flora of southern Africa can be divided into six phyto-
geographic regions (Fig 1), of which the Cape Floristic Region
or Cape Flora is the smallest. Although it is less than 4% of
-the total land area of the southern African region, it is
considered one of the world's Floral Kingdoms and is also
referred to as the Cape Fynbos. With more than 8 504 species the
Cape Flora (Bond & Goldblatt, 1984) is one of the most stunning
floral regions in the world. Due to the tremendous diversity and
potential of the flora, there are several research organisations
in South Africa and abroad who are involved in the conservation
and utilization of the plants.

-
-----

scemmmemmaayas
~

6

Figure 1. The phytogeographic regions of Southern Africa
(Goldblatt, 1978) 1. Zambezian Region; 2. Kalahari-
Highveld Transition Zone; 3. Karoco-Namib Region;
4. Tongaland-Pondoland Region; 5. Afromontane Region;
6. Cape Region.



Establishments such as the Department of Environmental Affairs
in South Africa are mainly concerned with the conservation of
flora. The function of this department is to protect threatened
species and to see that the natural habitat is not disturbed and
fragmented. However, a vast amount of flowers in South Africa
is picked in the natural environment and it is therefore
important that the exploitation is monitored.

The role of the National Botanical Institute is to develop and
maintain regional botanical gardens, such as the world-renowned
Kirstenbosch. The Institute also pays attention to a variety of
botanical subjects such as taxonomy, ecology and the protection
of threatened species. Several of the country's universities are

also involved in botanical research projects on the indigenous
flora.

Research on the floricultural potential of the indigenous flora
of Southern Africa is mainly the responsibility of the Vegetable
and Ornamental Plant Research Institute of the Department of
Agriculture. The Institute has a floricutural research unit
stationed at Elsenburg, outside Stellenbosch (Fynbos Research
Unit) and its head office at Roodeplaat, outside Pretoria.

The objective of this unit is to develop new floricultural crops
by making use of the natural gene sources of southern Africa.
In other words, new flower cultivars must be developed and
existing cultivars must be improved.

Certain plant families have been identified that show good
floricultural potential, namely:

Proteaceae
Ericaceae
Asteraceae
Bruniaceae
Amaryllidaceae
Iridaceae
Hyacinthaceae

The basis of the research programme is the establishment and
maintenance of a gene-bank. The collection consists of plants
that show outstanding potential and that can be used in the
breeding programmes.

In the Proteaceae gene-bank there are more than 1 000 different
selections of species, varieties and ecotypes. Cultivars
developed by the Institute and collected from elsewhere, are also
maintained in the collections. These cultivar collections serve
as a mother block for multiplication. An attempt is being made
to collect and conserve important protea cultivars from over the
world in this protea gene-bank.

Breeding and selection

. 'The aim of these research actions is firstly to develop new and

improved protea cultivars and secondly to develop flower bulb
cultivars. Of the latter type especially those that are diseasé



resistant, such as Gladiolus cultivars that are resistant to the
rust fungus, Uromyces transversalis. An attempt is also made to
develop improved cut flower cultivars such as an orange or yellow
ornithogalum cultivar. Much attention is also being given in the
pulb breeding programme to the family Amaryllidaceae, because
there is a large number of species in this family ‘that show
potential both as cut flower and/or pot plant cultivars.

The flower bulb breeding programme has already released a very
successful series of Lachenalia cultivars to the industry. At
present 20 of the cultivars are being multiplied and will be made
available world-wide from an international company.

The aim of the Proteaceae breeding and selection programme is to
develop new and improved cultivars that have, amongst others,
smaller inflorescences and that also flower out of season. To
achieve these aims, artificial crosses are being made and an
intensive selection and evaluation programme is being followed.
The development programme followed for releasing a protea
cultivar can take 8-12 years and involves the following:

If a hybrid seedling or selecticn should start flowering, the
flower 1is evaluated. When a plant shows potential as a cut
flower, foliage, pot plant or for landscaping, it is given a code
number and the plant is included initially in the collection as
phase I material (pre-evaluition phase). This plant is then
multiplied by vegetative propagation, and during the evaluation
phase, including three years of flowering, is classified as phase

IT material. Fully evaluated selections are phase III. Those
with cultivar potential are given the status of 'elite
selections'. The final evaluation is then made which will
determine whether the candidate cultivar can be released. If the
cut flower meets with the requirements, the material 1is
multiplied on a large scale, and evaluation on the flower markets
is now also done. Only if the elite selection meets all the

requirements, is it registered as a cultivar and plant breeder's
rights are taken out.

The Fynbos Unit has already released the following 35 cultivars
to the industry.

LEUCOSPERMUM

Tango (L. lineare x L. glabrum F, hybrid):

A brilliant red flower with an unusual flower head shape and high
vield as a result of hybrid vigour. Leaves are particularly neat
and flowers can be produced to the end of November with
debudding.

Ballerina (L. lineare hybrid):

Attractive, soft pink-orange flowers which display well in
artifical light. Marketable flowers are produced until January
by means of disbudding, on straight, neat, long stems. They can
also be used as flowering pot plants.

Starlight (L. lineare selection):
An unique bicoloured flower (creamy-white and red) which



naturally blooms late and can be made to flower up to December
by debudding. The most outstanding characteristic of the flower
i{s its long stems (up to 1 m) with a highly attractive purple-red
colour and fin linear leaves.

High Gold (L. cordifolium Yellow Bird x L. patersonii);

A vigorous, erect grower producing long stems with large yel}ow
flowers. This cultivar bridges the problems of both Yellow Bird
and L. patersonii and has a high yield as a result of hybrid
vigour. It can tolerate slightly alkaline soil.

viam (L. cordifolium);

The largest red pincushion available - diameter 12 cm. Flower
colour: deep orange-red, style tip yellow. Peak flowering time:
early October to mid-November. It has strong, erect stems, and

produces a good late harvest after debudding or ethephon
treatment.

Goldie (L; cuneiforme)

Flower colour: deep yvellow with orange-red style tips. Peak
flowering time: early November to mid-December.

Helderfontein (L. glabrum):

Outstanding L. glabrum. Flower colour: deep orange-red. Peak
flowering time: mid-August to mid-October.

Luteum (L. reflexum var. luteum):

Flower colour: medium yvellow. Peak flowering time: early
September to end October.

Scarlet Ribbon (L. glabrum x L. tottum):
Flower colour: deep salmon pink. Peak flowering time: early

September to mid-October. Exceptionally vigorous grower with a
high yield.

Sunrise (L. cordifolium x L. patersonii):
The earliest pin-cushion cultivar available. Flower colour:
medium red. Peak flowering time: early August to mid-September.

An exceptionally vigorous grower due to strong hybrid vigour, can
tolerate slightly alkaline soils.

Flamespike (L. cordifolium):

Deep red, small flower head. Peak flowering time: early
September to mid-October.

Fire dance (L. cordifolium)
Flower colour: .. Deep red (like Flamespike). Peak flowering time:
early September to mid-October. It has smallish flower heads.

Pink Star (L. ccrdifolium):

Flower colour: deep pink-orange. Peak flowering time: early
October to mid-November.

Caroline (L. cordifolium x L. tottum):
‘Medium pink-orange flowers on long, thin stems. Peak flowering
time: early October to mid-November. Exceptionally high yield.



Yellow Bird (L. cordifolium):

Flower colour: Medium yellow. Peak flowering time: early
September to mid-October.

PROTEA

Guerna (P. repens):

Selected from the Kouga variant of P. repens. Flower colour:
deep red. Peak flowering time: end December to mid-February.

Sneyd (P. repens):

A medium-sized, deep red flower of the Allcedale wvariant. It has
a high yield and good stem length, flowering from mid- -January
to March, i.e. between P. repens, Guerna and Embers and forms a
continuous series (early February to end March).

Embers (P. repens):

A medium-sized flower, each bract a deep red at the tip and
creamy-white basally. It has a shiny, smooth texture and flowers
after P. repens Sneyd in March to mid-May. It forms the last in
a continous P. repens series, Guerna - Sneyd - Embers.

Rubens (P. repens):

This deepest of red P. repens flowers from February to March and
along with Guerna and Sneyd gives a continuous flower-season from
the end of December to May. It is especially suited for the
garden.

Andrea (P. compacta x P. magnifica):

Produces a large pink-red flower with numerous series of bracts.
It has a high production; long, straight stems; flowers from
mid-July to mid-September.

Brenda (P. compacta x P. burchellii):
A medium-sized, deep pink-red flower with a shiny, smooth
texture. It has a high yield and flowers from May to July.

Cardinal (P. eximia):

An outstanding eximia type. Has a medium-sized, deep pink-red
flower with a satin sheen. Long, straight stems and hlgh vyield;
flowering time is November to February.

Red Baron (P. obtusifolia x P. compacta):

A medium-sized flower with dense, deep red bracts lined with
short, white hairs. It has a high yield and flowers from mid-
June to mid-September.

Satin Pink (P. longifolia hybrid):
A small, multicoloured flower with soft pink-red and cream
shades. It has a high yield and flowers form June to mid-August.

Susara (P. magnifica x P. susannae):

A small to medium flower with an unusual shape, having soft
salmon pink and light red shade. It has a very high yield and
flowers from mid-March to May. It can tolerate slightly alkaline
soil.



Sylvia (P. eximia x P. susannae) :
A medium-sized, deep pink-red flower with satin sheen. It has
a high yield and flowers from November to February.

Atlantic Queen (P. magnifica):

A strong grower with a high yield of reasonably long stems.
Propagates well from cuttings. Produces large, pink flowers from
June; can be used as a cut flower or a garden plant.

Fiery Duchess (P. eximia):

This selection is a superior P. eximia. It grows into a tall
shrub with a high yield of deep red flowers on long stems. It
is suitable as a cut flower as well as a garden plant with a
tidy, dense growth form.

Red Robe (P. neriifolia):

A good P. neriifolia selection with an attractive plant shape.
The bright red flowers are conspicuous and the plant is a strong
grower that flowers in June until August. It is well suited as
a landscape plant.

Pink Duke (P. compacta type):

An outstanding P. compacta type flower. The inflorescence 1is
larger than P. compacta with a denser involucre, and has a
delicate, yet bright pink colour. It flowers from June to August
and is suitable for cut flower production and as a garden plant.

Red Rex (P. cynaroides):
This deep red P. cynaroides flowers from November to mid-December

and is a strong grower that produces long, flowering stems. This
plant is suitable for both cut flowers and as a garden plant.

LEUCADENDRON

Candles (L. salignum):
A conebush with deep red bracts surrounding the flower-head,

alternating with yellow and orange shades on the inside. It
flowers from April to August.

Duet (L. salignum hybrid):
This hybrid produces bright red to yellow inflorescences that
give the shrub a bicoloured appearance. It flowers from June to

September. The height of the shrub is 1,5 m and it is an unusual
landscape plant.

Winter Red (L. salignum selection):
A low growing &®nebush. The flower is red outside and yellow on

the inside, with an attractive shape. It is suitable as a
landscape plant.

Pom-pom (L. discolor selection):
Bears long, straight flower stems and large yellow involucral
leaves with a bright red male pom-pom inflorescence. It flowers

from September and is suitable as cut flowers. Available in
limited amounts.



Crop Science. Of the many problems that arise when
developing new crops, it 1s essentially necessary to solve
cultivation problems so as to ensure that the new crop can be
produced successfully.

In the field of crop science, the Fynbos Research. Unit is at
present developing techniques to mass propagate selected plant
material. Research is undertaken here on aspects such as tissue
culture, micro-propagation and ordinary vegetative propagation,

including grafting and budding of proteas. The pruning of
proteas has become a very important practice of which, until now,
little is known. The right pruning practices could make it

possible, for example, to induce the plants~to bear longer
flowering branches.

Certain Leucospermum, Leucadendron and Serruria varieties are
developed as flowering pot plants. This development could open
up a whole new market for proteas. Presently attention is
directed to identifying suitable varieties. The manipulation of
mother plants is studied, as well as other techniques, in order
to develop suitable products.

Plant protection

Diseases and insect pests are amongst of the greatest problems
that adversely affect the development of the floral industry.
Serious objections have already been raised by environmentalists
about the use of toxins to produce flowers. This could have
serious consequences for the protea industry. Attempts are
therefore made to develop environmentally friendly control
methods.

Another serious project is to develop a pincushion rootstock that
is tolerant against the root rot fungus, Phytophthora cinnamcmi.

Heavy emphasis is also placed on biological control of insects,
like borers.

It is clear that a wide field of research is being carried out
in South Africa at present. It is, however, also true that we
have only scratched the surface of the rich plant kingdom of
southern Africa, and that a great potential still 1lies locked
away.
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CONTROL OF SEED DORMANCY IN LEUCOSPERMUM
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ABSTRACT

Control of the multiple dormancy imposing “'mechanisms in
Leucospermum is important in Dbreeding projects and in
commercial seed propagation. Although some species such as L.
cordifolium can now be germinated with 97% success with viable
seed, others such as L. reflexum remain relatively unyielding
to known dormancy breaking treatments. Seed dormancy was
studied within the eco-physiological context. Dormancy
parameters investigated include optimal daily alternating
temperature requirements in six commercial species, anatomical
seed coat properties associated with dormancy and dormancy

breaking mechanisms operating in nature. It was found that the
"heat pulse" effect of fire is probably a desiccation effect on
the testa. Gradual scarification of the seed cocat 1in the

ground can be linked to improved oxygenation of the embryo.
This explains both the post-fire phenomenon of synchronous
germination of the majority of seeds in the underground seed
bank and the erratic, extended germination of a fresh seed
batch. Dormancy control measures are discussed.

INTRODUCTION

Germination problems of Leuccspermum have interested scientists
and growers for over 50 years. Environmental factors
identified so far which control germination include: diurnal
high temperature, diurnal low temperature (Brits, 1986) removal
of oxygen deprivation (Van Staden & Brown, 1973) and, possibly,
"heat pulse" after fire (Bond et al, 1990). Success rates of
up to 97% successful germination of viable seed is presently
possible with Leucospermum cordifolium (Brits, 1990). Some
species however are still difficult to germinate. It 1is
essential in Leucospermum breeding to have full control over
seed dormancy.

The Protea industry can not be neutral to the pressing issues
of conservation biology (Greyling & Davis, 1989). The
harvesting of flowers from the wild creates additional
pressures on populations, some of which are vulnerable or even
endangered (Rebelo & Holmes, 1988). Seed biology research is
an 1integral part of conservation research which clearly
concerns the Protea industry. Indeed the whole of the protea
world has an interest in the conservation of the natural gene
pools of commercial Proteaceae species - and should therefore
support conservation seed biology research of these species.



z number of studies have been conducted recently to unravel ti. .
cormancy mechanisms 1in Leucospermum and to develop an eco-
rhysiclogical model for seed regeneration. These are reported
in logical sequence below in order to outline the model.

RESULTS AND DISCUSSION

Germination temperature reguirements in 6 Leucospermum species
The germination temperature regime required for Leucospermum

cordifolium seed germination was previously estimated at
diurnal 8 °C low x 24 °C high. This regime corresponds
reasonably closely to soil temperatures in the habitat
following a fire, during the 1late autumn seed germination
season (Brits, 1986). The guestion was: to what extent does
the L. cordifolium regime apply also to other species?

Seeds of six species were scarified in concentrated sulfuric
acid, washed and soaked in water for 24 h. They were incubated
under 15 different temperature regimes, using 6 replicates of
25 each. The regimes were 4 ©°C, 10 °C, 16 °C, 22 °C, 28 *°C and
all combinations of these. The lowest temperature in all cases
were maintained for 16 h and the high for &8 h daily.
Tetrazolium tests were conducted on all seed ©batches to
estimate viability. Germination was recorded weekly. The
species were Leucospermum cordifolium, L. cuneiforme, L.
erubescens, L. glabrum, L. reflexum and L. vestitum.

The results showed that the requirement for alternating

temperatures 1is common in Leucospermum (Fig. 1). Furthermore
that 1in some species these requirements are very specific
(e.g.. L. glabrum) whilst in others there is more latitude
(e.g.. L. cordifolium). A previous conclusion that species

differ in the temperature levels required 'and that this 1is
correlated with the climatic regime of their habitat, is also
supported by the results (e.g.. L. reflexum vs. L. glabrum).

Some species did not germinate completely when evaluated
against viability data. L. glabrum for example germinated only
two-thirds of its viable seeds. It is not known why a large
portion remained dormant.

-

Effects of heat pulsing, dehvdration and rehvdration on the
testa of Leucospermum cordifolium

The majority~ of Leucospermum seeds in nature germinate
uniformly en masse after fire (Rourke, 1972). ttempts have
been made to correlate the germination response of seeds with
heat pulse intensity i.e. with direct effects of heat (Bond =t
al, 1990).

The pericarp of Leucospermum cordifolium seeds were removed LYy
‘soaking the seeds in lukewarm water for 2 h and by rubbing.
Seeds were redried and those with an intact exotesta were
selected under the stereo microscope. Intact seeds were
subjected for varying periods to 30, 40, 60 and 30 ©°C in =2n

-
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oven with forced ailr circulation. Seeds were Xkept at room
temperature in airtight bottles for 2 h after removal from the
oven. The degree of breakage of the exotesta was Jjudged on a.
0-10 scale by inspecting seeds under a stereo microscope.
Seeds were subsequently thrown into water (20 °C) without
delay, for 1 min. After redrying the exotesta was removed by
hand and the degree of endotesta breakage judged on a scale: 4
- parts of endotesta broken out, exposing the embryo, 3 -
visibly cracked, 2 - hairline crack when wetted, 1 - no cracks
but breaks if pressed between fingers, 0 - does not break with
finger press test. Embryos were then extracted and treated
with tetrazolium to establish the effect of heat treatments on
seed viability. Viability was scored as the proportion of each
embryo coloured, on a scale 0-10.

Heat intensity and duration correlated positively with the
degree of breaking of both the exotesta and the endotesta. A
typical response was the result of exposure to 60 °C (Fig. 2).
The breaking of the testa layers was apparently due only to the
desiccation effect of the heat treatment (separate results not

presented here). At maximum average breakage the exotesta was
approximately 30% and most.endotestas were visibly broken. The
viability of embryos were not affected significantly. The

results suggest that in nature desiccation by fire could break
the exotesta and the endotesta as well, if fire is followed
soon by rain. Repeated cycles of dehydration/hydration caused
by normal hot summer weather followed by summer rainy spells,
especially after fire, can presumably also contribute to the
progressive weakening of the hard endotesta. This could
relieve mechanical constraint of emerging seedlings.

A practical method employing the desiccation principle would be

to remove the pericarp (by soaking and rubbing), sun-bake seeds
in warm dry weather (+ 40 °C), then throw seeds in water and
redry. Successful treatment 1s indicated by seed coats

becoming brittle under finger pressure.

Effects of scarification, oxygenation and Yheat pulse' on
germination of Leucospermum seeds

The effects of heat pulse and various related treatments were
determined on seed germination response. The objective was to
discern between the effects of oxygenation, desiccation and
heat. The species investigated were L. cordifolium, L. glabrum
and L. reflexum.

TreatmentéﬁAThe pericarp of Leucospermum seeds were removed
by soaking the seeds in lukewarm water for 2 h and by rubbing.
Seeds were redried and those with an intact exotesta were
selected by stereo microscope. Treatments 2, 4, 5 and 6
received similar "background'" heat treatments.

1. Control 1: remove pericarp only - exotesta intact.

2. Control 2: As 1., pretreat at (55 °C x 100% RH x 7 min.) +
(40 °C x 100% RH %X 6 h); cool [giving similar background heat
treatments as in 4, 5 and 6].
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Fig. 2 L. cordifolium seeds treated for various periods at

constant 60 °C: degrees of breakage of exotesta and endotesta,
the latter following immersion in water after cooling; and
tetrazolium viability scores - see explanation of methods and
scales 1n text. Each wvalue represents the mean of two
replications of 10 seeds each.

3. Acid scarification 8 min. (standard procedure).

4. Hand remove exotesta completely. (preheat 55 °C x 7 min. to
partially remove exotestas to facilitate removal) Rehydrate at
(20 °C x 100% RH x 16 h) [i.e. eliminate desiccation effects].

5. Heat pulse - exotesta only: 55 °C x 7 min. i.e.- partially

remove exotesta; apply (40 °C x 6 h) as in 6; rehydrate at (20
°C x 100% RH x 16 h).

6. Heat pulse - exotesta as in 5. + desiccate endotesta at (40
°C X 6 h); cool at (20 °C x 2 h) in airtight bottle followed by
cold water immersion (20 °C x 10 min.); dry seeds with paper
towel.

7. Acid scarification 8 min. + oxygen incubation in 1 1
flasks.

Seeds were disinfected with thiram powder treatment and
incubated under a temperature regime of (25 °C x 8 h) + (10 °C
X 16 h). Six replications of 25 seeds were used per treatment.
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Fig. 3 Influence of scarification, oxygenation and heat pulse
on germination of Leucospermum glabrum seeds (see text for
explanation).

Results: The parity found between treatment 1 (untreated
seeds) and treatment 2 (preheat control) in L. glabrum was
typical for the three species (Fig. 3). It demonstrates that
the effects of heat pulse is not related to physiological
changes caused by high temperature. Hand removal of the
exotesta gave a response on a par with acid scarification
(difference not statistically significant). This suggests that
the exotesta plays an important role in oxygen exclusion from
the embryo. Additional oxygenation by incubation in pure
oxygen did not increase germination any further. "Heat
pulsing" of the exotesta alone had 1little effect, but heat
pulsing of both exo- and endotesta resulted in significant
increases over controls. The results suggest that in nature
degradation ~ef both the exo- and endotesta could result in
increased oxygenation of dormant seeds.

Extended germination of Leucospermum cordifolium seed

Observations of erratic germination of many Proteaceae seeds
within the first germination season and even over subseguent
seasons are well documented (e.g.. Knight, 1809; Van Staden &
Brown, 1973) but this has never been studied systematically.



Fresh intact seeds of L cordifolium were oxygenated with 1%
H,0, or soaked in water and the pericarps removed. Seeds were
sown in a seed bed in autumn 1986. Six replicates of 25 seeds
were sown 1in a randomized block design. Germination was
recorded weekly for 20 weeks in the first winter season and in
each subsequent winter until 1990 (5 germination seasons). The
seed bed was weeded continually to maintain a sun-exposed soil
surface.

The results show that H,0, oxygenated seeds gave a much
stronger germination response than untreated seeds (Fig. 4).
Sporadic germination occurred continually over five germination
seasons, demonstrating that seeds can remain viablie underground
for extended periods. It was noted that seeds germinated only
during autumn and early winter each year (Fig. 4). The results
support the model of long-living, soil-stored seeds in which
the testa 1is gradually scarified leading to the extension of
germinatio. over several seasons only during a cool winter
germination season. If dormancy conditions in the wild are
reimposed after the first germination <eason then germination
could be postponed until after the occurrence of the next fire,
thus buffering the species against a possible catastrophe that
could decimate the population before maturity. The results
also support the model that most of the soil-stored seed bank
would be in the scarified condition with mostly seeds of the
latest flowering season being 1in a partially scarified
condition. This suggests that after fire the majority of seeds
would germinate synchronously during autumn with only a very
small proportion remaining dormant; some of the latter will
germinate erratically during the first autumn/winter after
fire.

Seed anatomy in Leucospermum
The cbjectives of this study were:

to study the origin and structure of the different seed
covering layers in relation to their functions;

- to study the fates of the seed covering structures in
relation to their functions;.

- to resolve the conflicts in terminology and interpretation
present in the literature of Leucospermum.

A large number of inflorescences of L cordifolium cvs Vlam and
Yellow Bird were marked on the same day at the beginning of
anthesis. Developing ovules were collected weekly from these
until mature seeds were released at week 13. Collected
material were fixed in FPA or stored dry, and light and SEM
microscopy performed on especially the covering structures.
The results are presented in Table 1.
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Table 1 Principal Leucospermum seed covering structures
identified, typified and their functions.

Structure Tissue type Functions Fate

Elaiosome parenchyma attracts ants, => eaten by ants;
= pericarp dispersal into soil decomposed
= outer layer at 20-50 mnm; nmicrobiallly

Therefore true seed survives, germinates in soil

[Vascular Xylem transports eaten, dries]
bundles substrates, H,0
Exotesta Jrignified absorbs water; broken by desic-
3-5 cell excludes 0, from cation;
layer; + enbryo; decomposed
thick cuticle extends germin. microbially
Endotesta palisade: absorbs water; broken by
. sclerified protects embryo desiccation/

single cell mechanically hydration
layer




CONCLUSIONS

1. The elaiosome is removed soon in the soil leaving only the
true seed.

2. Low and high daily germination temperature requirement are ”
common 1in Leucospermum species but individual species differ
considerably in their requirements.

3. Temperature requirements are correlated with habitat climate
regime.

4. The exotesta excludes oxygen from the embryo in intact seed
and is gradually removed by desiccation effects and microbial
decomposition. This leads to extended germination of a fresh
seed batch; a scarified seed batch will germinate immediately
and synchronously given other favourable conditions.

5. The endotesta mechanically protects the embryo indefinitely
underground. The embryo remains viable for a long period. The
endotesta is broken gradually by dehydration/hydration cycles
and this may further enhance germination.

RECOMMENDATIONS

The following methods are recommended especially for breeders
of Leucospermum who wish to maximize germination of selected or
hybrid seed. The steps are simple and safe to follow.

1. During high summer: remove the pericarp by socaking seeds in
lukewarm water for 2 h, transfer to linen bag, rub vigorously,
wash gelatinous skins (elaiosome) away. Dry seeds thoroughly
in tray.

2. Place dried seeds in hot sun for at least 5 h. Throw into
water in very dry condition for five minutes. Dry with paper
towel. Seeds should break under finger pressure if treatment
was successful. (Store if necessary.- until autumn).

3. In autumn: soak seeds in 1% H,O0 for 24 nh. Dry

superficially with paper towel. Dust seeds with thiram wp @
0,5 g per 100 seeds - very lightly, black seed coat must be
clearly visible under thin layer of fungicide.

4. Sow immediately in disinfected, sun-exposed, sandy seed
bed.
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Introduction

Western Australia has over 500 taxa of proteaceous plants. Long
periods of climatic and geologic isolation has resulted-in a high rate of
endemism in the native flora. Many unique and floristically outstanding
proteas have evolved during these times. Unfortunately this isolation has
resulted in a susceptibility to invasive pathogens and weeds which
accompanied broad scale agriculture and other land use patterns
introduced by white settlement over the last 150 years.

The floristic impact and value of many native Western Australian
protea has been recognized world wide. However the propagation of
nearly all species especially the woody shrub and tree species is still
restricted largely to seed and in a few cases vegetative propagation-(K.
Dixon, pers comm). The need for rapid~production of superior individuals
to improve the quality and consistency of the harvested product and indeed
the process of harvesting itself, is now recognized as imperative for the
long term future of proteas as a commercial crop. Western Australia has
an unparalleled genetic resource of protea species and would stand to
benefit greatly from such technology.

Tissue culture and micropropagation systems present the best
available means for rapid.clonal propagation but have succeeded with
only a few taxa of Proteaceae to date (Ben-Jaacov et al. 1981, Bunn et al
unpubl., Gorst et al. 1978 and Kunisaki. 1989). This paper presents
preliminary results of attempts to tissue culture some Western
Australian proteas in the genera Banksia and Conospermum.



Materials and methods

Explants were obtained from cuttings of Banksia menziesii R.Br., B.
hookeriana Meissner, B. attenuata R. Br. and B. coccinea R. Br. and from
Conospermum crassinervium Meissner and C. sp. nov. (aff. stoechadis)
from specimens in natural bushland or in the Botanic Garden of Kings
Park in late August to October. Cuttings of Banksia menziesii and B.
hookeriana were also collected in May and June. Seed of Banksia
menziesii, B. hookeriana and B. coccinea was obtained from the seed store
(Kings Park). In one trial Banksia menziesii shoots on the parent plants
were etiolated by covering the shoots for 3 to 4 weeks (in November ) using
bags of several layers of black shadecloth over which was placed a black
plastic bag. Cutting material was utilized on the day of harvest for all
material or on the following day. A minimum of five to 10 explants were
used for any one treatment unless otherwise quoted in the text or
indicated in tables. Explant sources included meristematic (excised
apical and axillary buds and axillary nodes), floral (immature perianth,
style and stigma and immature flower spike), leaf, seed and etiolated
material (meristematic explants taken).

Generation of aseptic explant material was attempted with
sterilizing solutions at various concentrations for varying times (table 1).
All material was sterilized in 250 cc glass jars. In most cases cutting
material was sterilized in approximately 50 mm long sections and
explants excised from these, unless otherwise indicated. Seed was
sterilized and the testa left intact or removed from half of the seeds and
seeds placed one per tube on 8g/L agar/water medium and incubated in
the dark until germination commenced. All cultures were incubated at
room temperature (20-300C) or in an incubation chamber with 18-200C

temperature regime with 16 hr light/8 hr dark with lighting supplied by
fluorescent lamps ( 40pumol s-1m-1).

TABLE 1.
Media were prepared and 10 ml placed in 30cc polycarbonate tubes

with polypropylene closures or 25 ml placed in 250 cc glass jars with
polypropylene lids. All media were autoclaved at 121°C for 15 minutes.
Media with agar in tubes were sloped to cool. Heat labile substances were
filter sterilized and added to bulk sterilized media which was then added



to sterile culture vessels. Filter paper supports were sterilized twice then
autoclaved liquid media were added to the tubes. Three basal media were
used for initiation of explants and included 1/2 MS (Murashige and Skoog,
1962) supplemented with 500 pM myo-inositol, 3uM thiamine HCI, 2.5 mM -
pyridoxine HCI, 4pM nicotinic acid, 90mM sucrose, pH 6.0 ana 10 g/
agar, MS formulation with the same additives and WPM (Lloyd and
McCown, 1981) supplemented with WPM vitamins, all other components
as above. Anti-phenolic substances such as polyvinylpyrrolidone (PVP)
charcoal were each added at 0.5 g/L.. Anti-oxidants (ascerbic acid and
citric acid) were each added to 1/2 MS media at 0.5 g/L as a filter sterilized
concentrate. _

Manipulation of all sterilized explants was performed under aseptic
conditions in the laminar flow cabinet. Liquid cultures were shaken on
an orbital shaker at approximately 40 revolutions/min continuously for
three weeks. The effectiveness of procedures was based on assessment of
the incidence of contamination and later, on explant viability after

transfer to solid initiation medium.
Results and discussion
a) Banksias

Explants

Tissues of the Banksia species used in this program are all very
hirsute (figure 1a). The hairs on the shoots and leaves of these species
appear to consist of a dense layer overgrown by numerous longer hairs.
Hirsuteness poses numerous problems for sterilization and initiation of
explants. The obvious effects of hirsuteness includes trapping large
numbers of contaminating dust and spores, harboring small insects and
hindering the essential close surface contact of the sterilizing solution.
There is also the difficulty of removing residual sterilizing solution to
avoid damage to sensitive tissues. B. attenuata buds showed evidence of a
resinous exudate (figure 1b). Buds, particularly of B attenuata, when
sectioned (figure 1a) have hard, crinkled, tightly packed and very brittle
leaves which were difficult to remove without damage to softer, inner
tissues. These difficulties aside progress was made in developing a
reasonably successful sterilization procedure for meristematic tissues



(fgure 1c,d). Meristematic tissues i.e. apical, axillary buds and nodal
explants containing a bud were the most desirable explants but have
proven very difficult to initiate in previous studies (Bunn, unpubl.).
FIGURE 1.
Sterilization

Table 2 summarizes the results of sterilization procedures.
Considering that source material was collected from the natural habitat
or cultivated but exposed sources, there was a good recovery of aseptic
explants for most tissue groups. Seeds gave the best results when
compared to other explant sources and were easy to manipulate in vitro.
Floral explants i.e. perianth, style and immature flower spike sections
required more manipulation than seeds but were relatively easy to
decontaminate. Meristematic, leaf and etiolated shoot material generally
required the most manipulation in terms of cutting and trimming the
explants prior to transfer to media and were most difficult to sterilize
effectively. The relatively harsh sterilization with 2% sodiun hypochlorite
(NaOCl) has killed explants of Banksias in previous experiments (Bunn,
unpubl.). Thorough washing (in 6 changes of sterile water) was
considered necessary to remove residual sterilizing solution.
TABLE 2.
Media

Previous experience with B. hookeriana established that explants
placed on solid (agar) media directly after sterilization invariably died,
usually within the first week of incubation even if antioxidant dips were
used prior to or after sterilization. Liquid media were tested to try and
overcome this initial high mortality. Charcoal and polyvinylpyrrolidone
(PVP) were used as a possible means of nullifying the effects of any
harmful exudates from explants and cultures were shaken to prevent
accumulation of exudates around the shoot. The choice of MS (1/2 or full
strength) and WPM as basal media was based on the success of these two
formulations with a wide range of woody species. The optimum period of
immersion inJdiquid culture was not determined in this study and it is
possible that this step only slows down the inevitable decline of explants
after sterilization and that a new strategy is required altogether.
Although liquid culture results in superior explant survival after
sterilization it is not yet clear if successful initiation and establishment
- can be achieved solely in the liquid phase. The observation with seedling
explants of Banksias on solid media which have had free water is that



vitrification sets in quite readily, supporting the removal of explants to
solid media as soon as practicable. The effectiveness of antioxidant
compounds i.e. citric and ascorbic acid was not substantiated. At best
these compounds did no harm. There was also no obvious difference
between WPM and MS in sustaining explant growth nor between media
with or without Charcoal and PVP additives.

The effect of liquid medium may be to shelter explants from exposure
to air and subsequent oxidation. Explants which were trinmed and
removed from liquid media showed browning within a few hours of
transfer to solid media. Such explants blackened the next day and did not
recover. Expla}lts transfered without further excision did not show this
rapid browning response.

Transfer to solid medium

Subsequent transfer from liquid to solid medium (WPM
supplemented with 1 or 10 pM 2iP) has resulted in varied responses
(table 3). Meristematic explants of B. attenuata and floral and
meristematic explants of B. menziesii have remained viable for several
weeks but meristematic and floral tissues of B. hookeriana died one to
two weeks after transfer. Sections from an immature flower spike of B.
hookeriana were in poor condition when removed from liquid culture and
none survived more than a few days after transfer. Perianth explants of
B. menziesit were the most successful floral explants, with a good
survival rate after transfer to solid media. Meristematic explants of B.
hookeriana, many of which had appeared viable when in liquid medium,
died when transfered to solid medium. The results with leaf explants of
all three test species of Banksia are promising but latent contamination
was a problem, with many explants not showing contamination
(particularly fungal) until transfer to solid medium. Leaf explants have
been placed on high cytokinin media to induce adventitious shoot growth
as has been demonstrated with leaf explants of other proteaceous species
(Bunn and Dixon , unpubl.). Explants derived from etiolated shoot
material of B. menziesii were not successful when placed on solid
medium directly after sterilization. An initial liquid culture phase was
not tested with this material. Specific nutrient levels in culture media,
e.g. phosphorus, may be important in establishment and long-term



maintenance of cultures and this aspect will receive attention in future
trials.

Seedling cultures ,

Seedlings have provided an opportunity to investigate in vitro
requirements of shoot cultures which will be invaluable when shoot
cultures are able to be generated from mature material. Seedling apices
of Banksia hookeriana (figure 2a) were placed on WPM supplemented
with cytokinins (figure 2d). BAP (N-(phenylmethyl)-1H- purine-6-amine)
and TDZ (Thidiazuron) were most active in inducing shoot growth.
Figure 2b shows the effects of BAP on shoot regeneration from cotyledon
explants from seedlings. On medium supplemented with 10 pM BAP,
shoots form from the cut ends of the cotyledons and can be severed from
the initial culture and grown separately (figure 2¢). Results with seedling
explants indicates that if juvenile material can be obtained from mature
plants, perhaps from basal suckering after fire (or pruning), more
responsive explants may be obtained. Cotyledons could also be used for
somatic embryogenesis studies. This procedure could be a valuable
means of mass propagation.

Conospermum

Conospermum species had a high initial loss of explants due to
contamination( table 2). Once established in culture (table 3) explants of
Conospermum sp. nov. (aff. stoechadis) multiplied four-fold on MS
medium supplemented with 1uM BAP after a 6 week incubation period.
Lower concentrations of BAP (0.2, and 0.5pM) and 2iP at 1,2 and 5 uM
produced only 2 fold multiplication compared to controls. Root induction
on 1/2 MS supplemented with IBA induced roots on explants, with 5uM

giving the best result (over 50% rooting). No explants have been potted out
to date.

Conclusion

Liquid media were used for initiation of explants of B. attenuata, B.
hookeriana and B. menziesii. This procedure was successful in obtaining
viable explants which survived transfer to solid media. There was no
difference in response of explants to MS or WPM or addition of activated
charcoal, PVP or antioxidants (citric and ascorbic acid). Adventitious
shoot formation in cotyledon explants and the information gained from



tissue culture of seedlings has provided valuable information for further
experiments.

In vitro multiplication of Conospermum sp. nov. (aff. stoechadis) .
was achieved after incubation on MS medium supplementedﬁ with
cytokinins and root induction on 1/2 MS supplemented with auxins. Best
results were obtained with 1 uM BAP for shoot proliferation and 5 uM IBA
for rooting.
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“aptions to figures

Figure 1.

Figure 2

Explant material of Banksia attenuata showing (A)

a longitudinal section of an apical bud, (B) resinous
exudate from an apical bud(arrow), (C) a bud after
incubation in liquid medium, (D) a bud after transfer to
solid medium.

Bar =(A) 1mm, (B) 0.5mm, (C) 0.7mm, (D) 1lmm.

Seedling explant material of Banksia hookeriana showing
(A) seedling apice on proliferation medium, (B)
adventitious shoots growing from cotyledonary explants,
(C) excised adventitious shoots sourced from cotyledon, (D)
apices on media with cytokinins (N-(3-methyl-2 butenyl)-
1H-purine-6-amine = 2iP, thidiazuron = TDZ) or without
(control).

Bar=(A) 2mm, (B) 0.5mm, (C) 1lmm, (D) 10mm.



'I'able 3 Percent of explants of Western Australian Proteaceae

initiated in vitro.

Explant Species Initiation
meristematic Banksia attenuata 48% (11/23)

B. hookeriana 0% (0/7)

B. menziesii 28% (4/14)

Conospermum.

crassinervium " 0% (O@.)v

C. sp. nov.(aff.

stoechadis) 100% (2/2)
leaf - Banksia attenuata 33% (1/3)

B. hookeriana 75% (3/4)

B. menziesii 17% (1/6)
floral B. hookeriana 0% (0/6)

B. menziesii 43% (10/23)
seed B. coccinea 50% (5/10)

B. hookeriana 63% (15/24)

B. menziesit 52% (12/23)
other(etiolated) B. hookeriana 0% (0/3)




Table 2 Percentage of aseptic explants of Western Australian protea

species incubated on solid or in liquid media.

Explant Species Percent aseptic
explants (No. aseptic
explants/total No.
explants)

meristematic Banksia attenuata 51% (23/45)

B. hookeriana 28% (7/25)
B. menziesii 38% (14/40)
Conospermum.
crassinervium 14% (2/14)
C. sp. nov.(aff.
stoechadis) 11% (2/19)
leaf Banksia attenuata 33% (3/14)
B. hookeriana 50% (4/8)
B. menziesii 43% (6/14)
floral B. hookeriana 40% (6/15)
B. menziesii 77% (23/30)
seed B. coccinea 50% (10/20)_
B. hookeriana 80% (24/80)
B. menziesii 79% (23/29)
other(etiolated) B. hookeriana 21% (3/14)




Table 1  Sterilization procedures for Western Australian

Proteaceae.
Initial preparation sterilization species
A)
washed under *2% NaQCl for 10 Banksia attenuata, B.
running tap water for min(0.5% tween-80) hookeriana, B.
S5hrs erinse in 6 changes of menziesii
sterile distilled water
estore in sterile
distilled water (change
when discoloured)
B)
wash seeds in 1% *5% Ca OCI for 30 min B. coccinea, B.
tween-80 for 2 min °rinse in 3 changes of hookeriana, B.
and rinse in 80% sterile distilled water menziesii.
EtOH.
C)

wash under running *0.05% tween-80 for 2  Conospermum sp. nov.
tap water for 1 hr. min. (aff. stoechadis),

*80% EtOH for 5 sec. Conospermum

*1% Ca OCl for 10 min crassinervium.

erinse in 3 changes of

sterile distilled water.

NaOCl = sodium hypochlorite .
CaOCl = calcium hypochlorite
EtOH = ethanol



FIGURE 1.
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INTRODUCTION

The aim of the program is the development of improved cultivars
of banksia £for ornamental horticulture, including the cut
flower, pot plant and amenity horticulture sectors of the
industry. At present the emphasis is on the development of
cultivars for cut flower production, involving selection for a
range of characters including bloom number, quality and colour,
and disease tolerance of the plant. The project has recently
been extended to include the expertise of Eileen Scott and Kim
Tynan of the Waite Institute, K. Sivasithamparam of the
University of Western Australia and Kingsley Dixon of King's
Park and Botanic Garden in the area of selection for
Pnytophthora tolerance. A wide range of approaches and
techniques is employed in the research.

SELECTION PROGRAM

The selection program involves plants of four species of Banksia
located on commercial properties in South Australia, and at the
Waite Institute (Table 1). All plants are pruned and managed
for commercial cut flower production, and the plants are checked
regularly for number, quality and colour of blooms and the time
of peak production (Fuss and Sedgley 1991a).

Table 1. Mature plants under selection

Banksia coccinea 696
Banksia menziesii 444
Banksia prionotes 354

Banksia hookeriana 342



Banksi s

The number of blooms of Banksia coccinea increased with glant
age up to an average of 42 per plant at 14 years. The rancge of
bloom numbers per plant varied from zero to 98 (Table 2).
October was the month of peak production, with a spread from
June to November (Table 3). The majority of the bloocms were
scarlet, with orange, dark red and pink in decreasing
propertions (Table 4).

Table 2. Bloom numbers per plant of Banksia coccinea

Age of plants Number of Number of blooms Range
(years) plants _per plant
(mean £ standard error)
4 137 ‘ 5.4 £ 0.4 0 - 20
5 59 12.9 * 1.3 0 - £2
7 122 21.7 + 1.2 0 - 58
10 68 33.0 £ 1.8 1l - 38
i4 310 41.7 £ 1.2 0 - g8

Table 3. Time of maximum production of Banksia coccinea

Percentage of plants with maximum production in:
June July August September October November

Table 4. Colour of Banksia coccinea blooms

Percentage of plants with blooms:
Orange ™ Red Dark red Pink

22.2 71.0 6.6 0.2



Ksi s

Maximum production was 21 blooms per plant at 14 years of age/
with a range from zero to 52 blooms per plant (Tabke 5). Peak
production was during May, with a spread from February tc August
(Table 6). There was considerable variation in bloom colour of
Banksia menziesii, depending on the combination of perianth and
style colour, from yellow to dark red (Table 7).

Table 5. Bloom numbers per plant of Banksia menZiésii

Age of plants Number of Number of blooms Range
(vears) plants per plant
- {mean * standard error)
4 138 11.¢ £ 0.7 0 - 50
7 297 17.5 * 0.7 0 - 52
14 9 21.3 + 4.1 3 - 36

Table 6. Time of maximum production of Banksia menziesii

Percentage of plants with maximum production in:
February March April Mavy June July August
1.1 11.3 41.7 20.3 16.5 5.9 3.2

Table 7. Colour of blooms of Banksia menziesii

Percentage of plants with blooms: -

Yellow Apricot Pink Red
1.1 3.6 65.3 30.0
Ksi . |

Banksia prionotes produced the maximum number of blooms per
plant at 10 years of age, with a slight decrease by year 14

(Table 8). The range was between zero and 63 blooms per plant.
Peak production was in March (Table 9).



akle 8. Bloom numbers per plant of Banksia prionotes

Age of plants Number of Number of blooms Range
(years) plants per plant
(mean * standard error)
5 50 17.0 £ 0.8 7 - 33
7 115 18.4 £ 0.8 0 - 43
10 138 26.7 £ 0.8 6 - 63
14 53 | 22.6 + 1.5 5 - 45

Table 9. Time of maximum production of Banksia prionotes

Percentage of plants with maximum production in:
February March April May June

1.4 60.2 35.0

(93]
—
O
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ksia hookeri

Banksia hookeriana produced an average of 26 blooms per plant at
seven vears, with a range from zero to 79 blooms per plant

(Table 10). Peak production was during October and November
(Table 11).

Table 10. Bloom numbers per plant of Banksia hookeriana

Age of plants Number of Number of blooms Range
(yvears) plant per plant
' (mean * standard error)
4 73 28.1 £ 2.0 0 - 79
7 109 25.6 £ 1.5 0 - 62
5 - 14 160 20.9 £ 1.0 0 - 59
Table 11. Time of maximum production of Banksia hookeriana

Percentage of plants with maximum production in:
June July August September October  November December

4.2 12.0 13.8 15.6 26.3 27 .2 0.9



Young plants of Banksia prionotes and Banksia hookeriana were
also available for assessment of precocity. After two veats
from seed 31% of Banksia prionotes plants had produced a bloom,
as compared with 51% of Banksia hookeriana plants after three
vears from seed (Table 12).

Table 12. Precocity of Banksia prionotes and Banksia hookeriana

-

Species Age of plants Percentage flowering
Banksia prionotes 2 31.2
Banksia hookeriana 3 50.6

Selection from the population of Banksia hookeriana plants has
resulted in the registration of the cultivar 'Waite Orange'
(Sedgley 1991). This is probably an interspecific hybrid
between Banksia hookeriana and B. prionotes as the leaf length
and width are intermediate between that of the two species.
Flowering time is intermediate, and the blooms are similar to

those of both species. 'Waite Orange! is also very vigorous,
producing more blooms per year than the mean production £for
either species. The selection of 'Waite Orange' allows

continuous production of orange banksias from March to November.
Emphasis 1s now placed on the selection of early Banksia
prionotes and late Banksia hookeriana to further extend the
production period for orange banksias (Table 13).

Table 13. Flowering times of orange banksias in South Australia

Species Range ' Peak
Banksia prionotes .February - June March
Banksia 'Waite Orange’ May - June May

Banksia hookeriana June - December October/November

Selection amongst the populations of Banksia menziesii and
Banksia coccinea is also for bloom number per plant and
flowering time, particularly for early flowering of Banksia
menziesii and late flowering of Banksia coccinea for the
Christmas market (Table 14).



Table 1l4. Flowering times of Banksia menziesii and B.coccinea
in South Australia

Species Range Peak
Banksia menziesii February - August April
Banksia coccinea June - November October

A further important selection criterion for Banksia menzies I
and B. coccinea is for colour variants, so that the full range

of yellow to burgundy is available for the former and orange to
dark red for the latter.

VEGETATIVE PROPAGATION

Once superior cultivars have been selected, the major commercial
gains will flow from establishment of plantations of c¢lonal
material. This will significantly reduce the variability in
vield and quality currently observed in plantations established
using seedling material. Research into vegetative propagation
is underway with Banksia prionotes, B. hookeriana and 'Waite
Orange', using standard technigues of cutting propagation
employing bottom heat, misting and treatment of cuttings with
1200 ppm indoylbutyric acid. 2An experiment was conducted using
eight plants of each species, and one of 'Waite Orange'. Ten
cuttings were taken from each plant at two month intervals for
one year. The highest percentage success overall was achieved
in July, with little or no success during spring and summer
(Table 15). The period of poor success rate coincides with the
period during which the plants are undergoing floral initiation
and development (Fuss and Sedgley 1990, Leisl Rohl, personnal
communication 1990). These plants were not managed for
vegatative propagation, and it is possible that pruning to
stimulate branching and cytokinin sprays may inhibit floral

initiation and improve the success rate during spring and
summer. -

Table 15. Percent rooting success of Banksia prionotes, 'Waite
Orange' and B. hookeriana

Month B. prionotes 'Waite Orange' B. hookeriana
~-=~(8 plants) (1 plant) (8 plants)

January 1 0 0

March 4 0 11

May 10 20 6

July 33 70 39

September 0 0 0

November - 0 0 0]



When the results are presented on an individual plant basis, it
is c¢lear that there are differences between plants in the
ability to form roots. Of the eight plants of Banksia-
prionotes, one produced no rooted cuttings during the period of
the experiment, whereas two produced rooted cuttings in three
separate months, and the maximum percentage rooting for a single
plant on one occasion was 70% (Table 16).

Table 16. Percent rooting success of eight plants of Banksia
prionotes ) -
Month Plant number
1 2 3 4 5 6 7 8
January _ 10
March 30
May 10 60 10
July 30 70 10 10 30 50 60

Similar results were obtained with Banksia hookeriana, with one
plant producing no rooted cuttings, two producing rooted
cuttings on two separate occasions, and the maximum percentage
success 80% (Table 17).

Table 17. Percent rooting success of eight plants of Banksia
hookeriana
Month Plant number

1 2 3 4 5 6 7 8
March 10 50 30
May 20 10 20
July 30 80 20 10 60 40 70

These results indicate that rooting ability should be a
selection criterion in the breeding program. In addition to the
variable success rate, propagation by cuttings was also very
slow, with some cuttings taking up to a year to form roots. the
technique also uses large amounts of material so that a limited
number of cuttings can be taken from each plant. Thus, although
cutting propagation is possible, we are currently investigating
the possibility of micropropagation in tissue culture.

BREEDING

One of the main aims of the breeding program is the development
of interspecific hybrids. This has proved to be successful in
generating superior cultivars of a number of plants including
some other proteacecus Crops. To assist in the interspecific
hybridisation program, we are studying the range of structure of
pistil and pollen within the Banksia genus using scanning
electron microscopy. This will provide useful information on
potential compatibility between the species. Interspecific



hybridisation is conducted using the hand pollination techniques
developed by Fuss and Sedgley (1991b). This involves removal of
open flowers, bagging of the inflorescence until new flowers
have opened, and removal of all unopened flowers. This leaves
20 to 30 open flowers for pollination. Pollen'is removed from
the pollen presenter of the open flowers using’ ‘a looped pipe
cleaner. The inflorescence is rebagged until peak receptivity
of the stigma three days later. Pollen transfer 'is achieved by
rubbing a pollen-laden pollen presenter from the male parent
against the stlgmatlc groove of the female parent., All crosses

are monitored using fluorescence microscopy to- check pol 2n
germination and pollen tube growth. . .

CONCLUSIONS

Considerable gains in productivity of cut flowers of banksia can
be expected following the development of vegetatively-propagated
high-yielding, high-quality superior cultivars. This research
has so far resulted in the registration of one cultivar 'Waite
Orange', which should be generally available in the near future
provided successful micropropagation techniques can be
developed. This will be‘followed by superior selections of
Banksia menziesii, B. coccinea, B. prionotes and B. hookeriana.
In the future it is hoped that the breeding program will result
in interspecific hybrids with the vigour and bloom quality
already observed in the natural hybrid 'waite Orange'.
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EXPORTING MARKETING & PROMOTION



A GROWER'’'S GUIDE TO THE BUSINESS OF EXPORTING CUTFLOWERS

David Tranter ,
Austraflora Exports . ’
12 McGuinness Drive, Robertson,New South Wales, Australia 2577

1.INTRODUCTION

Those of us who export cutflowers have tended to re-invent the
wheel. So, you will not be surprised to.learn that my export
wheel (Fig.1) 1is 1less than perfect and thew=-ride a little
bunmpy. It has 5 elements: Philosophy, Cost Analysis, Quality
Analysis, Tactics and Dogma. The tyre is often punctured by

the rough road of Murphy’'s Law ("If anything can possibly go
wrong, then it most certainly will!").

FIG.1.-THE EXPORT WHEEL - ONE EXPORTQR'S APPROACH

PHILOSOPHY

CUALITY

TACTICS




2 THILOSOPHY

2.1 Why Export 7 It could be argued that the main reason
to export cutflowers 1is because production is greater than
the domestic market can absorb. The belief that exports will
vield a higher return per stem is highly suspect; it stands to
reason that freight alone would cancel out any extra profit
margin.

2.2 How_ Serious are We ? Unless one is dedicated to
export, it is probably safer to stick to the domestic market.
Export is a different ball game ; the ball may be similar, but
the rules are different. It is a "long haul" rather than =
"quick fix". Export requires one’'s undivided attention.

2.3 Economies of Scale : For a start, export requires

volumes large enough to attract favorable freight rates.
Obviously there 1is a stage of. transition from domestic to
export orientation but this is a costly phase, best traversed
as rapidly as possible. '

2.4 Payment Constraints : There are hazards 1in doing
business with someone that cne has never met, but =tThe risk carn
be ccvered, to scme extent, by "non-payment insurance”

However,it is not possible to arrange cover for shipments made
on consignment, since returns on these are not known in
advance. Happily, the risks here are small, auctions in Japan,
the Netherlands and Canada, for example, paying reliably and
regularly, if not immediately.

2.5 Up-Front Capital Regquirements : The fact that returns
may take some time "to return® means that one must be able to
pay up-front costs, such as freight, for a period of 6-8 weeks
before shipments are paid for. Thus, one would need to have
about S30,000 in reserve to contemplate exporting 1000kg per
week. Nor is it comfortable to have the bank manager breathing
down your neck whHen you should be concentrating on nursing an
important shipment through to its destination ! Better to
scrape the necessary capital together before you start !

2.6 Forward Planning : Whim alone 1is a poor basis for
contemplating export. Forward planning is required - a year or
two perhaps. Packing-shed facilities have to be set up;
transport routes identified; agents and export outlets chosen;
export boxes made; export permits obtained; capital
accumulated;..ccmmunication systems established; and so on.

2.7 Export/Import Controls : Such regulations are not set
up by bureaucrats to make export difficult or impossible.
There are good reasons for their existence. Doesn’t the

community have a vested interest in ensuring that wildflowers
are picked to a responsible management plan ? Doesn‘t every
country need to know the value of its exports ? It is far
better to make the system work as smoothly as possible than ¢to
develop ulcers trying to buck the system
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2.8 Added Value : Some people tend to be surprised how
little the grower gets for his product in relation to how much
the customer pays at "the other end”. But, what would that
flower really cost if one had to hawk it around the world and
pay a manager to run the plantation ? Doesn’t -it take time
and effort to get an item from farmgate to final customer ?
The problem with the "rip-off paranoia™ is that it erodes the
mutual confidence needed to build up a good distribution team.
When the team co-operates, evervbhody wins !

2.9 Nature of Demand : When we have a nice flower, we tend
to think (as with the proverbial mousetrap)l—that the world
will beat a path to our door. Perhaps we should be
concentrating not so much on the merits of the flower per se
as on the niche that it will fill : earlier/later varieties ?
bigger/smaller flower heads 7% longer stems ? varieties with
a longer vase life ? festival-specific varieties ?

"Quality”, after all, is "what the customer wants" !

2.10 Market Prosgpects : Given choice of different markets,
the closer market has the edge, airfreight being by far the
major cost in getting the product to the marketplace (Table
1). Other markets may be preferred because they already know
and appreciate the product. Some might be ruled out because
there are no reliable carriers to that destination. There are
so many factors to be considered. Some lateral thinking 1is
required.

TABLE 1. Relative Impocrtance of each Element of Export Cost in
relation to Return to Supplier. The Table shows the decrease
that would result from doubling each element of Export Cost.
Note the importance of the freight component.
Hypothetical shipment of 20 boxes of Protea, Sydney to Tokvo;
15kg/box (40 stems); CIF Tyo : AUD 2.00/stem.

EXPORT COST - RETURN TO SUPPLIER
S/stem % Reduction
Normal Rates * 1.16 0
Double the Insurance 1.15 0.9
Double the Levy 1.15 0.9
Double the Freight Forwarding 1.08 6.9
Double the Commission 1.03 11.2
Double the Freight 0.60 48.3
Double all Costs 0.51 56.0
* Normal Rates : Freight : $ 1.65/kg
: Export Commission : FOB value x 10%
Freight Forwarding : S$45/shipment + S$1/box
Non-Payment Insurance : CIF value x 0.5%

Box Levies : §0.25/box



CC3T ANALYSIS

To determine whether an export business will result in
profit or a loss reguires some close analysis of The
associated costs. Suppose we are shipping from a plantaticn .,
Queensland to auctions in Japan via Brisbane, Sydne.
International Airport and Narita International Airport (Tokyg
{Table 2).

TABLE 2.~ A TYPICAL EXPORT PATH
*
AUCTION
(e.g.Japan)
*

OVERSEAS ARRIVAL AIRPORT
(e.g. Narita)
INTERNATIONAL DEPARTURE AIRPORT
(e.g.Mascot,Sydney)

REZGIONAL DOMESTIC AIRPORT
(e.g. Erisbane)

*

FARMGATE

*

PLANTATION

Then, the relevant export equations would be as follows

CIF NARITA = AUCTION RETURN - COSTS (Narita to Auction)....(l]

Fumigation Fee
Terminal Charge
Import Duty
Customs Clearance
Customs Overtime
Inland Transportation
Auction Commission
Importer’s Commission
FOB SYDNEY =_CIF NARITA - COSTS (Sydney to Narita).........
Airfreight
rreicht Forwarding
Non-Payment Insurance
Industry Levy

_CIF SYDNEY = FOB SYDNEY - EXPORT AGENT COSTS............... =

FOB BRISBANE = CIF SYDNEY - COSTS (Brisbane to Sydney) (4

gl



EX-FARMGATE =

EX-PACKING SHED =

EX-PLANTATION =

AIRFREIGHT COST =
({Rates increase in steps,

CHARGEABLE WEIGHT =

CIF B 'BANE

FARMGATE RETURN -

PACKING-SHED RETURN -

"CHARGEABLE WEIGHT x AIRFREIGHT RATE.....

PACKED WEIGHT OR CUBIC WEIGHT..........

- COSTS (Farmgate to B’'bane).....
Carrier
Phytosanitary Inspection ‘

Phytosanitary Certificate
PACKING COSTS.........

Packers’ Wages

Packaging Materials

Boxes ’ -
Postharvest Treatment
Coolroom Costs

PLANTATION COSTS....(7)
Pickers’ Wages

Plantation Maintenance

(8)
usually at 100,250,500 and 1000kg)

(Whichever is the Greater)

PACKED WEIGHT = Weight of

Weight of
CUBIC WEIGHT = BOX VOLUME
(167 is the voclume:weight
airline)

BOX VOLUME =

STEMS PER BOX

LENGTH x BREADTH x DEPTH

Best determined by Actual Trial...........

(BOX + PACKAGING) +
(STEMS/BOX x STEM WEIGHT)

{in cubic metres) x 167.........
conversion factor used by the

(Outside Dimensions)(12)

(13)

{depends on STEM LENGTH, FLOWER HEAD, LEAF BULK and PACKING

METHOD - See Fig.3)
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Fig.2 Return to Grower (FOB Brisbane) for 70cm Protea "Pink
Ice” exported to Amsterdam. Note that the relationship is a
linear one and that the return(FOB B'bane) is approx. half the
landed (CIF) price. Where the shipment is sent to auction on
consignment, the return could well be less than one third the
auction price, since, here, the grower also bears the post-
arrival disttibution costs

The return to the grower varies with stem 1length, because
longer stems generally fetch higher prices. Where stems are
light (as in Serruria or Leucospermum), the return to growerl
also varies with stems per box, because (a) length determines

- the number of stems that can be fitted within a given export

box (Fig.3); and (b) freight per stem is a function of stems
per box.
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Fig.3 The Number of Stems -of Protea "Pink Ice"” of different -
lengths that can fit within an export box of .076 cubic metres
{1040 x 390 x 190mm). Note that the relationship is linear for
lengths 1less than 80cm. Since freight on most protea and
leucadendron 1is charged by weight rather than by volume,
denser packing, here, does not result in a lower freight per
stem. Data from Packing Trials at a Queensland plantation.

Airfreight 1is such an important part of the overall export
cost (Table 1) that it is wise to wait until one can produce
100-250kg per shipment before commencing export (Fig.4). Below

100kg, the profit margin slides abruptly into loss,its rate of
fall depending on the overheads.
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4. QUALITY ANALYSIS

It might be useful, for a change, to evaluate the components
of quality in order of their practical importance. My view is
that arrival gquality is the first consideration, .rather than
departure quality. I believe that pre-cooling is the most
important element 1in guality control, followed by speed of
delivery. The quality of the flower at harvest is a necessary
requirement,of course, but that amounts to nought if that
gquality is lost en route to the final customer.

4.1 Precooling : I think that few people wnderstand what

precooling really is and why it is so important. Precooling is
not (a) postharvest c¢ooling to remove field heat or (b)

putting the boxes in the coolroom after they are packed. It is
the practice of reducing the temperature of the flowers within
the export box to the absolute minimum, immediately prior to
their export journey, in order to cushion them against
subsequent overheating and spoilage . Every extra minute at
every extra degree of temperature 1is one more nail in the
coffin of arrival qguality. Pre cooling must be done after the
flowers have been packed, therefore "pressure (forced air)
cooling™ is the only way. The test of whether flowers have
been precooled is to measure their temperature with a probe;
all else is speculation.

4.2 Speed of Delivervy : The shipment must start off cool,
arrive cool, and be cool throughout the journevy, which,
conseqguently, must be as short as possible. This is not as
straightforward as 1t may seem, because so many factors can
cause delay. For example

* Phytosanitary Inspection
* Lack of freight space
* Offloading
Missed Connections
Careless Documentation
Clearance Bottlenecks
Fumigation
Holidays
Mis~timed Market-Days
In this wild area of uncertainty and chaos, Murphy’”s Law runs
rampant !

*

* % X *

4.3 Preharvest Watering : Flowers need to be 1in gocod
condition at the moment they are picked, to sustain them on
their journey. If they are under stress due to, say, prolonged
drought, they will, in all probability, arrive at their
destination spoiled, no matter how much postharvest attention
they might get. In practical terms, this means keeping the
water up to the plants until the flowers are picked.

4.4 Daily Picking : Every experienced grower knows that a
flower should be picked as early as possible so that it will
be at exactly the right stage of maturity when it arrives at
its destination. This means that picking must be done on a
daily basis to catch the flowers as they "start to smile".
Weekly or bi-weekly picking schedules are not frequent enough




the export business, so weekend grecwers can Zforget the
a unless they have an on-site manager.
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4.5 Culling, Selection and Grading : Culling of defective
stems, selecting those that have characteristics attractaive to
the export market, and grading them for uniformity are basic
to quality control. Grading provides the buyer with sure
kYnowledge of the contents of the box, sight unseen. If the
invoice says 10 stems per bunch, there must never, never be 9,
and eleven 1s not much better either. If the stems are
supposed to be 100cm long, then make sure they do not range
beyond, say, 95 to 105cm, otherwise it can well be argued that
they are second class material, no matter how nice any single
stem may be.

4.6 Control of Physical Damage : Some exporters assume that
an importer will see the contents of that export box in all
its pristine beauty when he 1lifts the 1lid. But that box has
been handled 30-40 times from packing shed to destination, and
none too delicately at that. Those flowers will rattle around
and bash their heads against the box, unless they are
restrained by a strap or.stay. It is pointless to speculate
whether a pincushion will return 50 cents or a dollar per stem
if its stem 1s at one end of +the "ox and its head 1is at the
other ! and it is an iilusion <o be_ieve that flowers will not
move because the box is "full”™. The flowers in that "full box”
will =settle down and compact before they even reach the
airline. Restraint of flowers within the export becx 1s ar
important element in arrival gualitv.

4.7 Postharvest Conditioning : I assume that it 1is now
routine for c¢rowers to put their flowers in buckets of
water,in a well-1lit coolroom, as soon as practicable after
harvest. The gquestion is : what further conditioning should be
done before those stems are packed away in the darkness of the
export box ? Whatever the flower, it is 1likely that it will
get hungry on its journey and will therefore benefit from some
postharvest pulsing (with sugar) to build up its carbohydrate
reserves., Take care with the concentration, since too much 1is
worse than none at all. An appropriate bactericide should, of
course, always be added to the pulsing solution, otherwise the
stems will clog up with bacteria and will not be capable of
revival at their ultimate destination. -

4.8 Coolroom Turnover : Some growers accumulate their
harvest over a period of several days, even weeks, without
labelling the._.date of the daily pick. The result is that there
are flowers of all ages in the coolroom. Those complaints of
spoilage that occur from time to time often arise from "old
flowers™ that have sat far too long in the coolroom.
Development and spoilage are delayed at 2-3 degrees Celsius,
but they are not suspended. "Get the flowers into the
coolroom” is certainly the first step, but the next is "Get
them out again !"™ -A coolroom is not meant to be a cryonic

zﬁorgue !




4.9 Control of Humiditv

Moisture + Heat + Time = Rotting = Spoilage
Lack of Moisture + Heat + Time = Desiccation = Spoilage

The objective, therefore, 1s to control humidity in the export
hnx so that flowers will neither dry out nor rot. At present
this is more of an art than a science. CSIRO (Australia) 1is
currently developing plastic liners that will control humidity
to within very fine limits (e.g. 90-95%) but, for the moment,
one has to <choose whether to use absorbent newsprint or
polythene, and, if so, how much of it. Waratah ar<- pincushion,
for example, 1lose moisture easily and collapse. Protea and
leucadendron do not. Of course, the flowers will dry out, even
in the coolroom, unless the cooling system 1is designed to
maintain high humidity..

4.10 Cultivate Cultivars : In selecting a suitable export
crop, cultivars should be evaluated first. The chances are
that these will be more successful than plants from seedling
stock, 1f only because someone has taken the trouble to select
and propagate them. Not only are they 1likely to have more
attractive flowers, but, coming from clonal stock, they will
also be more uniform. Uniformity 1is an important element of
export quality.

5.TACTICAL CHOICES

From time to time, in the export business, simple choices have
~0 be made - either this or that. Some of these choices are cf
critical importance to export success.

5.1 Proximity to Airport ? It is a great advantage, for
¥port, 1f wvyour plantation is situated within a few hour's
drive of a2 maler international airport. You will ke able to
ensure that your flowers are still cool when they are loaded
on the target flight, you will have 1less problems securing
scarce airfreight space, your costs will be 1lower, and,
overall, you will have more flexibility 1in your operations.
For example, I think there are more internat:onal flights out
of Sydney Airport than out of all other international- - airports
in Australia and New Zealand put together. This does not mean
to say that it is impossible to export from remote
plantations, but it does mean that you have to be much, much,
smarter and it c¢ould be better for vyou to work through an
export agent close to where the action is.

2

S.2 Which Crop to Plant ? You will choose a crop for which
there is a known demand, one that grows well in vour
plantation, and one that has a long postharvest 1life. I have
found that auctions are the best indicator of demand, and
importers who work through the auctions will tell you what
sort of auction prices you could expect for a variety ‘landed
in good condition. As to postharvest 1life, do some tests for
yourself : pack a box with vyour target flower, leave it at
room temperature for a week, and then inspect.




5.2 Which Export Bex ? That box is the vehicle by whict
vou ensure that arrival gquality 1is as good (or nearly as good:
e&s departure guality. It is also tre ultimate purchase unit:
and, as such, must suit the buyer’s pocket. It ig
counterproductive to pack in big boxes if that generates buyer
resistance at the other end. Smaller boxes tend to be stronger
and their flowers arrive in better condition. There are
economies to he had in using a standard kind of box 1if it
comes c¢lose to your ideal. All export boxes should be in 2
parts, base and top, to give added wall strength, and there
should be ventilation holes at each end for forced air cooling
and fumigation. Importers prefer contents details to be
written on the ends, because boxes are stacked end-outwards on
the pallet. All else, is largely a matter of cosmetics.

5.4 Which Customer ? The conventional wisdom is that vyou
should export only to customers who purchase at fixed price.
The trouble with that option is° that, while most fixed price
customers are happy to pay the agreed price for so long as
they are making an adeguate profit margin, when things get
tough they ask for prices to be 1lowered. Also, when most
imports go to auction, one 1s either cuzting oneself off from
the bulk of the demand bv s=lling to fixed price buyers or =:f
vour fiwxed price buyer also sells your shipment through tne
auction, then <the price that vyou receive is adjusted for his
margin. On the other hand, 1if vyour <customer 1s a retailer,
rather than a wholesaler, then there is scope for he and vou
to eliminate the wholesale margin o vour mutual advantage.

5.5 Which Supplier ? Many exporters need to supplement
their production with that from other growers in order to bulk
up and achieve economies of scale, e.g. to reduce such costs
as 1inspection and forwarding that are charged per shipmen=
rather than per box. This means that one has to choose one’'s

suppliers carefully The formula that I use 1is this
suppliers must (a) produce top quality flowers (b) have a
coolroom, fumigation rocm and fax machine (c) pack to export

specifications (4d) be responsible for their own phvtosanitary
inspection and {(e) take a personal interest in the shipment to
its final destination. If the supplier is Jjust delivering the
flowers and leaving the rest to you, he is not an exporter at
all, merely a domestic supplier, and is therefore unlikely to
appreciate what export guality entails.

5.6 Which Exporter ? It is not always easy for a grower
to reconcilke~ the conflicting priorities of plantation
management and shipment management, and, 1in such situations,
he might do well to export through an export agent. In this
case, he needs to evaluate the service that the agent provides
against the commission charged (usually 10% to 15% of the FOE
value of the shipment). A good export agent will earn his
commission by his wise choice of customers, freight
forwarders, and carriers, and in doing the forward planning,
pre-shipment organization and post-shipment monitoring that 1s
needed to keep potential disasters at bay.



5.7 Which Freight Forwarder ? Clearly, if one is in the
cutflower business, one needs to use a specialist in export
perishables. That shipment of yours may have to wait a day or
two before freight space becomes available and, a freight
forwarder without a <coolroom, loses you a day or two in
postharvest 1ife. Secondly, that freight forwarder must be
avallable to service the target flight, no matter when. No
room for nine to fivers here ! Thirdly, your freight forwarder
must be reliable and conscientious. Fourthlv, he should have
enough clout with <the airline to persuade them to make
reimbursement for losses due to their own negligence.

5.8 Which Airline ? The choice of the airline that vyou
use depends on (a) whether they run direct flights to vyour
target destination (b) whether they have freight space to
spare (c) whether they are prepared to offer discount freight
rates (the usual IATA rates are prohibitive) (d) whether the
days that they fly suit you and your customer (e) whether they
have a good transhipment record (f) whether they have a good
reputation for reliability and service. of course, all
airlines would prefer to carry passengers rather than freight,
and, if they must take freight, then they would prefer that it
not be perishahble. Very few, if anvy, specialize in
perishables.

5.9 Which Shipment Day ? The rationale for this choice
should be derived from the point of sale. Importers usually
wish to get their hands on a shipment on a particular dayvy of
the week, and one should try, so far as possible, to cater to
that demand. For example, 1f the shipment is to go to auction,
there are special auction days. There mav be oparticular
festivals, holidays, or events that your customer wishes to
allow for, either by supplying flowers or by aveoiding airport
bottlenecks. At the point o¢f despatch, there are similar
constraints, for example 1n arranging phytosanitary inspecticn
by government inspectors who march to the sound of a different
drum.

5.10 Which Flight ? The choices here are based on (a)
whether the flight is direct (same aircraft all the way) (b)
whether that particular flight has plenty of airfreight space.
Some airlines operate "full freighter services” where it 1is
easier to secure space when space 1s short. In our imperfect
society, it helps to choose flights departing Mon-Fri (better

still Tue-Fri), but with a good freight forwarder, sometimes
weekend flights are a feasible option.




€. DOGMaA

Some may prefer to follow a set formula, no questions asked.
Here are "Ten Export Commandmants”™;follow them if you wish ! 7

* Decide, at the outset, whether your main interest is in

growing flowers or exporting them ; if growing is vyour
interest then use an export agent.
* If you have only a passing interest in export, then

stick to the domestic market; export requires your undivided
attention.

* Do not expect to get better export prices per stem than

from domestic outlets ! The point of export 1is to maximize
returns per season, not returns per stem.
* Plan your export strategy, the year before the season

starts, not the week before.

* Do not try to export without coolroom or fumigation room
unless you are interested in exporting money.

* Unless you are there for the experience rather than the
money, do not start to export until you can supply 10-20 boxes
per shipment. :

* Invest in a fax machine; time is money where perishables
are concerned !.

* Do not bvpass Covernment regulations.; try to understand
why <they exist and develop <he simplest possible routine to
satisfy thenm.

* Pay close attention to <Zetail.: "She’ll be right Jack!"
is a recipe for disaster.

> If you do not have confidence in your suppliers, your
agents or vour customers, then change them immedia~ely!
Bitching gets you nowhere.

7. MURPHY'S LAWS OF EXPORT
(with some latitude ,admittedly, for the Laws of Chance)

7.1 Murphy’s Law of Supply a2nd Demand : " The Demand for
yvour flowers 1is greatest before and after vyour flowering
season; your peak <coincides with the seasonal glut.”

7.2 Murphy'’'s Backsides Law : "If freight space is tight,
there is a 100% probability that backsides will be 1looked on
more favorably than cutflowers.”

7.3 Murphv’'s Law of Offloading : "If +the €flight 1is
overloaded, there is a 100% probability that cutflowers will
be off-loaded first."

7.4 Murphv’s Transhipment Law : "If there is a change of
£light, there is 1 chance in 2 that vyour flowers will arrive
before they perish; if there are 2 changes of flight, the
chances are 1 in 3."

7.5 Murphy's T.L.C. Law : "Tender Loving Care falls to
Absolute Zero when the shipment 1is lodged with the airline
~(ANY Airline).”




7.6 Murphy’'s Topside Law : "If there is a Top, a Bottom, 2
Sides and 2 Ends to an Export Box, the chances are 1 in 6 that
the box will be stacked the right way up."

7.7 Murphv’'s Law of Concussion : "If any flower is free zo
move within an export box, there is a 100% chance- that it will
arrive with concussion.”

7.8 Murphy’'s Law of Migratorv Insects : "There is a 100%
probability that live insects found in your shipment migrated
from the adjacent shipment - and vice-versa !"

7.9 Murphv’s Law of Transcendental Magic ™7 The Value that
is Added to to an export flower en route to the Final
Customer, appears by Magic, without any visible human aid.”"

7 (O 0] Murphy’'s Law of Communications : "If vyou haven’t had
an answer to your fax enquiry within 48 hours then they do not
exist; 1f vyou haven't replied to a fax enquiry within 48
hours, then YOU do not exist.”

And the very best of good luck té you all !

Austr
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David Tranter comes from a pioneering dairy- farming family in
far North Queensland. Mud and slush immunized him against
farming for 40 vyears, during which time he practised as a
research scientist with CSIRO, far out of sight of the nearest
land. Early retirement found him settled on a rich, wet
hillside overlooking the coastal plain south of Sydney.,
growing protea, and other equally vulnerable species. Having
travelled widely in his professional 1life, he developed an
interest in exporting the crops of more successful growers in
Queensland, New South Wales Victoria and South Australia. At
present, he 1is shipping to Europe,North America and Japan. He
is a member of the Australian Protea Growers’ Association and
Flower Export Council of Australia and is retiring Editor of
thhe Journal of the International Protea Association.
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THE FLOWER LEVY

Introduction: .-

Flower consumption in Western Australia in the early 1980's was
around AS$5 ©per capita. In the mid 1980's this had increased to
AS$l2 per <capita and by the early 1990's it is estimated at A$25
per capita. This consumption is still low compared with Europe
at around AS100 per capita. It is also estimated that 90% of
sales in WA are to 30% of the population.

There are also. interesting differences in market segmentation by

intended use: gifts, home, commercial and special occasions.
Special occasions account for 65% of sales in Western Australia
while only 15% are for use in the home. In Europe, flowers for

the home represent almost 40% of sales.

This analysis suggests there is a large opportunity to increase

flower sales by promotion. In January 1991 a flower promotion
committee was established under the umbrella of the Greenhouse
Rosegrowers Association of WA. This committee aimed to bring

together all facets of the floricultural industry to develop a
strategy for promotion of flowers on the Western Australian

market. Committee membership includes growers (roses,
carnations, other exotics, proteaceae, natives), wholesalers,
florists and exporters with the WA Agriculture Department

providing secretariat support.

The Committee's goal 1is to increase sales of all types of
cut-flowers both to existing regular buyers and to the more
numerous very infrequent buyer.

Promotion Strategy 1991-92

For its initial promotion c¢ampaign, the Committee decided to
target the home consumption and gift segments of the market
believing this to be the area of greatest potential for fairly

quick results. Due to the high proportion of consumers in the
very infrequent purchase category, the campaign could make use
of mass-media. Indeed a strategy based on in-store and
point-of-sale promotion was specifically rejected as being

overly focused on "the converted"” i.e. our existing regular



buvers. The 1991/92 strategy is to target the 70% of ihe
population whe rarely buy flowers rather than to encourage the
30% who do regularly buy to buy more. We hope, of course, to
achieve both but we decided to seek a medium and a message
suited to the 70% of non-buyers as a modest improvement in this
area promises a significant increase in the value of the
industry.

The message we want to get across is '"Buy Flowers Today" similar
to the "What no potato" marketing strategy which was aimed
initially at getting people to put potato back on their plate
instead of rice and pasta and has now shifted focus to diversify
uses of potato and hence increase sales.

A professional advertising agency was briefed to develop a
campaign based on the above strategy. The agency was selected
on the basis of its experience in promoting fresh perishable

products. ° As expected by the Committee, the agency limited its
options to only those media which were visual and in colour.
Television was eliminated on the basis of cost. Colour

magazines or colour inserts in newspapers were eliminated on the
basis of the very brief time period a consumer is exposed *o
such advertising znd the relatively high costs.

The recommended strategy was outdoor advertising, ©primarily
billboards with bus-backs as additional support if the budget
could be stretched this far. It was decided that a spring

campalign using billboards be mounted and to have a reascnatle
impact a minimum of 20 billboar s was reguired.

The billboards have to achieve three things-

1. get people thinking about flowers

2. tell people flowers are available

3. tell people there is a reward for buying and giving flowers.

The slogan "Brighten Someone's Day with Flowers'" was adopted for
this purpose.

The committee also decided to have 2000 wall posters printed for
distribution to florists and growers and for sale to the
public. The posters will provide a visual 1link to and
reinforcement of the billboard campaign at the point of sale.
In addition it was felt important to give sponsors of the
campaign somefllng tangible to cement their on-going support and
to convince them that the campaign is really going to happen.



Budget and the Flower Levy

Promotion campaigns can use several media at different costs.
TV costs about $30,000/week, radic $10,000/week, colour
magazines $2500/half page per issue, billboards $450/month.” To
mount a promotion <campaign with 20 billboards for one month a
budget of at least $25,000 is required being rental of sites of
$9,000 and production costs of $16,000. The production cost is
largely a fixed cost whether 20 or 40 billboards are involved.

To raise this money a levy system for the industry was
required. The 1levy had to be appropriate for growers,
wholesalers, florists and allied trades. The levy formula for

growers was set as follows:

Gross turnover__in Levy payable as

WA in $ ' % of gross turnover
0/50,000 1 %
50,000-100,000 0.75%
100,000-500,000 0.50%

500,000 + 0.25%

A wholesaler's " levy of 0.1% of turnover was adopted and a
florists levy of $100. Donations of cash or kind are being
solicited from allied trades.

Achievement to date

By July 10 1991, a total of $35,500 has been pledged of which
over $16,000 had been received. The Committee has produced
2,000 posters and has booked 25 billboard sites. Further sites
w21l be booked depending on funds actually received as we move
closer to launch date. The campaign is booked to run in earnest
from October 23 1991.

The levy i1is voluntary but has 'been broadly supported by the
industry despite the very difficult economic conditions
prevailing in Australia.

Market Research

The Committee considers it essential to monitor the impact of
the campaign to guide future decision-making. Curtin
University's floriculture program have agreed to undertake the
necessary market research. A random sample of florists will be
surveyed to collect sales data for the months Sept-January for
1990/91 and 1991/92. The prior year data will enable us to
establish a seasonal pattern against which to assess the
campaign's impact and the data €for the two years for the two
months prior to the start of the campaign will allow us to
isolate the impact of the present recession.



Committee Is also ccasidering commissioning some consumer
t research but we are conscious that the levy has been
ted by sponsors on the basis that it will fund a campaign,
roe research. So alternative sources of funding will need to be
tound 1f this is to be done and the Committee will have to give
£ 'ther consideration to the likely value of such research.

Th: Future

If the campaign is successful, it is expected that the levy
sys.em will remain in place to fund further campaigns which will
become progressively more refined as to message, medium and

target market. It 1is in this fine-tuning stage that consumer
market research has value.

However, given the relatively low per capita expenditure in WA,
a broad-brush approach is likely to be cost-effective for some
years yet. The present slogan was developed, in part, with an
eye to 1iits adaptability for further use or modification in the
future.

Under Gecvernment legislation it is pessible for primary producer
groups to5 introduce a compulscry industry-wide levy tc £urd
promotion and research. Moves in this direction have been
widely mooted in the industry but the Committee has refraineaq
from invelvement in this debate

We wunderctand that Flower Grower groups 1in other parts ci
Australia are keenly interested in the outcome cf the campaigrn
and we w:ll certainly be sharing our experience and results with
them. An expanding market Australia-wide 4is in all our
interests.
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Knowledge about the Western Australian flora has been gained since the
seventeenth century when English and Dutch navigators&.y¥isited the west
coast. The first plants known to have been collected from Western
Australia were obtained seventy three years before the east cocast of
Australia was botanically explored by Joseph Banks.

-
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William Dampier visited Western Australia twice. In 1688 he described the
flora of part of the far north of the State and in 1699 he visited Shark
Ray and made plant collections there and further north on islands and the
mainland in the north west of the state. The ccllections of Dampier and
the observations he made on the vegetation are cnly of historic interest
and added only a little knowledge cf the flcra of arid parts of Western
Australia.

Tt ~" A e s

irst visitors to the species rich scuth western corner
Western Australia. Thelr contribution toc was rather limited; New

llarnd was far too barren in comparison with the East Indies to the
bolebatelint
In 1227 Willem de Vliamingnh in the ship Geelvinck arrived off the scuthern
Tarz ¢ T2 west ccast near present day Fremantle and a landing part
crossed tie narrow neck cf land between the Indian Ocean and the Swan
w3

River. In a report they commented cn their exgerience with the toxicity
of the only species of cycad of the south west, Macrozamia riedlei, and it
seems likely that they collected some samples of the local flora.

In 1768 the botanist Burmann described two plants new to science. He
regarded them as species of the fern genus Polypodium, believing them to
have come from Java (Burmann 1768). These were later recognised as a
phyllodineoug species of Acacia and Synaphea, a species of Proteaceae
endemic to the Perth region. It is 1likely that these specimens were
collected by the landing party from the Geelvinck.

lis: i F h Expl :

English and French expeditions were to dominate the exploration of western
Australia from 1791 to settlement in 1826.
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In 1781 Captain Vancouver discovered the safe anchorage of King George th
Third Scund. The Surgeon botanist Archibald Menzies, sailing wit
Vancouver, became the first person to make extensive collections of plant
material in the south west. His collections of dried specimens were sent
to Joseph Banks and included seeds c¢f Banksia and fruvits of other
Proteaceae which were the first seeds of this family to reach Kew from the
western part of New Holland. Some seeds were distributed to nurserymen
and many were matured to flowering and used by Bentham to describe species
in Flora Australiensis, Bentham (1863-78). Menzies collected numerous
species 0f Banksia including the widespread B. menziesii

':fm

Labillardi

The first of four French expeditions to visit Western Australia was led by
Admiral D'Entrecasteaux whose flagship "La Recherche® carried the
naturalist Labillardiere. In 1792 Labillardiere collected on the south
coast near Esperance BRay. He later presented an account of the flora in
Novae Hollandiae Plantarum Specimen, published in 1804, describing for
example, the new genus Adenanthos and species such as Banksia repens and
Dryandra nivea (as Josephinia). '

Togoharmz- 1

The seccnd French expedition was commanded by Nicholas Baudirn who visited
various points of the WA coast enabling the botanist Leschenault =
collec:t widely. The expedition visited Geographe Bay and Shark 3ay in 1801
and Xing Georges Sound in 1803. The genus Chamelaucium (MyTr:tacezae,),
by the French 3otanist Desfontaines, was cdescribed from material coll
at King George Sound by Leschenault. Althougn ne dicn':t publish
account of the flora himself, Leschenault made his collections available
to other botanists. The Albany Pitcher Plant, Cephalctus follicularis for
example, was described by Labillardiere, probably from King George Scund
specimens gathered by Leschenault.

The third French expedition to Western Australia was led by Louils de
Freycinet and enabled the botanist Charles Gaudichaud o collect in che
vicinity of Shark Bay. The 1last expedition, under Dumont D'Urville,
visited King George Sound in 1826 and the zoologist Lesson collected
specimens of plants and animals from the sound.

Srown

Ten vears after Menzies made his collections, Xing George Sound was
visited by Rober: Brown on board the Investigator under the command of
Mathew Flinders.

For three weeks c¢f December 1801, Brown, under instructicns Irom Joseph

Bankg, studied the flora of the Scund and its environs. For 19 c¢f his 27

day stay, Brown botanised in the area, walking many kilcmetres to the west

,and tre north and collecting hundreds cf specimens, including Banksia
ccidentcalis.



The next Western Australian anchorage of the Investigator was at Lucky Bay

which was entered in January 180Z2. Some of this area, now known as
Esperance, Cape Le Grand National Park and the Recherche Archipelago, had
been botanised by Labillardiere ten years earlier. Brown was to revisit

Middle Island in the Recherche Archipelago in 1803 after circumnavigating
the Australian continent.

Brown collected apprcximately 3,900 plant species in Australia; he was to
publish the first flora of BAustralia, the Prodromus Florae Novae
Hollandiae et Insular van Diemen in 1810. This contained the new genera
Dryandra, Synaphea and Franklandia as well as many new species in other
genera.
.

In 1809 a wecrk entitled On the Cultivation of the Plants Belonging to the
Natural Order of Protedae was published by the gardener J. Knight; the
botanical descriptions were prepared by R A Salisbury. Salisbury
“gcooped® Brown by seven months and first established the names of many
genera and species of Proteaceae.

In late 1830 Robert Brown published the only supplement to the Prodrcmus.
This contained descriptions of new Proteaceae some of which had been
collected in WA by Baxter and Fraser. It included Banksia goodii, B.
caleyi and B. solandri.

Raxrer

William Baxter was a diligent collector of Prcteaceae and other plants cf
horticulctural value frcm the south coast of WA. Little is known of Baxter
except tnat he was sent to New Holland to collect seeds for
horticulcuralisctcs. In 1824 he vigited Cape Arid, Lucky Bay and Kizg
George Scund where he collected nine species c¢f Proteaceae, including
Banksia dryandroides; wnich were later described by Robert Brown. In
1328, the second year cf the King George Sound settlement, Baxter
commenced a five month stay at the Sound, ccllecting many Proteaceae.
Brown commemorated his name with his description of the widespread scutz
coast species Banksia kaxteri.

Fragexr

The Colonial botanist Charles Fraser visited the Swan River in 1827 to

report on the suitability of the land for settlement. Sailing to the
upper part of the Swan River, where there are clay soils, Fraser and his
party walked to the foot of the Darling Range. A number of Proteaceae

were collected, including species of Petrophile, Isopogon, Hakea and

Banksia many ©f which were new, like Dryandra bipinnatifida which was
described by Robert Brown in 1830.

Swan River Settlement

The establishment of a settlement at Fremantle and Perth, Swan River, in
1829, provided the opportunity for botanical exploration of the interior
of the south west. The Colonial Botanist James Drummond, who arrived with
the first settlers, devoted hisgs life to collecting the flora from as far
north as the Murchison River and as far east as West Mount Barren. He
collected an enormous amount of material which formed the basis for the

description of the Western Australian species in Bentham's Flora
Australiensis.



Luéwig Preiss, who visited the colony from 1839 to 1842, also made a
substantial contribution to our knowledge of the flora. Preiss travelled
widely over the settled areas of the colony, collecting many species
including Proteaceae which were mostly described by Meissner. The
arborescent monocot Xanthorrhoea preissii, and Hakea preissii are two of
the many species named after Preiss.

Huegel

Karl von FHuegel collected near Perth and Fremantle in 1833 and at King
George Sound in 1834. Bentham, Meissner and Endlicher scudied his
collecticns and his name is commemorated in a number of taxa, including
Conospermum huegelii and Grevillea huegelii.

- :

A number of enthusiastic amateur botanists assisted with the inventory of
the States' flcra from the first days of settlement. Persons like Forrest,
Gilbert, Manglesg, Maxwell, Mclloy and 0Oldfield, who were aczive last
century, a&all made substantial contributions to botany. Plant 3 i
such as Rndrews, RBlackall, Ziels, Fitzgerald, Goadby, Koch,
Sargent, _ike their predecessors, are commemorated by many speciiic names
of Western mustralian plant species.

The Western Auscralizn Herba-ium

}-3

The Western Australian Herbarium was formed in 1928 from an ama I o
cf the Forests Deparctment ané Bureau of Agriculture herbaria. Chrarles
Gardner kecame the Government Botanist and until he retired in 1962, he
collected a vast number of species of vascular plants from alimost 11
parts cf Western Australia. '

In 1930 Gardner published his Enumeratio Plantarwmn Australiae Occidentale,
the first census o0f. Western Australiian wvasculir piants. This iist
included 15 genera and 467 species of Proteaceae.

The 1985 census of the wvascular plants of Western Australia lists sixteen
genera of Proteaceae with a total of 536 species, Green (1983). Mos:t of
“hese occur in the south west of the state which is one of the areas of
the world renowned for its species richness. )

The Herbarium is the State repository for flora and has nearly 500,000
specimens. It is the centre for studies on the flora of Western Australiz
and has an active research program to inventory the State's £flcra and
provide the data bases that help conserve 1its remarkable botanical
diversity.
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THE PROTEAS OF TROPICAL AFRICA

By J 8 Beard

-

The genus Protea, although best known as a member of the Cape
flora, 1in fact extends over most of Africa south of the Sahara.
The Cape plants form a tightly-knit group of 69 species (Rourke
1980) beyond which there is a group of 13 in the summer-rainfall

area of South Africa. Two of these are tropical species at the
southern extremity of their range. North of the Limpopo river a
further 30 species are now recognised. These vary £from

localised to extremely widespread. Some have very small ranges
indeed and were for a 1long time known only from the type
collection, while others range over almost the entire area of
Protea country in the tropics. P. madiensis for example ranges
from Angola across to Malawi, north into Kenya and Uganda and
from there into the the highlands of Ethiopia on the one hand
and on the other westward into the furthest limits of West
Africa.

The flower heads of tropical proteas are for the most part not

as strikingly beautiful as the Cape species. The heads are more
"ordinary" with  simple coloured bracts, not prolonged into
ornamental shapes or decked with long hairs. The most beautiful

probably is P. asymmetrica from the Inyanga Mts. of Zimbabwe, so
called because the heads do not open uniformly all round but

from one side first. The tropical species do include the most
bizarre of all proteas in flower, P. rupestris, where the bud is
enclosed in smooth reddish-purple bracts which droop down

completely when the head opens, leaving the protruding flowers.
Another «claim to fame is that the tropicals include the smallest
of any protea flowers. Two miniature species vie for this
title, P. heckmanniana and P. linearifolia, both found in
mountain grasslands of south-western Tanzania, with heads only 3
cm long.

Several of the tropical species may be trees up to 10m tall, the
only real trees in the genus. P. rupestris referred to above is
a tree of this size. It ranges across Africa south of the Congo
basin from Angola to Mozambique, described as a small tree
attaining the canopy in stunted Brachystegia woodlands of
especially poor soils at a high altitude of about 2000 metres
(Beard 1963). P. petiolaris is a smaller tree of some 5-6 m but
with a typical tree habit, an erect truck and ascending
branches. It has much the same range as P. rupestris extending
also to Zimbabwe, and is named from the pseudo-petiolate leaves,
so exaggeratedly narrowed at the base as to possess an apparent
petiole 2-5 cm long. The largest trees of all are produced by a
form of P. welwitschii which I discovered on the Morro de Moco
in the mountains of western Angola and described as subsp.
mocoensis (Beard 1963). While it is more commonly shrubby and
not exceeding 3 m, numerocus trees of at least 10m were observed
growing scattered in mountain grasslands associated with new a
species discovered there, Protea flavopilosa, and Faurea
speciosa (another genus of Proteaceae).




P. welwitschii is an extremely variable species, varring ir

siz¢ and shape, hairiness c¢f stems and leaves, and size -
flcwer heads which vary from large and solitary to small ;.
clustered 1in groups of wup to 6. In early days therefore mar-
different species were described and to try to bring order =z..
cof chaos I reduced no less than 12 of them to synonymy under
P, welwitschii (the earliest valid name, which thus Ja.
priority) in my revision of 1563. To cater for the diversity ;
proposed 7 subspecies, but subsequent taxonomic opinion is tha-
even these are not sustainable, and that we have to recognise
just one highly variable species (Chisumpa & Brummitt 1987).

S
-

Another type of variation in P. welwitschii is in habit. While
mostly taking the form of shrubs, tree forms are found as notec
above and at the other extreme miniature forms where the plants
consist of numerous ephemeral stems arising from an underground
rootstock. These occur in grasslands, and are burnt off eac}
year when the grass is burnt, being renewed in the spring. This
adopticn of both shrub and miniature form occurs also in

P. angolensis, another very widespread species. The two forms
occur 1in separate areas, the shrub form in bush a:d the
miniature in grassland usually on the edge of dambos (treeles
swampy valley bottoms), but they are about equally widespre
In this case the two forms, being quite distinct, are recogr:
as varieties, var. angoiensis €for the miniature and v
divaricata for the shrudb form.

’
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Others of the tropical species are less variable in this respect
and are consistently either shrubs or miniature
("suffrutescent'") species. O0f the 32 tropical species, 1¢
(almost half) are consistently suffrutescent and may be
censidered as having evolved to suit the fire-prone habita* c¢f
the +tropical savanna. Of course the Cape fynbos is regularly
burnt too, but not every year. The presence of grass great.vy
intensifies expocsure to burning. The tree habit is considered
ancestral, evolving tec the shrub habit and this in turn to the
suffrut. scent form.

Colour of flower head is also variable, from red through pink tc
white. Many Cape species have either pink or white heads mizec
indifferently through the same population, but this is not sc¢
marked in the tropical group. Only in P. angolensis perhaps is
it a noteworthy feature where both the shrubby and miniature
varieties are generally white but the miniature has a pink form
found only in N E Zambia and the shrubby variety a brilliant rec
form rather more widespread in Zambia and Malawi. In general 1in
tropical species bracts and flowers are pink-tinged.

Broadly, the tropical proteas occupy two principal habitats, the
one related to that of the Cape species, the other gquite
distinct from 1it. The former is vegetated as in the Cape ?F
fynbos or by degraded communities derived from it, the latter =7
plateau woodland, that vast complex of savanna woodlands of ta®

Brachystegia-Iscoberlinia-Julbernardia assemblage which covers
much of Africa south of the Sahara.




In the former case, the Cape fynbos is generally classified like
Western Australian kwongan as '"mediterranean-type" vegetation
adapted to a wet-winter, dry-summer climatic regime, but in fact
this concept is false as the component plants do not exhibit any
specific adaptations of the required nature, and the fynbos
extends from the winter-rainfall western Cape into the constant
rainfall zone and then on beyond Grahamstown into the
summer-rainfall zone. Here its presence is less obvious because
summer rainfall promotes the growth of grass, which becomes dry
and 1inflammable in winter, with the result that fire has largely
eliminated the fynbos in favour of grassland. Sufficient relics
of it survive to show its former presence and ctomposition, and
some fire-resistant members of it persist, forming a
shrub-savanna vegetation in combination with the grassland.
These often happen to be proteas, and a protea savanna, derived
in this way,” is a frequent element together with fynbos relics
all along the escarpments and mountains of Africa at ever
increasing altitude until it achieves recognition as the
"ericaceous zone" of East African mountains at an altitude of
some 3000 m.

At a lower level than these specifically mountainous areas
extend the great plateaux of tropical Africa between altitudes
cf 1000m to 2000 m, covered with a grassy woodland of leguminous
trees. This too 1is a fire climax, as famous experiments in
Zambia have shown that the real climax is semi-evergreen forest
("muhulu™) which will develop under fire protection. The
Brachystegia woodland ("miombo") is a secondary type maintained
by early, light burning. Late season, severe burning creates
open grassland. Proteas are inhabitants of the miombo at the
higher elevations and on the poorer and rockier soils where the
trees are stunted and less competitive with the smaller
proteas. This 1is where the tree proteas are found, and also
thcse others considered to show characters which are primitive
in the evoiutionary sense. It 1s here that the ancestral home
of African proteas appears to lie.

In Australia the shrubby, sclerophyllous Proteaceae of kwongan

and other "heathlands" are believed to be descended from rain
forest ancestors, and proteaceous genera are still represented
among rain forest trees. This is also the case in Madagascar,
where there is a single monotypic genus Dilobeia, but not in
Africa itself (Johnson & Briggs 1975). The family is not
represented, today at least, in African rain forests. It is

thought that Faurea, another proteaceous genus represented in
both tropical Africa and Madagascar, is possible ancestral
(Rourke 1973). This is primarily a tree of closed and open hill
forests in the drier parts of the tropics, not of rain forest.
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WILDFLOWER DIEBACK
AUSTRALIAN PROTEACEAE IN CRISIS

James A. Armstrong
Department of Conservation and Land Management, PO Box 104 Como
Western Australia, 6152.

Western Australia has an extremely rich flora and the South-West Botanical
Province is one of the most important centres of biotic diversity in the world.
Unfortunately, deforestation, soil erosion, over-exploitation of natural
resources and fungal disease are severely threatening the integrity of the
State’s biodiversity and its loss is an irreversible process of global concern.
Western Australia has 43% of Australia’s threatened plant taxa, more than

any other State on the continent and more than most other countries.

Dieback disease, caused by Phyrophthora species, is out of control in some
areas of the south west, especially in the species rich coastal heathlands,

where many of the ecologically important and spectacular species are facing
extinction. The family Proteaceae ( Banksia, Grevillea, Dryandra, Hakea etc.,
comprising 536 described species) is one of the most diverse plant groups in
Western Australia and is highly susceptible to  Phyrophthora - more than 80%
of species in the family are susceptible to the fungi.

Despite extensive research we are unable to halt the pathogens onslaught and
protected species, once thought secure in national parks and resefves, are
now facing extinction in the wild as existing conservation reserves are being
decimated by the disease. Wildflower dieback is now the greatest
conservation threat facing Western Australia!

The conservation problems that we face are graphically demonstrated in the
dieback video:-

Video "Diebuck on the South Coast” (9 minutes)
Produced by Tom Hill and Bryan Shearer, Dpt. Conservation and Land
Management (CALM)



Wildflower Dieback- J.A. Armstrong 2

WHAT IS BEING DONE

In 1989, government departments, universities and industry groups in
Western Australia spent more than $3.5 million on dieback detection and
prevention and the Department of Conservation and Land Management
(CALM) has developed comprehensive hygiene protocols to quarantine the
disease. In the past, disease research by CALM and university scientists
concentrated on studying the biology of the fungus to develop effective
hygiene protocols to contain the pathogen. Current research is directed at:

a) containing the spread of the disease,

b) - developing more effective diagnostic techniques (e.g. DNA probes)
for detecting the pathogen,

¢) eradicating the pathogen from infected sites, and

d) identifying, propagating and cryostoring resistant plant genotypes.

The fungicide phosphorous acid, is proving effective in controlling most types
of Pryrophrhora and the compound is cheap and easy to apply in field
situations (Shearer et. al., in press). Selection of resistant plant varieties is
also possible and Phytophrhora resistant strains of jarrah ( Eucalyprus
marginata) have been developed within CALM for use in rehabilitation
strategies (Stukely, unpublished data *) - this work will be expanded to include
threatened plants in the Proteaceae (e.g. Banksia brownii). CALM is testing
the Jatest dieback mapping techniques on the south coast using remote

sensing, which detects infected water-stressed plants before other symptoms
are visible. New molecular biological approaches will be developed to

exploit weaknesses in the genetic make-up of the fungi and this genetic

manipulation research should lead to the attenuation or eradication of the
pathogen from infected sites.

WHAT CAN THE COMMUNITY DO?

The fight againsi dieback is not hopeless but it is essential that the
community combines in the fight against the pathogen. The majority of our
National Parks and Conservation Reserves are still healthy, and this will

remain the case as long as we stop the spread of dieback into pathogen free

- -~ .
Stukely, M. : Department of Conservation and Land management, Como Research Centre.



areas. The greatest single step we can take to stop this killer is to stop its
artificial spread.

-

We need to contain dieback until a cure can be found. People visiting the
bush should observe the road closed signs in dieback quarantine areas and

stay on hard, well drained roads and tracks when they’re out driving. Anyone
driving off the road in natural areas should check first with the local CALM

.

office to ensure that they don’t become dieback carriers.
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BURN.
A CCMPUTER MODEL IN RESOURCE MANAGEMENT
OF THE PROTEACEAE.

1 2
S.W. Connell & B.B. Lamont

1. Weed Sciences
Western Australian Department of Agriculture
Baron Hay Court, South Perth, 6150, Australia

2. School of Environmental Biology
Curtin University of Technology
GPO Box U1987 huifhe
Perth, 6001, Australia

INTRODUCTION

Natural ecosystem management, conservation authorities and private
horticultural enterprises must make decisions which include consideration
of conflicting pressures. Such pressures might include preservation of
rare and endangered species; utilization of native species in the cut-
flower industry:; control of noxious species; prevention of wild-fires; and
recreational uses (Aust. Environ. Council 1986). Increasingly, computer
analysis and simulation are being used in land use planning. Such
techniques cannot supplant considered judgement and experience but may
provide a reasonable estimation of management practices.

e model BURN is a management tool used te investigate the role of
and drcught in determining the species composition of plant communities
the dynamics of indivicdual plant species. It has potential £for use
studies of natural communities or in the organization of artificial plan
ccmmunities (eg horticultural crops). At present BURN is based upon the
pepulation and reproductive features of banksias and dryandras. This grous
has been chosen kecause a large body of information exists concerning these
vlants and they show a great deal of variaticn in ecclogy, distributional
patterns and morpholcgy. However the model 1is generalized to allow
inclusion of any plant species, eg kangaroo paws, proteas, provided
relevant data are available.
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The biology, ecology and management of banksias and other Proteacecus
species have been discussed by Wrigley & Fagg (1988), Taylor & Hopper
(1988), George (1981, 13987) and Burgman & Hopper (1982). These books and
various scientific papers (eg Lamont & Barker 1988, Collins & Rebelo 1988)
provide background material to the intent and uses of this model. Further
information regarding a rationale of the model may be obtained from the
authors.

BURN - THE MODEL

The population dynamics model has been written so that it can fulfill three
major roles. The first role is as a teaching device for use in educational
environments ranging from primary school, through secondary and tertiary
situations, to general community applications. Its second role is as a
research tool to further our understanding of the biology and evolution of
the Australian flora. The third use of the model is as an aid in resource



e latter use encompasses natural communities as wIlll o¢
srzuations. It can function as & guide to species 5:1uC
regimes with regard to cone crop production, supplemen

EF'7RN is written in the C computing language. It incorporates a number of
aamographic and environmental variables which may be altered by the user.
Familiarity with the biclogy of the species under analysis is essential for
the correct use of the model. It should be noted that the results cf this
model are illustrations of the predicted dynamics of different species
under varyving environmental conditions. The data and functions used in the
model are based on actual results from a large number of sources (see
reference list). The output from the model should not be used in isoclaticn
from field experience and the user must be aware that predicted outcomes
are not real scenarios but probability statements.

A maximum of 6 species may be incorporated in any one run of the model.
This has the considerable advantage of providing comparative informati
regarding species performances. It emulates the difficulties £faced

resource managers in deriving op nal p rammes £ e
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rut and the effects cf d e

right be useful in detemmining potential returns £fLrom cone hs usi
different species combinaticns. Many of the details of the model are beven
the scope of this paper; a user's guide, currently being drafited, provices
discussion and egquations for all variables.

(a0

Tire Response, B2{01), Banksias are usually considered to be either
tolerant or fire-sensitive. Fire-tolerant species of Banksia resprou:t after
fire by lignotuberous (eg B. menziesii) or epicormic regrowt (eg B.
grandis) . Many resprouting banksias possess both types of bud system and
the nature of the regrowth depends on the intensity of the fire and age
(size) of the plant. The populations of all fire tolerant species may alsc
regenerate from seedlings.

8]
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Fire~sensitive species are killed by fire, as they lack ‘lignotuberous or
epicormic bud systems. The size of the plant (for example in B. prionotes)
may confer some resistance to fire, particularly if the fire is relatively
mild and does not reach the canopy. Fire-sensitive species generally rely
upon seed germination for pcpulation regeneration. Some species of banksia
mav include both fire response types (eg B. ashbyi, B. marginata, B.
violacea). Information concerning the geographic ranges of such ecotypes is
unavailable in most instances.

Fire response determines the manner in which the model treats the speci
After a fire, the model determines the £f£ire response tvpe an
destroys &ll plants in the case of a fire sensitive species or a proporti
of plants in the case of a fire-tolerant species. The proportion cf plan
killed is related to the age and structure cf the populations.



Table 1. Species variables used in BURN.

Variable Variable Name Description
Code
A(01) fire response banksias are either killed by fire or
are capable of resprouting after fire.
A(02) flowers per cone the number of flowers produced per cone
A(03) fcllicles per the number of fruits per cone; each
cone follicle is capable of containing two
seeds
A(04) percentage of only some cones produce follicles
cones fertile -~
A(05) granivory seed death due to predation
A(06) abortion seed abortion
A(07) branch rate rate of increase in the number of
branch apices
A(09) seed wviability proportion of seeds which remain
viable each year
A(10) serotiny the rate of seed release from the cone
aA(12) juvenile period the period (in years) between seed

germination and production of the
first cone

A({1l3) lifespan the potential lifespan of the species

A(14) initial size of the population at the start
population of the program and after each fire

A(13) mortality shap= parameter for mortality curve

A(16) mean annual aver ge rainfall experienced over the
rainfall spec .es range

A(17) Std. Dev. annual standard deviation of the above
rainfall

AS(S) scecies species name

Juvenile Pexiod, A(12). The juvenile period is the time which elapses

between germination and first flowering. Sgecies which are fire-tolerant
ustally nave a longer juvenile pericd than do fire-sensitive species (a
minimum o0f S and 3 vears respectively, George 1587). Some species (eg B.
grandis and B. tricuspis) apparently do not flower for up to twenty years
after germination (Lamont & van Leeuwen 1988). Fire-tolerant species tend
to grow more slowly overall and may allocate more of their resources to
lignotuber formation rather than stem and leaf growth.

Demographic Variables, A(15), A(13), Initial post-fire populations
consist of large densities of seedlings (and resprouts in some species).
With the passage of time these densities decrease due to a range of
mortality factors (eg animal grazing, plant competition, drought). Though
there have been few long-term studies of the population dynamics of
banksias, the fact that plants can be aged due to their pattern of growth
means that general mortality patterns can be determined.

The populations of many fire-sensitive species of Banksia appear to decline
due to plant senescence in the absence of fire. Plant death is sometimes
linked to the collapse of large heavy branches (eg B. cuneata, Lamont et
al. 1991) or loss of active apcies (eg B. coccinea Witkowski et al. 1991).
Fire-tolerant species typically exhibit a longer potential lifespan related
to their ability to recover from fire damage. Plant mortality and life
span variables are used to power a survivorship curve. Plant survivorship



£iyv

¢ cf fires on pcpulaticn regeneration are contrclled Ly plarnc
t and density-independent functions.

iranch Rate, B(07). The majority of Banksia speci s possess a pattern cf
;rowth which enables individual plants to be aged a.d the temporal pa:t:e
‘. cone production determined (Lamont 1985). This important observat:i
mzens that populations can be age-structured and the dJdynamics
reproduction over time assessed. There are difficulties in ageing scme
species but in most cases some estimate can be obtained.
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Reproductive Variables, A(02), Z(03), A(04), All species produc
distinctive cones which may bear from 60 to 4000 individual flowers. The
majority of flowers do not set fruit, which in banksias are called
follicles. The potential number of follicles that a cone may bear is egual
to the number of flowers the cone possesses. This potential is never
reached in any species. In many species the majority of cones fails to set
any follicles. Reasons for the excessive production of flowers as compared
with follicles are debatable (see Collins & Rebelo 1988 for recent
reviews). It may reflect resource limitations as most follicles are massive
and woody structures which involve a heavyv resource commitment (Wzllace &

O'Dowd 1985). Alternatively it may reflect poor fert.lization of flowers
because oI pollinator (mostly birds, insects and small mammals) hbehavicur
(Paton & Turner 18€5). The rseson for low follicle sat prebably involves a
combination of causes. It Is doubtful thaet the kiclocy c¢f ssed set in any

c
Banksia species will Dbe resolved cuickly given
variables crerating and the difficulties inh t
investigazion of the group (eg long juvenile pericd, plan
invelved iIn nutrient and pollination exveriments).

Seedbank Pynamics Varxiables, 2(03), 2(068), A(0%), R(10), Each fcllicle
may contain a maximum of two seeds, though ovule abortion and seed
predation usually reduces seed producticn considerably (Zammit & Hocod 1986,
Scott 1982). Abortion of seeds may be due to a range of factors. It may
represent external environmental stresses operating during seed set (eg
drought or nutrient deficiency) or be due to genetic causes (eg B. coccinea
which always aborts one of the seeds per follicle). In many species seed
abortion is linked to damage to the vascular tissues of the ccne caused by
insect laxvae feeding (Scott 1982). Levels of seed aborticn are often
Greater in those species which are fire-tolerant (eg B. elegans, 3.
incana). Granivory includes invertebrate and vertebrate destruction of
cones, folilicles and seeds. Most seed predation and cone damage occurs 3in
the first year and some data indicate that there is little further damage
within the follicles until they either open or decay. Other scientific
papers show that granivory increases with age, eg Lamont & Barker (1988).
Abortion occurs during seed development and hence is confined to the first
vear of a seed's existence. Seed viability decreases by a constant
propcrticn with age while the number of seeds released increases. Serotiny
is an indzx of the degree to which a seed store is accumulated. It is
directly comparable to similar indices used for soil sesed storage.

Raipfall, E(16), A(17)., The mean and standard ceviation annual rainfall
statistics, derived Zfrom climatic predictions, are used to determine age-
specific mortality as a conseguence of flcod or drought. This Is density-
independent mortality.



Fires, Fires in the simulation are of two types. Wildfires arise by the
comparison of random numbers to a cumulative normal distribution whose mean
is decided upon by the user. Typically the mean is set between 15 to 20
vears. A second system of fires is BURNS which is called at the user's
discretion. This enables the user to modify (within limits) the dynamics of
the simulated community. FIRES can override BURNS should they occur prior
to the projected year of the management burn.

cv\pﬁ:ps haa— abgse

Species currently incorporated in the model database are‘}%sted irn Table 2.
The list includes the majority of banksias from Western Australia and a
smaller number of dryandras. Additions to this database are constanly being
made as information is obtained. The inclusion of a species is not limited
to the W.A. flora and so a Protea coulc be added and analyzed in
conjunction with; say, B. speciosa for a flower farm around Esperance.

Table 2. Species presently incorporated in BURN database.

Banksia

B. attenuata B. audax B. baueri B. baxteri

B. blechnifolia B. burdettii B. caleyi B. candolleana
B. chamaephyton B. coccinea B. cuneata B. elderana

B. elegans B. gardneri B. grandis B. grossa

B. hookerana B. ilicifolia B. incana B. laevigata
B. lanata B. laricina B. lemanniana B. leptophylla
B. littoralis B. lullficzii B. media B. menziesii
3. micrantha B. nutans B. occidentalis B. petiolaris
B. pilostyliis B. prionctes B. pulcheila B. rerens

B. scabrellia B. sceptrum B. seminuda B. speciosa

B. sphaerccarpa B. telmatiaea B. tricuspis B. violacea
Drycendra

C. armata D. carduacea D. nivea (form) D. nobilis

D. praemorsa D. proteoides D. gquercifolia D. senecifolia
D. sessilis D. stuposa

Future enhancements of the model will provide seed harvesting options for
population supplementation after fire and to evaluate the effects of flower
picking on population viability. Inclusion of interfire establishment, non-
normal fire frequency distributions, drought and greenhouse effect modules
is planned to more fully explore and emulate the dynamics of individual
species and communities.

le 1 lation dynamics of £ ies of Bapksia f

The species included in this example are all from the south coast of
Western Australia. Their attribute settings are presented in Table 3. All
four species are killed by fire (response code 0). Banksia speciosa
produces the largest cones (most flowers), while B. coccinea sets the
greatest number of follicles per fertile cone. All species, except B.
pulchella, set follicles on more than 50% of cones produced. Seed mortality
ranges from 46% to 75% and is due to both seed abortion (especially B.



ocrinca) and seed predation (especially B. pulchella). Branch rate, which
.te=rmines the rate of cone crop increase, is greatest in B. baxteri and
22 in B. coccinea. The climatic statistics indicate that, on average, B.
baxteri and B. coccinea occur in situations which receive more rainfall per
5 than do B. pulchella and B. speciosa. An average annual rainfall of
00 mm was selected for this simulation, within the ranges of all species.

Table 3. Biological attributes of four species of Banksia. Rainfall
statistics are meanzstd.dev.

Species B. baxteri B coccinea B. pulchella B. specicsa
Fire response 0 0 0 0
Flcwers per cone 224 286 324 1369
Fruits per

fertile cone 2.7 23.2 19.0 8.7
Fertile ’

cones (%) 59 50 20 55
Seed aborted (%) 27 56 15 24
Seed eaten (%) . 32 - 19 56 22
Branch rate L. 32 TS 1.26 2 B0
Mortality constant 0.08 0.10 ¢.10 0.c8
Rainfall {(mm 537+11 348+1Z1 5142101 466+11¢
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Figure 1. Predicted annual cone production patterns in four
species of Banksia. Note log scale.

i

Figure 1 shows the temporal development of the cone crops on individual
plants of the four species over twenty years. Banksia baxteri produces the
largest cone crop of the four species while the cone crop of B. coccinea,
reflecting the poorly branched form of the species, 1s the smallest. The
amount of seed stored on the plants is a function of cone crop development

together with the dynamics of seed set and seed loss. Figure 2 illustrates
the temporal development of the seed stores in the four species. Though the
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Fig. 2. Predicted seed bank dynamics of four species of Banksia.
Note log scale.

rate c¢f cone production was greatest in B. baxteri, the few follicles set
per cone combired with the other reproductive variables lead to the species
having a lowexr zrate of seed bank development than B. speciosa. Banksia
pulchella and B. spceciosa have similar numbers of seed stored each year,
though their reproductive attributes and cone crop dynamics differ. Banksia

coccinea stores the least amount of seed cf all Zour species

The eifects cf fire interval on gcpulation change are presented in Tacle 4.
in general, freguent fires (interwval less than .3 vears) lead to a decxease
in the population sizes cf all four species (a percentage change less than

100). The size of the standard dewviations indicates that an increase in
population size is possible but unlikely as the average effect is below
100. Fire intervals between 14 and 20 years yi2ld a dynamic equilibrium in
population sizes with alterations in the numerical dominance of individual
species from fire to fire. Such a fire regime would ensure survivorship of
the four species and maintenance of plant community diversity. Fire
intervals greater than 20 years may lead to population reductions due to
parent plant senescence.

The result of any one simulation is unique. General similarities exist
between simulations which have the same initial configurations, eg eventual
extinctions, overall mean population sizes, effects of average rainfall and
fire regimes etc, but the year by year and generation by generation values
differ. Figure 3 reflects this point for B. baxteri and B. coccinea. This
simulation was over a 300 year period during which time 20 fires occurred.
Not only were the settings identical in both cases (average annual rainfall
of 500m, average fire interval of 14 years) but the sequence of fire
intervals was also controlled. The differences between the outcomes are
clear, eg in the temporal patterns of species dominance and dynamics; while
similarities can also be observed (overall dominance of B. coccinea).



Table 4 Effect of fire interval on percentage pcpulation change cf 4
spec_.a2s of Banksia. Data are mean * standarxd deviation based cn ZC
imulations.

Fire Interval (years)
necies 11 12 13 14 15 16 17 18 19

baxteri 56x26 87+44 91453 95+40 114468 114458 125170 113456 113~46
2. coccinea 66+15 83419 97+29 104+33 107428 111+41 113354 114+53 112+48
B. pulchella 55415 68220 77418 94423 120+67 1.0+51 115452 118465 111+42

R

B. speciosa 56425 8527 90436 110+40 109435 125437 115+59 113451 113#50

These patterns can be interpreted as being due to the temporal interactions
between individual species attributes, their ecological requirements, and
the environment. Population declines could be related to short fire
intervals or to drought events occurring shortly after fires. Population
increases were often related to periods when seed set was high and fire
intervals optimal. The model infers that the species richness and dynamics
of Western Rustralian plant communities can be understood in terms of the
effect of climate and fire on individual species.

tn

baxteri -1

b}

coccinea -1

L]

B. baxteri -

coccinea -2

[64]

Population
size

Fire seguence

Figuze 3. Comparative population dynamics of two Banksia
species from two simulations using the same rainfall regime
and sequence of fire intervals. Open symbocls represent the
first simulation and filled symbols the second.

The average population sizes (Table 5), together with the population
turnover estimates (Table 4), give an indication c¢f the sensitivity and
cdynamics of the species under particular model settings. Banksia coccinea
was the overall dominant species in the example though it also showed the
greatest variation in plant numbers. Banksia speciosa was the least common,
and as Fig. 2 indicates, probably would benefit from a longer average fire



interval than was experienced. The implications of an analysis of this type
are manifold. Provided the user has confidence in the model settings then
an assessment of management practices is produced. The impact of any
additional pressures (eg cone harvesting, Phytophthora infestation) can be
ascertained by modification of the model settings and statistical analysis
of the differences in outcomes. The model allows long term predictions to’
be made which would otherwise remain subjective opinions. -

Table 5. Predicted average population densities (per ha) of the four
Banksia species.

Species B. baxteri B. coccinea B. pulchella B. speciosa
Number of
plants 2294155 4904259 215+128 118+49

The effect of climate on long term survivorship of B. coccinea is presented
in Fig. 4. A bioclimatic analysis of B. coccinea_ established that it
occurred in areas with an average annual rainfall of 548 mm (Std.Dev 131).
BURN predicts that when annual rainfall is less than 450 mm the species
will die out. This prediction agrees with the isohyet relationships of the
current distribution of B. coccinea (see Taylor & Hopper 1988, George
1987). The extrapolation from this result 1is that 4introduction of B.
coccinea as a horticultural crop in an area with less than the critical
annual rainfall may need to include supplementary watering, at least until
the plants are established. It also implies that seed and cone harvesting
would probably have similar impacts in areas ranging in average rainfall
from 460 to 660 (100 mm either side of the mean rainfall). This inference
needs to be treated with caution however as other factors (eg soil tvpe,
area occupied by the population) will undoubtedly affect the dynamics of
post-fire regeneration.

1290 7
1000
400 mm
“ 800 430 mm
2 ° 440 mm
=1 600
3-: 450 mm
a " 460
o 400 o
560 mm
200
0

Fire sequence

Fig. 4. Population dynamics of Banksia coccinea under different climatic
conditions



CCLIZLUSIONS

e )

An ecological model has been developed which provides insight into the
bioclcgy and management of natural and artificial plant communities. The
model is flexible and can include native and exotic species of varying
growth forms provided certain infcrmation is available. The model has

potential for use in education, resource management, horticulture and
theoretical biology.

ACKNOWLEDGEMENTS
This study was partly funded by the Australian Kesearch Council.
REFERENCES

Australian Environment Council 1986. Guide to environmental legislation and

administrative arrangements in Australia. Report No. 18. Aus%t. Gov. Publ.
Serv., Canbkerra.

Burgman, M.A. & Hopper, S.D. 1982. The Western Australiaen wildZlower
industzy. Deps. of Fish. wild. W.AR. Rep 33

Collins, B.Z. & Rebelo, T. 1587. Pollination kiology 0f the Proteaceae in
Australia and scuthern Africa. Aust. J. Ecol. 12: 387-421.

George, A.S. 1981. The genus Banksia L.f. Proteaceae. Nuytsiaz 13: 235-473
George, A.S. 1987. The Banksia Book. Kangaroo Press. Svdney.

Lamont, B.B. 1985. Fire responses of sclerophyll shrublands - 2 population
ecology approach, with particular reference to the genus Banksia. in "Fire
Ecology and Management in Western Australian Ecosystems" E&. J.R. Ford

pp4l-46. Curtin Environmental Studies Group, Bull. No. 14.

Lamont, B.B. & Barker, M.J. 1988. Seed bank dynamics of a serotinous fire-
sensitive Banksia species. Aust. J. Bot. 36: 183-203.

Lamont, B.B., Connell, S.W. and Bergl, 5.M. (1991) Seed bank and population
dynamics of Banksia cuneata. 30t. Gazz.l152: in press.

Lamont, B.B. & van Leeuwen, S.J. 1988. Seed production and mortalitv in a
rare Banksia species. J. 2ppl. Ecol.

Paton, D.C. & Turner, V. 1985. Pollination of Banksia ericifelia Smith:
birds, mammals and insects as polen vectors. Aust. J. Bot. 33: 271-286.
Scott, J.K. 1982. The impact of destructive insects on reproduction in six
species of Banksic L.f. (Proteaceae). Aust. J. Zool. 30: 901-821.

Taylor, A. & Hopper, S.D. 1988. The Banksia Atlas. BAustralian Government
Publishing Service. Canberra.

Wallace, D.D. & O'Dowd, D.J. 1989. The effects of. nutrients and
inflorescence damage by insects on fruit-set by Banksia spinulosa.
O cologia 79: 482-488.

Witkowski, E.T.F., Lamont, B.B. & Connell S.W. (1291) Seed bank dynamics of
three ce-occurring banksias in south coastal Western Australia: plant age,
cockatoos, senescence and iInterfiire establishment. Aust. J. Bot. (in
press) .

Wrigley, J.W. & Fagg, M. 1988. Banksias, Waratahs and Grevilleas. Co
Sydney.

Zammit, C.A. & Hood, C. 1986. Impact of flower and seed precdators on seed
set in two Banksia shrubs, Aust. J. Eccl. 11: 187-193,

bt
b

ins,



UTILIZATION AND CCNSERVATICN Cr BANKSIA HOOKERIANA

E.T.F. Witkowski, Byron B. Lamont & F.J. Obbens
School of Environmental Biology, Curtin University of Technology, GPO Box
U1987 Perth 6001, Australia

INTRODUCTION

“n recent years, interest in the conservatiocn of rare and endangered flora has
increased dramatically. This has come about due to the decreasing likelihood
of survival of many plant species in the wild. This is the result of factors
such as land clearing, mining, urban sprawl, pcllution, igkpocduced plants and
plant diseases (such as Phytophthora cinnamomi and other fungal pathogens),
lowering of the water table and increased explcitation of natural products.
Wildflower picking may even result in local extinction when the species being
picked is not allowed to develop a seed bank which will allow it to regenerate
after the next wildfire.

The extent of commercial picking from the wild has been escalating in recent
vears (Burgman & Hopper 1982; George 1984; Joyce & Burton 1989). Banksia
hookeriana Meissner is a case in point: it is an attractive species that
occurs over a limited distribution in dry mediterranean scrub-heath (Fig. 1;
George 1981; Taylor & Hopper 1988) and is intensively harvested by bush

oickers for the wildflower industry. Banksia hookeriana is one of the most
important species in the export wildflower trade (Table 1). Since B.
hookeriana is killed by fire it 1is dependent on canopy stored seed for
receneration (Enright & Lamont 1989). Seedling recruitment only occurs in the
winter - spring period immediately after fire following seed reiease in
response to fire. Reduction in the potential seed store as a result of
intensive harvesting could result in insufficient recruitment for parent
replacement. Banksia hookeriana and other wildflowers which are popular in
tne wildflower trade, such as B. coccinea, grow on deep acidic nutrient-pocr
sands. However, seeds of these specles contain high levels of limiting
~utrients, such as nitrogen and phespghorus (Kuo et al. 1982), which are
2ssential for seedling establishment in the impoverished soils. Intensive

ZIlower picking over a number of years may deplete the nutrient reserves of
this ecosystem, as well as impair the ability of these plants to set seed (eg.
Low & Lamont 1986; Esler et al. 1989; Witkowski 1990). Thus it is important
to determine the long-term impact of present harvesting practices on this
geographically-restricted species.

In this paper, we report the results of a number of studies on the
distribution, phenoclogy, seed-bank dynamics, post-fire seedling establishment
and survival, and ecophysiology of B. hookeriana. In addition, we present
Preliminary data on the effects of wildflower picking on bloom production,
total canopy seed storage, pre-fire seed dispersal and seed predation. Data
were collected from a commercially-picked site, the Beekeepers Road Nature

Reserve (No. 39744; 29°49's, 115°16'E), 300 km north of Perth (near Eneabba),
and compared with an unpicked population, of the same age (13 years), and on a

similar site in terms of environmental conditions. The climate is dry, warm
mediterranean, with a mean annual rainfall of 530 mm, and a pronounced winter
Maximum (Beard 1976). Mean maximum temperatures in January (hottest month)

and mean minimum temperatures in July (coldest month) are 35.8OC and 9.20C,
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Takble 1. Features of the Australian wildflower industry in relation to
picking of Banksia hookeriana blooms. This data is preliminary, and was
researched and compiled by F.J. Obbens.

Year 1981 1990

2
No. of flower pickers 550 1000
(all species)

1 2
Number of major wholesalers 5 15 haibe
Annual harvest of B. hookeriana
3

blcoms (millions) - - 1.27- 1.42
Blooms sold (% total)

Exported 801 873

Local 20l 133’4
Source of blooms (% total)

Picked from the wild 903 503'4

Cultivated . 103 503

Burgman & Hopper (1982).

M. O'Donoghue, Department of Conservation and Land Management.
Compiled by F. Obbens.

Australian National Parks and Wildlife Service.

R S I R

Table 2. Population details for Banksia hookeriana plants from picked and
unpicked stands near Eneabba, Western Australia. Results are means#*S.D.
Density determined on three 20 x 20 m plots and other variables on 20 plants
per site. *, P<0.05; **, P<0.01l; ***, P<0.001; NS, not significant (t-test).

-

Picked Sig. Unpicked
. -1
Density (plants ha ') .
B. hookeriana 1483+181 * 2100%265
All shrubs 10342+800 NS 1250041179
Height (m) 1.49+0.14 * ok 1.78+0.27
2
Canopy area (m ) 2.11+1.00 * 3k 3.77+1.86
3
Canopy volume (m ) 2.13%£1.13 *ok ok 4.65x2.71

Openness of canopy (%) 23.9+14.2 * % % 10.3+6.4



respesiiveilyv. Rainfall exceseds evaporaticn only during the menths ¢ June ¢
Augus~ . The length of the growing season fcr agricultural glant (Frescenz
formmolz) is 4.5 months (Bartlett 1975). Banksia hookeriana is rest:icced to
the Eneabba Plain which represents a ccastline dating from the Pleistocene
(Baxter 1872). It consists chiefly of alluvial/colluvial deposits of gravel,
sanz and clzy which were deposited through the action of wind and streams from
the lateritised sandstone plateau to the east. These deposits are doninated
by undifferentiated bleached sands underlain by lateritic gravels and clays
(Hopkins & Hnatiuk 1981).

Proteaceae, and banksias in parxticular, have special features which enables
one to trace the annual history of bloom production and the extent of picking
on a plant. That is, one can determine the age of cones and shoots from the
growth pattern of the stems (Lamont 1985). " Furthermore, seeds are stored in
the canopy (serotinyv), and thus the total seed bank available for the next
generation can be easily assessed (Lamont 1991).

DISTRIBUTION

Banksia hockeriana is restricted to an area of about 33 x 74 km (E-W x N-§)
in the northern sandplains cf Western Australia centered on Ereabla, 28 km
r.orcth ¢f Perth (Taylcr & Hosper 1688; Fig. ). Thus it ig vary restricted
compared with widespread banksias such as B, atteruata &ad B. menzlesii Iz
s Zound tn the crest and ucper slopes of deep, sandy dunes, and ls absent
from interdune depressions (Enrighit & Lamont 195%; Lamont et al. 21589) I
may hyvbridize with B. prionores, preferring low points in the landscape, at
~he ecctenz cf their discributions. Follination by new holland and krown
~cneyeaters, as well as bkees has been observed (Taylor & Ecpper 1255)
Zanksia hcckeriana is locally common with most populations in excess of 10¢C
plants at maturity. It is highly susceptible to dieback disease (McCredie et
el. 188%)

In an attempt to explain the restricted distribution of B. hookeriana, a study
was undertaken along a topographic gradient at Mt Adams (Lamont et al. 1989).
Banksia hookeriana was-.only found in the midslope area where the sands are
deepest. Seeds of B. hookeriana were planted as a monoculture and as a
mixture with B. attenuata, B. menziesii, B. leptophylla, and B. prionotes (the
other species occurring naturally along the gradient) on the upland, midslope

and lowland positions on the gradient (Lamont et al. 1989). Seed germination
was similar at all sites and B. hookeriana seedlings survived in the
monoculture plects throughout. However, when grown with the other species, B.

hookeriana only survived at the midslope site where it occurs naturally. Thu
the restriction of B. hookeriana to the mid-slope area is due to the combined
effects cf bioctic and abiotic factors. Since the sites where B. hookeriana
will not be cutcompeted by other species are not abundant (deep sands), this
could explain its restricted distributicn.

PHINOLOGY
Vegetative growth ¢f PE. hookeriana occurs for nine months of the year (

Fi
2). It s highest during the summer months: greater than 90% of “ot
@Xtension growth and leaf production occurs during the driest and hozte



B.hookeriana
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Fig. 2. Phenophases of Banksia hookeriana at Eneabba, Western Australia.
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Fig. 3. Flower head and shoot extension of Banksia hookeriana at Eneabba,

Western Australia.
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months, and stops over the winter periocd (Fig. 3) like other banksias in the
area. In contrast, inflorescence development occurs over a period of 7 months
from January to September, with blooms maturing asynchronously on an
individual plant. Blooms opening late in the flowering season are much
smaller than those opening at the start of the season. Floral initiation and
development in banksias is slow, taking from 6 to 12 months .(Fuss & Sedgley
1390) . During this time the developing blooms are prone to insect damage,
especially by species of borer (Wallace & O'Dowd 1989). Once blooms develcp
they may be visited by white-tailed black cockatoos, Calyptorhychus funereus
latirostris (Saunders 1980; Scott 1982; Witkowski et al. 1991). Cockatoos
remove bloocms by chewing them off at the base in their search for moth larvae.
Fruits (follicles) develop from July to February. Commercial picking is
undertaken from about June to September. Lateral roots extend up to 4.5-10 m
from the parent plants (Lamont & Bergl 1991). All lateral branches terminate
in clusters of rootlets (proteoid roots). Proteoid roots of all banksias in
the stand merge to form a 5-10 mm thick mat at the soil surface. Tap and
sinker roots (functionally equivalent to tap roots) penetrate to a depth of
over 5 m (Low & Lamont 1990). This prevents the adults from developing
significant water deficits over summer -~ autumn (Lamont & Bergl 1991).
Production of surface rootlets commences after the first substantial autumn
rains (May) and ceases in late spring (October).

EFFECTS OF PICKING ON BLOOM PRODUCTION

Little is known about the levels of bloom picking from the wild for most plant
species (Low & Lamont 13986; Rebelo & Holmes 1988). Bloom picking results in
the removal of a large proportion of the most physiologically active tissues
on a plant. Levels of picking at the Beekeepers Reserve has been an average
cf 26% of plooms over the last 8 years. This has resulted in markedly reduced
pvlant size (Takle 2). However, levels of picking may vary enormously ketween
individuval plant. Blcoms are graded and those of low quality receive lcw
prices. Good guality blcoms have long straight stems and large undamaged
inflorescences and are in demand Zor export. In general, blooms picked from
naztural pcpulations are of lower guality than frem gplantaticns. Blecom picking
was fcurd to reduce the £fcllcwing sezascns ccne production in twoe species of
Protea and Leucadendron in the Cace £fynbos (Mustart & Cowling 195%1).
Similarly, bloom picking of B. hookeriana also reduces subsequent production
(Tacle 3; Fig. 4). No significant differences in cockatoo cone removal and
the numbers of infertile cones per plant were observed between picked and
unpicked populations (Table 3).

EFFECTS OF PICKING ON SEED BANK DYNAMICS

The effects of bloom removal on seed bank dynamics is the most important
question for the conservation of these species. Pre-fire seed dispersal
increases as cones (and thus follicles) become older. Our preliminary data
show that picking had no effect on pre-fire seed dispersal (Fig. 5). However,
we have observed much higher levels of follicle opening, and thus pre-fire
seed dispersal, on severely picked plants. Pre-dispersal seed predation also
increases with cone age, and picking results in increased seed loss from
granivores (Fig. 5). Percentage seed abortion was higher in the older cones,
but is generally not different between picked and unpicked populations of B.
hookeriana. Percentage seed viability decreases with cone age, and tended to
be slightly lower in the picked population (Fig. 5). Total numbers of viable
seeds stored increased exponentially with plant age in the unpicked plants,



~zble 3. Cone production and fate, as well a2t total seed store in pickec anc
vapicked popuiaticns of Banksia hookeriana near Eneabba, Western Australia.

. . ~a
Results are means+S.D. for 10 plants per populiation. *, P<0.05; **, P<0.01;
*x% p<0.001l; NS, not significant (t-test).

Picked Sig. Unpicked
No. of cones produced 45.2426.3 N3 68.5+35.7
-1
plant
Fertile cones (%) 64.5+11.3 et 83.6x£6.1
Cones picked (%) 25.549.0 * k% 0.9+1.3
Infertile cones (%) 3.4%3.0 NS 6.2+4.8
Cones removed by 6.6+4.0 NS 9.245.4
cockatoos (%)
Total seed store 345:246 * ¥ 8534383
. -1
clant
Table 4. Seedling survival cver 12 months (June-May) for Banksia hookeriana
within litter and sand pvatches after intense (wildfiire) and mild (backburmn)
fires at Mt rdams, Western 2ustralia. Superscripts refer to levels ci

significance for X analysis between a) control vs thinned (50% of seedlings

removed in September) and b) control vs sand, perfcrmed on the raw data fcr
each fire type.

Wildfire Backburn
Litter Sand Litter Sand
Control Thinned Control Thinned .
Surviwval (%) 33 58*%*x* 8O * *xx 7 35% %% 64%* %%

Sample size 369 66 50 419 84 50
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Fig. 5. Percentages of seeds dispersed, eaten, aborted and viable in picked
(0) and unpicked () populations of Banksia hookeriana in relation to cone
and plant age at Eneabba, Western Australia. Means of 5 plants per

population.



v and at & much lower rate :in the picked plants (Jig. &), Re
sulw, %“CLa. CaNcpy seel stcrage in unpicked plants was over twice that

i:kad plants at 12 years of age (Fig. 6: Table 3). This difference wou
.zelerate with clder plants. The total numbers of fertile cones and viabk
sr2Gs per plant were closely related to plant canopy area (Fig. 4). Unpicke
»antes have much higher canopy areas than picked plants (Table 2). Simila
-lazlons between cone numbers and canopy size have been observed for species
. rrotea (Bond et al. 1984; Mustart & Cowling 1991), Leucospermum (Witkowsk:

“23) and Leucadendron (Mustart & Cowling 1991; Witkowski, Cowling & Davis
upiolished) . Cone picking also results in a sparser canopy (Table 2},
“;p 8ing the older cones to more direct sunlight which may result in increaseqd
rz-£fire seed dispersal.

e

~
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POST~FIRE SEEDLING SURVIVAL

Fire 1is central to the management of vegetation in which banksias are
conspicuous (Gill & Groves 1981; Cowling et al. 1890). A major research
challenge is the identification of the critical limits of species to various
components of the fire regime (i.e. fire frequency, intensity and season cf
burn) so that the demise ¢f horticulturally-valuable species can be avcided

(RBond et al, 1984- Cowling & Zamont 1386). Bv harwvesting flowers, =he
reproductive potenti cf & species 1s lowzred.

ne cancpy-stored seeds c¢f B. hooke:'ana plants (burnt by s
i necusly within 2 hours, and §3%
= )

s respectively. Seeds releasad a‘ft ires are ewxposzd o
surface for longer than these after autumn burns and must also endure the kot
v summer months. Pre-release sesed viebility has besen estimated at 4C% whe
ortion, dispersal and granivory are taken into account (Enright & Lamcnt
€9). Viebility of seeds left on the soil surface was obse*vnd to decline
pidly after exposure for more than one summer month and was clcse to zero
ter 4 morths (Fig. 7:; "'Enright & Lamont 1989). 1In contrast, the viability o
buried seeds declined conly slightly over a study period of 6 months.
Following winter rains, iritial seedling to parent ratios of 3. hockerizna
were c¢n average 37 and 74 after spring and autumn burns respectively.
-wever, by the end of the £f£irst summer, seedling mortality had resulted in
about egual seedling to parent ratios for both seasons of fire, namely 24 and

Fh

23 respectively. That is, seedling mortality during this summer pericd was
35% and 68% respectively. It appears that season of burn in the absence of

weeds (Hobbks & Atkins 1990) is not as critical as once thought.

Tre po ributicn oi seedlings of B. hkookeriana is not random. The
post-fire environment consists cf a mosaic of litter patches and intervening
tracks of sand, zth latter cocvering +the largest area. A far grester
proportion ¢f seedlings emerge from litter patches than £rom Lhe sand (Enzignt
& Lemont 1589; Lamont et &l. 199- These litter microsites, generally known
zs 'safe sites', accumulate debr and seeds during the period between e
fire and the onset of <che w' ter rains, when seed germination and
estaplishment commences. Howeve:, owing to the high seedling density in the
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Fig. 6. Numbers of viable seeds stored (S) per crop year in relation to plant
age (A) for picked ( [J]) and unpicked ( O ) populations of Banksia hookeriana
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at Eneabba, Western Australia. S = -0.76.55 + 12.60A4 (r = 0.88) and
.627A 2 , .
S = 0.122e0 (r = 0.94) respectively. Based on 10 plants per population.
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Fig. 7. Viability of Banksia hookeriana seeds at a site near Eneabba, Western
Australia following varying periods of exposure at the soil surface (——), or
buried (eee—-—). Data for ‘'control' seeds (kept in the 1laboratory) are

presented as exposed for zero days. Vertical bars are + 1 S.E.
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...Ter ratches (e.g. 129274 m and 284=1¢t¢% m for B. )
sesdlings respectively after a wildfire; Lamont et al. 1981) e
mcisture beccmes intense during the £first summer drought and 1i

mzrtality is much higher than for seedlings growing in the sand, after bo

intense and mild fires (Table 4; Lamont et al. 1981). Thinning cf seedli
ambers in the litter patches results in the eventual density of juvenil
eccming similar in both patch types.

a0

t
ng
=
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MINESITE REHABILITATION

iMC Mineral Sands Ltd mines for heavy minerals within a Flora Reserve 280 km
ncrth of Perth, Western Australia. Legislation requires that these areas be
returned to reserve status, and the revegetation program needs to replace 80%
cZ the local native flora. Due to the fact that large areas of this land were
previously dominated by banksias (Hnatiuk & Hopkins 1981), and account for 80%
cf the aerial biomass of scrub heath on deep sand (Low & Lamont 1890),
replacement of banksias is essential for the restoration of the original
community structure and composition. Survival and growth of first year
seedlings of B. hookeriana is lower in rehabilitated mine sites <than in
natural areas which closely represent the pre-mining envircnment (Enri

Lamcnt 19%1). This is largely due toc poor csvelcpment cf the roct svs

o
t
2

ared with the natural sites. Tacproots s

e < &t
—coscil C.05-0.15 m deep, while they reach 2 m at the
rna<uvral sites within 12 months. This was reflected by much lower oTre-dawn
wyliem pressure potentials and stcmatal conductances and hicner leal
tempsratures, indicating greater water stress. Seedlings In nat

obtained mecst of their water below (.5 m in dep:th. In the rehasili
minesite, the modifisd scil structure impeded root vpenetration, resulting in
increased moisture stress, reduced growth and ultimately increased seedliing
mortality. The mining program is now being reexamined to determine if coarser

for banksias can be returned on top of the finer tailings.

GENERAL DISCUSSION AND CONCLUSION

Intensive flower picking has a major effect on subsequent Zflower and se=d
production. As a rerult, the numbers of seeds available for the next
generation 1s greatly reduced. However, in view of the marked density
dependant death of seedlings that occurs after fire, the :Impact c¢f bloom
picking on the restoration of B. hookeriana populations is not yet clec-:.

Insufficient land available for various landuses ultimately results in
compromises, such as between the use of catchment areas for water productiocon
and as conservation reserves (eg. Van Wilgen & Lamb 1986). We have discussed
e conservation of B. hookeriana because over the years we nave collected a
arge pody of information on this species. However, other banksias such as B.
coccinea, are also widely picked and have & very uncertain cormservation status
(Burgman & Hopper 1982; Witkowski et &1. 138851) Furthermocre, cther species,
such as B. goodii, B. tricuspis and B. cuneata are gazetted rare species, and
it is an c¢ffence to damage these plants. Continual monitocring of these
species, together with further research on their ecology is reguired. Only
proclamation of more conservation reserves where vulnerable species arze
abundant will guarantee their long-term survival in the wild.



The addition of nutrients to proteaceous plants in the field has been shown to
result in increased bloom production in Leucospermum (Witkowski 1930;
Witkowski et al. 1990), and increased seed set in banksias (Stock et al. 1989;
Wallace & O'Dowd 1989). Concern has been expressed about the possibility of
depletion of ecosystem nutrient reserves by bloom picking over an extended
period of time in the nutrient-poor Australian heathlands and the Cape fynbos.
No evidence of this has yet been found (eg. Esler et al. 1989), although we
expect the results of our current work on B. hookeriana to be significant in
this regard.
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INTRODUCTION

The future success of banksias in the horticultural industries
of cut flowers, potted plants and amenity planting is dependent
on the develcpment ©f suitable cultural management techniques

and new and improved cultivars. However the research work
required to make these developnients 1is both costly and time
consuming, and therefore careful planning is essential. This

paper presents the results of research which has some direct
benefit to industry and will assist in the planning of future
research. The work was conducted on Banksia coccinea and B.
menziesii, to 1investigate (1) the relaticnship between
vegetative and reproductive growth cycles for the development of
plantaticon management practices and strategies; and (2) the
breeding system ©f these species to establish the limitations
which may be faced in breeding programmes.

PLANT MATERIAL

All experiments were conducted using plants established from
seed and planted out 1in- 1983 on commercial cut flower
plantations in the Blewitt Springs area of South Australia. The
plants received routine plantation management, including limited
drip-irrigation to supplement rainfall, annual fertilising in
autumn (March-May) with complete mineral Mix (Top Australia
Ltd), and biannually with low phosphorous Osmocote Controlled
Release Fertiliser (Sierra). Weeds were controlled by mowing
between rows and by either whipper-snipping or spraying with
Round-Up (Monsanto), at the minimum dosage, around the base of
plants. Harvesting of blooms served as the only form of pruning
prior to the experimental period.

(1) GROWTH CYCLES

Shoct growth and the t;me of floral initiation were investigated
irr relation to flowering of both B. coccinea and B. menziesii.



In :he short term this will assist in the development
su.cural praﬂt' ces such as pruni.ng, as well as the rlanning
future researc: to understand th-= controWS cof flowering.
experiment was conducted from M-:rch-2pril 1988 un<til AugLu_
19¢9, Measurements of shoot growth, including basal shoot
dizmeter and cshoot 1length were made on six plants of each
species. These data and the presence of developing
inflorescences were recorded at monthly intervals for every
shoot on the B. menziesii plants (average 50.3 shoots per plant)
ans every second shoot for the B. coccinea plants (average 69.7
shoots per plant). At campletion of the experimental period the
shoots were categorised based on the number of years growth from
an axillary bud before producing a 2>loom. Also at monthly
ntervals, shoots which were not visilly floral were harvested
from other bushes, the apices dissect2d and observed under a

scanning electron microscope to determine the time of floral
initiation.

)
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SHOOT GROWTH

B. coccinea

Some shoots ©of 2. coccinea flowered in their first wvear of
growth (Table 1). However if harvested, thesz blooms would ba
cf little wvaltue on the fresh cut flcwer market due to th
shortness of their stems. The majority of klooms were produce
on secsond year wood. These shoots attainecd a length suitable
for cut £lower production and were sufficiently sturdy to
support the developing bloom. Those shoc—s which had noc
producaed a bloom after two years growth were significantly
shorter and thinner than shoots in either ¢Z the other two
categories. Bv looking retrospectively at the growth of shoocts
in this category it is unlikely that they would produce a bloom
if they remained on the plant. It is therefore proposed that
shoots of B. cccinea with a basal diameter 0f 4.5mm or less
after Jjust one vyears growth be removed. Thicker shoots which
are bent or damaged should be headed back to leave several nodes
from which new shoots can develop. Heeding back should also be
practicsad when harvesting blooms.

Q.l D

Table 1. Shoot growth of B. coccinea (Adapted from Fuss et al.
1981). '

Shoot Proportion Total length Basal diameter
categorv cf shoots (cm) in (mm) in

er tree year 1 vyear 2 yvear 1 vyear 2
Bloom 29% 33.9 - £.8 -
in year 1
Bloom 42% 20.2 50.9 =.4 9.1
in year 2
No bloom 29% 17 .0 43.5 £.2 7.0

‘after 2 years
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On B. menziesii a proportion of the blooms which were initiated
on both first and second year wood aborted during the early
stages of development (Table 2). Shoots in this category were’
cf intermediate length and diameter when compared to similar
aged shoots which produced an inflorescence and those which did
not. Although the highest proportion of blooms were produced on
shoots in their second year, one yvear old shoots that flowered
were extremely vigorous. There was plant to plant variation in
the proportion of shoots flowering in their first year, which
creates the opportunity to select for plants with this trait.
As with B. coccinea, shoots that did not produce a bloom after
two years growth were weaker than other shoots and have a low
probability cf ever flowering.

-

Table 2. Shoot growth cf B. menziesii (Adapted from Fuss et al.
1891).

Shoot Proportion Total length Basal diameter

category of shoots {cm) in : (am) in
per tree vear 1 vyear 2 yvear 1 vyear 2

Bloom - 9% 40.0 - 8.8 -

in year 1

Aborted bloom 9% 17 .8 - 4.7 -
in year 1

Bloom 45% 26.8 47 .7 6.0 12.6
in year 2

Aborted bloom 18% 19.0 34.8 4.5 7.9
in year 2

No bloom 19% 13.5 28.2 4.0 6.4
after 2 years

It is proposed that the proportion of shoots on B.. menziesii
plants which are unlikely to produce a saleable bloom within two
years could be reduced by removing shoots which did not attain a
minimal basal diameter of 6.0mm in their first year. The same

principle of heading back as described for B. coccinea applies
to B. menziesii.

TIME OF FLORAL INITIATION

Floral initiation marks the transition of a shoot from the
vegetative phase of leaf production to the floral or
reproductive state. For both B. coccinea and B. menziesii
floral initiation was recorded in spring, but the subsequent
rate of development ©f the inflorescence differed between the



cspecies (Table 2) (Fuss and Sedglev 199C). Development was
woore rapid in B. menziesii, taking conly 8 moaths to reach pearn
avihesis, while in B. coccinea development tock 12 months.

mule 3. Peak month of floral initiation, bud appearance and
.inesis in B. coccinea and B. menziesii. The range of months
«v2r which these stages occur, and the season, are given in
wraanthesis.  The bloom would normally be harvested at anthesis.

Limcal initiation Bud Appearance Anthesis
E. menziesii
Octobker February May
(October-November) (November-July) (February-September)
(spring) (late spring-winter) (late summer-

early spring)

B. coccinea
Novemberx May October
{(November) (May-September) {(July-November)
(late spring) (late autumn-early spring) (winter-spring)

Thnis hasz important arplication in the scheduling of pruning. In
2. menzrliesii there are several months Letween peak »loom
procduction, and floral iniciaticn of the fcliowing vyear's Crop

in which to prune. FEowever in B. coccinea inflorescences fcr
the following vear are initiated while the bushes are flowering.

Load4
Fcr thig reasocn it is inportant that pruning of B. coccinea is
conducted in conjunction with the harvesting of hlcoms. Even
so, soma late blooms may need to be sacrificed to ensure good
productiosn the following year. Delaying pruning until after the
completion of flowering may result in the removal of potential
flowerin shoots or 1in lateral buds being insufficiently
developed to produce an inflorescence in the following seascn.

{(2) BREEDING SYSTEM

Plant treeding is essential for the development of new and
improved cultivars which are crucial to the long term success of
any horcicultural crop. However the extremely low level of seed
set in Banskia, and indeed in many of the other proteaceous
genera, 1is likely to 1limit the productivity of breeding
programmes. For this reason the breeding system of B. coccinea
and B. menziesii was 1nvestigated using the controlled hand
pollina-ion method develored by Fuss and Sedgley (1991a).

Initially the time of stigma receptivity was measured by the
number of pollen grains which germinated on the stigma in a 24
hour period. Banksias are known to be protandrous, and in B.
coccinea and B. menziesii stigma receptivity was found increase
from the time of flower opening to a peak at 3 days post-
anthesis (Fuss and Sedgley 1991a,b). In B. menziesii this
correlated with the maximum width of the stigmatic groove as



observed by scanning electron microscopy, while in B. coccinea
peak production of stigma exudate was recorded 6 days after
anthesis. Thus to optimise the chance of seed set all hand
pollinations should be conducted at peak receptivity.

Self incompatibility was investigated in both species -by
recording the level of seed set following hand pollinations with
self and c¢ross pollen. Fewer follicles developed per
infructescence following self pollination of both species (Table
4) (Fuss and Sedgley 199l1a,b). Follicles developed on all
inflorescences of B. coccinea, but in B. menziesii follicles
developed on 80% of the inflorescences receiving cross pollen
and on only 33% of those self pollinated.

. v

Table 4. Mean infructescence set and number of follicles set
per fertile infructescence following hand self pollination (SP)
and cross pollination (CP) of B. coccinea and B. menziesii
inflorescences (t standard errror).

% infructescence Number of follicles
set following:
SP CPp -SP Cp
B. coccinea 100 100 27 .9 40.7
+2.8 +4.0
B. menziesii 33 80 1.3 6.0
2.2 +2.8

In B. coccinea a 5 x 5 diallel experiment was conducted to
investigate self incompatibility and the results measured by
studying pollen tube growthi (Fuss and Sedgley 1991Db). In
general self pollinations resulted in poorer pollen tube growth
than crosses. However under both pollinating regimes pcllen
tube growth was often arrested in the upper half of the style,
suggesting that a partial self incompatibility mechanism may be
operating. Significant specific and general combining abilty as
well as significant reciprocal effects were observed showing
that some combinations of plants are likely to be more rewarding
in a breeding programme with regard to seed set.

CONCLUSIONS

Strategies for the pruning of B. coccinea and B. menziesii have
been developed but further work is required to determine the
optimal number nodes of to be left when heading back shoots, to
create a balance of vegetative and potentially reproductive
growth to maximise the production of quality blooms. In
addition the methods described relate specifically B. coccinea
and B. menziesii under the cultural and environmental conditions



f RBlewitt Springs and need to be tested under different

onditions.

i

The research on floral initiation has shown that it occurs under
the conditions of increasing daylength and increasing
temperature for B. coccinea and B. menziesii. This provides a
basis for further research into understanding the control of
flcwering in these species. In the future this may result in
growvers being able to manipulate the time of flowering to target
specific marketing periods, as practiced on traditiomnal flower
crops such as chrysanthemum.

Research into the breeding system of banksias will have
application for improvement of the crop via plant breeding.
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PRODUCTION OF PHYTOPHTHORA TOLERANT ROOTSTOCKS:
I. SCREENING PROTEAS FOR RESISTANCE TO PHYTOPHTHORA CINNAMOMI

L.V. Turnbull
Department of Agriculture
University of Queensland
Brisbane, Australia, 4072.

INTRODUCTICN

The proteas in commercial cultivation in Australia originate predominately
from the winter rainfall area of the Cape region in South Africa. In
Australia, proteas are grown in both winter (New South Wales, South Australia,
Victoria, Tasmania, Western Australia) and summer (Queensland) rainfall areas.
Irrigation is usually applied during dry summer periods, a practice which
favours the growth and spread of the root and collar-rot fungus, Phytophthora
cinrnamomi, which is widespread in Australian soils (Grose, 1986). Although
there are no figures published on the extent of plant losses attributable to
this disease, P. cinnamcmi 1s seen as the major limitation to the successful
expansion of protea production in Australia (Forsberg, 1989). Chemical
control of this disease has not proven satisfactory, particularly under warm
wet conditions conducive to active growth of the pathogen (Marks and Smith,
1988). For the industry to survive in the long term, plants resistant to, or
tolerant of the disease, are required.

Screening ¢f many of the commercially important proteas, for resistance to 2.
cinnamcmi, has been carried out in South Africa (von Broembsen and Brits,
158%5) . From this work, species of the Protea genus were considered to ke
relatively teclerant of the disease, while those of the Leucospermum and
Leucadendrcn genera were considered to be highly susceptible to infection by
DPhytephthecra. However, some of the Protea spp., classified as resistant in
ven Broembsen and Brits (1585) 1inoculation studies, are known to ke
suscep=tible in the field in Australia (Greenhaligh, 1981; Forsberg pers ccmm) .
This may be due to higher levels of inoculum or different types (Al, South
Africa; A2, Australia, Forsekerg, 1988) of the pathogen in Australian soils,
or to the effect of other environmental stress factors.

Little notice has been taken of the potential for resistance in proteas from
the summer rainfall areas of South"Africa, as these have no place in current
commercial floriculture. However, they exist in warm , wet conditions
conducive to the growth of P. cinnamomi and might be expected to have some
tolerance of the pathogen in order to survive. Only one summer rainfall
species, Protea caffra, was included in von Broembsen and Brits’ study and
this was found to be resistant to Phytophthora. Such material could be used
as rootstocks to confer resistance to the Phytophthora susceptible proteas in

commercial cultivation. This technique is already being used in Australia
with Banksia and Grevillea (Cho, 1981; Dixon et al.,1984; McCredie et al.,
1985 a,b,c; Hodges pers comm), indigenous genera of the same family as

proteas, the Proteaceae.
The objectives of the following study were to:

(1) produce rootstocks tolerant of, or resistant to P. cinnamomi, for use
with susceptible protea species of commercial significance to Australia

(2) to confer tolerance/resistance which is persistent under field conditions

without adversely affecting the production characteristics of the
susceptible species.



Collecztion of seed for screening began in 1587 . Material was obtained from
private and Government agencies, mainly from South Africa. During 18358 and
1988 in excess of ©0 species/cultivars from the three main genera,
Leucadendron, Leucospermum and Protea were obtained and propagated. Six to
9 mcnth o0ld plants were then exposed to P. cinnamemi and the level of root
infection and mortality rate recorded for each species.

MATERIALS AND METHODS

Preparation of Phvtophthora cinnamomi inoculum

Stock cultures were prepared from an isolate (A2 mating type) obtained from
an infected plant of Protea cynaroides (L.) L. Preparation of the inoculum
followed the method described by wvon Broembsen and Brits (1985). This
resulted in approximately 8 colony forming units (cfu) ml™t.

Preparation of plant material

Seed was disinfected by heat-treating at 50°C for 30 mins. and dusting with

Thiram (Benic 1986), before germinating in paper-lined trays at alternating
temperatures of 20°C/10°C for 12h/12h (Brits pers. comm.). Germinated
seedlings were planted singly into 15 cm diameter pots containing a steamed,

modified UﬂlverSLty of California (UC) pottlng mix. Plants ware crowrn in a
clesshouss for 5 to 9 mcnths, dependent upon ¢growih rate, befors expo;;-e oo
F. CcinnamcTi

Five plants oI each species to be tested were placed in a controlleix
environment caZinet operating at day/night temperatures of 26/19°C and & iinh
chotoperiod. Fifty ml of P. cinnamomi inoculum was added to the UC mix in
each pot, giving a dose rate of approximately 400 D*opacu;es plant™. Plant

[ e

were watered using an automated drip system which maintained the mix in ea
pot contiruously moist.

Two months after inoculation with P. cinnamomi, two 1 cm diameter cores, on=
adjacent to the plant stem and one at the pot perimetsr, were removed from
each pot. Potting mix cores were washed in deionised water through a 1 mm
sieve anda the root fragments extracted. Root samples, 5-10 mm long were
surface sterilised in 70% ethannl, rinsed in sterile deionised water, blctted
dry between sterilised tissue paper and a random selection o 10 segments
embedded in P,,VPH + Tachigaren agar (Tsao and Guy 1977). Thas plates were
then incubated at 25°C for 72 h and the number of root pieces exhibiting
infection by P. cinnamomi recorded.

Following the removal of core samples, all pots were transferred to an area
outside where they were protected from rain, but maintained under well watered

conditions using an automated drip system. Dates of plant deaths were
recorded for each species and the minimum time to death of three of the five
plants (LT,,) determined. At death, plants were resampled to confirm the

presence of P. cinnamomi in the roots. Reinoculation of surviving plants was
carried out at 6 monthly intervals. Testing was discontinued 20 months after
the first inoculation with P. cinnamomi.

RESULTS

Disease response czlassification

No source of resistance to P. cinnamomi was found, 1in that rcot infection
occurred in all 62 species/cultivars of protea tested. Based on the LT,
data, each was assigned a disease response class (Table 1). A
species/cultivar was c nsidered ‘highly susceptible’ to P. cinnamomi if 3 of
5 plants died within 90 d of exposure to the pathogen. For LT, ‘s between 9¢
and 180 d, the classification assigned was ’‘susceptible’, while those between
180 and 365 d were rated as 'moderately tolerant’. Species/cul:ivcrs ware
considared to be ‘tolerant’ of infection by P. cinnameomi 1if 3 of S infected
rlarts survived for more than 285 4. Plants in this latter class hiad heen
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2on-ric diff=rances

The Protea genus was more tolerant of infection by P. cinnamomi than the
Leucadendron genus, with susceptibility being greatest in the Leucospermim
gerus and in Serruria florida (Table 1). Within some species, considerable
variation cccurred in response to infection by P. cinnamomi. For exanple, in
P, laurifolia, where plant death occurred as early as 43 days and as late as
»365 days after exposure to the pathogen (Table 1), similarly . conicum (&8
lays, >365 days).

Protea species Of the 24 Prcotea species tested, P. burchellii, P. stokeol
and P. subvestita were found to be highly susceptible, the pink flowering form
of P. ccmpacta moderately tolerant and the remaining 20 species tolerant of
infection by P. cinnamomi. For 10 of the species in the latter class, no
plant deaths were recorded during the trial period (Table 1).

Leucadendron species The majority of the Leucadendron species tested were
of the moderately tolerant (6 species) or tolerant (9 species) response type
{Table 1). Two species, L. procerum and L. ‘Sylvan Red’' were classified as
highly susceptible and 3 species (L. discolor, L. orientale, L. spissifolium)
as susceptible. Absence of plant mortality during the trial period was
recorded in only 2 species, L. eucalyptifelium, and L. xanthoconus.

Leuccspermum species and Serruria florida No tolerance of irfection by 2.

cinnameor: was detected in the 17 Leuccspermum species/cultivers tes:ted, 8
being classified as susceptible, and the rexeining 9 stecies end Serrurla
Slcrida, as highly suscsptible Takle 1).

DISCUSSION

Footstocx classification

Species for which no plant dzaths were recorded during the scresning period
were given the status of primary roctstock material. These included »P.
eristaca, P. 'Ivy’, P. neriifolia, P. 'Pink Ice’, P. pudens, P. roupelliae and
P. sussenae in the Protea genus and L. eucalyptifolium and L. xanthoconus, in

the Leuczdendron genus. Use of P, aristata and P. pudens, also in this group,
ware considered to be limited dues to their relatively small seedling stem
diameter, which could not suppcrt thick stemmed scion species. Similarlv,

species with unsuitable growth habit, such as a lignotuber (P. cvnaroides;,
or lack of graftable stems (P. scebra), were considered unsuitable.

The remainder of the species in the Phytophthora tolerant class, P. aurea, =.
coronata, P. eximia, P. lacticolor and P. lanceolata, L. Zfloridum, L.
candoger:i and L. salicifolium, were considered to be secondary sources of
rootstock material. P. magnifica and P. compacta, also in this group, were
rejected on the basis of poor plant dJrowth following infection with
Phytophthora.

Of the Leucospermum species tested, L. reflexum, L. tottum and L. vestitum
were considered to have some potential as rootstocks. In addition, 1if the
croblem of continuous shoot production from the lignotuber coulé be overcome
in L. saxcsum, this species, with its particular adaptation to summer rainfall
climates, was thought to be of use.

Current and future research

Grafting compatibilitv  studies These studies commenced during 1589 and
&re being undertaken at the Nanju Protea Nursery, Ravensbourne, in conjunction
with the owner, Judy Moffatt. At the time of writing this paper,

compatibility of 28 species/cultivars of the Protea genus have been tested,
igvolving 132 rootstock-scion combinations in both intra and inter-generic

-graits. Thirty combinations have been tested for the Leucadendron genus, 50
for the Leucospermum genus and 1. with Serruria florida, including some inter-
gen ric combinations for each gsnus. Further testing will be undertaken as

N
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suiltable material becomes available.

Field testing of grafted material Field testing commenced in July 1999
Four plants of each rootstock-scion combination are being planteg on A
commercial protea grower'’s property near Brisbane. The soil on thig property
is known to be infected with P. cinnamomi and should thus provide a good
testing site for the grafted material. The grafted plants will be monitored
for 3 years to ensure that the graft unions do not break down over time and
that acceptable levels of flower production are sustained. The source of
failure of grafted plants to survive in the field will be recorded (e.qg.
whether due to scion or rootstock death) and all such plants sampled to
determine 1if Phytophthora 1is present. The plants will be maintained
{irrigated, pruned, sprayed for pests and diseases etc.) according to the
management practices carried out on the property. In the.third vear flower
numbers will be recorded for each scion-rootstock combination. Where a single
species has been grafted onto more than one species of rootstock, this wil}
enable comparison to be made of the rootstock contribution to flower
production.

Results from theTfield trial should be available in 1993 and provide the basis
for the commercial production of grafted protea plants with Phytophthora
tolerant rootstocks.
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it Is clear that fungicidal applicaticns as & mop-up operaticn neeld Lo ne
carried cut fcllowing planting.

File. . _cops—mzli. Disease hazard is low when disease-: tee plants are planted
at s’'tes free of pathogens. The main effort then becomes one of quarantir-e
rather than containment. Strict guidelines need then to be observed to

prevent introduction into the site of infected plants or propagules of the
pathogen subsequent to planting. This is certainly a difficult situation,
especially in W.A. because of the widespread presence of Phytophthkora spp.
in the state. In instances where plantings have to be carried cut at sites
with resident inoculum of a pathogen, disinfection may be the onaly option.
Pre~plant fumigation may be considered if it is cost-effective.

Solarization has been found to be effective in controlling P. cinnamomi in
South Africa (Barbercheck & Von Broembsen, 1986). Scolarization of field
soil in W.A. failed to eliminate P. cryptogea (Kaewruang et al.1985a) while
solarizaticn of infested soil in plastic bags was however effective in
exterminating this pathogen (Kaewruang et al., 1989b).

Extensive and regular treatment of so0il with fungicides such as metalaxyl
to control Phytophthora root-rots is expensive, potentially phytotoxic to
Proteas and/or may create resistance of the pathogen to the chemical.
Fosetyl-Al (or phosphonate) has recently received considerable attention as
a potentially useful chemical in contrclling root-rots caused by oomycetes

(Cohen & Coffey, 1986). This fungicide is known to mediate its activity
through the host and not through its activity on the —icrcflcra ¢ the soil
ox zrhizoschere (Wongwathanarat & Sivasicharparam, 1991). Scsetvl-El

prevides little ¢r no contrel ¢f root-rot of tommzio ceused by F. parasitice
when applied to the plants after inoculation with a suspension ¢ zoospores
(Pavis, 1989). Zfficacy of this fungicide decreased as %the interval
between Zinal application &and inoculation with P. parasitica Zincreased.

Davis (1989) showed that the concentration c¢f the fungicide Zn the plant

neefed tc be maintained over long period of time with muliiple applicatiocns
to contzol the disease. Hopefully futur work will Zindicate the
suitability of this fungicide fcr large cscale f£ield use.

Resistance cof hest. Although sources ¢f resistance to root-rots exist in
Proteaceae (Dixon et al.1984; McCredie et al.1985a; Cho 1885; von
Broembsen & Irits 1985) there is poor exploitation of these sources. We

found that :mong Banksias the most floristically desirakle species,
especilally those originating from the coastal sandy regions of W.A., are
highly susceptible to P. cinnamomi (McCredie et al. 1985a). There 1is,
however, the potential to use root-rot resistant eastern Rustralian species
such as B. integrifolia as root-stock material for the grafting of disease
susceptikle W.2. taxa (McCredie et al. 1985b).

i 3 trol. Bio-control of root-rots in general is an area of
research which is currently enjoying a great and enthusiastic revival (Cook
& Baker 1983). It is gquite 1likely that in future there will be

considerzble pressure especially in horticultural industries to resort to
biological control as an alternative to chemical control of diseases.
Phytophthora spp. are known to be sensitive to microbial antagonism
(Malaijczuk 1979), which is possibly the main basis of disease suppression
observed with the application of organic mulch in avocado orchards (Cook &
Baker 1583).

Application of single organisms for control cf root diseases have been
attempted with only rare successes (Cook & Bsker 138E83). Currently
attempts are being made (Turnbull et al. 1991) to use Pseudomonas cepacia
TO0 contrcl P. cinnamomi. Enterobacter ceorogenes was found +to be as



effective as metalaxyl or Fosetyl-Al in the control of crown and root-rots
of apple caused by P. cactorum (Utkhede and Smith 1991).

Integrated disease management (IDM) undoubtedly holds the greatest promise
in the control of soil-borne plant pathogens. 1In a recent study (Dixon et
al. 1990) we showed that a combination of organic mulch, a mildly effective
fungicide (Previcur®) and a herbicide (Chlorthal dimeth}l) caused a
significant reduction of Phytophthora root rot of banksias in pots.
Similar strategies need to be tested in the field to determine the
feasibility of IDM for disease prcblems with proteas.
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ADAPTATICNS OF S.W. AUSTRALIAN MEMBERS OF THE PROTEACEAE; ALLCCATICN OF
RESOURCES DURING EARLY GROWTH

Barbara J. Bowen and John S. Pate
Department of Botany
University of Western Australia, Nedlands 6009

Introduction
There are 16 genera and about 550 species of Proteaceae in Western
Australia, many of these endemic to the State. The greatest concentration

of species is in the south-west where they grow in habitats ranging from
forest to low heath and often comprise dominant members of their respective
plant communities, e.g. the Banksia woodlands of the “SWan Coastal Plain
(Speck, 1958; Dodd and Griffin, 1989). Their richest development, however,
tends to be in the heathlands (kwongan) of the South West Botanical
Province which are generally characterised by poor soils of low nutrient
availability and. a dry, harsh climate in which fires are frequent (Speck,
1958) .

Heathlands are most extensively develcped on ‘sand-plains’ soils (George et
al, 1979) which are geographically unique in presenting extremely large,
flat and relatively uniform expanses of deeply weathered and leached soil
materials of exceptionally low fertility (Mulchahy, 1973). For example

soil sampled from the deep grey leached sands near Badgingarra (30° 20' g

~r

115° 30' E) showed macronutrient levels (Ug per gram of soil dry mat:-er,

top 400 mm of soil) for phosphorus of 5.2, nitrogen, 107.8, calcium, €3.5,
potassium, 12.5, and magnesium, 20.8 (Pate and Dell, 1984). These areas
also experience relatively low levels of winter rainfall (200-600 mm perx
annum) and hot, dry summers (George et al., 1979; Beard, 1983). Morecver,
the deep, leached sands which support this vegetation have an extremely low
water holding capacizy. For example, measurements by Dodd (1885) on scils

in Banksia woodlands (similar to those cf heathlands) found that volumetric
water content remained belcw 0.1 cm3. cm~3 throughout the vunsaturated
profile of soil above the water table, while gravimetric soil moisture
content at 100-200 mm depth varied from less than one percent in late

summer to a maximum of around five percent in winter. As a conseguence,
virtually no water is available from the top few metres of soil during the
surmer months. However, the presence of grcundwater, usually at several

metres depth, provides a potentially unlimited water supply for deep
rooted, phreatcphytic species (Dodd, 1985; Dodd and Heddle, 1989).
Finally, the dryness of this region, and the pattern and seascnality of
wind, rain and thunderstorms, together with the accumulation of flammable
vegetation, make plant communities in this region highly prone to widescale
intensive fires. )

With environmental constraints of the type mentioned above, south-west
Australian members of the family Proteaceae must display features enabling
them to tolerate three major classes of stress, namely:

1) low levels of nutrients,

2) low rainfall and summer drought and

3) disturbance by fire.

There have been a number of studies on the mechanisms by which plant
species survive such stresses and indeed plants from the family Proteaceae
have featured prominantly in such studies. However, most investigators
have dealt with adaptations relating to mature plants, despite the strong
possibility that the seedling stage and subsequent juvenile growth are
likely to be phases of the life cycle critically susceptible to stress.
One reason for this is that the small size and immature morphological
state of an individual may equip it less effectively to cope with stress



«sar in the case of older plants. R second reason is that daring err
phzi=2s of p»lant developmen: unusually high deployment of resources may .
Zirected towards mechanisms relating te¢ survival and, acccrzdingly ot ti.z
=znse of other plant functions such as growth.

+he aim of the following paper then is to briefly describe the mechanisiis
‘Mizh enable mature individuals of species of the family Proteaceae tuo
with the three environmental stresses mentioned above. The paper
‘uen reports in more detail on two studies (Stock et al., 1890; Bowen,
+»2%1) which deal with the early establishment phase of proteaceous
species, particularly in terms of their patterns of resource allocation
aznd the relevance of these to the eventual response of older plants to
. ress.

£ -~ -3

According to Lamont (1981), the capacity for an established plant to
survive in conditions of low soil nutrients depends on (a) an ability to
utilise relatively inaccessible sources of nutrients, (b) efficient
internal cycling, and/or (c) minimal loss of nutrients to the environment.
tne feature, relating to heading (a) above and typical of many members of
the familyv Proteaceae, is the development of proteoid (cluster) roots which
enable a species, apparently without microbial assistance, tc enhance its
uptake ¢f key limiting nutrients such as rhosphorus and nitrogen (Bowen,

1981; Leamont, 1923, 198€). This feature wes first described foxr the family
Proteaceze in Australiea by Purnell (1850) and has since been shown TO &Tpiy
tc all i:stralasian generz of this Zfamily with =he exception of Persocnia
{Lamont, 1%84). Proteoil roots are cliusters oI xootliets ocZurring in dense
longitucl al rows which collectively present at least a five times greater
surface rea per unit vciume 2f soil than does a 'normal' oot They
therefore provide a greater area for zksorpticn and may also facilitzate ana
crolong nutrient release from entrapped soil particles. Being concentrated
in the uppermost 0.2 m of soil, they also exploit rsegizcns cf actively
decomposing litter wihere nutrients are likely tTo De particularly
concentrated (Lamont, 1984). Their formatior. is strengly =reliant on the
presence of adequate soil moisture and is initiated soon after the onset of
the Mediterranean winter. Their growih continues until late spring but
they normally fail to survive the summer. Significantly, their formation

is most pronounced under lcw nutrient conditions and inhibited by
cversuppiy of nutrients (Lamont, 1983).

Features specifically relating to headings (b) and (c) above are, i
that most proteaceous species retain their leaves as functional un
more tharn one year and, in certain large-leaved Banksias sgp., for up
five years (J.S. Pate, unpublished). This may reduce to & minimum the
considerzble nutrient losses which one would normally associate with the
more frequent shedding of leaves as typically occurs in many other south-
west Australian species (Pate et al., 1984). Secondly, despite the
nutrient deficient conditicns in which most proteaceous species grow, many
members of this family have the ability to produce large seeds stocked
with a remarkably concentrated and well-balanced set of energy reserves
and essential nutrients (Kuo et al., 1982; Pate et al., 1986; tock et
l., 1882). For example, the seeds of 70 species from 30 genera of
roteaceae surveved by Pate et al. (1986) all showed high concentrations
£ o0il but no starzxch in their seed dry matter. Lipid reserves together
with protein cons:iituted approximately 63 to 20 percent of embryo drIv
welght. Unusuallyv high concentrations of phosphorus and magnesium were
also present in the seeds, and, in certain cases &lso of calcium and
potassium (Fig. 1). Electron probe microanalysis showed that the bulk cf
this mineral nutrient reserve was located in 3insoluble form eand
‘principally as phytate in verious taxonomically-specific <types o=

jol]



crystalline or globoid inclusions within the protein bodies of the seed.
‘Concentrated in this manner nutrient levels in seed dry matter were 50 to
100 times greater then that in other areas of the plant such as woody
fruits, leaves and stems. Furthermore, when compared with 76 non-
proteaceous Australian species, levels of mineral elements in seed dry
matter of Proteaceae were found to be several times higher than that
generally recorded for seeds of other species from similar habitats (Fig.

1). Another more subtle feature, apparently displayed only by Proteaceae,
was the presence of extremely high levels of arginine in the soluble
reserves and storage proteins of the seeds. Presence of this basic, high

N-containing amino acid was shown to enhance greatly the N available per
unit weight of protein, in comparison, say, with storage protein of more
normal composition (Pate et al., 1986; Stock et al., 1891). Also of
significance, was the fact that small-seeded proteaceous_species tended to
have their seed dry matter significantly more enriched with minerals than
did large-—-seeded species. Pate et al. (1986) proposed that the presence
of high concentrations of mineral nutrients in seeds of proteaceous
species may be a general response to environmental stress, especially the
oligotrophic nature of the soils in which Proteaceae typically occur.
They further suggested that large energy reserves, predominantly as oil,
might be especially important to large-seeded species with hypogeal or
cryptogeal patterns of germination, as are commonly encountered for
example in forest habitats. In this case, seedlings are likely to be more
adversely affected by shade than by mineral deficiency, and may therefore
have to reach a considerable size using their seed energy reserves before
being sufficiently well illuminated to photosynthesize adequately (see
also Foster, 1986). On the other hand, most small-seeded species of
Proteaceae show epigeal germination and are typical of well illuminated,
open habitats on nutrient-deficient soils, where mineral reserves of the
seed may assume greater importance than energy reserves or oil.
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Fig. 1. Element concentrations in embryo dry matter of 70 species of 30
genera of Proteaceaea. The sub-families to which the species belong are
indicated and the genera numbered according to Pate et al (1986). A dotted
line through the data for each relement depicts the mean concentration for
the species sampled: For purposes of comparison the mean and range of
nutrient concen;:atlons are given ZIor a sample of 76 non-proteaceous
species to the right of the figure. Taken from Pate et al (1986).



seecds of high rnutritional gqualitv zre therefore likely to have reou!l
rom selective influences associated with seedling establishment in <:»o
T Tient-poor scils. Testing this hypothesis further, Stock et al. (1C°
investigated the seedling development of five bradysporous members cf the
roeteaceae (three from South Africa and two from Australia) under nutrient-
lcficient conditions. The seedlings of all five species showed a
pronounced capacity to survive continuous nutrient starvation, to the
extent thzt seedlings of each species, irrespective of initial seed mass,
survived for at least 300 days without any visible signs of deficiency.
However, the ultimate size of the seedling at the end c¢f this ‘starvation'
perziod was still strongly correlated with seed size (Fig. 2A). Accorzding

Stock et al. (1990) this capacity to survive under extremely adverse
~onditions may be characteristic of many Proteaceae and result from any of
a number of features of the seedling biology of members of this family.
F¢ instance, they demonstrated that morphological changes during seedling
development such as shoot:root ratio and production of proteoid roots
showed consistent patterns among all species investigated. During the
early phases of seedling development (days 40 to 120) mobilization of
internal reserves first sponsored rapid growth of shoots so that the
shoot:root ratio of all species at this time was of the order of 2.0.
However, as internal resources became severely depleted, this ratio was
progressively reduced to approximately 1.0, particularly as a result of
prolific production of proteoid roots from day 100 onwards, presumably in
response to protracted nutrient starvation (Fig. 2B).
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Fig. 2. Time course of (A) log dry mass accumulaticn and (B) ©roteoid root
number of five species of Proteaceae originating from different sixed seeds
when grown under extreme nutrient-deficient conditions: (V) KHakea sericea;
(#) Banksia laricina: (A) Protea lorifolia; (e) Protea cynaroides; (4)
Leucadendron . laureolum. Taken from Stock et al (1%80).



Most species frem the family Proteaceae rely on fire fcr germination ¢f new
individuals, so that successful recruitment of seedlings between fire tends
to be extremely rare. In general, germination takes place during late
winter/early spring following a summer or autumn burn. Post-fire
conditions provide a favourable environment for young seedlings in terms of
reduced competition and increased availability of nutrients in the soil
(Stock and Lewis, 1986). However, any nitrogen or phosphorus available
after fire is not likely to be readily accessible to the yoGng seedling,
firstly because of the loss of nitrogen due to thermal volatisation during
the fire and, secondly, because the typical tap root system of the young
seedling is likely to allow only limited capacity £for lateral uptake of
immobile elements, such as phosphorous concentrated in surface regions of
the so0il profile. As shown in the pot culture study of Stock et al.
(1990), initiation of proteoid roots does not commence until about 100 days
after germination, and in the natural environment this- may indeed be
delayed until the onset of the second wet winter season, ie. even up to 250
days after germination. It thus appears that development of nutrient
acquiring cluster—-roots comes strictly secondary to the development of a
deeply penetrating root system in time.

In summary then, selective channelling of nutrients into seeds by a parent
plant can be viewed as a mechanism for maximising the chances of seedlings
surviving in nutrient-poor environments. Clearly, this must be at the
expense of utilising these nutrients for other functions within the
vegetative parts of the parent plant itself, especially when a specific
resource 1s critically limiting. Specialised modes of enhancing nutrient
uptake, such as by proteoid roots are therefore of major importance in the
survival of members of the family Proteaceae, for both the established
individual and ultimately, for the early growth and survival of its
offspring.

- 1+ h w T.erv A¥ Naror
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In order £for established planc to survive conditions of low an
ineffective rainfall during the long summer menths memtbers of the famils
Proteaceae exhibit a range of features which enabtle them to increase thel
supply of water and recuce watexr loss through transpiration. This

especially important since most oI the Proteaceae in Australia exhibit
late spring/summer patzern of rowth. This char eristic pgrobab
refiects persistent ancestra. g:Icwth patterns sin it i1s general
concluded that the Proteaceae originally evolved uncder conditions of summ
rainfall and probably £from progenitcrs inhabiting marginal habitats

tropical regions typical of Australia during the Paleocene/Eccene period
(Martin, 1981).
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Most present-day Proteaceae exhibit xeromorphic features such as
sclerophyllous leaves embracing a variety of sizes and forms, extensive
root systems and various physiological specialisations such as mid-day

stomatal closure which reduce water loss from foliage. Furthermore, many
Proteaceae are deep-rooted and thus able to tap water from ground water
sources (Dodd et al., 1984). Plants with the latter capacity generally

continue to exhibit relatively low levels of water stress during the dry
summer months (Dodd, 1985), enabling them to succeed in much drier regions

than were probably typical of the ancestral species (Rundel, 1977; George,
1984).

Nevertheless, a germinating seedling can still be critically vulnerable to
dry conditions especially before it develops the capacity to draw from
ground water sources. Furthermore, if growing in an exposed habitat, it
will not benefit to the same extent from self shading as in larger mature
individuals of the species. As mentioned above, most species of Proteaceae



irowing 3 oIl west Australia are stimuleted tc germinate fcllowing f.re,
The rajeri atural fires occur in late summer c¢r autumn, however
Jerm hi cspecies is delayed until the wet winter ox early spri
Lg*lﬁulng the fire (Cowling and Lamont, 1986). Germination during the we:
>*n:cr seascn, together with the fact that post-fire environments have

uzed competition and therefore an increase in moisture status means that
%eeilinga are germinating at an optimal time of water availabili-=zy
{(Wellington, 1984). However, the onset of the dry summer months,
approximately six months after germination, poses a real threat to young
reeclings and this is indeed the period in which the first major phase of
mortality of seedlings is most likely to take place (Enright and Lamont,
1289).

Cls=ar.y, therefore, priority exists among proteacecus seedlings to locate a
reiianle long term source of water as quickly as possible following
gezmination. One would therefore predict that a significant quantity of
reszrves from the cotyledons and photosynthates from young leaves would be
directed initially towards extension of a main tap root down to the water
takle. A recent study by Bowen (1991), has shown this to be the case for
six species of Proteaceae investigated in natural habitat conditions. All
were shown to have extended their taproot some 2.5 to 3.0 metres and %o
have reached moist soil layers at or close to the water table within the
first year cf growth. This proved to be the case for all six species
despite the fact that three were obligate seeders and showed resource
edllocatiocr. patterns strencly favouring the production cf shoot dry matter.
Sirce many species of Proteaceze are phreatophvoic, access o

table 1s clearly paramount during early stages of seediing growtih
thiz occu~ 3 at the expense of other activities such as growth ¢
roots and zxpansion cf phcitosynthetic shoot systems.

3) Toping with Tize

The long association of fire with a =range of vegetation types including
Proteaceae has led to =the evolution of specific adaptatiocns o this
environmental agency, even to the extent that certain speciles ar

markedly dependent on fire for their successful reproduction and seedling
establishment (Gill, 1977, 1881; Fro t, 1984; Xeeley, 1986). As a resul:z,
even intense fires in fire-prcne environments such as south-west Australiea
are followed by an extremely rapid and prolific renewal of vegetation
(Recher and Christensen, 1981; Christensen et al., 1981). As in other
families (3ell et al., 1984.; Pate et al., 1990), the two main strategies
ttilised by plants from the family Proteaceae when regenerating after fire
are that of the obligate seeder and resprouter. Seeder species are
invariably killed by even the mildest fire, and must therefore rely
exclusively on germination of seeds from stored seed banks to maintain the

species within a particular locality. Conversely, resprouter species
nermally s rvive fire, although their above-ground parts may be extensively
damaged in the process. They subsequently regenerate from buds located in

below-ground root stocks or, in adults of larger arboreal species, from
epicormic buds on trunks and main branches.

It is logical that the resprouter and seeder modes of recovery should
involve highly contrasting patterns of resource allocation in respect of
energy and nutrients for maintenance, growth and reproduction. In obligete
seeders, on the one hand, allotment of resources to growth and reproduction
and ultimately to the establishment of a seed-bank before the occurrence oIl
fire is clearly likely to be more important say, than committing limiting
resources to long-term storage. On the other hand, for resprouter species,
a pattern of allocation of resources to suitably-protected energy reserves
and to the development of dormant buds enabling rapid regrowth of shoots



after fire would be of greater importance than maintenance of high rates of
shoot growth or reproduction in the interval between fires.

Aspects of the seeder and resprouter mode of recovery have been
investigated to varying extents by a number of authors and for a number of
plant species, especially in relation to patterns of adult growth and
resource deployment in reproduction (Gill, 1977, 1981;” Recher and
Christensen, 1981; Frost, 1984; Keeley, 1986). However, studies comparing
resource allocation and growth in juvenile plants displayving these two
strategies are rare, despite the fact that the respective characteristics
of the strategies are likely to be initiated early in the life of a species
and possibly long before reproductive maturity has been achieved. In
recognition of this deficiency in knowledge, a study on the growth and
deployment of resources in both resprouters and seedersswas undertaken in
juvenile members of the family Proteaceae (Bowen, 1931). Six closely
related, cohabiting species (three seeders and three resprouters listed in
Fig. 3) were compared in terms of their patterns of growth, biomass
allocation and deployment and storage of nutrients over the period between
six months and three years after germination. The information from this
study was then related to the eventual response to fire of adulc
individuals of the species. The basic differences observed between the two
modes of regeneration were as summarised in the empirically-based models in
Figures 3 and 4, each series of models describing quantitatively allocation
of dry matter (Fig. 3) or carbon (Fig.4) to shoot and root growth and
deposition of starch in shoots and roots (Fig. 3). The resprouter species
shewed slower growth rates, a larger proporticn of their biomass below
ground and substantially greater concentrations of starch in their roots
than the seeder species (Fig. 3). Moreover the greater proportion of below
ground biomass in the resprouter resulted in a larger proportion of the
carbon from its net photosynthesis being directed towards the root svstem
where a surprisingly large proportion was lost in root respiration (Fig.
4).

The develcpment 1in resprouter specles of Proteaceae of below g-ound biomeass
in the form of a tap root and/or lignotuber provides a protected organ
replete with storage reserves £rcm which new shoots can readily arise, and
thus provides a foundation for the ability of such species to survive fire.
Attainment of reproductive matuxity in a resprouter is clearly c¢f secondary
impcrtance to the development c¢f bpelow ground picmass sincs the very
ability to survive fire ensures an extencded lifespan and thereZy minimises
the requirement for replacement by seedling recruitment in comparison, say,
with the obligate seeder. In additicon, it is of greater importance for
resources to be directed to improving the capacity of the individual to
survive a fire than to early achievement of reproductive maturity.
Conversely, the models (Figs. 3 & 4) clearly demonstrate that seeder
species of Proteaceae generally commit a much smaller proportion of their
overall biomass into roots than do resprouters and do not store significant
quantities of starch in their roots. Seeders are therefore able to invest
proportionally more of their photosynthetic return directly into the
production of further photosynthetically active shoots which in turn will
contribute energy for further shoot growth and ultimately permit much
earlier attainment of reproductive <capacity than in a comparable
resprouter, It follows then, that obligate seeder species within the
family Proteaceae are potentially well equipped for rapid maximisation of
seed production, thereby establishing an effective seed bank before the
advent of the next fire.

It is interesting to note that no consistent differences were observed in
concentrations of nitrogen, phosphorus and macronutrient elements in shoot
or root dry matter between the eight juvenile resprouter and seeder species
studied (Bowen, 1991). This was also found to be the case in a broader



Partitioning of Dry Matter and Stored Starch Between Shoots and Roots of Resprouter and Seeder Species
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Figure 3. Pictorial representations of partitioning of dry matter and stored starch between
shoot and root at four stages of juvenile growth for the combined resprouter (R) and seeder
(S) study species (Resprouters = Banksia attenuata, Conospermum triplinervium and Stirlingia
latifolia. Seederd = Banksia prionotes, Conospermum incurvum and Adenanthos cygnorum). Plant
ages were 16 months, 22 months, 28 months and 36 mounths. Taken from Bowen (1991).



Proliles of Carbon Allocation (August 1988 to August 1989)

Resprouter seedlings Seeder seedlings

Shoot D.M. increment I leaves Shoot D.M. increment
(22 units) (54 units)
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Root respiration
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Figure 4. Pictorial representation of the pattern of carbon allocation over a 12 month period
for the combined juvenile resprouter and seeder study species listed in Figure 3, Data are
expressed in terms of net gain from the atmosphere by the shoot of 100 units by weight carbon.
D.M. = dry matter. Taken from Bowen (1991).



studr which included plsnits from & number cf flant families in sfouth-west
nos

Austra_.ia (Fate et &i., 1990). Resprouters, in particulier, <c
prelz.ontially store eny o©f these nutrients even though relatively lzaz:ge
amol ~.s of both nitrogen and phosphorus would be immediately required for

sho-t growth after fire. Such nuirients however, re likely to be readily
zvailable after fire in the ashbed and since seeders would have succumbed
w«nd would no longer be competirng for nutrients, resprouters would Dbe
i xpected to have a virtually unrestricted supply of nutrients, at least in
the first few months of the post-fire period. Indeed they might well
bensZit from nutrients emanating from the decomposing roots ¢of any =pecies
xilled by £fire. In addition, the storage ¢f these nutrients would
inevitably take up space within the root of the resprouter, and it is
reascnable to suggest that this would be better deployed for storage of
starch, thereby providing a ready source of energy and carbon for growth cf
new foliage. Obviously, storage of such nutrients in 3juvenile seeder
species would be selected against unless such reserves w=2re later shown to
enhance the reproductive performance of the species.

From the above results it is clear that the presence of starch in the roots
of resprouters but not seeders is likely to be a major feature
differentiating the two groups cf species. To test this hypothesis, a
broader survey was instigated by Bowen (1991) encompassing a wide range of
juvenile species from thirteen genera of Australian Proteaceae including 53
resprouter and 50 seeder species. The study eaimed to determine the
proportion of different classes ¢f root tissue utilised for storage and to
determine ¢eneral patterns of stazrch distribution within the rocts of
different ¢snera and species. The disctributicn and concentration of starch
{expressed &a&s a starch =core) wzs determin eci
examinaticn of cross sections of “he main tap roo- Storage parenchyma,
with or without starch, was present in one of
the periderm and the stele (‘cortex’), in ray
i ith the xylem (xylem parenchyma). Not su
resprouters were found tc have considerably larger conzentrations of starch
in their roots and to have significantly elevated propcrtions o =
tissue devered to parenchyma aveilable for staxrch stcrage. Nine c¢f the
cenera studied contained species representing both strategies viz. BRanksia,
Dryandra, Grevillea and Hakea in the Greviileoideze and Adenanthos,
Conospermum, Isopogon, Petrophile and Stirlingia in the Protecideae. A
number of different patterns of starch distribution were -evident within and
between these genera but in every instance a substantially greater storage
area was manifest in roots of resprouters than of seeders (Table 1). On a
taxonomic level, broad trends were observed differentiating the genera into
their two tribes. Thus, resprouters within Grevillecideae tended to store
their starch in both cortex and ray tissue and their larger storage area
mostly resulted from increased area of ray tissue. A notable exception was
Grevillea, in which resprouters showed an increase in the area of cortex
tissue (Table 1). Conversely, within resprouters of the Proteoideae,
starch storage and increased area of potential storage tissue was observed
in both the cortex and ray tissue or in cortex alone, with the exception of
Isopogon, which developed a larger area of ray tissue in resprouter than
seeder species (Table 1). Yet, again the differences between seeder and
resprouter expressad by members ¢f the family Proteaceae were very similar

to thosg expressed generally among other families of plants of south-west
Australian habitats (Pate et &al., 199C.
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M-<t species of plants have qualitatively similar resource requirements for
gr -~ h and reproduction, however, they differ quantitatively in the way in
which they partition these resources to various plant functions. One
particular resource is likely to be generally limiting at any one time so



Liaat allocation profiles of it would be expected to be tightly regulated,
and to be engineered in such a manner as to maximise survival rate within

the species. As a result trade-offs will inevitably occur in which
allocation of limiting resources to one trait may be overtly linked to
detrimental change in another. Clearly for members of the family

Proteaceae found growing in the harsh environmental conditions of south-
west Australia,' mechanisms of survival are dependant on a number of
definite and heritable patterns of allocation of limiting resdburces, many

of which are initiated or influenced early in plant life when mortality is
high.

Taple 1. Mean values of potential storage area and starch scores for roots
of 2 to 4 year oldr seedlings of seeder (S) and resprouter (R) species from
selected genera from the family Proteaceae. Taken from Bowen (1881).

Total % Total

Storage area! Starch score

Genera Mode #  Cortex Parenchyma Ray Parenchyma - (cortex (cortex+
% areal Rating2 Score® % areal Rating?® Score3 +ray) ray+XP)

Adenanthos S 2 31.4 0.0 0.0 5.7 1.5 1.1 37.1 1.1
R 3 37.7 3.0 11.9 22.7 3.3 8.0 60.4 20.6

Banksia S 18 27.8 0.3 1.0 10.9 0.8 0.8 38.6 1.8
R 10 27.9 1.0 3.0 22.6 3.6 8.6 £0.6 12.0

Conospermum S 4 59.8 0.0 0.0 5.0 0.8 0.4 64.8 0.4
] 2 75.6 4.0 30.3 4.7 1.0 0.5 80.3 30.7

Dryancra S S 26.8 0.0 0.0 7.2 0.7 0.6 33.9 0.6
R 4 30.9 2.2 7.5 12.7 5.3 £.7 243.7 13.7

Grevillea S 3 34.7 1.7 5.9 13.4 3.3 5.3 48.1 11.5
R 8 40.5 3.4 14.1 14.2 5.8 8.3 54.7 22.8

Hakea S 10 38.4 1.2 5.0 7.7 3.5 3.4 46.1 8.5
R 7 35.4 2.2 9.3 16.7 5.8 10.0 52.1 20.4

Isopogon s 3 34.1 0.7 2.7 7.8 4.0 3.0 41.8 5.9
R 4 34.1 3.0 10.0 26.3 4.8 13.9 60.4 24.9

Petrophile S 4 32.1 0.2 0.8 3.6 1.5 0.6 35.8 1.4
R 3 47 .1 2.3 13.2 12.0 5.3 7.0 59.1 22.4

Stirlingia S 1 62.3 0.0 0.0 4.9 0.0 0.0 67.2 0.0
R 1 80.4 5.0 40.2 5.1 1.0 0.5 85.5 40.7

1. Expressad as percentage of total transactional area of root section occupied by lissue/region in question.

2. Visual rating of starch grain density on a 0-10 scoring system, with ratings from O for starch totally absent 1o
10 for ceils fully packed with starch.

3. Derived as % area x visual rating/10. On this basis a score of 100 for the whole section would denote all cells
fully devoted to starch storage.
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ASSESSING THE PHOSPHORUS STATUS OF PROTEAS USING
PLANT ANALYSIS
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MAJOR FINDINGS

* Controlled release fertilisers used in the production
proteaceous plants should have no more than 2% P availab
over a 5-6 month period (i.e. 10 g P/m /month).

Optimum growth and quality of the test plants were obtain
with 2%P. Higher levels of P gave no additional benefit. A
cultivars developed P toxicity symptoms at 4% P.

* Controlled release fertilisers without P should not
used with soilless media.

Growth of roots of all cutivars and the tops of Protea "pi
ice' were significantly reduced by the omission of P from t
fertiliser program. Strong visual symptoms of P deficien
were produced by Protea “Pink ice'.

* Tissue analysis standards were developed for assessi
the P status of 3 commercial protea species. Until furth
work is done, these standards may serve as mocdels for t
interpretation of plant test results for other proteaceo
plants.

INTRODUCTION

Many plants within the Proteaceae family have a low tolerance
phosphorus and will develop severe leaf symptoms and someti
die when given fertiliser rates considered normal for ot
cultivated plants (Nichols et al 1979, Thomas 1980, Nichols
Beardsell 1981). The significance of this problem has increa
with the widespread adoption of soilless growing media
container production (Nichols et al 1979). Even a small amc
cf soil in a mix has been shown to reduce the availability ¢
for plant uptake and so reduce the 1likelihood of toxic
(Nichols et al 1979).

The most common symptoms of P toxicity are a dark, initia
water soaked necrosis of older leaves usually commencing f
the tips and a yellow chlorosis of newer growth resembling
symptom for iron deficiency. These symptoms are qu
consistent across genera but may be confused with root inj
symptoms produced in response to soil physical problems
disease. The presence of leaf symptoms is, therefore,



ncl lve procof of P toxicity. Alsco leaf symptoms are of
*t;lg use as a warning of sub-clinical deficiencies or
cities as plants produce clear visual symptoms only in the
'iixt stages of decline. By this time, growth and quality have
c~on irreversibly affected.

vrolier warning of nutritional problems can be obtained from
~ and soil testing. These technigues provide information on
grrent nutrient status of the plant and soil and are used
Atz !y to confirm disorders diagnosed from symptoms, anticipate
e mutrients could limit growth and to fine-tume fertiliser
SIrCo T ams. Plant and soil testing has not been widely used by
protea  growers, presumably, because Treliable interpretive
standards have not been available.

The primary purpose for undertaking the glassbouse trials
qucribed in this paper was to develop a plant test for
assessing the P status of Proteas. The studies major objectives
wera to identify a suitable sample tissue and to formulate
tissue standards.

MATERIALS AND METHODS

Rooted cuttings of Protea nerifolia ~“Satin mink', P. nerifolia
"Pink ice' and Leucodendron “Harvest' were transplanted into
2.5 L pots containing a 2.4:4:1 sand: pine bark: peat medium.
The pH (1:1.5 water) of the growing medium was adjusted to 6.5
with dolomite.

A combination of Osmocote 18:0:9.3 5-6 months (3 kg/ma) and
Osmocote 0:18:0 5-6 months was dibbled into the pots, giving the
following treatments: 18:0:9.3, 18:1:9.3, 18:2:9.3, 18:3:9.3,
18:4:9.3, 18:5:9.3, 18:6:9.3 and 18:8:9.3. The treatments were
replicated 5 times, and each trial was fully randomised.

Trace elements were given in the irrigation water which was
provided by drippers either daily or twice weekly depending cn
the weather. Pots were leached by hand at regular intervals to
reduce the build-up of nutrient salts in the medium.

Symptoms c¢f phosphorus toxicity were produced by Protea ~Satin
mink' very early in the trial and it became necessary to harvest
after just 3 months because several plants were close to death.
The other cultivars were grown for 5 months before harvest.

At harvest, plant tops were dried and weighed and the roots were
examined &nd scored for size. Samples of recently matured
leaves, o0ld 1leaves .and stems were collected for chemical
analysis. '

Visual symptoms were described and photographed. Phosphorus
toxicity symptoms were scored for severity on two occasions
during the trial.

Plant tissue and water analyses were conducted using methods
modified after Leece and Short (1967).



RESULTS AND DISCUSSION

Toxicity svmptoms

Phosphorus toxicity symptoms were produced by all cultivars at .’

the highest rates of P.

Leucodendron "Harvest'. 1Initially developed a reddening of
mature leaves in the upper third of the shoot. After this, the
older leaves became pale and the foliage looked dull and
unhealthy. Later, leaves mid-way up the shoot dried out from
the tips, turning grey/green and then a tan colour. Many of
these older leaves were eventually shed.

Protea nerifolia “Satin mink'. Developed a grey/green
discolouration of segments of the oldest leaves, commencing from
the margins about mid-way along the blade. This tissue turned
dark brown and the symptom spread until eventually the whole
blade was affected. As the condition of the plant worsened,
leaves progressively higher up the shocot also burned. 1In the
final stages, the newest leaves became chlorotic and many older
leaves were shed. Young leaves that were green but had not
hardened off developed an orange/yellow chlorosis commencing
from the margins and spreading towards the mid rib. A narrow
region of green tissue usually remained around the main veins.
The tips of these leaves eventually turned dark brown and died.

Protea nerifolia “Pink ice’. Produced similar symptoms to
those described for Protea “Satin mink' except that the newest
leaves were less chlorotic.

Deficiency symptoms

Protea "Pink ice'. Developed a pronounced reddening of newer
leaves in the nil P treatment. Ironically, a similar symptom,
perhaps also a deficiency response, is considered a sign of
health by some growers of Australian native plants.

The other cultivars in the trial failed to prcduce deficiency
symptoms. In the case of Protea “Satin mink', this may have
been because there was insufficient time for the condition to
develop fully. )

Sensitivity to phosphorus

From symptoms (Fig. 1), Protea “Satin mink' was judged to be the
most sensitive to P, followed by Protea “Pink ice', with
Leucodendron “Harvest' the most P tolerant. This ranking agrees
well with the experience of commercial growers.



Sympiom rating

Fertiliser P (%)
B  Satin mink ®  Pink ice A Harvest
Figure 1. Effect of phosphorus
treatment on the severity of phosphorus

toxicity symptoms on leaves. A rating
of 1 implies no symptoms.

Effect of phosphorus on top growth

Growth of tops bv Protea °“Pink ice' and Leucodendron ~“Harvest'
was improwved at low rates of P but was depressed at the highest
rates (Fig. 2). The reduction in growth due to deficiency was
very significant and in the case of Protea “Pink ice' was as
large as that due to toxicity. Ironically, controlled release
fertilisers with zZero P are used widely for the production of
proteacecus plants specifically to avoid losses due to toxicity.
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Figure 2. Effect of phosphorus treat-
ment on the dry weight of plant tops.

Information is not available for Protea “Satin mink' because the
trial was terminated before adequate growth had been made.
However, thé growth of this cultivar would certainly have been
restricted by the chlorosis and leaf shedding that occurred at
the hlghest rates of P.



Effect of phosphorus on root development

Root growth, assessed visually at harvest, declined for all
cultivars as P supply was decreased (Fig. 3). Plant top growth
was also reduced but whether the responses are related causally .
is not known. The similarity between the leaf symptoms of root
disease and P toxicity in proteaceous plai:ts certainly suggests
that root injury is involved in P induced plant death. Iron
deficiency and other nutrient imbalances that have been linked
causally with P toxicity may only be secondary problems,
attributable to poor root function. This would explain why
plants affected by P toxicity do not recover when given a
nutrient supplement such as a trace element spray.-

)

L

Rool sizo score

0 1l 1 1 1 1 1 1

0 1 2 3 4 5 6 7 8
Fertiliser level (%)
L] Satin mink a Pink Ica a Harvest

Figure 3. Effect of phosphorus
treatment on the development of roots.

Root development was also inhibited in the nil P treatment for
all plants except Leucodendron "Harvest'. Since Leucodendron
"Harvest' was the only cultivar to produce proteoid roots it is
possible that this adaptation enabled it to get sufficient P for
root growth.

Plant tissue analvsis

Concentrations of phosphorus in stems, recently matured leaves
and old leaves 1increased with each increment of fertiliser P
added, making all tissues suitable indicators of supply (Figs 4-
6). Phosphorus concentrations were almost always highest in the
oldest leaves. Tolerance of P was related to plant capacity to
exclude P from recently matured leaves which was achieved by
preferentially accumulating P in the oldest leaves and stems.
In view of this mechanism, pruning of shoots or leaves from
plants suffering P toxicity would only reduce the capacity of
plants to recover.

Tissue P concentrations were signicantly correlated with growth
of tops. An interesting feature of the relationship (Fig. 7 is
typical) was the relatively narrow range for optimum growth
compared with other cultivated plants.
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Figure 4. Effect of phosphorus
treatment on the concentration of
phosphorus in stem and leaves of
Leucodendron 'Harvest'.
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Figure 5. Effect of phosphorus
treatment on the concentration of
phosphorus in stems and leaves” of
Protea 'Pink ice’'.
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Figure 6. Effect of phosphorus
treatment on the concentration of
phosphorus in stem and leaves of Protea
'Satin mink'.
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Figure 7. The relationship between the
growth of tops and the concentration of
phosphorus in recently mature leaves of
Protea 'Pink ice'.

The tissue P concentrations associated with acceptable growth
and with the presence or absence of symptoms are the basis of
the tissue standards provided in Table 1.



Table 1. Standards for assessing the phosphorus status of
P. "Satin mink', P. "“Pink ice' and L. ‘Harvest' using plant
analysis.

Nutrient range Stems Recently matured 0ld leaves
leaves

P. "satin mink'

Low/Deficient <0.19 <0.19 <0.21

Desirable 0.19 - 0.35 0.19 - 0.29 0.21 - 0.44
High 0.35 - 0.4 0.29 - 0.36 0.44 - 0.53
Toxic >0.4 >0.36 . >0.53

P. "Pink ice' )
Low/Deficient <0.06 <0.06 <0.16
Desirable 0.06 - 0.29 0.06 - 0.27 0.16 - 0.46
High 0.29 - 0.52 0.27 - 0.57 0.46 - 0.95
Toxic >0.52 >0.57 >0.95

L. "“Harvest'

Low/Deficient <0.05 <0.15 <0.14
Desirable 0.05 - 0.34 0.15 - 0.42 0.14 - 0.49
High 0.34 - 0.6 0.42 - 0.45 0.49 - 0.73
Toxic >0.6 >0.45 >0.73
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ABSTRACT
It is thought that leaf blackening in cut Protea blooms is caused
by a depletion of carbohydrates from the 1leaves by the

flowerhead. Cut Protea cvnaroides and Protea neriifolia were

pulsed with high concentrations of sucrose for 24 hours at 1°C
before 28 days dry storage at 1°C. A pre-storage pulse with 20%
sucrose significantly inhibited blackening during storage in

both P. cynaroides and P. neriifolia. Inhibition of blackening

continued during vase life assessment of the flowers themselves
at 20°C in P. cynaroides, but not in P. neriifolia. P. cynaroides
flowers were unaffected by sucrose pulsing, but a 20% sucrose

pulse extended flower life significantly in P. neriifolia. High

sucrose pulses may reduce water loss and protect cell membranes
from damage during storage, thus indirectly preventing the
oxidation of phenols that are thought to be responsible for leaf
blackening.



INTRODUCTION

L.eaf blackening in the leaves of certain Protea species is 3
serious postharvest problem. Blackening can be visible within two
to three days after harvest in several Protea species, including
P. neriifolia, P. magnifica, P. repens, P. cynarocides and p,

eximia, depending on both pre- and post-harvest conditions.

In order to design an effective postharvest treatment for
blackening we must understand the physiology of the processes
involved. Water stress was considered to be responsible (Paull
et al., '1980), but it is now thought that a depletion of
carbohydrates from the leaves by the flower head is involved
(Jacobs and Minaar, 1977; Brink and de Swardt, 1986; Newman et
al., 1989).

Under normal growing conditions, carbohydrate, in the form of
sucrose, 1s synthesized during photosynthesis in the leaves and
translocated to the flower. When blooms are cut and placed in
dimly 1it rooms, photosynthesis cannot occur and the carbohydrate

supply to the flowers becomes exhausted.

Placing cut Protea flowers under bright 1light effectively
inhibited blackening (Newman et al., 1989). This treatment is
effective only if the 1light is strong enough to facilitate
photosynthesis in the Protea leaves (Jones and Clayton-Greene,
1991). Furthermore, blackening can be induced }n leaves held
under high light if photosynthesis was specificafiy inhibited by
3—(3,4-di¢hlorophenyl)-l,l—dimethylurea (DCMU) (Jones and
Clayton-Greene, 1991). Preventing the translocation of
carbohydrates from the leaves to the flower by girdling the stem
also reduced blackening in 2. eximia (Newman et al., 1989).

Leaf blackening, therefore, is caused when flowers are placed in
low light conditions and photosynthesis ceases. Carbohydrates
_continue to be stripped from the leaves to feed the flower,

resulting in an as yet unknown stress that ends in leaf



blackening.

Blackening 1is thought to involve the oxidation of phenols,
possibly by the enzyme polyphenol oxidase (Whitehead and de
Swardt, 1981). In healthy cells, phencls are enclosed in the
vacuole and polyphencl oxidase (PPO) 1is located 1in the
chloroplasts and the cytoplasm (Lurie et al., 1989). For
oxidation to occur phenols must come in con¥act with PPO,
indicating that membrane leakage from the vacuole and/or the
chloroplast must take place. The relationship between this
leakage and the carbohydrate stress imposed on Protea leaves by
the flower is not known.

Evidence for the involvement of an oxidative process in leaf
blackening is seen in the inhibition of blackening by anti-
oxidant conditions. The anti-oxidant diphenylamine (DPA), used

as a 15 second dip, significantly delayed the onset of blackening

in P. neriifolia (Jones and Clayton-Greene, 1991). Furthermore,
an oxygen atmosphere of 1% effectively inhibited leaf blackening

in P. neriifolia 1leaves (Jones and Clavyton-Greene, 1991),

possibly by preventing the oxidation of phenols by PPO.

Low concentrations of sucrose (0.5 to 3%) supplied as a
continuous vase solution at 20°C are known to partially inhibit

blackening in P. neriifolia (Akamine et al., 1979; Brink and de

Swardt, 1986) and P. eximia (Newman et al., 1989), while higher
concentrations (between 5 and 10%) induced blackening.

These results indicate that it may be possible to control leaf
blackening by inhibiting the oxidation of phenols or by supplying

the leaves with sufficient carbohydrate (in the form of sucrose).

This paper investigates the control of blackening in P.

—_—

cynaroides and P. neriifolia by supplying the leaves with high

levels of sucrose.



YATERIALS AND METHODS.

Protea cynaroides and Protea neriifolia flowers were harvested

frrom a local grower and transported to the laboratory in water
within 1 hour of harvest. Excess leaves were stripped, and 2 cm
wes cut from the base of each stem. Flowers were placed in
solutions of 0, 2, 5, 10, or 20% sucrose and pulsed for 24 hours
at 1°C. All solutions, including the control (0% sucrose),
contained 100 ug/L sodium dichloroisocyanurate (SDIC) as a
germicide.

After puléing, flowers were randomly placed into bunches of five
and wrapped in two layers of newsprint and 35 uM polyethylene.
Bunches were stored at 1°C, 95% relative humidity (RH) for 28
days.

Immediately after storage black leaves were counted on each stem.
Black leaves were defined as those with more than 5% of the leaf
black. The number of black leaves was counted in each flower
daily, and expressed as a percentage of the total number of

leaves.

Two centimetres was then cut from the base of each stem, and
flowers placed in distilled water containing 100 ug/g SDIC for
24 hours at 1°C. Thereafter, flowers were placed in a constant
temperature room set at 20°C, 65% RH, with constant light of 10

UEinsteins m? s' for vase life assessment.

Vase life was considered terminated at the first sign of curling
and color loss in the flower heads. Storage trials were repeated

three times with P. cynaroides and twice with P. neriifolia.
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RESULTS AND DISCUSSION

Protea cvnaroides

Pulsing King Protea (P. cynaroides) flowers in 20% sucrose for
24 hours at 1°C effectively inhibited leaf blackening after 28
days storage (Table 1). This inhibition was visibkde immediately

after storage and continued during vase life assessment at 20°C.

A 24 hour puléé in 5% sucrose significantly increased leaf
blackening immediately after storage compared with a control
pulse of no sucrose (Table 1). At the end of vase life, pre-
storage pulses of 2, 5 and 10% sucrose had all significantly
increased 1leaf blackening. Continuous appliéation at 20°C of
sugar concentrations between 2 and 10% promoted blackening (Brink
and de Swardt, 1986; Paull and Wei Dei, 1989; Newman et al.,
1989) . Although we cannot directly compare results from a pulse
to that of continuous application, there appears to be some
significance in the fact that 5% sucrose promoted blackening in

both cases.

Trials with s' gar pulses ranging in concentration from 20% to 50%
indicated that sucrose pulses of 30% or above damaged the leaves

of P. cynaroides (data not shown).

Sugar pulsing did not effect overall flower vase life (Table 1).
Flower vase life was assessed independently of leaf condition as
it indicated the effect of the sugar pulses on the flower head.
In this way the effect of sugar pulsing on both the leaves and
the flower head can be expressed.

The inhibition of leaf blackening with a 20% sucrose pulse was
consistant and repeatable. Leaf damage in Leucadendron 'Silvan
Red' induced by long term dry storage at 1°C was also reduced by
a 24 hour pulse in 20% sucrose (Jones, 1991). Sucrose

significantly reduced desiccation in Silvan Red leaves thus



&

rotecting the leaves from damage during storage. It is thought
~het sucrose acted in a similar manner in King Protea leaves, as
@1l as maintaining membrane integrity within leaf cells, thus
nraventing the leakage of phenols from the vacuole and subsequent
opxidation by PPO. Further trials are necessary, however, to
letermine the exact manner by which sucrose inhibits 1leaf
blackening in King Protea leﬁves.

Protea neriifolia

The incidence of blackening in P. neriifolia was higher than P.

cynaroides in all treatments both during and after storage (Table

2). P. neriifolia is known to be more susceptible to leaf

blackening than P. cynaroides (Paull et al., 1980).

A 24 hkour pre-storage pulse with 20% sucrose significantly
reducec leaf blackening during 28 days storage at 1°C in P.

neriifolia. Lower concentrations of sucrose had no significant

effect. Pulsing with higher concentrations of sucrose (30 to
50%) also had no significant effect on leaf blackening or flower
vase life (data not shown). Vase life was significantly extendced

to 4 days by the 20% sucrose pulse (Table 2).

The inhibition of blackening during storage with 20% sucrose did

not continue when P.neriifolia leaves were placed at 20°C for
vase life assessment. Blackening rapidly developed in all
treatments and all leaves were black by the time vase life was
ended 2 to 4 days after storage. Although continuous application
of 0.5 to 2% sucrose at 20°C delayed blackening in P. neriifolia

Brink and de Swardt, 1986), blackening was accelerated in our
trials when flowers were pulsed at 1°C in 2, 5, 10, or 20%
sucrose solutions for 24 hours and immediately placed at 20°C

(Data not shown).

Pulsing with 20% sucrose, therefore, significantly inhibited

blackening in P. neriifolia during storage at 1°C, but was not

effective at 20°C. Perhaps sucrose partially prevented membrane



deterioration at low temperatures only. temperatures.

In conclusion, pulsing P. cvynaroides and P. neriifolia in 20%

sucrose for 24 hours at 1°C inhibited leaf blackening during 28
days storage at 1°C. This inhibition extended until the end of

vase life (assessed at 20°C) in P. cynaroides, but not in P.

neriifolia. Further research, including measurements of solution

.

uptake during the 24 hour pulse, and sugar uptake by the leaves

themselves, 1s needed to determine how sucrose inhibits
blackening. At this stage it is thought sucrose helps the leaves

retain water during storage, and maintains membrane integrity.
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Table 1. The effect of sucrose pulses on leaf blackening and vase
life In cut Protea cynaroides. Flowers were pulsed for 24 hours
at 1°C and stored dry for 28 days at 1°C. Leaf blackening is
expressed as a percentage of the total number of leaves with more
than 5% of leaf area black. Least significant difference (LSD)
was calculated at the 5% level. |

* denotes significant difference from controls.

SUCROSE CONCENTRATION (%)

0 2 5 10 20  LSD
Leaf Blackening
after storage (%) 5.0 19.4 45.6 19.2 0 32.9
Leaf Blackening .
at end of vase life (%) 61.7 93.7 91.0 86.8 23.2 2‘3.8
Vase Life
8.4 56 7.8 8.2 9.0 3.0

(Days)




Table 2. The effect of sucrose pulses on leaf blackening and vase
life in cut Protea neriifolia. Flowers were pulsed for 24 hours

at 1°C and stored dry for 28 days at 1°C. Leaf blackening is

expressed as a percentage of the total number of leaves with more:
than 5% of leaf area black. Least significant difference (LSD)

was calculated at the 5% level.

* denotes significant difference from controls.

SUCROSE CONCENTRATION (%)

Leaf Blackening

o 2 5 10 20 LSD

*

after storage (%) 83.1 64.0 74.8 68.4 41.1 41.8

Leaf Blackening

at end of vase life (%)

Vase Life
(Days)

100.0 100.0 100.0 100.0 100.0 0

20 20 2.4 2.4 40 1.0
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SUMMARY

Germination experiments indicated that Promalin, a 1:1 mixture of
gibberellins GA4 and GA7 and the cytokinin ‘benzyl adenine (BA}),
significantly enhanced germination of achenes of Protea compacta,
Leucadendron tinctum, L. daphnoides, and Leucospermum cordifolium relative
to a distilled water control. GA4+7 alone improved germination in
P. compacta, P. magnifica and L. tinctu . BA alone did not improve
germination in any of the species studied and had a significantly
detrimental effect on germination in P. compacta, P. magnifica and
L. cordifolium. A more detailed study on P. compacta achenes indicated that
it was the GA4+7 component of Promalin that was apparently active in
overcoming the block to germination. A tetrazolium test and an
ultrastructural investigation indicated that treatment with BA alone was
detrimental to the viability of embryos and the latter became non-viable
during incubation. Evidence of a fungal infection in these embryos was
also observed.

INTRODUCTION

There is a keen demand for flowers of such genera as Protea,
Leucospermum, Serruria, Mimetes and Leucadendron on the local and
overseas markets. The successful exploitation of the latter markets depends
on a number of factors, including the ability of exporters to supply the
desired quality and quantity of a particular flowers at a given time. To
meet the latter objective the industry has had to adapt so that suppliers
are not completely dependent on plants grown in the wild, but can depend
increasingly on plants cultivated specifically to supply the export market.
This cultivation requires the breeding of improved cultivars. Successful
breeding programmes are dependent on efficient propagation techniques.
Vegetative propagation is important in maintaining cultivars with desirable
flowering characteristics and uniform quality of blooms. Propagation from
seed, which is important in the breeding of new cultivars, is complicated by
the fact that germination of many species occurs sporadically over a period
of time or is poor due to a large proportion of dormant seeds in seed
samples (Van Staden and Brown, 1977). One of the methods of improving
germination is to pretreat seeds in a solution of the commercially-available
hormone mixture, Promalin, which consists of equal proportions of



biberellin(GA4+7) and cytokinin (benzyl adenine). Pretreating achenes in
omalin has been shown to improve germination in Protea compacia
“itchell, Van Staden and Brown, 1986} and Leucospermum cordifoliva
Trown, Van Staden and Jacobs, 1986). In this study the effect of Promalin
retreatment on germination in a number of species of Proteaceae was
restigatad. The effect on Protea compacta achenes was then looked at in
reater depth in order to investigate the conclusion of Mitchell et al (1986)
GA4 and GA7 are the ingredients of Promalin that are active in
aking dormancy.

MATERIALS AND METHODS

¢ es of the following were used in the present study: Protea compacta
..Br. Protea magnifica Link, Leucadendron tinctum Williams, Leucadendron
o noides Meisn. and Leucospermum cordifolium (Salisb.ex Knight)
“our ade. These were obtained from the Department of Forestry, Pretoria
anc¢ Parsley’s Cape Seeds, Somerset West, South Africa. For the hormonal
treatments, the achenes were soaked in aqueous solutions of Promalin,
gibberellin GA4+7, benzyl adenine (BA), or in distilled water for 24 hours.
The hormone solutions were all obtained from Abbott Laboratories, North
Chicago (Ill.),USA. Concentrations of 50, 100, 200 and 400 mgl”1 were used.
The achenes were incubated in Petri dishes containing acid-washed sand
(40 - 100 mesh) moistened with distilled water. The dishes +ere incubated
at 10°C, a temperature that has previously been found to be favourable for
germinaticn (Mitchell, 1983). Throughout the 60 day incubation period, the
sand was kept moist by the addition of distilled water. Germination was
taken as the first sign of protrusion of the radicle. Five replicates of ten
achenes each, were used throughout.

The viability of the achenes of P. compacta that did not germinate was
tested using the tetrazolium test (Moore, 1973) and following the procedure
of Brits and Van Niekerk (1976). A 0,1% agueous solution of 2,3,5-triphenyl
tetrazolium chloride was used and the embryos were examined for
colouration after 24 hours. When the viability of unincubated achenes was
to be determined, the achenes were imbibed in distilled water for 24 hours
prior to testing.

The method used for preparation of embryos of P. compacta for
transmission electron micrescopy was that of Van Staden, Gilliland and
Brown (1975), except that block-staining with uranyl acetate was included
after post-fixation in osmium tetroxide. Sections of approximately 70 nm in
thickness were cut using a glass knife on an LKB ultramicrotome. The
sections were stained using lead citrate (Reynolds, 1963) and viewed on a
Jeol 100CX electron microscope at an accelerating voltage of 80 kV.



RESULTS AND DISCUSSION

Preliminary investiqgations

The results of a preliminary experiment, in which the germination 6:
achenes of P. compacta, P. magnifica, L. tinctum, L. daphnoides, and
L. cordifolium was investigated following a 24h pretreatment in 200mgl‘l
Promalin, GA4+7, or BA, are shown in Table I. Promalin treatment gave a
significant increase in germination in all species except P. magnifica
Treatment in GA4+47 alone improved germination in P. compacta, P. magnifica
and L. tinctum but not in L. daphnoides and L. cordifolium. Benzyl
adenine(BA) alone did not improve germination in any of the species and
had a significantly detrimental effect on germination in P. compacta, P.
magnifica and L. cordifolium. In an attempt to clarify which component of
Promalin is active in promoting germination, a further series of experiments
was conducted on P. compacta achenes.

Table 1

Germination of achenes of Protea, Leucadendron and Leucospermum following
pretreatment with Promalin (GA4 + GA7 + BA ) and its components, GA4+7
and BA (200 mgl™l)

SPECIES TREATMENTS
Control Promalin GA4+7 BA

Protea compacta 30+/-6 60+/-6 52+/-4 14+/-8
Protea magnifica 60+/-8 66+/-8 78+/-5 24+/-10
Leucadendron 4+/-1 62+/-4 " 76+/-8 a+/-2
tinctum
Leucadendron 25+/-4 © 34+/-2 26+/-5 26+/-4
daphnoides )
Leucospermum
cordifolium 16+/-2 34+/-7 22+/-6 8+/-4

P. compacta : control treatment

In the distilled water control, germination commenced 19 days after the
start of imbibition and continued until bay 36 (Figure 1l). The maximum
germination recorded, however, was only 28 %. Indeed, a tetrazolium test
(Figure 2) revealed that only 52 % of this seed sample Wwas viable, this
figure included the achenes that germinated.
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Figure 1. Germination of Protea compacta achenes incubated at 10°C
following a 24 hour Promalin pretreatment.

(@ = control; O= 50 mgl_l; O = 100 mgl'l;

A = 200 mgl™l; A =200 mgl™l )

Vertical bar represents the least significant difference (p < 0.05 )
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Figure 2. Total percentage viable Protea compacta embryos (=), as
determined by a tetrazolium test, relative to the percentage of the achenes
that germinated (0O), following a 24 hour Promalin pretreatment.



P. compacta : promalin treatment

The pattern of germinution occurring during the incubation of achenes
following treatment with promalin, was very different to that of the control
(Figure 1). Although germination commenced at roughly the same time as
in the control, it continued until Day 50. The final germination
percentages were significantly greater than the control, with all
concentrations of promalin. The treatment involving 200 rngl—1 gave the
highest percentage germination, namely 80 %. A viability test conducted on
promalin-treated and untreated achenes (controls} showed that a higher
proportion of viable achenes germinated following promalin treatment in
comparison with the controls (Figure 2). It appearedw.that the factor(s)
blocking germination in a high proportion of untreated achenes was
overcome by promalin treatment.

A viability test conducted on a random sample of unincubated achenes,
showed that only 75 % were viable. This indicated that a germination
percentage higher than that obtained with the promalin could not be
expected with this particular batch of seed. BAlso, it could be concluded
that the factor(s) that blocked germination in a "high proportion of the
untreated (control) achenes was overcome by the promalin.

P. compacta : GA4+7 treatment

There was again little difference in the time of commencement of
germination between the GA4+7 treatments and the control (Figure 3{. The
final germination level 1in the treatments involving 200 and 400 mgl - GA4+7
was significantly greater than the control, being 56 and 66 %, respectively.
This is considerably greater than the germination percentage obtained by
Mitchell et al {(1986) following GA3 treatment. Wareing and Saunders (1971}
also reported that GA4+7 is more effective in overcoming seed dormancy
than GA3, as have Ikuma and Thimann (1963) and Frankland and Wareing
(1966). The results therefore corroborate the suggestion by Mitchell et al
(1986) that it is GA4+7 specifically that is involved in the germination-
promoting effect of promalin. However, promalin still yielded the highest
germination percentage. Therefore, it is not GA4+7 alone that is
responsible for this result. Supporting this, a tetrazolium test revealed
that more of the viable embryos remained ungerminated following the GA4+7
treatment than previously found with the Promalin (Figure 4).
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Figure 3. Germination of Protea compacta achenes incubated at 1¢°c
following a 24 hour GA4+7 pretreatment.

(@ = control; O= 50 mgl"l; 0O = 100 mgl'l;
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Vertical bar represents the least significant difference (p < 0.05 )
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Figure 4. Total percentage viable Protea compacta embryos {m), as
determined by a tetrazolium test, relative to the percentage of the achenes
that germinated (O), following a 24 hour GA4+7 pretreatment.
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Figure 5. Germination of Protea compacta achenes incubated at 10°C
following a 24 hour BA pretreatment.

(@ = control; O = 50 mgl"l; O = 100 mgl='1;
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Vertical bar represents the least significant difference (p < 0.05 )
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Figure 6. Total percentage viable Protea compacta embryos (=), as
determined by a tetrazolium test, relative to the percentage of the achenes
that germinated (0O), following a 24 hour BA pretreatment.



Figure 7. Section through cell in embryo axis of Protea compacta achene,
incubated for 22 days tollowing BA treatment, showing coalesced lipid bodies
(CLB) and protein body (PB) with vacuole (PV).

Figure 8. Section through cell in embryo axis of Protea compacta achene,
incubated for 30 days following BA treatment, showing infection by fungal
hyphae (FH). (ES = empty space) (PCW = plant cell wall)



p. compacta : BA treatment

Tha germination results obtained following the BA  treatment were very
different (Figure 5). With all concentrations, the final germination
percentage was1 very low, a maximum of 6 % being reached. In the cage of
the 100 mgl -+ treatment , no germination was recorded throughout the
entire 60 day incubation period. The BA therefore appeared to inhibit
germination. Mitchell et al (1986) also found BA to be inhibitory.

A tntrazolium test revealed that very few of the embryos treated with BA
were viable (Figure 6). This implies that during the incubation period, a
large proportion of the embryos were rendered non-viable. Therefore, BA,
whan applied alone, has a definite negative effect and does not simply
inhthit germination.

The ultrastructural investigation of the embryonic axis confirmed that the
embryos were not viable, an increasing number of cells showing sign
thereof with time. Lipid-body coalescence, which is reported to be a sign
of non- viability of embryos (Anderson, Baker and Worthington, 1970), was
widsspread (Figure 7). In addition, necrotic nuclei were visible . The dark
patches are considered to be heterochromatin, this arrangement
apparently being indicative of a non-functional nucleus (Villiers, 1970). Van
staden et al (1975) reported necrotic nuclei and lipid body coalescence in
agnd P. compacta embryos, thus confirming that seed senescence was
commencing.

in the present study, evidence of fungal infection was observed
(Flgure 8). Cells containing hyphae were noted to be depleted of most
contents, large empty spaces surrounding the hyphae. The BA may

thernfore result in low  germination by reducing the resistance of the
embryo in some way, thus allowing infection by fungi, which results in
genencence of the embryo. Why this occurs when BA is applied alone, but
not when applied together with GA4+7, remains uncertain.

ovnrill, the germination results appear anomalous, since the effects of the
individual components of promalin can neither be added nor subtracted, to
give the resultant effect of Promalin itself. However, it is just this form
of contradiction that forms the basis of Khan’s (1975) hypothesis. The
cytokinin, in this case BA, does indeed appear to have a permissive role in
germination, when applied together with GA4+7, while the gibberelling still
maintain the primary role. Khan (1975) postulated that the cytokinins
modlfy the effects of other hormones, without inducing any marked effects
by themselves. Although in P. compacta BA does have a detinite effect,
namely negative, this hypothesis still provides the best explanation of the
situation in this species. The details of how this occurs, however, are
unclear. The consistently promotive effect of Promalln on the germination of
p. compacta achenes nevertheless provides a simple means of obtaining an
accaptable level of germination.
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Polymorphism in seeds of Asteraceae: Germination of seeds of Dimorphotheca
spp.,Bidens spp.
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