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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 witb others in the industry worldwide.

Hence che importance of che Biennial Meetings of the Internacional Protea
Association.

This book of Proceedings includes as many papers as possible from che
outstanding array 01 international and local speakers who have been assembled in
Perth, Western Australia for che Sixtli International Protea Association
Conference.

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

Growers need the continued networking 01 all those in the Protea and Allied
Industries to assist them to produce a top quality product that will keep pace witli
developments in the world Ploriculture 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.

1 would like ta pay tribute to my colleagues on the Organising Committee fo r the
Sixtn Conference: Kingsiey Dixon, Mark Webb , Bob Harington , Gordon Da vies
and Rose Dower.

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

This Book 01 Proceedings is a reference book which will prove its worth for many
years Co come.

¡ wish al! Protea growers success and a sense of satisfaction from their efforts,

Wirh kind regareis,

~Ed~

Maggie Edmonds

President, IPA AUGUST 1991
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GROWING TO PACKAGING



PROLOGUE TO P ROFIT .
By J a ck Harr e '

La d i es and gentlemen,

The Concise Oxford Dic tionary definition of "prologue" is:-
a preliminary speech, poem, or any act or event serving as an
i n t r oduc t i o n. This paper is not an act, event or poem but it is an
i n t r o d uc t i o n to the Profitable Production Of Proteas at the basic
leve l , the leve l 1 believe this industry must come to grips with befare
it can make t h e progres s that it must. What 1 am gong to tel l you is
n o t based on theory or crystal ball gazing. I ~ 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 international
floricultural trade.

In the last two years 1 have seen protea grow1ng in California, El
Sa l va d or, Hawaii, Tasman ia , Western Australia, Zimbabwe and oi course
New Zealand. In the past f e w years 1 have also seen them in t h e Eastern
Australia States and South Africa and 1 have been to Canada, Western,
Ce nt r a l and Eastern United States and Europe looking at the markets
where these f l o we r s are s o ld o

In t he course o f these v isits 1 have seen many hundreds of thousands of
p r ot e a c e a e plants, spoken to hundreds of growers and interviewed a
number of persons involved in the international floricultural wholesale
and r etail i ndus t r ies .

These contact s h ave r e peatedly revealed two problems affec t ing to- days
p roteacea e industry a nd thes e are:-

i . A mi ss- mat c h o i the p roduct being produced t o marke ~ demand o

i í • A mi :3s -match of plant var iet y /var i a n t/c lone
~hey a re being gro wn .

to the cli mat e wb e r e

w~e ~ he r o r ~ct tne s e miss-matcnes d o o c c ur and tbe magnitude oi t be ro 1i
tbey do occu~ is a lmos t al ways the governing factor o f whether a g r o we r
~kes a pro i it o r n o to

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

Later to-day in the happy hour after the formal part of ~he day 1s over
r will be presenting the sequel to this prologue entitled "Profit From
Proteas". In this 1 will tell and show you how to 1dentify and rectify
your problems so you can make your plantat10ns more profitable.

Proteas first showed up in the flower markets of Europe as a flower
that was -wild picked- in South Afrlca and sold as a seasonal -Afr1can
Wild Flower- at very low values and consequently low returns to the
f a r mer s in South Afrlca.



In t~e last twelve to fifteen years there has been wide5pread
development of -eultivate plantations- in a number of zones around the
world with most of these being based on seedling stock. It i5 0 my
analysis after seeing many of these that becaU5e so many plantations
are eomposed 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 variants of varieties, that
although we are now in our second decade of trading. little progress
has been made in developing proteas away from being a wild flower and
transposing them into the realms of being a reliable high profile
floricultural product which can compete for and increase its share in
to-days d1scerning and highly compet1tive 1nternational markets.

Proteas are to-day st1l1 virtually where they were twelve to f1fteen
years ago . They are still a flower that 1s regarded w1th deep
suspic10n by much of o the floricultural trade because of their highly
variable qua11ty and supply patterh.

There is absolutely no doubt in my min~ that the sub-standard material
from these random seedling based plantat10ns 1s having a depress1ng
effect on the image and values of proteas in the internat10nal market
place . The p roduct from theseplantations falls a l o n g way short in
the quali ty tha t the high pr 1ced markets demand not to mention t he
produc~iv1ty needed b y growers to s urvive. Compared to wha t selee ted
c l o n e s can acb1eve t hey are p o o r p e "f o r me r s a nd the prof it ~rgin f r om
ma ny oí to-days plantat 10 ns i s marg inal t o surv1val .

? " o t e a s are capab le of muc h greater thi ng s tha n what h a s been a ehie v ed
to-da~e .

I t is a fact in th i s busines s of f l o we r prod u c tion t h a t you wi ll r ea p
what you sow . If y o u plant rubb1sh y o u will h a r v e s t rubbish and it i s
a fact o f lif e that there is very 11ttle differenee in the quality o f a
f lower tha t i s h a rve s t e d w1 1d in South Afriea to that of a semi tamed
f lower harveste d f r o m a random seedling or a cutting grown plant of
p o o r ge n e t1c chara c t e ri s t i c s grow1ng in a plantat'ion in some other
c ountry except that the p lantat10n flower has c ost you a lot of energy
and money t o p roduce it.

Wh o e ve r heard of a commercial - crop of roses, carnations
c h r y s a n the mums, orch ids or almost any other flower being grown from
seed t h a t h a s been collected at random in the wild? These erops are
a l l g rown fr om carefu l l y selected stock which is matched to the climate
in whic h i t i s t o b e grown and t h e p r odu c t is matched to the market in
which it is t o be soldo

1 ask y o u . Why are n ' t p roteas?

Af t er seeing tens of thousands of plants and viewing film of some that
1 have not v isited 1t is ·my assessment t h a t to-day no more than 15% of
tbe p lants in the pl a n t at i o n s o f some z o nes around the wor ld are
c a pabl e o í produci ng a e r o p which i s t ota ll y accepta b le t o the
c o n sume r s a n d at t he same time be viab le f or the o wne r s to g r ow.



these are Hawai i and New
has a1ready been pa i d t o
with the ir s ign ifican t

now probab ly excee d 7 0 %
total area planted i n
acres in the e a r ly 80 's
is abaut 8 0 % effect i v e .

Thi s ~sse ssmen~ would put Cali for nia's estimated 400 odd acres at 6 0
e ifecti ve a cre s, Aus tra 1 ia' s 2000 o dd acres at 300 ef fect ive acres; and
Zi ~ba bwe 600 acres a t around 90 e f f e c t ive acres . Wit h South Africa it
i s dif ficult to c alcu1ate t h e situation as much of its crop is
traditionally grown for a n d t a rgeted i n t o t he 10w pr iced ma s s market s
o f Europe against a l ow production c osting.

T~ere a re t wo e x ce p t i o n s to t h i s 1 5% l evel and
Zealand. In both o f these zones attent ion
clonal s e lec tion . The Hawa iian plantations
plantin~s o f impro v ed l e u cos p e r mu ms would
effect ive wh i le in New Ze a l a n d , a1though the
p r oteaceae has declined from an estimated 500
to a bout 100 a cres to-d ay, t h i s s maller a creage

Ladies and g entl emen , t here i s a l e s s a n f o r al1 of us ta 1earn fram t h e
very s i gn if ica nt d e cli n e that occurred i n the New Zealand plantings. I t
h a s happened for twa r e aso ns and I a ro g o ing to high ligh t the reaso ns oi
~~is piece o f recent history to you , n at beca u s e I am a New Ze a l ander
and was i n va 1 v e d in it but bec a use I k now t~at many af yau h e r e a n d
roany growe rs a r a u n d the wo rl d will be ab le to relate ta what happene d
i n New Zealand i n the míd- 1980 , s. 1 knaw from my e xtensive exposure
with grawe r s aro u n d t h e wo r l d , that many o f the m are now f i n d ing
t h e mse l v e s in exactly the s ame situati a n as thase growers in Ne w
Zea land did in the mid 1980's.

F irstly. the New Zealand leucadendron Safari Sunset c r op wh i c h wa S a
majar part af the ear l y 1980, s ac reage planted, wa s f ound to be nan
viab le i n ~ny p r o v i nc i a l areas owing t a a hig h degree oí funga l
iovas100 and frost damage. Both o í these problems we r e assoc i a ~ e d wi~h

~ns u i t a b l e climatic condit ions í or that particul a r c l one in those
?art ic~lar product ion areas .

'Ñ'b.e :1 t~ese p r o b Le ma were coupled "to the r e a l i t y o f h igh tra n s por t c os~s

~c in~erna"ti onal markets for a pr o d u c t wh i c h wa s pr inc ipal l y o n st re am
tor ha r ves~ i ng during the l o w market d e mand per i o d ( Apr i l t o Aug ust;
the n o r t h e r n hemisphere summer) a n d a very smal l d o me stic marke t ( whic~

can beflooded wit h a f ew hundred stems a week into any one market), i t
. /

has resulted in the fact that th1s clone 1s now only grown in a few
s pec i fic provincial areas where funga l and If r o s t prableros are nat so
ac ut e a nd the crop either matures befare or can be held uut1l after the
l a w demand/price period in the northern hemisphere . To-day this
praduct is mostly 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
co l auring . Thi s c hange o f colour can result in the price paid to the
gro we r t r e bl i n g with these late harvests in comparison to the low
demand and priced April to August sales .

The s e cond reasan for a fall off in New Zealand acreage 1s because
gro we rs o f the garden variety type of proteas <the seedlings and the
cut ting grown plant s of poor genetic characteristics> , quickly fe11 by
the wa yside when the y we r e presented wlth zero and minus returns on
cartons o f flowers wh 1ch t hey had submitted f o r export but which we r e



c . l)' fit for the garbage bin on arrival at the 1nternat10nal ma.rkets.

b.".; ~ ts peak o f area planted in the mid 80' s. Hew Zealand was also only
15% effective, and in actual fact New Zealand "h a s already done what
most other zones are g01ng to be faced with¡ that 15: 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 international protea g~owers are now
exper1encing and these were:-

* without any prior experience in the production or marketing of the
crop it planted a mono crop which just happened to be Safari Sunset¡

* it planted big numbers of Safari Sunset which in ma.ny provincial
areas were miss-matched to the preva1ling climate

* because in many provincial areas Safari Sunset produces the bulk of
its crop during tbe low market demand period of the year 1t was
tbere'fore a Lsso seasonally miss-matched. to the seasonal market demand

* because the product was the wrong colour 'a t the wrong time of year
f o r the New Zealand target mark~ts it was also m1ss-matched to those
markets dur ing i t ' s main season oí availabil ity because of its colour

~ oecause it wa s on stream duri ng the low demand and t berefore l o w
priced pe r i ods , tbe v a l u e of t be p r o d uc t was often only equivelent to
or l e s s t han t h e freight cost t o the international markets

* the r e was a v e r y small domestic market to absorb t he volume of
p r ocuct that could not b e viably export ed .

Vith the o t he r pro t e a c e aé varieties of poor genetic origin it was found
that: -

* much of it went b l a c k i n transit

* i t wa s inconsistent in quality. style and colour and was therefore
d o wn g r a d e d by the high priced markets

* because of the blacking and inconsistent quality the value received
wa s too low to s upport the harvest. packing and transport costs.

Have any o f you people here ever experienced any of these problems? If
you hav e a nd you wa n t to continue to grow proteas and make a profit,
t hen you are going to have to do something about 1t the same as those
i n New Ze a l a nd did. If you haven't experienced any of these things it
i 5 a mi r ac l e .

Ladie s and gentlemen if you are to progress from the position of where
y o u are to- day , t hat of be i n g the grower5 of a semi-tamed wild flower,
a n d y ou are t o move int o the r e a l ms of bei ng t h e prod ucers o f a h i gh
profile exo t i c fl oric ultura l p roduct o y o u must . both as a n ind us t r y a nd
as i nd ividual s d a s o rue t h i n g about the q uality a n d s u pp l y patte rn of



yo ~r prcd uction .

To improve your level o f product ion you must identify a nd select the
be s t plant material that is now in your plantations or available to
yo u, Yo u mus t then propag ate it and populate your p lantations ' wi t h
those el i te cl o n e s and then fr o m t h os e plantations e ffi ciently a nd
cons i st e n t l y prod uc e a h i g h qual i ty end producto If you don' t you will
rema in in t hat semi wil d flower slot forever with re t urns that are
marg i na l to survival.

So we can de fine what must b e done 1 must now briefly turn your
attention back te the cu ltivated plantations ~hat have been established
around the world in the last twelve to fifteen years ana analiyse wh a t
1s be1ng produced from them.

Ve know that most of these contain a very high percentage of plants
that are from a seed base. 1 am not completely against seed based
p lantations, the y do have their place in supplying the less
so ph isticated lower priced marke t s provided your production cost
structure is ma tched to those lewer returns. It must also be conceded
t hat i t 1s fro m these s eed ling p lantations where we will get our new
cul t i vars from to u p grade our vegetatively based plantations. However
wha t 1 d o say t o you h ere and now, i s that-at this time .there are
suf fic ient unidentified promising p lants of e very variety tha t 1 can
think of tha t are out the re in these seedling based plantations to keep
th is industry going wit h new cultivars for a long time . Gr o we r s i n
eve ry prod~ction z o ne a r o und t h e wor l d ha ve valuab le p l an t s in thei r
s eed 1 i n g plantati ons that a re there just wa iti n g te b e i d entif ied .

Admit tedly the re a re some plantat i o ns which have been estab lish e d wi t h
see~ling plants ~~~~rt a i~_~~if i ~_va~i~nt~ o f some varie t ies tha t a re
.: u" " e n t l y p "oducing a more or 1ess a c ce ptab 1e commer c : a l erop for
s pecif ic slot market s s u c h as the 1e :3s d isce r ning local dc~estic a r e a s
of t"ade or in t he case oi sorne varie ti e s f o r s o rne int e rnati onal
~rkets but i t is a f act of lite that as each y e a r pass e s and the
=a" ke t becomes more selective i n what it wi 1l accept and a s the
economics of production c o n t i n u e s t o tighten . i~ wi 1l b ecome more and
oo" e diffic~lt to s e l 1 the product a t a1 1 · f r o ro many seed l ing o r p o o r l]
s elect ed vegetati vely b a :3ed p lanta t i on~ and f o r the grower to make a
profit .

You may ask. what is the matter with flowers from these plants? Ve1l
my answer to you is that you shbuld go and ·have a look f9r 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 in every sense every time, many of yours are not o

In the past ten years a lot of expense and dialogue as been expended by
varieus protea grower organizations on -The Marketing Of Proteas- . In
fact, this subject has often dominated the think1ng of those persons
organising conferences. Ladies and gentlemen. in my book many of you
don't yet have a product that you can market. al1 that you have 16 a
conglernerate of herbage you can sometimes sello



fash10n and top shelf areas oi the
Well if you ask them the answer 1s

Yhat does your target market, the
market place think of our product7
not too much a lot of the time.

Yhy7 You may ask.

Because in general terms your flowers when compared ~o other flowers
such as roses, carnations, chrysanthemums, and orch1ds, 1~ too
inconsistent in quality, form, colour and season of supply, everything
that the consumer evaluates and measures when settlng a prlce they are
prepared to pay for a producto

1 understand that as an exercise at the 1989 IPA conference in San
Diego, cartons of proteaceae product were sent from var10us production
areas around the world and opened in front of the delegates. 1 also
understand that there were a few red faces around when those cartons
were opened, and this 1adies and gentlemen 1s what your customers, the
end consumers. the person who you are expecting to pay you money for
your flowers could be faced with when t~ey receive a conslgnment from
you. Would you buy flowers that were less than perfect and pay big
money for them. 1 th1nk not! ! !

To ac h i eve s uccess t h e r e are t wo aspects o f our 1ndustry we must
conside r a nd work o n. Each one is inter-related to the other and they
Doth r e la t e to t h e w:ss-match of product to market dema nd a nd the m1ss
match oi p lants to climate t h a t 1 mentioned at the beginning of th is
pape r o

F1rst the re 1s the c o n s u mer demands, that 1 s t h e phys1cal properties
and make u p of t h e flower as presented to the c ons u me r wh1ch include
suc h t hi ngs as vase life, stem length, colour and so on, all those
th1ngs t h a t are measured visually.

Secondly t here a r e the needs of the producer which cover the health and
produc t iv 1t y a n d t h e r e f o r e prof1tability of t he p la~t that 1s g o l n g to
p r o d uc e that perfect flower for the consumero

As 1 will be refe rrin& back to these summar1es a number of t imes in my
pap e r s 1 have made arrangements for you to have them in a pr1nted form
s o y o u can refer back t o them, not only while you are here at t h i s
conf e re nce b ut for t he rest of your days as a grower, , for 1f you don't
heed what 1s contained in the consumer and the producer paramete rs ,
t he n in the long term 1 believe you won't succeed.

In t h e rema i nder of the time left to me now 1 am g o ing to outllne to
y o u the r e a sons for setting these parameters and this-afternoon 1 am
going t o d e mons t r a t e to you how to identify and select those plant s
t hat match t hese parameters.

Th e c o nsume r pa r a me t e r s come first because as 1 said a few minutes ago,
they are b uying , they are pa y lng , t h e y mu s t be sat1sfied. Remember, no
sale - n o prof1t .



Vhat c o ns t i t u t e s the 1e v e1 o f p er f ec t ion a f 10we r must achieve i n the
consuD8 rs eyes? Remembe r they a r e o n ly i nt e r ested in t he fl o we r and
not the p roblems you the g rower may h a ve to overcome to produce wh a t
they want . Those a r e your prob lems a n d arp covered in t h d- e pro uce r
parameters . ,

The re a re four th ings that a fl orist, commercia l f l o we r arranger or e n d
user demand o f the flowers. These demands are more o r les s unive rsal
at t h e fashion a nd top shelf level of trade, which are the o ne s und e r
conside ration here, they are:-

THE CONSUMER PARAMETERS
These are in order of i mp o rta n c e :-

* a satisfactory vase liíe .* a near straight stem.
* a stem length t h a t is as l o ng as

p o s sib l e . ie. not less than 4 5 cm. f or
fl owe r s and 65cm. for fo1iage . Th is
will vary a lit tle between marke ts.* a f l o we r/foliage mus t h a v e a s ha pe,
form and co lour which is visually
appea 1 i n g a nd be acceptab l e wit h in
s e ason a l, f a s h 1 0 n or ethni c d emands .

Havi ng d e f i n e d these p a r a me t ers it 1s now nece ssary t o de termi ne what
levels of each one is acceptable to the c o n s u mer bea ri ng in mind that
t h e l e v e l of q u a l i t y demanded b y the consume r decre ases as you co me
down t he . p rice scale and wh en yo u get t o the mass marke t p r ice, <such
as i n the Eu rop e a n street vendor range) the aboye criteria are not of
any great consequence provided the price is acceptable to the buyer.
Howeve" the price being ofíered for mass market material i s not usually
acceptable to the p roduce rs o f c u l t i v a t e d p roteas .

I f we look at the consu~er demands in order oí impor tance, we see that
a s at isfactory vase life to the final end user, that i s the condition
o: the flowe r a t the po int o i presentation and it s subsequent t i ~e s p a n
e: usef ulness is nu~ber one to t hem. Because it 1s the nu~ber one
?~int to them I aro going to investigate it in sorne depth here because
i i y o u don't get this right in your pr9duct ion the r e s t d oesn't matte r
much a n y wa y be c a us e y o u just wo n ' t have a ma rket . 1f your f l o wers a re
a degenerated mess on arrival a t the wholesalers he won't accept them.
1f the y are less tha n per f ect at the fina l point of sale , the consumer
either won't buy the m or a lternátive l y wi ll not pay the pr ice you need .

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 per iod of vase life requ1red by the consumer can vary depending on
the end use . For instance if the flowers are purchased for use in the
home the buyer would e xpect a minimum of a week or ten days vase life
where-as if the f lowers were being u s e d for a wedding. ann iversary etc .
then, provided they were perfect on that day. most buyers would be
reasonab ly satisfied but note the point tha t the flowers must be



perfect for that day.

For general consumer acceptance we should aim for always preseutlng at
the point of sale a perfect flower that has an absolute minimum of 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 gl ve
satisfaction to their cli~nts for at least a week after it left the1r
premises.

In the flowers life-span that 1 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 consumero

Many of you are produc1ng flowers that need stay fresh in a carton for
at least thre~ days and often up to five days and then . s t i l l give a
satisfactory vase life to the end' consumero This can add up to a
period of two weeks or more from your bushes to the consumers dust bin.
¡t's a long time to stay fresh and bright.

l t is a proven fact that many flowers can give a satisfactory statlc
v a s e l i f e , that 1s they are O.K. in a vase life test when they are
ha r v e s t e d and put straight into water, but when they are harvested, put
t h r o ug h a standard pack house procedure and then put into carton for
~ he t h r e e day trip to their destination, they may either degenerate
during transit or very soon after they are re-exposed to the air and
they are then unacceptable to the consumero

One o i the principal areas of investigation of plants 1 have carried
o ut over the past twelve years is the ability of the flowers from a ny
p a rti c u l a r clone to sustain the terrors oí international travel and
then still give satisfaction to the consumer . In my selection
programmes 1 have had to discard many clones that have been
s a t i s f a c t o r y for twelve to fiíteen days in a static vase life test but
were. repeatedly a degenerated mess aíter three days in a carton or soon
a f t e r .

Ladies and gentlemen, íor the past 12 years my philosophy has been¡-

IF IT WON'T TRAVEL DON'T PLANT IT

I n 1979 1 was in Europe, íull oí hope and a masa oí dash looking at the
pos s i b i l i t i e s of our H.Z. protea products in the Dutch markets. 1 had
arranged for a carton oí flowers and íoliage to arrive at a certain
wholesalers in AIsemeer on the day oí my visit there. 1 was going to
show these Dutchies just what proteas were all about.

1 picked up a knife and cut the ties on my box of flowers, opened the
lid and beho ld, inside was an assortment of ílowera and foliage in
v a ri o u s s t a g e s of d e c o mp o s i t i o n probably pretty similar t o t ha t whi c h
was i n t h o s e cartons in San Diego a couple of y e a r s ago .



Ho we v e r the most important th1ng to me that day was t h e fact that there
we r e t hree fl owers e a c h of seve n different c lones o f p neri ifolia which
had been harvested from my bushes ba c k h ome in N. Z . Of those s even
clones, one was in perfect c ond i t1 0n . j ust a s i f t hey had bee n p i é k e d
fro~ their parent bush. Two ot h e r s were near pe r f ec t a n d 1 wa s p r oud
to own them. Of the r e ma in i n g four, two were of a standard similar to
what the s t r e e t vendors we r e s el ling in Europ e and 1 wa s not quite sure
whether t h e y were semi-dried flowe r s o r s emi-d e a d fl owers. The
remaining two we re garbage.

1 was s h a t t e red b ut there wa s a l esso n t o b e - learnt fr o m this a nd this
was tha t some p lan t s have t h e ge ne t ic characteristics to produce a
flo wer that wi l l s u r v i ve trave l and s o me don' t . Thi s o bs e r v a t i o n t h a t
day s e t the level o f a l l my fut ure s election programme s. lf it wont
travel it is no use growi ng it.

I n the light o f t his , if we tak e p . neri ifo lia as a be nc h mark wh ich
a r e a f t e r a l l t h e most traded f lowe r o f the protea g roup, 1 ha ve
identified by r esea rch that o n a n a verage in my c li mat i e l ocati on , t h e
fl owers of o n l y o n e in fift e en s e e d l i n gs p lants wi l l s usta i n travel and
then consistently give a satisfa ctory vase l ife.

Further to that you will find that o n ly a bout o n e in fifty seedlings
<that is one in thre e of those t hat wi l l tra vel > wi l l a l s o produce what
the -top-shelf - market terms an acceptable flower i n stem length, form,
shape a n d colour.

As we progress through our investigati ons i n to what an a verage seedling
plant can produce as a salable flower , we find t h a t o n l y o n e 1n five
hundred plants d o everything right, that is - t he f l o wer travels well
ar.d then gives a sat isfactory vase life , h a s an aeeeptable stem length,
co lo~r and :orm, that it can produce a erop at the optimum time oi the
y e a r to c o mmand top dollars i n the markets that a re aeeessible to y o u
ünd f1na l ly i t 1s a plant tha t is long l ived, resistant to your loc a l
s t r a1 ns e i fungi, ne~todes, insects , sunlight and fros ts and s o o r. ,
~ ~~ fina l l y t hat the p lant y ou are ehoos ing as t h e bas i s of yo~r

?r=¿~c t: on 1s eapab le o: p rodu e ing a bount1ful erop e very year ur.de r
your manage~ent.

And this b r i n g s us t o the p roduction s ide o f things. To
prospect for you t h e producer to eonsider even growing .
measure up to the following ' s pe c i f i c at i o n s and these
producer parameters .

be a viabl e
a plant must

1 call the

THE PRODUCER PARAMETERS .
Those wh ich concern a l l growers are : -

* all o f those factors as set out for t h e
consumer, 1e. stem length, co lour, f orm e tc .

P lus the fol low1ng:-
* resistance to l e a ! blacking during and after

tra n s p o r to* resistance to fungal invasion above the ground
* resistance to fungal invasion below the ground* resistance to b y-passing of f l o we r h ead s .



* productivity per unit.* season of harvest in relation to accessibl e
market demando

Those that are additional to the above and are specific to particular
cl imates, 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.

Ladies 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 then r urge you, that when yau get
home you ga out into your plantation of seedling proteas, or perhaps
's o me of your.vegetatively propagated plants, and look at them really
critically and compare their performanée and their product against what
1 have outlined to you in the past fifteen minutes and when yau take
into account all of these points you will begin to come to terms with
the i=mens1ty of what you must do to become a professional and
profi"table grower of proteas. 1 know that at this moment that at least
sorne of you wil l be focusing your thoughts on a very few i ndividual
p lants in your plantations that do rnost of these t h i n g s righ"t and tha~

~he percentages 1 have quoted y o u o n t h i s are not far out.

I t is ~p to you to research your own production base and evaluate your
successes ar.d failures and if you feel that there is room for
i mp r ove me n t in the quality of the produc t you produce a nd/or the
economics of y o u r production, then 1 suggest you take time to l i s t e n to
the second paper on this subject later to-day. In it 1 will
dernonstrate how to go about your own evaluation and selection
programmes of matching your flowers and plants that produce those
f lowers to the parameters 1 have out lined to you.' You will then be
a ble to identify those plants that are there in your own plantations.
In many cases the best stoek for your climate and market is there right
now awaiting you. Let ,me show you how to identify it.

For those 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 purehase your plants, the paper this afternoon will
also be of value to you, as it will outline also what you must seek i n
the stock y o u ehoose to plant and show you how to investigate the
charaeteristies of the plants that are available to you.

Ladies and gentlemen, it is over to you.



ESTABLI SHI NG &.MANAGING A SMALL PROTEA PLANTATION IN AUSTRALIA

DAVID MATHEWS
PROTEAFLORA ENTERPRISES PTY. LTD.

MELBOURNE, AUSTRALIA

Th i s 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 i t 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

l. 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 g r own . In an ideal si tuation the si te
wi l l be selected to grow the species required by the market.
Economic factors wil l influe nc e the location of growing and
f avour sites c lose to t he ma rket .

De sirabl e s ite Characteristics
l. Drainage sui table: Soil .drainage to 60cm. Slope

drainage to avoid rising water table (particularly where
soils are shallow).

2. Soil: well drained and pH5 to pH 6 for most species.
3. Nutrients: Low leveis of phosphorus. Bel:ow 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 is 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 majorcost 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 is preferred by most

species. Late afternoon shade is tolerated.



Species Selection.

There are three factors to be considered when selecting
species:-

Market requirements
Growing conditions
Management constraints

Each of these factors is equally important and whether they
are fixed or variable will depend on each situation.

Market Reguirements. Understand the requirements of the
market you will be supplying. e. g. Europe take few flowers
between June & September, local florists prefer a wide range

- o f material, special days, occasions require more flowers e.g.
red flowers are in demand during December, etc. Clonal
selections have more predictable performance characteristics.

Growing Conditions ~ Aim to grqw species that wil"l thrive
on your site. If you have any particular features try to take
advantage of these e.g. latejearly flowe~ing.

.
TABLE 1: SPECIES, SOIL AND FROST TOLERANCE

HEAVY SOIL ALKALI NE 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 laureolum
dron orientale silvan species Silvan Red

s alignum Red (m) salignum
Silvan Red laureolum Red Devil
Red Devil uliginosum Safari
Safari' Sunset

Sunset

Leucosper- patersonii cordifol- reflexum
mum i um

most
species

Banksia prionotes most burdettii
ashbyii species
most
species
(m)

(m) = moderate tolerance

; Management Constraints. Select species with flower ing
times that f i t into your work program o r labour "ava ilability.



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

MONTH

January:

February:

Harch:

April:

Hay:

June:

July:
August:

September:

Oetober:

November:

December:

SPECIES

Banksias baxteri, speciosa, burdettii
Protea aristata and repenso
Banksias baxteri, speeiosa, burdettii,
prionotes, vietoriae. Protea repens,
Led. 'Red Devil'.
P. repens, P. eynaroides~ P. neriifolia,
P. 'Pink Ice', Led. 'Silvan Red', B. prionotes,
'Red Devil'
As for Mareh plus P. longifolia,
P. obtusifolia, Led. salignum, Led. tinetum
As for Mareh and April plus B. hookeriana,
B. menziesii.
P. neriifolia, P. 'Pink Ice', Led. laureolum,
Led. maeowanii, Led. - ' S i l v a n Red',
B. hookeriana, B. menziesii.
As for June
P. neriifolia, P. 'Pink Ice', Led. eomosum,
Led. daphnoides, Led. salieifolium,
Led. 'Silvan Red', B. eoceinea, B. hookeriana,
B. menziesii
P. compacta, P. magnifica, P. neriifolia,
P. obtusifolia, P. seolymoeephala,
Led. eomosum, Led. eoniferum, Led. daphnoides,
Led. euealyptifolium, Lcd. gandogeri,
Led maeowanii(f), Led. orientale,
Led. salieifolium, T. speeiossissima,
D. formosa, D. polyeephala, B. ashbyii,
B. eoeeinea, B. hookeriana
As for September plus P. eynaroides,
P. eximia, P. grandieeps, Led. eonieum,
Led. diseolor, Led. platyspermum,
Led rubrum, Led. tinetum, Led uliginosum,
Lsp. eordifolium, Lsp lineare,
Lsp. reflexum, Lsp. 'Firewheel',
B. grandis
As for October plus Led. floridum,
Lsp. tottum, B. speeiosa
P. eximia, P. grandiceps, P. magnifica,
Led. eonicum(f), Led discolor(f),
Led eoniferum (f), Led orientale(f),
Lsp. eordifolium, Lsp. lineare, Lsp reflexum
Lsp tottum, Lsp. 'Firewheel', Lsp vestitum,
B. ashbyii, B. grandis, B. oceidentalis,
B. speeiosa.



Preparation prior to planting

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

(1) Peg out planting rows and access roads
(2) Rip planting rows (if necessary)
(3) Cultivate planting rows .
(4) Mound (if necessary)
(5) Add humus (if necessary)
( 6) I ns tall 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 is pr e f e r a b l e to seed-grown material. Where species
have been hybridised to give further improvement, these
hybr i d s may be preferred (if suitable for yourlocation).

Planting.
rainfall a reas
winter. Where
a dv i s a b l e .

Autumn planting is preferred in winter
so that the root system establishes
frost is a problem Spring planting

during
may be

St eps to f ollow: -
distribute plants along rows
c ut wee d mat
d i g hole
remove plant from pot
place in ground (pot soil at ground level)
r e p l a ce weed mat, use gravel to hold it down
water i n as soon as practicable (within the day)

-
( a pprox planting rate
pot s ) .

Follow up Ma inte nance

250-300 per person per day (150m.m

Cl e ar a n a r row strip of weeds next to the weed mat u s i ng
herbicide.
Slash betwee n r ows .
I r r i g a t e as requ i r e d . Depends on r a i nf a l l , temperat ure a nd
s oi l t ype .



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
reducing the number or quality of saleable
pests are spiders, caterpillars and scale.
pests you are dealing wi th before selecting
treatments.

flower crop by
blooms. Common

Identify which
,a nd applying any

Spiders. Spiders are generally unacceptable 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 irnmediately prior to picking OR treat flowers after
picking - dipping or gas.

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

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

- AMBUSH, applied during ~he 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 i t is not viable to remove i t by post harvest
treatments.

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

Eradication measures include:
Malathion sprayed ApriljMay and OctoberjNovember when the
scale are in their juvenile or crawler stage.
White oil - sprayed during the cooler months on mature scale.
supracide.



Dise a se Control

Disease identification can reguire expert anaIysis. In each
State the Department of AgricuIture can provide this service.
The following may be heIpful 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 slightIy yeIIow due to water stress.
P. C. is a water-borne fungus that attaqks the fibrous root
system of a planto

Control - "Ridomil 50G" spread at arate of lOgjbush, ' Aliette
sprayed at arate of 3. 75g/litre, twice/year (or may be used
as a drench )'.

Armillaria

Symptorns - very s i rni lar to P. C.
white rnycelium under the bark at
.l i v e s on old buried pieces of root.

It can be distinguished by
ground level. The fungus

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

Nernatode s

Syrnptorns gradual ye L'Lowi nq- of leaves.
I ight sandy soil.

Contro l - Nernacur or fumigation.

Le a f and stem Fungi.
Bo t r y t i s

Symp toms - mainly affects Leucospermum.
the tips, then gradually shrivel.

Contro l - Rovral 19/1itre

Colletotrichum

MainIy occurs in

Leaves turn grey on

Syrnptoms - af fects on1y Proteas. New soft growth turns bIack.

Control - Octave 2g/1. -

Drechslera

Symptoms a ff ects Leucospermum. Leave s deve lop red/brown
streak, gradual ly curl and then s hrive l up. It s pr e a ds i nt o
the stem and t he plant collapses.

Control - Rovra l 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 spots appear as brown indentations with a
red halo.

control - Copper oxychloride at arate 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 mos t Protea 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 is below 1100mm per year
irrigation will play an important role in producing top
quality 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 w~ter needs.

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

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

Hutrition

Proteas 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). ·



Bef are planting i t is necessary ta test soil 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 superphosphate.

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

Prl1ning

Pruning is
cultivation~

reasons:-

essential
Pruning

for
is

successful
undertaken

commercial Protea
for the following

To clear the area around the base of the plant which improves
we~d and pest control measures.

To e s t a b l i s h a strong framework.

To limi t the height of the plant for ease of picking and
mi n irnising wind damage.

To c ont r o l flower stem length.

To i nc r e a s e productive life of the bush.

To t h i n bushes giving better pest and disease control.

To i nf l ue nc e flowering times and flowering patterns.

\.¡Jee d Control

Ea c h region and soil type has i ts own weed problems and so
thi s discussion must necessarily be generalised.

The re are three major techniques of weed control.
Hul c h
Pre-emergent herbicide (germination suppressant)
Herbicide (weed killer)

Mulch - a number of options are available.
Weedmat woven p.Las t.Lc mat allows air and water to pass
thr ough but prevents weeds. Manufacturers claim about 5 years
li t e. This is a very economical method wh i c h would appear to
be e f f ec t i ve .

straw - excellent mulch, sorne problems wi th weed growth frorn
see ds in straw. Effective when used with pre-emergent.
Req ui res .frequent replacernent, more costly than weed mate

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



Pre-emerge nt herbicides - we have used ,Ca s o r on G. (in
granu l a r form ) which, applied at the correct rate is
effective. There is a range of pre-emergent herbicides
available and i t is essential that you select the right one
for the weed to be controlled. At the same time test to see
that i t has no 'a d v e r s e effect on the Proteas. '.

Herbicides sorne cornmon ones used by Protea growers
include: -
Roundup - kills mo s t 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 ma jor activities in a plantation are initial planting,
pruning, flower picking, grass cutting and spraying. The
following (or similar) equipment is essential to carrying out
these tasks efficiently.

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

Spray eauipment. Either linked to tractor or tow behind.
Those units attached to the tractor are more manoeuvrab i e .
The trailer uni ts will carry more spray liquid for a given
s ize t~actor so there is less time used in refill~ng. Th i s is
an advantaqe i n l a r g e r plantations .

S lash~~. Larger r ide on unit or tractor attachrnent.

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 listed are generally
applicable.

Research into post harvest handling of Protea is
infancy and treatments and techniques will change as
learnt.

Harvesting

When are Flowers Ready to cut?

in its
more is

Genus Leucadendron. 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
( b r a c t s ) which colour and take on the appearance of 'petals' .

.Th e male flower is made up of a pollen bearing centre which
"breaks open" starting froro the base of the pollen centre and
i t continues until i t is covered with pollen. The time t o
pick this is j ust before or just after the pollen presenters
begin to bre3k open. No more than 25% should be open,
otherwise the life o f the cut flower is considerably
shortened.

The female f l owe r is d ifferent. It is a seed bearing cone
which develops over a period of t wo or three months and can be
p icked a t any stage during this periodo Sorne are beautiful as
the leaves surrounding the flower become coloured.
ego laureolum

'Silvan Red'
salignum
floridum

Others are more useful when the seed eones have developed.
L. sal icifolium after 3 months
L . conicum and macowanii after 2-4 months (the eones are red)
L. galpinii after 4 months (the eones are silver).

I n sorne species the bracts change colour a number of times.
ego tinc t um , orientale and 'Silvan Red'. They are useful at
each of the s tages o f colour change.

Le ucade nd r on a lso offer a wide range of t ype s of f ol iage . Th e
fol i age of many species can be used a t a ny t im e o f the year
for ' fill' or 'background' by florists. Ensure that growth
tips a r e not soft, as this wilts soon after picking.



Examples of foliage are:
L. salicifoliurn for large fine leafed branches
L. galpinii for mauve/grey foliage
L. platysperrnurn for yellow green foliage
L. conicurn for a grey/green/pink foliage
L. argenteum for large silver foliage
L. xanthoconus and L. uliginosurn for silver foliage

Genus Protea. Proteas are picked, with sorne
exceptions, when they are just about t.o 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 parto

* Protea grandiceps and magnifica should be picked j u s t
before or just as the bracts begin to reveal the flower
ma s s which they surround.
* . The broad-leafed protea cynaroides which flowers in

sumroer should be left until the first few florets on
the outer ring of the flower mass beg~n to parto

* Protea aurea, lacticolor and mundii should be p icked in
pencil form (in bud) when the top of the pencil is
showing C9lour and loosening.

Leuc o s p e rmurn . Th e pincushions are picked as their
styles begin to open. The airn is to rnaxirnise colour,
f acili t a t e packing and achieve longes~ vase life. To ach ieve
t hi s rnost are picked when about 50 % uf t.l: e styles are open.
Styl e s usually open f i r s t on the north fac ing side.

TABLE 3: PERCENTAGE OF STYLES OPEN FOR PICKING

SPECIES

Lsp. cordifoliurn
Lsp. vestitum
Lsp. firewheel/

Caroline

EARLIEST
PI CKED AT THI S STAGE
FOR EXPORT AND
PACKAGING

15%
40%

70%

LATEST

80%
.9 0%

100%

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

Telooea. These are similar to Leucospermum but they
are ready when between 2% and 50% of the styles are uncurled.
Pick as early as possib1e for exporto

The minimum frequency of picking would be twice a week,
irrespective of size of plantation. In the hot months,
November to March, i t may be necessary to increase this to
three times a week. This wil l depend on weather conditions,
and species being picked . The number of bloorns to be p icked
will d e t e rmine the labour f o r c e needed. pick repens daily.



Factors affecting the life of cut flowers

Protea flowers last 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 is 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
particular, leaf blackening
handled incorrectly.

the
will

greatest
occur on

challenge
many species

in
if

Tips for improving vase life include:- .

l. Selection of good genetic material when planting.
2. cooling at high humidity.
3. Use of an appropriate pulsing solution.
4. Time out of waterjpulsing solut~on.

5. A sharp, clean cut when .p i c k i ng , and stripping of bottom
leaves.

6 . Clean water. .
7 . A cool room with lighting
8. Clean bucketsjcontainers

'9 . Packing and cool rooms free of ethy l ene gas.
l a. Dry packing of all Protea except Leucospermum.
11 . Ti me he ld b e fore despatch minimised.
12 . Care i n genera l handling.

wi th the exce pt. í.o n of material selection, these factors are
e qual l y the res pon s i b i l i t y of grower, wholesaler and florist.
I n t he U. S.A. this joint responsibility has been promoted
under the slog an "The .Chain of Life".

Selection of Material. Selection prograrnrnes are being
undertaken to find plantsjflowers with desirable vase life
characteristics, particularly P. compacta, neriifolia and
r e p e n s with long lasting leaves. Proteaf lora has released
Pink I c e and selections of neriifolia with better vase life.

Cooling at High Humidity. cool rooms should be kept
b e t we en 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
swirnming pool chlorine to 100 litres of rainwater.

Flowers s hou l d be held in solution for at least 6 hours before
de spatch .

N. B . Bucke t s should be
r e gul a r l y , especially in
disca r ded a fter one use.

about 1/3rd f ull a nd
summer. Pr e s e r v a t i ve

topped
should

up
be

Time out of Water. Stems dry after c utting mak ing i t
mor e d ifficult to absorb water. Ideally stems should be
p l a ced directly in water when cut or recut if out o f wat er f or
mor e t ha n about one hour.



Cutt ing and Str ipping. Stems should
a minimum of stem crushing. Use a
s e ca t e ur s with a scissor-cutting action.

be cut cleanly, with
very sharp pair of

Leaves should be stripped cleanly from bottom 1/3 to 1/2 ' -of
stem. ( in particular Proteas). Leaves should not contact
water in the bucket as this promotes leaf blackening, bacteria
build up and reduces flower life. It is often not necessary
t o strip the leaves of Leucadendron.

Clean Water. Total Disso1ved 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 Hypochlori te to rinse buckets after
e ach 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 o f old stripped leaves etc.

Dry Pack ing. Genus Protea leaves blacker. more ~apidly if
packe d wet. For Leucadendron, Banksia ano Telopea it is less
c f a problem, although mould can occ~r i f packed wet.
:.f.'uc o s pe r mum are pre ferably packed slightly -;'" i s t .

T:me he ld be fore Despatch. The grcwe~ ~ ' ¡-,0t:ld ho l d the
f l owe r s for no more than 24 hours (le~s in sumr.,er i f there is
no coo l store ). The ear l ier that the flcwer is de livered to
t~e final purchaser t he l ong e r the v a s e life.

General Handling. All Prote~s 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 1:;0 squash flowers together. If too
loose, the flowers can damage each other as they ~re 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 qua lity.



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.

Flower head Ouality. Flower heads should be unblemished
on the top 1/3 of the bloom and be cleaned ofcobwebs, 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,

, p a r t i c u l a r l y in buckets, hobby bins etc. They also relate to
the aesthetics of the ratio of flower head size to the stem
length.

Th e table below sets out minimum stem ' lengths for
Proteaf lora' s f lcwer ¿urchases of CHOICE and STANDARD bloorns.
In a CHOICE grade, wi th a longer stem, more flexibili ty :.s
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 is suggested - beyond this the flowers are
difficult to handle.

Bend in
head is more
handl ing are
nor do they
restrict the
arrangement.

flower bead/stem. Where the angle of the flower
than 'a bout 30°, the risks of damage ' during
greater. They do not present well in a bunch,
pack well singly in a box , DI timately they

use to which a florist can put the flower in an

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 mor e 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.



liy nch i ng

Protea and Banksia. For Protea and Banksia flowers
where bunehing is required (see Table 4), bunehes sho~ld be
secured as shown - banding starts from where the leaves have
been stripped to, to the base of the stems. This ensures the
bunehing proeess will not damage the leaves and that the buneh
is 'stable' and will not spray aparto

x
Proteas for export usually are not bunehed.

Leucadendron. Leueadendron may be bunehed as for Proteas
and Banksias making sure that the resulting buneh is 'stable'
and will not spray apart when handled.

Number of stems per buneh. Table 4 (below) sets out
nu~~ers of stems per buneh for Protea a~d B~nksia.

~;o::- Le ucadendr-on the number of stems per burich ::e·T. single
s t.enme d f lowers has also been speci f ied. Fc.'!:" Leucadendron
::lUJ.. ti flora and multieones , the number of stemsjbunch wi.l.2. need
to vary to give an average sized buneh. The number of
stemsjbuneh is a rough guide only, due to the variability in
width o f 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 : GUIDELINES ON GRADING STEM LENGTH hND BUNCHING

VABI ETY Illill MINIMUM LENGTH
INCLUPING
FLOWERING HEAP

(mm)
Protea g¡ ~

P . coronata 5/bunch or STEM 600mm 400+
P. cynaroides stem 650 450
P. 'Frosted Fire', 5/bunch or STEK 600 400
P . g~andiceps stem 600 400
P. lac t i c o l o r 5/bunch or STEM 600 350
P . longifolia stem 600 400
P . ma g n i fi c a stem 650 450
P. minor 5/bunch or STEM 500 250
P . neriifolia 5/bunch or STEM 600 400
P. obtusifol'ia 5/bunch 600 350
P . 'Pink Ice' 5/bunch or STEM 600 400
P . pu ncta t a 5/bunch or STEM 600 350
P. rep ens 5/bunch or STEM 600 400
P . s colyrnoc eph ala 200
P . spe ci o s a stern 600 400

Banksia

B. b'..l:t"dett:i i s tem 600 4 00
E. b axt.e r .l s tem 600 4 f)n

B. c0cci l"\ '_~a stem 5 5 0 3 .. .. .
B. grandis s t e m 750 5 50
B. hooker&r.a. s tem 600 4 00
B. menzie sii s t em 5 0 0 350
B. prionotes · s tem 65 0 4 5 0
B. spe ciosa s t e m 6 5 0 . 450
B. vic t oriae s t e m 6 00 4 0 0

Leucospermum

Lsp . c o r difo lium 5/bunch or STEM 600 5 0 0 4 0 0
Lsp. 'Firewheel ' 5/bunch or STEM 600 50 0 400
Lsp . l ine a r e 5 / b unch or STEM 600 500 4 0 0
Lsp . r e f lexum 5/bunch o r STEM 600 500 40 0
Lsp . t ottum 5/bunch or STEM 600 5 0 0 400
Lsp . v e stitum 5/bun c h or STEM 600 5 0 0 400



TABLE 4: GUIOELINES ON GEADING STEM LENGTH ANO BUNCHING
(CONT'O)

VARIETY

Leueadendron (number)

MINlMUM ,
LENGTH INCLUDING
FLOWER HEAO (mm)

Ledo eomosum
Ledo eonieum
Ledo eoniferum
Ledo daphnoides 10/buneh
Ledo diseolor 10/buneh 500
Ledo euealyptifolium
Led. floridum
Ledo gandogeri 10/buneh 800 700 600
Ledo laureolum 10/buneh 800+ 700 600
Ledo maeowanii
Led. orientale lOor 5
Ledo platyspermum
Ledo 'Red Gem' 10/buneh 700 60U
Ledo salieifolium
Ledo 'Safari S/set' 10/buneh 800 700 600
Le d o 'Silvan Red' 10/buneh 800 700 600
Le d o tinetum
Led o uliginosum
Le d o s~robilinum

0~her Ledo foliage

450
400

500
500
500
500

500

500
500

350
350
400
350
300 *
400
350
400 *
400 *
400
350
350
400
400
400 *
400 *
350
350
350
400

* Bunehed to actual length, all stems the same.



and 1000mm. Flower head
olear colour and an
species. Leaves near

Grading

Genus Protea.
choice: stems must be between 600mm

should be unblemished,·
appropriate size for the
perfecto

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
acoepted.

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

Leucadendron flowerheads. There is great variation between
male and female flowers. There is also great variation in
size of flowers between male and female fIowers, ego for Lcd.
laureolum, the male flower generaIIy be í.nq cIassed as
standard. Some species grow multiple heads as well as s ingle
heads. For Lcd. discolor mal e , which does this, e ach stem
wa u l d be judged on its overall merits.

Stem l er:gth s should be not Iess than 350mm or 4 0 0f:"l~ . see
Table 4 . FIowers should be near perfecto

s i l v a n :ked , ganc.ogeri and laureolum are graded into s et; 5t:':;; (1

lengths. Note that superior fIower heads are expectad w í th
t h e longer stem Iengths. For these flowers the specified
length is the exact Iength required. Measure overall Iength,
t op to bottom. .

Genus Leucospermum.
Al l should have:- ~

*

*

Flowerheads near perfecto
Flowerheads at not more than
stem.
Stem Iength 400mm or more.

Flowerheads 15-45°.
length from base of flowerhead .

Choic e:

standard:

FI owe r h e a d at
or more.
stem 300mm+
Measure stem

not more than 15° to stem. stems 600mm



~~iog & Traosport

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

Proteas are packaged
this can hasten the
newsprint paper wi th
with all proteas.

-dry. i.e. No water on leaves because
blackening of the leaves. Do not use
cream Proteas. Use an absorbent paper

Leucadendrons, Banksias and Dryandras are packed dry.
absorbent papero

Use an

Leucospermurns are sprayed with water and enclosed in polythene '
sheeting.

The Leucosperrnurn flowers are packed wi th the ir heads in rows
as follows: -

',--

'I'he b ox is packed tight and t h e plas t ic sriee t í nq i s wr apped
ove r the flowers to ho l d in moisture .

Tr a ns port t o the Wholes aler . I d e ally this would be by
refrigerated transport. Al ternatively by the quickest and
coolest rnethod 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 ·( a p p r ox . ) . 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 'a nd / o r 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 becorne wet
therefore use cernent slab or suitable timber.

r



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 meth6ds 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 o~ production.

This paper has emphasised the importance of understanding the
market as an integral part of any Protea flower production
pr og r a mme .

"'.
'-:'"'
"'
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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 ernployed 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 p~ckage will however
depend upon many factors includi~~ ~h€ ~~ea in which the
plants are to be groWTI, the specie~: soil tY:~8S and
water quality.

IRRIGATION

The irrigation of any crop can be considered in two
parts, the system or equipment, and the scheduling or
manag eme nt . These t wo 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,
inforrnation on the plants' natural environrnent and water
use patterns should be exarnined. 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 Leucosperrnum 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 und~r condi~ions of ~ow
soil fertility, Nichols (1985), caut~ons aga~ns~ ~raw~ng
the conclusion that they do not respond to fert~l~sers.

The same could be true of the fact that they occur
naturally on coarse sandy soils with low water h?lding
capacities. While many growers consider that the~r

proteas do not require irrigation, especially after the
first or second surnmer, 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 mernber .of the
cornmercially' grown Leucadendron, Leucospermum, Mimetes,
Protea, Serruria, Banksia, Dryandra, Grevillea, Isopogon
and Telopea genera examined had proteoid roots.

Proteold 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 activ8 gr nwt h of these proteoid roots, irnmediately
preceding t~s bud differentiation, and bud development
stages. Thnse pe r i ods of active growth of the proteoid
roots coincided 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 .i s 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.
The i r 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.



r r r i ga t i on Syst ems t or Pr ot eas .

The first decision to be rnade when designing an
irrigation system for proteas is the type of systern to
use. Furuta, (1983) recornmended that proteas should not

or ec ei ve overhead watering. Therefore either trickle or
microsprinklers are suitable.

The final choice between rnicrosprinklers and trickle
depe nds upon factors such as the soil, the cost, the area
which rnust be wet, the quantity of water to be applied,
and the water quality.

The poor lateral spread of water frorn trickle irrigation
ernitters, on the sandy soils of the Swan Coastal Plain
near Perth, tends to l irnit the usefulness of that systern.
However the price of ornicrosprinklers is about double that
of trickle, and growers who only wish to irrigate for a
the first couple of years rnay feel that the price is not
justified. ··

other design criteria such as f i l t e r s , orifice sizes and
pipe s izes dependoupon the local clirnatic conditions and
~ater quality. There are a number of areas where
expensive pretreatrnent systems and filters will be needed
if trickle i~ to be employed.

The ultirnate choice wi ll depend upon t he grower's
requirements. These can be deterrni ned i n consultation
wi t h a cornpetent irrigati on designer. Remember it is
worth employing a nd payi ng a p~o:essional designer who
will ensure that you get a Leliable wo~kabl e system.
There are nume r ous cases o f. g ~:O\'lE;t"S who tried to set up
their irrigation systems l1 on - 'I::-f:-ciwap " , only to f ind
that short cuts us ua l l y dOL' t pay o

Irrigati on Schedul i ng f or Protea s .

There is little information avallable on the quantity of
water required by proteas. Furuta (1983), quotes rates
frorn 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), recornmended regular watering to
maintain soil rnoisture, .Nichols (1985), warns of the
problerns of diseases such as Phytophthora spp., if
heavier soils are kept too rnoist.

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



I t is possible that a choice has to be made between
encour ag i ng the surface feeding proteoid roots or the
deepe r ones. The irrigation systems and scheduling
packag e s 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 '( f l or a l 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
cr i t i c a l periods for their species and regions.

It is possible that the high numbers of aborted flowers
n sorne non-irrigated banksias-in W.A. (Webb M. pers.

comm . ) may be due to moisture stress. On similar soils,
t he 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 t he 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 whlch level of stress plants yields decline
significantly. Indeed some stress may be neces~ary 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 wil l enable the depth of watering to be determined
and provide an indication as to t he amount of wa t e r being
wasted. The actual depths used will depend upon whether
management practises aimed at promoting p r ot ea roots are
i n place.

As a s tarting point the gu idelines i n Table 1 could be
us ed as the trigger points f or irri gation when using
t ens i omet er s . These rates should r eplace t he amount of
water t he plants are using, without putting t hem unde r
too much water stress. Individual growers are str ongly
recommended to carry out trials t o dete rmine whether
these rates produce rnaxirnurn econornic results.
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"

~ ' clearly there has been little work into the irrigation
:r equi r eme nt s of proteas. A number of suggestions have

, been made as to the most appropriate type of irrigation,
- a nd scheduling ofthe watering programme.

A considerable arnount of further work is required to
dete r mi ne the econornically optimum 'levels of' irrigation.
Tha t will require the development of a better
unders t andi ng of the relationship between proteas and
thei r environment, especially the interaction between
protea roots, nutritional levels, and the depth/frequency
of i r riga tion .

The f requency of watering is then determined by the rate
'. a t which the plants draw the water available to them.

CONCLUSIONS



BIOGRAPHICAL PROFILE

G.J.Luke is currently the Senior Irrigation Research
officer in the Western Australian Department of
Australia. He is a graduate of the University of Western
Australia with a Masters Degree in Agricultural science.

Mr Luke worked as an Irrigation Extension Officer
specialising in irrigation design and management in the
s.w; of W.A. between 1971 and 1979. He then' held a
position with the British Cornmonweath Secretariat as an
Expert Advisor on Irrigation and Water Conservation in
the West indies between 197~ ancl 1982.

In 1982 Mr Luke returned to W.A. and has been. involved ln
several positions leading to his present one as Senior
Research Officer and Manager of the Irrigation section oÍ
the W.A. Department of Agriculture. He has experience
with many different crops including grapes, avocados,
carnations, bananas, rnangoes, and vegetables.



GROWING PROTEAS ON A LIVING VOLCANO
ISLAND OF HAWAII

Norman Bezona
Agri c u l t u r a l Extension Agent, University of Hawai i

College of Tropical Agriculture and Human Resources
Post Off i c e Box 208, Kealakekua, Hawaii 96750

The Hawaiian Islands are perhaps the most isolated lands found on
our planet. Isolated, that is, from major land masses. This has
playe d a maj or role in the evolution of plants and animals as
well as the ultimate discovery and settlement by the Polynesianso
Mos t of the archipelago's sixteen hundred mile length is composed
of s mall islands and reefso The higher islands are found at the
southe a s t e r n ~nd, with the Island of Hawaii the youngest and most
eas t e r n . Maui i s to the north and west of Ha~aii Island.

I t is hypothesized that these islands were formed over a period
of about 25 million years with the Island of Hawaii being less
than a mi l l i on years o ld. The accepted theory today is that
thes e vo lcanic i sla nd s formed over a thin area in the earth' s
crust cal led a "hot s p o t; " o That hot spot is now beneath Hawaii
I sla nd , at latitude 19 degrees north and longitude 155 degrees
~est , and i s produc ing ne w land eac h day from the fiery Ki lauea
Vol c a no o Th e r e are actual l y three active volcanos on our Island,
doni na t i ng muc h of its 4 , 0 0 0 s quaz-e miles with tortured lava
~eds . These extend from sea l e v el to a lmost 14,000 feeto Where
::-.oi s t u r e a nd temperatures are i d e al , forests of treefern and
~eteros ideros qu i ckly cover t he landscapeo Where i t is too coo l
0 :- dry , only lic h e ns q r ow. Th e west s ide of the Island has
su bs t.arrt i.a L lav a l a nd s f o rm e d as recent l y as 1950. It is this
s id e t hat h a s become home to a number of proteaceous plants and
othe r Australian natives as well.

I ni tial research by Dr. Philip Parvin and commercial plantings
dur i ng the last 25 years were carried out on Maui, primarily in

. t he Kula area, at about 3,000 feet elevation. Briefly, the
c limate there is cool and dry (20 to 30 inches of precipitation)
wi t h much of the rain occurring in our winter from November
t hr ough March. Kula Ls on .. the western slopes of Haleakala
vo l c a no , where the soils are fairly well developed and well
dr a i ne d o

A s i milar area on Hawaii Island is found in Waimea at 2,000 to
3, 0 0 0 feet. This area also became popular for planting Proteas.
oUr young Protea industry grew at these two locations despite
~any obstacles. Nematodes and diseases plagued most farmers, but
aYe r time these challenges have at least been managed.

:a nd prices have also escalated over the years. with land prices
~~nni ng aboye 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 1I1ava lands ll were priced as
li t tle as $5,000 per acre but were without soil. Some of the
lava flows are less than 50 years old, but these areas were also
fr ee 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, i t is important to note how the well drained lavas
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 periodo However, because Hawaii (also
k n own as the Orchid Island) ~as such a large mountain mass, the
l e ew a r d side tends to have a dry period from December through
Feb~uary . Convectional rains occur during the rest o f the year
a nd usua l ly f a l l in the afternoc n. This type of rainfal l ,
litt le influenced by the tradewinds, may range fr om 10 to 8 0
i n che s per year, depending on elevation. Highest rainfall i s
found in a belt from 1,000 to 3,500 feet, and tends to get dryer
a s one descends or ascends frorn the rain iest area . Toward the
north side of this rain belt is Hualalai Volcano. This area is
g e n e r a l l y older than the south end of the island, the last flow
be ing ~n 1801. To the south end is Ka'u, a very young part of
t h e Island with alrnost no soil. The terrain is mo s t l y a'a and
p a h o e h oe lava with sparsely growing Meterisideros and other
n a tive dryland plants.

Ternp e r a t u r e s vary trernendously. It might be 8 O degrees on any
give n 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 alrnost down to frost. Because o f
all these microclirnates, there is a great opportunity to grow
a l mo s t any kind of planto The problem is to figure out what wil l
grow where, and then hope the volcano cooperates.

Prote a farrns have clustered i n three main areas. Waimea--older
v o l c a n i c soils, -..Kona--young lavas and Ka ' u--very young lavas.
Th e l a t ter two areas .a r e also planted to Ma c a dami a a nd contain
substa ntia l forests o f natural ized Grevi llea r obusta .

Beca u s e our Islands are isolated, we have very few endemi c pests
of Proteas. Unfortunately, along with plants, we ha v e
i n a dv e r t e n t l y introduced plant parasitic nema t odes and d iseases
such as Phytophthora root rot, Colletotrichum, Drechslera b l ight,
E-Isinoe dise ase a nd Botrytis, j ust t o mention a few. Thus
growers rnak e eve ry effort to s t ar t their farros in areas as f ree



o f pests as possible. They focus on growing types that are
adapted to the environment and try to be as sanitary in their
pra c t i c e s as possible.

The y tend to use chemicals such as fungicides and nematicides
where necessary, but are looking for non-chemical approaches to
pes t control. Damaging i n s e c t s have not been a majar problem in
the past, but regulations limiting shipments, of flowers to the
ma i n l a nd united states and other countries, require t he flowers
t o be absolutely insect free.

Sorne o f the major limitations to the industry include a very
l i mi ted labor supply. with minimum wage soon to be over $5.00
per hour in Hawaii and the attraction to more lucrative work, the
typ i c a l Protea farm is family operated. Expanding to large farms
r equ i r i ng large numbers of hired labor is difficult.

It i s hard to say wh a t the future will bring for t he Protea
i ndu s t r y in Hawaii, but i t will most def initely be tied to our
visitor i ndu s t r y . More than 6,000,000 v í.s í, tors come to our
I sla nd s each year . Many have never seen King or Queen Proteas,
Pinc u s h i ons or Banksias. When they see them in spectacular
fl owe r arrangements at their hote l or i n a garden setting, they
are awe struck. Return ing home, they ask their local f lorist for
the s e ma gn i f icent flowers, thus creating the market demand for
"Ha wa i ian" Proteas.

Hawa i i Island has long been known as the Volcano Island, and t he
Or c h i d Is land, but with mo r e a nd mor e Proteas being used loca lly
and shipped t o t he mainland U. S . , our Island may one day be known
~ore for its Proteas than its orchids. Perhaps it is appropriate
t ha t; a n island permeated with l egend s of gods , goddesses a nd
dc~igods has become t he home o f a f ami l y of plants whose name is
a s s oc i a t e d wi th the Greek God Proteus, who was able to change
i nt o rna ny shapes and forms. Living and farming on the Island of
Vo l c a n o s , one is 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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THE TASMANIAN WARATAH (TELEOPEA TRUNCATA)
ANO ITS SELECTION FOR COMMERCIALISATION

Susan L Alexander

Department of Primary Industry
New Town Research Laboratories

st Johns Avenue, New Town
TASMANIA 7008

AUSTRALIA

.
Waratah is the cornmon term used to describe the small endemic
genus Teleopea, a member of the Proteacea family. This genera
includes four species: ~ speciosissima (Sm.) R.Br., ~

truncata (Labill.) R.Br., T. oreades F. Muell. and ~ mongaensis
Cheel. To date the most cornmercialised and most researched o f
this genera is ~ speciosissima or the New South Wales Waratah.

In the past five years I have studied both Teleopea
speciosissima and ~ 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 (~ truncata) is endemic
this paper will discuss aspects of propagation,
prog r e s s towards its cornmercialisation.

to Tasmania and
cultivation and

Thi s waratah has a smaller more compact bloom than the NSW
ria r a t a h adding versatility to its use in flower arrangements and
it s stem lightness reduces freight costs. Its flowering time is
la ter , cornmonly around late oc t ober to early December - closer
to othe lucrative Christmas market.

It is also a variation on a theme, be í.nq similar to the NSW
waratah, but lacking the lar ge 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, sorne
specimens up to eight metres . The bush size and shape varies
from small stunted bushes ranging through straggly shrubs to
s ma l l trees. The plant is widely distributed over the high
~ a infall mountainous regions of Tasmania. It is frequently



associated with Nothofagus cunningharnii (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 abili ty 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.

Leaf shape varies from obovate to oblanceolate with apex acute,
with tip s~rrate 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. Th i s can range from eight to in excess of thirty. The
syrnmetry can also vary considerably, with sorne blooms appearing
malformed whilst others are well formed and syrnmetrical.

Flower colour is most cornmonly red, with tones
deep red. There are yellow forms but sightings
is an old report of a yellow form with a
unfortunately the bush' s whereabouts were not
specimens are known today.

of orange-red to
are rareo There
pink centre but
recorded and no

In surnmary, the selections to date have been for a deep red
flower colour wi th a syrnmetrical 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

Veaetative 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
plant material available, however
prepare and if there is sufficient
nie t hod .

there is a limited amount of
stem cuttings are easier to
material it is t he preferred



'I'hc c u t ~ ings . ~re dipped i~ benomyl fungicide, drained and the
ba ses d í pped an 2000 ppm Ln d o Le butyric acid for five seconds.
The y o are then placed in a peat:perlite mix in a heated (220C)
mis t1.ng bed. The growing mix is pressed firmly around the
cutting. After 10 weeks (undisturbed) the cuttings are checked
and i f the root growth is sufficient they are potted. Care omust
be tak e n not to over pot. Cuttings wi th small root growth
shoul d be returned to the mis t ing bed for a few more weeks. If
no roo t s are present and the cutting is still intact the base
can be recut and retreated wi th t he hormone dip and returned to
t he mi s ting bed.

..

The strike rate using this method is variable depending on the
qu a l i ty , treatment of the material and the time of year the
cutting is taken. The post flowering surge of vegetative growth
pr ov i d e s the best cutting material. The regrowth growing
t hr oug h old flower heads also provides good propagation
ma t e r i a l . It is poss ible to have a strike rate of 80%, however,
tor T o t runcata 40% would be the average strike rateo

Seed propaga t ion is a good method of obtaining a large number
of plant stock, however there will be variability in the form o f
the bush and flower. I t will be a minimum of three years before
t he plants will flower to allow the cornmercial selections to be
made o

Seedli ng s have t he foll owing advantages ; they establish better
than cuttings , are cheap to produce, and there is t hat
oppo r t un i t y to fi nd tha t e xtra special planto

I: i s impor tant to use fr e s h seed since t he viab i lity will
s i c wLy decre ase u p to s i x mon ths a nd then rapidly thereafter o
?=i o r to p l anting it i s benef icial to dust seeds with a
comb ina t i on of the fung i c i d e s thir.am and benomyl. Good results
have ·b e e n found using a peat:perlite "plug tray'" system or
rockwool propagation blocks. 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 a e r a t.e the bago A
germination rate of 80-90% is not uncornmon. Once the seeds have
germinated they can easily be potted into "slim-line" pots
( 5xSx 1 2 . S cm deep).

Watering of the seedlings is crucial in the first six months and
dai l y watering, provided the pots are off the ground either on
grave l or on a wire bench, has resulted in an improved growth
rateo



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 cornmon.

The waratah has a shallow root system with a deeper "tap" root.
In its natural habitat the shrubs often occur as an understorey
plant wi th 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
overwateririg unless the roots have been damaged in sorne way.

The use of a slow release low phosphorus fertiliserwith 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 wi th the peat: sand: loam mix and the next best
response was with the composted pine bark mix. The pure native
s oi l resulted in the most deaths.

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

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

Altitude (m)

1 •
2.
3 .
4.

Maryvale Flats, Tonganah
"Sunnyside", Branxholm
"Gum Flat", Trenah
Gray's Hill, Branxholm

,,-. ' ..-,..

50
200
400
580

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

e qu i pme n t and plants.



'I'he s e si tes were selected to test the effect of al ti tude on
f lowe r i n g time and growth of the New South Wales and Tasmanian
wara t a h s . Unfortunately due to herbicide drift f r orn - a
nei g h bo u r i n g paddock the 50 m plot was abandoned. .

'I'he plots were
Windbreak cloth
prevailin g winds.

constructed
was erected

using vermin-proofed fencing.
to protect the plants from

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

At p lant ing a slow release fertil iser 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 .

.
'I'he p lanting densi t y was 1.5 m wi thin the row and 3 m between
the rows. Row orientation was East-West.

All p lots h ave a microirrigation system with 4 l/h drippers and
a n i rrig a t i on heade r tank. Th e plants were irrigated in t h e
per iod immedia t ely a f ter p lan t ing. It appears even in the se
h i g h rainfal l areas s u mmer i r ri g a ti o n i s necessary i f t he p lants
ar-e to s u rv i v e .

Four Easidata e n v iron mental recording s yste m sensors have been
pu r-c h a s e d to record t he c limat i c conditions at the se lected
s ites . Thes e s olar powered sensors record humidity and soil and
air temperature . The data is collected monthly using a Toshiba
120 0 F portable compu t e r.

Ra infall 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 ANO DISEASES

Di s e a s e problems have been numerous, although it has not been
Pos s i b l e to positively identify them as the primary cause. Many
prob l e ms have been attributed to that frustrating term
"phy s i o l o gic a l disorders" . One symptom which has caused
p a r t i c u l a r concern is an ink black discolouration of the leaf
a :<i l , 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
(Family Noctuidae) [control: carbaryl]¡
(Tetranychus urticae) [control:predatory
occidentalis)].

Looper caterpillars
Two-spotted mite
mites(Typhlodromus

A pest of major concern in nursery plants is the European
strawberry we evil (Otiorrhyncus sulcatus). The larvae destroy
t h e roots and lignotuber o f the plants in spring and autumn.
Thi s pest wa s controlled by drenching the. pots wi th nematodes
( Hete rorh a ::>d i ti s s o . ) a nd t his h a s reduced t he number of p l ant
l o s s e s .

POST HARVEST TRIALS

Tri a l s 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 e xperiment were from
unpruned, rarely 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 i nc r e a s e in vase life due to the floral preservative,
Chrysal(R) ; however it d id increase the rate of flower
development when the blooms were harvested at the earlier
ma t ur i ties, the reb y e xtending t h e period where t h e b l o om wou l d
b e a tt rac t i v e t o the publ ico

~hls series o f experiments brought out several i mportant po i n ts :

( 1) Se edl i ng material i s h i gh l y v a r iable i n pos t harves t



uenavlour 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

Li ke many of the Proteacea family, the Tasmanian waratah is a
f r us t r a t i ng plant to work with.

The r e are opportunities in hybridising with other Te lopea
species as well as selecting from its own genetic pool.

The beauty and potential of this plant as a cultivated
or name n t a l is a driving force for us to continue to gather
kn owl e d g e 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
Fynbos Researeh,

Vegetable and Ornamental Plant Researeh Institute,
Private Bag, Elsenburg 7607, South Afriea

Introduetion

,.

Protea cut flowers harvested in South Afriea 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 o~'inseets and fungal infeetions. Three main groups
of inseets cause phytosani tary problems on proteas, namely
(a) borers tunnelling into buds/stems¡ (b) leaf miners and leaf
feeders, whieh scar leaves¡ and (e) inseets which visit flowers
to feed on pollen and neetar.

The presenee of fungal infeetions on leaves and stems is not
aesthetieally aeeeptable, and can lead. to the rejeetion of plant
material by quality inspectors. Pre-harvest, harvest and post
ha r v e s t treatments are required to avoid these problems.

Pr e - ha r ve s t treatment

Pr e ve n t a t i v e treatment in orehards is required if high quality
cut flowers are to be produeed. Inseet pests sueh as leaf
r eede r s can be eontrolled wi th an intensive spray-prograrnme.
Or e ha r d sanitation is of value in eontrolling borers. Fungal .
di s e a s e s also require eontrolling with an intensive spray
pr og r a rnme .

Spray prograrnmes used in South Afriea are presented in Tables 1
and 2. A more complete spray programme ineluding eornments on the
applieation of inseeticides has been compiled (Wright 1991).
Such spray programmes contribute to the phytosanitary
aeeeptability 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
oecurred, 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.



~ b l e 1: Insecticides fer use en Preteaceae

r
11

Pe s t

Le a f miners

"

11 . e e v i l s
I Ca t e r p i l l a r s

Loc u s t s

Sc a l e
i n s e c t s

Me a l ybug s

Leaf feeders

Insecticides

Dichlorvos eco

Deltamethrin eco
or

Dichlorvos eco

Chlorpyrifos eco

Prothiofos eco
Mineral oil

Chlorpyrifos eco

conc./
100.e
water

100 m.e

10 m.e

100 m.e

100 m.e

"S O m.e
5 000 m.e

100 mQ

Application

Apply when growth
cycle cornrnences.
Repeat every six
weeks.

Every six weeks
and alternate.

Only if pest is
presento
(Two or three
applications
needed)

Only i f presen to

Pine empero::
moth larvae

Bacillus 450 9
thuringiens var o
kurstaki

Borers

Only if presento

Black moth
(larvae)

other borers

Dimethoate eco

Sanitation

120 mQ Apply to growth
points and buds.

Remove all
infected plant
material, un
harvested flowers
and seed heads.

Table 2: Fungicides for use on Proteaceae
M.D. Saunderson}

(Compiled by

Spray a combination of the following every 2-3 weeks when flushes
are form i ng and once a 'mo n t h thereafter:
Two of : Proé~6raz / Captab /Mancoz eb

plus: Chlorothalonir or Iprodione
plu s : Benomyl (not more than three times per ann um)
Apply as s p e c i f i e d on container.
A general spray p r o g r a rnrne should be followed d ur ing the
" f l u s he s " or periods of growth and flower formation wi th the
i n ten t i o n of keeping young tissue free of infectión by pa t ho g e n s .

¿ Th e programme will be effective against all leaf spet d i s eases
and s hoot a nd f l ower diseases.



fQs t - ha r v e s t treatment

Various options exist for the post-harvest treatment of Protea
f l owe r s . The internationally prescribed treatment, viz.
fumigation with methylbromide, is unsuitable for use on proteas,
as leaves go brown when treated. Various alternatives have beén
investigated in South Africa. Controlled atmosphere treatment
i.e. 2° C; 20% CO2 ; 2% O (Seaton & Joyce 1988), did not give
acceptable resul ts . Only ~ 1% insect mortali ty was achieved after
10 days of this treatment. Controlled atrnospheres do, however,
have sorne potential as they appear to irnprove the lasting ability
of sorne Leucosperrnurn and Leucadendron cu~tivars.

Alternative furnigation rnethods have been tested (W~ight & Coetzee
in prep) . Protea neriifloria and Protea laurifolia
inflorescences were subjected to furnigation in a chamber
(3.8 x 3.5 x 2.6 rn) at an arnbient temperature of 10°C or higher.
An exposure period of 16 hours was used.

No treatrnent 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.

Tabl e 3: Results of various fumigation treatments tested on
Protea cut flowers to effectuate disinsectation.

(Exposure time: 16 hours)

Tr e a t me n t Concentration %
Mortality

Mg 2.65 g.m-3 95.5

1 Mg + deltarnethrin eco 2.65 9 .m-3 + 1 % (v/v) 97.4

Al + dichlorvos eco 2.65 9 .m-3 + 1 % (v/v) 97.9

Dichlorvos eco 1. % (v/v) 92.5

Dichlorvos aerosol 9.3 % 91 .6

Control - 4. 1

Mg = Magnesiurn phosphide gas Al = Alurniniurn phosphide gas



After furnigation, the temperature of the flowers must be reduced
to 2°_5°C, and maintained. A drastie drop in cut flower quality
is often found after the packed blooms leave the produeer. By
placing a data logger in a box of flowers sent to Europe, a curve
of the temperature ehanges was reeorded. 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.
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Figure 1.

Re ferences

Time
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

Seaton, K & Joyce, D. 1988. Post
treatment for cut flowers and foliage.
Publ. No. 89/88.

- . ~

harvest disinfestation
W. Austr. Agrie. Mise.

Wr ight, M.G. 1991. 1n s e c t i c i d e s for use on Protea pests and
cornments on t heir appl ication. SAPPEX News 70 : 16 - 1 7 .

Wright, M.G. & Coetzee, J.H. In preparation.
method s forProtea cut-flowers.
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Introdu c t i o n

The i mpo r t a nc e of insect problems as barriers t6 the
deve l o pme n t of Proteacea as a viable export in~ustry has been
recogniz;d for at least 20 years (Myburgh and Rust, 1971). In
1988, 12~ of Leucadendron spp., 57% of Leucospermum spp. and
59 % of Protea spp. did not pass quarantine inspection on
arri v a l in Japan due to the presence of insects (Anon 1988).
For flowers to enter these countries in top quality, free from
blemi s h e s or damage and without insects, effective field and
po s t h a r v e s t i nsect control measures are of utmost importance.
Th i s pa p e r reviews i n s e ct s occurring' in Proteacea in Australia
and overseas and methods for their control.

In s e c t Pes ts and F i e l d Co n trol

I n a s u rvey ( 1988) o f Aus tr alian Proteaceae cut flower exports
Se a t on ( unpu b l :) fo u nd t hat a wi d e var iety of insects and
spide r s were present i n flo wers before export from Australia:
I ns e c t s f o u nd we r e t h rips, bee tles, aphids, caterpillars, mealy
bug s , s cale, a n t s , true bu gs a nd we e v il s (Tab le 1).

The fa mily p roteaceae is pr im a rily a southern hemisphere plant,
wi t h greatest divers ity b e ing i n south-western and eas tern
Aus t r a l i a a nd South Af rica (Mo r ley and Toelken, 1988). A great
d i ve r s i t y o f insect pests have e volved with to feed on these
pl a n t s , c o n seque n t ly the g reatest numbe r of species of i n s e c t s
att ack i ng proteaceae will a ls o be a t t h e s e centres of
dive r s i t y . These cen t res wi l l be Pro teas grown in South Africa
and Banksi a s grown in south wes tern Australia . Proteas or
Ba nks i a s grown as exo t ics in a similar, but foreign environment
wi l l be expected to have a more restricted insect population.

I n s e c t s Attacking Banksias and Waratahs in Australia. Many
ins e c t s attack Banksias in the wild (Woods, 1988). A majar
insect pest are gal1 forming . eriophyid mites and cecidomyiid
flies . Scale insects and leaf miners and termites also occur.
Howe v e r these insects are not a problem in plantations.

A survey by Scott (1982) of Banksias growing near Perth faund
mo t h larvae and weevil larvae damaged the flawer spikes and
s eed heads. The most widespread insect was the Banksia moth
larvae (Arotrophora arcuatal is (Lepidoptera: Tortricidae).
Thi s species occurs throughout Banksias in Australia (Zamnut
and Hood 1986, Wallace and O'Dowd 1989). In Western Australia
~rot ro pho r a moth is a major pest of B. prionotes (surnmer



f lowering) and less so of B. hoo keriana ( winter flowerin g)
(Woocs and Ro hl, unpubl .). Damage occurs from the la rva~
feedi n g from within the flower spike causing a malformat10n
the Banksia inflorescence.

of

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

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

Insects Attacking Proteas eProtea. Leucadendron.
Leucospermum and Serruria) in South Africa and Australia.
In 1986 Coetzee (unpubl.) listed 233 species of anthropods in
proteaceae in South Africa. The insect fau~a of Protea repens
growing in its natural environment was stud1ed by Gess (1968),
Myburgh ~ ai (1973) and Coetzee and.Latsky (1986). Numbers of
species of insects and mi t e s found varied with sampl ing
l o c a t i o n and Protea species, but included seven orders, and 314
s p e c i e s. Typical numbers of ~nsects found per 10 cut flowers
were 50 t o 600.

Insect s attacking cultivated proteas were clas sified by St a r k e
(1979 ) a s ( i) bo r e rs, ( i i) leaf mine rs, (i ii) le af fe e d e r s and
(iv ) fl ower insect s. Four bore rs were important pe s t s .
Speckled Sho o t Bo rer (Cryotolechi a s p p ., Lepidoptera
Oechopho r idae) ¡ Fl ower Head Borer (C a n y s al phaeus and
C. ammopleur a Le p i dop t e ra Lyca e ni d a e ) ¡ Black Mo t h ( Argy roo l o c e
sp . , Lepidopter a :To r tri c id a e ) a nd Fl a t He ad Borer (Spheno p t er a
sinuosa ., Coleoptea Bu p re s tidae). Th e t hree l e a f mi ne r s were
Blo tch l eaf mi ner , (Le p idoptera: I ncuva r i i dae)¡ Cana l leaf mi n e r
Eu c osma sp., (Lep idoptera: Tortric idae) and Fine l eaf miner
Phy ll oc nistis s p , (Lep ido p tera: Phylloc istidae) .. Le a f feeders
i nclude d species o f we e v i ls (Co leo p tea: Cu rcu l i o nidae) a nd a
leaf spinne r Bost ra c ons p icu a ls (Lepidopte ra: Pyra l i dae).
F l owe r i n s ects i ncluded beetles, butte r fly and mo t h larvae,
t h r i p s , bu g s , scale i nsec ts, flies , bees, wa s ps , ants,
coc k ro ac he s and e arwig s.

The mit e s Proc t olael a p s va ndenber g i (i tch mite) causing skin
i r r i t a ti o n t o humans and Aceria protcae causing a g rowth
di st o rt i on ca l l ed witches broom are of phytosanitary and
e c onomi c impo rt a nce to proteas (Coetzee, Rus t and Lats ky
19 8 6). Se e d lings infes ted wi th wi t c h es broom g r ow p o o r l Y i
adul t p lants hav e a ma s s of slender ma l for med shoots (Starke
1979) and poor fl~wer production.

Pro teas appear to be attacked by many fewe r pest s in Austr alia
t han So u th Africa . For instance bore rs and lea f mi ner s whi ch
have caused problems to the South Africa protea industry are
not a problem on proteas grown in Au s trali a . Sp ringtail s,
weevils and moth larvae hav e all caused rej e ctions of overseas
s ~i pmen ts from Au stral ia on phytos a n i t ary ground s (Woods and



sea ~ o n , unpubl.). Native weevils have caused damage to the
f o l l a g ~ of Leucodendrons with synthetic pyrethroids an
e f f e ct l v e control measure.

po stharvest Control

A number of postharvest disinfestation treatments have been
app l i e d with varying success as insect eradication methods for
pro t e a ~ e a e .. T~ese include methy l bromide fumigation,
gamma-lrradlatlon, heating, l ow temperature, controlled
atmosphere aerosols (fogging and/or forced air), insecticide
dipping, and slow release insecticides in tran~~t. Most
research work has been conducted on Banksia, Telopea, Protea,
Leuc ad e nd r o n and Leucospermum species.

Fumigants

Meth~l Bromide. For Banksia prionotes, methyl bromide at
24 9 m- for two hou rs at 28° gave complete control of
t o r t i c i d moth larvae (Arothrophora arcuatalis) living inside
t he rachis of the i n florescence (Seaton et al, 1989). Flower
v a s e life was unaffected following fumigation. Protea appear
mor e sensit ive than banksia to methyl bromide and were damaged
after 1.5 hours at 21°C with 30 9 m- 3 methyl bromide (Wit and
Va n de Vrie, 1~85). For F rotea neriifolia and P. cynaroids
32 9 m- 3 for 2 hours at 22° gave 100% kilI of earwigs
(Badumn a ins ignis) 1 8 hour s a fter treatment (Maughan , 1986).
Howe v e r leaf blackening one we ek a fter treatment rendered the
flow e r s unsa leable.

Other fum igants. Sulphur dioxide killed up to 73% of
in s e c t s in P. neriifo lia, bu t caused sorne bleaching of flowers
and foliage ( Maughan, 1986). Dichlorvos pest strips (half a
Shel l t ox® pes t strip per flower carton) gave 76% kilI of
earwi g s after 18 hours in P. neri i fol i a and ~ ' cyna roids
(Mau gh a n , 1986). A d ichlorves pest strip or
pa r a - d i c h l o r o be n z e n e (Parry® f resh air) tablet killed flies
and beetles with no damage or loss of vase life of B. menziessi
fl owe r s (Seaton unpubl.). Phosphine gas for 14-16 hours gave
100% kilI of test insects fumigated along with Protea cut
flowers and did not cause leaf browning (Coetzee and Wright,
1990) . .

Garnma-irradiation. At a
10 k Gy) flowers and leaves·
(Seaton and Joyce, 1991a).
f o l l owi n g gamma irradiation

dose required to kilI insects (i.e.
of B. hookeriana were blackened
Blackening of f10wers a1so occurred
of protea f Lowe r s (Maughan, 1986) . .

Temperature and Storage Treatments. Thirty (30) minutes at
46°C with hot water or la minutes at 56° with vapour heat
required for insect disinfestation caused increased opening of
florets along the inflorescence of B. prionotes and
a. hookeriana rendering f10wers unsaleable (Seaton and Joyce,
19 91b ) .



Coo1 storage for one to two weeks which is an effective.me~hod
of ki1ling insects and has been used extensively for sh~PP7ng

citrus to export markets (Hi11, ~ Ql, 1988) has been app1~ed
to cut flowers. B. prionotes stored well at lOC, 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 this rnethod during sea
freight of banksia to export rnarkets in Japan or USA. However
leaf blackening may lirnit this application. Variations were
observed between the proteas when cold stored (Jones and
Faragher, 1989). Vase life of T. speciosissirna lost one
quarter of flower vase life (cornpared to unstored control)
after four weeks cold storage (Faragher 1986a, b).

Controlled atmospheres. One hundred per cent nitrogen
atrnosphere 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
C02 at 20°C (initial storage concentration) for 48 hours was
required for 90% kilI of earwigs but there was sorne los s of
vase 1ife of Proteas (Maughan, 1986). Storage at 2°C in a 20%
C02 and 2% 02 atrnosphere gave 91% mortality of test insects
after ten days (Coetzee and Wright,1990). After this time
Protea flower quality had de~eriorated.

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 (I1eynhardt, 1976). Less
darnage of flowers with aerosols compared to dipping is expected
and flowers remain dry throughout treatment; Aerosol
insecticides formulations with C02 as the carrier are
cornmercially avaiIabIe 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" (Cornmonwealth Industrial Gas®, Anon,
1986c) .

Pestigas P® or Pestigas P® plus Insectigas D® gave 90 to
95% control of earwigs, spiders (Forficula auricularia), thrips
and ants in P. cynaroids, ~. neriifolia and P. grandiceps
(Maughan, 1986). '

A combination of permethrin (0.036 9 ai m- 3) as Pea Beu
Control® and Insectigas D® (0.038 9 ai m- 3 dichlorvos)
killed more earwigs within flowers than Pestigas P®
(0.008 9 ai rn-3 natural pyrethrin) plus Insectigas D® or
permethrin alone (MacFarlane and Franz, 1989). Theyachieved
up to 99.4% kilI for earwigs and 98.8% for spiders 48 hours .
after treatment.

"'- ' ''-'''

There was 8 to 10% less kilI of insects located inside
~. speciosa flower bunches than of insects located outside of
bunches (i.e. 85 to 99% kilI). However, by drawing Insectigas
D® through flower boxes loca ted within a disinfestation room
( f o r c e d draught application) 99% kilI was achieved, (Seaton
unpubl.).



A nov e l method of disinfestation of injection of dichlorvos or
de l t ame t h r i n directly into Pro tea inflorescences was found to
gi ve satisfactory control of insects (Coetzee and Wright, 1990).

I nsec t Disinfestation Control Methods Used by Australian Protea
~ xpo r t e r s - a national survey

A survey in 1988 (Seaton unpubl.) found that insect
disinfestation methods used by Pro tea 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 fo-r sorne 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 .mo n i t o r seasonal
changesin insect numbers. Insect control would then include a
strategic field spray prograrnme to prevent early damage to
fl owe r s and to reduce insect numbers before harvest. I~ would
a lso include a postharvest disinfestation system suitable to
t he particular protea flower and insect type. Further research
i s needed in these areas to develop insect free flowers.
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Ta b l e l. Insect pests encountered in Proteas, Waratahs and
banksias at post harvest packing sheds duri ng
processing for export, from a survey conducted in
1988 of the Australian cut flower industry (Seaton
unpubl. )

Cut flower export

Western Australia

Insect

Banksia spp., Dryandra spp.

Protea
(Protea spp.,
"Le u c od e nd r o n spp.,
Leucospermum spp.)

Protea

Viétoria

Gall wasps, thrips, borers,
beetles, aphids

Spiders

Spiders, earwigs, scale,
thrips, caterpillars, sti n k
bugs, mealy bugs

Protea

Waratah

Pro te a

New South Wales

Spiders, ants, scale inse2 t ~

Spiders, ants

Oueensland

Mites, weevils



rab Ie 2 . Insect disinfestation control methods used by Australian
Proteaceae exporters from a survey conducted in 1988 of
the Australian cut flower industry (Seaton unpubl.)

Species

r . grandiceps, ~. cynaroides,
r. magnifica, Losalignum,
P. neriifolia (pink ice),
Leucadendran salignum

P. repens, ~. magnifica,
P. neriifolia, ~. grandiceps
~. cynaroides, '~. obtusifolia
r elopea speciosissima

Leu c o s p e r mum spp. (pincussion),
r. speciosissima

r. cynaroides, ~. neriifolia

Banks i a spp.

Ban ksi a spp, Dryandra spp,
Stirlingia spp.

Method

Proteas

Manual
field .
spray

Aerosol

Dip

Dip

Banksias

Aerosol

Methyl
bromide

Cornment

To dislodge insects
Permethrin plus

·.., ma l a t h i on

Insectigas D® and/or
Pestigas P® in
combination 38 gm/m3
Two hours l5-20°C

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 ARHILLARIA
DISEASES OF WOODY PLANTS, INCLUDING LEUCADENDRON WITH

TRICHODERI1A

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

r> .

ABSTRACT

Isolates of Trichoderma species were screened for activity
ag a i n s t a variety of crop pathogens and the best strains were
selected . as potential biological control agents (BCA's).
I n o c u l u m from superior Trichoderma BCA's was formulated into
a variety of gels, liquids, solids and p9wders 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
No r t h Island of New Zealand.

Silver-leaf infected Asian pears became free from symptoms,
healthy and vigorous, after one Trichoderma BCA injection
t r e a t me n t . Healthy tree where pruning wounds were protected
wi t h Trichoderma BCA gel, remained largely free fram
s il ver-leaf infection. By contrast, controls and fungicide
tr e a t e d trees became seriously infected (1988-1991). Field
t rials to evaluate prevention and cure of silver-leaf
di s e a s e in Leucadendron with Tr i c b od e rm a BCA
fa r mu l a t i o n s are in progress and the initial results appear to
be promising.

The "Tipit"
Ruakura for
Tri ch od e r ma
pipfruit and

gel prUner,
kiwifruit in

BCA gel'
stonefruit.

which was specifically developed at
New Zealand, is under evaluation for

application in . Leucadendron,

Hartality of kiwifruit vines and shelter trees from
Armil1aria 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 & 1 Bank of Western Australia

Perth. W.A.

rntroduction

Early in 1989 the Western Australian Department of Agriculture
decided to undertake an economic evaluation- of the states
protea industry. Having just completed budgets to evaluate the
growing of kangaroo pavs and Geraldton vax, I had an
opportunity to complete a similar evaluation of the protea

í ndue t r y .

An economic evaIuation of the protea industry vas required for
tvo maln reasons,
1) to assist in identifying the groving costs to indicate the

profitability of the species examined
2 these budgets could then assist in the evaluation of both

the industryand individual species.

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

It may be asked why budgets were used to assess the industry:

Well prepared budgets viII indicate ;

- the start up capital required
- when that capital vas required
- the profitability of the érop
- labour resources requlred
- the actual growing costs
- it vould identify high cost activitie~ vhich need

special attentlon
- and allow a sensitivlty analysls to assess the varlous

rIsk factors posslble, due to changes In management
practices or markets.

Such figures a~sist the Department of Agriculture's advIsory
work vith potential and existing grovers.

The aim of this project vas to york vith commercial grovers of
South African Protea specIes in Western AustralIa, collectlng
accurate data to produce long term development budgets for a
broad range of protea species. These budgets vould shov the
costs associated with the production, and the expected
r e t u r ns , of the protea crops of these growers. This data would
t he n be used to determine growing practices and to provide



a c c u r a t e fIgures to as~l~t in the preparation of budget~ for
t he Department of Agriculture.

He t h od

Fr om the result~ of the Wildflower and Protea survey, conducted
b y Julie Pegrum, research officer with the Department of
Agr i c u l t u r e , in 1988, four maln specles were ldentlfied for
v h l c h to collect data for thl~ project. They were ;

Protea cynaroldes
Protea repens
Protea neriifolia
Protea"Pink Ice"
Leucadendron discolor
Leucadendron gandogeri
Leucadendron laureoleum
Leucadendron"Silvan Red"
Leucosperrnum cordifolium, and
Seruria florida.

For budgets to be of use to the Department of Agrlculture,
accurate data had to be collected. To obtain such accurate
lnformation, four protea growers were approached to record all
those activities that were used in growing their protea crops.
Unfortunately the rnain protea growing reglon of Busselton in
the states south west provided location difficultles, hence
groyers from Gingin in the north to Mandurah in the south vere
used. The four grovers selected, needed to be reputable grovers
prepared to cooperate in this project by giving accurate data
on their groving activities. They were selected· from as dlverse
an area as posslble to give a range of yie lds from different
locations.

,
At the first meeting vith each grower, in March 1989, I
described the aims of the project and what 1 expected to
achieve. They were then asked if they were prepared to
participate , each being assured that the confidentiality of
their data y o u l d be maintained. Each showed enthusiasm for the
project and all were wIllIng to joln. At this first visit, each
groyer vas given a "diary" to record all activitles,such as
veeding, spraying, fertilising, lrrigation and general
manitenance, incurring a cost that could be attributed to the
groving oE th~l~ proteas.

Periodic visits were made to each grower to address any queries
that rnay have arisen. At the last vis it in December 1989,
diaries were collected along vith fur ther detai led data
regarding harvest costs, the hours required to pick each
species and the yields.

AIl budgets were prepared on the Departments "Wild" programo
This prograrn vas originally written by Trevor Boughton from the
Department's Manjirnup Office for use in the fruit industry,
wh i c h vas then modified by mysel f for use ~ i t h floricul tu r e
crops.



Te ensure that the same costing vas used for all budgets the
individual costs of each grover vere not used. All costs vere
taken from a Department of Agriculture price file costing ail
items and activities associated vith horticulture. This alloved
a true comparison to be made betveen the grovers for the final
assessment.

cests associated vith harvest, from the picking through to the
pelnt of sale, vere calculated by dete~mining the number of
stems picked and processed In one hour and · t he ~ . e xpr e s s ed as a
cost per 199 stems. The labour cost per hour vas used to give
the actual harvest costs. The number of stems harvested per
hour vas averaged over the full harvest season vhere possible.
Where this had not been possible to record, grover figures from
previous harvests or from crops of similar handling features
and times vere used.

A jeint table vas prepared for all management practices used by
the grovers. These vere then assessed to ensure that they vere
accepted as industry practice before they were used in the
flnal budgets.

RESULTS

Hy results, based on a vide range of predetermined
reveal there are minlmal profits to be made from
protea species.

assumptions,
grovlng most

I have chosen te demonstrate the results in three forms.

Fi r s t l y by a graph of the cumulative cash flovs over the l~

year term of the budget. (Graph l.)

Th i s clearly shows that only ~ cynaroides and ~ cordifollum
return a posltlve cash flov by yea~ ten.

The second by atable shovlng a summary of the major costs for
each species against the res~ective return. Table l. You may note
that there is assumed to be llttle difference In "the growing
costs and practices for most species.

The only species shown to be profitable to grov are those that
command a premium priee sueh as~ eynaroides or are hlgh
Yieldlng and fast to harvest, such as ~ cordifolium, ~ diseolor,
~ "Silvan Red" and ~ florida.

Once again the most profitable specles to grov 1s ~ eynaroldes
at 95.12 eents per stem. This 1s due to its premium priee. ~

~ordlfolium vas the only other specles showing a reasonable
Profit margln at 22.86 eents per stem due to its higher price and
high ylelding eapabilities. These two speeies returned a net
profit of 63% and 57% of their respective sale priee.

The third method use to shov the results is by calculating
~he break even point for each species. ( Table 2.) The break
~ ven point belng calculated by dlvldlng the total cost of
~= 0d u c t i o n by the total number of stems produced, over the
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ten year term of the budgets. No a l l ov a n c e has been
inflation vith regard to cost or changes in r eturn
ter m of the budget. All c a p i t a l c osts vere excluded
calculation.

made
over

froro

for
-t he

this

12b 1e Costs and Returns.

suromary of Protea Budget Resul ts Pz epa r ed for the Department of
Agr icu1 ture. ...... . -

All costs and returns s h own in cents per stem

species Grov Pick Post- Over- Total Return Net
-ing -ing Harvest he ad s c osts Profit

(Loss)
------~--------------------------------------------------------

P. cynaroides 22.73 7.83 15 .1 9.22 54.88 159 95.12
P. neriifolia 6.35 5.85 11.3 7 . 46 25. 96 29 (5 .96)
P. repens 6.35 5.85 11.3 2 . 4 6 25.96 29 (5.96)
P. Pink Ice 7.94 5.85 11.3 3.97 28.16 39 1. 84

L. discolor 5.29 3.13 6.1 2 .95 16 .57 25 8 .43
L. gandogeri 7.94 3.13 6.1 3.97 29.24 20 ( 0 . 24)
L. laureoleum 7.94 3.13 6.1 3.97 29.24 21:3 ( 9 . 24)
L . Silvan Red 3.97 3.13 6.1 1. 54 14.74 21:3 5.26

L. cordifolium 5.72 3.13 6.1 2.18 17.14 40 22.86

S . florida 5.29 3.13 6.1 2.95 16.57 25 9.43

Table ~ Break Even Points

Species Total
stems

Total
. Cos t ($ )

Return
Ce nts /stem

BEP
Cents/stem

P.cynaroides 142,21 9 19 4 ,946 159
P.neriifolia 5 83,319 173,551 29
P. repens 583,319 173,551 29
P.Pink Ice 491,699 157,816 39

L.discolor 85 9,999 151,952 25
L.gandogeri 566,699 125,798 29
L.laureoleum 566,699 125,798 29
L.Silvan Red 1,149,979 1 79,645 29

L.cordifolium 699,988 137,911 49

S.florida 725,999 149,441 25

73.16
29.75
29.75
32.19

17.88
22.29
22.29
15.62

19.79

19.37

The s e figures again shoy the most profltable species to groy
a r e ~ cynaroides and ~ cordifolium.

0<:



Di s c us s i o n

A budget is a tool used to make management decisions. It is a
set of assumptions 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
n e e d e d , but lf budgets are to be of any use in dec1sion making,
they have to be accurate.

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

Fo u r growers is not a sufficient number to survey to get a true
indlcati~n of growing practices to determine average industry
costs . .This number was used because of the limited number of
growers prepared to dlvulge thelr growlng costs, methods used ,
r ecord the data required, and the remoteness of the properties.
I have based my assumpt io ns on the data collected from these
four growe r s however , my research i nd i c ate s t h a t t he
assumptions us ed a re c ompa r abl e t o acc ep te d ind us t ry pract ice.

In pr e pa r ing t hese budge t s I h a v e included all cap ital items
tha t may be required. They i n c l ud e t he purchase of a 5ha
pr ope rty, ma c h in e r y r e q ui r e me n t s and l r ri gation equipment. I
dete rmined t hat the s e init i a l ca pita l c os t to s e t up a p r o t e a
e n t e r p r i s e woul d be $8 5 ,00 0 . By r eturni n g t o Graph 1, i t can be
seen that growe rs a lread y o~ning a p rope r ty and machiner y may
grow p r o t e as mor e profita b ly. Th i s is de mons tra ted by sh i ft ing
the " 0" line d o ~n by $ 8 5 ,000 .

For t he gr owing activ ities I have inc lude d eve ry item possible
giving a maximum growi ng costo These cos ts lnclude planting,
mate r i a ls used such as chemicals and fertil izer, labour
requi r ements fo r each ac t iv ity costed at $ 9/ h ou r , pump running
time for ir r i gat i on, mac h inery use, we e d con t r ol a nd p r uni ng .

The mos t d i f ficult costing to determine accurately was f o r
har v e s t and postharvest handling. The s e costs, along with
yield , are the mos t var iable with in species and differ with the
effi c iency of e a c h grower. Th i s item ,as a percentage of total
cost , repr e s e nte d appr ox ima tely 69\ o ver all the budgets
prepa r ed. Give n t he i mp or t a n c e o f this figure to
p ro f itabi l l t y. , ~ d a t a speci f i c to t he har v e s t opera t ion ~a s

obtai ne d from seve r al o t he r gr owe r s to ve r i fy this component of
the budgets.

o t h e r cost s incl uded overhead costs such as telephone, rates
a nd insurance. The se have been p r o portioned do~n to mat ch the
are a of the cr o p . Neithe r in t e rest payments nor capital
r~ pa yme n t s ha v e be en lnclud e d in my budgets but the pr ogramme

/ h a s the f a c i lit y to add thes e c ost s if re q u i r ed. The reason no
capita l or inter e s t re payme nts are lncl uded in the budgets is
bacause of the v arying levels of c a p i t a l gr o~e r s may have
ac c e ss to a nd the variati on i n borro~ lngs r e q u i r ed.

Q c.



Aó the Department of Agriculture is a Government sponsored
dd v i s o r y 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
e x i s t i n g written data, had to be thoroughly investigated before
be i ng used .

The practice of being conservative on yield estimates and the
sale price, then using maximum production costs narrows the
profit margin for each crop. However, growers- . _who can trim
their costs by being more efflcient, by harvesting more stems
pe r hour or produce yields aboye those used in my assumptions,
vill increase their prof it margin aboye the level shown. The
pr i c e s used for each spec ies were assumed to be the farm gate
pri c e and were lower tha n actual prices received by growerso
Thi s e liminated the need t o determine the freight component of
costs . Using a lower price a1so made allowance for new growers
not beingable to produce the high quality stem that
e xp e r i e nc e d growers may do and attract a premium price.

A s mall section of the budget summary is called the "Average
Pr od uc t i o n Cost Summary". This reaveals activity costs and the
vi a b i l i t y o f each spec ies. (Table 2.). This summary is also
us e f u 1 to compare al l act ivities as it also expresses this cost
as an o v e r al l percentage. (Table 3 .)

Ta b I e L... Costs express ed as a percentage oE total costo

Speci e s Cost as a percentage
Grow ing Harvest Postharvest Overheads

- - -- - - - - -- - - - ------ - - ---- - - - - - -- - - - - - -- - - - --- - - - - - - -
P o c ynaroides 41 14 28 17
P o n e r i i f ol i a 24 23 44 9
p o repens 24 23 44 9
P. Pink Ice 28 21 4~ 11

Lo disco1or 32 19 37 12
L. gandogeri 39 15 3~ 15
L . 1aureo1eum 39 15 3~ 15
L . Silvan Red 27 21 41 1~

L. cordifolium 33 18 36 13

S. florida 32 19 37 12

The combined harvest and postharvest cost of most species is in
t he vicinity of 6~% of the total cost and the growing costs
abo u t one third. Budgets prepared for the growers indicated
t ha t the growing cost was general1y below 29% and the combined
~d ~ v e s t and postharvest costs were mainly in the vicinity of
75~ . Th is difference indicates the effect of using maximum
~ = o w i n g costs used in my budgets .



I.ONCLUS I ON

hope that 1 have not discouraged any grovers or potential
.~ o we r s with my research. My results are based on the
~5s urnpt i on 1 have dravn from vorking closely vith four grovers
and vill differ from another person preparing similar budgets.
o~e ve r , there are benefits to be gained by my research.

It shows that the large capital outlay to establish a protea
g r ov i ng enterprise viII not necessarily return those setup cost
i n the short termo Hovever, as an extra actlvity on an existlng
p r operty, profits can be made as it allovs for the better use
o E existing resources.

One of the great benefits of prepaFing these budgets is that it
identifies less profitable species. Under current market
conditions, several species should not be grovn in Iarge
numbers because of theiF lov returns. These are ~

neriiEolia, ~ repens, ~ gandogeri and ~ laureoleum.

By studying the intimate activities of groving proteas it is
evident that the main cost starts at harvest. Therefore an
extra application of fertilzer or chemical, to improve flover
quality, viII not make a great difference to the overall costo
This is an indication of hov the budgets can be u 3ed to make
management decisions.

My research indicates that the species most profitable to grov
are those which comrnand a high price or are high yielding, thus
giving a higher margin of profit over species returning lover
prices and yields. r vould not recommend hovever, that only
t h e s e species be grovn, for it is necessary to have a vari e : y
of flovers to have continuity of supply to your market and to
maintain your market share.
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THE ECONOMICS OF PROTEA GROWI NG

FINANCIAL ASPECTS OF PROTEA GROWING

Denis V. C. Tricks
Longford Flowers

P. O. Box 754,
Sale, vico 3850

Australia

;~ i ch title do you like? 1 have chosen the lower qne. It seemed to give more
fl ex i b i l i t y and anyway l have often wrestled with "ProfitJ.>. ,From Proteas" and
r.he like and i t comes out more like "How Long Is A Piece Of string?" There
ar e so many assumptions which differ for each producer. lt would be much
:;ir.,pl er if the wholesalers were asked to delive.r a pape.r on "Making Proteas
?ay" or somesuch because they don 1 t have the same clima tic va.riables and lots
of them ope.rate from t.he ' same sheds and thei.r flowers come packed in boxes
t~a t are relatively standard too. Strangely though over the past few years or
:; 0 1 can' t recall seeing an a r ticle touching on the profi tabili ty of the
~holesa le r s , or their costs or much e13e really factual about them.

-:-:'e really b ig flowe r g rowers in roses, carnations etc a r e wholesalers and
~ :'e :: e í.s p robably a lesson to be lea rned from them. ' Investment in marketing
il ~d sel li ng is associated with s u c c e s s in the cut flower business.

~~ ha ve sorne g reat persona lities in t h e who lesalers ranks but am 1 beginning
t o i ma g i n e that t.he r e i s sorne negative selling technique in the wholesalers
re f r a i n "T h ings ar e not loo king too good?" For goodness sake you can' t
c~co u r age g rowe rs expec t ati o n s .

~ :~ :: i s t s c ome and go ra ther more r a p i d l y than wholesale r s - a b it l i ke Prote a
. ; ; c ·....e r s r eal l y . The ones t ha t a r e ve r y c a ref ul not to o verbuy and can use a ll
~~0 bi t s and p i e c e s, o l d and n e w, seem to s t il l be a round . I remember s elling
~ ~ nk s ia s p inulosa bunch to one o f these people once and saw each flower c ut
~ ': : o s s i.n t.o c olour ful slice s - i t l o o ked a ttractive, quite different and went
:-c; c :-; f u rth e r .

:.:: : t a en t here are expo rters /importers a nd rathe r specia l traders who somehow
:-. l :-.age to c ont inue in exis tence - e ven dried flower dealers. You can' t omi t
',:-..~ nu r s e r y ma n . Quite extensive s t ud i e s have been carried out and published
on Retail Nurseries. Detailed costings regarding use of space, cost of
~O tp l a n t s , display turnover ratios and many other aspects are available. But
~e know times a.re difficult fo.r sqme nu.rserymen. Perhaps that's why we have
r ~ports. Wholesaler nurseries somehow remain more of a mystery.· Profitable?

You can see from all this that there are many people involved in making money,
pe r ha p s even a lot of money, from Pro teas . But everyone wants to know about
the growers financial ",elfare.

:~ ~ ill be apparent that the growers fortunes are not isolated from all these
o t he r groups. Growers sell to them and depend on them 'for volumes and prices.
A~ with the growers there are sorne very inexperienced business people
ü t t r a c t ed to and involved in the 'come lately' protea flower industry and this
J~ou ld be borne in mind ",hen conducting business .

' : : ':~ 3 e days sound profitable business lin.ks have become important. Bad debts
' I : . ~ causing great concern. All the links in the selling chain, grower,



~hu l e 5 ~ l e r and reta i ler or ~he other i n t e r me d ia r i e s when us e d s h o u l d t r a d e a t
ln .l ce~ which l e a v e adequate marg ins. But t her e ar e sorne featur e s o I c u t
f l owe r trad~~g which wou ld not be acceptab l e i n other rnar ke t s . What
,Jr o t e c t i o n does a grower have when he consignment sells to a wholesaler who
~ l so a c t s as a principal and is also a grower? Should wholesalers di sclose
:"!1~ ir position? . Should agency sales be put ahead of principal sales? What is
_' ~ ba s i s of pricing between these sources?

, e our wholesale markets simply pre -selling stations rather than auction
r ooms > To wha t, extent are prices controlled by wholesalers positions r a t.he i

t.ha n the supply of produce coming to market? Are market posi tions/stalls
~; , ,o f i c i e n t l y available to prevent wholesaler dominance of prices and volumes?
. {'O not believe there are satisfactory clear cut answers to many of these

q u e 3 t i on s .

Howev e r it is c Lea r from the margins and costs in Australia ' that the most
p r c f i table outlet for growers is direct to florists .. Sydney prices for mo s t;

Pr o t e a / Ba n k s i a cut flowe:rs are higher than elsewhere in Australia. sydnev
f l o r ists a:re the:refo:re the most profitable outlet fo:r g:rowe:rs who sel1 direct
to tlo r i s t s . But to maintain such a service the g:rower needs a wide :range of
products. He needs to maintain close contact by telephone OI: fax with the
needs of t he ' flo:rist uppe rmo e t and parti<:;ularly there is a need t.o maintain
freshness and quality of his product .. Too often do business associations slip
because unwanted · inferior and badly packed flowers are 'slipped in' to
cons ignments, Sell ing di:rect to florists avoids the 20%-30% wholesale charge
a nd it a v oid s wastage when fr esh l y ' cut f l owers can not b e sold quickly at t he
mar ke t. Freshnes s í s t h e gr eat asset of c u t f Lo we r g rower s. Whe n new
t e c hno Loq i.e s a re rapidly improving the q ua Li ty o f dried flowe r s cool s co r a g e
may be a neces s a ry e vil i n s orne si tua tion s . Bu t t i me saved i n deli v e r y f r om
c u t tinq to erid user s hou l d a Lway s be top p riority. Al so i t s h o u l d no t be
f o r g o t t e n that 2 0% of market p r ice r e pr e s e nt s 25 % of the g rowe rs ne t mar ke t
p r ice and so on. These obse r v a tions a:::e mad e in t he h ope t ha t tho s e setting
u p wholesa le ma r ke t s , e specially if these gr o ups a r e n on - governmental , wi I I
aspire t o ::.he required s ta nd a r ds wí, thout the n eed for c umb e rso me regul a tions
by "th e Au t h o r it i e s".

Pr obab l y the nex t mo s t pro fi tab le market i s t he export ma rket but i t mea r.s
s igni ficantly higher r isks, add i tiona l wo r k and ext:ra t ime consuming
docurnenta tion. At t h i s s tag e t her e are f ew fixed. pr ice con tacts f or
Au str alia n p:roducers e xpo r tingto Japan, The USA i s better . There are sorne
and these f r om personal experience are subjec t t o price under cutting f rom
o the r protea g rowers. Growers muy export direct to overseas markets o r use a n
a g e n t . Direct export obv iously saves charges rang ing from 10%- 20 % g enerally
which is the agents fee. However it also needs a reasonable volume of ¿¡

single prod u c to Negotiat ions about fr e ight ar e v ery importan t as u p to one
haH of t he shipment va lue is freight costs. It is possible for smaller
shippers to n egotiate 'add on' and obtain margi nal air freight costs for thei r
flowers . They c a n also c o-operate with o ther exporters to create
consignmen ts , say 150 0kg la rge enoug h to br i n g concessional fr eight r a tes.
Recent l o we r Qa n t a s f reight costs to Japan from Melbourne are: -

100kg
_ . ~ Okg

S OO kg

52.10 p er kg
51 . 8 0 per kg
$1 .60 p er kg

De s pite t he talk Gov ernmental Depa rtment.s ar e making it much mor e diff i c u l t
f o r s mall pr oduc e r s t o b eg i n to c r eate n e ..... mar ket.s wi th the i r e n t.e :::: p ::::i se . T'he
p o licy s eems t o be the t rouble na t t.he ind i vid ua l employ e e s ; t ha t i 5



011 tlr a n t. i.n e Po lic ies not. Qua rantine Off i c e rs . Le t me quote one examp le .
~ h i prnc n t. of 30 boxes, say 420 kgs, costs $900 in a i.r freigh t to Japan. A
·: .. CU[ 3 an a dd itional $400 i n c osts i n J a pan a nd it rea lises $30 00 . There a~~
~n'/ c o s t s in sell ing other t han t hose q uo t ed. Boxes at $4.00 each, loca,l
t;il n3 po r t. $1 .00/box for example befor e farming c o s t s of selling such as
pic ki ng and packing a nd the farm charges such as spraying and weeding and
p run ~ ng a nd de~r eciation a nd o v erhead s. These farm charges wil l r a nge very
cons l d e r a b l y wlth t h e p r oduct b u t le t us t r y a·tab l e .

Re v e nu e 30 boxes at A$J.OO!box

Cha r ge s in Japan

Air fr eig h t

Boxes , loca l transpor t

:Fann chaxges
picking - Labour 20 h rs at$10/h r

Pa cki ng - La bou r 30hrs at $1 0 / h r
(pa c ki ng f or Japan i s ve ry labor ious)

Fa rm overheads
GroW8zs mazgin

Qua r a n t i n e inspection
(15 mi nute s o v er t ime )

$3,000

$400 ~ . ....

$2600
$900

$1700

$150
$1550

$200

$1350
$300

$1050
$150

$900

$9 1

$809

: ~ i s some wha t o f a s hoc k t o rea li se t ha t th is compul sory i n spectio n (al t hough
ccc t ec a t 1 5 mi nutes r a r e l y ta kes lo ng e r than 5 minu tes of the Quar a ntine
0f f i c e r s time but much long e r for the g r o we r who ha s to repack and b i nd opened
coxe s ) a b sorbs mor e tha n 1 0% o f the margi n due t o the growe r. Five minutes
""O ~ ~ t ake s $91.0 0 and t h e equivalent o f 5 0 hou r s wo rk (ofte n overtime a nd
: .::-.ca y s ) yields say $8 09.

: : i s now p r opos e d in Victoria a t leas t tha~ the hou r l y quarantine rate shou ld
~lse by 10% and that a docurnerit; cha rge of $20 f or the phytosanitary
ce:t iEic a t e should be added. These new charges are discouraging the smaller
9rawer s with the initiative to expoxt.

There i s nothing wrong with t he 'user pays ' princple if it means the proper
a l l ac a t ion 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
::\ethod of Quarantine Inspectio"n in Austx:alia as applied to exporting
ho r ti c u l t u r e is entirely unsuitable as to cost and effectiveness and should be
CQmp l e t e l y revamped.

eUt to come back to the example o f our impoverished expoz t.er . The figures I
Jave are for say exporting Banksia Coccinea and achieving $2.00 a stem for a
~x oE 50 stems of big flowered a nd long stemmed B. coccineas. The $10 peI:
~c u r labour rate is the tate appl icable to trained staff and compares to say
. ~ "~ a n ho u r fOI: trained motor mechanics. TheI:e is a greateI: maI:gin if the



Le b o u r cos t is r e d u c ed and the only La bou r inpu t is the f a r me r and h i s Lami Ly .
Th e y wou Ld be wor k ing a11 hours "..ithout. penal t y rates. rt wo u l d secm t.ha t

ny g :owers are wc:king f o r less than SlO /hI - more like S3.. r c d o eu ta ke
s o rne t ime for the harmful effect of 1055 o~ sales to become evident, usually
wh e n the i n i tial investment needs to be replaced. Costs per stem a re
d i f f i c u l t to calculate because output of saleable quality flowers varies so
mu c h . Costs per hectare and profi ts per hectare (or other measures) ar e
p r o bab l y easier to work out. But a recento costing of Pink Ice which was
q uoted in the June 1991 Lssue of "The Austral ian Protea Grower" set the pe r
s t e m cost at 49 cent.s. rt is not; quite clear f r om the article whet.her costs
s u c h as plant.s, depreciation, chemicals,fertilisers, i n t e r e s t , off ice
ov e r h e a d 5 etc were included but the cost headings seem to indica te they wer e
not o So for all those who sell nerifolias at say $3.00 a b unch they should be
a wa r e that they are in the break even area only.with a very limited future.

One of the areas oí special interest to Pro t ea groweIs is the pricing of
flowers that are new to the cornmercial cut flower market. The Australian
"protea" flowers are often novel and rarely hybridised. It has been my
experience that quite profitable prices initially established from such
flowers are relatively quickly reduced to a cost of productlon 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
"qua lity " product o

Th is placing of n e ....' products in . q u a l i t y z ones is of g r e a t est impor t ance t o
9 Iowe r s. Wholesalers can make their mar gins a t va r ying p r ice leve ls bu t
g;:owers whc r e ce i ve t.he i r payments a f t e r t he other s hav e made thei r p rofi ts
s hou ld b e Lar more consc ious o f the ir: n e ed to t ake c o n s i d e r a b l e c are and
c o m:ni t me n t i n t r y i nq t o e s tablish g ood pr í c e s fo r new products . As o u r
indus t ry d evelops no doubt grower s wi l l c o nc e n t r a t e mor e of their resources on
promot i on . Th is doe s not i mply tha t r í d i cu Lou s prices s h o u l d b e s o ught . Lt;
is the s e n s ibl e a nd necessary al te r nat i v e to t h e pres e n t Lren d wher e gr owe r s
se ll d own t o a cost of p r od uc t ion ba si s wh ich i s o ften underestimated o::: no t
est.ima t ed a t a I l.

Prote a g rowers are pa r t, o f t he wi der wo r Ld when they sel l the i r f l ower s .
Their marke t i s in ternational and they compete not only wi t h their fellow
p r otea growers hut with al l other f lowe r: g r owe r s and in the g i f t ~~r ket s c e ne
with a l l othe r se l l e rs of g i fts. The i r o r ga n i sa t ion doe s need t o c o ·
op e rate / c o- e xist wi th t he f lorists. and who l e s a l e rs and exporter s . Howev e r
gr owe rs have spe c i al nee d s and t he y s hould l ook a t marketing t h e ir f l ower s in
a way which wi l l l e ad . t o a s ound fu ture f or growers . They should b e looking
at mar keting where they have str o ng influence in the selling organisation

We are q ui c k l y l ear ning wher e Pro t e a s gr ow wel l i n Au s t r a lia and how to look
a fte r the m. Soon selection wi l l br ing better c o n t r o l ove r qua l ity and
fl owe r i ng times. Hy b r i di sa t i on will t ake us into exciting n e w fo r ms and
g r afting wil l al so g r eatly enhance commercia l vi a b i l i t y .

But mor e o f our effo r t s a s g rowers wi l l have to be d irected t o wards s el ling
o u r f l ower s . I t h a s been my exper ience t ha t to make t he b e s t p r i c e s a nd
prof i ts a grower n e e ds t o t a ke a n acti v e par t i n the sel ling of hi s own
products . Thi.a °i s the s ing l e most Lmpo r ta n t a spect of Pr o tea growing. I f a
g r ower talks to the f Lor i s t s who buy hi s f l owe r s they will learn (1) t .ha t,

f t e ahnes s is very valu a ble (2) t hat ea r ly and la te s eas o n floweri ng r athe r
than mi d s e a s o n is of gr eat concern f or p rices. The p r o tea f l o we r i nd u s t r y i s
e x p o s e d to chroni c ove r supply a t time s . Inte:sta te s up p l i ers should a l so be
taken i n t o a c c ount. in setting fl u s h g r owi ng times . (3) Each f l o ris t h ¡¡ ~;



· ; ; ; , ~ c i ,) l likes a nd d is likes i n f l owe r choices (4) Florists will sometimes
·' ·:..:d k dow n ' prices but the sale price to florists offers t.he greatest margin
\ ~ ) Flo r i s t s want something new - new flowers and new seasons.

: f expo r t is chosen pay close attention to the price being achieved at the'
: cL¿¡i l outlets. in the importing country and wo r k back to an anticipated
1\U ~ tr il l ia n equ í.v a Len t . The performance of the different importers varies a
':0]: '1 g rea t deal. I f selling through a market sy s t em carefully check the costs
....h i c h a re being charged against your account As well in Japan for example
....ne r e t here are many al terna t ive markets your rep:resenta tive (impor ter o r
....ho l e s a l e r ) may quite possibly be selling into the wrong auction for your
pr odu c t s . It has again been my experience that these checks should be made no
[!1<1 t te r how prominent is the name of the Lmpo r t.e r-c.. . In fact sorne
i n t.e r na t i ona l l y known names can behave in an arrogant manner. Exporting to
J apa n introduces risks of Methyl Bromide fumigation which is costly and quite
harmful to many flowers. Japanese Quarantine standards are very high indeed
an d él grower must go to great lenghts to examine flowers for any insects o r
bl emi s he s . Quarantine standards to the USA are not so extreme but only clean
mo t e r i a l should be exported.

r~ expo r t e r s ideal target would be the end seller in Japan where high prices
ca n be obtained. I know of excellent long term trading rela tionships being
es t a b l i s h ed with a high degree of loyalty and confidence ..
S'Idney has the best developed wholesale marketing system with the largest
v o l ume . Pr ice information coming from wholesale markets is of value to
gro we r s , The Melbou.rne market is not regarded as a g~od outlet for quali ty
fl owe r s . It is used to dispose of lower qua lity material and has a relatively
small turnover. Large merchant grower/wholesale:rs supply much of the
~e l bou r ne markets d irectly. Br isbane and more recently Adelaide have
cs t a b l i s hed wholesale markets but these markets would be much smaller than the
sv cney /He I b o u r ne mar kets and would not attract a big volume of interstate
: 1ower s .

se t he q zo we r s must lea r n to l o ok afte r thems elves. If you concen trate only
oro g r o'.'<'in g you are like ly t o head quite quick ly i n t o "peasant" status.



MAKING PROTEAS PAY - AN AUSSIE PERSPECTIVE

Byron Scott
Proqal

Ca rey Gully PO, SA, 5144

1 hope to answer t he question "Ca n you make a living growing
proteas?" , and to e x a mine the effect of marginal changes in
the cost/price equation o f a Protea growing Enterprise.

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

1 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 surnmarised). Expenses have been allocated
as appropriate ( e g . wages 80% to own material, 20% to
purchased f .lowers).

~ SUMMARISED PROFIT AND LOSS ACCOUNTS

(Figures no t f u l l y available at deadline for publ ication
copie s will be s upp l ied a ·t Con ference date ).

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

The se figures are accurate only for my operation. No other
business will have exactly the same mix of costs and
r e t u r n s . Many will be able to operate on a lower cost base,
especially small family operated farros. These should also
be able to aim at a higher quali ty/price level, the two
factors together giving á significantly better net profit
ratio.

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

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

Po ints to note:

1. Without the cornmission wholesaling side
business, we would not be able to
successfully in our own right

of the
export



insufficient volume (of export quality) 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).

2. 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.

3. 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
'p e r i od , and variety of p~oduct.

4. It follows from this that I would be content to sell
my flowers to so~eone elseoffering a similar deal
as long as I was sure that they would be in business
for the long termo

5. Thus any grower can get
profitability, without the
as long as they can sell
comparable price structure.

the same or better
commission wholesaling,
to someone offering a

6. 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 quality, under my present system.

7. 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.

1h. HOW CAN WE IMPROVE ON THE BOTTOM LINE? or Lets fiddle
with the figures

a. Cost Control

Many-Costs are inelastic. The major variable cost is
wages. In ~y operation wages ~re about 35% of my net
profit. (If 1 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
wor k

machin e ry and equipment, more mechanisation

improved v arieties (fewer bypasses etc)

the e f f iciency, moti v a tion , work practices and
wor king conditions of individual workers. This
wi l l i nv o l ve 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 e xample, if a business that picks, strips,
trims, hydrates, transports, grades, bunches,
fumigates , cools and packs 100,000 stems per year,
were able t o save just 5 seconds per stem over the
total of all those procedures that business would
save ~round $1300 per year in wages. In sorne
busi nesses the potential savings are upwards of 15 
20 seconds pe r s tem.

I n my case , if my wage bill can be reduced by 10%,
t hat wi l l r e s ul t in an extra $2500 Ln - my poc ket.
Note t hat I a m t alk ing about improved efficiency and
l e s s wo r k ing hours rather than reducing the hourly
r ate o Paying a lesser rate will probably be counter
productive .

Natur a lly cost reductions should not be at the
expense of quality rnaintenance.

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

An increase of 10%
around 5%. Allowing
we would expect an
around 15%.

would increase labour cost by
minor increase of other costs,
improvement in net profit of

Possible means of
stems/bush)

increasing quantity (average

1 . Improved insect and weed control

2. Improved watering (timing and technology)

3. Increased knowledge
application

of specific fertiliser

4. Better pruning



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

6.

7.

Better varieties/cultivars
future plantings)

Support and apply industry
specific problems of
management.

(applicable

led research
cultivation

to

into
and

c. Improve guality (whilst maintaining quantity)

If I could move 10% of production into the next
grade up, · my gross profitability would be sorne 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 listed 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 transporto

Attention t o quality will also have the
unquantifiable benefit of enabling your flowers to
be sold when others are languishing during the
inevitabl~ glut periods. During such times superior
quality really pays off.

d. Increase price received.

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

Very --few of us would fail to benefit from a
judi c i o u s examination of our marketing and sales
effo r t s . This could i nvo l v e shopping around for new
o utlets offering either better prices o r more
consistent flow of orders.

Whe t he r we are selling mixedbunches to t h e local
deli or selling t o a variety of overseas buyers,
there are likely t o be benefits in gettin g price
comparisons and a little pe rsonal representation. In
sorne cases i t mal' be as simple as being more in



touc~ wi th our existing outlets, to take adva
of snortages of supply, speeial day promotio ntage

.Whi lst our phone bill may be a little high ns etc.
t · . 11 er theex ra ~ncome ~s a cream. ' .

In my e xperienee flower growers tend to undersell
their produet rather than oversell. However a
flexible attitude of m~nd ~s n

~ ~ eeessary to meet
ehanges i n our market environment.

Suggestions on improving priees .

l. Attention to quality as in (e)
"-'"..• .""

2. Sound out other wholesalers/florists etc

3. ~ ' Gr. d ireet to florists with part of production

4. Elli ne markets in other Australian eitie s

5. Ex~mine the possibilities of export ei t he r
alane or with someone experieneed.

6. Make regular visits to your markets. Get to
know t h e system, the people, the buyer' s needs
etc.

7. Coneentrate on the best forms wi thin a f l owe r
variety and the best speeies. Where Possible
take into aeeount the eurrent and like l y e x t e n i
of p lantings of specifie types. Sorne high l y
attractive and popular varieties h a ya be e n
overplanted, (relative to the eurrent marke t )
and enter regular glut periods when p r i c e s are
forced down. Other varieties, of limite d appe a l
by eomparison, are always saleable s i mp l y
beeause they are d~fferent and available only
in small numbers. If possible grow at least a
eouple of types that are not generally
reeommended, _beeause you know they will never
be available .Ln quantity. Similarly if your
eonditions are suitable for a variety that most
f ind hard to grow, then you have the
opportunity to produce a higher prieed lineo

8. Aim produetion at the early or late stages of
the period typical of that variety, where
possible, ego Pincushions command a higher
price at Christmas than during mid November.
Teehniques are being studied to delay bud
development using chemicals, and there are
other more natural ways to use the ir.herent
characteristies of your environment to
advantage.

9. Foster a reputation as a good eons :'stent
supplier. These are the ones the buyer s ',,¡ill
wish to retain and help when times are tc~~h .



10. support Industry promotion designed to bring
greater awareness to f10rists and/or the
general public, both within Australia and in
selected overseas markets.

e. 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, cou1d
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 wiII be

.s e v e r a l 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 reaIisation that
our qua1i ty would benefi t from better pruning, if
we , and our staff, don't understand the bas ic
principIes of pruning?

Our beIoved leader, Mr Haw~ e said recently that
Australia shou1d become the 'Clever Country' - that
we should work smarter, not harder. We need
knowledge, training and a degree of lateral thinking
to spice up our Management skills. This is one of
the fewthings 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 t h e verge of a
serious price collapse. Export sales are rewarding but there
are sorne serious pitfalls to negotiate first:

"

1. Qualit y is of paramount importance. Sorne markets j ust
won' t pay for poor qua1ity product. Besides, airfreight
space is just as expensive for poor product, so why not
use a soabCe and expensive resource to best advantage?

2. Airfreight space is at a premium during Spring. A good
freight forwarder is worth his we ight in gold when t h e
p r oblems pi l e one on top o f a nother.

3. Government red tape and paperwork is b ecoming more
onerous, more costly and less flexible. In c o mb i n a t ion
with o t he r f r e s h produce e xporters, our As s ociations must
l obby t o curb sorne of the bureaucratic excesses.

4 . Assoc iated with t he a boye , our
Sy s t e m needs a special s hak e u p

Quarantine
in terms o f

Inspect i o n
c ost , a nd



part i c ular l y out o f ho u r s charges.

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

6 . On t he o ther hand we must not leave only the 2nd graoe
prod uct f o r sale in Australia, either. There must be a
b a lance.

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 ye~·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).

I NDUSTRY BODIES - Are they relevant to our profitability?

Our Industry is still immature and because of that there is
l i t t l e consolidated , authoritative text on cultivation,
mana g eme n t etc. However, i n d i v i dual practi~ioners have a great
dea l of k nowledge in their heads. Most are prepared to share
it i n the appropriate surroundings.

The fu nding of research , a nd dissemination of the results, is
a t ask s ui ted to Nat i onal and International Associations
anothe r aspect o f the i n f o r mati on sharing process.

1 c a nnot emphasis t oo strongly the importance of membership
of , a nd part i c ipation i n, y our local Association. But to get
fu l l v a lue , e ach o f u s has t o put something in - direct i o n ,
ide a s , s h a r i ng knowledge and a n open mind. The stronger the
l oc a l body, t he greater are the benefits to individual
membe r s .

Similarly t he greater t he cohesion between local Industry
Ass ocia t i on s on a Na t i o n a l and ' International scale, the
greater the advantage to us all.

ADDENDUM DETAILS OF PROQAL -

Situation

Climate

Terrain

Adelaide Hills, 30 rnins east of GPO, 45
mins frorn Airport.

Winter, cold, wet (40" rainfall)
Surnmer, hot, very dry

Hilly , well drained

Poor, thin sandy loaro topsoil
sandstone clay in sorne areas.

over

Area Under
Cultivation 20 acres (10 acres in full production

now) another 4 acres being planted.



Varieties Approximately 50 50
Leucadendron. Moving towards
proportion Leucadendron.

Protca,
increasing

PROTEA: repens (surnrner)
cynaroides, nerifolia, pink
fire, obtusifolia.

magnifica,
ice, frosted

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

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

Hardi
'wh e e l

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

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

Staff

Progal is

Fr om Fe b 91 - one full time person

4 part timf~rs

owner works approximately 3/4 time in
this business

a grower of flowers

a commission wholesaler of flowers g:::'y,m
on properties i n our area ·

an exporter dealing direct with overs~as

clients

an export combining with other exp0:::-7 : r s
'wh e n appropriate.

At the present time we export about 1/3 of the flowers t : J.at
pass through our packing shed. The rest are sold inters~t e
mainly in the Sydney market.

Financial relationship with suppliers.
-'-

We remit 90% of the Sydney price to our growers. EX~~Jt

quality material usually earns a la - 20% premium , depenc ;.f.g
on a number o f factors: volume, p r e v a i l i n g e xport pr;"';( ~ '

adequacy of preparation and grading by grower, e xport deme-.~.d,

e tc. Almost all export shipments are invoiced on a fixed p~~r~

basis.

"Th e premises and plant are all fully owned and no expe~J ~je

f i gure has been allotted to r ent , lease, i nte rest r)r:

o pport uni t y cost i n the profit a nd loss s tatemen t s presente~ ·



BYRON scc'rr - A PERSONAL PROFILE 1991

Boro Adclaidc 1948

Grew up on a shccp/cattlc propcrty in South Australia.

Attcnded Uni vcrsity of Quecnsland, graduating in 1970 with a Bachclor of Vctc rinary

Scicncc dcgrcc.
-,

12 ycars in priva te Vctcrinary Practicc including 2 years in UK.

1980 Founded an Invcstrnent Ncwslcttcr for thosc intcrestcd in Intcmational Commoditics

and Currcncy Fut urcs Trading . Thc Australian Investor's Digest gained a rcspccted

rcputation and World Widc circulation. Sold out in thc mid 80's.

Bcgan planting Proteas on a propcrty in the Adclaide Hills in 1982, 30 km cast of

Adclaidc. Cash flow was provi dcd by the Investment Publ ication and other rcta il

businesses.

For the past 3 ycars the Protca plantation has been wholly suppo rting a famil y includin g 3

children (2 - 9 years).

The Pro tea bus iness now consist of production from about half of thc 20 acres plantcd ro

Protea and Lcucadcndron, togcthcr with marketing and distribution oí this material plus

that of othcr growers in thc Adclaidc HiUs arca.

Immediate Aims: To further thc growth of thc marketing sidc of thc business with

spccial cmphasis on quality, cfficicnt systcms of handling, andofurthcr dcvclopmcnt of

Export cxpertisc with Japan rccciving highcst priority.



THE ECONOMICS OF PROTEA PRODUCTION IN HAWAII

Kent D. Fleming, Kenneth W. Leonhardt, and John M. Halloran l

College .of Tropical Agriculture & Human Resources,
University of Hawaii at Manoa

112 Gilmore Hall, 3050 Maille Way
Hono lulu, Hawaii 96822, U.S.A.

I t is convenient to think o f Hawaiian agriculture in terms of two
distinct sectors: plant ation agriculture (pineapple and sugar
ca ne ) and diversified agriculture (all other crops.) The former
us ed to dominat.e the Hawaiian agricultural ec·ónomy, but the
balance is rapidly shifting to diversified agriculture. Flower
pr odu c t i o n , mostly for export to the mainland, is the major
dive r s i f i e d crop. (Department of Agriculture, 1990)

The state Department of Agriculture statistics do not treat
pr ot e a separately, but clearly protea is a small component of the
tota l flower crop. However, many feel protea's market potential
i s substantial. Also, in the suitable, higher elevation growing
a=ea s , it is an i mportant production alternative. An economic
an a l ysi s of protea production is necessary to assess the crop's
commercial feas ibility. Mos t 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
i~portance of being able to determine the current profitability
is empha s iz e d by the long-term n a t u r e of the crop relative to the
~ apidly i nc r e a s i ng land values. Much of the land in the protea
q r owi nq regions has appreciated in value recently and is now
coraraon Ly va l ued in e xcess o f $100,000 p e r acre ($250,000 per
;¡ec t a =e ) .

PROTEA PRODUCTIO N MODEL AND EXAMPLE FARM

.. c ompu t e r i z e d sprea dshee t mod el o f protea production in Hawaii
e ~ab l es one to est i mate prof itability over a wide range of condi
~ions . In t his analys is the measure of profitability is
"ec onomi c profit" e xcluding a land charge, that is, gross income
les s all costs except a return to land. The result is a return
to the land resource devoted "to protea production. The user will
ne ed to determine whether or not this return is adequate, given
pa r t i c u l a r circumstances with regards to land access.

It is assumed that the grower sells in the wholesale market and
that the marketing decision is limited to choosing a buyer.
Cons e qu e n t l y , price risk is a major consideration, and the
pr ogr am allows a sensitivity analysis if 1-in-lO year high and
low prices are entered along with the most likely current prices.

1 K.O . Fleming and J .H. Halloran are Extension Economiata (management and
~ ~ ~ ~e t i ng , reapectively), Department of Agricultural & Reaource Economics;
. . ~. Leonhard t i a Extenaion Horticulturist , Department of Horticultura.



The exarnple enterprise discussed below is representative, but i t
i s i mportant 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 accomrnodates any reasonable size protea enterprise. The
example growing area b e i ng considered is 10 acres (4 hectares),
but the total area is assumed to be somewhat larger in order to
accomrnodate roads, bui ldings , 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 i s yield times price. Producers typically
grow a number of varieties to reduce market risk, to achieve a
more stable cashflow, and to reduce the r isk of disease.
Reducing ma r k e t i n g rlsk is particularly i mportant. As wholesale
s upply increases relative t o the retail demand, mo s t wholesale
buye r s wil l c onti nu e to buy bu t at a progressively lower price.
Howeve r , sorne wi l l mai n t a i n the init i al pr i ce as l ong as poss ible
a nd t hen at sorne po i nt, simply r e f u s e t o buy anymore at any
price . 2 Theref ore , in se lect i ng v arieties, t h e producer needs
to be v ery sensitiv e to t he needs of the buyer.

The program a llows one to enter up t o ten v a r i eties . 3 However,
eac h var iety ma y p roduce dif f e rent numbe rs o f marke t ab l e b looms
p er p lant and may yield di f ferent ly accordi ng t o p lant age . Th e
program requires one to enter the actual number of plants and the
ages of t hose current ly be i ng grown. The variet i e s chosen and
t h e p lant numbers o f each variety i n t h i s e xample, r ef l e ct what
s ome buy e r s bel i e v e a pprox i mat es the current demando

Yi e ld per uni t o f l and area wi ll var y a c c or d i ng plant density.
Mos t growe rs u s e a s i ngle r ow p lanting pattern, although a f ew
are going to d ouble r ows to increa s e plant density . (The double
r ow arrangeme nt of course requires attendant changes in cultural
practices .) The program allows one to choose either single or
double row spacing. A third option is t o grow some varieties in
s i ngle r ows an d other v a r i e t i e s i n double rows. 4

Th e yie l d problem i s f ur t h e r compounded by the necessity to
rep l a ce a c ert ain number of p l a nts per yea r. These replacements

_...~

2 The probab i l i t y distribution for t he f ormer i a r o ughly triangul ar ,
whereas that of the latter is rectangular . Later , in the aensitivit y analy
si a , we will assume a triangular 10% /90% distr i bution.

3 The names of the varietiea a r e typed i n only once, at the beginning of
the programo.

, I f thia opt ion ia c ho ae n , aelect "3" in the "row plan " box, and e nter a
" O" in thoae cella that d o not apply .



.i 11 r estart the production c ycle, putting the new one year-o ld
w1ant s out of phase with the rest of the crop and reducing the
~verall yield for a f ew years. The following cost of production
ana lys i s indicates that rep'lacement rate is the single most
i mpor t a n t production factor. 5

Whe n all of the relevant production data is entered, the program
i s 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
bloom sold, gross income for each of .t h e varieties can be
estimated for each of five years. Current off~rade 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. "

I t is extremely difficult to project what the price for different
gr a d e s of dif ferent var i et i e s wil l be over the next five years.
pr e s uma b ly mo s t (if not all) production for market will be select
gr a d e , and it is probably relatively safe to hold the grade price
constant. Over time the greatest impact en gross income will
probably be the variabili ty of the select grade prices. If one
expects the select price to remain constant (with an adjustment
fo r inflation equal to the inflation rate for the input prices,)
t he assumption mad e i n t h e following projection, then the result
wi ll reflect a relatively optimistic return to land. If however,
one assumes a range o f prices, a range skewed to the left, that
i s with considerable downside risk, and take the median price,
the projection will be considerably less optimistic. Further
mor e , if we are able to do a simulation with price as a probabil
i t y distribution rather tha n a point estimate, we will be able to
vi ew the range of poss ibi l ities and estimate the probability of
achieving a specific target return to land. Therefore, our gross
i nc ome estimates, a nd ult i mate l y our est i mates of net return to
l a nd , will be more useful if we can also include a realistic
range of select prices.

The program will function properly if onels price information is
relatively limited. However, if one is able to include, in
addition to the most likely pr ice, a l-in-l0 year .h i gh 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 Varietiea vary with reapect te their inherent replacement require
menta, but fer the purpesea here, ene may eatimate the weighted average of
individual replacement r a tea te arrive at an overall rateo



r-ather than an annual operating cost. Maintenance of this
i ni t i a l investment is calculated annually as a replacement costo

Rep l a c ement plants:

Th e nurnber of plants is calculated from earlier input. The
direct costs are assumed to be $2.25 per replanto This cost is
comprised of the plant cost (about $1.75), the pre-plant
nernaticide (about $0.25) and the replanting by hand (about
$0.25fplant.) In our exarnple 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
iternized 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 r e du c e d annual yields for a number of years,
are not irnmediately obvious here but they have a significant
irnpact on profitability.7

Fe r t i liz e r s and chernicals:

The t ot a l cost of fer t i l i zer and chemical inputs , by contrast to
plant repl a c eme nt , i s a r elative l y large c omponent of t he gross
inc orne . Ne t r e t ur ns wi l l be relativ ely i ns e n s i tive to s mall
c hanges i n indi vidua l pric e or arnounts applied. Therefore, whi le
the differen t i nputs are specified, the prices per unit of i nput
and the precis e amounts a pp l i e d per plant of a given age, a re
averaged ove r the f ive y e a r periodo Unlik e plan t replacernent ,
thes e c osts do n ot includ e l a bor or ma chinery .

Th e f ertilizer s and chernicals selected for inclusion here are
mea nt to be representative and do not constitute either a
rec ornme nd e d practice or a product endorsement. Choice o f
s pecif ic applications wil l depend on local situations, particular
fi e l d problems, current cost and perceived effectiveness of the
i nput, a nd legal clearance for use in protea. These conditions
oft en cha nge, but' the spreadsheet forrnat allows one to accornmo
date the s e changes easily and to make revised projections.

Labor:

Labor i s t h e l argest single item, consuming on average over one
t hird o f the gross income. Experienced growers estimate that two
fu ll-tirne, motivated workers could operate up to 10 acres (4
hectares ) per y e a r . Th i s labor would be in addition to manage
ment o Follow~g t h e convent ions of cost of production studies ,

6 This model does not calculate this or any o~her o p e r a t i n g cost with
respeet to age of plant o

7 The program automatically ineludes the indireet c o s t a in the yield
ealeulations , but if one wishes t o do s o , indireet c o s t s c a n e aa i l y be

_ sepa rated out. The pr ofitabilit y with ze r o replaeement c a n b e c omp a r e d to a n1
level o: repl acement , with r e placement costs set t o z e r o . The difference in
annual profitability will approximate the indireet cost a of replacement.



;:lanagement is val~ed at 5 or .6% of the gross. Aga in following
en t erprise budget~ng conv e n t. í.o ns , farmer labor is assumed to
tota l 2500 hours per year, or i n the case of protea product ion
abou t 500 hours per acre (1,250 hours per hectare.) ,

Most labor will be hand labor, and this is valued at $8.00 per
hou r . Machinery labor is valued at $12.50 per hour because this
l a b? r is presurnably mo~e skilled labo~. Many pr?ducers do not pay
a h~gher wage for mach~ne labor, argu~ng that ~t is not particu
l arly more skilled and is much more popular than hand labor.
Ha nd 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 rateo The allocation of labor to these three categories can
be adj usted to f ita particular production system. In the
example, it is. assumed that 20% of the labor is machinery labor
and that all hand labor is paid the same rateo AII wages are
adjusted upwards by 15% to account for social security and other
i ns ura nc e requ irements.

The r e are many possible labor scenarios. As noted earlier , two
owner-operators may attempt to take on all labor and management,
wi t h perhaps sorne peak h a r v e s t he lp. A single owner-operator
mi ght assume all management responsibilities and do all of the
ma c h i n e work. Such an arrangement (given the following projec
t ion) would generate an average annual cash income, as ide from
a ny return on owner equity, of at least $20,000.

Renairs and fuel :

Machinery, equipment, and build ing annual repairs are estimated
as a percentage of the initial capital costo It is assumed that
the machinery, equipment, and buildings are reasonably new. I f
in f a c t they are fair l y o ld , and t herefore mor e likely to need
gr e a t e r repa i r , t he p e r c entag e rate s hould be inc r eased. Th e
amount o f f ue l required to opera te a n acre (hectare) is based on
pr oduc e r estimates. Lubrication ,. again following budgeting
conventions, i s 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 facili ty. 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 ayear and once a
week dur ing the rest of the t i me . If the truck is owned,



,e r y costs will have already been accounted foro I f the
" .; is hired or if a trucking f irm is contracted for transport,

:<)s t s will be accounted for here. In this example, we a::e
.. r,.. i n g that the grower owns the truck. Marketing costs, a.n

::. ;;~ ;·.i o n to management or those marketing-related costs already
ü ': .on e d , will be minimal or non-existent. In the example, no

. '..!.3 :.. ': i on a l marketing costs are assumed. 8

..:' ''.;~l- at ing interest:

~.. c h a r g e is estimated for the cost of an operatinq loan. If a
~..::: ~ n were not used to pay for some operatinq costs, this amount
c .an be considered as an opportunity cost of the owner' s operating
cap i t a l . In our example we calculate that the loan would only be
r.ee ded for half the year (equivalent to havinq the loan for a
r u l l year but paying it back monthly.) The loan's term length
a nd interest rate can be adjusted. The operating loan is assumed
to include the replacement costs, the fertilizer, chemical,
water, and fuel inputs and mach~nery repairs.

GROSS MARGIN

The gross margin is simply the difference between the gross
inc oroe a nd the total operating costs. It is the amount available
t o pay the annual costs 11 f ixed costs 11 that will be incurred
whe t h e r or not any production takes place. Because gross margin
does not tak e into account individual financing considerations,
i t is especially useful in comparing alternative enterprises for
a g iven a farro, or in coroparing production efficiencies between
f a rrning op erations. Even if one were n ot making a profit, i . e . ,
i f one were g e n e r a t i ng an inadequate or a negative return to the
l a nd resou r ce, microeconomic theory would postulate that one
wou l d in t he short-run, continue to produce as long as the gross
mar g i n were positive, i. e., as long as the enterprise we r e
contributing something to the so-called "fixéd costs."

CAPITAL INVESTMENT

Ent e r p r i s e budgets often divide all costs into one of two catego
ries: variable costs and fixed costs, according to whether they
v a r y or n ot with relatively small increases in area of produc
t i on . Unfor t u n a t e l y , there are a number of costs, such as fuel ,
repa i rs , office overhead, and labor, which are not easily
allocated to a specific enterprise. In this cost of production
s t udy , since we are focusing on the protea enterprise, even at
the exp e n s e of less accuracy for any particular farming opera
t i on , we attempt to allocate all costs. At this point in the
proc ess , we -ha v e allocated all costs except the initial capi tal
inve s tment (and of 'c ou r s e land costs. )

8 Sorne growera who have used this prograrn cl a i m t ha t t hey do no t sell
any o f f-g r a d e fl owe r s . Furthermo r e , o f what they do sell , sorne ls f or who le
sale bu t a l so a a ignificant amount ia s old r etallo For these p rodu cera , price

, c a t e gor i e s o f who l e s a l e and r e tall are a mor e u s efu l dlst i nct ion than o f f
grade and s ele ct o These growera can r e place the headings a nd ent e r t he
appropriate prie e s and p e r c e n t ag e s b y variety . Th ey will h oweve r need t o
increase the ma rke t i ng costs appr opriately.



In thi s example we are a s suming that land preparation costs
plants and planting , and irrigation total about $10jrather o~
about $10,000 per p~ant~d acre , assuming about 1,000 plants per
planted acre. Irrlgatlon wou ld be about 40% of the tota l
$l Oj p l a n t ,. l a nd clearing, till ing, fumigation, and ground cloth
would requlre about 40%, and plants and planting, about 20%. We
ar e assuming that about 10% of the ten acres devoted to the
protea enterpr~se is used for infrastructure. Therefore, planted
acr es ~otals nlne acres . Other capital purchases include a light
du ty plck-up ($12,000), one tractor and attachable implements,
s uch as sprayers and a mowe r ($25,000), depreciated smaller
equipme nt ~tems, such as "green machines" ($3,000) and a
garagejpacklng-house structure ($10,000).

capita l Recovery Charge (CRC):

A capital recovery charge is essentially the annual principal and
i nt e r e s t payment on a capital investment devoted to a particular
ent e r p r i s e , given an appropriate term (in years) and annual
interest rateo (Luening, 1985) An appropriately calculated CRC
wi l l account for the depreciation and timely replacement of
capital items, and it will account for the opportunity cost of
fund s , inflation, and the real rate of interest. It is important
tha t these be adjusted to fit the individual grower's situation.
In this example the terms approximate the IRS cost recovery
cat egorie s , and the i nterest rates reflect the current intermedi
ate and long-term rates of the Farm Credit System. The total CRC
i s d i v ided by the number of planted acres (hectares) to produce
the annual CRCjunit o f productive land.

TOTAL AVERAGE COST

The s um o f the total a verage operating cost per unit of produc
tive land and the tota l CRC per unit of productive land, i s t he
total average cost , per uni t o f l and, e xcludi ng a ny land c harge.
On a per s ten basi s t h i s figur e is t he " break -even" price, again
excluding what e ver nay b e requ i red to adequately compensate the
l and resource. The di fference between the total average cost and
t he gross i nc ome , is the return to the land resource.

DISCUSSION

The return to t he 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
year. This return is not "profit¡ n rather it can be thought of as
the maximum amount one could afford to pay for land rento 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 surplusexists, this surplus may be interpret
ed as "economic profit."

I f the land charge exactly equalled the return to land, the "eco
no mic profit" would be equal to zero. However, the enterprise
could nevertheless be considered " profitable" because all costs



h a d been met and "unpaid 11 labo:-, management, and owner e qu i t 1
r eceived an adequate return. Economic theory would lead o~e.to
e xpect that on average and in the long run, in purely compet~t~ve
industries, such as agricultural production typically are,
~conomic profit will egual zero. If economic profit were
positive, new producers would be attracted into the industry¡ ~he
conseguent increase in supply would ultimately reduce the pr~ce

until economic profit stabilized around zero. If economic profit
""ere 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 eguilibrium 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 is
not likely 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
flowe:- and nursery production. At 10% interest $5,000 would not
be adequate for debt serv~ce or even interest only payrnents on
land \o; ith a market value of $100,000 per acre. However, there
wi l l be i nd i v i du a l si~uations 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 cornmercial produc
t ion of protea.

Wh ile the land charge is a major consideration, the degree of
economic profit will be influenced to sorne degree by all of the
v a r i a b l e s . Labor consumes almost one third of the gross revenue
and therefore is a major determinant of economic profit. However,
the manager may have sorne 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 i n
the area of price variability. While the foregoing economic
analysi s of protea suggests that the returns will on average
approximate $5,000 per acre per year, the price variabil i ty
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 t a r g e t amount.

PRICE SENSITIVITY ANALYSIS

The large number of variables in the mod e l limit our ability t o
say with a ny certainty what the likelihood is of attaining these
returns or better. The variable with the greatest i mp a c t for
someone s elling in the wh o l.es a Le ma r k et, that is, for a "price
t aker, " i s the wh o l e s ale o r i c e. I f we c an obt a in t h e l-in- l 0
year highs and l ows , we ca~ use t his model t o s i mulate the ma rket
situation . In a few mi nu t e s of r un- t ime t h e program wil l
generate a hundred iterations a nd a l l ow one t o esti ma t e the
probabil it ies of interest. Th e sensitivity analys is plots a l i ne

, that repr esents the likely average return to l and over f i ve
years , a l ong wi t h the range of v a r ianc e whi c h wi l l include t wo-



thirds of the returns. The sensitivity analysis also produces for
each y e a r a probability curve of returns to land that enables one
t o visualize the likelihood of reaching or exceeding a target
r eturn to land.

The cost-of-production computer program will run properly without
the data necessary to perform the sensitivity an~lysis. However,
it cannot be over emphasized that the return to land result
obtained aboye is only one possibility in a fairly wide range of
possibilities. At the completion of. this and similar analyses,
producers often sigh in relief t hat 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
s ome wh at dismayed when we have to report that all we can say for
certain is that they will certainly not receive that particular
amoun t . 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
mor e , or perhaps that t here is a 90% or some other percent chance
of rece i ving at least z e r o 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,
Dr. Ken Leonhardt, Extension Horticulturist, Department of Horticulture,

Dr. John Halloran, Extension Economist, Dept. of Agricultural & Resource Economics,
College of Tropical Agriculture & Human Resources, University of Hawaii al Manca

Tbe purpose of tbis program is lo determine tb« retum lo the Jand TCSOlUCes devoted lo protes
productioa. Tbe program ji designed lo be used by a producer who wisbes lo stsrt production or
who wisbes lo IDIlintJJin or expend sn existing operation or lo stsrt production.

Tbere are ñv« perts lo the program: Psrt I cslculetes the eaterprise gross iacome; Psrt JI cslculstes
tb« average annUJIJ opers titig costs; Part III cslculstes th« snnuslized iavestmeat costs

(i.e., the BnnUJIl cspitsl recovery c:hsrge). Tbe end result, the retum lo Jand, is simpJy the
gross income (psrt 1) minus the sum ofthe Ope171ting costs (Part JI) and tb» investmeat costs (part Ill.)
Psrt IV is a sumrnary ofresults sud Part V is a sensitivity l1J1alysis.

USER NOTES: Cc1l. which allow data input are highlighted on thc eomputer scrccn and outlincd in thc computcr print-out.

Reference lo a particular product docs nat imply cndorsemcnt or clearance for usagc with proeea ,

Thi. program i. avaiJablc in cithcr mctric or U .S. formato The total out-put is 8 pagca.

CHOOSE the prefered format (USA or METRIC) => lUSA =

PART 1: PROTEA GROSS INCOME:
This part ot the eomputer program estimates the protea crop's annual gross ineome over

a five year periodo In order to ealeulate the gross ineome, the program needs relatively
aeeura te estimates of marketable produetion per plant. If the default values in Section A
do not reflect your situation, enter more appropriate yields.

In the next seetion of the program enter farm specific data, sueh as the size of you r
protea enterprise , your planting density, your existing plant ings , and your replacement rate o
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 th ls-s-year plan is meant to beg in:
2. Enter the names of up to 10 crop varieties of interest in Seetion A below.

1991 I

Section A. PROTEA PRODUCTION ASSUMPTIONS:

EXPECTED YIELD:
ENTER msrketsbte yield/plant by variety & age:

AGE OF PLANT => 1 2 3

P. =Protea
L. =Leucospermum

B. = Banksia

4 >4.-- .

P. cyna roides "King" O 1 5 15 20
P. ner ifolia " Mink" O 5 20 30 45
P. May Day O 2 5 20 30
L. cord ifol ium O 15 50 75 75
L. Hawaii Gold I O 15 50 75 75
L. Harry Ch itt ick O 15 50 75 75
L. Carol O 15 50 75 75
B. menziesii O 2 10 15 20
B. coccinea O 2 10 15 20
Leucadendron O 5 10 20 50

1.
2.
3.
4.
5.
6.
7,
8.
9.
10.



section 8 . SPECIFIC FARM ASSUMPTIONS:

ENTER TOTAL land area dedicated to the protea enterprise =>
ENTER percentage of land area required tor INFRASTRUCTURE =>
Land area available for produetion, te, growing area =>

10.00 acres
10.00/0

9.00 acres

PLANT DENSITY (Ignore land used for infrastructure)
a. Seleet single (1), doubte (2), or mixed (3) row spaeing => I 1 Irow plan.
b. ENTER average spaeing SINGLE DOUBLE =AREA-' ~ => PLANTS

distanee between => PLANTS • ROW + ROWS (unit"2) lunit'''2

1. P. cynaroides "King"

2. P. ner ito lia "Mink"

3. P. May Oay

4. L. cordifol ium

5. L. Hawaii Gold
6. L. Harry Ch itt ick

7. L. Carol

8. B. men ziesii

9. B. coccinea

10. Leucade ndron

4 10 13

5 10 13

5 10 13

5 10 13

4 10 13
4 10 13

4 10 13

5 10 13

5 10 13

4 10 13

40

50

SO
50

40
40

40

50

50

40

1,089 lacre

871

871

871

1,089
1,089

1,089

871

871

, ,089

====== ============================================================

Enter EXISTING NUMBER ot PLANTS byage & variety:
AGE OF. F.LANt:.~> : : : . : > . " 1 ' 2 .:', . ' 4 /

..·:·S- YEAR

.:..>4 . :·: .. ::! OTAL

588 588 588 588 588

78 . 78 78 78 78
78 78 78 78 78

158 158 158 158 158
196 196 196 196 196
196 196 196 196 196
196 196 196 196 196
157 157 157 157 157

79 79 79 79 79
98 98 98 98 98

1. P. cynaroides "King"

2. P. neritolia "Mink"
3. P. May Oay
4. L. cordifolium
5. L. Hawaii Gold
6. L. Harry Ch ittick
7 . L. Carol
8. B. menziesil
9. B. coccinea
10. Leucadendron

EXISTING TOTAL = 1,824 1,824 1,824 1,824 1.824
Ave.no.of ea.age-

2,940

390
390
790
980
980
980
785
395
490

9,120
1,824

ACREAGE CHECK:
Calculated area now planted =

EXCESS area calculated =
9.0 acres

0.0 acres



NUMBER ot REPLACEMENT plants required eaeh year tor protea enterprise:
NOTE:
In order ro msintetn the stze ot tne aboye existing and expension acreage, a percent
ot tnts acreage must be replaced with seedlings (1 year old ptents) escn yesr.

Enter tne REPL4CEMENT RATE for each yesr:
Replacement rate~ 1 10W 10W 10W 10%1 10%1

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 98 98 98 98 98 490

6. L. Harry Chitt ick 98 98 98 98 98 490

7 . L. Carol 98 98 98 98 98 490

8. 8. menziesii 79 79 79 79 79 393

9. 8. cocc inea 40 40 40 4 0 40 198
10. Leucadendron 49 49 49 49 49 245
TOTAL REPLACEMENTS = 912 912 912 912 912 4, 560

Average = 912
==============================================--===================

Seetíon C. PROJECTED GROSS INCOME (by varíety):

This section calculates the weigfJted average price and trie annual gross income by veriety.

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

i~;i;ii;;;_;ii~r~: i

1. P. cynaro ides lI'KingA--
2. P. nerifolia "Mink"
3. P. May Day
4. L. cordifolium
5. L. Hawaii Gold
6. L. Harry Chittick

:... . Carol
O. - 8. menziesii
9. 8. coccinea
10 . Leucadendron

$1.00 $1.50 $2.00 $2.10 75%
$0.25 $0.45 $0.65 $0.80 750/0
$0.50 S1. 10 $ 1.25 $1 .50 75%
SO.10 SO.25 $ 0.40 SO.45 750/0
$0.10 SO.25 SO.30 I SO.35 75%
$ 0.15 $0.40 $0.50 SO.60 75%
$ 0. 10 $0.25 SO.30 SO.35 75%
SO.35 SO.50 $0.75 $0.80 75%
$0.50 S1.20 S1.25 S1.35 75%
$0.10 SO.20 $0.25 $0.35 75 %

S1.75
SO.55
S1.06
SO.33
$0.25
S0 ,41
SO.25
SO.65
$1.06
SO.21



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,~O 6,522 5,521

3. P. May Day 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
L. Harry Chittick - 15,644 18,992 21,120 21,857 21 .857 19,8946.

7. L. Carol 9 ,482 11,510 12,800 13,247 13,247 12,057

8. 8 . menziesii 4.317 5,538 6,406 6,815 6,983 6,012

9. 8. 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



I T"' I , I 11. r\1 ..... vru_ /"'\vcn...... l..:lc t"""HuuUCnON-COSTSfFJ:;Rt:.

From
Pan I
aboye

1. GROSS RECEIPTS:
Year 1:
Year 2:
Year 3:
Year4:
Year 5:

5-year Average:

Quantity

'lacré:.
21,617
26,941
30,506
32,104
32,433
28,720

. Unit: .

stems
stems
stems
stems
stems
stems 100.0%

__1_0_°---llpounds

1.1%
0.2 %
0.1%

0.2%
0.0%

0.0%

0.1%
1.6%

1.9%
7.4%

3.2%
1.3%

1.2%

1.0%

2.2%

0.8%

0.0%

1.1%
2.3%

1.5%
1.5%
1.5%
1.50/0
1.5%
1.5%

9.3%
14.9%
12.7%

228.00
228.00
228.00
228.00
228.00
228.00

$2.25
$2.25
$2.25
$2.25
$2 .25

$2.25

$1.21 30.25

$0.61 7.25

$0.10 0.00

$12.50 1,437.50
$8.00 2,300.00
$8.00 1,959.60

$1.70 163.20

$1.50 36.00
10% 16.32

500.00
200.00

$0.01 1 287. 20
1,148.81SO. 04

~
$118.75

$0.00 0.00

170.68
352.00

22 .50
248.80

186 .50

147.20

$3.4 3 I 343.00

I

hours
hours
tiours

plants
plants
plants
plants
plants
ptsnt»

101
101
101
101
101
101

25.0 Kgal@
11.9 Kgal @

kwh

~gallon

~gallon

$25,000 cost :
$10,000 cost :

28,720 stems
28,720 stems

~pounds

~pounds

2 1gallOnS
=====2=0=0= pounds

~
0J5l. 75 gallons
4Olpounds

---'

~poun'ds
t=:==]pounds

o
I 15.00%

100 .0
) 250.0

213.0

11. OPERATING COSTS
Replacement plants:
1-yr old plants: ' Year 1:

Year 2:
Year 3:
Year 4:
Year 5:

5-yr Average:
Fertilizer & lime:

1. Osmcoat 13.5-13.5-13.5

2.
Herbicide:

1. Round-up
2. Rout

Insecticide:
1 . Malith ion
2. Sevin 50W

Fung ic ide:
1. Ben late

2. Dithane M45

Nematicide:

1. Nemacur 10G
Irrigatíon:

Water (2 tier pricing)@

'-- 1_8_2_lgaUplanttyr.

Energy fo r pumps, etc
Labor: ba se rate +

Machine
Hand (includ. pruning
Harvest

Fuel:
Gas oline ~ .-

Diesel
Lube (% ot fuel cost)

Repairs:
Mach. & eq. (% of cost)
Buildings (% of cost)

Post-harvest (includes labor):
Processing & storage
Transport & marke ting



..... .... . .... ..... ..
operaling costs ot 2,77 0 @ .5 ·

Cash overhe ad costs: .
Management (% ot gross) $15,456 gross

Office exp. (% gros5) 15 ,456 gross
Equipment tax , insurance & repairs (%)

Exci5e tax (% 01gr055) 15,456 gross

Miscellaneou5

12 .500/01 173.15

6.00/0 927.37

1.0% 154.56
0.5% 213.00

0.5% n .28

250.00 1

1.1 %

6.0%

1.0 %
1.4% , '

0.5%

1.6%

TOTAL PRODUCTION COSTS/ACRE
Year 1 =
Year 2 =

Year 3 =

Year 4 =
Year 5 =
5- year Average =

$8 ,684
$7,578
$7 ,613
$7,629
$7,650

$7,831

78.1%
53.2%
46.3%
43.4%
42.8%
50.7%

GROSS MARGIN lACRE (ReturnsJarea unit minus operating C05t5)

Year 1 = $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 111. ANNUALlZED INVESTMENT COSTS
(Capital Recov ery Charge = CRC)

Total production

acres = 9.0 '---__-..J.._-.:.:.--'--.L.---"-~_ _L____:.:._ __..:~_____..J

Land preparation
Amort. of lnltial planting
Truck
Other machinery
Equipment
Buildings
Irrigation system
Other initial investment

$3 ,600 10 10.00%
$1 ,800 5 10.00%

$12.000 5 12.00%
25,000 7 11 .00%

3,000 7 11.00%
10.000 20 10 .00%

3,600 5 11.00%
1,000 1 11.00%

65 .10
52.76

369.88·
589.49

70.74
130.51
108.23
123.33

' 0 .4 %
0.3%
2.4%
3.8%
0.5%
0.8%
0.7%
0.8%

TOTAL DEPREC'N & INTERESTlUNIT PROD.LAND =

TOTAL AVERAGE COSTI UNIT PROD. LAND =

AVERAGE RETURNI UNIT PROD. LAND =

AVERAGE RETURNI UNIT OF ALL PROTEA LAND =
(Average per land unit retums minus total costs)

$1,510

$9,341

$6,115
$5,504

9.8%

60.4%

39.6%



PART IV. FIVE-YEAR SUMMARY OF RESULTS
per stem, per unit of ALL land, & for the whole enterprise.

A ve. no. ot stems sota =

1. GROSS RECEIPTS:
Ave. Price rec'd.lstem SO.51 $0.53 $0.54 $0.55 $0.55 . $0.54
Expected Grosslunit land S10,009 $12,817 $14.790 $15,835 $16,103 13.91 1
Expected Total Gross $100.087 $128,166 $147,900 $158.347 $161.028 139.105

11. TOTAL OPERATING COSTS:
Ave. Total op. $/stem $0.36 $0.25 $0.22 $0.21 $0.21 SO.25
Total op. costslunit land $7,815 $6,820 $6,852 $6,866 $6,885 7,048
Total operating costs 78,153 68,199 68,520 68,664 68.847 70,477

GROSS MARGIN (Returns over operating éosts):
Ave. Gross margin/stem $0.15 $0.28 $0.31 SO.33 $0.34 $0.28
Gross margin/unit land . 2,1 .93 5,997 7,938 8,968 9,218 6,863
Enterprise gross margin 21,934 59,967 79,380 89,683 92,180 68,629

111. INVESTMENT COSTS (Annual Capital Recovery Charge):
Average CRC/stem SO.06 SO.05 $0.04 SO.04 SO.04 SO.05
CRC/unit land 1,359 1,359 1,359 1,359 1,359 1 ,359
Enterprise CRC 13 ,590 13 ,590 13 ,590 13,590 13,590 13 ,590

TOTAL COST (except land charge):
Ave. Total cosVstem $0 .42 SO.30 $0.27 $0.26 $0.25 SO.30
Total cosVland 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 Returnlstem' SO.09 SO.23 $0.27 $0.29 SO.30 $0 .23

Detailed projection of NET RETURN TO ONE UNIT OF LAND
(by variety and year), using weighted average prices:

P. cynaro ides "King" 1,045 2,631 3,580 4,176 4,339 3,154

1. P. nerifolia " Mink" (70) 97 179 222 242 134
2. P. May Day (31) 177 293 374 400 243
3. L. cordifoliu m 69 382 514 559 558 417
4. L. Hawaii Gold 31 333 459 502 500 365
5. L. Harry Chitt ick 647 1 ,081 1,291 1,363 1,361 1,149
6. L. Carol 31 333 45 9 502 500 365

7. B. menziesii (487) (265) (181) (142) (127) (240)

8. B. coccinea (107) 43 113 146 159 71

9. .Leucadendron (299 ) uan ~ (99 ) (79 ) ID§J
10: NET RETURN TO LAND /AC. = S828 S4, 632 S6,573 S7,604 $7 ,854 S5 ,498

ENTERPRISE NET RET URN = 8 ,283 46 ,323 65 ,735 76,038 78,535 54 ,983



CURR ICULUM VITAE
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KENT D. FLEMING
Extens ion Economist (Management)

Department of Agricultural & Resource Economics
College of Tropical Agria.Jlture & Human Resources, University of Hawaii at Manoa

Kealakekua, Hawa ii 96750-0208 U.SA
(808) 322-27 18

EDUCATION:

EMPLOYMENT:

Univers ity of Massachusetts, Amherst (1990): Ph.D. (Strateg ic Management).
Univers ity of Wisconsin-Madison (1984): M.S. (Agria.Jltural Econom ics).
The Royal Agricultural Coll ege, Cirencester , England (1981): M.R.A.C., with Honors

(Farm Management).
Califomia State University, San Francisco (1966) : MA (English).
University of California, Berkeley (1964): BA (English).

Univers ity of Hawaii, Manoa (1990-present): Extens lon Economist
Unive rsity of Massachusetts, Amherst (1984-1990): Extension Spec ialist, Farm

Financial Management and IPM Economics.
Universtty of Wisconsin, Madiso n (1983-1984): Teac hing Assistant (Microeconomic

Theory) & Research Assistant (Farm Management).
Black River Farms, Withee , Wisconsin (1981-1984): Genera l partner and farm manager

(200 acres: 55 cow dairy with young stock, forage & agroforeslry.)
Colesbourne Estate Farm , Colesbourne , Gloucestershire, England (1979-1981):

Assistant Farm Manager. (2,500 acre: sheep [1,000 ewes], 135 cow dairy,
1,000 acres wheat & barley, with 600 acre forestry operation).

Unive rsity of California, Berkeley (1971-1979): Lecturer (English) and Rowing Coach .

STATE-WIDE Financial Man agemenf & Long Range Planning:
::XTENSION Haw aii State FINPACK Leade r (1990-present) .
;J ROGRAMS: Introduced FINPACK to Hawaii (1991): Teaching extension agents and lenders how lo
setected to use program and developing enterprise budgets tor use with the HawaiL
,'eflect research & Massachusetts State FINPACK Leader (1986-1990).
educational expertise Trained 80 FmHA and extension staff in use of FINPACK (series of 4 workshops,1987).
& interests relevant to "Strategic Planning with FINPACK," Invited Seminar, 1987 University of Massachusetts
sustetneote agricu/ture} Agricultural & Resource Economics Department Seminar Series.

"Improving Dairy Farm Profitability with Whole Farm Planning," lnvited Paper, 1987
Massachusetts Dairy Farmers' Seminar (1987 Proceedings) .

Introduced FINPACK to New England states: Organized training workshops for
extens ion & developed enterprise budgets for use with New England version .

Related publicat ion: "Farming in the Shadow of the City," chapter in 1989 USDA annual
Yearbook ot Agriculture (volume devoted to tarm management).

Integrated Pest Management (IPM) Econamics:
"Economic Analysis of Propased Regulations on the Storage and Handling of

Pesticides: Univ. of Mass. IPM Repart to Mass. Dept.of Ag . Pesticide Bureau .
"How toCalcu late Your After-tax Cost of [Pesticide Regulation] Comp liance

Alternatives," [computerized worksheet], Agranamy Digest. Spring 1990.
"Using 'Econom ic Thresholds' in IPM: seminar presented to the University of

Massac husetts 1990 Short Course tor CommerciallPM Certification.
"Developing an EHective, Least Cost Fungicide Regime: Fruit Notes, Summer 1990.
"TIle Economics of Pesticide Regulations and Organ ic Agriculture: invited paper

delivered to New Alchemy 1990 Annual Conference.

1 2 3
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UNIVERSITY- Regional Extension Farm Management commmees:
RELATED 1990-present: Hawaii State Representative to Westem Extension Farro Management
COMMITTEES: Committee (rny participation fundad by the Farm Foundation.)
(selected) 1989-1990: Chair, Northeast Extension Farm Management Committee (NFMC).

1989: Appointed by USDA Program Leader to be Northeast representative to FmHA
National Advisory Committee.

1988-1989: Vice-Chair and Secretary, NFMC.
1986-1988: Chair, In-service Education Sub-Committee.
1986-1990: Mass. State Representative to NFMC (funded by Farm Foundation).

Extension Priority lnitietives Committees:
1990-present: Chair, Hawaii Sustainable Agriculture Priority Initiative.
1988-1990: Co-Chair, Massachusetts Competitiveness and Profitability in Agriculture

Priority Initiative [fore-runner of "Sustainable Agriculture" Priority Initiative)
represented Massachusetts at National USDA Conference on Competltlvenes
and Profitability in Agriculture Priority Initiative (S1. Louis).

1988: Represented Massachusetts at National USDA Conference on Competitive
Advantage (S1. Louis).

1987: Chair, State Task Force on Competitiveness & Profitability of Agriculture .

COMPETITIVE Using Legume Cover Crops for Vegetables to Reduce Soil Loss and Nitrogen lnputs, 1989;
GRANTS: Ca-Principie Investigator. Purpose: to analyze the economics of replacing conventional cover
(selected) crops (e.g., rye) with legumes (e.g., vetch) in arder to reduce che mical inputs . USDA-L1SA:

$38 ,500; total $87,000.

Using Intensive Pasture Management lo Increase Farm Profilability, 1988. Massachusetts P.I.
Purpose: to analyze the economics of using intensive rotational.grazing to lower chemical
inputs, as practiced in New Zealand, compared to the predominant system of feeding
mechanically conserved forage year round. USDA-L1SA: $13,000. (Total projeet: $140,000.)

Using Fungus-resistant Apple Tree Cultivars to Reduce Chemicallnputs, 1988.
Purpose: to analyze the economics of replacing cornmercial apple varieties with trees which
would not need to be sprayed. USDA-L1SA: $41 ,000 .

ACADEMIC Dr. Richard O. Hawkins, Director, Center for Farm Financial Management, Professor, and
REFERENCES: Extension Economist (Farm Management), Department of Agricultural & Applied

Economics, University of Minnesota, 1994 Buríord Avenue, SI. Paul, MN 55108.
Tel: (612) 625-1964.

Dr. Buel F. Lanpher, Program Leader, Farm Management, U.S. Department of
Agriculture, Room 3340, So. Build ing, Washington OC 20250 . Tel: (202) 447-7165.

Dr. Cleve E. Willis , Professor & Chairma n, Department of Agricultura l & Resource
Economics, University of Massachusetts, 210 Draper Hall, Amhersl, MA 01003.
Tel: (413) 545-2491.

Dr. John F. Yanagida, Professo r & Chairman, Dept. of Agricultural & Resource Economics.
University of Hawaii, 3050 Maile Way, Gillmore Hall, Honolu lu, HI 96822.
Tel: (808) 956-7602.



By ] a c k Harre ' .
PROFIT FROM PROTEAS

La¿i e s and gentlemen in y o u r industry there has been more than enough
planted al r e ady s o l et us no w star t on a programme of eliminating the
s~ock f roro y our p lantat ions a nd tUr~ t hose l os s e s into p r ofi t s .

How are we going to go about th is programme of plantation improvement.

junk
poor

ta particular

As 1 said this-morning we must always bear in mind th~'~he plants you plant
cust be capable oi produc ing a ilower that is acceptable to the consumer and
profit a bl e for the producer to grow. So, let us look at the parameters that
i outlined this morning, the anes that a plant must match befare we can adapt
i t a s superior stock.

rHE CONSUMER PARAMETERS
~ a s at i sfa c to r y vase l ife.
* a nea r stra ight stem. .
* a stem length that is as long as passible . ie .

f o r premium prices . not less than 45cm. for
f l o we r s and 60cm. f o r foliage.

* a flawer/faliage must have a shape, farm and
ca l a u r wh i ch is visually appealing and
acce ptabl e withi n seasanal fashian ar ethnic
de ma nd s .

THE PRODUCER PARAMETERS
* a ll o f t has e f act o r s as set out for the c onsu me r .

PLUS
* r e s i s t a nc e ta lea! b l a c k i ng.
~ r e sistanc e t a t u n gal invas i o n a bo y e the ground .
* re s i s t anc e to fu ngal i nva s i a n b e l o w the groun d .
* resist a n ce ta b y-pass ing of f l o we r heads .
* pr-od.uc t t v t t y p e r unit . .* season of har v es t in re latio~ to a c c ess i o l e mar k e t s

demand o

Thase that are additional to the aboye and are specific
cli mat es . locations or manageme nt regimes are :-

* tolerance to sub-zero temperatures.
* talerance to ~igh temp/low humidity.* tolerance to high light levels.
* resistance to nematode invasion.

Fo r the evaluation pragramme. 1 have broken these parameters into sectians so
t ha t they can be carried· out by you in a practical manner on your properties.

~ections of field observatlons and one oíI n thls programme there are three _
?ac k hause testlng . Theyare:-

?ACK HOUSE TESTS
leaí blackening durlng translt
vase life

.. .., =
. <" ..J



F r E Li::' OBSERVATIOHS .
P y s : c a l properties ·c~ plants .

stem length
stem straigntness
shApe!orm and colour oí !lower
res1stance .to bypass ing
season oí harvest
production per un1t

Healt h properties oí plants.
res1stance to íung1 aboye the ground
resistance to fung1 below the ground
res1stance to nematode 1nvas1on

Tolera n c e of plant to: -
sub zero t e mpe r a t u r e s
high temperature - low humid1ty cond1t1ons and
hign light levels

All t n i s is p r etty simple and i s e asily carried out w1th t b e mi n imum e
e q u í p merrt o r p re v ious experience. By using this p r ogramme y o u sbou l d b e a c ;
~G identify superi or s t o c k in y our p lantations within ayear and for s~~

v a r' iet :Les wi t h i n a mo n t h o r two, depending o n when they f l owe :- o n y: ':

So where do we start? 1 said thi s mo r n i ng tbat my pbiloso pby was:

' M :T VON 'T TRAVEL, DON'T PLANT IT a n d to me tbis mus t c ome first i n ~.

eva l uat i o ns because ii the product won't travel and then g ive a satisfact o~

va s e l ife, tben nobody will want to huy it. So we wi ll s tart wi t h tbe pa:
h o u s e test:s because if your f lowers ever arrive at the wholesalers a s
b l a c k e n e d mess t he n y o u bave a problem.

Some flo wers may l o ok like a mil l ion d o ll a r s e n tbe bush but afte r three :
f i v e days in tra nsit from the bush t o t be c o nsume r ~bey loo k like and are
d i s a s t e r.

How do you te s t for t r avel? First o f all t h e f l o wers mu s t al ways D
barvested a n d post- b arv est band l e d u nder tbe standard s yst e m tba t y o u use e
intend to u s e in y e ur pack h ouse.

For this they shoul d preferably
ir=ediately and 1n a c ooler
temperature is o v e r 18C .

be harvested bef o re
wi thin 45 minut e s

9am, p lace d
e s pecial ly if

in wat€
t h e da

After a ny f i e l d beat has been r emo v e d the f l o wers should the n be p roc e s s € '

and packed into c art o n s at nor ma l d e nsit y . Do n 't fill u p spare space in t b
c arton with pape r o r l e ave b i g a ir cavi t l e s as thi s will cause t h e fl o wers t ,
deb y drate more t han t b e y n o r roa lly wo ul d . Use small c a rt ons f or SDOl
q ua nt i ties of f16~rs. You then p lace the cart e n i n a bui ldi n g wh ere it wil
be s ubj e cr. e d ·t o n ormal -d.e y and night t empe ra t ure v a riat i ons the same as :
woul d be i n t rans i t to a d i s t a n t des tination , o r a l t e rna t i ve l y, g i ve i t t !

~ h e l o c a l c ar r i e r f o r t bree days t o cart around. After three days unpac k t ~
flowe rs a nd then , a n d o n l y t he n , wi l l you r ecut the ends a n d plac e them ::
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wa t e r f o r obs e rvati on. The eva l u a t i o n o i f l o we r s in a s t a t ic v a se ~ife
? r o g r a mme ; 1e. just p1ck1ng them and putt1ng them 1 n a v a s e a t n o r ma l 'room
: e ~pe ra t u r e is a totally worthless exerc1se unless t hey a re meant t o on l y
~ve r be s o ld on a local domestic market. Export flowe rs must bA t t h~ h

.h 1 - p u . oug
~ i ~ er a ctua or s1mulated travel first and then evaluated f o r vase life .

~ow long should flo wers stay f resh 1n a vase at n orma l room t e mpe rature after
: r a ns 1t to be r e g a r d e d as sat1sfacto ry? Well I ha v e se t my se 1ec t 10 n at an
abs o l u t e m1n1mum of t e n days a nd y ou w1 1 1 f1 nd t ha t the fl o we rs o f o n l y abo u t
one 1n fifte en p l a n t s w1 1 1 p rod uce f l ow e r s tha t w11l -susta1n t hree d ays
éravel and then g 1 ve t e n d a y s v a s e l i f e .

~he n 1s a flower spe n t 7 r h a ve se t my leve l for th1s a s b e 1ng when t he
fl o we r 1s o b v 10us l y _.de g e nera t1 n g whe n v 1ewed at two me t ers in a 1 1g h t level
c f 100 lux., eg o this is wh a t the d ayt 1 me 1 1g h t l eve l 1s 1 n most houses .

Hav1 n g vetted out the flowers for t rave li n g
: ~ e ~ start to assess a ll t h e o t h e r thi n g s
:he m must measure up t o b e able t o b e c alled

abi l i ty a nd vase li fe , y o u c an
the y and the plants that produc e
a super10r clone.

?I ELD OBSERVATIONS .
~~e m le~gth. Where do y ou measur e the s t em l e n g th to? Some fl o wer d ealers
cl a i m that it should be the l engt h of t he stem o nl y wh1 1e o thers say it
~ ~~ l udes t he flower head as well. In all o t h er fl o we rs t h e term o: stem
le ~8 t h ref e rs to the s tem plus the head, s o wh y not proteas? Fo r my
·: a l c u l a t i o ns I measure all proteaceae products o v e r the full length of stem
a ~¿ flo we r the same as eve ry other ge nus o f f lowe r .

~~ w long d o the y ne e d to b e ? For most markets
~~¿ 6 5 ~m f or f o liage bu t t his ma y var y from
: a ? a n wh i ~ h usua l l y requires a1 1 ma ter i a l to be

a minimu m of 45cm for flowers
market to marke t su~h as in
longer than this.

~~~~ c on ~orm1 !y . As stra1ght as poss1ble, this also may v a ry between markets
~~ ~ a s a genera l r u le f lower arrangers pre fer to bend the stem the =selves
~a: ~e r tha ~ have t o try t o s t r a i g ht e n i t . Also bent ste=s are a night =are to
~ac k i~to c a r t cns and are very wastef u l of space and consequent ly ccst you
~o r e to ship to your end user. So for p ractical reasons t h ey s ho u l d be as
st r a l g h t as possibl e a nd c e r t ai nl y have n o ~ore t han a 15 degree c urve.

~ha pe , c o l our and f orm o f f lower . It is here where we get into market
:ashi o n or e thnic or even persona~ preferences and because of th1s it is a
:acet o f qual ~ ty that can not actua lly be measured . For inst~nces, in shape
and f o r m some markets like one thing and another likes something else .
Also colour preferences are often seasonal or ethn1c in such things as reds
f o r Christmas and Valentines day white for Mothers day g01d for western
Spri ngs and Chinese new yea r .

:0 match t h~se marke t demand s you must know what month the plant w111 produce
~ost o f its c r o p 1n and whether there is 1ndeed an access1ble viable market
~n that mont h for that produc t o So along with the shape,colour and form oí
~ ~e flo wer we mu s t also cons 1der 1ts season of h a r v e s t .

~~a san of ha rve st . I f we l o o k at the present suppl y and demand pattern of
: ~r fl owers we f i n d that most o f t h e wor lds population live in the northern
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hemi °tJh e r e and buy our type of ilower in their winter months. Trying to
sup~l y ~ h is northern w1nter demand, there 15 a large proportion ei protea s
be1 n p r o d u c e d in the southern hemisphere where they have their natural cyc l e
oi f l o~er i ng d ur1ng the southern winter. If we ana1yze tb1s northern demand
and = ou t h e r n production pattern we find tbat as the demand picks up in the
nortbc r~ hemispbere tbe supply from the soutbern hemisphere genera11y drops
off, ~nd as the nortbern demand picks up again as they enter winter, then the
suppl i e = drop off as tbe soutbern hemisphere goes into summer . This southern
supp1 y t o meet the nortbern demand is exact1y the wrong seguence and it 15
this miss - mat c h of supply and demand that causes tbe gluts and shortages of
proteo. : 1o we r s in the international markets.

Becaus e of tbis it is important tbat wben you are making selectlons that are
to be g r.o wn in tbe soutbern hemispbere and their flowers are to be sold in
the nor thern bemispbere. tben tbey should bo.ve tbelr flowerlng period during
tbe nor~ hern w1rtter and not during the northern summer.

Curren~ ly . witb tbe natural winter ilowering cycle of proteas, Australia wit h
i ~s rel ative 1y higb domestic winter demand 1s in a mucb better positionthan
New Z~ a l a nd. Zim~abwe a~d Soutb Af rica are beco. u se t hese t hree have to rel y
a lmos t ~ct ally on e x port to the n or t h . ? r oduc t i o n fro m t h e t wo princi p a l
~ or ~ he" ~ he~: s ?here z o nes o: Ha wa i i and California a r e defiant ly bet t e ,
?6s:tic~ed tha~ t h o s e f rom the sou~h b u t even s o t he y a1 so must s e l ect . ~

avai¿ -g lut - p8 r iods.

As o.n i n s t a n c e of miss- t imed product o.vailability from t h e sout he " ~

he~isphere for ~he no r the rn hemisphere markets, l et us look o.t the buge c rops
oi Silvan Red a~d So.f a r i Sunset that Australi a a n d Ne w Ze a lan d are capab l e cf
produ.::; i:lg f or ha rve s t dur i ng the norther n su=e r of April t o Aug ust . The s e
r e d l eucadendro ns do n ' t se11 well i n to the n o r the r n he mi sphere a fter mi é
Ap ri l beca u s e they are i n their red c o l o u r , Ca h ot e o l o ur ), s u mme r i s
starting and c e mand i s fall i ng off . Ho weve r tro m Sept o n wa r ds b y whi c h t i ~e

th~ erop i s a lmo s t over , t b e n tbe d emand i s risi ng aga in b e c ause ( a ) . t he
colour í s mu c h mo r e a c c e p t a b l e to th':! consumers b ecause t hey h a v e cha nge c
f l-o m t.ho t red c o L o ur Lng to th~ir mo r e popul ar rainb o w colouri ng and cb r . tbe
d e ma n d i o

;; picking u p a g a i n b e ca use the nor the rn hemisphere i s enter i n¡:;
a u tumn / wi n t e r . At th is s~ason tbese l e uc a d e ndr o ns are often wo rtb t wo or e v e n
thre e ti me s per stem more than the y were in t he April /August season.

i f y o u as a p roduce r have tbe abi l i t y o r the plants available t o p r oduce s o rne
s p ec i a1 produc~ a n d y ou are unsur e of whether that particu l ar f lower i s;-

a . f lowe ri ng a t t b e right time of the year for your acces.~ible markets;
o r,
b . wh e the r or not it is tbe ri g ht colour or product for a particular mar ke t
a t t h a t time of y e a r ;
the n i t is y o u r wholesaler or exporters who should be able to advise you.

Th ey sho uld be a ble to te Ll you whieh s pecific products are v i a b l e for wb i c b
s peei f ic t ime sl o ts i n t o wh i c h s p e ci fic marke ts , p r ov i d e d of course the y are
true wh o l e s a le rs or exp o r t e r s and a re not j u s t fr e ight f orwarders . 1 t 15 he r -e
wh e r e y o u sor t out the p rofessi onals f ro m the wheelers and d e a l e rs .
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¡ ~ t he main, you should always be able to profitably sell any recognised
c a~~e rc i a l proteaceae flower or foliage provided it i s of top quality and
? rod uc e d a t a time oi year when there i s known to be a demand for flow~rs in
:he markets that are accessible to you.

?e s i s t a n c e to by-passin~_.__This 1 s a facet that you roay not think i5
¡;a r t i c u l a r l y important, b ut let me assure yau that it i5 very important, not
0 :11 y f r o m a quality angle of stem le n gt h but also in the roan hours involved
: :1 removing t hem and the c ost o f getting this excessive foliage to market .

Prat e a s fall into two catagories of growth habi t. ' There are those that make
thr e e growths term1nally and then set a flawer and then ~liére are those that
gra w once, then set a ilower bud, then they bypass and set another bud and
oi te n they bypass and set another bud befare the first bud ever comes into
fl o we r . Such plants are a production disaster and there are tens of thousands
o i t he s e p lants in ~our plantations that fall into this category .

7 0 r emove these unwanted by-passes either in the field or in the pack house ,
~ t wil l take an average worker an a verage of six seconds per growth to cut
t ae ra a way . If yau don' t believ e me go out into the field and see how roany
y o \.: can remove in hal f an hour including the peripheral time consuming
o?e r a t l o ns such as coffee breaks, looking intelligen~ly at the birds in the
s ~y a nd wa t chi ng your wat c h .

í : t ar i nsta nc e one flowering head had eight growths to remove then at six
3~,-onds p e r g rowth mu ~tiplied b y eight equals forty-eigh t seconds . Saya
~:nute b y the t i me y o u t ake into a ccount every function connected with this
c pe r a t i o n , p icki ng u p the fl ower and p utti ng it back into the water aga 1n in
: :-.e pa c k h o use o r , movi ng f rom bus h t o b us h in t he f i e ld or c o ffee b re a ks .

. : ya u a r e pay1ng around eight d ollars per hour as many oi y o u w1 11 be in
.; ·";5 t r a 1 1a , Eawa i i , Ca li fo rnia and :l'ew Zea land, then t hi 5 w111 amount t o
J r a u nd thi rt e en c ents pe r st em. Ii your marg i n o f prof i t p e r s tem 15 less
:::3.:'. t ~is you are d o wn t h e drain , if yo u r ma r g í n of prof1t, over and aboye
~ J r ve s t 1 ng , s or t1 n g, pac k a gi n g a n d fr eight was thought t o be sa y around 8 0
: '?:lt s t he n y o u a r e r e d uce d b y a b o u t 1 5 %. i n nett r e t urns j us t t o r e move t hose
,· :-:::·....t hs .

';' :; c; = y clai m t ha t you don' t ha ve t o remove those bypasses as the flarists
: i ~ e t h e m as f o liage and you are getti n g pald for them. This roay be true far
~. ::e Cal i f o r n i a ns but let me tell YCJIl that for the rest of you, then for other
:~d n local domestic sales those by-passes are costing you big dollars in
?3o c ka g i ng and transport because ~t 1s you who pay the cost of the extra
': 3o r t o n8 and the freight and so it is you who will loase out. ' The cost of .
sh ipp1n~ a neri1fol1a flower w1th six bypasses on lt from New Zealand to Nth
A ~ericauis around NZ $1.04 compar~d to 67 cents for one without bypass~s.

( r- aduo::tion per un1t.
? r- q t e a c e a e plants of each particular variety of each species vary greatly in
~~ ~ 1 r productive liíe span and the crop that they can regularly produce each
·l ~ a r .

. : we look at
~ c: 1a t i ve 1 y fe w

say serruria
salable stems

florida we w11l find that lt will produce
each year . and have a short productive life of



two r three years.

Production per unlt is a very easy thing to
you have under observatlon provlded you have
already outllned.

Therefore .- to assess the productlvlty of
number the stems that are
parameters seto

the

Ladies and gentleman you must look for t h i s type oí plant to establish i n
your plantations rather than the hotch-potch of plants whIch you have planted
i n the past as any continuatlon oí this 5hot gun approach can only result in
more po o r qua lIt y ílowers on the market and more unprofltable plantations.

HEALTH PROPERTIES OF PLANTS
This wi ll be o í varyIng interest to each oí you depending on where you live
and wha t your problems are.

Resistance to fungi aboye the ground. Proteaceae plants vary greatly in
t h e i r resistance to, or susceptibility to, the local strains oí fungi. Anyone
who has visited sorne of the plantations of Zimbabwe wlll ·k n o w what can happen
when the plants are miss-matched to the local clImate. In all production
zones the Incidence and severity of fungal invasion is linked to the
prevailing temperature/humidity ratio oí your locatlon and anyone can easily
measure what their local conditions are.

For calculation purposes 1 have given thIs factor the equation of th/C which
i5 calculated by reading the temperature in Celsius, and addIng to lt t he
humidity measured in 'lo.

For Instance if you have a temperature of27C and a relati~e alr humidity oí
85% then you would have a th/C102. For most proteaceae varietles th/C105 1s
r i ght into the danger area where as th/C85 is safe for at least most oí the
comrnercial ones. There are combinatlons where you can get a low th/C even
a l though one or the~~her oí either the temperature or humidity are hlgh such
as in W.A. where in tbe qummer you could have a hIgh temperature and a low
h u mi d i t y or in Ne w Zealand which has a low temp/hIgh humidlty ratIo in the
winter. On the other hand we have situations where we have high temp/high
humidi ty and we ha ve huge problems like in Zimbabwe in the summer and Hawa 1 1
in a freak summer weather pattern, some parts of east Australia and sorne
parts of n o r t h e rn New Zealand in the summer months .



r: you already ha ve a planta ti on o f
) l r e a d y have t old you wh e t her or
~8 c3 use if they c an' t they will e it h e r

seedl ing s toc k then t he plants wi ll
not they c an take y o u r particul a r t h /C
be serious ly diseased or dead.

~cweve r , if y ou a r e just s t a r t i n g out and y ou are f a ced wi th p u r c hasi ng
?l a n t s to estab l ish your plantation then y ou should d e t e rm1 ne wha t y our t h / C
l eve l s a r e during y our most humid pe ri od o f the y e a r and t hen p u rcha se c lone s
~hat a re k now to b e sat i s factory i n those c ond·itions. By the same toke n.
pe r s o ns o f fering p l ant s f or s al e shou l d be ab le t o g iv~ . ~you inf o r mat i o n o n
~bose plants as to the i r to l erance to speci f i c leve ls of th/ C. If they can't
~ hen t hey haven ' t resea r c hed t heir plants properl y.

Di s e a s e s below t he g r o u nd. I t i s a f a ct
really pers istent in a g i v e n l ocat i o n t he n
~o t a s a t i sfa c t o r y place f or t he c o mmerc i a l
yo u s h o u l d look f or o the r land or for g e t
neve r be a t p h y topht hora, the bes t y o u could
:ae c o s t o f th is c ontrol may n ot b e vi a bl e .

of lif e tha t i f phy tophthora is
t ha t l oca t i on is almost ce rt a i n ly
p roduct1on of protea flowers a nd
gro wi ng proteas because y o u wi ll

e x p e ct to d o i s t o con trol i t bu t

Ar. this s tage it i s no t possi b le t o be posit i ve whether a plant is resistant
to phytophthora . Ho weve r t h e r e are indications tha t t h e re a re c e rt a i n plant s
cf e very vari ety t ha t d o show some r e s i s t a nc e in varying degrees a nd whe n y ou
3r e importing p lants . i n t o your local climate f rom o ne that is gre a t l y
~: : f e r e n t to yours you s h ou l d seek information from your supp11ers as to
: ~os e particular clones wh1 ch h a v e shown s usceptibil ity or resis tance to this
¿ : s e a s e .

~e s i s t ance t o nema todes . I n areas where nematodes a re a problem these litt le
~e ast s pos e a rea l pre b lem a nd un l e s s tbe plant has some natural resis~ance

~: wi l l us uall y s tart t e visib ly dege nera t e b y 1ts second year. There i s no
~ ~ ~bt that se l e cti ons c a n b 8 ~d~ o: pla~ts t hat are res1stan t to nema~od~s

suc~ as some i n Zimbabwe that 1 have seen wb1ch were showing resi stance . when
:u~ ~ i ng grown plants oi these we re p l anted 1n an area known to be highl y
~ ~ f e c t ed wi t h ne~todes t he y pro v ed to b e t otally 1~une t o i n va s i on .

: ose r va ti o ns thr ough-out many plantat10ns in Z imbabwe show that a percentage
~: plants of eve ry variety seem t o be immu~e or at l east par t l al l y res 1stant
: 0 nematode invasion but a t th 1s stage i t 1s no t known whe ther plant s
selecte d i n Af r1ca wh i c h are s h o wl n g lmmun i ty from t he l r local stra1n wou l d
also be immune from say the Hawaiia~ ones or the Australlan ones .

Ta le r a nc e to sub zero temperature. Blg varlations exist in the sub-zero
ta l e r a nc e s of plants even w1thin a single variety of a species. For instance
ls p . cord . Riverlea will take temperatures down to -5C for six hours without
damag e while on the other h and we have lsp. c o r d . Harry Chittick which wl11
en ly t a k e -3C for six hours before it showsdamage .

Cnc e again if you are making selections from an established seed based
~lantat i on most of the screening will already have been done by natural
3elect l o n but this does not however solve the problem of whether plants that
a r e OK in Joe Boggs planta t ion over the hil l wi l l be OK in your plantatlon
'~ n l ~ ss you both know wha t y our minimum temperatures are and how many hours
: ~ose t e mpera t u r e s last because i t is t h e m1nus degrees below ze ro multiplled
~ y t he ho u r s i t lays wh l c h w1 1 l d es t ray y our p lants or y o u r crop .



I c a l l ~bis fros~ fac~or, abbrevia~ed ~o f/f and i~ i& calculated by
m~usuring tbe minus degrees C. and mul~iplying ~hat figure by ~he number oi
h lrs . If for 1nstance you bad m1nus four degrees e for four hours it would
g 1 ~ y o u a í/f oí 16. I~ 1s importan~ for you ~o have that 1nforma~10n about
yo~~' l oc a t i o n and it is imperative that it is known in the 10ca~10n wbere any
se l e c tions are being made because if those select10ns are 1ntended to be uSad
in ,a ny otber location wbere tbere may be frosts, you mus~ know whether thos9
pl ~ts w1l1 take your fros~s. Tberefore for tbose of you who have to buy
yo r ? l a n t s in or wbo wisb to import from anotber s~a~e or coun~ry you should
kno w wha t your f/f 1s and your supplier should be able to tell you what the
f/ f t o l e r a n c e 1s of tbe plants they are selling. If they can't ~hen once
a g a í.n they bave not researched the1r ,s t o c k properly• . .

Tole r ance to h1gb tempera~ure/low hum1dity and h1gh 11ght levels. This 1s the
othe r end of'tbe scale trom trosts but.the calcula~10n and damage caused by
it i s similar to frosts. The results of this will manifes~ 1tself in scorchad
looklng foliage, burnt up looking flower buds and at times ~he aborting oí
flowers.

Again s8lf selection w11l have done its job 1n an existing plantatlon but
when stock 1s being brought in 1t i5 important to be aware of wh1ch l e a !
types and in most instances the1r flowers as well will be more tolerant t o
hig~ temp/l ow hum1dity and high light levels.

In places around the world where you find high light and temperatures, you
will find t hat tbose proteas w1th blue leaves or green leaves w1tb a red
e dg i ng are mucb more resistant tban those with green leaves. In
leucosperm~~s it is those witb grey/blue and/or hairy leaves which are best
and the same with leucadendrons, witb reds, blues and/or hairy leaves rather
t ha n those w1th plain green leaves being most resistant.

As there are so many variables in the temp/humidity/light 1ntensity that are
poss1ble, 1 t is almost imposs1ble to predetermine whlch w1ll be satisfactory
in any given area but it should be borne in mind that a plant froro 4

t emperate l ow light area such New Zealand may fry up 1f it is planted in ~~

area such a s some par t& of California or more than about 15km inland here in
~estern Australia.

La d i e s and g entlemen. If you want to make a profit from your proteas then
y o u must first research what the markets demand of your product and tben look
for the plants that capable of producing that crop viably in your climate. In
t h e past few years there have been dozens of plants named and proclaimed ~s

being the ultimate in proteaceae cut flowers. In many 1nstances ~hese fall
into one of three catagorie5;-

1. Their product 1s only su1ted to a particular market which may be ver1
s ma ll a nd low prrceu or 1t may not be viably matched to any market at all.

2 . The plants are only suited to bei~g grown 1n a particular climate where
the temp/humid1ty ratios, 11ght levels, soil types and rainfall patterns are
matc hed to the1r spe c1fic and sometimes very exact1ng genet1C

c haracteristics.



3 : The y are no more than a pretty face in the garden that looks like a
mil li o n dollars on the b ush and a disaster at the end of three days travel in
a ca r to n .

r f r we re s tart ing o u t n o w t o set up a plantat ion for t he prof i ta b l e
p r o d uc t i o n oi proteaceae c u t f lowers, r wouldn't plant a single seedling nor
wou l d r plant the stock oi a s ingle selected clone unless the supplier of the
pl a n t s of that clone could give me all the 1nformat10n t-needed for me to be
abl e t o ~ke a judgement that the plants oi that clone would grow we l l 1n my
c l ima t e and produce a product that was viable 1n my accessable markets .

Thank you ior your attent10n .



~ ... .-

BREEDING AND PROPAGATION



TRENOS - THE OECADE AHEAO

Philip E. Parvin
University of Hawaii

Maui Agricultural Research Center
P.O. Box 269, Kula, Hawaii 96790 U.S.A.

I NTRODUCTION

1';: was with great interest, and sorne concern that I accepted
pr e s i den t Maggie Edmond I s kind invitation to consider with you,
t he subject o f "Trends - the decade ahead" 1 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
ye a r forecast, so there is still time to take another look in our
crys ta l ball and to look a t ead to the dawn of the 21st century.

Backg r o u nd

How rnany of you were with us, 10 years ago, when Proteaflora
Ent e r p r i s e s convened the first International Protea Conference at
t he p icturesque country I nn, Baron of Beef, in the beautiful
Da nde no ng Mo un t a i n s of Victoria? It was an historie eventl 116
pe op l e frorn 5 countries carne together to discuss areas of mutual
coopera tio n i n t he orderly development of a brand new cut flower
crop . Our host, Peter Ma t he ws , challenged us in his introduction
t o the conference, saying that the future of the protea industry
de pe nde d upon t he e xte nt to which proteas, as a legitimate floral
cornmod i ty , cou ld take a significant share of the world rnarket.
T~is could ha ppe n only if growers produced the very best f lowers
~oss ib l e , c o ns istent l y. I n order to produce 1st class flowers,
s uppo r t; ·.,¡a s urged for research in the production of hybrids,
propa ga tio n , d isease control and plantation managernent. At the
conclusion o f the conference, everyone agreed that they would
like to rneet again. An interim constitution was adopted, and the
¡PA, the International Protea Association, was "off and running".

Pr od uc t i o n base

At our second meeting, in 1983, area representatives reported, as
be s t they could, on the number of acres planted to proteas.
Au s t r a l i a reported 750 acres in the ground, of which 200 were in
produc t i o n . California - 500 acres and Hawaii 111 acres. Israel
re po r t e d 115 acres had been planted and New zealand - 200 acres.
Sout h Africa reported that only a very small acreage was planted,
·....h i l e 3 million dollars U. S. was generated in exports from
;:¡a t e r i a l gathered primarily in the wild. Zimbabwe rounded out
t~e 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 1 The most dramatic
increases carne in South Africa (7,000 acres in cultivation), and
Australia (l,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 El
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 s'olution of sorne well
defined constraints - both in our ability to produce ~igh quality
flowers, to maintain their quality enroute to the customer and te
market thern effectively and profitably •

.
MARKET POTENTIAL

Dur i ng our discussions i n the Protea Panorama, ernphasis wa s
p laced on the importance of determining consurner preference and
demand a nd controlling production to grow what the custerner
want s . During our first 2 decades ·o f an ernerging protea
ind u s t r y , Economist would say that the market is production
driven. That is, the novelty value was so high, and the supply
was so low, that almost anything we could get to rnarket was sold,
i n other words - production determined what was rnarketed.

I n the decade ahead, it is easy to see two things happening. New
marke t s those where proteas are relatively unknown, will
continue to be production driven in the short termo If t hey
don't know what a protea should look like, they may be a bit more
t o l e r a nt of shorter stems, or less than vivid colors, etc. but,
in the 30 years or more, that proteas have been seen on the major
marke t s of Europe and North America, there is a definite swing to
a consumer driven rnarket. Once a custome~ whether that
cus t omer is a wholesaler, retailer or ultirnaté consumer, gets a
tas t e of quality, then they are spoiled for life J They wil1
refuse to accept the lower quality, at the higher price they once
did . . The b;r-ight and promising future of the protea industry
c ont inue s to~~ly upon producing the highest quality flowers, and
ma r ke ting thern i n a .-rnanner that will produce the highest custorner
s a t i s f a c t i o n - a market driven by consumer preferences - not bY
g r owe r p r e f erences.



s ize o f Harket

Is it worth it? Based on the reports from delegates at the last
I PA Con ference, world wide sales of proteas were estimated to be
approximately $ 12 million d o l l a r s U.S. (South Africa-$ 4, USA-$4,
Austral i a $2.5, New Zealand $ 1, Other $0.5) Herb Mitchell, a
fl o r a l marketing specialist, told the Conference that this
r e p r e s e nt e d less than 1/2% of the world's annual expenditure for
fl owe r s and floral products of $25 billion dollars..,. ~U.S.

I n the March, 1991 issue of "EUROfloratech", the 1990 per-capita
consumption of floral products in U. S. dollars of the top 15
nat i ons was reported b y the Holland Flower Bureau. The U. S.
figu re wa s $48. Mult iply t hat b y 250 million people, and you
ha ve a u . s . na t ional ma r ket o f $12 billion. Tr ade est i mates
gene r al ly agree that t he market share for " s p e c i a l i t y " flowers is
10% , or $120 million dollars U.S. If one agrees with Herb
Mitche l l' s ass umption that proteas could easily represent 2% of
the "speciality" market, t hen i t is reasonable to predict that
orotea sales i n t he U.S. a lone, could total $24 million dollars
U. S. per year -·a potential increase of 6 times over that
repo r t e d in 1989. The exercise could continue by multiplying the
popu1ation f igures o f each country, by their per c apita
consumption (e. g. Norway - $15 4, Switzerland $ 143, Sweden
$126 , De~~ark - $ 1 16 , Italy - $ 1 12 , W. German y - $ 101, a nd J a pan
- $53 pe r person o f f lowers, on l y ! , it is eas y to see why we feel
t ha t t here i s indeed, a great pote ntial market for qual ity protea
pr oduc t i o n .

RESEARCH

P.s our founder Peter Mathews put it ' so succinctly that October
rno r ni ng, 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 reseaich programrnes "And · in her
talk, "Protea - An International Review", at Protea Panorama 11,
3 years ago, Dame Joyce Daws concluded her remarks by urging,
" .. support for research ..• (as being) vital to a flourishing
ind us t r y " . And we HAVE 1 For the first time, an international
cornrnodity group has banded together to suppert two activities,
critical to the development of an industry PROMOTION and
RESEARCH. Suppert of these activities, through your annual dues,
has made it possible te provide "seed" money, or matching funds
t o encourage research on protea problems of importance to your
area , and to all of uso



Re~earch en pr.oteas ,h a s exp~nded dras~i.eally since IPA eame into
exas t.ence; IIl ' 1981" , we heard resear,ch reports from ' 2 men froro.
Scuth Afriea"Drs'~ ." Va n . Staden and .J a c o b s ; 2 men from Australia,

, Greenhalgh .a nd - Niehols .. and"I , reported '~:9n werk in Hawaii. In 1983
' - ~ Marketing and ,c::P r ome t i o n s ' 'f o r the,},North 'Amer i e a n l Markets were
emphasized, and ' in ~ ·1 9 85 ~ " the , first' ;!írit'e rna t i o n a l ' ·p r o t e a research

" s ymposLum was ,"he1d ·i n" South" Africa :"" 'urider ' the .'j o i n:t"' a u s p i c e s o f
' ¡ PA, ·'.a nd t.he:' Interna1;-i~na+ "':; Soeiety 'f o r , Borti:cultijr~l Seienee,

': ( I SHS )'I: ,"" ,Twe n t y - f o ur ./p a pe r s ' . and« ten"poster presEÍlltations were
" " , given,t:~" The complete ! text,: of 'a l l , ~ 4 reports were\~published by

" .. ISHS 'in Acta Horti:culturae--#185. · : ~ Proteas were beginning to b e
. recognized on the world stage. " In 1987, ' our ' New zealand
conference pzovLded - -u a ' wi t h , a balance of , ,e urr e n t research
reports 'l LoczrL : produetion.;'practiceá"~t:.larid internationál -- marketing • .

"o ur last confere:nc~~.>2, ':y e a r s 'a go· , o~ge : again :j oín:t~y:. sponsored .an
Lnt.ernat.LcnaL , p r b t e a "'r e s e a r e h . s Ympo s i um , and <jave : .u s 'a n insight

, into growing " and ;marketing - ' California ' style. The~ proceedings
of the second 'i n t e r n a t i on a l protea 'r e s e a r c h .s ympo s i um containing
16 reports are available in Acta Horticulturae #264.

Since I firmly believe that our future trends are based on what
i s happening today, let us take a look at sorne of the reseárch
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 contro l
of Phy~oph~hora 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 ' o f"" , Ad e l a i d e ) and ' ,one in tissue
culture - In , vitro ,p r o p a g a t i o n of" 'Ban k s i a 'a n d ' 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 ' pr'ot.eas ,. in South Africa, and : one t.o Cathy
Girard, working on :.t he" effects ' of' ' temperatur~' .a nd, moí.s t.uxe on .t he '
survival of Pseudomonás ,cepacia, ';in Queens land. "' ..

,r "' ,', .t;.., ,; ~{:"~ ..:' .. "',: -- : ' ~,~~!::~ ': , '. . '<., -:' ' .',~":,,:,. ' ':

ISHS ' PROTEA:'w0tuUNG:'í.GROUP 'REPORTS" 'i;{~ -." r.;."
. . ~ . " ~ \,,, . " ' ..

'"' ,': ~·"r , ";::;~:~ :' ' i;?t~,;:·: S",:' .~ \ )'~ ",'~:~t..:,. .'
I rnme d i a t e ly ; 'f6l low~rig": ' t.he conc~usion" of t.he (2 3r d ' Inte r nati o nal
Hor t Lcu Ltuza'L 'Co n g r e s s : ' i n'i l t a l y , August 27 - September 1, 199 0,
a n i nt e r natio n a l protea resear ch workshop was convened in I s rael,
September 2 ' - 7. The abstracts . we:re reprinted i n Volume 21, o f
the IPA Journal. re :is interesting to see once again that t he
fJÜé u's of resear,ch actí.ví.t.y depends upon t he needs of t he c l iente l

::



group supporting that activity. The theme for the Israel meeting
'''as, "Intensive Cultivation of Protea" .. Scientists from the host
country reported on cultivation in inert growth media, the use of
gr a f t e d plants, and foliar micro-element sprays. Dr. Jaacov Ben
Jaa c o v , leader of the protea research project in Israel, states
tha t , "difficulties in cultivating proteas in Israel are usually
r e lated to soil problems". So in addition to looking 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
wor k currently i~ . progress in South Africa and Israel on the
deve l oprne nt of appr-op.r í.at e rootstocks to overcome soil problerns
s uc h as disease and adverse pH. What an exciting development it
wou l d be , if we could establish our protea plantations on
r ootstock - 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
gra f t e d roses or fruit trees! Then, as cultivars became
ava i l a b l e , instea9 of tearing out a field and starting all over
aga i n , we could merely "top work" our newest varieties onto the
estab l i she d rootstocks and enjoy a significant reduction in the
"down t i me " befare ha r v e s t i ng and sales could be expected. There
is also increasing activity on the cultivar improvement front.
Ger t Bri ts repo r t e d o n t he interspecific hybridization in Protea,
Leuc o s p e rmum and Leuca d endron at the International Congress, and
on br eed i ng programs for Proteaceae cultivar development at the
Works ho p in Israel. Ma lan gave papers on improving s hoot growth
e nd fl owe r quality with sprays of Gibberellic Acid and
3en zy l a d e n i ne , and discussed sorne of the factors affecting
: l oNe ring o f Leucospermum cv Red Sunset. The patterns of growth
~nj floweri ng , as a g u ide to future control for market advantage
wa s touc hed upon both by Dr. Wallerstein, from Israel, and Steven
Du pe e , from Australia. As the number of improved cultivars
i ncreases, 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

Wha t are the trends for the Decade ahead? In the short term I
see a "settling out" period continuing. We may expect to see
s orne of our growers, who are not serious about the industry, or
·,.¡ho unfortunately are located in less than favorable soil and
clirnatic areas with no compensating marketing advantage, drop by
the wayside as the rnarket for proteas shifts from being
P=od uc t i o n driven, to consumer driven. There continues to be a
or i ght future for an expanding market for proteas. However, in a



~onsumer driven market, we must be sensitive to what t he consumer
y.T nts, and when he wants it. He must continue to educate the
c ons ume r regarding the existence of proteas and how to handle

hem. He must continue to improve the qua1ity of our product,
ot only in the field, but in the marketplace. We must continue

our efforts to specia1izeour product 1ine and grow only what we
can grow best and cooperatewith others in providing markets with
á ' de pe nda b l e , h~gh quality product - throughout the year.
,~

'"With the final decade of the 20th century' upon us, it is time to
"get serious· ve can't do it aloneJ Through increased
cooperation, .communication and support of .r e s e a r c h , we ~ solve
the production problems within our region. Through increased
cooperation, communication and support of marketing and
promotion, we ~ tell the world about our product, and deliver
it in the for.m and quality that a consumer driven market demands.

Cooperating and working together within our production area,
within our country, and within the International Protea
Association, we WILL see the protea achieve the status on world
markets that it deserves. WATCH OUT ROSES - MOVE OVER ORCH IDS 
HERE WE COME! 1 1

Bi?graphical Profile

Philip E. Parvin

Professor, Graduate Faculty and Research Horticulturist
Department of Hortlculture, University of' Hawaii
Maui Agricultural Research Centar
P.O. Box 269, Kula, Hawaii 96790
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GRAFT ING ANO THE USE OF ROOTSTOCKS IN
LEUCAOENO RON ANO OTHER PROTEACEOUS PLANTS

J . Ben-Jaacov , S . Gi l a d , A. Ac kerman and R. Carmeli
Departme nt óf Floriculture A.R.O . , The Volcani Cen ter,

Bet Oa gan 50-250 Israe l
Abstract:

Pr o t e a c e o u s flower p roduction under Israeli conditions is lirnited
....... 4 ._

mainly by soil-root problems, narnely: high pH of the soil,

diseases and nernatodes. Grafted plants using selected resistant

rootstocks can overcome these problems . In addition grafting is

be i ng used as a -rne t hod for vegetative propagation of species which

are d i ff icult to propagate by cuttings.

Species of Leucadendron are the rnain group of Proteaceous plants

be ing used, in l arge scale production, óf cut flowers and

de c ora t e d branches. From the clirnatic point of view they are very

suitable f o r c u l tivat ion i n Israe l. The purpose of the present

study was to test t h e poss ibi li t y of us ing suitable rootstocks to

overcome soi l problems e nco unted i n the prod uct ion o f

Leucadendrons in Israel and in o the r place s with similar so i ls.

Wedge - cleft grafti ng wa s u s e d. Th e r a t e o f s uccess was 40% t o 1 00%

depends o n season a nd sc i o ns - roo ts tocks cornbination.

In e xpe rirnen t s conduc t e d in h igh p H soi l (8.2 pH) graf ted L.

"S afari Suns et" a n d L . d isco lor plan ts g rew very wel l, whe reas

these vari e ti e s plan t e d on t h e i r own ~oots suffered extrernely by

c hlorosis and died 18 months after planting.

Introduction

Species of the genus Leucadendron are the rnain Proteaceous plants

being used as ~ut flowers. This genus includes rnale and fernale

plants. Both kinds of inflorescences have the potential of being

used as cut flowers and decorative cut branches. There are at

l e a s t 25 cornrnercial cultivars belonging to about 10 species which

are being used worldwide as cut flowers.
Most species were orignated in acid soils and all comrnercial

cu l t i v a r s were developed for cultivation in acid soils (in

Austr a l i a, S. Africa and N. Z. ). Few species of Leucadendron were

~ ~ i g i n a t ed in l imey so i l parts o f Sou th Afr ica. These s pec ies are

S ~own relat i vely e asy in Is rael .



~ ucadendrons have been grown comrnercially in Israel since the
e ly 1970's. Production has been limited, mainly, because of
e °f f i c u l t i e s in cultivating these plants . . Difficulties are related

t soil problems¡ , t oo high soil pH, too high soil phosphate and

s il born deseases .

. About 5 years ago the hybrid "Safari Sunset" has been introduced

to 'Israel. In few locations it grows well: - on sorne soils of the

Golan Heights and on sorne of the well earated-light soils of the

coastal planeo Sorne farmers developed a method ofcultivating

"Safari Sunset" in volcanic ash trenches. Quality of flowers is

excellent (prices up to $0.35 per stem) and the yield isgood.
These plantations however need specialcare - daily irrig~tion and

fertilization. The investment is very high and life spend of the

plantation is very limitedo

Sorne leucodendrons grow very well in Israel and individual plants

(~. mu i ri i ) have survived for over 20 years.

The present study

several commercial

describes technologies developed for grafting

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 cornmercial Proteaceous cut

flower production.
,. ~-

Large assortment of Leucadendrons native i n high PH soil have been
introduced to Israel since the beginn ing of Prote a 's interes t i n

this country in the early 1970's. The follow ing species have been

plan t ed and-are grown i n several locations i n Israel (Table 1) .



The r e is a need for using rootstocks and grafted plants, under

I srae li condition, not only in the genus Leucadendron but also in

o t h e r Proteaceous genera: Most Banksias grow well in Israel and

the main reason for g r a ft i ng is v e ge t a t i v e propagation. The reason

f or graft ing Protea and Le u c o s p e r mum is the possibility to use

res istant rootstock.

Methods and Materials
"1"

Pl a n t Material:

Expe r i me n t no . 1 : In experiment no. 1 , which was more a small

sca l e observat ion than a planned experiment, we used "Orot' (a

l oc a l clonal selection of L. coniferum) as a rootstock and L.

di s c o l o r and L. "Sa f a r i Su nset' as scions.

Exoe rime n t no. 2: I n e xper i ment no. 2 L . "Orot', L. coni ferum

a nd L . mui rii were us e d as r ootstocks - t he f irst one propaga t e d

by cuttings and the other two b y seeds. As scions L . discolor and

L . " Safari Sunset ' wer e us e d. Sma l l sca l e o b s erva ti o n s u s i ng other

roo t s t o c k s and scions a r e also presented .

Other Proteaceous plants: With Banksias we tried B. integrifolia

and B. ashbyi as rootstocks and ª. ashbyiand B . . coccinea as

scions. In the genus Protea we used f. obtusifolia and P . susannae

as rootstocks and f. neriifolia, f. cynoroides and sorne selected

cultivars as scions. In the genus Leucospermum the main rootstock

tried was ~. patersonii with observations also with L.

conocarpodendron. As scions we used cultivars of ~. pattersonii,

selected clones of ~. cordifolium and sorne of the L. cordifolium x

L. lineare hybrids.



Methods of propagation and grafting

Propagation of L o- 'Orot' (and silver bush) were done by cuttings:

Stem segrnents, 10 cm long and 2-3 mm in diameter were taken frorn 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 aqua~ous 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, · . mino 11°C) glasshouse. The

cuttings were kept under intermittent mist (on 20 seco off 20

mi n . ) . Ro o ti n g of 55-7 5% occured 8 weeks after stuckings, wh en

t h e roo ted cuttings were repotted into 5 cm. plastic pots.

Grafting was done 3-6 months after repott ing when the plants were

actively g rowing (Fig. 1 a nd 2).

Other rootstocks¡ L. coniferum, ~ . muirii and ~. linifolium were

propagated by seeds . . Seeds were sown in October and seedling were

ready fo r 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 ~left grafts and the side grafts were tied with

plastic stripes and covered wi t h white plastic bags. Most

successful grafts started sprouting 2-3 months after grafting (2-3

weeks after removing the white plastic 10gs.).



The plantation:

So i l and soi l preparation: The experimental field is located at

t he Dept. of Floriculture, A.R.O. The Volcani Center, Bet Dagan.

Th e so i l is sandy loam, r e a ch in lime agrigates. The pH is 8.1 

8 . 4 at depth of 10 cm. The soil was ploughep well to depth of 40

cm. treated with Methyle Bromide and leached wel~'before planting.

Planting was done i n e xperiment no. 1 in May 1989 and in

expe rimen t no. 2 i n May 1990. Plants are watered with on-line

(3/meter) 2 liter/h. drippers . Watering is done once a week

providing 2 liter/plant/day. Every irrigation. includes 100 g/m3

ammon ium sulfate, 30 g/m3 Potassium n itrate 2.5 g/m 3 Fe

Chelate (Sequestreen) and 30 ml/m3 microelements complex

("Ko r a t e e n " ) .

Plants were planted 3 meters between the rows and one me ter

between p l a n ts i n the rows . A s tri p o f "gro und cover " (one meter

wide) was p laced along the r ows to conserve so i l moisture, and

prevent weed g rowth.

Re sul t s and Discuss ion

Grafting

Sorne initial results of graft take are presented in Table 2

(Experiment no. 2). The main groups tried were "Orot", L.

con i f e r um and L. muirii as rootstocks and "Safari Sunset", L.

discolor and L. "Yaeli" as scions. When this plant material was

gr a f t e d in late full, winter and mid spring 40-100% graft take was

achi e ve d . Early March seems to be generally favorable date for

gr a f t i ng of all combinations. There is still no sufficient data to

i nd i c a t e favorable rootstock/scion combinations.



;rowt h response under field conditions

x eriment 1: This experiment included 2 .groups of plants planted

{n adjacent rows. In one group the plants planted ~n the following
r er:

.¡ ) 1I0r o t ll

2) ''' Sa f a r i Sunset ll on its own roots
3) IISafari Sunset" on "Or ot"
4 ) "S afari Sunset" on its own roots.
5 "Safari Sunset" on "Or ot".

I n the second q r oup "Safari Sunset" was exchanged by L. discolor.

Within 18 months all the 4 plants of "Safari Sunset" and L.

¿iscolor grown on their own roots died (Fig. 3 Table 3). The

g r a f t e d plants and the "Or ot" rootstock grew very well - at least

as good and even better than "Safari Sunset" plants in identical

a ge 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 ~. discolor grow well and produce

very dense bushes, denser than ~. discolor grown on its own roots

in sandy soils. Now, the 2 years old grafted plants are continuing

to grow very vigorously.

Experiment 2: The main part of Experiment 2 include 3 rootstocks:

~. "Or ot", L. coniferum, L. muirii and 2 cultivars¡ ~. "Safari

Sunset" and L. discoloro Each treatment (ir scion/rootstock

combination) included 3 blocks of 4 plants each. It is clear that

these cultivars grow better when grafted. The different rootstocks

produced diff.eJ:"ent rate of growth. "orot" seem to be the

strongest, followed DY 1. 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 r oot.s cocks seem to be however more pronounced wi th "Safari



Sun se t " than with ~. discoloro ~ . muirii produced slower growth of

the graf ted plants than the other 2 rootstoeks. The color of the
-scions f o l l i a g e is deepe r green whe n grated on L. muirii.

Si nc e it is har d to grow Leuc ade ndr ons in most soils in Israel,

the a bo y e technology may make it poss ible to grow suceessfull y L .

" Safari Sunset" and L. d iseolor in much wider J;9J1ge of soils. In

addition, the proposed method may make it possible to grow i n

Israeli soils much wider range of Leueadendron cultivars.

Continuation of the present study and further planting of other

s c ion/rootstock combinations ma y lead to specif ically selected

sc i on / r o o t s t o c k / s o i l combina tions.

Re s u l t s obtained wi th other Proteaeeous genera

We were s uccess fu l i n g r a f ti ng on l y few Banks i as . Se i ons o f

s elected Ba n k s i a ashbyi clone s were grafte d s uccess f u l l y on o ne

yea r o ld B . a s hby i seed li ng s .

Ra t e o f graft i ng s uccess wa s very l ow (10-15%) but these g r a f ted

pl a n t s grow well i n o u r e xp e r i me n ta l pl a ntat ion (see me thod and

~a t e r i a l - The p l a n t a t i o n ).

I n the genus Protea best results both in grafting take and of

being used as rootstoeks was aehieved with protea obtusifolia. We

have not encountered any in eompatibilty problems even P.

cynaroides was grafted suceessfully on P. obtusifolia.

Wi th Leucospermum graft ing is very easy. We have not, however,

i de n t i f i e d the most suitable rootstock. ~. pattersoni seem to be

the best it is very lime (high pH) tolerant. However it has

rel a t i ve l y short life span and i t is sensitive to nematodes .
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~

Relative success, use and adaptability of
Le uc a d e nd r on s grown in Israel .

-

Spec ies Relat ive distribution Z Comments
s uccess Y

-
;. . a r g e n t e um ++ + 5 meter tall trees on

~I)dy loam soi l s of
the c o a s t .
Life s p a n 15 years.

¡,. coniferum ++ + + -
-

d i s c o l o r ++ . ++ 2 local clones .- 3 hectares c o mme r c i a l
. p lantations . Flowering

s tarts at 3rd year.
Life span 6-10 years.

qalpini i + ++ ++ Few c o mme r c i a l- plantations . limited
commercial value .

Laur eol um + +
I

--

mer i d i a num + + + + Sold as silver bus h .-
Limited c ommer cial .
v a lue .

- mui r i i + + + + Grow very slowly but
v ery well. Have long
life s p a n ( 20 years
up) .

~ . ' Ya e l i ' (~. salignum) ++ + A local selection of
yellow salignum.

• ~ +
Relativ e success
Grow very well.
Grow well.
Difficult to grow .

Distribution
+++ = Wi d e l y distribut ed . There a r e

c o mme r c ial plantation.
++ = Restricted distribution.
+ Very restricted indistribution.

1 5 1



- ---
Species Relative d istribution Z Cornments

success'"

-.
L. thymifolium + + + + May have commer c í x j

value

-
L . t inctum ++ + -

L . ulig inosum +++ + Sold as a s ilver b us-
Limited commerc i al
value .

L . 'Safari Sunset' ++ + + + Grows well on v o l c a--
soils and art i f : ::: 2:
" tuff " trenches .
v a r i a b l e succes .'
sand y so ils o f Lo

coast.

L . ' Or o t ' (!: . c0niferum ) +++ + A new, c uttings '-
propagated r o c t s t c - .

·s e l e c t i o n .
_ _ o

y

+++
++

+

Re l a tive success
Grow very well .
Grow well.
Di f f icu lt to g row.

Distr ibut ion
+++ Widely dist r i b u t e d . Th e r e ar e

cornmercial p lan t at ion.
++ = Re s t r icted di s tr i b u t i on.
+ Ve r y restricte d Lnd í s t r í bu t í c;

15 2



Table 2: Percentage take-off Leu c adcndron gra f t s

Jl
.....,

Rootstock Scion Date of grafting
------ -- - - - - - - ------ - - -- - - - - ----- ----- ----- -- - --- --- ----

8/11 29 / 1 1 24/12 "3 1 / 1 2 27/1 3/2 7/3 28/4 1/5

"Orot" "Safari Sunset" - - - - - - - 10 O
Salignum "Yaeli" - - 30'" - 60 - - - -
discolor (early) - - 60 - - - - - -
discolor (late) - - - - - - - - -

Mu irii" "Safari Sunset" - - - - - - 100 - -
Salignum "Yaeli" 25 20 60 60 - - - - -
discolor (early) - - 40 40 - - 40 - -
discolor (late) - - - - - - 60 - -

Coniferum "Safari Sunset" - - - - - - 40 - -
Salignum "Ya e l i " 35 25 20 20 80 - - - -
discolor (early) O - - 80 - - 80 - -
discolor (late) - - - - - - 40 - -

(
,

Uligonosum Salignum "Yaeli" - 60 - - - - - - , -

Linifolium discolor - - - - - O - - -
liSafari Sunset" - - - - - O - - -,

= At each dale 50 -70 plants were graf led.



Ta:- l e No. 3: 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 Suriset" 11Orot 11 16.5

" " Own roots O ( p l ant s died)

L . di s c o l o r "Orot " 1 1 . 5

" Own roots O (plants died)

T I Orot " Own roots 1 9 . 5.w •



!.?ble No. 4: The effect of Leucadendron "Orot", L. coniferum and
L. muirii rootstocks on ga i n in stern diameter (mm
a n d %) of L. " Sa f a r i Sunset", L . discolor and L .
"Yaeli". Planted in May · 199 0 -and measureq in June '
1991 .

- Scion Rootstock Gain in stem diameter
11/90 - 6/91

(mm) %
-----------------------------------------------------~~-------------------

L. "Safari sunset"

L. discolor

L. " Yae l i "

L. "Orot" 11 . O 208
L. "coniferum ll 10.7 202
L. "muirii lo 7.0 132
Own roots 5.3 100

L. "coniferum" 7.3 183
L . "muirii " 5.0 125
Own roo ts 4.0 100

L . " muirii" 4 .0



¡: ig 1: "Or ot" (a cloner se l ect i on of
L. conif e rum ) plant r eady for
grafting.
- cuttings s t.uck Feb. 25, 1990 .

phot oyr aphed May 25 , 1 ~ 90

~::;~~: ..~;¡,.~:"",, < - ."c.·

l,,?:; '"

rig . 2 : A gr a f t ed p18nt r eady fo r out dcor
pl an t i ng . Three mont hs after
gr afting .
Scion : L. "Safa r i Suns e t "
Roots tock: L. "Orol" .

Eighteen months ol d pl ant s of graf ted a nd own root s urou~

"S8fari Sunset ll plants.
Front r ow-center¡ "Safari Sunse l " q r af t ed on "Oro l " r ool:;l uck .
On its both side s "Safa r i Sunset" olants nrnllln nn t t ,r. ; .. n .. .. . ·
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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, EIsenburg 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. Sorne of the world' s best-known flowei 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, i t 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 diversi ty and
potential of the .f l o r a , there are several research organisations
in South Africa and abroad who are involved in the conservation
and utilization of the plants.
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Figure 1. The phytogeographic regions of Southern Africa
(Goldblatt, 1978) 1. Zambezian Region¡ 2. Kalahari
Highveld Transition Zone¡ 3. Karoo-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 arnount 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 I s universi ties are
also involved in botanical research projects on the indigenous
flora.

Research on the floricultural potential of the indigenous .f l o r a
of Southern Africa is mainly the responsibility of the Vegetable
and Ornamental Plant Research Institute of the Department of
Agricul ture. The Insti tute has a floricutural research uni t
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 sou thp.rn 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

, "Th e aim of these research actions is firstly to d e velop new a nd
i mproved protea cultivars and secondly t o develop f l o we r bu l b
cult ivars . Of the latter type especially t ho s e that are d isea s e



r es i stan t , such as Gladiolus cultivars that are r es istant to the
rus t fungus, Uromyces transversalis. An attempt is also made to
dev e l o p improved cut flower cultivars such as an orange or yellow
Qrn ithog a l um cultivar. Much attention is also being given in the
bu l b breeding programme to the family Amaryllidaceae because '. , ,
there J. S a large number of species in this family -t h a t show
po t e n t i a l both as cut flower and/or pot plant cultivars.

The flower bulb breeding programme has already released a very
s ucces s f ul series of Lachenalia cultivars to the industry. At
present 20 of the cult ivars are being multiplied and will be made
available world-wide from a n international company.

'-"' ......

The aim of the Proteaceae breeding and selection programme is to
develop new and improved cultivars that have, arnongst others,
smaller inflorescences and that also flower out of season. To
achieve these a í.ms , artificial crosses are being made and an
i nte n s i v e selection and evaluation programme is being followed.
The development programme followed for releasing a protea
cultiva r can take 8-12 years and i nv o l v e s the following:

If a hybrid seedling or selection should start flowering, the
f lowe r is evaluated. When a plant shows potential as a cut
f l owe r , foliage, pot plant or for landscaping, it is given acode
numb e r and the plant is included initially in the collection as
phas e 1 material "( p r e - e v a l u "l t i o n phase). This plant is then
mu l t i p l i e d by vegetative propagation , and during the evaluation
phas e , including three years of flowering, is classified as phase
11 material. Fully evaluated selections are phase 111. Those
with cult ivar potential are g iven the s tatus of "elite
selec t i o n s ". The final evaluat ion is then made which will
det e r mi n e whether the candidate cultivar can be released. If the
c u t f l owe r meets with the requirements, the material is
mu l t i p l i e d o n a large scale, and evaluation on the flower markets
is now also done. Onl y i f t h e e l ite selection meets all the
r equ i r eme n t s, is it r egistered as a cultivar and p lant breeder 's
r i gh t s are taken out.

Th e Fynbos Unit has aIready released the following 35 cultivars
to the industry.

LEUCOSPERMUM

Tango (b. lineare x b. glabrum F, hybrid):
A brilliant red flower with an unusual flower head shape and
y i e l d as a result of hybrid vigour. Leaves are particularly
and flowers can be produced to the end of November
debudding.

high
neat
with

Ballerina (~. lineare hybrid):
At t r a c t i v e , 50ft pink-orange flowers which display well in
a r t i f i c a l light. Marketable flowers are produced until January
by means of disbudding, on straight, neat, long sterns. They can
a l s o be used as flowering pot plants.

s t a r l i g h t (~. lineare selection):
An unique bicoloured flower (crearny-white and red) which



naturally blooms late and can be made to flower up to December
by debudd ing. The most outstanding characteristic of the flower
is its long stems (up to 1 m) with a highly attractive purple-red
colour and fin~ linear leaves.

High Gold (~. cordifolium Yellow Bird x ~. patersonii);
A vigorous, erect grower producing long stems with large yel~ow
flowers. This cultivar bridges the problems of both Yellow B~rd
and ~. patersonii and has a high yield as a result of hybrid
vigour. It can tolerate slightly alkaline soil.

Vlam (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 (~. cuneiforme)
Flower colour: deep yellow with orange-red style tips. Peak
flowering time: early November to mid-December.

Helderfontein (L. glabrum):
Outstand ing ~. glabrum. Flower colour: deep orange-red. Peak
fl o we ring time: mid-August to mid-October.

Luteum (~. reflexum varo luteum):
Flower colour: medium yellow. Peak flowering time:
Se p t e mb e r t o end October .

early

Scarlet Ribbon (~. glabrum x~. tottum):
Fl owe r colour: deep salmon pink. Peak flowering time: early
September to mid-October. Exceptionally vigorous grower with a
h i g h y ield .

Sunrise (~. cordifolium x~. patersonii):
Th e earliest pin-cushion cultivar available. Flower colour:
me d i um red. Peak flowering t ime: early August to mid-September.
An e xceptionally vigorous grower due to strong hybrid vigour, can
t ole r a t e slightly alkaline soils.

F l ame s p ike (~. cordifolium):
De ep red , small flower head.
September to mid-October.

Peak flowe r i ng time: early

Fire dance (L. cordifolium)
Flowe r colour..:...... Deep red ( like Fl a me s p i k e ) . Peak flowering time :
e a rl y September to mid-Oc tober. I t has s ma l l i s h flower heads.

Pink Star ( ~. cordifolium ):
Flower colour: d eep pink-orange .
Octob e r t o mid- November .

Peak flowering t ime: early

~aroline (~. c o r d ifol ium x b . tottum) :
' Me d i um pink- ora n g e flowe r s o n l ong , thin stems . Peak floweri ng
time : early October to mi d - Nov ember . Exceptionall y h igh yield .



Yellow Bird (~ . cordifolium):
Flower colour: Medium yellow.
September to mid-October.

PROTEA

Peak flowering time : early

Guerna (R. repens):
Selected from the Kouga variant of P. repenso Flower colour:
deep red. Peak flowering t ime: end December to mid-February.

Sneyd (R. repens):
A medium-sized, deep red flower of the Alicedale ~riant. It has
a high yield and good stem length, flowering from mid-January
to March, i.e. between R. repens, Guerna and Embers and forms a
continuous series (early February to end March).

Embers (R. repens):
A medium-sized flower, . each bract a d e e p red at the tip and
creamy-white basally. It has a shiny, smo o t h texture and flowers
after R. repens Sneyd in March to mid-May. It forms the l a s t in
a continous R. repens series, Guerna - Sneyd - Embers.

Rubens (R. repens):
This deepest of red R. repens flowers from February to March and
along with Guerna and Sneyd gives a continuous flower-season from
the end o f December to May . It is especially sui ted f o r the
garden.

Andrea (R. compacta x R. magnifica):
Prod uc e s a large pink-red f l owe r with numerous series o f brac ts.
I t has a high product ion¡ long, straight s tems ; fl owers from
mi d - J u l y to mid - Se p t emb e r .

Brenda (R . compacta x R. burchell i i):
A medi um-si z ed, deep p i nk-re d flower with a sh i n y , s moo t h
texture. It has a high y i eld and f l owe r s from May to July.

Cardinal (R. eximia):
An outstanding eximia type. Has a medium-sized, deep pink-red
flower with a satin sheen. Long, straight stems and high yield¡
flowering time is November to February.

Red Baron (P. obtusifolia x P. compacta):
A medium-sized flower wi th dense, deep red bracts lined wi th
short, white hairs. It has a high yield and flowers from mid
June to mid-September.

Satin Pink (~. longifolia hybrid):
A small, mul ticoloured flower wi th soft pink-red and cream
shades. It has a high yield and flowers form June to mid-August.

Susara (~. magnifica x R. susannae):
A small to medium flower wi th 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 tolera te slightly alkaline
soil.



Sylvi a (E. e x imia x E. susannae):
A med i um- s i z e d , deep pink-red flower with satin sheen.
a high yield and flowers from November to February.

It has

Atlantic Queen (E. magnifica):
A strong grower wi th 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 (~. 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 gardenplant with a
tidy, dense growth formo

Red Robe (P. neriifolia):
A good ~. ~eriifolia selection with an attractive plant shape.
The bright· red flowers are conspic~ous and the plant is a strong
grower that flowers in June until August. It is well suited as
a landscape planto

P'í.rik Duke (~. compacta t.ype ) :
An outstanding P. compacta type flower. The inflorescence is
l a r g e r than ~. compacta wi th 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 planto

Red Rex (~. cynaroides):
This deep red ~. cynaroides flowers from November to mid-December
a nd is a strong grower that produces long, flowering stems. This
plant is suitable for both cut flowers and as a garden planto

LEUCADENDRON

Candles ( ~. salignum):
A conebush with deep red bracts surrounding the flower-head,
al ternating wi th yellow and orange shades on the inside. It
flowers from April to August .

Duet (~. sal ignum 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
l a ndscape planto

Wint er Red (~. salignum selection):
A low growing~conebush. The flower is
t he i nsid e, wi t h an áttractive shape.
l andscape p lanto

red outside and yellow on
It is suitable as a

Poro-poro (~. discolor selec t ion ):
Bear s l o ng, s traight flower s tems and large yellow i n vo l u c r a l
leaves with a bright red ma l e pom-pom i nflo r e s c e n c e . It fl owers

, f r om September and is su i tab le as cut flowers. Av a i lab l e i n
l i mited a mounts.



Croo Science. Of the many problems that arise when
developing new crops, it is 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 Researc~ Unit is at
present developing techniques to mass propagate selected plant
ma t e r i a l . 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,
li ttle is known. The right pruning practices could make i t
possible, for example, to induce the plants -bo 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 protect ion

Diseases and insect pests are amongst of the greatest problems
that adversely "a f f e c t 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
ser ious consequences for the protea industry. Attempts are
t he r e f o r e made to develop environmentally friendly control
methods.

Anothe r serious pr ~ject is to develop a pincushion rootstock that
i s tolerant agains t the root rot fu ngus, Phytophthora cinnamomi.

Heavy e mphas is i s also placed on biological control of insects,
lik e borers.

It is clear that a wide field of research is being carried out
in South Africa at presento 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 lies locked
away.
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ABSTRACT

Control of the rnultiple dormancy imposing - 'mechanisms in
Leucospermum is irnportant in breeding projects and i n
cornrnercial seed propagation. Although sorne species such as L.
cordifolium can now be gerrninated with 97 % success with viable
seed, others such as L. reflexum rernain relatively unyielding
to known dorrnancy breaking treatrnents. Seed dorrnancy was
studied wi th in the eco-physiolog ical context. Dormancy
pararneters investigated include optimal daily alternating
ternperature requirernents in six cornmercial species, anatornical
seed coat properties assoc iated with dorrnancy and dorrnancy
br e ak i ng rnechanisrns operating i n nature. It was found that the
"heat pulse" e ffect of fi r e i s probably a desiccation effect on
t he testa. o r adua I sca r if icat ion of t he seed coat in the
ground can be l inked to i rnproved oxygenation of the ernbryo.
Th i s e xplains both the post- fire phenomenon of synchronous
germinat ion o f t he rna j ority o f seeds in the u nd e r g r ou nd seed
bank and the erratic, e xtended gerrninat ion o f a fresh seed
batch. Dormancy contro l rneasures a r e discussed.

INTRODUCTION

Ge rmi na t i o n prob lems o f Leuco spermum h ave interested s c ient is t s
a nd growe rs f o r o v e r 50 y e a rs . En v i ronmental fa c t o r s
i d e nt i f ied so f a r wh i ch c ontrol germina t ion includ e : d iurna l
h igh ternperature, d iurnal low ternperature (Brits, 1986) rernova l
of oxygen deprivation (Van Staden & Brown, 1973) and, possibly,
"heat pulse" after fire (Bond et al, 1990). Success rates of
up to 97% successful gerrnination of viable seed is presently
possible with Leucospermum cordifolium (Brits, 1990). Sorne
species however are still difficult to germinate. It is
essential in Leucospermum breeding to have full control over
seed dorrnancy.

The Protea industry can not be neutral to the pressing issues
of conservation biology (Greyling & Davis, 1989). The
harvesting of flowers frorn the wild creates additional
pressures on populations, sorne of which are .vulnerable or even
endangered (Rebelo & Holrnes, 1988). Seed biology research is
an integral 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 spec ies.



A n umbe r of studies h a v e be e n conducted r e c ently to ~~rave l t ~ c '

c 8 r ma n c y me cha ni s ms in Leucospermum and to deve l o p a n e c ú
~hys i o l og i ca l model for seed regeneration. These are reporte d
~ n logical sequence below in order to outline the mo d e l o

RESULTS AND DISCUSSION

Germination temperature reguirements in 6 Leucosoermurn speci e s
The germination temperature regime required for Leucospermum
cordifolium seed germination was previously estimated at
diurnal 8 oC low x 24 oC high. This regime corresponds
reasonably closely to soil temperatures in the habita t
following a fire, during the late autumn seed germination
season (Brits, 1986). The question was: to what extent does
the L. cordifoliurn regime apply also to other species?

Seeds of six species were s caz i f í.ed in concentrated sulfur ic
acid, washed and soaked in water for 24 h. They were incubated
under 15 different temperature regimes, using 6 replicates o f
25 each. The regimes were 4 oC, 10 oC, 16 oC, 22 oC , 28 oC and
a l l combinat ions o f the s e~ The l owe st tempe r ature in all cases
we r e maintaine d for 16 h and the high for 8 h dai l y .
Tetrazolium tests were conducted on all seed batches t ú
estimate viab i l i t y. Germi nati on wa s recorde d weekly . The
species we r e Leucospermum c ordi fo l i um, L. c un e i f or me , L .
erub e s c ens , L. g l abrum , L . re f l e xum a nd L . vestitu~.

The resu l ts s howed tha t the r equ i r e me nt for alternati ng
temperatures i s common in Leucos permum (Fig . 1). Furthermore
that in some spec i es the s e r equireme nts a re very s p e c i f i c
(e.g . . L . glabrum) whilst i n others there is more latitude
( e . g. . L . cordi fol ium ) . A previous c onc lus ion that s pecies
d i ffer in t he temp e r a t u r e l eve l s r e quired .a nd t h at th is i s
cor rela ted wi t h t he cl i matic regime of t he i r h a b i ta t , i s also
supported by the results (e. g .. L. refl exum v s . L . glabrum).

Sorne spec ies d i d not gerrn ina t e cornpletel y when eva luated
against viabi lity data. L.. glabr um f or example germinated only
two-third s o f i t s vi able s e e ds . I t i s not known why a large
portion r e ma i ned dormant.

Eff e cts o f hea t puls i ng, d e h ydration and rehvdra tion on t he
testa of Leucosoermum c or di f ol i um

The rnaj ori~~ of Leucospermum s e e d s i n nature germina te
unif o rrnly en mas se after fi r e (Rourke , 19 72 ). Atternpts have
b een made to correlate the germination r e s pon s e of seeds with
heat pulse intensity i.e. wi t h direct effects o f h e at (Bond e t
al, 1990).

The pericarp of Leucospermum cordifoli um seeds were remov e d by
-s o a k í n q the seeds i n lukewarm water for 2 h and b y r u bb i ng .
Seeds we re redried and t h ose with an intact e xotesta were
se l e c t e d u nd e r the stereo microscope. Inta ct seeds wer e
s ubj ected for va ry i ng pe r i od s to 3 O , 4 O , 60 a nd 3 O "e i n a n
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oven with forced air circulation. Seeds were kept at room
temperature in airtight bottles for 2 h after removal from the
oven. The degree of breakage of the exotesta was judged on a ·
0-10 scale by inspecting seeds under a stereo microscope.
Seeds were subsequently thrown into water (20 OC) without
delay, for 1 mino 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, O - does not break with
f inger 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 oc (Fig. 2).
The breaklng 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 rnost .endotestas were visibly broken. The
viabili ty of e mbryos were not affected significantly. The
results s uggest that in nature desiccat ion by f i r e c ould brea k
t he exotesta and the endotesta as well, if fire is followe d
soon by r ain. Repeated cycles of dehydrationjhydration caused
b y normal h o t summer weather followed by surnrner rainy spells,
esp ecially a fter f" i r e , can presumabl y also contr ibute to t h e
pro g r e s sive we ake ning of the hard endotesta. This could
r e l i e v e rnechanical constra int of emerging s eedlings. .

A practical method e mploying the desiccation principIe would be
t o remove the pericarp (by soaking and r ubbing), sun-bake seeds
i n warm dry weather (± 4 0 OC), then throw se~ds in water and
redry. Successful treatment is indicated by seed coats
becoming brittle under finger pressure.

Effects o f scarification, oxygenat ion and " heat pulse" on
germination of L e u c os pe r mum seeds

The effects of heat pulse and various related treatrnents 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. r e f l e x um.

Treatrnent;;-The p~ricarp of Leucospermum seeds were removed
b y soaking the seeds in lukewarrn water fo r 2 h and by rubbing.
Se eds wer e redr ied and t ho s e wi th an i ntact exote s t a we re
se lected by ste reo rn i c r o s c ope . Tr e a t ments 2 , 4 , 5 a nd 6
received s imi lar "background" heat t r e a tments.

1. Contro L 1: remove per icarp only - exote s t a i n t a c t o

2. Cont r o l 2: As 1., pret reat a t (5 5 oC x 10 0% RH x 7 mi n.) +
(40 oC x 100 % RH x 6 h)¡ cool [giving similar backg r o u nd hea t
treatrnents a s in 4 , 5 a nd 6] .
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Fig . 2 L . c o r d i f o l i u m s eeds trea ted f or var ious periods at
eonstant 60 oc: degrees o f breakage o f e xotesta and endotesta,
t he latter fo l lowing immersion i n water after eooling; a nd
tetra zo l ium v iabil ity seores - see e xpl a nation o f methods and
s e a les in texto Eaeh valu e r e pres e nts t h e mea n o f t wo
replieations o f 10 see ds e a e h.

3 . Aeid s earif i eation 8 mi n o (s tandard p roeedure).

4 . Hand remove exotesta eomp letely . (preheat 55 oc x 7 mino to
partially remove exotestas to faeilitate removal) Rehydrate at
(20 oC x 100% RH x 16 h) [i.e. eliminate desiccation effects].

5. Heat pulse - exotesta only: 55 oc x 7 mino i.e . " partially
remove exotesta; apply (40 oc x 6 h) as in 6; rehydrate at (20
oc x 100% RH x 16 h).

6. Heat pulse - exotesta
oc x 6 h); coo1 at (20 oC
cold water immersion (20
towel.

as in 5. + desiecate endotesta at (40
x 2 h) in airtight bottle followed by
o C x 1 0 min.); dry seeds with paper

7. Acid scarifieation 8 min. + oxygen incubation in 1 1
flasks.

Seeds were dis infected with thiram powder treatment and
ineubated under a temperature regime of (25 oC x 8 h) + (10 oc
x 16 h). Six replications of 25 seeds were used per treatment.
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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 little effect, but heat
pulsing of both exo- and endotesta resulted in significant
increases over controls . The results suggest that in nature
degradation ""G>f both the exo- and endotesta could resul t in
increased oxygenation of dormant seeds.

Extended germination of Leucospermum c ordifol ium s e e d

Observations o f erratic germination of ma n y Proteaceae seeds
w í.t.h í.n the first germination season and even over subsequent

~ seasons are well documented (e. q ,", Kn i g h t , 1809; Van Stad en &
Brown, 197 3) but this has never been studied systemat i c al ly.



Fr e sh intact seeds o f L cordifolium were oxygenated with 1%
H202 or soaked in water and the pericarps removed. Seeds were
sown in a seed bed in autumn 1986. six replicates of 25 seeds
we r e sown in a randomized block designo 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 maint a i n a sun-exposed soil
surface .

Th e results show that H202 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 viable 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 is 'g r a du a l l y 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 s e a s o n 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 matuiity. The results
also support the model that most of the soil-stored seed bank
would be in the scarified condit ion with mo s t l y seeds of the
latest f lowering season be ing in a partial ly scarified
condition. This suggests that after fire the maj or i ty of seeds
would germinate synchronously during autumn with only a very
s ma l l proportion remain ing dormant ¡ sorn e o f t he latter wi l l
germinate errat ica l l y during t he fi r s t autumn/ winter a fter
fire .

Seed a natomy i n Le ucosoe rmu m
Th e o b ject i ves o f t h i s s t udy we r e :

t o study the or igin and structure o f the di f f erent 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 s ame 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 l ight and SEM
microscopy performed on especially the covering structures.
The results are presented in Table l.
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Table 1 Principal Leucospermum seed covering structures
identified, typified and their functions.

Structure Tissue type Functions Fate

Elaiosome parenchyrna
= pericarp
= outer layer

attracts ants, => eaten by ants;
dispersal into soil decomposed
at 20-50 mm; microbiallly

Therefore true seed survives, germinates in sorl

[Va s c u l a r xylem
bundles

transports
substrates, H20

eaten, dries)

Ex ot e s t a
~...
I~gnified absorbs water;
3-5 ceil excludes 02 from
layer; + embryo;
thick cuticle extends g e r min o

broken by desic
cation;
decomposed
mi c robi a l l y

Endotesta palisade:
sclerified
single cell
layer

absorbs water;
protects embryo
me c h a n i c a l l y

broken by
desiccationj
hydration



CONCLUSIONS

l . Th e elaiosome is removed soon in the soil leaving only the
true seed.

2. Low and high daily germinat ion temperature requirement are'
c ommo n in Le uc os per mum species but individual specles di ffer
c onsid e r a b l y in their requirements.

3 . Tempe rature require ments are corre lated with habitat climate
regime.

4 . The exotesta excludes oxygen from the embryoJ.D 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 g iven other favourable conditions.

5. The endotesta mechanically protects the embryo indefinitely
underground. The embryo remains viable for a long periodo The
endotesta is broken gradually by dehydrationjhydration cycles
and this may further enhance germination.

RECOMMENDATIONS

Th e fo l lowing me t h od s are reconunended especially for breeders
o f Leu cos pe rm um who wish to maximize germination of se l ected or
hybrid se~d. The s teps are simple a nd s afe to fol low.

l . During high s ummer: remove the pericarp by soaking seeds i n
lukewa rm wat e r f o r 2 h, t r a ns fer to linen bag , rub vigorously ,
wa s h ge l a t inous s k ins (elaio s ome) a wa y. Dry seeds t h o r o ughly
in t ray .

2 . Plac e dr ied seeds in hot s u n fo r at l e a s t 5 h . Throw into
wat er i n v ery d ry condi t ion f or f i v e minut e s . Dr y wi t h p a per
towel . Seeds should break under f ing e r pressure i f tre atment
wa s successful. (Store if necessary. until autumn).

3. In autumn: soak seeds in 1% H20 2 for 24 h. 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 irnmediately in disinfected, sun-exposed, sandy seed
bed.
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Introduction

We stern Australia has over 500 taxa of proteaceous plants. Long

periods of c1irnatic and geologic isolation has resulted·in a high rate of

enderni sm in the native flora. Many unique and floristically outstanding

pro teas h a ve 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 flori s tic im pa ct and value of many native Western Australian

protea h a s been r ecognized world wide. However the propagation of

nearly all species especially the woody sh rub and tree species is still

re stricted largely to seed and in a few c~se~ vegetative propagation (K.

Dixon, pers comm). The need for rapid production of superior individuals

to irnprove 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. Westem Australia has

an unparalleled genetic resource of protea species and would stand to
benefit greatly from such technology.

Tissue culture and micropropagation systerns present the best

available means for rapid .clonal propagation hut have succeeded with

onlya few taxa ofProteaceae 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 sorne 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 oí Kings

Park in late August to October. Cuttings of Banksia menziesii and B.
hooheriana were also collected in May and June. Seed ofBanksia
menziesii, B. hookeriana and B. coccinea was obtained from the seed store

(Kings Park), In one trial Banhsia menziesii shoots on the parent plants

were etiolated by covering the shoots fo: 3 to 4 weeks (in November) using

bags of several layers of black shadecloth over which was placed a black

plastic bago 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 sourees inc1uded meristematic (excised

apical and axillary buds and axillary nodes), floral (irnmature perianth,

style and stigma and immature ·flower spike), leaf, seed and etiolated

material (meristem a tic explants taken).

Generation ofaseptic explant material was attempted with

sterilizing solutions at various concentrations for varying times (table 1).

AH material was sterilized in 250 ec 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 plaeed one per tube on 8gIL agar/water medium and incubated in

the dark until gerrniriation eornmeneed. AH cultures were incubated at

room temperature (20-300C) or in an incubation chamber with 18-200C

temperature..;r:~gime with 16 hr light/S hr dark with lighting supplied by
fluorescent lamps ( 40Jlmol s-lm-1).

TABLE 1.
Media were prepared and 10 ml placed in 30cc polycarbonate tubes

with polypropylerie closures or 25 ml placed in 250 ce glass jars with

, polypropylene lids. All media were autoc1aved at 121 0C for 15 minutes.

Media with agar in tubes were sloped to cool. Heat labile substances were

filter sterilized and added to buIk 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 112 MS (Murashige and Skoog,

1962) supplemented with 500 ~M myo-inositol, 3~ thiamine HCl, 2.5 mM '

pyridoxine HCl, 4~ nicotinic acid, 90mM sucrose, pH 6.0 and 10 gIL

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 gIL. Anti-oxidants (aseerbic acid and

citric acid) were each added to 112 MS media at 0.5 gIL as a filter sterilized
concentrate.

Manipulation of all sterilized explants was performed under aseptic

conditions in the laminar flow cabinet. Liquid cultures wereshaken 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.

Resul ts and di scussion

a ) Banksias

Explants

Tissues of the Banksia species used in this program are all very

hirsute (figure la). 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 lb). Buds, particularly of B attenuata, when
sectioned (figure la) 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



(figure Lc.d). Meristematie tissues i.e . apieal, axiUary buds and nodal

explant s containing a bud were the most desirable explants but have
preven very diffieult to initiate in ·previous studies (Bunn, unpubl.).

FlGURE 1.

Sterilization
Table 2 summarizes the results of sterilization proeedures.

Considering that souree material was eolleeted from the natural hábitat

or eultivated but exposed sources, there was a good reeovery of aseptie

explants for most tissue groups. Seeds gave the best results when
eompared to other explant sourees and were easy to manipulate in vitro.

Floral explants i .e. perianth, style and immature flower spike seetions

required more manipulation than seeds but were relatively easy to

deeontaminate. Meristematic, leaf and ~tiolated shoot material generally

required the most manipulation in terms of eutting and trimming the

explants prior to transfer to media and were most difficult to sterilize

effectively. The relatively harsh sterilization with 2% sodium hypochlorite

(NaOC l) has killed explants of Banksias in previous experiments (Bunn,

unpubl.). Thorough washing (in 6 ehanges of sterile water) was

considered n eeessar y to remove residual sterilizing solution.

TABLE 2.

Medi a

Previous experience with B. hookeriana established that explants

placed on solid (agar ) media directly after sterilization invariably died,

usually within th e first week ofincubation even if antioxidant dips were

u sed prior t o or after sterilization. Liquid media were tested to try and

overcome this initial high mortality. Chareoal and polyvinylpyrrolidone

(PVP) were u sed as a possible means of nullifying the effeets of any

h armful exuda t es from explants and cultures were shaken t o prevent

accumulation of exudates around the shoot. The choice of M8 (112 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 in.Iiquid culture was not determined in this study and it is

possible tha t this step ónly slows down the inevitable decline of explants

after steriliza t ion and that a new strategy is r equired 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 whi ch have had free water is that



vitrification se ts in quite re adily, supporting the removal of explants te

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 betw~enmedia
wi th or without Charcoal and PVP additives.

The effect of liquid medium may be te shelter explants frorn exposure

to air and subsequent oxidation. Explants which were trimmed and

removed from liquid media showed browning within a few hours of

transfer te soli~ media. Such explants blackened the next day and did not

recover. Explants transfered without further excision did not show this
rapid browning response .

Transfer to solid medium

Subsequent transfer frorn liquid te solid mediurn(WPM

supplemented with 1 or 10 ~\1 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 ti ssues of B. hookeriana died one to

two weeks after t ran sfer . Sections from an immature flow er spike of B.

hookeriana were in poor condition wh en r emoved from liquid culture and

none survived more than a few days after transfer. Perianth explants of

B. menziesi i were the most successful flor al explants , with a good

survival rate after transfer to solid media. Meristematic explants ofB.

hookeriana, many of which had appeared viable when in liquid medium,

died when transfered to solid medium. The results with leaf explants of

all threetest species of Banksia are promising but latent contamination

was a problem, with many explants not showing contamination

(particu1arly 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 initialliquid 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 fu ture

trials.

Seedling cultures
Seedlings have provided an opportunity to investigate in vitro

requirements of shoot cultures which wiIl be invaluable when shoot
cultures are able to be generated from mature material. Seedling apices
ofBanksia hookeriana (figure 2a) were placed on WPM supplemented
with cytokinins (figure 2d). BAP (N-(phenylmethyl)-lH- purine-6-amine)

and TDZ (Thidiazuron) were most active in inducing shoot growtb.

Figure 2b shows the effects of BAP on shoot regeneration from cotyledon

explants from seedlings. On medium supplemented with 10 J.lM BAP,

shoots forro from the cut ends of the cotyledons and can be severed from

the initial culture and grown separately (figure 2c). Results with seedling

explants indicates that if juvenile material can be obtained from mature

plants, perhaps frorn basal suckering after fire (or prunirig), mo re

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 initialloss of explants due to

contamination( table 2). Once established in culture (table 3) explants of

Conospermum sp. nov. (aff, stoechadis) multiplied four-fold on M8

medium suppIeme~tedwith 1~ BAP after a 6 week incubation periodo

Lower concentrations ofBAP (0.2, and O.SJ.lM) and 2iP at 1,2 and S~

produced only 2 fold multiplication compared to controls. Root induction

on 1/2 M8 supplemented with IDA induced roots on explants, with SJlM

giving the best result (over SO% rooting). No explants have been potted out
te date.

Conclusion

Liquid media were used for initi a tion of explants of B. attenuata, B.

hookeriana and B. menziesii. This procedure wa s succes sful in obtaining

viable explants which survived transfer te solid media. There was no

differen cein response of explants to M8 or WPM or addition of activated

charcoal, PVP or antioxidants (citric and ascorbic acid). Adven titious

shoot for rnation in cotyledon expl an t s an d the information gained from



ti ssue culture of seedlings has provid ed valuable information for further

ex per im en t s.

In vitro multiplication of Conospermum sp. nov. (aff. stoechadis)

was achieved after incubation on MS medium supplemented with

cytokinins and root induction on 112 MS supplemented with auxins. Best

results were obtained with 1 JlM BAP for shoot proliferation and 5 ~M IBA

for rooting.
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Captions te> figures

Figur e 1.

Figure 2

Explant material of Banksia attenuata showing CA)

a longitudinal section of an apical bud, (B) resinous

exudate from an apical budíarrow), CC) a bud after

incubation in liquid medium, CD) a bud after transfer to

solid medium.

Bar = CA) Lmm, CB) O.5mm, CC) O.7mm. (D) lmm..

Seedling explant material of Banhsia hooheriana showing

CA) seedling apice on proliferation medium, CB)

adventitious shoots growing from cotyledonary explants,

(e) excised adventitious shoots sourced from cotyledon, (D)

apices on media with cytokinins (N-(3-methyl-2 butenyl)

lH-purine-6-amine =2iP, thi diazuron = TDZ) or without
(control).

Bar = CA) 2mm, CB) O.5mm, (e) Irnm, CD) lOmm.



'I'a ble 3 Percent of explants of Westem Australian Proteaceae

initiated in vitro.

Explant

meristematic

leaf

floral

seed

other(etiolated)

8pecies Initiation

Banksia attenuata 48% (11123)

B. hookeriana 0% con)
B. menziesii 28% (4114)

Conospermum.
. .

0% (0/2)crassinerutuni
.,.,.., . ~

C. sp. nov.(aff.

stoechadis) 100% (212)

Banksia attenuata 33% (113)

B. hookeriana 75% (314)

B. meriztesit 17% (116)

B. hookeriana 0% (0/6)

B. meriziesit 43% (10123)

B. coccinea 50% (5/10)

B. hookeriana 63% (15/24)

B. meriziesii 52% (12123)

B. hookeriana 0% (0/3)



Table 2 Percentage of aseptic explants of Western Australian protea

species incubated on solid or in liguid media.

E xpla n t 8pecies Percent aseptic

explants (No. aseptic

explants/total No.

explants)

meristematic

leaf

floral

seed

otherCetiolated)

Banksia attenuata
B. hookeriana
B. menziesii
Conospermum.
crassinervium
C. sp. nov.(aff.

stoechadis)

Banksia attenuata
B. hookeriana

B. menZLeSLL

B. hooke riana
B. meriziesii

B. coccinea
B. hookeriana

B. menziesii

B . hookeriana

51% (23/45)

28% (7/25)

38% (14140)

14% C2/14)

11% (2/19)

33% (3/14)

50% (418)

43% (6/14)

40% (6/15)

77% (23/30)

50% C10/20)

80% (24180)

79% (23/29)

21% (3/14)



Table 1 S teri li za tion proced u r es for Western Austr alian

P ro teaceae.

lni tial preparation

A)
washed under

running tap water for

5hrs

B)
wash seeds in 1%

tween-SO for 2 min

and rinse in SO%

EtOH.

C)
wash under running

tap water for 1 hr.

sterilization

• 2% NaOCl for 10
min(0.5% tween-SO)

• rinse in 6 changes of .

sterile distilled water

• store in sterile
distilled water (change

when discoloured)

• 5% Ca OCl for 30 min

- rinse in 3 changes of

sterile distilled water

• 0.05% tween-SOfor 2

m i n .

- SO% E tO H for 5 seco

- 1% Ca OCl for 10 min

- rinse in 3 changes of

sterile distilled water.

species

Banksia attenuata, B.

hooheriana , B.

meriziesii
"-"' .. ..",..

B. coccinea , B .

hooheriana, B .
metiziesu .

Conospermum sp. no v.

(aff, stoechadis),

Conospermum
. .

craseinervium .

NaOCl = sodium hypochlorite .

CaOCl = calcium hypochlorite

EtOH = ethanol



FIGURE 1.
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INI'RODUCTION

The a i m of the p r ogram i s t he development of i~proved cult ivars
of banks ia for ornamental hort iculture, including the cut
f l owe r , pot plant and amenity horticulture sectors of the
industry. At present the emphasis is on the development of
cul t iva r s for cut oflower production, i nvolving selection for a
r a ng e of characters inclu ding bloom number, quality and colour,
and d isease tolerance of the p lanto The project has recently
been extended to include t he e xpertise of Eileen Scott and Kim
Tynan of the Waite I n s t i t ute, K. Sivasithamparam of the
Univers i ty of We s t ern Au s t r ali a and Ki ng s l ey Dixon of King's
Pa rk a n d Botani c Ga r d e n in th e area of s e lection for
Phyto ph thora to lerance. A wide range of approaches a nd
technique s is employ ed i n the r esea rch.

SELECTI ON PROGRAM

The selection program i nvo l v e s plants of four species of Banksia
located on cornmercial properties in South Australia , a nd at the
Waite Institute (Table 1). All plants are pruned and managed
for cornmercial 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 l. Mature p1ants under se1ection

Banksia coccinea 696

Banksia menziesii 444

Banksia prionotes 354

Banksia hookeriana 342



Banksia coccinea

The number of blooms of Banksia coccinea increased with plant
age up to an average of 42 per plant at 14 years. The r a nge of
bloom numbers per plant varied from zero to 98 (Tab l e 2 ) .
October was the month of peak production, with a spread f r om
June to November (Table 3). The majority of the blooms were
scarlet, wi th orange, dark red and pink . in decreas i n g
proportions (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 O - 20

5 59 12 . 9 ± 1. 3 O -==~

7 122 21. 7 ± 1. 2 O - 5 8

10 68 33.0 4- 1.8 1 - 58...L..

14 310 41.7 ± 1.2 O - c~

~ O

Table 3. Time of max imum production of Banks i a cocc i nea

June
Percentage of plants with maximum product ion l n :

July August September Octobe r Nove::nber

1.5 2.1 10.1 27.5 58.6 0 . 2

Table 4. Colour of Banksia coccinea blooms

Percentage of plants wi t h blooms:
Or ang e...·- Red Dar k red pink

22 .2 71. 0 6.6 0 .2



Banksia menziesi i

Maximum production was 21 blooms per plant at 14 years of ag~:

with a range from zero to 52 blooms per plant (Tabre 5). Peak
production was during May , with a sp r ea d from February to August
(Table 6). There was considerable variation in bloom colour of
Banksia menziesi i, depending o n the combinat ion 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
(years) plants per plant

.,-. (mean ± standard error )

4 138 11. O ± 0.7

7 297 17.5 ± 0 .7

14 9 21.3 ± 4.1

Range

o - 50

o - 52

3 - 36

Table 6 . Time of maximum production o f Banksia menziesi i

Percentage of plants with maximum production in:
February March Apri l May June July p..ugust

1. 1 11.3 41. 7 20 .3 16 . 5 5.9 3 . 2

Table 7 . Colour o f b looms o f Banks i a men z i e sii

Percentage of plants with b looms:
Yellow Apricot pink Red

1.1

Baoksia prionotes

3.6 65. 3 30. 0

Banksia prionotes produced the maximum number o f blooms p er
plant at 1 0 years o f age, with a slight d ecr ea se by year 14
(Table 8 ) . The range was between zero and 63 b l ooms per planto
Peak production was in March (Table 9) .



T le 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. O ± 0.8 7 - 33

7 115 18.4 ± 0.8 O - 43

10 138 26.7 ± 0.8 6 - 63

14 53 22.6 ± 1.5 5 - 45

Table 9. Time of rnaximum production of Ba.nksia prionotes

Percentage of plants with maximum production i n:
Febr ua ry March April Ymy June

':" .4 60 .2 35 . 0 3.1 0 . 3

Banksia bookeri ana

Banks i a bookeri ana produced an a v erage o f 2 6 blooms per plant a t
seven y ears , with a range from zero to 79 blooms pe r plant
(Table lO) . Peak production wa s during October and November
(Ta b l e 11 ) .

Tabl e 10. Bloom numbers per p l ant of Banksia hookeri ana

Ag e of p l ants NUmbe r of trurnbe'r o f b looms
(years ) plant per plant

(mean ± standard error )

4 7 3 28.1 ± 2.0

7 109 25 .6 ± 1.5

5 - 14 160 20.9 ± 1 . 0
.".: ....,..

Range

O - 79

O - 62

O - 59

Table 11. Time of maximum p r oduction of Banksia h ookeriana

J une
Per centa g e of p l ant s with maximum production in :

J u l y August Sep tember October November December

4 .2 12 .0 2. 3 . 8 15 . 6 26 .3 27 .2 0 .9



Young plants of Banksia prionotes and Banksia hookeriana were
al so availablefor assessment of precocity. After two years
from seed 31% of Banksia prionotes plants had produced a bloom,
as compared with 51% of Banksia hookeriana plants after three
years from seed (Table 12) .

Table 12. Precocity of Banksia prionotes and Banksia hookeriana

Species

Banksia prionotes

Banksia hookeriana

Age of plants

2

3

Percentage flowering

31.2

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 Novernber.
Emphasis is 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

Banksia prionotes

Banksia 'Waite Orange'

Banksia hookeriana

Range

.February - June

May - June

June - Decernber

Peak

March

May

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 14. Flowering times of Banksia menziesii and B.coccinea
in South Australia

Species Range

Banksia menziesii February - August

Banksia coccinea June - November

Peak

April

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 forrner "and orange to
dark red for the Iatter.

VEGETATIVE PROPAGATION

Once superior cuItivars have been selected, the major cornrnercial
gains will fIow from establishment of pIantations of cIonal
material. This will s i gnificantly reduce the v a r i ab i l i t y i n
y i e l d a nd qual ity c urrent ly observed i n plantat ions established
u sing s e e d l ing ma t eria l . Re sea r ch into v e g e t ative p r opa gation
i s underway with Ban ks ia priono tes, B. h o ok e r i ana and ' Wait e
Orange 1, using standard techniques of cutting propagation
employing bottom heat, misting and treatment of cuttings with
1 200 ppm indoylbutyric acid. Pn experimen t was conducted using
eight pla nt s o f each species, a nd one o f ' Wa i te Orange'. Te n
cuttings we r e taken from each p lant at t wo month i ntervals f o r
one year. The highest percentage success overall wa s achieved
in July, with little or no success during spring and surnrner
(Table 1 5 ) . The period of poor success rate coincides with the
period during which the plants are undergoing f l o r a l initiat ion
and deve lopment (Fuss and Sedgley 1990, Leisl Rohl, personnal
cornrnunicat ion 1990). Th e s e plants we r e not ma n a g e d for
v e g a t a tive propag~tion, a nd i t is p o s s i b l e that pruni ng to
st imulate branching and cytokinin sprays may inhibit f l oral
i ni t i a ti on and improve t h e success rate dur i ng spring and
surnrner.

Ta b l e 15 . Percent rooting success of Banksia prionotes , ' Waite
Orang e ' and B. h ooker i ana

Month

J anuary
March
May
J u l y
September
November

B . prionotes
....·-. (8 plants)

1
4

10
33
O
O

'Waite Orange'
(1 plant)

O
O

20
70
O
O

B. hookeriana
(8 plants)

O
11
6

39
O
O



Wh en the results are presented on an i nd i v i dua l plant basis, it
i s clear that there are dif ferences between plants in the
a bi l i t y to forro roots. Of the eight plants of Banks i p '
pri on o t e s , one produced no rooted cuttings during the period of
t h e experiment, whereas two produced rooted cuttings in t hree
s epa r a t e rnonths, and the rnaximum percentage rooting for a single
pla n t on one occasion was 70% (Table 16) .

Ta b l e 16. Percent rooting success of eight plants of Banksia
prionotes .,...... ....

Mon t h 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 t wo peparate occasions , and the rnaximurn percentage
suc c e s s 80 % (Table 17) .

Tabl e 17 . Percent root i ng success of e ight p lants of Ban ks ia
h ookeriana

Mont h Plant number
1 2 3 4 5 6 7 8

Mar ch 10 50 30
May 2a 10 20
July 30 80 20 10 60 40 70

These results indicate that rooting ability should be a
selection criterion in the breeding programo In addition to the
variable success rate, propagation by cuttings was also very
slow, with sorne cuttings taking up to ayear to forro roots. the
technique also uses large amounts of material so that a lirnited
number of cuttings can be taken from each planto Thus, although
cutting propagation is possLble, we are currently investigating
the possibility of micropropagation in tissue culture.

BREEDING

One of the main ·a i rns o f 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
sorne other proteaceous 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
e lectron microscopy. This wil l provide useful inforrnation on
pot e n t i a l compat ibil i t y between the species . Interspec ific



hybridisation is eondueted using the hand pollination teehniques
developed by Fuss and Sedgley (1991b). This involves removal of
open flowers, bagging of the inflores~ence until new flowers
have opened, and removal of all unopened flowers :' . This leaves
20 to 30 open flowers for pollination. pol.len·~'is ;r emov e d from
the pollen presenter of the open flowers ·us ing'1.~a' looped pipe
cleaner. The infloreseence is rebagged .until p~ 'r e c e p t i v i t y
of the stigma three days later. Pollen transfer 'i s " achieved by
rubbing a pollen-Iaden pollen presenter fromthe"'IDale parent
against the stigmatie groove of the female paren~~t All. crosses
are monitored using fluoreseence microscopY': 't o "check pol : ·:n
germination and pollen tube growth. ..~ · 1 ': , ' :' , . : ,; • •~. ' .

CONCLUSIONS
" .

Considerable gains in productivity of cut flo~ers ~f banksia can
be expected following the development of vegetatively-prQPagated
high-yie¡ding, high-quality superior cultivars. This research
has so far resulted in the regiseration of onecultivar 'Waite
Orange', which should be generally available in the near future
provided suecessful ,mi c r o p r o p a g a t i o n techniques can be
developed. This will be' followed by superior selections of
Ban k s i a menziesii, B. eoecinea, B. prionotes and B. hookeriana.
I n the future it is hoped that the breeding program will resul t
i n interspeeifie 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 HcGuinness Drive, Robertson,New South Hales, Australia 2577

1.INTRODUCTION

Those of us who export cutflowers have tended to re-invent the
wheel. So, you w1ll not be surpr1sed t.o . learn that my export
wheel (F1g.1) 1s less than perfect and the-·.'l'ide a little
bumpy. It has 5 elements 1 Ph1losophy, Cost Analysis, Qual1 ty
Analys1s, Tactics and Dogma. The tyre is often punctured by
the rough road of Hurphy' s Law (" If anything can possibly go
wrong, then it most certainly will!ft).

-.

FIG.l.-THE EXPORT WHEEL - ONE EXPORTER'S APPROACH

PHILOS OPHY

QUALI TY



2 FHILOSOPHY

argued that the main r easo n
production is greater tha n

The belief that exports wi l l
highly suspect; it stands t.o
cancel out any extra p r o f í t,

2. 1 Why Export? It could be
to export cutflowers is because
t he domestic market can absorbo
yield a higher return per stem is
r e a s o n that freight alone would
margin o

2.2 How Serious are We? Unless one is dedicated t o
export, it is probably safer to stick to the domestic market..
Export is a different ball game the ball rnay be similar, bu t
the rules are different. It is a "long haul" rather than a
"quick fix" . Export requires one's undivided attention.

2 . 3 Economies of
volume s l arge enough
Obv io us ly there is a
export orientation but
as rap idly as poss ible.

Scale For a start, export requir e s
to attract favorable freight rate s.
stage of . transition from domestic to
this is a costly phase, best travers ed

2 .4 P a vme n t Co r.st:::- a i n t. s Ther e a r e h a z a rds in d o i n c
b usiness with someone that o ~ e has never met, but ~he risk c a n
be c c v e r e d , t.o sorn e e x t e n t , b y "non -payme nt in s u ranc e ".
Howev er,it is not pos si bl e to ar r a n ge c o ver fo r sh i p men ts ma d e
on c o n s i g n me nt , sinc e r eturn s o n the se a re n ot kn own i n
ad vance . Hap p i l y , t he ri s k s h e r e are sm a ll, a uctions in J a p a n ,
t. h e Ne therl a n d s a nd Cana d a, for example , paying r e L í ab L y a n d
r egu larly, if n o t immedi ately .

2 .5 Uo-F r o n t Ca o i ta l Regu ireme n t s Th e fact that retur ns
ma y t a k e sorn e tim e "to r e t u r n " me an s t ha tone mu st be ab 1 e t o
pay up -front c osts , s uch as f r e ight, for a p erio d of 6-8 wee k s
before shipment s a r e p aid for o Thu s , o ne wou ld n e ed to h a v e
abo u t S30 , 0 0 0 in reserve t o con temp l a te e xp o rting l OOO kg per
week. Nor i s i t c omfo rtable to h av e the b a n k man a g er b reathin g
down y our ne ck wnen you s hould be con centrat ing on nursing an
imp ortant s hi p me n t th roug h t o i ts des ti n ation ! Bet ter t.o
scrape the nece s sary capi t al t og ether b ef a r e you s tar t !

2 .6 Fo rward Plann i ng Whi m a l on e is a poor b a s i s f o r
contempl a t i n g e x p o r t o Forward plannin g is requ i r ed - a y ea r or
tw o p e r hap s. P a ck i n g - s h e d fa c ilities h a v e t o be set up;
transport r o u te s i de nt ified¡ agents a n d export out l ets c h o s e n ¡
e x p o r t box e s made¡ export p e rmi ts obta i ned¡ c a pi t al
accumulated;~·.c..cmmunication sys t e ms estab li she d¡ and so on.

2.7 Export/lmport Controls Su ch regula tions are not s e t

up by b ure a u c r a t s to make expo rt dif ficult or imposs ib l e.
There a r e good :::-eas ons for the ir e xi s t e n c e . Doesn't t h e
co mmu ni t y h a v e a vested interest in ensu r ing that wi l df lowe rs
are picked t o a responsible management plan ? Do esn' t e v ery
c o u n t r y n e ed to know the value of its exports ? It is far

. b etter t o ma k e t.he system work a s smoothly as p o s s i b l e th an t a
d evel o p ul c ers try ing to buck t h e system



2.8 Added Value Sorne 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 , i t 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, everybody wins !

2.9 Nature of Demand : When we have a nice flower, we tend
to think (as wi th the proverbial mousetrap ¡"-'1:hat the world
will beat a path to our d o o r . Perhaps we should be
concentrating not so much on the meri ts of the flower per se
as on the niche that it will fill earlier/later varieties ?
bigger/smaller flower heads? longer stems? varieties with
a longer vase life? festival-specific varieties ?
"Quality", after all, is "what the customer wants" !

2.10 Market Prospects Given choice of different markets,
the closer market has the edge, a í r f r e í qh t; 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 producto Some might be ruled out because
there are no ieliable carriers to that destination. There are
so many factors to be considered. Some lateral thinkin g is
required.

TABLE 1. Relative Importance of each Element of Export Cost in
relation to Return to Suppli er. The Table shows the decrease
that would result from doubl ing each element of Export Costo
Note the i mp o r t a n c e o f the freight component.
Hypothetical shipment of 20 boxes of Protea, Sydney to Tokyo¡
15kg/box (40 stems)¡ CIF Tyo : AUD' 2.00/stem.

EXPORT COST RETURN TO SUPPLIER
S/stem % Reduction

Normal Rates ..
Double the Insurance
Double the Levy
Double the Freight Forwarding
Double the Commission
Double the Freight
Double all Costs

1. 16
1. 15
1. 15
1. 08
1. 03
0.60
0.51

o
0.9
0.9
6.9

11. 2
48.3
56.0

.. Normal Rates Freight
Export Commission
Freight Forwarding
Non-Payment Insurance
Box Levies

S 1.65/kg
FOS value x 10%
S45/shipment + S1/box
CIF value x 0.5%
SO.25/box



e OST r.liALYSIS

To determine whether an export business will result i n ~

profi t or a 105s requires sorne close analysis of t h,.
associated C05tS. Suppose we are shipping from a plantati c n , :
Queensland to auctions in Japan via Brisbane, Sydn: ::
International Airport and Narita International Airport ( To kyc i
(Table 2).

TABLE 2.- A TYPICAL EXPORT PATH
*

AUCTION
(e.g.Japan)

*
OVERSEAS ARRIVAL AIRPORT

(e :g. Narita)
*

INTERNATIONAL DEPARTURE AIRPORT
(e .g.Hasc ot,Sydne y)

*
REGI ONAL DOME5Tle AIRPORT

(e . g . 3ri sbane)
*

F ARH GATE

*
PL.l\. NTp..TION

Then, the relevant e xport equat i o ns would be a s f oll ows :

e IF NARITA = AUCTION RETURN - eOSTS (Narita to Auct ion) .... ( 1 1

F u mi g a tio n Fe e
Termi na l e h a rge
I mp o r t Du ty
eustoms elearanc e
e ustoms Overt ime
In land Transportat ion
Auction Commission
Import e r 's Commission

FOB SYD NEY ~_e I F NARITA - eOSTS (Sydn ey to Nar ita) ( 2 )

Air fr eigh t
F r e i g h t Forwarding
No n - Payme n t Ins uran c e
Indust ry Levy

e I F SYDN~Y = FOB SYD NEY - EXPORT AGENT eOST S (3 \

FOB BRI SBAN E = e IF SYD NE Y - e OSTS (Brisbane to Sydn ey) ( 1, )



EX-FARHGATE CIF B'BANE - COSTS ( Fa r mg a t e to B'bane) ..... (5)

Carrier
Phytosanitary Inspection
Phytosanitary Cert1ficate

EX-PACK ING SHED = FARHGATE RETURN - PACKING COSTS ( 6)

Packers' Wages
Packaging Materials
Boxes -
Postharvest Treatment
Coolroom Costs

EX-PLANTATION PACKING-SHED RETURN - PLANTATION COSTSo o o o (7)

Pickers' Wages
Plantation Maintenance

AIRFREIGHT COST = "CHARGEABLE WEIGHT x AIRFREIGHT RATEo o o o o (8)
(Rates increase in steps, usually at 100,250,500 and 1000kg)

CHARGEABLE WEIGHT PACKED WEIGHT OR CUBIC WEIGHTo o o o o' o o o o (9)
(Whichever is the Greater)

PACKED WEIGHT • Weight of (BOX + PACKAGING) +
Weight of ( STEMS / BOX x STEM WEIGHT) . o o o o o o (10 )

CUBIC WEIGHT = BOX VOLUHE ( i n cubic metres ) x 167 .. . o o o o' o ( 1 1 )
(167 is the volume:weight conversion factor used by the
airline )

BOX VOLUME a LENGTH X BREADTH x DEPTH (Outside Dimens ions ) (1 2 )

STE HS PE R BOX : Best de t ermi n e d by Actu al Tr ial ... . o . o o O" (13 )
(depends on STEM LENGTH, FLOWER HEAD, LEAF BULK and PACKING
HETHOD - See Figo3)
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F ig.2 Return to Grow e r (FOB Br isbane) for 70cm Pro t ea " P ink
I c e " exported to Amsterdam. Note that the r e L a t í.o n s h í p is a
linear o n e and that t he return(F OB B ' bane ) is a p p r o x , half t h e
landed (CrF) price. Wh e r e the shipment is sent to auction o n
c onsignment, the return could well be less t han one third t h e
aucti on price, sin c e , here , the g rower al so bears the p o st 
a rri v al di~~bu t i o n costs

The return t o t h e grower var ies with s t e m len gth, b ec a u Se
longer st em s g e nerally fet ch higher price s. Wh ere ste ms a :re
l igh t (as i n Serru ri a a r Le uc os p e r mu m), th e r eturn t o gro we r
al s o v a r i e s w i t h s t e ms pe r b o x , be ca u s e (a) length d e t ermi n e s
th e numb e r of stems t h a t c an b e f itted with in a gi v e n e xp o r t

box (F i g. 3 ) ; an d ( b) fre ight per stem is a fun cti on o f ste mS

pe r b ox .



srEMS PER BOX VS S1'&\1 lENGTIf
''PINK ICE', BBANE, FEa .076 CU.M.
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Fig.3 The Number of Sterns -o f Protea "Pink Ice" of different
lengths that can fit within an export box of .076 c'ubic rnetres
(1040 x 390 x 190rnrn). Note that the relationship is linear for
lengths less than SOcm. Since freight on most protea and
leucadendron is charged by weight rather than by volurne ,
denser packing, here, does not result in a Lowe r- fre ight per
s t e m. Data fr om Packing Trials at a Queensland plantation.

Airfreight is such an important part of the overa l l export
cost "( Ta b l e 1 ) that it i s wise to wait until one can produce
100-250kg per shipment before comrnencing export (Fig.4). Below
100kg, the profit margin slides abruptly into loss,its rate of
fall depending on the overheads .
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Fig.4 Effect of Shiprnent Size (kg) on Return per Stern to the
Supplier. Data for Protea "Pink Ice", Sydney to Tokyo,CIF Tyo
AUD 1.S0/stem , Production Cost AUD O.SO/stem. Note that
profitabi~ity depends on shipment size.



4 . QUALITY ANALYSIS

I t might be use f u L , for a change, to evaluate the components
of quality in order of their practical importance. Hy view is
t h a t arrival qu e l i tzy is the first consideration, . r a t he r t.tran
d epareure qualiey. 1 believe that pre-cooling is the most
i mp o r tan t element i n quality control, followed by speed of
del i very. The qua l i t y of the f lowe r a t harve st i s a nece ssary
r e qu i r eme n t , of cours e, but that amounts to nought if that
qu a li t y is lost en ro u te to the final customer.

4.1 Precooling 1 think that few people "'llFl.derstand what
precooling really is and why it is so important. Precooling is
not (a) postharvest cooling to remove field heat or (b)
putting the boxes in the coolroom after they are packed. It is
the practice of reducing the eemperature of ehe flowers within
t h e e xport b o x to t he abso 1 u te minimum, immed iatel y prior to
their export journey, in order to cushion them against
subs equent overheating and spoilage Every extra minute at
e ve r y extra degree o f temperature is one more nail in the
cof f i n o f arri val q u al i ty. P re coo 1 ing must be don e afte r the
f l owe rs have been packed, therefore "pressure (forced air )
cooling" is the only way. The test of whether flowers have
be en precooled is t o measure their temperature with a probe¡
al l e lse i s speculat i on.

4.2 Sp eed of Del ivery The shipment must start off cool,
a rri v e co ol , and be cool throughout the j ourne y , which,
conse que ntly , must be a s s h o r t as possible. Th is is n ot a s
straightforwa r d as it may s e e m, b e c ause so many fa ctors can
cau se dela y. For e x amp le :

• Ph ytosan i ta r y In s pect i o n
• Lack of frei gh t spa c e
• Off lo a ding
• Hi s se d Co nne c t i o ns
* Careless Documentation
• Clearance Bottlene cks
* Fumigation
* Holidays
* His-timed Harket ·Days

In this wild area of uncertainty and chaos, Hurphyr s Law runs
rampant !

4.3 Preharvest Watering Flowers need to be in good
condi tion at the moment they are picked, to sustain them on
their j o u r n e y . 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 ·u n t i l 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 r ight stage of maturity when it arrives at
i t s destination. This means that picking must be done on a
dai l y basis to catch the flowers as they "start to smile".
We ekly o r b i-wee k l y picking sc hedule s are not frequent enough



f o r t he e x p o r t, bu s in es s, s o wee ken d g r o we r s ca n -:O:: g f' -:. t. n e
i dea u n l ess the y ha v e an o n - s i te ma na g er .

4.5 Cull ing, Selection and Grad ing Culling of defective
s t e ms , selecting those that have characteristics a t t r a c t a v e t o
the export market, and grading them for uniformity are basic
to quality control. Grading provides the buyer with sure
k n o wLe d q e of the contents of the b o x , sight unseen. If the
i n v o i c e says 10 stems per bunch, there must never, never be 9,
a n d eleven is not much better either. If the stems are
supposed to be 100crn long, then make sure they do not range
beyond, say, 95 to 10Scrn, otherwise it can well be argued that
they a re second class material, no matter how ni ce any single
stern rnay be.

4.6 Control of Phvsical Damage Sorne exporters assume that
an irnporter will see the contents of that export b o x in al l
i ts pristine beauty when he lifts the lid. But that box has
be en handled 30-40 times frorn packing shed to destination, and
none too delicately at that. Those flowers will rattle around
and b ash their heads against the box, unless they are
re stra ined by a st rap o r o s t a y. It i s po intless to speculat e
wheth er a pincushio n wil l retu rn 50 cents or a dol l ar per st e m
i f its st ern is a t o ne en d o f the b o x a n d í t s h e a d is at t.h e
o t he r ! and it i s an illusion to b e ~ieve that f l o wers will DOt
move b e c a us e th e bo x is "ful l" . The flower s i n tha t "fu ll b ox"
will se t t l e dow n a n d co mp a c t b e f or e th~y e ven r each t h e
a í r Lí. n e . Re s trai n t o f fl owers wi thi n t he exp or t bcx is a ro
imp orta ~t elern ent in a r ri v a l qu a l ity .

4 . 7 P ost h arv es t Condi ti on in g I assum e t h a t i t i s now
r o u t i ne for g r o we r s to put their f l o we rs i n bu c ket s of
wa te r,i n a we l l - lit co olro om, a s soon as p r acti c a b le af t e r
harves t. The ques tion i s what furt h e r c ond itio nin g shou ld b e
done be f ore tho se s t e rn s are p a cked a wa y i n t he d ar k n ess o f th e
ex p o r t b ox ? Wha t e v e r t h e f lo we r , it is likely t h at it 'l-l i ll
g e t hun gry on i t s jo urn ey an d will th eref ore bene f it f r o rn so rn e
p o sth a r ve s t pu l s i ñ g (with sug a r ) to b u ild up its c arbohyd r ate
r e s e r v e s . Take c a r e wi th the con ce ntrat ion , sinee to o rnueh i s
wo rs e t h a n no ne a t a ll. An app r o p r i a te b a ctericide s h ou l d , of
e ou r s e , a lw a y s be add ed to the puls ing soluti on, o t h erwise t h e
s t e ms wil l c log up wi t h bacteria and wil l no t b e e a p a b l e o:
revi v a l a t th e ir ultirnate dest i nation.

4. 8 Co olro om Turnover Sorne growers a c e urnu la t e th e i r
ha rve s t ov e r a per iod of s everal days , e ven we eks, wi tho u t
lab e l l in g th.e.-p'at e of t h e da i l y pie k . Th e r e s u l t is t ha t t. h e r e
are fl o wer s of a l l .a g e s i n the coo lro o rn. Tho se complain t s of
s poilage that o c e u r f r o rn time t o t im e o f t e n ari se frorn " old
flowers" t h a t ha ve sat f ar t oo l o ng in the c oo l roorn .
Developrn en t and spoi l ag e a re de l a ye d at 2 -3 de g re es Cel s i u s ,
b u t t hey a re not sus p end e d. "Get t h e fl o we r s i n to the
e o ol roo rn" i s c ert a i n l y the f i r s t s tep, bu t th e n e x t, i5 " Ge t
thern o ut again !" -A c oolro o m i s no t rn e a nt t o b e a cryon i c

~ mo r q u e !



4 .9 Co n t ro l oi Hum iditv :

Hoi s t u re + He at + Time
Lack of Hoisture + Heat + Time

Rotting
Desiccation

Spoilage
"" Spoilage

,
Th e o bje c t i v e , therefore, is to control humidity in the export
b o x so that flowers will neither dry out nor roto At present
this is more o f an art than a science. CSIRO (Australia) is
c u r r e n t l y developing plastic liners that will control humidity
t o with in very fine l imits (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 aie<l.. pincushion,
f o r example, lose moisture easily and collapse. Protea and
l eucadendron do noto Of course, the flowers will dry out, even
in the coolroom, unless the cooling system is designed to
ma i n t a i n high humidity ..

4.10 Cultivate Cult ivars In selecting a suitable export
c ro p , cultivars should be evaluated first. The chances are
t ha t these will be more successful than plants from seedling
sto ck , if only because someone has taken the trouble to select
an d prop agate them. Not only are they L í.ke Ly to have more
att ra c ti v e flowers, but, coming from clonal stock, they will
also be more uniformo Uniformity is an important element of
ex po r t quality.

5.TACTICAL CHOICES

From t i me to tim e, in t h e e xpor t b us i ness, simple ch o i ces h ave
~ o be made - e i t her t h is o r tha t. Sorne of these cho ices are c f
c r i t i c a l importanc e t o exp o rt s u ccess.

5 " 1 Pr o ximi tv to Airport ? It is a great advantage, for
e x p o r t , i f you r pl anta t i on is s it u ated within a f e w h o ur' s
d r i v e of a ma j o r inte rnational a ir p or t. Yo u will b e a b l e t o
e n s u r e t h at your f lowers are s t i l l co ol wh e n they are loaded
on t he target f li g h t , y o u will have less problems securing
scarce airfre ight space, your costs will be lower, and,
overall, you will have more flexibility in your operations.
Fo r exampl e, I think the re ar.e mo re in terna t Lo n a I f 1 i gh ts 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 i t is impossible to export from remo te
plantations, but i t does mean that you have to be much, mu ch ,
smarter and i t could be better for you to work through an
export agent close to where the action is.

5.2 Which Crop to Plant? You will choose a crop for which
there is a known demand, one that grows well in your
plantation, and one that has a long postharvest life. 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 varietylanded
in good condition. As to postharvest life, do sorne tests for
y o u r s e l f pack a box with your target flower, leave it at
room t em p e r a t u r e for a week, and then inspect.



5 . 3 Wh i chE x o e r t Be x ? T h a t b o x i s t h e ve h i e 1 e by wh ::. e ~ .

yo u ensure that arrival quality is as good (or nearly as go o d )
as d e p a r t.u r e qua1ity. It i s a1so t.h e ultimate purchase unit.
and, as such, must suit the buyer's pocket. It is
counterproductive to pack in big boxes if that generates buyer
resistance at the other ende Smaller boxes tend to be stronger
and their f10wers arrive in bett~r cenditien. There are
ecenemies te he had in using a standard kind of box if i t
comes close to your ideal. AIl export bexes should be in 2
parts, base and top, to give added wa11 strength, and there
shou1d be ventilation ho1es at each end for forced air cooling
and fumigation. Importers prefer contents details to b e
written on .the ends, because boxes are stackedend-outwards en
the pallet. All else, is largely a matter of cesrnetics.

5.4 Which Custorner? The conventional wisdom is that you
should exp o r t, only te customers who purchase at fixed price.
T h e t r o u b 1 e wi t h t ha t o p t ion i s' t h a t , wh i 1 e rn o s t f i x e d p r ice
customers are happy to pay the agreed price for so long as
they are rnaking an adequate profi t rnargin, when things get
tough they ask for p r í c e s to be lowered. Also, when mo s t

imports go t.o auction, o n e i s e ither c u t t í n q onese lf off fr a m
the bulk of t h e demand b y s e l l i n g t o fi x ed price b u y e r s or : f
y o u r :::ix e d p rice b u y e r a 1 so se1 1s y o u r shi pment through t h e
auc t i on , then t h e price that you receiv e is adjusted f o r h i s
ma r g i n o On th e o t h e r h and, if your customer is a r e t a í Le r ,
ra th e r than a wholesaler, then there i s scope for he a n d y ou
to e l i mina te t h e wh o1e s ale ma rgi n t o YOL r mutu al ad vant a ge .

5.5 Hhich Suoplier? Hany exporters need to suppleme n t
their production with that from other gr o wers in order to bu ~ k

up and achieve economies of scale, e. g. to reduce such cos t s
as inspection and forwarding that are charged per s h í pm e n t
rather than per b o x , This means that o ne has to choose one ' s
suppliers carefully The formula th at I use is this
suppliers must (C?-) produce top quality flowers (b) have a
coolroem, furnigation room and fax machine (c) pack to expor t
specifications ( d ) be responsible for their own p h y t.o s a n í t.a r y
inspection and (e) take a personal interest in the shipment t o
its final destination. If the supp1ier is just delivering th e
flowers and leaving the rest to you, he is not an exporter a t
al1, merely a domestic supplier, and is therefore un1ike1y t o
appreciate what expert qua1ity entails.

5. 6 Which Exporter? It is not a1w ays easy for a growe r
t o reconci~e- the conf1icting priorities of plantati o n
man a g em ent and shipment management, and, in such situations ,
he mi ght do well t o e xp or t throu gh a n e xport a g ente In thi s
c a s e , h e need s to evalua te t h e service t h at the age n t p ro vi de s
a g a i n s t the comrnission charge d (usua1 1 y 10% to 15 % of the FO B
v a l u e of the s h i p me n t ) ..n.. g ood e xport ag e n t wi11 e arn hi s
co mmi s s i o n by h is wise c h o i ce o f custo mer s, f re ight
f o rw a r d s r e -, and carri ers, a n d in doin g th e f o r wa r d p lan n i ng ,
p re -shipme n t org ani=ation an d p o st-shi p men t mo n i to ring tha t is
n e ed ed to ke ep pot e n t i a l di s as t ers a t bay o



5 . 7 Hh i c h F r e i q h t F o r wa rd e r? e 1 e a r 1 y , i f o n e i si n t h e
c u t f l o we r bus iness, on e n eeds t o use a speci alist in e xp or t
pe r isha b l es . T h a t s hi p ment of yours may h ave t o wa it a d ay or
two be f ore fre ight s p a c e be c o mes ava ilable and, a fre i g h t
for wa r d e r wi th out a coolro om, loses you a day or two in'
posth arvest life. Second ly , t h at fr eight forwardér must b e
avail a b le t o s erv i c e th e target f light, no matter when. No
roo m fo r nin e t o five r s he r e ! Thirdly, your freight forwarder
must be r el i abl e and c onsc i e nt i o u s . F our t hly , he should hav e
enoug h cl o u t with t he a ir line to p ersuade them t o make
re i mb u r s e me n t for losses due to their own ~egligence.

5.8 Which Airl i n e ? The choice of the a í r Ld n e that you
use d epends on (al whether they run direet flights to your
t a r ge t destinatio n (b) whether they have fre ight spaee t o
spare (e) whether they are prepared to offer discount freight
ra tes ( t he u s u'a I IA TA rate s are proh ib itive l (d) wh ethe r t h e
day s tha t t h e y f ly s u it yo u a nd yo ur e u s t o me r (e) whether the y
have a good tran sh i pm ent r e co rd (f l whe t h e r they have a good
re put a t i on fo r r e l i ab i lity a n d se r vice. Of c o u r s e , al l
airli ne s wo u l d prefer to c arry pass engers r ather than freight,
a n d, if th e y mu s t ta ke freight, then they would prefer that it
n o t b e p e r isha b l e. Very f ew , if an y , spe eia li z e i n
perishables .

5 .9 Hhich Shi pment Day? Th e rati o nale f or t h is choi ce
should b e derived f rom th e p o int o f sale. Imp orters u sually
w í s h t o get thei r hand s on a s h ip ment on a p a rt icul ar d a y of
the we e k , and one should try , s o f ar as po ssibl e, to ea te r to
that demando For example, if the sh ip ment is to go to auetio n ,
there are speci al auction day s . There m3Y be particul ar
festivals, h olidays, or e v e n t s that you r cu stom e r wi shes te
a Ll.o w for, ei t her b y su p pl yin g f Lo we r s o r b y avo iding ai rport
bo t t l e n e c k s . At the point of de spatc h , ther e a re s i mi l a r
co n s t r a i n t s , fer exarnple in arranging phytosanita ry in spee tion
by g o v e r n me n t inspector s wh o marc h to t h e s o un d of 3 d iff er e n t
drum .

5.10 Whi ch F l i gh t? The eho ices here are based on (al
whether the f l ight i s d Lr e c t ( s a me aireraft all the way ) ( b j
whether that particular flight has plenty of airfrei~ht spaee.
S orne airlines operate "full freighter serviees" where it is
e a s í e r to secure space when space 1s short . In our imperfect
soeiety, it helps to ehoose flights departing Hon-Fri (better
sti ll Tue-Fri ) , but with a good fre1ght forwarder, sometimes
we ek end flights are a f e a sib l e opt ion .



Sorn e
Here

6 . D.'JG HA

ma y pr e fe r to follo ..' a s e t; formula, no questions a s k e d .
a re " Ten Export Commandma nts " ¡fo llow them if you wish ! ?

* Decide, at the outset , whether your main interest is in
grow ing flowers or e xporting them if growing is yo ur
i n t e r e s t then use an export agente

* Tf you have only a passing interest in export, then
stick to the domestic market ¡ export requires your undivided
a t t e n t i o n .

* Do not expe ct to get better export prices per stem than
f ra m d omest ic out1 ets The p oint of export is to max imiz e
r e t u r ns pe r sea son, not r e t u r n s per stem .

* P lan your export strategy, the year before the season
s t a r t s , not the week before.

* Do not try to export without coolroom or fumigation room
un1ess y ou are interested in exporting money.

• Unless you are there for tpe experience rather than the
money , do not start to export unti1 you can supp1y 10-20 boxe s
per shipment .

* I n v e s t in a fax ma c hí n e . tim e is mo n e y wher e perishab le s
are concerned !.

* Do n o t; bypass Go vernment r e qu La t í o n s . ¡ try t. o u n d e r s t a n d
wh y t h e y e x í s t. a n d devel op t.h e simplest possib1e routine t o
satisfy them .

* Pay close attention to -:'et-ai l.¡ " She'll b e right Jac}: !"
is a recipe for d is a s t e r .

* If y o u do not have c o n f i d en c e i n yo ur s u pp 1 i er s , your
agent s o r yo ur c u st o me r s, the n c n an g e them i mme dia cely !
Bitching get s yo u n ow h er e .

7. HURPHY' S LAWS OF EXPORT
(with some latitude ,admittedly, for t he La ws of Chance)

7.1 Hu r ph y' s Law of Sup pl v an d Deman d " Th e
your flower s is g reatest bef a re a nd after yo u r
seasan ; your p e a k ~ai n c i d e s with t h e se a sonal glut. "

De ma n d tor
f 10wering

7. 2 Hu rphy' s Ba c k s i d e s La\-!
the re is a 1 0 0 % p ro b ability t ha t
mo r e favor a b ly tha n cu t f 1 a wers. "

"Tf f re i g h t spac e
bac k s i des wi11 be

i s t ight ,
lo o k ed on

7.3 Hu r p h y ' s
ove rloaded, there t s
be off -1oad e d fir s t . "

Law of
a 100%

Off1a a ding
prob a b i lity

"T f
that

t h e f ligh t i s
c utflowe rs wi11

.......~
"Ti t here i s change af7.4 Hu r p h v' s Transhioment Law a

f1igh t, there is 1 chance in 2 that your f10wers wi11 arri ve
before they peris h ¡ if there a r e 2 chan g e s of flight , the
ehances are 1 i n 3 . "

7.5 Hurohy' s
Abso 1u t e Z.e ro wh e n

, (A NY Air 1 in e ) . "

T. L. c. Law
the shipmen t

"Tender Laving Ca r e f a11 s t.o
is Lo d q e d with t. h e a i r1i ne



7. 6 Hurphv' s To ps id e La \v : "I f there is a Top,
S ide s and 2 Ends to an Export Bo x, the chances ar e
th e box will be stacked the right way up."

a Bot t om, 2
1 i n 6 tha t

7.7 Mu r p h y 's La w o f Conc uss ion "If any flowe r is fre~ to
mov e within an export ' b o x , there i s a 100% c h an c e - that it \-lill
arrive with concussion."

7.8 Murphy' s La w of Mi g r a t ory Ins ects "There is a 100%
probability that live insects found i n your shipment migrated
from the adjacent shipment - and vice-versa !"

7.9 Hurphy' s La", of Transcendental Haaic -;«r: The Value that
is Added to to an export flower en route to the Final
Customer, appears by Hagic, without any visible human aid."

. 7.10 Hurphy' s L a H of Communi cations
an answer to your fax enquiry with in 48
exist; if you haven't replied to a
hours, t hen YOU do n ot e xist."

"If you haven't had
hours then they do not

fax enquiry within 48

And the very best of good luck to you all

12 McGuinness Drive, Robertson, N.S.;.·:·~:~:;·~::,:- " ~j'p~·:~s~alia. Tel.: (048) 851 394, Fax: (048) 851 334.
/~...:. International Fax: 61 48 851 334

David Tranter comes from a 'pioneering dairy- farming family in
far North Queensland. Hud and slush immunized him against
farming for 40 years, 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 overlook ing the coastal plain south of Sydney,
growing protea, and other equally vulnerable species. Having
travelled widely in his professional life, he developed an
interest in exporting the crops of more successful growers in
Queensland, New South Wales Victoria and South Australia. At
present, he t s 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
t~e 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 A$5 per capita. In the mid 1980's this had increased to
A$12 per capita and by the early 1990's it is estimated at A$25
per capita. This consumption is still low compared with Europe
at around A$lOO per capita. It is also 'estimated that 90% of
sa les in HA are to 30% of the population.

There are also . i n t e r e s t i n g differences in market segmentation by
intended use: gifts, home, cornmercial and special occasions.
Specia l occasions account for 65% of sales in Western Australia
whi le on ly 15% are for use i n the home. In Europe, flowers for
the h ome represen t a l most 40% of sales.

Th is ana lys is suggests t h e r e is a l a r g e opportunit y to i n cr e a s e
flower sales by promotion . In January 1991 a flower promotion
cornmi ttee was established under the umbrella of the Greenhouse
Ros e g r owe r s Assoc ia tion of HA. Th is cornmittee aimed to bring
toget her a l l face ts of t h e f lori cult u ral i ndus t r y to d e v e l op a
s t ra teg y tor promot ion of fl owe r s on the West e r n Australian
market. Cornmittee membe rship includes growers (roses,
carnations, other exotics, prot~aceae, natives), wholesalers,
florists and exporters with the HA Agriculture Department
providing secretariat suppo~t.

The Cornmittee's goal is to
cut-flowers both to existing
numerous very infrequent buyer.

Promotion Strategy 1991-92

increase
regular

sales
buyers

of all types of
and to the more

For its initial promotion campaign, the Cornmittee decided to
target the horne 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.lndeed 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



buye=s. The 1991/92 strategy i s to target the 70% o f thé
population whú rarely buy flowers rather than to encourage t h e
30% who do regularly buy to buy more. He hope, of course, t o
achieve both but we decided to seek a medium and a messag e
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 wa s briefed to develop a
campaign based on the above strategy. The agency was selected
on the basis of its experience in promotinq fresh perishable
products. As expected by the Cornmittee, the agency limited its
options to only those media which were visual and in colour.
Television was eliminated on the basis of costo Colour
magazines or colour inserts in newspapers were eliminated on t he
basis oi the very brief t ime period a consumer is exposed t o
s uc h adv ertisi ng ~ n d the relati vely high c os t s .

The reco~~ended strategy was outdoor advertising, primar ily
bil l b oa r ds with bus-backs as additional support i f the b u d g e t
c~uld be stretched this faro It was d ecided tha t a s p r ing
c a mpaign using billboards be mounted a nd to ha ve a reas ona b l e
Lrnpa c t; a minimum o f 20 b i Ll b oa r c. a was required.

The billboards have to achieve three things :

l . ge t people thinking about flowers

2. tell people flowers are available

3 . tell p e op l e there is a reward f o r buying and giving flowers.

The s logan "Brighten Someone's Day with Flowet:"s" was a d o p t e d fo r
t h is purpose.

The cornmi ttee al so decided to have 2000 wall posters printed for
distr ibution to florists and growers and for sale to the
publico The posters will provide a visual link to and
re info r cement of the billboard campaign at the point of sale.
I n addition it was felt important to give sponsors of the
campai gn some €hing tangib le to cement their on-going support and
t o convinc e t h em t hatthe campai gn i s rea lly going to h a p p e n .



8udg et and the Flower Levy

Promotion campaigns can use several media at different costs.
TV costs about S30,OOO/week, radio S10,000/week, col~ur

magazines S2500/half page per issue, billboards S450/month. ' To
mount a promotion campaign with 20 billboards for one month a
budget of at least S25,OOO is required being rental of sites of
$9,000 and production costs of S16,000. The production cost is
largely a fixed cost whether 20 or 40 billboards are involved.

To raise this money a levy system -f o r the industry was
required. The 1 evy had to be appropriaote for growers,
wholesalers, florists and allied trades. The levy formula for
growers was set as follows:

Gross turnover..in
HA in S .

0/50,000
50,000-100 ,000
100,000-500,000
500,000 +

Levy payable as
% of gross turnover

1 %
0.75%
0.50%
0.25%

A wholesaler's · levy of 0.1% of turnover was adopted and a
f l o r i s t s levy of S100. Donations of cash or kind are being
solicited from allied trades.

Achi ev ement t o da te

By July 10 1991, a total of S35,500 has been pledged of which
ov e r $16 ,000 had been received. The Committee has produced
2 , 000 pos ter s and has booked 25 billboard sites. Further sites
~ :l l be b ook e d de pen¿ing on f unds actuall y rece ived as we move
c l os e r to l a unch ¿a te. The c ampaign is booked to run in earnes t
tr om october 23 1991.

Th e levy is voluntary
industry despite the
prevailing in Australia.

Harket Research

but
very

has been broadly supported by the
difficult economic conditions

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 .r e s e a r c h . 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
i s o l a t e the impact of the present recession.



Th e co~~ittee is also c c~sidering cornmissioning sorne c ons urne r
ma r k e t research but we ar e conscious that the levy has bee~

d op ~ ed by sponsors on the basis that it will fund a campaign,
n o t research. So alternative sources of funding will need to be
f un d if this is to be done and the Commdttee will have to give
r u r t h e r consideration to the likely value of such research.

Th e Future

If the
sys tem
bec ome
target
market

campaign is successful, it is expected that the levy
will remain in place to fund further campaigns which will
progressively more refined as to message, medium and
market. It is in this fine-tuning stage that consurner

research has value.

the relatively low per capita expenditure in WA,
approach is likely to be ·c os t - e f f e c t i v e for sorne

The present slogan wás developed, in part, with an
adaptability for further use or modification in the

However, given
a broad-brush
years yet.
eye to its
future.

Un d e r Gc,ernme~ t legis la t i on it is p ossib le t o r p r ima ~ y p r oduc e ~

gro up s t ~ int r od u c e a compu l s o r y industry - wi d e l e v y t o f un d
promotion and resear ch. Hoves in this d irecti on h a v e been
widely ~~ ot ed in the industry but t h e Cornmittee h as refrain e d
f r om invo lvemen t in this debate

We unde r s tand that Flower Grower g roups in o t her p a rt s e:
Aust r a l i a are keen ly interes te¿ i n t he outcome of the campaig~

and we w ~ ll certain ly be sharing ou r e xper ience a nd r esults with
t h em. An exp a n d i n g market Aus tral ia -w ide is in all our
interests.
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SGú"TH Í'TESTERN AUSTRALI A: BOTANI CAL EXPLORATION, FRCTEACEAE AND PLANT
TAXONOMY

Nevill e Marchant
Department o f Conservat i on and Land Management, PO Box 10 4 Como Wester~

Australia 61 52

Knowl edge about the Wes tern Aust ralian flora has been ga ined s ince t he
seventeent h century when Eng l ish a nd Dutch navigator• .~isited t he west
coas t. The f i r s t plants known to have been eollected from Western
Australia were obtained seventy three years before the east coast of
Austra l ia was botanically explored by Joseph Banks.

- ."

will iam Dampier v is ited Western Aust ra lia twice. I n 1688 he described the
f lor a of p a r t o f t he far north of the State and i n 1699 h e visited Shark
Bay a nd made p l a nt co l lect i ons t h er e and further north on islands and the
mai nlar.d i n t h e north wes t of the state. The collections of Dampier and
t h e obser vations h e made on t he vegetation are only of histor ie i n t e r es t
an d a dd ed o~ly a littl e knowledge o f t he fl or a o : a rid par ts of Wester n
Aus tra l ia .

T~e Dutc~ were t~e firs t visi tor s t o t~e sp eci e s r i c~ s out h we s t e r n c orner
c f Wes:. er:". Au s t z a Li a . Th e i r cont ributi on t oe was r a t h e r l imi t ed ¡ New
r.o l l a r'"d wa s far t oo barren i n c omparison wi t h t he Eas t r nd í es t o the

I ~ ~ 6 97 Wi l l e m d e vlami~gh in t he s~ip Geel v inck a r r ived o f f ch e seuther~

par:. o " t~ e wes t coa s t nea r p reseI:t day Fr emant~ e a~d a la~d ing pa r ty
c re s se~ t ~ e c a r row n ec k e f l a cd be twe en t h e Icdi a r. Oc ean a~d the Swan
River. I n a r eport t hey comment ed e n thei r ~erience with the t oxic i ty
of t h e only spec ies o f cycad of t he south west , Macrozamia riedlei, and i t
seems l i kely that they eolleeted some samples of the loeal flora.

In 1768 the botanist Burmann described two plants new to science. He
regarded t hem as species of the fe~ genus Polypodium, beliéving them to
have c ome from Java (Burmann 17 6 8 ) . These were later recognised as a
phyllodineous species of Acacia and Synaphea, a speeies of Proteaceae
endemic to the Perth reg ion. lt is likely that these speeimens were
co l lected by t he landing party from the Geelvinck.

En~lisb and ~r~ncb ExDloratjon

English and French expeditions were to dominate the exploration of western
Austra lia from 1791 to sett lement in 1826.



I r. 1791 Captain Vancouver discovered the safe anchorage of King Geo~ge ~he

Th i r d SO'..L."'ld. The Surgeon botanist Archibald Menzies, sail ing ""it: h
Vancouver, becarne the first person to make extensive collections o f p lan t:
rrater ial in the south ""est. His collections of dried specirnecs were ser.t
t o Joseph Banks and included seeds of Banksia and fruits of other
P~oteaceae which were the first seeds of this f ami l y to reach Ke"" f r orn the
western part of New Holland. Sorne seeds were distributed to nu~se~yrnen

~"'ld rnany ""ere rnatured to flowering and used by Bentharn to describe species
in Flora Australiensis, Bentharn (1863 -7 8) • Menzies collected nurnerous
species of Banksia including the widespread B. menziesii.

Labil la..-q i e r e

Th e fi r s t of four French expeditions to visit Western Australia was led by
Admira l D ' Ent recasteaux whose f l a g s h i p "La Recherche" ca r r Led the
natu r ali s t Labil lardiere. In 17 92 Labillardiere collected on the south
coast nea~ Esperance Bay ; He later presented an account of the flora i n
u ov e e Hol l an di a e Plantarum specimeti, published in 1804, desc~ibing for
example, the n ew g enus Adenanthos and species such as Banksia repens and
Dryandra nivea (a s J o s ephinia ).

T . ~ c::::: ."" '"-' O"""'- ··' -

Th e sec o~d French expedition was co~~anded by Nicholas Baudi~ who vi si ~ ed

va r á ou s ? o i n t s o f the WA coast e n a b l ing the b ot.an í s t Le s che::a-..:. ::" : : 0

col lee: ~ i de ly . ~"e expedition v i s i t ed Geographe Bay and Sha~k 3ay i~ 1801
a nd King G eo~ge s SO~"'ld in 180 3 . Th e genus Chamelauei um ( ~~: a c eae ), ::a~ed

by the F~ench BOt~"'list De s fon t a ine s , was desc~ibed f ~om mat e~ i a l col lected
a t King Georg e Sound b y Leschenaul t . Although h e d i dri ' t publi sh any
aeeO~"'lt o f the flor a h imself , Lesch enaul t ma d e hi s co l l e c t i ons ava i l a b l e
to other botanists . Th e Albany Pi t cher Plant , Cephalotus fo llieulari s f or
ex~~pl e , was described by La b i l l a rd i e r e , p~obably from Ri n g Geo~ge Souna
s pec i rnen s ga t h e r ed by Leseha~ult .

G::l) loi Challa and Td0 C:S OD

The third Freneh exped i t ion t o We s t ern Australi a was led by Lou is de
Fr eycinet a nd e::abl e d the b otani st Cha~les Gaudich aud ~ o c a l l eet in ~he

v icinity of Sh a r k Ba y , Th e last exp edi ti on , under Durnont D'Urvi l l e ,
v i sited King Geo r ge Sou n d in 182 6 and t h e zoologi s t Le s son coll e c t ed
specimens of p l a n ts and a nima ls from the sOlli"'ld.

"c' '''-O W!l

':'e n y e a r s a f t e r Menz i e s made his eoll ect i ons , King George
v i sited by Robe~ t Brown on board t he I nve stiga tor under t he
Mathew Flind e r s .

Soun d wa s
c omman d of

Fo r th~ee we ek s o í Deeembe~ 1801 , B~own , unde r inst~ctions f r om Joseph
Bar~s , s tudied t he flora o f the Sound and i t s envi~ons . Fo~ 19 o: h is 27
day s t ay , Brown bo~anised in ~he a r ea, wa l k ing ma ny ki lomet~ es t o the west
and the n orth a nd c o l l e e t i ng huridz eds of specimen s , ineh.:.ding Banks ia
oeciden cal i s .



The n ext Western Aus t ral ian anchorage of t he Investigator was at Lucky Bay
wh ich was entered i n January 1 802 . Sorne o f this area , now known as
Es p eranc e , Cape Le Grand Na t i ona l park and the Recherche Archipe lago, had
been botanised by Labillardiere ten years ea r l i e r. Br own was t o rev is it
Mi dd le I sl a nd in the Recherche Archipe lago in 1803 af ter circumnavigating
the Austra lian continent. '

Brown col lected appr ox ima t ely 3 ,900 plant species in Australia ; he was t o
p ublish the first f l ora o f Australia, t h e Prodromus Florae Nova e
Hollandiae et Insular van Diemen in 1810. Thi s contained the new g enera
Dryandra, Synaphea a nd Franklandia as well as many n ew species in o ther
genera . _.-
In 1809 a wor k entitled On the Cultivation o f the Plants Belonging to the
Na tural arder of Prote éae was published by the gard ener J. Knight; the
bo t anical descriptions were p r ep a r ed by R A Salisbury . Sa l i s bury
"scooped" Brown by seven months a n d first es t abl i s hed the nam e s of many
genera and species of Proteaceae .

In late 183 0 Rober t Brown published t he only suppl ement to the Prodrcmus .
Thi s c onta ined descriptions of new Proteaceae s orne of wh i c h had b e en
c o l 1ec t ed in WA by Baxter a nd Fraser. lt i n c l u d ed Banksia goodi i , B .
caleyi and B . solandri.

william Bax~er was a diligent c o l l ec tor of Proteaceae and other plants o f
hort icul t ural v a l u e from t h e s outh coast o :: WA. Litt le is known of Baxter
except t h a t h e was s e n t to Ne w Holl and to c o l l e c t s e ed s f or
ho r z í cuLt u r a L í s t s . In 1 8 2 4 h e v isit ed Cape Ar id , Lucky Bay and Ki::g
Geo r ge Sound wh er e h e c o l lec ted nine species of Proteaceae, including
Banksia dryan dr oi des¡ wh i c h we r e l at e r desc::-ibed by Roben: Brown. r n
1328 , ~ he s ec on d yea r of the King George Sound settlemene, Baxte r
cornmeric ed a f i v e month s t ay a e t:;'e So und, c o 11ect ing ma ny P::-oteacea e .
Brown commemoraeed h i s n a me with hi s des c r i p t i on o f the widespread soue::
coast sp ec : es Eanks ia baxteri .

The Co l on i a l botanist Ch a rl e s Fra ser v is ited the Swan River i n 1 827 to
r eport on t he suitabili ty of the land for sett l emen t. Sa i l i ng to the
upp er part of the Swa n River , where t here are clay so i ls, Fras e r and h is
party wa l ked to the foot o f t he Da r l ing Range. A nu mbe r of Proteaceae
were collected, including s p ec ies of Petroph ile, Isopogon, Hakea and
Banksia many o f wh i c h were n ew, like Dryandra b ipinnatifida wh ich was
desc ribed by Robert Brown in 1830 .

Swan River Settlement

The establishment o f a s e t t l emen t a t Fr emantl e and Perth, Swan River, in
1 829 , provided t h e opportuni ty for botan ical explora t ion of t he i nt e r i o r
of the south west. The Co l oni al Botanist James Drummond, who ' arr ived with
the fir st settlers , devoted his life t o collect ing t he flora f rom as far
north as the Murchison Ri v e r a nd as f ar east as West Mount Barren. He
co l l ec t ed an enormous amount of material wh ich formed the bas is f or the
description of the Western Au st r a l i a n s p e c ies in Bentham's Flora
Australiensis.



Ludwig Pre iss, who visited the colony from 1839 to 1842, also made a
s u b stant ia l c on tributi on to our knowledge of the flora. Preiss trave lled
wide l y ove r t h e set tled areas o:: the colony, collecting ma n y species
includ i n g Prot ea c e a e which were mostly described by Meissne:-. Th e
a r b c rescent monoc o t Xantborrboea preissii, and Hakea preissii are two o f
the many s pecies named after Preiss.

Ka r l von Eueg e l collected near Perth and Fremantle in 1833 and at King
George Sound in 1834. Bentham, Meissner and Endlicher s t ud í ed his
collections and his name is cornmemorated in a number of taxa, including
Con o s p ermum buegelii and Grevi l lea buegelii.

Re c en t BQtan i c a l History

A numb er of en t hus iastic ama t eur botanists assisted wi th the i nv ent o ry o f
the Stat es ' flo:-a fr om t he : i :-s t days of s e t t lemen t. Pe r sons l ~~ e :or rest ,
Gilbe::"t , !1a n g l e s , !-'~xwe::"J.., M812.oy a rid Oldfield, wh o we r e a c c í v e La s t
cen t u r y , a l l ma d e subs ~ant ia l co~trib~tions t o bctany. ?lant e~~~~siasts

su eh as ~~drews , Bla c ka ll , ~i e l s, : i~zgera le , Goadby, Koch, ~crrison an~

5a r gent , ~ ik e t heir predecessors , are co~~emorated by many speci= ic r~rnes

of West ern Au s t :-al i a n plant spee ies.

Th e West ~rn Aus t ral i~~ Herbarium was formed in 192 8 from an ama l ga~at i on

of the Fo r e s t s Departrnent ane Bureau of Agr i culture herbaria. Char les
Ga r dne r became the Government Botanis t a n d until h e re t i r ed in 19 62 , he
coLl e c t.ed a vast number of sp e c i es of v as cu lar p l ant s f r om a l most al l
part s of Western Australia . .

In 1930 Gar~~er published his Enumeratio Pl an tarurr. A ustralia e Occidenrale ,
the fi rst census of. We s t.ern Australian v a scu l s r plant s. ':'~i s list
includee 15 genera and 46 7 s pec i es o f Pro t eaceae .

The 19 85 census of the va s c u lar ~lant s of Western Aus t ra l i a l i s t s sixteen
genera of Pr o t ea c ea e wi t.h a total of 53 6 sp e c ies , Green (1 985 ) . Most of
t hese occur i n the s outh wes t of the st a~ e wh ich i s one of che a reas of
t h e world renowned for its species r ichness.

Th e Herbarium i s the St a t e repos itory for flo r a and has n early 500 , 000
specimens . lt is the centre for s tudi e s on the f lora o f Western Australia
and has an active res e arch program t o inventory the State's f l ora a n d
p r ov ide t he d a t a bases that help conserve i t s rema rkable b o tanical
d ivers ity .
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THE PROTEAS OF TROPICAL AFRICA

By J S Beard

The genus Protea, although best known as a member of the Cape
flora, in fact extends over most of Africa south of the Sahara.
The Cape plants form a ti~htly-knit group of 69 species (Rourke
1980) beyond which there is a group of 13 in the surnmer-rainfall
area of South Africa. Two of these are tropical species at the
southern extremity of their range. North of th~.~impopo river a
further 30 species are now recognised. These vary from
localised to extremely widespread. Sorne have very small ranges
indeed and were for a long time known only from the type
collection, while other~ ranqe 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 Uqanda 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 5pecies. The heads are more
"ordinary" wi th . simpl e coloured bracts, not prolonged into
ornamental shapes or decked with long hairs. The most beautiful
probably is P. asyrnmetrica 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 or all proteas in flower, P. rupestri5, where the bud i5
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 grassland5 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 aboye is
a tree of this size. It ranQes across Africa south qf the Congo
basin from Angola to Mozambique, described as a small tree
attaining the canopy in stunted Brachysteqia wood1ands of
especially poor soi1s at a high altitude of about 2000 metres
(Beard 1963). P. peti01aris is a srnaller tree of sorne 5-6 rn but
with a typical tree habit, an erect truck · and ascendinq
branches. It has rnuch the same range as P. rupestris extending
a1so 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
formof P. welwitschii which 1 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, numerous trees of at least 10m were observed
growing scattered in mountain grasslands associated with new a
species discovered there, Protea flavopil05a, and Faurea
speciosa (another genus of Proteaceae).



~_..-..¡ el;.¡i tsch:'i a s a n extreme l y v a r í a b l e s pecies , v a r y í n c a r; _ _
5 1 :: (: a n d sha pe, hairiness e : s t ems and leaves, and s í c e r:
fl owe r h e ads which vary from large and solitary to smal l ~ ~ ~

c l ustered i n groups of up to 6. In early days therefore ma ~ y

d iff e r e n t species were described and to try to bring order O~ ~

of chaos I reduced no less than 12 of them to synonymy under
P . welwitschii (the earliest valid name, which thus h ar
priorit y) in my revision of 1963. To cater for the diversi t y ~
proposed 7 subspecies, but subsequent taxonomic -o p i n i on is t h a ~

even these are not sustainable, and that we have to recogni s e
just one highly variable species (Chisumpa & Brummcitt 1987).

Another type of var iation in P. welwitschii i5 in habito Wh i l e
mos tly taking the forrn of shrubs, tree forros are found as no t ~ c

aboye and at the other extreme miniature forms where the plan t s
consist of numerous ephemeral sterns a r i s i n g from an underground
roo tstock. Th e s e occur in grasslands, and are burnt off ea c h
year when the grass is burnt, being renewed in the spring. Th i s
adoption of both shrub and miniature form occurs also in
P. angolensis, another very widespread species. The two form~

o c c u r i n separate areas, the shrub form in bush a nd the
mi ni at u r e i n grassland usual l y on the edge of dambos (tr ee l e s s ,
s wamp y vall e y bottoros), but t h e y are about equally wi d es p~ e a ¿ .

In this case the tw o f o rms, bei n g q u ite di stinct, a r e recogn i s e ~

as v a r i e t i e s , va ro ang ol ensi s f c r the mi n í a t u r e and va r .
diva::-icat a for th e shrub formo

othe::- s o f the tr opi c a l s p e c i es are l e s s vari a bl e i n this r e s pe e :
and are c onsist ent ly eith e r shrubs 0= miniatu ::o
(" suffrutescent ") spec i es. o f th e 32 tropi cal spe c i e s , l~

( al mos t half ) ar e consis tentl y suf frutesce n t and ma y be
c onsidered as having evolved to suit the fire-pr one habi t a ~ e :
the t ropic al s avanna . of course t h e Ca p e f ynb os i s regular ly
burnt to o, but n ot eve r y year . The p r ese~c e o f grass gr e a t l ;
intensifies e xpo~ure t o burning. The tree habi t i s c ons i d e r ec
an cestra l, evolv ing to t h e shrub ha b it a nd this in tu rn t o the
suffrut 's cent f orm o

Co l our of fl owe r head is also variable, f r om red t h r ou gh p i n k t e
white . Hany Cape spec ies have either pink or white he ads mixec
indifferently thr ough the s ame p opu la t ion, but thi s is n o t s e
marked in the t r op i c a l group. On ly in P . a n g ol e nsi s perhaps i s
it a n oteworthy fea t ure where both the shrubby and mi ni atur e
varie ties ar e generally white but the miniature has a pink f or rr.
f ound on l y i n N E Zambia and the shrubby variety a b rill ian t rec
form rathe r mo r e widespread i n Zambia a nd Mal a wi. I n gene r a l in
tro~ical sp e cies br a c t s and flow ers are pink-tin g ed.

Broad ly , the tr opi ca l pro t e as o ccup y two princi pa l habitats , t he
one related to that of the Cape species, the o ther qu i t e
distinct from it. The former is ve ge tated as in the Ca pe ~ :
fynbos o r by de g r a d e d cornmunities derived fr om it, the lat t er :o ::.
plateau woodland , that va st c ompl ex of savanna woodlands o f th e
Brachystegia -Isoberlinia-Julbernardia assemblage wh ich cove rs s e
mu c h of A:rica s o u t h of the Sahara.



In the fo r mer case, t he Cape fynbos is gene rally c lassified like
Wes te r- n Austr-alian kwongan as "mediterranean-type" vegetation
a dapted to a wet-winter, dry-summer climatic regime, but in fact
thi s concept is false as t h e component plants do not exhibit any
sp e cifi c adaptations of the required nature, and the fynbos
ext ends from the winter-rainfall western Cape into the constant
r ai n fa l l zone and then on beyond Grahamstown into the
s ummer- r ain f a l l zone. Here its presence is less obvious because
summe r rainfall promot es the growth of grass, which becomes dry
and i n f l amrna b l e in winter , with the result that fire has largely
e l iminated the fynbos in favour of grassland. Sufficient relics
of it survive to show its former presence an~'éomposition, and
sorne 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
i n this way;' is a frequent element together with fynbos relics
a l l along the escarpments and mountains of Africa at ever
i nc r- e a s i n g altitude unti l i t achieves recognition as the
"er icaceous zone" of Eas t African mountains at an altitude o f
s orne 3000 m.

At a lower level than these specifically mountainous areas
e xtend the great plateaux of trop ical Africa betwe e n altitudes
of 1 00 0m to 2000 m, covered with a grassy woodland o f leguminous
tre es . Th i s "t oo i s a fire climax , as famous experiments in
Zambi a hav e shown that t he real cl imax is semi-evergreen fores t
( "muhu l u ") wh ich wi ll develop under f ire protection. The
Br a chys t e g i a woodland ("miombo") is a secondary type maintained
by e a rly, l igh t b urning. Late season, severe burning creates
open g r as s lan d. P r ot e a s are inhabitants of the miombo at t h e
higher e leva t i ons a nd on t h e poorer and rockier soils where the
tr ees a re stunt ed and l ess competitive with t he smalle r
p r ote a s. Th is is wheL e the tree proteas aLe found, and also
those o t he r s cons idered t o s h ow c haracters which aLe pr i mi tive
i n the evo luti onary se ns e. !t 1 s h er e that t he ance s t La l h orne
of Af r ican p r o teas appears t o li e .

In AustLalia 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 i s 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
( Rou r k e 1973). This is primarily a tree of closed and open hill
forests in the drier parts of the tropics, not of rain foresto
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WILDFLOWER DIEBACK
AUSTRALIAN PROTEACEAE IN CRISIS

James A. Armstrong
Department of Conservation and Land Management, PO Box 104 Como

Wes tern 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 threateningthe 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 Phytophthora species, is out of control in sorne

areas of the south west, especially in the species rich coastal heath lands ,

where many of the ecologically important and spectacular species are facing

extinctio n. The family Pro teaceae ( Banksia, Grevillea , Dryandra, Hakea etc . ,

comprising 536 describ ed species) is one of the most diverse plant groups in

Western Australia and is highly suscept ible to Phytophthora - 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 parles and reserves, are

now facing extinction in the wild as existing conservation reserves are being

decirnated by the disease. Wildflower dieback is now the greatest

conservation threat facing Western Australia!

The conservation problems that we face are graphica11y demonstrated in the

dieback video:-

Video "Dieback on the South Coast " (9 minutes)
Produced by Tom Hill and Bryan Shearer, Dpt, Conservaiion and Land

Mana gemenr (CALM)



Wil~lZower Dieback- l.A . Armstrong

WHAT IS BE1NG DONE

In 1989, government departments, universities and industry groups in

Western Australia spent more than $3.5 million on dieback deteetion 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,

e) eradicating the pathogen from infected sites, and

d) identifying, propagating and cryostoring resistant plant genorypes.

2

The fungicide phosphorous acid, is pro ving effective in controlling most types

of Phytophthora 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 Phytophthora resistant strains of jarrah ( Eucalyptus

marginara) 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 latest dieback m~pping techniques on the south coast using remote

sensing , which detects infected water-stressed plants before other symptoms

are visible. New molecul ar 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 COMMUNIT Y DO ?

The fight against dieback is not hopeless but it is essential that the

community comb ines in the fight agains t the pathogen. The majority of our

Nationaf 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

"Stuk ely, M. : Departrnent of Conserva tion and Land rnanagemen t, Corno Resear ch Centre.
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áreas. The greatest single step we can take to stop this killer is to stop its

arti ficial spread.

We need to con tain dieback until a cure can be found. People visiting the

bush should observe the road clo sed 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 COMP UTER MODEL I N RESOURCE MANAGE~ENT

OF THE PROTEACEAE .

1 2
S. W. Conne1l & B.B. Lamont

l . We e d Scienc es
Wes tern Australian Departme nt of Agricult u =e
3aron Hay Co urt, So uth Perth, 61 50, Aust=al i a

2. School o f Environmental Bio logy
Curtin University o f Technology
GPO Box U1987 _ -r:

Perth, 6001, Australia

IN TRODUCTlON

Natural e co system manage men t, conservati on aut h o=i t ies and priva te
horticu lt u r a l en te rp r i s es mu s t make decisions which inc l ude c onsideratio n
o f co n flic t ing p r e s s u ze s . Such pressures mi g h t include preservation of
rare and e ndangered s pec ies; u ti l i zatio n o: nativ~ spe c ies i n t h e cut
f l ower indus try ; c ontro l of n oxious species; prevention o f wi ld- f ires; an d
rec r e ation a l use s (Aust. En v i ron. Council 1986). I ncreasingl y, compute r
a na l ys is a n d s i mulat i o n are b eing used in land us e p la n n i ng. s uc a
t ec hn iques c a nnot sup pla nt cons ide r ed judgement and e xperien c e but rna y
provide a r e asonable estimation of man agernent practices .

Th e model BURN i s a rnanagement t oo l use d t o inves t igate the r ole of fi=e
and d=ought in dete=min ing the s pecie s c ompos i tion of plant c orrmun i t i es and
the dynamics o: individual plant s p ecie s . lt has potentia l f or use . 
studies o: natu ral co~~unities 0= in the o rgani zation of a rtificial plan t
c crnmun i t Le s (eg horticultu ral c =op s ) . At p resent BUR...'l' i s b a sed upon t. r,e
population and r e produ c ti ve f ea tures o f b ank s ia s and d=yand=as. Thi s g roup
has been chosen because a la rge body o: info rmatio n exists conce =ning these
plants and t hey s h ow a great deal o: va r ia tion i n ecology , d i st= i b u t i c na:
p a t t e r n s and morphology. Howeve r t h e model is ge ne =a l ized t o a l Lo w

inclu s io n o: an y p la n t species, e g k a ng a roo paws, pro teas, p z o v í.d e d
re levant data are a va ilable.

The biology, ecology and management of banksias and other .P r o t e a c e o u s
species have been discussed by Wrigley & Fagg (1988), Taylor & Hopper
(l988), George (1981, 1987) 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 modelo 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 cornmunity applications. rts second role is as a
research tool to further our understanding of the biology and evolution of
the Australian flor a. The th i=d u se o : the model is as an aid in resource



:-,a ~ a g ,= ::'e n t . ':'h e La t t e r use e n c omp a s s e s n a t.u z a L c ommun i. t Le s a s ·~·':.i.. l L.. ~

:..') ::::. i :::'..: :' :. u ::: a :' s a t ua t a ons . ! :. c a n f u n c t á o n as a guide t.o s pec Le s s e Le c t I c r.
z.n d :na r.ageme r-.t r e g imes wi t. h regard t o c one erop prod uct i o n , s upp Lerne n t a r y
wa t e r re~irernents a nd the ~ike .

BURN is written in the e computing language. lt incorporates a nurr~er o:
d e mog r a p h i c and environrnental variables which may be altered b y t h e use::: .
Farni l i a r i t y with the biology of the species under analysis is essent ial f o :::
the correet use of the modelo lt should be noted that the results of t his
mode l are illustrations of the predicted dynamics of different spe ci e s
u n der varying enviro~~ental conditions . The data a nd func tio ns u sed in :. h e
ma d e l are based on actual results from a large number of sources (see
reference l ist). The output from the model should not be used in iselatio n
f r e m field experience and the user must be aware thatpredicted outcomes
are not real scenarios but probabi'lity staternents.

A maximurn of 6 species rnay be incorporated in any one r u n of the model o
This has the considerable advantage of providing comparative informat.io~

reg a rdi n g s p e c ie s p erfo rman ce s . l t e mula tes the d i f fi c u l t ies :a::ec. ~ ..
z e s o u r c e ma n a c e z s in d e z i v i.n q op:. imal p rogramrne s f o r rna i.n t e n e r.ce e :
c ornrnun a t. y d i ve r s í t y \J .... t. c.. = ge :. :' r: ~ ':"n d':',:.;:"¿~a: s pe c d e s f c r c c n s e z v a t Lc n (e ;
=a :::e : l o= a ) o ::: e:::adicati o~ (e g ex ~t ic spe cies) . ':'h e p ::: og::: arr~e :::a:-: ~e ~s¿~

i n v a ::: io t.: s ways. Lo ng te=rr. (30 0 year) simulations investigate c u t c cme s e :
particula::: model c o n f Lq u z a t.L ori s (eg e x t Ln c t.Lon s , weed Lnva s í.o n r . !':-..:.ltip l -2:
e n o z t; s .i.rr.u La t á o ris p z o v.i.de probabili:. y estima tes regardin;- r e p z o d u c t; i ';-2:
o u t put. a n d the e::ects o: di::e :::ent fi=e i n t e r v a l s . This type o : a~alysis

r..ight be u s e f u L in det e=rr.ining p o t e n t La L r e t u r n s f z orn c o ne c r o p s u s a n c
different species c ombina :. i o n s. ~any o f the details of the model are beycni
the scope of this pape r ; a user ' s guide , currently being d ra f t e d , p:::ovides
discus sion and equations for all v a r i a b l e s .

~ i-p ResQo~ s P! ~( Q ') . Banksias are usually con side.:.-ed t o be ei:. her :ire
tolerant o r fire-s e ns it i v e . Fire-tolerant spe c i e s of Banksi a resprou:. afee :::
fi r e b y lignotuberous (eg B. menzi esii ) or e p i c o r mi c z e q r o wt h (eg B .
grandi s ) Many resprout ing b a n ks ias posses s both type s of bud system and
the n atu re o f t he regrowt h depe nds o n the intensity of the f i .:.-e and age
(s i z e ) of t h e pla n to The populations o f a1 1 fi re to lerant spec ies m~y als o
regeneratef rom seedl i ngs .

Fire-sensitive s pec i e s a re k ille d b y f ire, as t hey lack ' ~ ignotube rous or
epicormic b ud s ys t e ms . Th e s ize o f the p lant ( f o r example in B. prionotes)
may confer sorne r e s i s tance t o fire , partic ularly if t he fire i s relatively
mild and doe s not rea c h the canop y . Fi re-sensitive speci e s generally rely
upon seed ge :::mination f o r population regeneration . Sorne species of banksia
may .i n c Lu d.e b oth t i r e respon se types (eg B . ashbyi , B . marginata , B.
viola cea). Informat ion co~cerning the geographi c range s of s uchecotypes i s
unava i lable in most ins t a nce s .

Fire :::esponse de termines t h e manner in w~ich the model t.:.-e ats t h e s p e c i e s .
After a fi re , the model determines the fire response typ e a n d e i.t. h e r
destroys al l plants in the case of a fire s ensitive specie s o ::: a p ::: oportion
of pla n t s in the case of a fire -tolerant species . The pro p o r tio n o f p l ants
k i lled i s .:.-elated to the age and structu:::e c i the p opulations .



Table l . Species variables used in BURN .

variable Variable Name
Gode
A(Ol ) fi r e re s ponse

A(02) fl owers per cone
A(03) follicles per

c o ne

A(04) percentage o f
cones ferti l e

A(OS) granivory
A(06) abort ion
A( 07 ) branch rate

A(09 ) seed via b i lity

A( l O) se ro tiny
A(12) juvenile per i od

A(U) lifespan
A(14) initial

p op u l at i on
A(lS) mortality
A(1 6) me a n a n nua l

r a i n f al l
A(17) Std . Dev . annual

r a i n f a l l
AS (S) s;:¡ecie s

Descript ion

bank s i a s are either k i lled by rire or
are capable of r esprouting afte r fire.
the number of flowers procuced per c o ne
the number of fruits per c one; each
follicle is c a p a b l e of c o n t a i n i n g two
seecs
only sorne canes produce follicles

,.., .. .y

s eed death due t o pre d a t i o n
seed abo rt i on
r a te o f increase in t he n umbe r o f
b ranch a p i ces
proport ion of seed s which remain
viable e a ch yea r
the rate of seed release from the cone
the p e r i od (i n ye a rs) between seed
germination and production of the
first cone
t h e potential lifespart of the specie s
size of the population at the s t a r t
of the program and after e ac h fir e
shape pa r ameter for mortality c u r v e
a ye r .ge rainfall experienced over the
spec _es r ange
standard deviation of t he aboye

species name

\i ',; YO ~ " O :>o- ' Qd . ;;;'(12) The juvenile period is the t i me which elapses
between ge~ination and f irs t fl owering. S;:¡e cies whi c h are fire-t o l erane
us u a L l. y ~a·... e a longe r juve:lile perio d t h a n do fire -sen s it ive s p e c i .es (a
::,.i:1 i:m.~.":l o f S a nd 3 years respect i vely, Geo r ge 1 9 87) . Sorne s p e c í.e s (eg 3.
grandis and B. cricuspi s) apparent ly d o not flower f or up to twe nty years
afte r ge r mi nat i o n (La mon t & van Le e u we n 1988) . Fire-tolerant s p e c i e s t e nd
t o grow mo r e s lowly ove ra ll and ma y alloca te mo re of the ir r e sourc es t o
lig no t ube r format ion rather than s t em a nd lea f growth . ..'. -

Demoqraoh ic Variable9. AClS). A( 1 3) Initial post-fire populations
consist of large densities of seedlings (and resprouts in sorne species).
With the passage of time these dens it ies decrease due to a range of
mortality faetors (eg animal grazing, p lant competition , drought) . Though
there have been few long-term ::studies of the populat ion 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 populatians af many fire-sensitive s pec i es a f Banksia app e a r ta d ec line
d u e ta plant senescence in the absence of fi r e . P l ant d ea th is somet i mes
link e d to the collapse of large heavy branehes (eg B. cunea ta, Lamo nt e t
al. 1991) or loss of active apeies (eg B. c occinea Witkawski et al. 1991) .
Fire - t a l e r a n t species typically exhibit a longer potential lifespan r elated
t o their ab ility to recover f rom f ire damage. Plant mort a l i t y a nd l i fe
s pan vari a b les a re used to p o we r a survivorship curve. P l a n t survivorship



a no ~ ~ ~ e= fe ~~~ o f f i ~e s O~ pcpu l ati on rege ne r a tion are c on~~c ::e~ ~y pla ~ ~

de r. ~ ~ ~ y -depe~dent and density-independen~ functions.

~ - a n ch Ra~e. A(O]) The majority of Banksia speci~s possess a patte~n ~ f

gro~ ~h whic~ e nables individual plants to be aged a :.d the te~po~al pa~~e~n

o f c one p~oduction d etermined (Lamont 1985). This important observat~cn

me a n s tha~ populations can be age-structured and the eynamics of
r e p r oduct Lo n over time assessed. There are difficulties in age ing sorne
s p e c i e s b~t in most cases sorne estimate can be obtained.

Reprodu;;;tiye var;ables, 1'.(02). F.,(03} , Al oa} All species p r o du c e
dis~inct ive cones which rnay bear f rom 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 equal
to the number of flowers the cone possesses. This potential is never
reached i n 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 s t r uc t ure s which invo lve a heavy resource c o rnm.i t.rnen t; (viallace [,
O'Dowd lSo 39). Alte~r.atively i t ma y r e f Le c t; p oo r fert :.. ::'izatior: of :: l ower s
b e cau s e o f p o Ll.Ln a t o r (mos t ly b i r d s , i r,s ect s a n d sraa L ; mamma Ls ) b e :: a v ic.: :::
(Pa t on & ~u ::: n e ~ 1935 ) . The r e a s on f e r l e .. f e l l i c l e s e t p r ob a b l y i~ ~ o : ves a
co~inat i on o f caus e s . : t i s d oub t f u l tha t t he b i c l og y o :: seec set i n a r.y
Ba n k sia spe c ie s wi l l b e r esol v e d c;:u i c k l y g i v e:¡ t he rnu Lt. Lp L d c I t y c f
va ~ i abl e s c p e r a t i n g a nd the diffic t:. lties i n h e r e nt i n expe ~imen t al

i nvestiga t i o n o f t he gro u p (eg long juv e n ile pe r i c ~ , p l ant size, proble~s

invo lve d i n nu t r i e n t and Fo l lin a~ion expe ~irne nts )

S"''''dback :;J y n a:ni c <:: V>" - i ab 1 p s , A IO "' ) , .?o( O':;) , A I0 9 \, .:'.1 1 (\ ). Ea c h f o Ll. ác Le
may contain a maximum o f t wo s e eds, thou g h o v u Le a b ort i on an d see d
preda~ i on u sua l l y re duces s e e d p roduct icn c onside r ably (Zammi t & Hooe 19 86 ,
5c ot t 1 982). Abort ion o f s e e ds may b e d u e to a r a nge of fact ors. :t rna y
r epresent e x ternal environmen:al s t r e s s e s opera tin g dur ing seed s e t, (eg
drought o r nutrient deficiency) or be eue to genetic causes (eg B. c occinea
which always aborts on~ of the seeds p er f o l licle ) . In n a n y specie s s eed
a bo r t i on i s l inked t o damage t o the vas cular t i s s ues of t he c one ca used by
insect La z v a e f e edin g (Scott 19 82 ) . Level s o f s e e d a b ortio n are of t e n
greater i n t h os e spe c ie s wh i c h are fire-t o lera n t (eg B. elegans, B .
incana). G~a n ivory i ncludes inve r t e b r a t e and v e r t e b r at.e d e s t r uc t Loa o f
c on e s , fo llic les and seeds. Most s eed p r eda tion a nd cone damage occurs in
t he fi r s t yea r and sorne data indic a te t h a t the r e is l it t l e fur ther damage
wi t hin t he fol licles unt il they e ither open or dec a y . Other scie ntif ic
papers s h ow that g~anivory i n c r e a s e s with age, eg Lamont & Barke~ (1988).
Abortion o c c u r s dur ing seed developme nt and hence i s c on f i ne d to the f i r s t
y e a r of a seed' s exi st e n c e . Seed v i a b i li t y d e creases by a c o n s t a n t;

propo ~ti o~ with a ge while the number of seeds released i ncre a s e s . S e ~o t iny

i s a n i nde x o f t he d e g r e e to wh i ch a seed store is a c c umu La t.e d , I t is
di ~ec t l y c omp a r able t e s imi l ar i ndices u s e d f or s o i l s e e d storage .

Ra;n f a1 1 , .roC1 é) , ll.. ( 17 ) The me a n and s t a ndard d e v i a t í.on a rm u a L r a i nfal l
stat i s tics , derived =rom c l ima tic predictions , a~e used t o dete~mine a ge 
speci f i c mortality a s a c on s e q ue nc e o f f l ood o r d =oug h t . Th i s is de nsi t y 
~ndependent mo ~tality .



f i~ o q Pi r es i~ t he si~ulation are o ~ two types. wild~ires a r ise by t h e
compa rison o f r andom numbe r s t o a c umul ative norma l d i s trib ution whos e me an
is decided up on by the us er. Typica l ly t he me a n is se t bet ween 15 t o 20
years . A second system of fires is BURNS which i s cal l ed at the u ser' s
d i sc retion . This enables t he user to modify (within limits) the dynamics o í
t he s im u lated community. F l RES can override BURNS should they occur pr i or
t o the pro jected year o f t he management burn .

S p", r i",s Da'"ab ;;¡ se

Species currently incorporated in the model database are l is t ed in Ta b le 2 .
The list includes the majority of banksias from Westei:ri~ Austra lia and a
s mal ler number of dryandras. Additions to this database are constanl y be i ng
made as information i s obta ined. The i n c l usion of a species i s not limited
t o the W. A. f lora and so a Protea c ou Lc be added a nd a na lyzed i n
con junction with ; - say, B. speciosa for a f lower farm around Espe rance .

Tab l e 2. Spec ies p r es e ntly i n c o r p o r a ted in BURN datab a s e .

Ban ksia

B . att enuat a B. a ud ax B. bauer i B. baxt e ri
B. b lechnifolia B . b ur det t ii B . caleyi B. c an d ol l e an a
B. ch amaep hyt on B. c occ i nea B. c uneata B . elderana
B. el egan s B: ga r dneri B . gran d i s B . grossa
B . hook eran a B. il i c ifol ia B . i n c ana B . l a e v i ga t a
B . lanata B. la r i c ina B. lemanniana B . leptophylla
B. l i t tor al ;:' s B . l ul l fit zii B . media B . men z i e sii
E . mi c r an t :1 d B. nut an s B. occiden t ali s B. p etiolari s
B . pilos tyl i s B . pri c n or::es B . p ulchel la B . rep e ns
B . scabr ell a B . scep r::rum B . s eminuda B . s p eci o s a
B . sph a e roca r p a B . r:: e l ma t i aea B. tricuspis B . v iol a cea

Dryc.ndr a

D. a rm a ta D. card uacea D. n i vea ( ~o=) D. nobil i s
D. p r a emo r s a D. p r o teoides D. que r cifoli a D. s e nec i f ol ia
D. ses s ili s D. sr:: up osa

Future enhancements of the model will provide seed harvesting opt lons for
population supplementat ion 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 ful ly explore and emulate the dynamics o f i ndividual
species and communities .

Example 1 Populatioo dynamics of four species of Baoksja from Hopetoun

The s pecies included in this example are all from the south coast of
Western Australia . Their attribute settings are presented in Table 3. All
f o u r spec ies are killed by f ire (response code O). Banksia speciosa
produces the largest cones (mo s t, f lowers), while B . coccinea s e t s the
greatest number of follicles per fertile cone . All species, except B.
p ulchella , set follicles 00 more than 50% of cones produced. Seed morca lity
r aoge s f r ero 46% to 7 5% a nd i s due t o b o t.h seed abo rt i oo (e spe c i a l l y B.



CJc ~ ~ ~ c a ) a ~d seed p r e d a t i o n (espe ~ially B. pulchella). Branch ra~e , w~i ~ h

:;e t <;; :T.\ i ne s th e ra te of cone crop i n e r e a s e , i s g=eatest in B. baxteri an d
~e a s ~ i n B. c occinea. The climatie statistics indicate that, on aver&ge, B.
bax : e r i and B. coccinea occur in situations which receive more rainfall per
ye a r tha~ d o B. pulchella and B. speciosa. An average annual rainfall of
5 00 rrm was s elec t ed fo r this s i mulation, within the ranges of all species.
Ave r a ge f i re i nte r val was 14 years.

Tab l e 3. Bio l og i c a l attributes of four species of Banksia. Rainfal l
s t a tis t i cs are mean±std.dev.

Species B. baxteri B coccinea B. pulchella B. speciosa

Fire response O O O O
Flowers per cone 224 286 324 1369
Frui ts per

fert i le cone 2 .7 23.2 19.0 8 .7
Fertile

cones ( %) 59 50 2 0 55
Seed aborted ( %) 21 56 15 24
Se ed eat e :": ( %) 32 1 9 56 22
3ranch r a t e 1. 32 1. 13 1. 2 6 1. 27
Mor~2. 1 ity con s t a n t 0. 0 8 O. l e C. 1 0 o.c e
? a i :l f a l l í :7'.."7. ) 5 37.=.1 ::.. 5 54 8=.1::1 5 H =.101 ~9S':::'1 : S

c:: 3 . e occi:le2.
1000 '" B . :, a xt e r i

lit 3 . pulchella
il B . s pecios a
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Figu r e l. Predicte d an~ual cone product ion pattern s in four
speeies o f Banksia . Note log scale .

F i g u r e 1 s hows t he tempora l de ve l opment of the co ne crops on i ndi vidua l
plant s of the fo ur species over twenty years. Ban ksi a b ax t e r i produ c es t h e
l a rgest con e ~ rop of the f our spee ies while the cone erop of B . c occinea ,
r e fl e et i ng t he poorly branehed forro of the speeies, i s t he smalles t. The
ámoun t of seed sto red on the plant s i s a function of cone crop developme n t
t ogethe r with the dynamics o: seed set a nd seed los s . F i g u r e 2 il lu s t r at es
the t emporal de ve lopmen t o f the seed sto re s i n the fo u r s pe c i e s. Thoug h the
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Fig . 2 . P r e d i cted s eed ban k d ynamics o f f our species o f Banksi a .
Not e log scale .

r ate of cone prod uc tion was g r eatest i n B. b ax t e r i, t he f ew f o ll ic l e s se t
per c o n e c ombi n ed wi t h the other reproduc tive variables l e a d t o t he s pec i e s
h a v i ng a lowe r ra t e of seed ban k deve lopme n t tha n B. s p eciosa . Banksi a
p ulchella and B . spc e ci o sa have si~i lar numbers of s e e d sto red e ac h yea r ,
though t h e i r rep r oduc t i ve a ttribu~es a nd c o ne c r op dynami cs d if f e r . Banksi a
cocc inea sto re s the lea s t a mo u n t o f s e e d of a l l f o ur s~ec ies

The e f fects o f tire interval o n ~ o~~ l a t i o n change are p re s e n ted in ~ ab le 4.
= ~ gene ra l , f r e que n t tires (inte rval les s than : 3 years ) l e ad t o a dec rea se
i n the population s i z e s of a ll f our specie s (a percentage chang e l es s than
100 ) . Th e s iz e of the standard d e v í.a t Lc ns indicates that a n i n c r e a s e in
po p u l a t i o n s i ze is possible b ut u n l ike ly as the average effect is b e low
100. F ire interva ls between 14 and 2 0 years y i eld a dynamic equil ibrium i n
populat ion sizes with alterations in t he nurne I ical dominance of individual
spec i e s from fire to fire. Such a "fire regime would ensure su~vivorship of
the four spec ies and maintenance of p lant cornmunity d ivers ity . Fire
inte r v al s g reate r t han 20 years rnay lead to population reductions due to
p a r ent pla n t senescence .

The r esul t of a n y o ne s imu lat ion i s unique . General s imilarities exist
betwe en s imulations which h a ve the same initial configurat ions, eg eventual
ext i nct i o n s , ove rall mean population sizes, effects of average rainfall and
f ire regimes etc, but the yea r by year and generation by generation values
d i f fe r. Figure 3 reflects this point for B. baxteri and B. coccinea . This
s i mulation was over a 300 year period during which time 20 fires occurred.
Not o n ly were the sett ings ident ical in both cases (average annual rainfall
of S OOm, average fire interva l of 1 4 years) but the sequence of f ire
interval s was a lso control led . Th e differences between the outcomes are
clea r , eg in the t emp o r al patterns o f species dominance and dynarnicsi while
simi l a ri tie s can a l s o be obs e r v e d (overall d omina n c e of B. c occinea ).



Ta b l e 4 Effec~ of f':'= e i~~e =val on pe =cent óge ?c?~la~ion change e: ~

spe c : e s of Banksia. Da t a a =e mean ~ s~anda= d de~iation based c~ ~~

c: i mt:: a t i on s .

Spe c i e s 11
Fire I nterval

12 13 14
(years)

15 16 17 18 19

B. b ax t e r i 56±26 87±44 91±53 95±40 114±68 114±58 125±70 1 13± 5 6 113=4 6

B. c o c ci n e a 66±lS 83±19 97±29 104±33 l07±2 6 1 1 1± 41 113±S4 11 4±53 112± 4 8

B. p ul c h e l l a 55±1S 68±20 77±18 94±23 120±67 1:0±51 115±52 1 18±65 111±42

B. s p e c i os a 56±25 85±27 90±36 llO±40 109±35 115±37 115±59 1 1 3±51 1l3±50

The s e patterns can be interpreted as being due to the temporal interact ions
bet ween individual species attributes, thei r ecological requirements, and
the enviroriment. Population declines could be related to short fire
intervals or to drought events occurring shortly after fi res . Population
i ncrea s e s were often related to periods whe n seed set was ~ igh and fir e
int erva l s opt i mal. The model infers tha t t he spec ies richnes s a nd d y n ami c s
of We stern Aus~=alian plant c orrmunities c an be t:nderstood in te=~s o : t ~e

e=:ect of c : ~~a ~ e ano fi=e O~ ~ndivid~al s ? e c i e s .
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Figu~e 3 . Compa r a tive population dynamics o f two Banksi a
s pecies from t wo s imu l a t i on s using the same rainfall regime
a nd s equence of fire intervals . Open symbols rep resent the
first simulation and filled symbols the second .

The average p opulation sizes (Table 5), tog e th e r w':" t h t~e p op u La t á o n
t urnove r estimates (Table 4), g ive an indicatio n cf t he sensitivity a nd
á ynami c s of the spec ie s under particular model settings . Banksia coccine a
was the overaíl domin a nt specie s i n the example though it also showe d t he
g reates t variation in plant numbers . Bank s i a specios a was the least co~~on ,

and as Fi g. 2 indicates , probably would benefit from a l onge r a verage fi re



interval than wa s experienced . The implications 0= an a n a l y s is of this type
a re manifold . Provided t h e user h as c onfidence in t he mode l s et t ings t hen
an a s ae s sme n t; o f managemen t p r a c t Lc e s Ls produced . The i mpact of any
additional pressure3 (eg cone harvest ing , Phytophthora infestation) can be
ascerta i ne d by modi fication of the model settings and statistical analysis
of t h e differences in outcome3. The model allows long term predictions to'
be made whi ch wou ld otherwise rema i n subjective op i nions.

Table 5 . P r edicted a verage p op u l a tion densit ies (per ha) of t he fo ur
Banksia specie s .

Spec i es

Number o f
plants

B . baxteri

229±155

B . coccinea

490±259

B. pulchella

215±128

B. speci osa

118±49

The effect 0= c l i mate on l ong term survivorship of B . cocci nea is presented
in Fig. 4 . A bioc lima ti c ana l ysis o f B . coccinea estab l ished t hat i t
occu rred in areas with a n a verage annual ra infall of -5 48 mm (Std .Dev 131) .
BURN p redi cts that when a n n ual ra infall is less than 450 mm the s pecies
wi l l die ou t . Th i s pred ict ion agrees with the isohyet relationships o f the
c u rrent d ist r ibu ti on o f B. coccinea (see Taylor & Hopper 198 8, Ge orge
1 987). The e x t ra polat i o n from t his result Ls that i ntroduction o f B .
c o c c i n e a as a h o r t i cultura l c rop in an area with less t han t he c ritica l
a nnua l rain=all may need to include s upplementary watering, at l e a s t until
t he p lants a r e e s t ab l i s he d . I t al s o implie3 tha t seed a nd c one harvest ing
would p roba=ly have s i mi l ar impact s in a r eas r a ng ing i n a verage ra i n fa l l
f r om 460 t o 66 0 (100 mm e it he r side of the me an rain=a l l l . Thi s Ln f e z e ric e
ne e d s t o be tre a t e d wi t h caut ion howeve r as o the r f a c t.o r s (e g s oi l type ,
area occ upied by the po p u l a t i on) wi l l undoubtedl y affec t the dyna mic s of
post -fire regene ration.
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c::
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+J m 600~ N • 450M .~ mm
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• 56 0 mm
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Fire seque nce

Fi g . 4 . p opulat ion dynamics of Banksia coccinea under different climatic
c o nd i t i o ns



Wa ra~ahs and Grevilleas . Co llins ,

198 9 . Th e effect s of. n u t r ien t s a nd
on f ru it - set b y Ban k s ia spi n ulosa .

CO: ~ : I..U S roxs

An ecological model has been developed ...·h i c h p r o v i d e s i n sight in t o the
bio lcgy and management of natural and arti= icia l plant cornmunit i e s. The
model Ls f lexible and can include nat i v e and e xotic species of v ary ing
growth f o rrns provided certain i n f c r ma t i o n is available. The model h a s
potential fo r use in education, resource management, horticulture and
theoretical bio l og y .
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UT: LI ZATION AND CONSERVATI ON OF BANKSIA HOOKER IANA

E .T.F. Witkowski, Byron B. L~~ont & F.J. Obbens
Sc h ool o f Env ironmental Biology, Curtin University of Technology, GPO Box

U19 87 Perth 6001, Australia

INTRODUCTION

:0 r e c en t yea rs , int e r e st in the conse rva t ion o f rare and endangered flora has
i nc r e a s e d dramat ically. Th i s has come about due to the decreasing likelihood
o f s urvival of rnany plant species in the wild. This is the result of factors
s uc h as land clearing, rnining, urban sprawl, pollution, i~~oduced p lants and
plant diseases (such as Phytophthora cinnamomi and other fungal pathogens),
l owering of the water table and increased exploitation of natural products .
wi l d f l o we r picking may even result in local extinction when the species being
picked is not al lowed to develop a seed bank which will allow it to regenerate
a f ter t he next wi ldfire.

The extent of c orrme rcial pic k i n g f rom the wi ld has been escalating i n recent
y e a r s (Burgma n & Hopp e r 19 8 2 ; George 1984; Joyce & Bu rto n 1 989). Banksia
ho ok e ri a n a Meissne r L s a case in point: it Ls an attractive species that
occu r s over a l imited distribution in dry mediterranean scrub-heath (Fig. 1;
Geo r ge 198 1; Tayl o r & Hopp e r 1 9 8 8 ) and is intensive l y harvested by bush
pick e r s fo r the wildflowe r i ndust r y . Banks ia hookeriana i3 one of t he mos t
impo rt a nt s p e c ie s i n t he expo rt wildflower trade (Table 1). Since B.
n o o k e x i e n e is k il l ed by fire it i s dependent on canopy stored seed f o r
r e ge ne r a t i on (Enr i g h t & Lamo n t 1 98 9 ) Seedl ing recruit ment only occur s i n t h e
-,.¡ i n t e r s p r i ng per i od imrnediately afte r fi re f o l l o wi ng se e d release in
response to f ire. Reduction i n t h e pot e ntial se e d s t o r e a s a r e s u l t of
intens i ve harvesting c o u l d r es u l t i n Ln s u f f icient recru i tment fo r p a r en t
replacement. Bank sia hookeriana and othe r wildf l owers wh i c h are popul a r in
~he wildflower trade , 3uc h as B . coccinea , grow o n d eep acidic nut rient -poor
s a nd s . Ho·,.¡e ve ::, s e e d s o: these s p e c í.e s c onta in h i g :' l e ve ls o f l imit ing
:-.ut rie:1ts , such as nitrogen and p h o s ph c r u s (Ku o e t a l. 1982) , -,.¡r. ic:' are
es s e n t i a l f o :: s e e d l i ng establis~~ent in the impoveri shed so i 1 3 . I:1t e :1sive
: l ower p i c k i ng ove:: a number of yea rs may dep lete t he nutrient reserves of
this ecosystem, as wel l as impai r the abil ity of these plants to set seed (eg.
Low & Lamont 1986; Esler et al. 1989; Witkowski 1990). Thus it Le 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, phenology, seed-bank dynarnics, post-fire seedling establishment
a nd survival, and ecophysiology of B. hookeriana. In addition, we present
pre liminary 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

o o
Re s e r v e (No. 39744; 2949'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 terros of environmental conditions. The climate is dry, warrn
rnediterranean, with a mean annual rainfall of 530 mm, and a pronounced winter
~ximuro (Beard 1976). Mean max imum temperatures in January (hottest month)

d . . . 1 ( ld o 2 0an mean ~n~mum tempera t ure s ~ n J u y co est month) are 35.8 C and 9. C,
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Tab ie l . Features of the Australian
pick ing of Banksia hookeriana blooms.
r esearc hed and c ompiled by F .J. Obbens .

wildflowe r
This data

i n d u s t r y in relation t o
is preliminary, a nd wa s

Ye a r

No . of flower pickers
(all species)

Number o f ma jor wh olesa le rs

Annual harve st o f B. h ookeriana

blooms (m.iLl.Lons j > :

Blooms sold ( % total)

Exported

Local

Source of blooms (% tot al)

Picked from the wild

Cultivated

1981 1990

3
1. 27- 1. 42

1 Burgrnan & Hopper (1982).
2 M. O'Donoghue , Department of Co nse r v a t i on and Land Man agemen t .
3 Compiled by F . Obbens .
4 Australian National Parks and Wildlife Se r v i ce.

Ta b l e 2 . ? opulat ion details f o r Banksi a h o o k e r i a na p l a n t s f rom p i c ked a nd
unpicked s t a nds ne a r En eabb a , Wes te r n Au's t z e Lí. a , . Resu l ts a r e means±S . D .
Dens i t y deterrnined on t hree 2 0 x 2 0 m plots an~ other v ariable s on 20 plants
per site . * , P<0.05; **, P<O.Ol; * * * , P<O.OOl; NS , not significant (t - test) .

Picked Sig o Unp i c ke d

De nsity (plants h a - 1)
B. hookeriana 14 83±181 * 2 1 00±265
All shrubs 1 034 2±8 00 NS 125 00±1l7 9

Height (m) l . 49±0 .14 * ** 1.78±O .27

Ca nopy area (m2 ) 2 . 1l±1 . 00 ** 3 .77±1 . 86

Canopy volurne (m3 ) 2.13±1 .1 3 * ** 4. 65±2 . 71

Opennes s of c a no p y (%) 23. 9±14 . 2 *** 10.3±6.4



res?e ~ ~~ve ~y . Rain:all excee ds evaporat~o~ o n l y duri r.g the wo~ths e : 2~ n~ :. c
Aua :..:s-. . ':'h e length o f the growi~g seas on f or a g r i c u l t u r a l p Lari t s (?res8C::':'
fo=..::.") is 4 .5 mo n t.h s (Ba rt l et t 1975 ) Ba nk s i a hookeriana i s r e s tr':"c t ec t o
t he E:le abba Pla i n w!1 ich represent s a c oast line dating fr om the Plei stoc e ne
(Ba xte r 1 97 2 ). l t c onsists ch i e fly o f alluvial/ c o llu v i a l deposits of grave l ,
san e a~d cla y wh i c h were deposi ted t hrough the action of wind and strea~s fr om
the late riti s e d sandstone plateau to t h e eas t . The s e depos its are dornina t e d
by u~di f ferent i a t ed bleach e d s a n ds unde rla i n b y lateritic gravels and c lays
(HO?kins & Hn a t i uk 1 98 1 ) .

Proteaceae , a n d banksias i n part i cula ~ , hav e s pecial f eatures whi ch enables
o ne t o t r ace the a n nua l history o f bloom p r oduction and the extent o f p icking
on a p l ant o That is, one c a n d e termi ne the a ge of eones and s hoots from the
g r o wth p attern of the stems (La mont 198 5 ) . . Furthermore, seeds are stored i n
t he canopy (serotiny), and thus the t otal seed bank available for the next
generation can be eas ily assessed (Lamont 1991).

DlSTRl BUTlON

2
Ban k si a hook eri an a is r e s t r i c t e d to an a r e a of about 3 3 x 74 km (E-W x N-S )
:..:-: the n o r t he r n sandplain s e: ¡"es t:er :1 Au s t r a l i a c en t e z e d o n E:".eab::·a, 2 2:: kIT,
r.o r t h e: ?e rth (T ay : or & Eo p per :9 8 8 ; Fig . :). Th us it ' ''' v e z y r e s t z i c t e c
~ o~pé =ec ~ ~ ~ ~ widesp=ead ba~~sics s uch a s B. a tt enu a t a a~d B. menz ~es i i . I~

':" s f ou rrd :~ t ae c r e s t; a n d u p p e z slopes of deep, s a a d y dunes , a nd is a b s e nt;
== om i r: t er~h.:n e depressior:s (En rig:: t & I..amo~ t:. 19 5 9; Lamo:lt et al . 158 9 ) . rt
~ay h ybrid ':"ze with B . prion o te s, p referring low point s i n the l a nd s c a pe, at
t. rie e c o t o n e o : t heir d.í.s t x í.bu t á o rrs . ? oll~n ation b y n ew hol land a nd b r own
r.cae y e a t e r s , as v.- e l l a s bees has b e e n ob s e rve d (Taylor & Eo p pe r 19 5 5 ).
Ea nksia h o oke~iana is l oca l ly co~mon with mo s t p opulations in excess of : 00
pl a n~ s at ma t u r i t y . l t i s highly susceptible to dieback disease (Mc:.::-edie et
al . 1 9 85) .

!~ a~ attempt:. to explain the restricted distribution o f B . h ookeri ana, a s t udy
wa s underta ken along a topographic gradient at Mt Adams (Lamont et al . 1989).
Banksi a hookerian a wás .only f ound i~ the mieslope a r ea whe re t h e sands a =e
deepest. Seeds of B . ti o o k e r i e n e we r e p lante d a s a rno n o c u Lt u r e and a s a
~ixture wit~ B. a t ten uat a, B . menziesii , B. 1 eptophylla , and B . prionotes (the
o t h e r species occurring natura lly along the gradient) on the upland , midslo?e
and l owl a n d p os ition s on the gradient (Lamont et al. 19 89) . Seed germi n a tion
was s i mi l ar at a l l s ite s and B . hookeri an a s e e d.í.Lnq s ' s urvi v e d in t he
ffionocultu re plot s througho u t . However , when grown wi t h t he o the r s pecies, B .
hookeriana on l y surv~ved a t the midslope site wh e r e i t occurs naturally . Thus
the restriction o: B. h ookerian a t o the mid-slope area i s · d ue tó the combined
effects cf b io t i c and abiotic fac t ors. Sin c e the sit e s where B. hooke ri ana
w~ll ro ot be c utcompet:.ed by other s p e c i e s are not abunda:-:t (d e e p sanes), thi s
c ould ezpla ~~ its r e s trictee dist.::-ibution.

PHENOI,OGY

Vegeta t i ve g=owth o f B . h ookeriana occ u r s f o r n ine mont hs o f the yea r (F ig .
2) ' . lt is hig hest during the s urnmer months: :; r e a t e r t ha n 90 % o : t o t al
e>:t en s i on g.::-o . .. t h a nd lea f productio n o c c u z s d u ring t he d r ies t a nd h o t t.e s t
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Fig . 2 . Phenophases of Banksia hookeriana at Eneabba, Western Australia.
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mont h3 , a nd st ops over the wi nter period (Fi g . 3) like other banksias i n t he
a rea . In contrast , i nflorescence development occurs over a period of 7 months
from January to September , wit h b l o oms ma t u ring a s y n c h r o nou s l y on an
individual plant . Bl o o ms open i n g l a te i n the fl o we r i ng season are much
sma ller than those open ing a t the start o f t he season. Floral i n itiat i on and
development in banksias is slow , t aking from 6 to 12 months , (Fuss & Seá g l e y
1990). During this time the developing blooms a r e pro ne t o i n s ec t d amage ,
especially by species of borer (Wallace & O'D o wd 1989 ) . Once b looms d eve lop
t hey may be visited b y white-tailed black c oc kat oos, Calypto r hychu s fu n e re us
l at i r o s t r i s (Saunders 1980 ; Scott 1982 ; Witkowski et al. 1991) . Cockatoos
remove blooms by che wing them off a t the base in their search for moth l a rvae .
Frui ts ( f o l l icles) de ve l op from Ju l y to Fe b r uary. Cornrnerc ia l p i c ki ng is
undertaken from a bout June to Septembe r. La teral root s e«tend up t o 4 .S-10 m
from the p arent p l ants (La mont & Bergl 1 991). Al l l ateral b ranches t er.minate
in clus te r s o f rootle t s (proteoid roots) . Proteoid roots o f all ban ks ia s in
the s t a n d me r g e to fo r m a S- l O mm t hick mat a t t he so i l surfac e. Tap a nd
sinker roots (functionally equivalent t o t ap r o o ts ) penetrate to a d e pth of
o ver S m (Low & Lamont 1990). Thi s p r e ve n ts the adults fr om developing
significant wat e r de f ic i t s o ver surnme r auturnn (La mo nt & Be rg l 1 9 91) .
Production of surface rootlets corrmences afte r t h e first substantial a u t urnn
rains (May) and cease s in late spring (Octobe r) .

EFFE CTS OF PICKING ON BLOOM PRODUCTI ON

Little is known abou~ t h e levels of bloom p i c king f rom the wi ld f o r most plant
species (Low & Lamont 1986 ; Rebelo & Holme s 19 88). Bl oom picking results in
t~e removal o: a large proportion of the most physiologically active tissues
on a p lanto Le vels of picking at the Beekeepers Reserve has been an a v e r a ge
e f 26 % o: alooms over the l a st 8 years. Thi s has resulted in markedly red~ced

plant size (Tab le 2) . However, leve ls of picking ~ay vary eno~ous ly becween
ind iv i dt:.a l planc. Bl e oms a r e graded and those o: low qua lity r e ceive l ew
prices. Good quality o Lo orns have l o n g straight stems and large undamagee.
inflorescences a nd are i n demand : or exporto In g e n e r a l , blooms picked fr ero
na tura l p cpu l at i ons are o : lowe r ~~a lit y t~a n fr om plant acions. Bl oom p i c k ing
was f c~nd t o re é t:. c e t he : o l l ewi ng sea s ons cene prod~c ti o n i n two spec i e s of
Pr o c ea a nd Leuc a de n d ron in t he Ca ;:: e f ynbos (Mu s t a r t & Cow l ing 199 1 ) .
Simila r l y , b loom p i cking o f B. hookerian a al so red~ces s ub s e que n t producc i on
(Tab le 3; Fig. 4). No s i g n i f i c ant di:ferences in c oc ka t oo c o ne r e mova l and
the numb er s o f infe rtile c o nes per p lant were observed between p icked a nd
unpicke d popu lat ions (Tab l e 3).

EFFECTS OF PICKING ON SEED BANK DYNAMICS

Th e e f fec ts of bloom remova l o n seed bank dynamics i s the mo st imp ort ant
quest ion for the conservat ion of t he se species. Pre- f ire s eed d ispersa l
incre a s e s as cones (and t hus follicles) become older. Our preliminary data
show t hat p icking had no effect on pre-f ire seed dispersal (F ig . S). However,
we have observed much h i g he r levels o f fol l icle opening, and thus pre-f ire
seed dispersal , on severely p icked plants . Pre-dispersal seed predation also
incre a s e s with cone age, and picking results in i n c r e a s e d seed los s from
granivo r e s (F i g . S) . Percen tage seed abort ion was h i ghe r in the o l der cone s ,
but i s g ene r a lly not different between picked a nd unp icked p op ulatio ns of B.
h o oke ri ana. Percentage seed viability decreases with cone age, and t ended to
be s l i ght l y l o we r in the p icked populat i on (F ig . S ) . Total numbe rs of viable
s eeds s to red inc r e a s ed exp o nent ia l l y wi t h plant a g e in the unpicked plants,



:ab l e 3 . C ~ne prod~c~ ion a nd fate, as well a ~ ~o~al seed store i n p i c ke c a nd
~~pi cked pop~lat icns of Banksia hookeríana near Eneabba, Western Australi a.
Re s ult s are rnea n e± S . D . for 10 plants per population. *, P<O.05; **, P<O . Ol¡
*~*, P<O .OOl; NS, not significant (t-test).

Picked Sig o Unpicked

No. o! eones produced 45 .2±26.3 NS 68 .5±35.7 .

plant
-1

Fertile conee ( !t ) 64.5=.11.3 *** 83.6±6.1

Cones picked ( %) 25.5±9.0 *** O. 9±1. 3

Infertile eones (% ) 3.4±3.0 NS 6 .2±4.8

Cones removed by 6.6±4.0 NS 9.2±5.4
cockatoos (% )

Tot a l s e e d store 3~5±246 *** 853±383
-1p _ant.

~able 4 . Seed~ ing s ~rvi va l ove r 12 months ( J~~e-~ay) fo r Banksí a h ook e ri an a
wi t.h in l itt.e r and s and p at. c he s a fter int.ens e (wi l c ::i r e ) a ~d mi ~d (b a c kbu r n )
tire s at Mt !-.d ams , Wes'::e rn ;.us tra l ia. Supers c r i p ts re fer t o le v e ls o:

" & ' - 2 l' b 1 h i %s ~gn~ . ~ cance ro r X ana ys ~ s et we e n a) contro vs t ~nned (50 o f seedling s
removed in Septembe r ) and b) control vs sand, perfcrmed on t he raw d a t a t or
e ach fire t ype .

Survival ( %)

Samp l e si ze

Wildfire Ba c kburn

Litter Sand Litter Sa nd

=

Control Th inned Contro l Thinned

3 3 58*** 80*** 7 35* ** 6 4** *

3 69 66 50 419 84 50
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, ' t. .:..:. :-. e a :: : y and e ; a rr.u c r; :' o wer z a t e i n t. rie p i c ke d p l a n t.s ( ~- i :; . 6 ) . ':" ~ '.
_e su : ~ . tot &: cancpy see~ storage in u n¡:Jicke d p l a n t.s was over t.wi c e th a ~ 0 :
p i.c ke d p La n t.s a t. 13 years of age (Fig . 6; Table 3 ) . This d ifferenc e wo t.: :.(!
~ c e l e r a t e with older p:ant.~. The to':.al numbers of fer tile eones and v i ab : ~

seed s p e r p lant were closely related 'to plant canopy area (Fig. 4). Unpi c ~ ~ ~

Ji a n t. s have much higher canopy areas than picked plants (Table 2 ) . S i mi l a r
~ela t. i ons between cone numbers and canopy size have been observed fo r spec i e s
of Pr o tea (Bond et al. 1984; Mustart & Cowling 1991), Leucospermum (Witko ws k i
1 9 90 ) and Leucadendron (Mustart & .Co wl i n g 1991; Witkowski, Cowl ing & Dav i s
u n p u b l i s h e d l . Cone picking a Ls o r e s u Lt s in a sparser canopy (Table 2) .
e xpo s i ng t he older cones to more direct sunlight which rnay result in increa s e d
p r e -fire s eed dispersal.

POST-FlRE SEEDLING SURVIVAL

F ire is central to the management of vegetation in which banksias are
conspicuous (Gill & Groves 1981; Cowling et al . 1990) A ma j o r research
c hallenge is the identification of the critical limits of species to var i ous
components of che fire regirne (i.e. fire frequency, intensity and season e:
b u r n ) so t hat the demise o : hor':. iculturally-valuable species can b e avoided
( Bo n d e t a l. 198 4 ; C o"'~::" :'l g & :'amont. 19 8 6 ). By h arve s tir:g fl o ...re r s , :' :--.e
~ep = od~ c t i ve ?o~e~~~a: c f a s~ecies ~ s lQwe=ec .

~ a l : e : ':.he canopy-st.ore~ seeds e : B . ~o~ke=iana plants (b u r n t by s p r i :l; a ~d

a u t. urnn fire s) w e z e z e Le a s ed s p o n t.a ne ou s Ly y;i~h in 2 h o u r s , and 95 % o f s e e d s

we r e r e Le a s e d .... :.t.h:.n ':.he :.:.::s :. f or t y days (~n righ"c & La morrt; 1 989). ~owe ·; e ::.

o~ : y 72% e = B . hcoke r i ana ~ o~es ....e ::e soo rched in t.h e s~r ':'~g fire and no se~és

;.;e=e ze Le a s e d f z orn t.h e s e t:::b uJ::1e d c o n e s by t. h e s t a r t, o f w i.n t e r . ':'~us a b cut
:' 0 0% a ~d 7 2 % o f c a n o p y s t o z e d s e e d s we z e re leas e d afte r a u t u mn a nd S? :: .:. :-: g
: ':'res respeotively . See ds r elease é af"ce r s ?rin g fires are exposed on t h e s e':'l
s u r : a c e for longer tha n :'hos e af~er aut lli~~ bu rns and mus:' a l s o endure t.he ho:'
~ry su~mer ~onths . ? r e - r elea s e seed v i ability ha s b e e n estimated at ~ O % when
a b o z t Lo n , d í. s pe r s a L a nd gran ivory are taken i n t o accoun t (E n r i g h t & La rnc rrt
: 989 ). Viabi l i t y o f s eeds lef':. on the s o i l s u r:ac e wa s observed to d e c line
rapidly after e x? o sure fo r mo r e tha n one s umme r rnonth and wa s c l o s e t o z e:: o
afte r 4 rnor.:.hs (F i g. 7; -En right & Lamo n t 19 8 9) I n contrast , the via b i l i t y o f
buried seeds dec lined o n Ly s l i g h t l y o v e z a s t u dy pe r iod of 6 mon t h s ,
F o llowi ng .... i n t e r r a ins, i r. itia l s e edl i n g to p aren t r atio s of B . b o ok e x i e n e
were on a v e r a ge 37 an d 7 4 af t er spring a n d a u t umn b u r n s r-e s p e c t Lv e Ly .
:~ ") weve r , by the end of the :i r st summer, seedlin g mortality had res ulted in
a b out egual seedling t o ?arent ratios fo r b o t h s easons of ·f i r e , name ly 24 a nd
2 3 respecti~ely . Th a t ~ s , s e e d l i ng morta l ity d u r i ng t his su~mer period was
35 % a nd 68 % r e s p e c t i v e ly . It a ppears t hat season of burn i n t h e absence of
we eds (Hob b s & At k i ns 19 90) i s not as critical as once t houg h t .

T~e po s:' - f i r e dist ribution of s e e c l i n gs of B . hookeríana is not. random . The
post - tire e nvironment. c o ns i s t s o : a mos aic o: l i t t e r patches and i nte r ve n ':' ng
t.x a c k s o f sand , the la -::' ~ e:::: c o ve r ing -::.he la r g es t a ::ea . !-. f a z q r e a t e r

pro¡:Jort.ion o i seedl ':'ngs emerge fr om lit.ter p atches t.h a n f ::::om -::.he s a nd ( ~n r i ght

& Lamor:~ 19 8 9; Lamont et al . 19 9: ) . These lit t er mi cros i t e s , gene rally kn own
a s 1 safe sit.es ' , accumula te debris and s e e d s during the period b etwee n t he
ti r e and t h e o n s e t o f "C he w':'n:.er rains , when seed germ':'n at ion a nd
es t ablishmen~ cornmences. However , owing t o the h igh s eedling de nsit y i n t he
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:' ':'' :. :. e- r p a t cr.e s (e .g . 1::9=.74 m a nd 254=.: 66 m f o z B . •n o o k e z i e n e a nd t o t a ;

e e d 1 i ng s respec:.ively after a wi :df i re; L~~ont et al. 1991 ) , compet i:. ion :'o r
,m~ i s t u re becomes intense durin g t he: first s urnme r dro u g ht a nd s eedli ng
mo r t a l i t y Ls much higher than for seedlings growing i n the s a nd , a f t.e r both
l~ :. e n s e and mild tires (Table 4; La mont et al. 1991). Th i n n i ng c f seedling
n~,~e rs in the litter patches results in the event ual d e ns i t y of j uv e ni l e s
oe =omi ng e~lar in both patch types.

MINESI TE REHABILITATION

k Y.C Mineral Sands Lt d mi nes for h e avy mi nerals wi thin a Flora Res e rve 280 k~

~c rth of Perth, Western Australia. Legislation requires t hat these a reas b e
r e:.urned to reserve status, and the revegetation program needs to replace 80 %
e = the local native flora. Due to the faet that large areas of this l a n d were
p r ev i ously dominated by banksias (Hnatiuk & Hopkins 1981), a nd acco~nt for 80%
o : the aerial b iomass of scrub heath on deep sand (Low & Lamont 1990),
replacement of banksias is essential for the restoration o f the o r i ginal
c ornmunity structure and composition. Survival and growth of first year
seedlings o f B . hookeriana is l o we r in rehabilitated mine s Lte s t h an in
na:'~r al a re a s whi c h closely r epre sent the p re-mi n i ng envi r o~ment (Sr.right &
La rncr.t; 1 991). Thi s i s largely d.ue t o p o o r d e ve Loprnen t; of -;:':-: E: zo ot; s y s t e rn i n
:.~e reha=':" li:.ated site co~?ared ~ith t~e :1at ~=al si~es. Ta~ r c ots s:. o ~ a:. :. ~ e

:.c~soi:/t ailings boundary, abou:. O. G5-0 . 1 5 m ceep , while they reach 2 In a~ :' ~e

na tu ra l s í.t e s v.·ithin 12 rnorrt h s , This was reflected by much lower ~ re -ca w::

xylem pre s s~ re po tenti als a:1d st cm a tal cO:1ductances a:1d hig~er l ea =
te::-.perat~res, i:1dicating greater wa t e r s t z e s s . Se e d l i n g s i n n a t.u z a L site s
c o t a Lne d mc s t, 0= their wa t e r b e Lc w 0 . 5 ro i:1 d e p t. h . !n t:-.. e z e h a c í. L á t.a t ed

~i::esite, :.h e modif i e d scil st ructure irnpeded root penetration , resul:.ing i n
i :1 c ~ e a sed moi s tu~e s tress, r educed g~owth a n d ultimately inc~eased seedling
~or~ality. The mini:1g program is now being r e e x ami ne d to dete~.ine if c aarser
~ ailings suitable =o r banksia s ca:1 be returned on top o f the fi~er tai1ings .

GSNE?~L D:S CUSSION Ah~ CONC LUSION

In~ensive flowe r p i c kl n g ha s a rna j o r effe ct on s ubs e que nt, flower a n d seed
production. As a z e e u Lt; , t.ne numbers o f seeds a va i l a b l e fo r t.h e n e x t;
gener a tion is g r e at l y reduced. Ho we ver, i n v i e w o f t h e ma r ke d de n s á t y
depend ant death of see d1 i ngs that o ccur s a f t.e r fi r e , the Lrnpa ct; cf bl oom
picki:1g on the r e storatio:1 of B . h o oke riana p op u l a t i ons is n ot yet c1ea=.

Insuf f icie:1t l a n d a vai l ab le fo r v a rio us landu s e s ultima t e ly r e s ults in
c ompromises , s u c h as between the use of catchment a reas f o r wa t er prod uc t i on
and as conservation rese rve s (eg. Van Wilgen & La mb 1 98 6). We have discussed
~ he ccnservat i on of B. hooke riana beca u se over the y e a rs we h a ve collected a
large body 0 = information on this species . However , other banksias such as B.
coccinea, a r e a 1s o wide ly picked and have a very u:1certain co~ servation sta tus
(3urgman & Hopper 19 82 ; Witkowski et a l . 1 9 9 2. ) . Fu r t h e rmo re , c t h e r s pe c i e s ,
s u ch as B . goodii , B. tric uspi s a nd B . c un e a t a are gazetted r are s pe cie s , a nd
i t is an o ff e n c e t o damage these plants . Co n t Ln u a L mo n í t o r í nq o f t h e s e
species , t oge~her wit h further research on the ir ecol ogy i s ~equ ired . Only
proc lamation of mo r e c onserva tion reserve s where vulnerab le s p e cie s a r e
abundant will guaran t e e their l ong-term survival in the wild.



The a ddi t i o n of nutrients to proteaceous plants in the field has been shown to
r e s ul t in increased bloom production in Leucospermum (Witkowsk i 199 0;
Witkows ki et al. 19 90), a nd increased seed set in banksias (Stock et al. 1989 ;
Wa lla c e & O'Dowd 1989). Concern has been expressed about the possibility .of
d e ple t i o n of ecosystem nutrient reserves by bloom picking ~ver an extended
per i od o f time in the nutrient-poor Australian heathlands and t he Cape fynbos.
No evidence of t his has yet been found (eg. Esler et al. 1989), although we
expect t he r e sul ts of ou r c urrent work o n B. hookeriana to b e s ignificant in
this r ega r d .
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INTRODUCTION

The future success of banksias i n the horti~ultural industries
of cut f lowers, potted plants and amenity planting is dependent
on the development of suitable cultural management techniques
and n ew and i mp r ove d c u ltivars. However the research work
required to make the s e developments i s both cost l y and t ime
consuming, a nd t here fo r e carefu l p lanning is essent ial. Thi s
paper presents the result s o f res earch which ha s s orne d i r e c t
benefit t o industry and will ass ist in the planning o f future
research. The work was c on du c t e d on Ba~ksia c o c c i n e a and B .
menziesii , to investigate (1) the relationship between
vegetative a nd r ep r oduct i v e growth cycles fo r the development of
plantation manageme n t pract i c e s a nd s t rateg ies; a nd (2) t h e
breeding s ys t em of t hese s pec i es to e stabli sh the limi t a tions
which rray be faced in breeding p~ogrammes.

PLANT MATERIAL

All experiments were conducted using plants established frorn
seed and planted out in · 1983 on corrunercial 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 (Si e r r a) . 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 forrn of pruning
prior to theexperimental periodo

( 1 ) GROWTH CYCLES

Sh oot g rowth and the time of flora l initiation were i nve s t i ga t ed
i r- relation t o f lowe ~ing of both B. cocci n e a and B. menz i e s ii.



:In ·.:. h e short te rm th i s will a s s i s t in -::.he deve lopme r:::. 'v _

c u , r; ural p ract i c e s s uch as pruni:lg, as wel l as the p La.nn i nq .~ :

=u : .l..:.re research to u nd e r s t a nd th ·~ controls of f Lowe r í.nc , '7.-:e
experiment wa s conducted froro M:trch-April 1988 un::il August.
19 ~ 9. Measurements of shoot growth, including basal shoot
diameter and shoot length were ma d e on six plants of each
species. These data and the presence of developing
in=lorescences we r e recorded at roonthly intervals for eve~

shoot on the B. rnenziesii plants (average 50.3 shoots per plant)
anc every seco~d shoot for the B. coccinea plants (average 69.7
shQots per plant). At completion of t h e experimental period the
shoots were categorised based on the ntllnber of years growth frem
an axillary bud before producing a :al o om. 1üso at monthly
i n t e rval s , shoets which were not visibly floral were harvested
frorn other bushes, the apices dissec t ed and observed under a
scanning electron microscope to determine the t~e of floral
initiation.

SHOOT GROWTH

B. coccjnea
Se me s hoots o f 3. c o c c ine a f lowered i n t h e i r f irst y e a r o f
g rowth (Tab l e 1) . Howeve r if h a rve s t e d , t~:. ese blooms y,;0'..11d be
o f l i ttl e v a Lu e on t~e f resh cu t fl owe r rna r k e t; due to t n e
shortne ss of t h e i r s tems. 7he majority of c l oo~s we r e produ c ed
on second yea ::::- wo od . Thes e s h oots at ta i ned a length sui tab le
fer CU t fl ower pro duct ion and we r e s u f fi c iently stu rdy to
s u p p o r t; t. h e d eve l oping b loom. Th o se s h ooc s which ria d noe
pro duc e d a bloom a f ter t wo year s g r owth WE~e s i g ni ficant l y
s horter a n d t hinner t h a n shoots in either c f the oeher t wo
categori es. By looking r etrospect i vely a t the gr owt h o f . shoets
i n chi s c a t e g ory it i s un l i k e l y t hat they would produce a b loom
if they remained on the p l ant o I t is ther e fo::::- e p r oposed that
s hoots 01 B. c occ i nea with a b a s a l diameter of 4.5mm or l e s s
a f t e r jus t one y e a r s growth be removed. Thicker s hoots which
~re bent or lliL~ged should be headed back to leave several node s
f r om which new s h09ts can develop . Hea c ing back s hould also be
practised when harvesting b loorns.

Tab l e l . Shoot g rowth of B. coccinea (Adapted f r oro Fuss et al.
1 9 9 1 ) .

Sh o ot
category

Bloom
in year 1

Blo om
in yea:::- 2

No bloom
. aft e r 2 years

Proportion Total length Basal diameter
of shoots (cm) in (rmn) in
per tree year 1 year 2 year 1 year 2

29% 33 . 9 15 .8

42 % 20 .2 50. 9 '; .4 9 .1

2 9 % 17 . O 4 3 .5 .; .2 7.0



B . menzi e s ii
On B. menz i e sii a proportion of the blooms which were initiated
on both firs t and second year wood aborted during the early
sta g e s of development (Table 2). Shoots in this ca~egory were ~

of i n t e rme d i a t e length and d iameter when compared to s imi lar
a g ed shoots which produced an inflorescence and those which did
not o Although the highest proportion of blooms were produced on
s hoot s in their second year, one year old shoots that flowered
were ext r eme l y vigorous. There was plant to plant variation in
the proportion of shoots flowering in their first year, which
c reates the opportunity to select for plants w~p 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
p robability of ever flowering ...'

Table 2. Shoot growth of B. menziesii (Adapted from Fuss et al.
199 1 ) .

Shoot
category

Bloom
in year 1

Aborted b loom
in year 1

Bloom
in year 2

.Zl..borted bloom
in year 2

NO b l oom
after 2 years

proportion Tot a l l eng t h Basal diameter
of shoots ( cm) in (rmn) in
per tree year 1 year 2 year 1 year 2

9 % 40. 0 8.8

9 % 17. 8 4 .7

4 5% 2 6. 8 47 . 7 6.0 12 . 6

1 8% 1 9 .0 34. 8 4 . 5 7 .9

19% 1 3 . 5 .2 8 . 2 4 .0 6.4

lt is proposed that the próportion 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
principIe 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 o f development of the inf lorescence differed between the



- ojO sp e c i e s (Table 3) (Fu s s and Sedg ley 199 0 ) . De v e l opmen:. wa s
nare r a p i d i n B. men z i es i i , taking on l y 8 nont h s te reach p e a k
anth e s i s , wh i l e in B . coccinea development taok 12 months.

¡~c b l e 3. Peak mon t h of floral initiation, bud appearance and
a ctOes i s in B. coccinea and B. menziesii. The range of months

- e r whi ch these stages occur, and the season, are given i n
~renthes i s . The bloom would no~lly be harvested at anthesis.

Fl o r a l initiation

B . meriz i.es i i:
Oet ob e r

(October- Nov~er)

(spring)

Bud Appearance

Feb::uar"..1
(November-July)

(late spring-winter)

Anthesis

May
(February-September)

(late summer
early spring)

B. coccinea
Nov ember

(November)
(late spri ng)

May October
(May- September) · (July-November)

(l a te autumn - early spring ) (wi n t e r - spring )

~~is ha s i~portant applieation i n the s ch e cu l i ng o: p::uninq . : n
.3. rnen z i e s i i t here are s e v e r a L mori t.h s :"etween peak b loom
production, and floral ini:.ia:.ion o: the fol:owing y ear ' s e r op
in which t o prune . Eowever in B. c oec i nea i nf l ore s c en c es f e r
the fol lowing year are initiat ed while the bushes a r e fl owering.
For t hi s reason it is inportant tha t p runing o: B . coccinea is
eonduct ed in eonjunction with the harvesting of b l ooros. Even
s o, some l ate bIo oms rnay need tO be sac rificed to ens u re g ood
productian t h e following yea r . Delay i ng pruning unti l aft er t he
eomplet ion o f flowering may res u lt in the r~~oval o f potential
f Lowe r i ri q s h o ots or i n l ateral buds b eing insufficiently
developed to produc e an i n f lorescence i n t h e fo llowing season.

(2 ) BREEDI NG SYSTEM

Plant b r e e d i ng i s e s sential fo r the development o f new and
improved cult i vars which a re crucial t o the long ~ter.m success of
any hor t i qultural c rop. Howeve r the extremely low level o f s e ed
s et in Bans kia , and indeed in many of the other proteaceous
gen e ra , i s l ike l y to limi t the p r odu c t i v ity of breeding
progr~~~es. For this reason the breeding system of B. cocci nea
and B. men z i e s i i wa s i nve s tiga t e d u sing the contro l led h and
pollina~ion method develo~ed by Fuss and Sedgley (1991a) .

Initial l y the t i me of s t i gma receptivity wa s measured by the
number of pollen grains wh ich germinated on the stigma i n a 24
h ou r periodo 3anksias are kno~n t o be protandrous, and in B .
coccinea and B . menziesi i stigrna rece p t i v i t y was found iner ea s e
f r om the -t. Lme of f l ower opening t o a peak at 3 days post 
ant h e s i s (Fuss and Se dg l ey 19 91a ,b ) . In B . menzies i i this
correlated with the maxim~~ width of t he st igmat ic groove as



obs e lv ed by scanning electron microscopy, while in B. coccinea
p eak 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 pollínations with
self and cross pollen. Fewer follicles developed per
infructescence following self pollination of both species (Table
4) (Fu s s and Sedgley 1991a,b ). Follicles developed on all
inflorescences of B. coccinea, but in B. menziesii follicles
developed on 80% of the infloreseences ~eeeiving eross pollen
and on only 33% of those self pollinated.

Table 4. Mean infrueteseenee set and number of follicles set
per fertile infrueteseenee following hand self pollination (SP)
and cross po L'l í.na t í.on (CP) of B. coccinea and B. menziesii
inflorescenees (± standard errror) .

% infructeseenee
set

SP CP

Number of follicles
following:

· Sp CP

B . coccinea

B . menziesii

100

33

100

so

27.9
±2.S

1. 3
±1. 3

40. 7
±4.0

6.0
±2.S

In B. c o cci nea a 5 x 5 d ia l l e l experiment was conducted t o
i nv estigate self incompatibil ity and the results measured by
s t u dy i ng po l len t ube growth (Fu s s and Sedgley 19 9 1b) . In
gene r al s e l f pollinat ions r esulted in poorer pollen tube growth
than c rosses. However under both pollinating regimes pollen
t ube growth was often arrested in the upper half of the style,
suggesting that a partial self ineompatibility mechanisrn may be
operating. Significant specific and general eombining abilty as
well as significant reeiproeal effeets were observ.ed showing
that sorne combinations of plants are likely to be more rewarding
in a breeding programme with regard to seed seto

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 baek shoots, to
create a balance of vegetative and potentially reproduetive
growth to maxirnise the production of quality bloorns. In
addit ion the rnethods deseribed relate specifieally B. coccinea
and B. menziesii under the cultural and environmental eonditions



o f 3 l ewi t t Springs and need t o be te sted unóer d:'ffe:" e::t
c on c i t i on s .

Th e r e s ea r ch on floral initiation has shown that it occ~rs lli~der

t h e conáitions of increasing daylength and increasing
t~TlDerature for B. coccinea and B. rnenziesii. This provides a
b a s i s for further research into understanding the control of
f l owe r i ng in these species. In the future this may result in
gro,~ers being able to manipulate the time of flowering to target
s p ecific marketing periods, as practiced on traditional flower
c rops such as chrysanthemurn.

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. SCREENI NG PROTEAS FOR RES I STANCE TO P.~-YTOPHTHORA CI NNAMOMI

L. V. Turnbull
De pa r t me n t e f Agr icu l ture
Univ ers ity e f Que e ns l and

Bri s bane , Austral ia , 40 7 2.

INTRODUCTI ON
~.

The preteas i n cernmercia l cultivation in Australia or iginate predomina t ely
f r em the winte r rainfal l area of the Cape reg ion in South Afr ica. In
Aus t ra l i a , prot eas are grown in both wi n t e r (New South Wa l e s , South Australia,
Vi c t o r i a , Tasmania, We s t e rn Austral ia ) a nd surnmer (Qu e e nsland) rainfall areas.
I r r igat ion is usually app lied dur ing dry surnmer periods, a practice which
favours the growth and spread of the root and collar-rpt fungus, Phyt op h the r a
c i nnamomi, which is widespread in Australian soils (Gros e , 1986 ). Although
there are no figures publ ished on t h e ex tent of plant losses attr ibuta bl e t e
thi s d i s e a s e , P. cinnamomi is seen as t h e major limitation to t he s uccessful
e xp a nsio n of p r o t.ea production in Australia (Forsberg, 1 98 9 ) . Chemical
control of t h i s diseas e has not prove n sat is fact ory , parti cu l a rly u nder warm
we t c ond it ions conducive to active growth of the pathogen (Marks and Smi t h ,
1988) . Fo r t he indus try to s urvive i n the l ong term, plants resi stant to, o r
t ol e rant of the di s eas e, are r equired.

Sc=eening o f many of the c ornmercia lly important prot eas , f o r r e s i sta nc e t o P .
cilli~ a~emi, has been c a rr i e d eue in Seuth Af rica (vo n B=oembs en a nd Bri ts ,
19 85 ) . Fr om t h is wo rk, species of t h e Pr oc e a ge nus we re c ons i d ered t o ce
rel a tiv e l y t o le r a n t of t h e dis eas e , whi le those of the Leucosper.~um and
Leu c adendrcn genera we r e conside red t o b e highly s uscept i b l e t o i n f ec t i o n by
Phyt cp h : h or a . However, s o rne of t he Protea s pp., c ~ ass i f i ed as r es ista n t in
von 3roembs en a nd Brit s (19 85 ) i no c u la t i o n studi e s , are known t o ce
susceptible in the f ield i n Aust rali a (Gr e e nha l gh , 1 9 81; Fors berg p ers ccm~) .
Thi s may be due to higher leve ls of inocul~~ or di f ferent t ypes (Al , So u t h
Af ri c a; A2, Australia, Forseberg, 198 8) of ~he pathogen in Australian soils,
or to the effect of other envirenmental stress factors.

Little notice has been taken of the potential for resistance in proteas from
the surnmer rainfall areas of South"Africa, as these have no place in current
cornmercial floriculture. Hewever, they exist in warm , wet conditions
cenducive to the growth of P. cinnamomi and rnight be expected to have sorne
tolerance ef the pathogen in order to survive. Only one surnmer rainfall
species, Protea caffra, was included in von Breembsen and Brits' study and
this was found to be resistant to Phytophthora. Such material could be used
as reotstocks to confer resistance to the Phytophthora susceptible proteas in
cornmercial cultivat ion. 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 fo11owing study were to :

(1) produce roctstocks tolerant of, or resistant to P. cinnamomi, for use
wieh susceptible protea species ef commercial significance to Australia

(2 ) te confer tolerance /resistance which is persistent under field conditions
without adversely affecting the productien characteristics of the
susceptible species .



Col l ~=t ion o f seed fo r screening began i n 19 87. Y.a~er ia l wa s obtain e d f~om

priv~~e and Government agencies, rr~inly fro~ Soutn Af ri c a . During 1 9 88 and
1989 ~n excess of ¿O spec ies/cult i~ars from t h e three mai n g e nera,
Leucddendron, Leucospermum and Protea were obtained and propagat~d. s ix to
9 rnc~th old plants were then exposed to P. cinnarnc,ui and the l e vel o f root
infection and mortality rate recorded for each species.

MATERIALS ANO METHODS

Preparation oi Phvtophthora cinn~~omi inoculum

Stock cul t ures were prepared from an isolate (A2 rr~ting type) obtain e d from
an i nfected plant of Protea cynaroides (L.) L. Preparation of the inocul~~

followed the method described by von Broembsen and Brits (1 9 8 5 ) . This
resulted in approximately 8 colony forming units (c f u ) ml- l •

Preoaration of plant material

Seed was disinfected by heat-treating at 50°C f or 3 0 mins. and dusting with
Thiram (Be nic 1986), before germinating in paper-lined trays at alternating
temperatures of 20°C/10°C for 12h/12h (Brits pers. comm .). Germinated
s e e d l i ng s we r e planted singly into 15 cm diamete r pot s conta ining a ste~~ed,

modified Un i ve rs i t y of Ca l i f o r n ia (UC) p ot t ing ~ix. Plants were g r oWT. i n a
g la; s hou se f o r ó to 9 mcnth s , dependent upon gro~: ~ r ate , be fo re expo s~re : ~

F i ve p Le.n t. s o: each s p e c í.e s t.o b e test ed were placed in a c o ri t r -o Ll e d
enviro~~ent c a binet ope rating at day /night temp eratures o : 26 /19 °C and a l:~

photoperi od . Fifty ml o: P . c i nnamomi inoc~lum was added to t he UC rni x in
each pot , giv i ng adose r a t e of app r oximate ly 4 00 p r opag u l e s plant-¡ Pl an ts
we r e wat e red us ing an auto~ated dr ip system which ma i n t a i n e d the mi x in ea ch
po'.: cont i ~uously moist .

7wo mon ths af ter i nocu lation wi t h P. cinn~~omi , two 1 cm diarneter cores , one
adjacen t t o t he plan t stem a nd one at the p ot perimeter , were r emov e d from
e ach poto Po t t i n g mix c ores were wash ed in d e i o n i s ed wa ter through a 1 mm
s i eve and the r oot f ragme n t s ext r ac t e d. Root sample s , 5 - 1 0 mm long we re
sur fac e s~erilised i n 7 0% ethan~ l , r ins e d in sterile d e i o n i s e d water , blotted
dry b e tween s te r i l i s ed tissu e pape r a nd a r a nd om selec tion o: 10 segments
embedded i n P¡oVPH + Tachig a r en aga r (Tsao and Guy 197 7 ) . The plates were
then incub a ted at 25?C for 72 h and t h e number of r oo t pieces e x h i b it ing
infec tion by P. ci~"amomi recorded .

Fol l owir.g t h e removal of c ore sampl es , a l l pots were t ransferred t o an area
outsid e whe r e t h ey were protected f r om r a in, but mai~tained under well watered
c ond í t í.c ne using a n automated dr ip s ystem. Dat es o f p l a n t d ea t h s were
recor d ed f o r e a ch spec i e s and the minimum time to death o f three o f the five
plants (LT,o ) det e rmined. At death, plants we r e res amp led to conf i rm the
p r e sence of P. c i n " amomi i n the roots . Reinocula t ion of sur v ivi ng p lants was
carr i e d out at 6 mo n t h l y intervals. Testing was di s c ont i nued 20 mo n ths after
the f i r s t ino cul atio n with P . c i nnamomi .

RESULTS

Di s Aa s e r os oonse clas s i f i cat i a n

No s ource of resistance to P . cir.n~~omi was f ou nd , in tha t r oot infec t ion
occurred in a l l 62 spec ies/cul tivars of p r o t e a tested . Based o n the LT6 0

data, ea c h wa s ass igned a d is e a se r esp o n s e class (Ta bl e 1 ) . A
~pec i e s/ cu l ti.var was c ( ·ns i d ered ' highly s u s c ept i b l e' to P . c innamo.7lÍ if 3 o f
5 plants d ied wi thin 90 d of exposure t o the pathoge n. For LT, o's between 90
a~d 1 8 0 d, the classification ass igned wa s 'su s c e p t i b l e ', while t h o s e between
1 8 0 and 36 5 d were rated as 'moderately to l e r a nt'. Spe c i es /cu l t i v a r s we r e
co~sidered to be ' t olerant ' of infection by P . cinnamomi if 3 of 5 inf ected
pla~ts survived f or mor e than 365 d . Plants i n t h ~ s lat t e r cl a s s ha d b e e n
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-O u =: : o?c t ed t.o 3 pot i n o c u l at ions \,.-i -:h t he pathogen by t he c e s s a t Lc r, o : t.... s t i n <; .

~en : r i c d i f f erences

To e Froted. gen~s was more tolerant of infection by P. cinnamol'lli t hdn the
Le~ca dendron genus, with susceptibility being greatest in the Leucosperm~~

g e nu s and in Serruria florida (Table 1). Within some species , considerable
v a r i a t i o n occurred in response to infection by P. cinnamomi. For ex~~ple, i n
P . laurifol ia, where plant death occurred as early as 43 d ays a n d a s lat e a s
>3 65 days after exposure to toe pathogen (Table 1), similarly L . con icum (68
d a y s , >365 days).

Protea species Of the 24 Protea species tested, P. burchellii, P. sto k e o i
a n d P. s ubvestita were found to be highly susceptible, the pink flowerin g fo=m
of P. ccmpacta moderately tolerant and the remaining 20 species tolerant of
i n f e c t i o n by P . ci~~amomi. For 10 of t he species in the lat~er cla ss , no
p l ant deaths were recorded during t he t r id l period (Table 1).

Leucadendron species The ma jority o f the Leucadendron species tested were
of the moderately tolerant (6 species) or tolerant (9 species) response type
(Ta b l e 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. eucalyptifolium, and L. xanthoconus.

Le uccsoerrnum s o e c i e s and Serruri a f l orida No t o l eranc e of i n: ec t í o n by ?
c in::amo:<!: wa s detec t ed in the 17 l,eucosper:num s p e c i e s / c u l t i v a r s tes ted, 8
being c~ ~ssified a s sus c ept i ~ : e , a nd t ~e re~aining 9 s?e c i e s a~d Se~ru~;~

=lc~ide , as h ~ gh ly susce~tib:e ( Ta~ l e 1 ) .

DIscussrON

?ootstoc~ classificat ion

Species : o r which n o plant ¿o?at~s we re recorded during t he s c ree~ i ng peri~d

we re gi ven the stat u s of pri:nary rootstock materia l . These inc l uded P
aristaca., P . 'Ivy', F. neriifo.2ia , P . ' Pink Ice ', P. pudens , P . r o :.:p e l l i a e a nd
F . sussa::ae in the Pro t ea genus and L . eucalypcifol ium and L . xan choconus , in
the Leucadendron g enu s. Us e o: P . a r istat a a n d P. p udens , also in t h i s group ,
.....e re c o n s i d ere d to be l imi t e d due t o t h e i r relatively .s ma l l seedling s t em
diamete r , which cou ld not s u p port t hick stem:ned s c i o n species . Similarl:,:,
species wi t h uns uitable growth habi t , such as a lignotuber ( P. cynaroides ) ,
o r lack of gra f t abl e s t ems (P. s cabra ) , were c ons i d e r ed u n s u i t ab l e .

The rema i n d er o f t he species in the Phytophthora t o l e r a n t class , P . aurea , ?
c o r on a t a, P . ex i mia, P. la c ticolor and F. lanceolata, L . =~or~aum, L.
gan d o g eri and L. s a l i c ifol ium , were c o nside r ed to be seconda~' s ources cf
r ootstoc k ma ter i al. P . ma gni f i c a and F. compacta, also in thi s group , were
r ej ecte d on the basis of poo r plant growth following i nfec t i o n with
Phy t oph thor a .

Of the Leucospermum species test e d , L. r e fl exum, L. tot t um a n d L. ves t itum
we re con s idered to have sorne potential a s rootstocks. In add it i o n , if the
proble:n of c ont i n u ous shoot production from the l i g n o t u b e r could be' ove rcome
~n L. saXOSUl'll, this s p ec ies, ..... i t h its parti c u lar a claptation t o surrme r rainfall
climates , was thought to be o: u s e .

Cu r r e n t a nd future research

Graft ino comoatibilitv stu¿ies These studies c ornmenc e d during 1 98 9 a n o
a r e being u nd e r t a k e n a t t he Nanju Prote a Nur sery , Raven s bourne, in conjunc tion
with t h e owner, J u dy Moffat t. At the t ime of wr i ti ng this paper,
compatibility of 28 spec i e s /cu~tivars of t h e Proted. genus have bee n tested,
i~v~lving 132 rootstock- s c i o n eombina t ions in both intra and i n ~er-gen e ri e

-gra :ts . Thirty combinatio n s ha .....e been tes ted f or t~e Leucadendron genus, 5 0
f~r the Leucospermlli~ g enus and 1: with Serruria florida , inc luding some inter
o e n ri c combinat ions f o r eaeh genus. Further testing will be u n d e r t aken a s
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su i t ab le material becomes available.

Field t e s t i ng o f g r aft e d mat eri~l F i eld. t es.ting c ornmen.ced i n J uly 1990
Fo ur p l a n ts o f e ach r oot s t o c k -e s c i.on c omb í nac í on a re be i nq p l an t ed on .
70rnmercial prote~ grower ' s ~roperty ?ea r Br ~ sbane . The s o il o n this prope r t

a

as known to b e Ln f e c t ed w~th P . c r.nnemomz and s h ou ld t h us -p rov i d e a 900~
testing site f or the grafted mater i a l . The grafted p lan t s wi ll be monitor ed
f o r 3 y ears to ensure t ha t the gra f t unions do not break down over time a nd
that acceptable l e v e l s o f f lowe r prod uct i on are susta ined. The sour ce of
failure of grafted plants t o survive in the field will be r e c o r d e d ( e . g.
whether due to s c i.on or r o o tstock d e a th) a nd a l l such plants sampled to
determine if Phy toph t hora i s presento The p l a n t s wi l l be mainta ined
( i r r i ga t e d , pruned, sprayed f o r p es ts and d i seases etc. ) according t o t h e
management practices carr ied out o n the property. In t~~thi rd year f l ower
numbers will be recorded for each scion-rootstock combinat ion. Where a s ingl e
s p e c i e s has been grafted onto more than one species of root s t o c k , t his will
enable c ompar ison to be made o f t he rootstock contr ibution t o f lower
productio n .

Result s from t h e 'f i eld t ri a l should b e a vai l able in 19 9 3 and provide t h e basis
fo r t h e cornme r cial production of gra ft ed prot e a p l ant s with Phycophthora
tolerant roo tstocks .
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i~ ~ s clea~ that f~ngicidal applicatio~s a s a mop- up ope~a~ic~ ~ee ~ ~ c ~t

c a~ ~ : ed ou~ : ol l owing plan~ ing .

E..ií=. ' -' "'?r; ~~. Di se a s e h a za r d is low when disease- : .:-e e p Larr t.s are p La n t e d
at e x t e s f r ee of p athogens . The main e :fo r t t hen becomes one o: qua r a rrt Lne
z a t.n e z tha n c ontainme n t . Strict guid(.:. lines need t.hen to be obse rved t o
pre vent i n t rodu c t i o n into the s ite oí infected plant.s or propagules of t he
p a th oge n s ubs e que n t to planting. This is certainly a diífic~lt situatio~,

e s pecially in W. A. because of t he widespread presence oí Pbytopbthora s p p .
in the s t ate. I n instances where p1antings have to be carried out at sites
with res ident inoculum oí a pathogen, disinfection may be the only option.
Pre-plan t fu~gation may be considered if it is cost-effective.

Solariza t i o~ has bee n found te be effective i n control1ing P. cinnamorni in
South Af r i ca (Barberchec k & Von Broemb5en, 1986). Solarization oí fie l d
s o i1 in W.A. fai1ed to eliminate P. cryptogea (Kaewruang et a~.1969a) while
s ola ri zat i c n o: infested soil in p Le s t Lc bags was hewever effective in
exterminatin g this pathogen (Kaewruang et a~., 1989b).

Exten s i ve and regular treatrnent of soil with f u ngi c i d e s such as metalaxyl
t o c ont rol Phytophtbora root-rots is expensive, potentially phytotoxic to
Prot eas a ndv o r ma y create resistance oí the pathogen to the chemical.
Fosetyl -Al (o r pho s p h on a t e ) has r e c e ntly rece i ved c on s i d e r a b l e a~tention as
a poten t i a l ly u s e f u i chemica l in contrcl l ing root-rets caused b y oornycete s
(Coh en & Co f fe y, 1 98 6). 'Th i s fungi cide i s kn c wr: to me d i a t. e i~ s a c t i v i t y
through the host a nd not through its activity o~ the ~i c r c f l o r a o :: the soi:
o r z h Lz o s p h e r e (Wongwathana rat & S i·..e s í .t h ar-p a z arn , 199 1 ) . :esetyl -J..:
p r ov i de s l i~ ~ le 0 = n o contro l o:: ~oot - ~ c-~ o : t o :7'.2.-:' O c a us e d by P. pe x e s i z i ce
whe n appl ied t o the plants after inoculation w~th a s~spension e :: zoospo~es

(Davis, 1989 ). Ef:i c acy o f t hi s f ungicide decre a s ed a s the interva l
between final application and inoculation with P . parasítica i ~ c ~ e a s e d .

Da v i s (1989) showed that t he eoncentration e: the fungi ::: ide :'n the plan:.
needed te b e rr~ int a ined over l ong period of time with m~l~iple app:'icati ons
t o c o n t z o L t he disease . Hopefully f u t.u z e work wi : l . ind i:::at.e the
suitability o : this fungicide fer larg e scale field u se.

Ros;s t a o2e Qf host . Although sources o: resistance to root -rot s exis t i n
Proteaceae (Vi x on et a l .1984 ; McCr edi e e t al .1 98 5 a ; Ch o 1985; Von
Broembsen & r ~ it s 1 985) there i s poor e xplo it a t ion o f these s o u~ce s. We
found that .i rnon q Banksia s the mos t floristicallv d es ira b l e species,
especially those o~iginating f rorn the c o as ta l s andy regions of W.A. , a re
highly s usceptible t o P . c ínn amomi (McCredie e t al . 1 98 5a ). ':'here is,
how eve r , the potentialOto u se root -rot r e sistan:. east e r n Aust~alian s pe c ie s
such as B. integrifol i a a s root - stock rnate~ia1 for the grafting o: disease
susceptible W.A . t axa (McCredie et al . 1985b) .

Bj o lo Q" i ea 1 con';;, rol. Bi o - c ont rol of r oot -rot s in gener'al i s a n a r e a of
r e s e a r c h whieh i s e u r rently enjoy i ng a gre at and enthusias t ic revi v al (Cook
& Baker 1983) . It i s quite lik e ly that in fu t u re there wi11 be
c ons iderable pressure espec i al l y in h ortic u ltural ind u s trie s t o r e s ort t o
biological contro l a s an a l ternative to c hemica l control of diseases.
Phytopht hora spp . are k n own t o be sens it ive to mic r obi a l an tagonism
(Mala jcz uk 19 79 ) , whi ch is possibly t he main basis of disease suppress i on
observed wi t h t he a pplication o f o~ganic muleh i n avo c a d o orehards (Cook &
Ba.ke r 19 83).

Applicat i on of single organisms fo~ c orrt z o L o : r o c t;

a t t emp t e d with o n l y rare sueeesses (C ook & 3ake r
a '.: temp t s are being made (Turnbull et a~. 1 9 91) to u s e
t o c o rr t r o L P . cinnamomi . Enterobacte= é e r o c e ..n e s

d isea s e s h ave b een
1983 ) . Curren t 1 y

Pseudomonas cep acia
wa s f ound '.:0 be as



e f f e c t i ve a s met a l axyl o r Fo s ety l-Al in t he c o ntrol of crown and r oo t-rots
o f apple c a us e d by P . c a c t orum (Ut khede and Smith 1991).

Integ ra ted disease manage ment (IDM) undoubtedly holds the greatest promise
in the control of soil-borne plant pathogens. In a recent study (Dixon et
al . 1 9 90) we s howed that a combination of organic mulch, a mildly effective
fungi c ide (Previcur®) and a herbicide (Chlorthal dimethyl) caused a
s i gni f i c a n t reduction of Phytophthora root rot of banksias in po t s ,
Simi l ar strategies need to be teste d in the field to determine the
fea sibility o f I DM f or d isea se p r oblems with proteas.
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AoAPTATI ONS OF S.W . AUSTRALIAN MEMBERS OF THE PROTEACEAS; ALLCCATION OF
RESOURCES oURING EARLY GROWTH

Barbara J. Bowen a nd John S . Pa t e
o e p a rtmen t of Botany

Unive rsity o f Weste r n Au s tra l ia, Nedla nd s 60 09

IntrQductiQn

The r e are 16 ge ner a and a b o u t 5 5 0 s p ecies o f P ro teaceae in Wes t e r n
Australia, rnany of t hese endemic t o the St a t e. The gre a t est c o n c e n t r at i on
of spec i e s i s i n the south - we s t where they g row in h abita t s ranging from
for e st to l ow h e ath a nd often c ompri s e dornina nt members of their respective
plant communities, e.g. t he Banksia woodlands o f the ~~an Coastal Plain
(Spe ck , 1 95 8; Dodd a nd Gri ff i n, 1989 ). Their r i c hes t d e velopment , however,
t e nd s to be i n the he a thl and s (kwo ngan ) of t he So u th West Bo t a n ica l
Province which are generally c haracterised by poor soils of low nut r ient
availabi l ity and..a dry, hars h climate in whic h fire s a r e frequent (Sp e c k,
1 958 ) .

Heathlands a re most e x t e n s i ve l y deve loped on ' sand-plains ' soils (Ge o r g e e t
al, 1 97 9) which are ge og ra p h i c a l ly unique in p r e s e nt i ng extremely large ,
fl at a nd relatively uniforrn expanses of de epl y we a t here d and leached soil
ma t e ria l s of e x c e p t i o na l l y Low f ertili ty (Mulchahy , 1 97 3 ). Fo r example
soil sampled fr om t he deep grey l eac he d s a nd s near Badgingarra (30 0 20' S,
11 50 30' E) s h owe d macronutrient level s (~g per gram o f soil dry mat ~er ,

top 400 mm of s o i l ) for p hosphorus of 5 . 2 , nitrogen, 10 7 .8 , ca lciurn, 6 9 .5 ,
potassiurn, 12 .5 , arid magnesiurn , 20 o8 (Pa t e a n d Del l, 1 98 4). These areas
al so e x p er i e nce relatively low levels o f winter r a i n f a l l (200 -600 mm p e r
a nnurn) a nd hot , dry s urnrner s (George et al. , 1979 ; Bea rd , 19 83) . More o v e r ,
t he deep , leached sands which support this vegetation h a ve an ext remely l ow
water holdi~g capaci ~yo For example , meas u rements by Dodd (1 9 85 ) on s oils
in Banksia woodlands ( s i~ l a r ~ o thos e c f heathlandsl f a und tha t v o lumetric
water c o n t e n t; remained bel ow 0 . 1 c :n3. cm- 3 t hroughout t he u n s a t u r a t e d
profile of s o í. L above t he water t a c Le , whi le gravimetric s oi 1 mo i st u r e
c onte nt at 10 0 -200 mm depth v ari e d f r om less t h a n o ne perce r.:: .i n la t e
s umrne r t o a max i.mu m of a z ou n d ::..·,Je p e r c e n t; i n ·.... i nter. As a c o n s e qu e n c e ,
, i r~ ua1 1y no wa::er is a v a i 1 a b le frc~ ::he t op f ew met r e s o : SQil d~ ring t he
s urnmer mo n t.h s , However, t he p r e s e r.c e o f grcundo,.,.ater , u s u a L L y ato s e v eral
metres dept h, provides a potentia lly unlimited water supply f o r deep
root ed, ph r e ataphytic spe cies (Do d d , 1985 ; Dodd a n d Heddle , 1989 ) .
Final l y, the dryness of this region, and the pattern and seas onality of
wind, rain and thunderstorrns, togeth e r with the accumula tion of flammable
vegetation, make plant c ommunities in this region highly prone to widescale
i n t e nsiv e fires.

With environmental cons t ra ints of the typ e mentioned a b ove , south - we s t
Australian members of t he f arnily Proteaceae mus t d isplay f e a t ures e n a b l i ng
t hem to tolera te three . ma j o r c lasses o f s tre ss , namely :

1 ) 1 0w leve1s o f nu t r i ents,
2) low rainfal l a nd surnrner d rought and
3) disturbance by f i re .

There have been a number of studies on the mechanisms by which plant
species survive such stresses and indeed plants f rom the farnily P ro teaceae
have featured prominantly i n s uch studies. Howe ver, most i nvestigators
have dealt with adaptations relating to rnature plants, d espit e the strong
possibility that the seed l i ng stage a n d subsequent juve nile g rowth are
likely to be phases o f the life cycl e critically suscept ible to s tress .
One reason for this i s that t he s rnal l size a nd i mmat u r e morphol og i c al
s t at e o f an individual may equip it less e f f ect i ve l y ta cope with stress



t.h a r. i n t h e c ase 0= older p La rrt s . A seeond r e as on is t h a t c'.l r i n ';:; e e :
p ha :::, "! s of ?lant d e v e l op mer. : u n us u a :'ly higr-. dep: oyrne nt; 0= r e s 0 -': z c e s :"e Y
d ár e ct e d toward s me c ha n í.ams relat i n g t o s u r-v í.v a L a nd , a c c c zd í.n c Ly a t; t ,.;:

.xp~~se of other plant funetions s u:: h as growth.

The aim of the following paper then is t.o briefly describe t he rne c ha n i s ras
hi e h enable mature inciividuals 0= speeies o f the f amí.L y Proteaeeae t o

c op e with t h e three environmental stresses mentioned above. The p a per
t he n reports in more detail on two studies (Stock e e al., 1990; Bowen ,
1 9 91 ) whi ::h deal with the early establishment phase of p r o t e e c e o u s
s pe e i e s , p c:.rticularly in terros of their patterns of resource alloeati c n
a nd the relevance of these to the eventual response o f older plants to
st r e s s .

l)Copin~ with LQW Le ye 1s o~ Nu--ients

Ae e o r d i n g to Lamont (1981), the eapaeity for an established plant t o
s u rvi ve in eonditions oi low soil nutrient.s depends on (a) an ability te
uti l i s e relatively inaecessible sourees of n utrie nts, (b) ef fie ient.
i n t e r na l e yeling, and/or (e) mi nimal 1055 of nutrients to t he environment.
One feature, relating to heading (a) above and typical o f many members o f
t he fami l y Proteaeeae, i s the development 0= proteoid (cluster) roots whi c h
e nable a s p e c i e s , apparen t ly without mierobial ass is tan ce, te e n h anee i ts
upt ake o: k e y limit ing nut r i ent s such as p h ospho ru s a n d nit rogen (Bowen ,
1981; La~0nt , 1 993, 1966 ). This = eat~re was fi rst des c ribed : or the :anily
Prot e a cea e in Aust rali a b y Purne ll (196 0) and has ~ince be e n sho~n t o app:y
t o all ; . ',:s t r a l a s i a n g ene r: o : t :-;is ::7..i ly "" it :'1 t h e e x:::-=p ':. i '::Jn c : ? e :so=nia
( ~a~ont , 1 ~ S 4) . ?roteoi= r oot s are c l~sters o:: r ~o~l e':. s o c c ~ r r ~ ~g ~ n dense
l ong i t uci n a l r o ws ~hicr. c ol le~':. ~~e ly present a':. :east a f i ve ~ ime s g rea~e r

sur face e r e a p e r unit v c r ume c f s o í ; than c aes a ' n orma l' z o o t . ':'he y
there : ors provide a grea~er a rea f or a~ s o rp ':. ~ on a ~c ~ay als o f a c ~l~ t a t e a n j
~rolong ~~t ri ent rele a se : rom ent rapped s o i : p art ic le s . Being c on c e n t r at ec
in the c p p e rm o s t O . ~ m o : s o i L, t h e y a l s o e x p Lo i.t; regio~s c f a c t á ve Ly
d e e omp o s ing l itter ~here n~t rients a re l i k e l y t o b e p a r ti c u l a r :y
c orice rrt r a t e d (Lamont, 1984 ) Thei r f o rrna t. áor; i s s t r ong l y r e lian t on t r,e
presenee o f a dequate s oi l moistu re and is initiated s oon a fter ~he o ns e t o :
t ne Mediterra ne an win te r . Their q z o wt.h c o n t.d nu e s until late spring but
the y no rrr.a Lj.y f a il t o s u r v í.v e the s umme r . Si g n i fieant l y, their f o rma t Lon
Ls most pronounce d under low n u t. z Le n t; conditi on s a nd i n h i b i te d b y
ove r s up p l y of nutri ents (Lamont, 19 83 ) .

Features specificallY'relating t o headi ngs (b) and (e ) a bove are , f irst l y,
t hat most pro t e aeeou s speeies reta in their leaves a s :unct ional units f or
more than one year and, in eerta in l a rge -leaved ,Ban k s i a s s pp ., f o r u p t o
five y e a z s (J . S. Pat e , u npub l i s hed ) . Thi s may reduce to a m.i. n i.murn t he
c onsiderable nutrient los s es which one wou l d n orma lly a s s o e i a ce with t he
mor e fre que nt s he d ding of lea ves as typ i ea l ly o c e urs i n many oth e r south 
¡"'est Australi a n speeies (Pa t e et al., 1 984) . Se e ond l y, de s pi te t he
nu trient de f i e i e n t eonditions in whieh most proteaceous speeies grow, many
membe r s o f t his family h a v e the abi lity to p roduce l arge seeds s t oe ke d
wi t h a r ernark ably eoneen t rated a nd we ll-balanced se t o f e ne r gy res e rves
a nd e s s e n t í e L nut ri en t s (Kuo e e al., 1982 ; Pate e t al., 1986 ; Stock et
al . , 19 8 9) Fo r example, the seeds of 70 s peeies fr om 3 0 genera of
Prot e a e e a e s u rveye d by ? ate e t al. (1986) a 1 1 s h owe d h igh e oneentrat i o ns
o f o il but no s t a reh i n their seed d ry rnat.t e z . Li~ id r e s e r v es together
~ ith p r o t. e í.n eons ::. ituted app roxima t ely 60 t o 80 p e r c e n t, o : e mb r y o d r y
we i gh t . Un us ua l l y high c o nc e nt r a t Lo n s of p h os ph o r u s a nd ma c ne s i um we ze
a ls o pre s e nt in t he seeds , a nc , in eertain c a s e s a l s o o f e a le i uro an d
pota ssiu~ (Fig. 1 ) . Electron probe mie r o a n a lys is showed t hat t he bu 1k o f
c his mine r al nu t rie n t reserve was locat ed i n i n s olub l e form and

"p r i n c I p a Ll.y a s phy t a t e in v a r í.o u s taxonomi e a ll y - s p e c i f i c t y p e s o :



c rystalline or g l oboid i nc lus ion s wi t hi n the p r ot e i n b odie s o f the seed .
· Co nc e n t r a t e d in t h is ma n ne r nutrien t l e ve l s i n seed dry mat t er were 50 t e
100 t i me s g r e a t e rth e n t h at i n o the r a rea s of the p l a n t s u c h as woody
f r u i t a , leav e s and stems . Furthermor e , ",h en c omp a r e d wi t h 7 6 n o n 
proteaceous Austral ian s pec ies , l evel s o f mi neral ele me nts i n s eed d r y
matter o f Proteaceae were fo u nd t o b e several t imes highe r tha n t h a t'
ge nera l l y rec o r ded f o r seeds of o t h e r s peci e s fr om similar ha b i ta t s (Fig .
1) . An o t her more s ubt l e feature , apparently d ispl a y e d only b y P r oteace a e ,
was t he presence o f e xt remely high level s o f a r g in i ne i n t he s o lub l e
r e se r ves and storage proteins of t he s eeds . Pre s e n c e o f t h i s b asic , hi g h
N- co n t aining amino acid wa s shown t o e nha nc e g r ea t l y t he N a vailable p er
uni t weight of protein , in compa r i s o n, s ay , wi t h storage protein o f mo r e
no r ma l c o mpo s it ion (Pa t e et al. , 1 9 8 6 ; Stock e t al ., 199 1 ) . Als o o:
signi fi can ce , was the f act that small -seeded proteaceous~gecies t e nd e d t o
ha ve t hei r s e ed dry mat ter s igni ficantly more enriche d wi ~h minerals t h a n
did large-seeded species . Pate et al. (1986) proposed tha t t h e p r esen c e
o f hig h conce n trations of mineral nutrients i n see d s o f proteaceo u s
s pecie s may be a general r esponse to environmental stres s, e s peci a l l y t he
olig o t r o p h i c na t ure of t h e soi ls in wh ich P r o t e a ce a e t yp ical l y occu r .
They fu rthe r suggested t ha t large e nergy reserves, p redomina ntly a s oi l ,
migh t b e e s pec ia l l y i mpor t ant to la rge.:.. s eed e d s p e c i e s wi th h ypogeal or
c r yp t o g e a l pa tterns o f g e r minat i o n, as a re com:nonl y enco u nte red for
e xamp le in fo r e s t habitats . In t hi s case, s eedlings a r e l ike l y to b e more
adversely a f f e c ted by s had e t ha n by mineral defi cie ncy , a nd ma y t herefo r e
ha ve to re ach a co n s ide rable s i ze usi ng t heir s e e d energy rese r ves be fore
being s u f f i ciently we l l i l l umi n a t e d t o p hot o synthesi z e adequ a te l y (s e e
a1 so Foster, 19 86). On t h e o the r h a nd , most s ma ll- s eeded s p ecie s of
Protea c e a e s how epi geal ger~inat i o n and a re t ypical o f well i llumina t ed ,
ope n habi t a t s o n nutrient - defi c i e nt s o i l s , where minera l r e s erve s of t he
seed ma y a s sume g r e a te r import a nce tha n e ne rgy r e s e r v e s o r o i l .
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e e c,s of h i g h r.ut:rit: iona l q u a Li t y e r e t here f ore l i ke ly ::'0 r.av o l: e ~: ~ : : : , ,::
f ro~ select ive influences associat: e d wit: h s e edlin g e s t ab l i shrne ~ = in 9 : C ~ ~ iy

l.lt r i e n t - ? o o := s c í.Ls , "fest.íng t.his ~ypot:'e s i s f ur t he r, St.ock e e a l . ( :..::~·ú ;

'.n v e s t í g a ,:e d t he seedling d eve Lo prne n t; of five bradysporous me mbe r s e : t h e
P r o ':e a c e a e (three from South Africa and two from Au stralia) under nut ~ i ent-

e f i c i e n t conditions. The seedlings of a11 five species s h o we d a
p r o n o u n c e d capacity to survive continuous nutrient starv ati on, t o t.he

t e n t that seedlings of each species, irrespective o f init i al s eed tna s s ,
sl.1rvi v e d for at least 300 days wi thout any visible signs of d e f í. c í e n c y .

o we v e r , t :'e ultimate size of the seedling at the end of this 'starv~t i on'

. r i od vas still strongly correlated with seed s ize (Fig. 2A). Ac c o r di n g
te Stock e e .al. (1990) this capacity to survive under e xt.xerne L y a .dv e r s e
c o n di t i o n s rnay be characteristic of many Proteaceae and result from any of
a n umbe r of features of the seedling biology of members of this f a mi l y .
F r instance, they demonstrated that morphological changes during see dling
d e 'l.-e1opment such as shoot: root ratio and production of pro::.eoid r o o t s
showe d consistent patterns among a11 species investigated. During the
ear1y phases of seedling developrnent (days 4 O to 120) mobilizat ion of
ir.ternal reserves first sponsored rapid growth of shoots so that t he
shoot: root ratio of al1 species at this time was of the order of 2. O.
However, as interna1 resources became severely depleted, this ratio was
progressive1y reduced to approximately 1.0, particularly as a result of
prolific production of proteoid roots from day 1 00 onwards, p res uma bly in
response t o protracted n ut r i e nt starvation (Fig . 28) .
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Leucadendron ~l a ureol um. Ta ken frorn S::.ock et al (1990 ) .,



Most species from the f amily Proteaceae r e ly on fire t o r germination o f new
individuals , so that suc c e s s f ul rec r u i t men t of seedl ings between fi r e tend s
to be ext r emely r a r eo In g e neral, germina ti o n t. a k e s p lace during l ate
wi nter/early spri ng following a s ummer or a u t.urnn burn. Post-f ire
conditions provide a favourable envirorument f o r y oun g seedlings in t e r ms o f
r educed competition and increased availability of nutrients in t he so il
(Stock and Lewis, 1 9 8 6 ) . However, any nitrogen or phosphorus available "
after fire is not l ikel y to be readily accessible t o the yoúng seedling,
f irstly because of the loss of nitrogen due to thermal volatisation during
the fire and, s econdly, because the typical tap root system of the young
s e e dl i n g is l i kely to al low only l i mi t e d capacit y f or lateral uptake of
i rnrnobile e lements, such as p hosphorous concentrated in surface regions of
the soi l profi le. As s ho·..m in t he pot culture stu d y of Stock et a l.
(1990), initiation of proteoid roots does not cornrnence u nti l about 10 0 days
after germination, and i n the natural environment t~s.- ma y indeed be
delayed until the onset of the second wet winter season, ie. even up to 25 0
days after germination. rt thus appears that development of nutrient
acquiring cluster-roots comes strietly seeondary to the development of a
deeply penetrating root system in time.

In surnrnary then, seleetive channelling of nutrients into seeds by a parent
plant can be viewed as a mec h a n i s m for maximising the eha nees of se edlings
surv i vi n g in n u trient-poor e nviroruments. Clear l y, t h is must be at t he
expen s e of utilising t hese nutrients for other func tions within the
v e g e t a t ive parts o: the parent plant itself, especial l y when a specif ic
res ource i s eritieally limi ting . Special ised mod e s ·o f e nhancing nu trien t
up take , such as by proteo i d r oots are therefore of ma j or imp o r t a n c e in t he
s urviva l of members of t he f amil y Proteaeeae, for b oth the established
i nd ivi dual and ul tima tely , f o r the early growth an d surv iva l of i t s
o f fs p r i ng.

2) Cop: oq with Low Tevels Q~ w~~P-

Io o rder fo r e stabl ished p La n c s to surv i v e c o n d i t á o n s o: lo·.... and
ine tfective rai n : a l l during the long surnme r mon th s me~be rs o f t he family
Proteaceae exhibit a r aoge of f e atu res whieh enable them to inc rease thei r
supply of wa ter a nd r e d u c e wat e r los s th rough t ranspira tion. This is
especially impo rtant s i n c e most o: the Proteaceae i n ~~st ral ia exhibit a
late s p r í.nq z e urnrne r p a t t e r n o: g r o·.... t n . This c h a r e c t e r i s t á c p r o b a b Ly
r e f Le c t s p e r s Ls t e n t. a n c e s t z a L e;=c·..,¡t:h p a t t e r n s s i n c e it is gene rally
concluded t hat t h e Pro t eaceae origina l l y e volv e d uoder conditions oi s umme r
r ainfal l and probably fr om progeni tors inhabiting marginal h a bi t a t s in
tropical regions typical o f Australia during the Paleocene/Eocene period
(Martin, 1981).

Most present-day Proteaceae exhibit xeromorphic featur~s sueh as
sclerophyllous leaves embraeing a variety of sizes and forros, extensive
root systems and various physiological specialisations such as mid-day
stornatal elosure whieh 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 suceeed in mueh drier regions
than were probably typical of the ancestral speeies (Rundel, 1977; George,
1984).

Nevertheless, a gerrninating seedling can still be critically vulnerable to
d ry conditions especially before it develops the capac ity to draw from
g round water sources. Furthermore, if growing in an exposed habitat, it
wi l l not benefit to the same extent from self shading as in larger mature
i ndividuals of the species. As mentioned above, most spec ies of Proteaceae



9row i ~g _.. 5~ut h west Aus tra l ia a re s tirnulat ed te germi nat e ~ c ll ew ing ! i=e .
1'he rre j c r L t y o f n a t. u z a L fir es oc c u z in la te s u rnme r c r a u t umn , h owe v e z ,
ge rIT~ =. a t i ~ n in me st s p e c i e s is delay ed unt il the we t winte r or ear l y s pri r.s
f o l 1 ? wi ng t he fi re (Cowling and Lamont, 1986). Germination during the we:
w in t ~ r s e a e o n , together with the fact that post-fire environments h ave
redu~ed e OIro/etit ion and therefore an increase in moisture status means that
s e e d l i n g s are germinating at an optimal time of water availability
(We :' l i n g t o n , 1984). However, the onset of the dry surnmer months,
appr ~xirna te ly six months after gerrnination, poses a real t hreat to youn;
s e e d l i n g s and this is indeed the period in which the first major phase o:

o r t a l i t y of seedlings is most likely to take place (Enright a nd Lamon:,
198 9 ) .

Cl ~a r ~ y , therefore, priority exists among proteaceous seedlings to locate a
z e Li a o Le long term souree of water as quickly as possible following
ge rm i na t i on . One would therefore p redict that a significant quantity o~

r ese r ve s from the cotyledons and photosynthates from young leaves would be
di r ected initially towards extension of a main tap root down to the water
tab leo A recent study by Bowen (1991), has shown this to be the case for
six speci es of Proteaceae investigated in natural habitat conditions. All
were shown to have extended their taproot sorne 2.5 to 3.0 metres and to
have reac ned moist soil layers at or close to the water table within the
f i rst ye a r of g rowth. This p r ov e d to be t he case for all six species
despite t ~e f a ct t hat t hree we r e oblígate seeders and showed r e s o u r c e
alloc a t i o n p a ttern s strc ng l y f av ouring t he p r od uc t i o n c i s hoo t d ry mat te r .
Sir:-::e many s pe c í e s o f Pr ot eac e ae a r e :¡J hre at ophytic, acc e ss t o :' :"1e w a t e r
tab le i s c~ea r ly pa ramo~nt d u r i ng ea r ly st a g e s o f seeGl i ng growth , even ~ :

th i s occu ~ s at the e x p e ns e o~ o:. h e r a ctiv i t ie s s~ ch a s growth c f cl~st e ::

r oo:. s and e x p a n s i on o f phc t osynthetic s h oot sys t erns .

Th e long as s oc i a t i o n of fire with a r ange of veg e t a t i on t y p e s inc luci ng
P r o t e a c e2.e ha s l e d t o the e v o Lu t Lo n of s pec i f i c e d a p t a t. d o n s to t.r.a s
e nvi r o nme nt:al age n c y , e v en to t:he e x t e n t; t r.a t, c e r tain s pecie s are n ow
ffia rke d l y d e p enden t o n fir e f or t heir s ucce s s f ul rep r oduction and s e e dl i.ng
es t abl i shmen t (Gill, 197 7, 19 81 ; F r o ::..t, 1 9 8 4 ; Ke e l e y , 1 9 86 ) . .r.. s a z e s uLt ,
e v e n inte n se fi re s in f ire-p r e ne envi.ronments s uch a s south -wes t Au s t r alia
a r e f o Ll.owe d b y a n extrernely z a p i d and prcli fic re n e wa l of v e g e t a ti c n
(Rech e r a nd Ch r istensen, 1 9 81 ; Christensen e t a l . , 1 981 ) . As in othe r
f ami l i e s (Be l l e t al., 1984 . ; Pate e t al., 1 9 9 0), t he t wo main strat e g i es
~t i li s ed by plants froro t he farnily Proteaceae when regenerat ing after f i r e
are that o f the obligate seeder and resprout er. Seeder species are
inv a r i a b l y k i l l e d by even the rni lde s t f ire, a nd must the r efore re l y
exc lu s i ve l y on ge rmi n a t i o n o f seeds f r om s tore d s e ed banks t o rr.a i.n t a Ln the
s p e c i e s w:i t h i n a pa r t i c u l a r locali ty. Conversely, resprouter species
n o rroa l l y s ' . rvive fire , although their above-ground parts may be e x tens ivel y
d amag e d in t h e process. They s ubsequently regene ra te from buds located i n
b e l ow- g r ound root s tocks or, i n adults of larger arboreal species, from
epicorrnic b u d s on t r u n k s and ma in branches.

I t i s logi c a l t.n a r; the r e s prout e r a nd seede r mode s of rec o v e ry s h oul d
i nvolve highl y cont r a s ting p a t t erns o f resourc e a l locat i o n in r e s pe c t of
e ne r gy a nd nut r i e n t s fo r mainr.e nance , g r owt h and r e p r od u c t i on . In obligate
s e eders, on t he one h and , all ot menr. of r es ou rce s to g rowth and rep roducti on
a nd ultima t ely to t he e stablis~~ent of a s e e d-b a nk before the oc c u r r e n ce o:
fir e i s cle a rly l ike l y t o be more i mport a n t s a y, t han c ornrnít t ing limit ing
resources t o l ong-terro storage. On t h e other h and, f or resprouter s pecies ,
a patte r n o f a lloc at ion o f r e s ource s t o suit ably-p r ot e cted e ne r g y r e se rve s
a nd t o t he dé v elopment of d o rma nt buds enab ling rap i d regrowth o f s hoor. s



a f t er fire wou ld b e of gre a t er i mp o rt a nc e tha n maintenanc e of high r at es o f
shoot g rowt h o r r eproduc t i on i n t he inter,al be t wee n fi res .

Aspe ct s o f th e seede r a n d res p r o u t er mode of r e cov ery h a,e be e n
inves t iga ted to v arying e x tent s b y a numbe r of authors a nd f o r a number o f
p lan t s pe ci e s , especially in rel ation to patterns of a du Lt; growth a nd
r e sou r c e deployme n t in rep r o d u ction (Gill, 1 9 7 7 , 1 9 81 ; ' Re cher a nd
Christensen , 19 81 ; Fros t, 1 98 4 ; Ke e ley , 198 6 ) . However, studies comparing
r e s o u r ce all oca tion a nd g rowth i n j uveni l e plants displaying these t wo
strategies are r a r e, d espite t he fact that t he r espec t i ve charac t er i s t i cs
of t he s t r a t e g i e s are l i kely to b e initiated early in the l ife o f a species
and poss ibl y l o n g be f o r e r eproduct i v e maturity has been achieved. In
recognit i o n of this def i cienc y i n knowledge, a s tudy on t h e g r owt h a nd
deployment o f r e s o u r c es in b oth resprouters and seeders~as unde r taken in
j uv e ni l e members of the family Proteaceae (Bowen, 1991). Six c lo s e ly
relat ed, cohabiting species (t h ree seeders and three resprouters listed in
Fig. 3 ) were compared i n terros of t heir patterns of growt h, b ioma ss
a lloca tion a nd deployme nt and storage of nutrients over the period betwee n
six months a nd three y ears a fter ge r mination. The i n f o r ma tio n frorn t h is
study wa s then re late d t o the e ve n t ua l response to f i re o f a d u l t
individuals o f the species . The basic difference s ob se r v ed between the two
mode s of rege nerati on we re a s sumrr~rised i n the e mp i r i c a l l y-ba s ed model s i n
Figures 3 a nd 4, each series of models des cribing quant i t at i vel y al locat ion
of dry matte r (F ig. 3 ) or ca r b on (Fig . 4) to s hoot a nd roo t g rowth a nd
de position o f st a rch in sh oots a nd r oot s (Fig. 3 ) . The r esp ro u t er s pecies
showed s l ower growth ra tes, a l arge r proportion o f thei r biorna s s be l ow
ground a nd substantially greater c o ncen t r a t i o ns o f s t a r c h i n their r oo ts
t han t he seede r s pe c ie s (F ig . 3 ) . Mor eover t he greater p r oport i on o f be low
g ro und b i oma s s i n the respro uter r es u l t e d i n a l a rge r p ropo rtion of t he
carbon fr om its ne t p ho t osy nthes is bei ng d i rected t owa rds t he r oot s yst e m
where a s urpris ingly large proport i on was lost in r oot respi ration (Fig .
4 ) •

The devel op~en t i n resp r o~te r s pe c i e s of ? r o t e a ceae o f below ground b i omas s
i n t he f o r m o f a tap root a n d / or lignotuber pr ovi des a pr o tected o r g an
r eplet e wi t h s t orage r e s erv es f rc~ wh i c h new shoots c a n readi l y arise, a nd
t h~ s provi des a f o~nda t i on fo r t he abili t y o f suc h s pe c i e s t o s u rvive f ire .
At tai ~~.ent o : r e product i v e mat u r i ty i n a respro~ter is clea r ly e : secondary
Lrnpo r t a nc e to t.h e d evel op:nen:::. e: bel ow g rounc. o i c rna s s s i.n c e t a e v e ry
ab i l i t y t o s ~rvi7e fi re en sures a :: ex tended l i f e s p an ano the reby :nin i mi se s
t he r e quire rne n t t or r ep l acement by seedl i ng rec r u i tment in c omp aris on, say,
wi th the ob l i g a t e s eed e r. I n add i t i on, ít i s of g r ea t er i mp o rta nce f o r
r esourc e s t o be d irected to i rnpr oving t he capacity of t he i ndi v i dua l to
survive a fire than to early achievement of reproductive maturity.

Converse ly, the models (Figs . 3 & 4) c learly demonstrate that seeder
species of Proteaceae generally cornmit a much smaller proportion of their
overall biomass into roots than do resprouters and do not store significant
quantities of starch i n t heir roots. Seeders are therefore able to invest
proport ionally more of thei r photosynthetic return directl y i n t o the
production o f further photosynthetically active shoots which i n turn will
contribute energy for further sheet growth and ultimately permit much
earlier attainment of reproduct ive capacity than in a comparable
resprout er. It follows then, that obligate seeder species within the
family Proteaceae a r e po tentially well equipped for rapid maximisation of
s e e d p r oduc tion , thereby es tabl ishi ng a n effective seed bank befare the
advent of the next fi re.

It i s in teresting to note t ha t ne c ons istent differences were observed i n
c onc e n tra t ions o f nitrogen, phosphorus and macronutrient elements i n shoot
or r oo t dry mat t e r be tween the eight juvenile resprouter and seeder species
s tudi ed (Bo we n, 1991). This was a l s o fou nd to be t he c a s e in a b r oa d e r
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Figure 3. Pictoria l r ep r e s c nt a t i ons of partiLioning o[ dr y m.1t t er and stor ed s t a r ch be t we en
shoot and r oot at f our s tages of juven ile growth fo r t llP cnmb i ned r esprou ter (R) a nd seedar
(S) s t ucly species (Res prout e r s = Banks ja i1t te lluil l a , Conosperm l1m triplinervi um and Stirl ing i a
lat ifolia . Seederd = Banks i a prioIJotes , Cono spermulll inCll r vum a nd Adenanthos cygnorum). Plant
ages were 16 mon t hs , 22 months, 28 months and 36 months . Takc n from Bowen (1991).
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Figure 4. Pietorial repr~sentation of t he pa tte r n of
for the combined juveni1e respr out e r Qnd seeder s t ud y
expressed in terms of net gain fr oIn the a tmosph ere by
D.M. = dry matter. Taken from Bowen (1991).
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spec ies 1isted in Figure 3. Dat a are
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s t uc y w n i c h ineluded p ::" " . t s frorr. ó number 0= ;.la:¡t fam.:.lies ir: ~outb -""e s '.:

A u s ~_ :" a 2. i a ( ? a t. e e t al . , 199 0 ). Res p= o u't.e = s .. in p a r t. á c u La r , e e n c ;
p re ~ ~: enti a l : y store any o f these n utrients e ven though rel atively l a : ge
amot. r. t. s of b ot h nit=oge n a n d p h os p h:Jrus v ould be i.mmediate.ly required fo r
sho ~ ~ grovt h after fire. Su c h nu~=ients hovever. are likely to be readi ly
a v a i l ab l e after fire in tbe ashbed aod since seeders vou1d have suceumbed
a n d ;.;ou l d no longer be eompeting for no.trients~ resprouters vould be
e xye c t e d to ha ve a virtually unrestricte.d ~upply of nutrie.nts~ at lea~t in
t he first f ew mooths of the pos t.-fire periodo Ioc:\eed they might well
be n E, : i t from nutrients emanating from the decomposing rocts of any speeies
k i l .le d by fire. In addition, the storage of toese nutrients would
ine"' it ab l y take up spaee within the root of the resprouter.. and it is
reasonable to suggest that this would be better deployed for storage of
starch, thereby providing a ready source of energy and carbon for growth of
new fol ia ge. Obviously, storage oi such nutrients in juvenile seeder
s p e c i e s wo~ld be selected against unless such reserves ~ ~re later shown to
enhance the reproductive perfo=rnance 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 fea tu re
differentiating the two groups of species. To test this hypothesis, a
broader survey was instigated by Bowen (1991) encompassing a wide range of
juve ni l e species from thirteen genera of Australian Proteaceae including S3
r e s p r ou t e r and 50 seeder s pe c í.e s . The study aimed to determine t he
propo r t ion of different c lasses c f root tissue utilised for storage and t o
deterrnine c;eneral p a t t e r n s o: s t a r c h d í s t r í.b u t í o » ~.;i ~hin t h e :: 0 0 :' s o f
d:" : = e ~e~~ g e ~e = a a~d s ? e c i e s . ~~e ~~~~ =~b~~icn anc c ~~ce~tra~ic~ o : s~a rch

( e x p r e s s e c 2. 5 a s t a r c a s c o r e ) wa s de ~e =r:'.i n s d : :J:: e a e a s p e c í. e s by
e x arr. í ne t i c n o : c r o s s s e c t Lo n s o : t ne ma í,n t ap :::0 0::'. Sto :::ag e pa xe n c hyma ,
~i th o ::: wi ~ ~ out sta=ch , wa s present in on e o : t~ ree l ocat ions v íz . be t ween
the pe r í.de r rr, and the st e le (' c c:::-te x'), in ray ti ssue, a n d in p a r en c hyrna
a sscc i a ::.e d wi::. h the xylem (x y l e m pare n:: h y ma). Not su=p :::ising ly ,
resp r outers were f ou nd te ha ve c ons iderab l y l arge::: c on ~er.trations c f z ta:::ch
i n thei r r o ots and t o have signi fican t ly e levated prop crtion s 0= the i r r o o t
tis sue d evo t ed to pe z-en c h yma ava ilabl e f or s t.a z ch st:.e r age. Nine o f the
g ene r a s tud i e d contained species r epresenting bot h st rategie s viz. Ba nks ia ,
Dryandra , Grevill e a a nd Hak ea i n t h e Gr e villeoide a e and A de na n thCIS ,
Conosp e r mum, Is op ogon , Pe t rophile and S tirlingia in t he Prot e cideae. A
n umbe z o : d i :: fe r e n t p at t e r n s of s t a r cri d istribut i on were ·e v i d e n t within a nd
betwe e n the se g e ne r a b ut in e ve :::y ins t a nce a s ub stanti a lly greater storage
a :::ea was manifest in roots of r e s p r o u t e r s t han of seeders (Table 1). On a
t a x onomic level , bro a d trends we:::e observed differentiating the genera i n t o
the i r two trib es . Thu s~ resprout ers within Grevilleoideae t e nd e d t o s t o r e
t heir starch in both cortex a nd :::ay tissue and their larger storage a rea
most l y r es ulted fr oro inc r e a s e d a r e a o f ray tissue. A notable exception was
Gre vill e a, i n which resprouters s howed an increase in the area of c ortex
t i s s ue (Table 1) . Co n v e r s ely , wi thin resprouters of the Proteoideae,
s t a r c h s t orage and inc r e a s e d a r ea of potential storage tissue was obse rved
in both t he c o rtex and ray tissue or in cortex alone, with t he exception of
I s op ogon, whi c h developed a larger area of ray tissue i n resprouter than
s eede r s pecies (Table 1). Yet, a gain t h e differences between seeder and
resproute r e x p res s ed by members c f the family Prot e a c e a e were very similar
to those expres s e d ge ne r all y amon g othe::: f a mil i es of plants of south-west
Au s t r a l i a n habi tats (Pate Et al ., 1 99C .

Con ,.. l '.lsi oo

~' c: s';: s pe c i e s o f plant s have qual i tatively s i mi lar - resource requirements f o z
g r ~ ~ ~ h and r eprod uc t ion , however , they di ff er quanti t at i ve l y i n t he way in
wh icn t h e y part i ti o n these r e s ou z c e s to v ariou s p l a nt functi o n s . One
p a rt icular res ource i s l i kely to be g e n e rally limit ing at a ny one time s o



L lIdt: al.l.ocation pro files of it weuld be expec ted to be tightl y reg ulat ed ,
and to be engineered in such a manner as t o maximise survival rate wit hin
t he species. As a result trade -offs wil l i n e v i t a b l y oc cur in whic h
allecation of limiting resources to one trait may be overtly linked te
detrimental c h a n g e in another . Clearly f or members of the f a mi l y
Proteaceae found growing in the harsh environmental conditiens of south
west Australi a ,' me chanisms o f su rv i va l are dependant on a n urnbe r of
definite and he ritable pat t e r n s of a l l oc a t i on e f l i mi t i ng resnurces, many
of wh i c h are ini t i a t e d or influenc e d early in p l an t l i f e whe n mortality i s
high.

Table 1. Me an values ef potential s t o r a ge a r e a and starch scores for roots
of 2 t o 4 yea r o l d r s e e d l i ng s o f see d e r (S) and re s p r o u t e r (R) species from
selected g e nera from t he family Proteaceae. Ta ken from Bowen (1 9 91 ) .

:: Cortex Parenchyma
% area 1 Rat ing 2

Ray Parenchyma
Score 3 % area 1 Rat ing 2

Total % Total
Storage area 1 Starch score 3

(cortex (cor te x -
Score 3 T r a y ) ray + XP)

Adenanthos

Banksia

Conospermum

Ory¡:¡r.cra

Grevillea

lsopogon

Pe trophile

Stirlin g ia

S
R

S
R

S
R

S
R

S
R

S
R

S
R

S
R

S
R

2
3

1 6
1 O

4
2

6
4

3
8

10
7

3
4

4
3

1
1

31 .4
3 7 . 7

27 .8
2 7 .9

59 .8
75 .6

26 .8
30 . 9

34. 7
40 .5

38 .4
35.4

34 . 1
34 . 1

32 . 1
47 . 1

62 . 3
80 .4

0 .0
3.0

0 .3
1.0

0. 0
4.0

0 .0
2 . 2

1 .7
3.4

1. 2
2.2

0 .7
3 .0

0 .2
2 .3

0 . 0
5 .0

0 .0
11 .9

1.0
3 .0

0 .0
30 .3

0 .0
7 .5

5 .9
14 . 1

5 .0
9 .3

2. 7
10.0

0 .8
13 . 2

0 .0
40 . 2

5.7
22.7

10 .9
22 .6

5 .0
4 .7

7 .2
12 .7

1 3.4
14 .2

7.7
16.7

7.8
2 6.3

3 .6
12 .0

4 .9
5 . 1

1.5
3 .3

0 .8
3 .6

0 .8
1.0

0 . 7
5 .3

3 .3
5 .8

3 .5
· 5 .8

4 .0
4 .8

' 1. 5
5. 3

0 .0
1.0

1 .1

8 .0

0 .8
8 .6

0 .4
0 .5

0 .6
5 .7

5 .3
8 .3

3 .4
10 .0

3 .0
13 .9

0 .6
7 .0

0 .0
0 .5

3 7.1
60 .4

38 .6
50 .6

6 4.8
80 .3

33 .9
:'3 .7

48 . 1
54.7

4 6 . 1
5 2 .1

4 L 8
60 .4

35. 8
5 9. 1

6 7 .2
85 . 5

1.1
20 .6

1 .8
12 .0

0.4
30.7

0 .6
1 3.7

11.5
22 .8

8 .5
20.4

5.9
24 .9

1.4
22.4

0.0
4 0. 7

1. Expressed as percentag9 01 total transaetion al area 01 root section oceupied by tissue/region in question.
2. Visual rating 01 starch gra in dens ity on a 0·10 sco ring system , with rat ings lrom O Ior starch to tally absent to

10 10( c:ells fully packed with starch.
3. Derived as % area x visual ratingJ10. On this ba sis a score 01 100 lor the whole sect ion woul d deno te all cell s

fully devot&d te starch S1Crag9.



";>';;':'ERENCES

Be ard, J. S., 1 983 , Ecological c orr t r o L 0 = the veg et a t ion of s ou t.hw e s t e r n
Aus 't.=a lia: Mois t t:re v e z s u s n ut r Lerrt s : Medí ::erranean Ec os y stems : Tl ¡c
Rol e oE Nu-=rien cs. ecs , F.J. Kru ger, D.T. Mitchell and J.U. ~l.

Jar.is, 66-73, Springer-Verlag, Berlin.
Bell, D.T., Ropkins, A.J.M. and Pate, J.S., 1994, Fire in the kwo ngan:

Kwongan: Plant LiEe oE the SandPlain. eds. J.S. Pate and J.S. Be a r d ,
178-204, University of Western Australia Press, Nedlands.

Bowen, .G . D. , 1981, Coping with low nutrients: The Bíology o E Aust r ali an
Pll1ntt!1. edt!1, J. S. Pate and A. J. McComb, 33-59, Universi ty of
Western Australia Press, Nedlands.

Bowen, B.J., 1991, Fire response within the Eamily Proteaceae: A comparison
oE plants displaying the seeder and resprouter mode oE recovery: Ph D
thesis, Univ . West. Aust., Perth .

Christensen, P., Recher, R. and Roare, J ., 1981, Responses of open f o r e s t s
(dry sclerophyll forests) to fire regimes: Fire and the Aus t r al ian
Biota. eds. A.M Gill, R .R. Groves and r.R. Noble, 367 -393, Griffi n
Press Ltd., South Australia.

Cowling, R.M. and Lamont, B.B., 1986, Population ecology of ' Weste r n
Australian Banksia species: implications for the wildflower industry:
Acta Rort.,~: 217-227.

Dodd, J., 1 98 5 , Plant water relations and comm un ity water use i n a Banksia
wo odland n e a r Per th, Wes t e r n Australia: Ph D thesis, Un iv . West.
Aus t. , Pe rth.

Dodd , J . , ~eddle, E .M., Pate, J.S. ano ~ixon, K.W., 1984 , ~oo ::. inc oattern s
of s and~lain plants a nd t heir f'..lnc~ional signi =icance: Kwon q an : Pl ant
LíEe o E the San dp l ai n . e d s . J . S . Pate a n d J.S. oearo , 14 6-1 "7 7 ,
Uni v e r s i t y of Western Au s t r a l i a ?ress , Nedlands .

Dodd , J. a no Gr i f f i n , ~ .~. , 19 8 9 , Fl o ristics of the Banksia woodl ands : J .
Roy. Soc o We s t. Aust. , ~: 89 -90.

Dodd, J and Heddle , E .M . , 1 989, Water z e La t Lo n s 0 = Ean ksi a wo odLa rid s : -.J.

Roy. So c o Wes t . Au s t . , 21 : 91 -92.
Enrig ht, l'; . J . a n d Lamo n t; , 3 .9 . , 19 89 , Seed ban k s, :::'re s e a s o n , s af e s i t.e s

and seedl i ng z e c r c Lt. rnent; in fi"w"e c o v o c c u r r i. n q 3a n ks ia s p ec i es: c .
Ecol . , ]2: 1111-1122 .

Foster , S .A. , 1986 , On the ada~tive va lue of l arge s e e d s for tropical moi s t
f orest trees : A r e v i e w a nd synthesis: Bot. Rev ., 2Z: 260-299 .

Frost, P .G .H . , 1 9 84, Th e r e s p on s e s and survival of organi sms in fire -prone
environments : Ec ol ogical EfEect s of Fire in So u t h African Ec os y s t e ms .
eds . P .deV . Booyse n a nd N.M . Tain t on , 274 -3 0 9 , Sp r i n ger-Verl a g,
Berlin. .

Geo rge , A.S . , 1984 , An Introduction to the Proteacea e oE Western Aus t r al i a .
Kangaroo Press, Australia.

Ge o r ge , A.S ., Hop k ins , A.J .M. and Marchant , N.G ., 1 97 9, The heathl ands of
Weste rn Austral i a : Heathl ands an d Rel a t e d Shrubl ands of t he Worlc1.
A . Descript ive Stu dies. ed , R . L. Sp e c h t, 21 1-230 , Elsevier
Scientific Pu b lishi n g Comp a ny, Nethe rland s.

Gill, A., 1 97 7 , P l a nt traits a dap tive t o fires . in mediterranean la n d
e c o s ystems : Proceedings o f the s ymp os i um o n The En v i ronment a l
Con s equences oE Fire an d Fuel Management í n Medit e rranean Ecosys tems,
17-2 6 , Fo r es t Services, U.S. Department o f Ag r i c u1ture.

Gill, A., 1981 , Adaptive r esponses of Aus tralian va s cular plant s~ecies to
f ire: Fire an d the Aust r alí an Bíota . eds. A.M Gill , R.H. Gr ov e s and
r.R. Nob l e , 243 -272, Griffin Pres s Ltd., South Aus tralia.

Ke e l e y , J .E ., 1986, Resilience of mediterranean s hrub c ommu n i t i e s to f i r e s:
Resi l ience in Medí terranean-Type Ecosystems . eds . 3. De l l , IL J . ~.

Eo~kins and B .B . Lamont , 95-112, Dr W. J unk Publ ishe r s, Dordrecht,
Netherlands .

Kuo , J. , Hocking , P.J. a nd Pate , J.S ., 1982 , Nu t r i ent r eserves in s e eds o f
Proteaceous species from south-western Australia: Au s t . J . Bot . , ~:

231-249 .



1 98 6 , So i l nitrogen and the role o f f ire s as
a South African coastal fynbos ecosystem: J.

Lamont , B.B. , 1981 ,Special ized roots o f non- s ymbi o tic or i g i n i n heathla nds :
He athlands a n d rela ted shrublands of the wo x l d , B. An alyti c al
Studies. ed . R.L . Specht , 183-1 95 , Elsevie r , Amsterdam .

Lamont , B.B. , 1 983 , Pr ot eo i d root s in t he South African Proteaceae: J . S.
Afr. Bot. ~: 1 03-123 .

Lamont, B.B. , 198 4, Special i zed modes of nutrition: Kwongan: ~l ant Life o f
the Sandplain. eds. J. S . Pa t e a nd J. S. Be ard, 126 -145 , University o f
Western Australia Press .

Lamont , B.B . , 1986, The significance of proteo id roots in Proteas : Acta
Hort. , ~: 163-170.

Ma rt i n, H.A . , 1981, The Te rti ary f l o ra : Ecol o gica l Biogeography o f
Australia . Vol . l . ed, A. Ke a st , 39 1-40 6, Dr W. Junk Publishers , The
Hague. _ ._

Mulchahy, M.J ., 1 97 3 , La ndforms a n d soils o f sout h wes t e r n Australi a : J.
Roy . Soco West. Aus t ., ~: 16-22.

Pa te , J.S . and Dell, B. , 1984 , Economy of mineral nutrients in sandplain
s p e cies : Kwong an , Plan t Li f e o f the Sandplain . e ds, J.S. Pate and
J . S . Beard, .;22 7 -25 2 , University o f We s t e r n Aus t r a l ia Press , Nedlands .

Pa t e, J .S ., Di x o n , K.W . a n d Or s han, G., 1 984 , Growt h and life form
ch a r a cteristics of kwongan s p e c i e s : Kwongan, Plant Life of th e
Sandplain. e d s , J . S . Pate a nd J .S . Beard , 84-10 0 , Univ e rs ity o f
Western Australia Press, Nedlands.

Pate , J.S. , Raisins, E., Rull o, J. and Kuo, J., 1986 , Se e d nutrient
re s erv e s o f Proteac e a e with specia l r efere nce'to p r o t ein b od ie s and
their inclusions: Ann. Bot . , 22 : 747-770.

Pate, J. S ., Froend, R.H., Bowen, B.J. , Hansen, A. and Kuo, J . , 1990 ,
Seedling growth and s t o r a g e characteristic s of seeder and resprouter
species of mediterranean-type ecosystems of S . W, Australia: Ann .
Bot.,~ : 585-601 .

Purnell, H.M . , 1960 , Studies of t he family Proteaceae 1: Anatomy a n d
morphology of the roots of s orne Vi ct o r i a n species : Au s t . J . Bot . , ~ :

38 -50.
Recher, H.F. and Ch r Ls t.e n s e n , P.S . , 1 9 81, Fire and t he e v a l uti o n e: t h e

Au e t r a Ld a n b io t a : Ecol ogi ca l Bi o geograph y of A us t r a l ia. e d . "
Keast,137-162, Dr ~. J unk Pub l~shers, The Hag ue , Bos c c :1, London .

Rundel, P .W. , 1977, Water b a l ance ~n Medite r r ane a n e c o s y s t e~s: Proceedi nqs
of th e Syrnposiurn on the En viron rnenta l Con s e q ue n c es o f Fire and Fu e l
Managernent in Medi terranean Ecosyst erns. e d s . H. A. Moone y and C.S .
Conra d ,95 -106 , Forest Serv~ce, United States De part me n t o:
Agriculture .

Speck, N. H. , 1958 , Th e v ege t ation o f th e Darling -Irwin bot an i c al distri cts
and an investigati on o f the d i stribution patterns of t he fa rni ly
Proteaceae in South Western Aus t r ali a: Ph D thes is, Uni v. We s t .
Aust ., Perth.

Stock, W.D. and Lewis, O.A .M.,
a mineralizing agent in
Ecol., ~: 317-328.

Stock, W.D., Pate , J .S ., Kuo , J. and Hansen, A.P., 1989, Re s o urce con tro l
of seed-set in Banksia laricina C . Gardne r (P r oteace a e) : Func. Ec ol . .
,3,: 453-460.

Stock , W.D., Pate, J.S. and Delfs, J., 1990, Influence of seed size a nd
quality on seedling development under low nutrient conditians in five
Australian and South African members of the Proteaceae : J . Ecol., 2a:
1005-1020 .

Stock, W.D . , Pate, J.S . and Rasins, E., 1991, Seed developmental p attern s
in Banksia attenuata R.Br . and B. laricina C . Gardner in r e l at ion ta
mecha nic a l defense costs: New Phytol . , ~: 109-114.

Wellingeon , A.B ., 1984, Leaf water potent i a ls, f i r e a nd t he rege nera t i on o f
mal lee eucalypts in semi-arid south-eastern Au st r a l ia : Oecologica ,
64: 360-362 .



ADAPTATI ONS OF S . W. AUSTRALIAN MElo'..BERS OF THE PROTEACEAE; ALLOCATION OF
RESOURCES DUR:NG EARLY GROWTH

Biographical p=ofile of Author~ ·

~rbara J. BQwen BSe. · Hons. Ls a qraduate of the Uoiversity of We s t e r n
. ~t ralia aod has just completed a PhD thesis dealinq . with s outh -we st
Au~t raliao members of the Proteaeeae. She i 5 eurrently employ ed a s a p a r t 
t~~ Senior Tutor io Biology at Curtin University, Western Australia.

J o a!! S. f..a..t...e. FAA, FRS i~ a teaeher and r esearcher at t he University o f
We s r:e r n Australia where he holds the chair in Botany. He has wide
°nt e r e s t s in plant nutrition and adaptations of plants ·to stress.



ASSESS ING THE PHOSPHORUS STATUS OF PROTEAS USING
PLANT ANALYSIS

Dr Geoff. C. Cresswell
Biological and Chemical Research Institute,

PMB 10, Rydalmere, NSW 2116. Australia ,

MAJOR FINDINGS

* Controlled release fertilisers used in the production
proteaceous plants should have no morr than 2%.. -.l' availab
over a 5-6 month period (i.e. 10 9 P/m Imonth).

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 ferti lisers 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 programo Strong visual symptoms of P deficien
were produced by Protea 'Pink ice'.

* Tissue a nalysis standards were developed for assessi
the P s tatus of 3 commercial protea species. Until furth
work i s done, these s tandards may serve as models for t
i nte r p r e t a tion o f p lant test results for other proteaceo
plants.

INTRODUCTION

Many plants within the Proteaceae family have a low tolerancE
phosphorus and will develop severe leaf sYffiptoms and someti
die when given fertiliser rates considered normal for ot
cultivated plants (Nichols et al 1979, Thomas 1980, Nicho1s
Beardsell 1981). The significance of this problem has increa
with the widespread adoption of soi1less growing media
container production (Nichols et al 1979). Even a small ame
cE soil in a mix has been shown to reduce the availability e
for plant uptake and so reduce the likelihood of toxie
(Nichols et al 1979).

The most common sYffiptoms 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,



conc 1.usi v e proof . of P taxicity. Also leaf symptoms are of
. i t tl.e use as a warning of sub-clinícal deficiencies or

o ñ c.i t i es as plants produce clear visual symptoms onJ.y in the
f s tage s of decline.: By th.:ls time, growth and qua1ity have
b e :Lrreversibl.y affeeted. · · . . ':-: .

....~ lier warning of nutr1.tional. prob1ems can be obta.ined from
e: t: and 501..l. testing. ~e'tectmiques prov1.de:!.nformatíon on

ent nutrient status of the p1ant and so1.1. and are used
i:!Ji.1.y te coofi.rm di.sorders diagn.osed frem symptoms, anticípate

~ ..\} nutrients' coul.d l:lDd:t growth and to fine-tune fertiliser
programs . Plant and 501.1 testing has not been wide1.y used by
p r Jt a growers, presumably, becausere1.iable · interpretive
tand ard s have not been available.

• • 0• • _ " : ~ • •

Th e . primary purpose fer undertaking the gla8shouse tr:f.a1.s
esc r i be d in thi.s papar was te develop a plant test fer

ass e s s i ng the P status ef Preteas. Too studies major object:f.ves
we r e to identify a suitable samp1e tissue and to formulate
tissue standards.

MATERIALS AND METHODS

Rooted c uttings of Protea nerifolia -Satin mi nk ' , P. n e r ifol i a
'Pink ice' and Leucodendron -Harvest' were transplanted inta
2.5 L pots containing a 2.4:4:1 sand: pine bark: peat medium.
The pH (1:1.5 water) of the growing mediurn was adjusted to 6.5
with dolomite.

3A combination of Osmocote 18:0:9.3 5-6 mo n t h s (3 kg/m) and
Osmocote 0:18:0 5-6 months was dibbled into the pots, giving the
fo11owing 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 wa s fully rqndomised.

Trace ele:nents we r e given in the irrigation water ' which was
provided b y drippers either daily or twice weekly depending on
the weathe r.. Pots were leached by hand at regular intervals to
reduce the b u i l d - up of nutrient salts in the medium.

Symptoms o f phosphorus toxicity were produced by Protea -Satin
mink' very e a r l y in the trial and i t became necessary to harvest
after just .3 months because several plants were close to death.
The other c u l t i v a r s were grown for 5 months before harvest.

At harvest , plant tops were dried and weighed and the roots were
examined a nd scored for size. Samples of recently matured
l e a v e s , o l d leaves _a nd stems were collected fer chemical
analysis.

Visual s ymp toms we r e described and photographed. Phosphorus
t o x i c i ty s ymptoms were scored f or severity on two occasions
during the t rial.

~

Plant tissue and water analyses were conducted using met h od s
modified after Leece and Short (1967).



RESULTS AND DISCUSSION

Toxi city symptoms

~hosphorus toxicity symptoms were produced by all cultivars at .
t he highest rates of P.

Leuc odendr on ' Harvest'. Initially developed a reddening of
ma t ure leaves in the u pper 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 -s hoo t also burned. In the
fina l stages, the newest leaves became chlorotic and many older
leaves were shed. Young leaves that were green but had not
hardened o ff developed an orange/yellow chlorosis commencing
from the margins and spreading towards the mid ribo A narrow
region of green tissue usually remained around the main veins.
The t ips o f these leaves eventually turned dark brown and died.

Pr o t ea n eri f olia 'Pink ice'. Produced similar symptoms to
t hose described for Protea 'Sat i n mi nk ' except that the newest
l e ave s were l e s s chlorotic.

Deficiency s ymptoms

Protea 'Pink ice'. Developed a pronounced reddening of newer
l e a v e s in the nil P t r e a tme n t . I r on i c a l l y , a similar s ymptom,
perhaps al so a deficiency response, is considered a sign of
health by sorne growers of Australian native plants.

The other cultivars in the trial failed to produce 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 tolerante This ranking agrees
well with the experience of commercial growers.
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Figure 1 . Effect . o f phosphorus
tre atment on the severity of phosphorus
toxicity symptoms on leaves. A rating
of 1 implies no symptoms.

Effect of phosphorus on top growth

Growth of t o p s by Protea 'Pink ice' and Leucodendron 'Harvest'
was improved at low rates of P but wa s 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 z e r o Pare u sed widely for the production o f
proteaceous plants specifically to avoid losses due to toxicity.
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Fi gur e 2. Effect of phosphorus treat
men t on the dry weight of plant t ops .

Inf ormation i s not available for Protea 'Satin mink' because the
t:r:ial wa s t erminated before adequate growth had been made.
~owever, thé growth of this cultivar would certainly have been
restricted by the chlorosis and leaf shedding that occurred a t
the highest rat e s of P.



Effect 'of phosphorus on root d evelopment

Root growth, assessed visually at harvest, declined fo r all
cultivars as P supply was decreased (Fig. 3). Plant top growth
was also reduced but whether the responses are related causally ,
i s not known . The s i milarity between the leaf symptoms of root
d i s e a s e and P toxicity in proteaceous plants certainly suggests
that root injury is involved in P induced plant death. Iron
de f i cie nc y and o t her n utrie nt i mba l a nc e s that have been linked
causally wi t h P t o x ici t y 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 spr~·r
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Fi gure 3 . Effec t of phosphorus
t r eatment on t he development of roots.

Root developmen t wa s also inhibited in the nil P treat ment for
all plants exc e p t Leucodendron 'Harvest'. Since Leucodendron
' Harvest' wa s t he only cul t i var t o produce proteoid roots it is
possible t hat thi s adaptation e nabled it to get sufficient P for
r oo t growth.

Plant tissue analysis

Concentrations of phosphorus in stems, recently matured leaves
and old leaves increased 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
of tops.
typical)
compared

concentrations were signicantly correlated with growth
An interesting feature of the relationship (Fig. 7 is
was the relatively narrow range for optimum growth
with other cultivated plants.
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treatment on the concentration of
phosphorus in stern and leaves of
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Protea 'Fink 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 l.



Table l. Standards for assessing the phosphorus status o f
P. -Satin mink', P. -Pink ice' and L . -Harvest' using p Larrc
ana1ysis.

Nutrient range

P : -Satin mink'

Stems Recently matured . 0Id Ieaves
Ieaves

Low/ De f i c i e n t
Desirable
High
Toxic

P. 'pink ice'

Low/Deficü~nt

Desirab1e
High
Toxic

L . -Har vest'

Lo w/ De f i c i e n t
De s ira ble
Hig h
Toxic

Ac k n owl e d ge me n t s

<0.19
0.19 - 0.35
0.35 - 0.4
>0.4

<0.06
0.06 - 0.29
0.29 - 0.52
>0.52

<0.0 5
0.05 - 0.34
0.34 - 0.6
>0.6

<0.19
0.19 - 0.29
0.29 - 0.36
>0.36

<0.06
0.06 - 0.27
0.27 - 0.57
>0.57

<0.15
0.15 - 0. 42
0. 42 - 0. 45
>0.45

<0.21
0.21 - 0.44
0.44 - 0.53
>0.53

<0.16
0.16 - 0.46
0.46 - 0.95
>0.95

<0. 14
0 .14 - 0.49
0. 49 - 0.73
>0 .73

The fi nanc i a l assistance of Sierra Australia i s greatfully
ackn owl edge d .
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ABSTRACT

I t i s t hought that lea f b lackening in cut Protea bloorns i s caused

by a depletion of carbohydrates frorn the l e a v e s by t h e

fl owe r h e a d . cut Prote a cynaro ides and Protea ner i i fol i a we re

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 bláckening 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 éxtended 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.
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INTRODUCTION

Leaf blackening in the leaves of certain Protea species is a

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. cynaroides and ~

eximia, depending on both pre- and post-harvest conditions.

In order to design an effective postharvest treatment fo r

blackening we must understand the physiology of the processes

involved. Water stress was considered to be responsible (PauII

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; New~an e t

al., 1989).

Under normal growing conditions, carbohydrate, i n t h e fo rn of

sucrose, is synthesized during photosynthesis in t h e leav es a~d

translocated to the flower. When blooms are cut and place d i n

dimly lit rooms, photosynthesis cannot occur and t he c arbohydrate

supply to the flowers becomes exhausted.

Placing cut Protea flowers under bright light effec tively

i nh i b i t e d blackening (New~an et al., 1989). This treatment is

effective only if the light is strong enough t o faci lita te

photosynthesis in the Protea leaves (Jones and Clayton-G r e ene,

1991). Furthermore, blackening can be induced in l e a v e s he l d
;-

under high light if photosynthesis was specifically i nh i b i t e d by

3-(3,4-dichlorophenyl)-l,l-dimethylurea (DCMU) (Jones and

Clayton-Greene, 1991) . Preventing the translocation of

carbohydrates froro the leaves to the flower by girdling the stem

a lso reduced blackening i n ? e ximia (Ne wrnan et a l. , 19 8 9 ) .

Leaf blackening, therefore, is c aused whe n f l owers are placed i n

low light conditions and photosynthesis c e ases. c a rbohyd r ates

continue to b e stripped from the leaves t o fe e d the f l owe r ,
~

resulting in an as yet unknown stress that ends in leaf
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blackening.

Blackening is thought to involve the oxidation o;f phenols,

possibly by the enzyme polyphenol oxidase (Whi tehead and de

Swardt, 1981). In healthy cells, phenols are enclosed in the

vacuole and polyphenol oxidase (PPO) is located in the

chloroplasts and the cytoplasm (Lurie et al., 1989). For

oxidation to occur phenols must come in con1:áct with PPO,

indicating that membrane leakage from the vacuole aridy o r the

chloroplast mU:=,t take place. The relationship between this

leakage and the carbohydrate stress imposed on Protea leaves b y

the flower is not known.

Ev i d e n c e fo r the involvement of an oxidative process in lea f

blackening is seen in the inhibition of blackening by anti

oxidant conditio~s. The anti-oxidant diphenylamine (DPA), used

as a 15 second dip, s ignificantly delayed the onset of blackening

in P. ne rii f o l i a (Jones a nd Clayton-Greene, 1991). Furthermore,

a n oxygen atmosphere of 1 % effect ively inhibited leaf b lackening

in P . neri i folia leaves (Jones and Clayton-Greene, 19 9 1 ),

p o s sibly by p reventing t he o x idat ion of phenols b y PPO.

Low c oncentrations o f s u c r ose (0.5 to 3%) supp l i ed as a

cont inuous vase solut ion at 20°C are known to partia l l y inhibit

blackening in P. neriifolia (Akaminé 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 ~

cynaroides and P. neriifolia by supplying the leaves with high

levels of sucrose.



TERIALS AND METHODS.

Prot e a cynaroides and Protea neriifolia flowers were h arvested

f r om a local grower and transported to the laboratory in water

within 1 hour of harvest. Excess leaves were stripped, and 2 cm

was cut from the base of each stem. Flowers were placed in

s o l u t i on s of O, 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 pulsing, flowers were randomly placed into bunches of five

.a nd wrapped in two layers of newsprint and 35 uM polyethylene.

Bunches were stored at 1°C, 95% relative humidity (RH) for 28

c ays .

I rnme d i a t e l y after storage black leaves were counted on each ste m.

Black leaves were defined as those with more than 5 % o f .t h e leaf

black. The number of black leaves was counted in each flowe r

daily, and expressed as a percentage of the total numbe r o f

leaves.

Two centimetres wa s then cut from the b ase o f e ach s t e m, and

flowers placed in ~istilled water containing 100 ug/g SDIC f or

24 hours at 1°C. Thereafter, flowers were placed in a cons tant

temperature room set at200C, 65% RH, with constant lig h t of 10

uEinste ins m- 2 s-1 for vase life assessment.

Va s e life wa s considered terminated at the first sign of curling

and color 1055 in the flower heads. Storage trials were repeated

three time s with P. cynaroides and twice wi t h P. n e r ii f o lia .
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RESULTS AND DIseUSSION

Protea cynaroides

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 visi~e immediately

after storage and continued during vase life assessment at 20°C.

A 24 hour pulse in 5% sucrose significantly increased leaf

blackening immediately after storage compared with a control

pulse of no suerose (Table 1). At the end of vase life, pre

storage pulses of 2, 5 and 10% suerose had all significantly

increased leaf blackening. eontinuous application 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 o f cont inuous application, there appears to be sorn e

s i gni fica nce i n the fact t hat 5 % suerose promoted blacken i ng in

b ot h cas e s .

Trial s wi th s~gar pulses rang ing in concentration from 2 0% t o 50 %

i ndicated tha~ 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 terro dry storage at 1°C was also reduced by

a 2 4 hour pulse in 20% sucrose (Jones, 1991). Suerose

signifieantly redueed desieeation in Silvan Red leaves thus
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r ot e c t i ng the leaves from damage during storage. It is thought

h a t sucrose acted in a similar manner in King Protea leaves, as

we l l as maintaining membrane integrity within leaf cells, thus

rev e n t i ng the leakage of phenols from the vacuole and subsequent

x i d a t i on by PPO. Further trials are necessary, however, to

e t e rmi n e the exact manner by which sucrose inhibits leaf

b l a c k e n i ng in King Protea leaves.

Protea neriifolia

The incidence of blackening in P. neriifolia was higher than ~

cynaroides in all treatments both during and after storage (Table

2). P. neriifolia is known to be more susceptible to leaf

blaekening than P. cynaroides (Paull et al., 1980).

A 24 b ou r pre-storage pulse with 2 0% s uerose signifieant l y

reduced leaf blackening during 28 days storage at 1°C i n P .

ne r i i f ol i a . Lower concentrations of suerose had no signi f iea nt

effeet. Pulsing with higher eoncentrations of suerose (30 to

50%) also had no significant e ffeet on leaf blaekening or flower

vase li fe (data not shown). Vase life was significantly extended

to 4 d a ys by the 20% suerose pulse (Table 2) . .

The inhibition of blackening during storage with 20 % suerose did

not continue when P. neriifolia leaves were plaeed 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

Br i n k and de Swardt, 1986), blackening was accelerated in our

t "rials whe n f lowers. were pulsed at 1°C in 2, 5, 10, or 20%

s u c r o s e solutions for 24 hours and irnme d i a t e l y p laced a t 2 0°C

(Data not shown).

I;ulsing with 20% sucrose, therefore, significantly inhib i t ed

blackening i n P . neri ifolia during stora g e at 1°C, but wa s not

e f f e c t ive at 20 °C. Perhaps suc rose part i a l l y p r evented membrane
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deterioration at low temperatures only. temperatures.

In conclusion, pulsing P. cynaroides and P. neriifolia in 20 %

sucrose for 24 hours at 1°C inhibited leaf blackening during 28

days storage at 1°C. Th i s inhibition extended until the end of

vase life (assessed at 20°C) in P. cynaroides, but not in ~

neriifolia. Further research, including measurements of solution
"-'.."'

uptake during the 24 hour pulse, and sugar uptake by the leaves

themselves, is needed to determine how sucrose inhibits

blackening. At ~his stage it is thought suerose helps the leaves

reta in water during storage, and maintains membrane integrity.
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Table l. The effect of sucros o pulses on lea f blackening and vase

life in cut Proteª- ~Ynªro i d e s . Flowers were pulsed for 24 hours

at 1°C and stored dry for 20 clays 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 (Ofo)

Leaf Blackening

after storage (Ofo)

o

5.0

2

19.4

5

..
45.6

10

19.2

20

o

LSD

32.9

Leaf Blackening

at end of vase life (Ofo) 61.7
.. ..

93.7 91.0 86.8
..

23.2 23.8
(.,

Vase Lite

(Days)
8.4 5.6 7.8 8.2 9.0 3.0



'l'able 2. 'l'he ef f e c t o f s uc r os e puI ses on leaf blackening and vase

life in cut Prote a neri ifol i a. Flowers were pulsed f o r 24 hour s

at lOe and stored dry for 28 days at 1°C. Lee f bLaokan í.nq is

expressed as a percentage of t he total nurnber of leaves with more ·

than 5% of l ea f a rea black. Least Gi gni f i c a nt difference (LSD)

was calculated at the 5% level.

* denot es sign ificant d i f fe rence frorn controls.

SUCROSE CONCENTRATION (%)

o 2 5 10 20 LSD

Leaf Blackening

after storage (%) 83.1 64.0 74.8 68.4
..

41.1 41.8

Leaf Blackening

at end of vase life (%)
100.0 . 100.0 100.0 100.0 100.0 o

Vase Life

(Days)
2.0 2.0 2.4 2.4 4.0

..
1.0



GERMI NATION OF ACHE NES OF MEMBERS OF PROTEACEAE FOLLOWING
PRETREATMENT WITH THE GROWTH REGULATOR PROMALIN (GA4+GA7+BA) AND

ITS COMPONENTS

NAC Brown* and FE Orewes**

*Endangered Plant Laboratery, National Botanical Institute, Kirstenbosch,
Private Bag X7, Claremont, Cape Town, 7735, South Africa (Ad dress for

correspondence) _ . ~
** UN/FRO Research Unit for Plant Growth and Oevelopment, Oepartment of

Botany, University of Natal, Pietermaritzburg, 3200, South .l\f r ica

SUMMARY

Germination experiments indicated that Promalin, a 1:1 mixture of
gibberellins GA4 and GA7 and the cytekinin benzyl adenine (BA),
significantly enhanced germination of achenes of Pro tea compacta,
Leucadendron tinctum, L. daphnoides, and Leucoepexmum corditolium r'elatíve
te a distilled water control. GA4+7 alone improved gennination in
P. compacta, P. mágnitica and L. tinctu .n. BA alone d id not improve
gennination in any of the species studied and had a signilicantly
detrirnental effect on germination in P. compacta, P. magnifica a n d
L. corditolium. A more detailed study on P. compacta achenes indicated t h a t
it was the GA4+7 component o í Promalin that was apparently activ e i n
overcoming the block to germination. A tetrazolium test a nd a n
u l t r astructural i n v e s tig a tio n indicated that treatment with BA alo ne wa s
de trimental to the viability of embryos and the latter became non-v iable
during incubation. Evidence oí a f u n g al infection in these emb ryos was
also observed.

INTRO DUCTIO N

There is a keen demand for flowers oí 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 oí factors, including the ability of exporters to supply the
desired quality and quantity oí 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 planta cultivated specifically to supply the export market.
This cultivation requires the breeding of improved cultivars. Succeasful
breeding programmes are dependent on efficient propagation techniques.
Vegetative propagation is important in maintaining cultivara with desirable
flowering characteristics and uniform quality of blooms. Propagation froro
seed, which ía important in the breeding of new cultivars, Ls complicated by
the fact that germination of many species occurs sporadically over a perlod
oí time or Is poor due te a large p r-opo rt.íon oí dormant seeds in seed
samples (Van Staden and Brown, 1977). One of the methods of improving
gennination ís te pretreat seeds in a solution of the commercialiy-available
ha r ma n e mixture, Promalin, which consists o í e q ual prop o rtian s oí



g '_b r e llin (GA4+7 ) and cytokinin (benzyl adenine). Pretreating achenes b
ro has been shown to improve gerroination in Protea compac té'.

{~ ' tcheJL Van Staden and Brown, 1986) and Leucospermum cordiioli um
'8rown , Van Staden and Jacobs, 1986). In this study the effect oí Promalin
.. r etr e a tme n t on germination in a ' number of species of Proteaceae Ha$
' v e s tig a t e d . The effect on Protea compacta achenes was then looked at in
_reater d epth in order to investigate the conclusion oí Mitchell et al (198 6)
+:ha t GA4 and GA7 are the ingredients of Promalin that are active in

r eakin g dormancy.

MATERIALS AND METHOOS

Ac hene s oí the following were used in ·the present study: Protea compacta
R.Br ., Protea magni.fi.ca Link, Leucadendron tinctum Williams, Leucadendron
daph oides Meisn. and Leucospermum cordifolium (Salisb.ex Knight)
. ou r-cad e . These were obtained from the Department of Forestry, Pretoria

a n Pars le y ' s Cape Seeds, Somerset West, South Africa. For the hormonal
t r eat me n ts, 't h e achenes were soaked in aqueous solutions of Promalin,
gib berellin GA4+7, benzyl adenine (BA), or in distilled water tor 24 hours.
The hormone solutions were all obtained from Abbott Laboratories, North
Chicago (TU.),USA. Concentrations of 50, lOO, 200 and 400 mg¡-! were used.
The achenes '>-Tere incubated in Petri dishes containing acid-washed sand
(40 - 100 mesh) moistened '>-Tith distilled water. The díahes vzere incubated
a t 10 0 c, á temperature that has previously been found to be favourable for
g e r mina tion (Mitchell, 1983). Throughout the 60 day incubation period, the
sand was kept moist by the addition of distilled water. Germination was
t.aken as the first sign of protrusion of the radicle. Five replicates of ten
a c h e n e s e ach, were used throughout.

The viability oí the achenes of P. compacta that did not germinate was
tested using the tetrazolium test (Moore, 1973) and Iollowíriq the procedure
of Brits and Van Niekerk (1976). A 0,1% aqueous solution of 2,3,5-tripheny l
tetrazolium e hloride was used and the embryos were examined for
colouration aíter 24 hours. When the viabillty oí unincubated achenes y¡as
to be determined, the acheries were imbibed in distilled water for 24 hours
prior te testing.

The method used for preparation of embryos of .P. compacta ror
transmission electron micrcscopy was that of Van Staden, Gilliland and
Brown (1975), except that block-staining with uranyl acetate was included
after post-fuation in osmium tetroxide. Sections of approximately 70 nm in
thickness were cut using a glass knife on an LKB ultramicrotome. The
s e c t io n s were stained using lead citrate (Reynolds, 1963) and viewed on a
J e ol 100C X electron microscope at an accelerating voltage of 80 kV.



RESULTS AND DISCUSSIO N

Preliminary investigations

The results oí a prelinúnary experirnent, in which the germination oí
achenes oí P. compacta, P. magniflca, L. tínctllm, L. daphnoides, and
L . cor d ifolium was in v e stigat e d following a 24h pre t r e atrne nt i n 200rngr 1

Prornalin, GA4+7, or BA, are shown in Table 1. P rornalin t r eatme n t gave a
s ign ilicant increase in germination in a11 species except P. magnifica
Treatment in GA4+7 alone improved germination in P. compacta, P. magnifica
and L , tinctum but not in L. daphnoides and L. cor difoli um. Benzyl
adenine(BA) alone did not improve germination in any aY" 1:he species and
had a significantly detrirnenta1 eífect on gerrnination in P. compacta, P.
magnifica and L. cordifolium. In an attempt te clarify which cornponent oí
Prornalin ís active in promoting germination, a further series oí experiments
was conducted on ~ P. compacta achenes.

Table 1

Germination oí achenes of Protea, Leucadendron and L eucospermum íollowing
pretreatment with Promalin (GA4 + GA7 + BA ) and its components, GA4+7

a nd BA (200 rngr1)

SPECIES TREATHENTS

Cont rol Promalin GA4+7 BA

Pr otea c ompacta 30+ /-6 60+/ -6 52+/-4 14+ / -8

Pro t ea magnifica 60+/-8 6 6+/-8 78+/-5 24+ / - 10

Le uc ad en dron 4+/-1 62+/-4 . 76+/-8 4+/-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 cont.rol, germination commenced 19 days alter the
s tart of imbibition and continued until Day 36 (Figure 1). The maxírnum
g ermination recorded, however, was only 28 t. Indeed, a tetrazolium test
(Figure 2 ) revealed that only 52 ~ oí this seed sample '".¡as v ia ble, this
fig u re included the achenes that germinated.
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Fiqure 1. Germination of Protea compacta achenes incubated at ic?c
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Figure 2. Total percentage viable Protea compacta ernbryos (11), as
c;ietermined by a tetrazolium test, relative te the percentage oí the achenes
that germinated (O), following a 24 hour Promalin pretreatrnent.



P. compacta : promalin t reatment

T he pattern o í germination occurring during the i n c u batio n oí achenes
íollowing t r eatment with promalin, was very difíerent te that oí the control
(F igure 1). Although germination commenced at roughly the same time as
in the c ontr ol, it contin u e d until Day 50. The final germination
percentages we re s ignificantly greater than the control, with al!
c oncentrations o í p r omalin. The treatment involving 200 mgC1 gave the
hi g hest percentage germination, namely 80 %. A viabillty test conducted on
promalin-treated and untreated a c henes (controls ) showed that a higher
proportion oí viable achenes germinated following promalin treatment in
comparison with the controls (Figure 2). It appeared-that the íactor(s)
blocking germination in a high proportion of untreated achenes was
overcome by promalin treatment.

A viabilit y test conducted on a random sample oí unincubated achenes,
s h owe d t h a t only 75 % were viable. This indicated that a germination
percentage h igher than that obtained with the promalin could not be
expected with this particular batch oí seed. Also, it could be concluded
that the í actor( s) that blocked germination in a . high proportion oí the
untreated (control) a c hen e s was overcorne by the promalin.

P. com pac ta: GA4+7 treat me n t

There Has again little d i fference in the time oí cornrnencement oí
germinatio n between the GA4+7 treatments and the control (Figure 31' The
final germinatio n level in the treatments involving 200 and 400 mql" GA4+7
wa s significan tly g r eater than the control, being 56 and 66 %, respectively.
This i s con s idera b ly gre ater than the germination percentage obtained by
Hitchell et al (1 986) íollowing GA3 t reatment. Wareing and Saunders (1971 }
also r e ported that GA4+7 is mo re e ífective 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 specillcally that Is involved in the germination-
promoting eííect oí promalin. However, promalin still yielded the highest
germination percentage. Therefore, it ís not GA4+7 alone that Is
responsible for this resulto Supporting this, a tetrazolium test revealed
that more oí the viable embryos remained ungerminated following the GA4+7
treatmen t than previously found with the Promalin (Figure 4).
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Figure 7. Section through cell in embryo axis oí Protea compacta achene,
i n c u bated tor 22 days tollowing BA treatment, showing coalesced lipid bodies
(CLB) and protein body (PB) with vacuole (PV).

Figure 8. Sec!ion through cell in embryo axis o í Protea compacta a chene,
Incubat.ed tor 30 days following BA treatment, showing iníection by f u n g al
hyphae (FH). (ES = empty space) (PCW = plant cell wall)



r. compa c ta: BA treat men t

Thn g ermination results obtained following the BA treatment were ve
d LCrt~rent (Figure 5). With all concentrations, the final germinati;

. f n
p~r~entage was very lo w, a maxunum o 6 % being reached. In the case of
t h o 100 mgl-1 treatment , no germination was recorded throughout the
en t.lr e 60 day incubation p eriodo The BA therefore appeared te inhibit
g o rrnina tion. Mitchell e t al (1986 ) also found BA te be inhib it ory .

A l"trazolium test revealed that very few of the embryos treated with BA
wefft viable (Figure 6). This implies that during the Incubatíon period, a
lanl~ proportion of the embryos were rendered non-viable. Therefore, BA,
whnn applied alone, has a definite negative efíect and does not simply
in h Ibit germination.

Thn ultrastructura1 investfqatíon oí the embryonic axis confirmed that the
eml¡r:-yos were not viable, an increasing nurnber of c elis s howi n g sign
thofp.of with time. Lipid-body coalescence, which is r eported te be a sign
oí 1I0n- viabillty oí embryos (Anderson, Baker and Worth ingten, 1970), was
wldñspread (Figure 7). In addition, necrotic nuclei we re visible . The dark
p;¡ll:hes are considered te be heterochromatin, this arran g e me n t
appnrently being indicative of a non-functional nucleu s (Villiers, 1970). Van
St.,den et al (1975) reported n ecrotic nuclei and lipid body c oale s ce n c e in
agnd P. compacta . embryos, t h u s confirming that s e ed se riesce nce was
commencing.

In t h e present study, evidence of fungal infec tion was observed
(F II.JlIr e 8). Cells containing hyphae were noted t o b e d eple t e d of mo st
cOII1- ri ts, large empty s p aces s u r rounding the hyphae . The BA may
t h~1 dor e res u lt in low germination by r educin g t he resistance of the
emt->fYO in sorne way, thus allo wi n g infection by fun g i, wh ic h res ults i n
s e nn rlc e n c e of the embryo. Why this occurs when BA Is appLie d alo ne , b u t
n ot when applied togethe r with GA4+7, remain s uncertain.

Ov "r ;Ili , the g e rmination results a p p e ar anomalou s , s ínce th ..~ eftects oí the
indiv idual components of promalin can neither be a ctcte d nor s u btrac ted , to
g1v" the r~sultant eífect of Prornalin itse lf. However, it is just this forro
of l~ontradiction that forms the basis of Khan's (1975) hypothesis . The
cytnk.1nin, in this case BA, does írideed appear to have a permissive role in
ger"únation, when applied together with GA4+7, whlie lhe gibberellins still
maint.ain the primary role. Khan (1975) postulated that the cytokinins
moditV the effects of other hormones, without induclng any marked efíects
by themselves. A.lthough in P. compacta BA. does have a detinlte effect,
namealy negative, this hypothesis still provides the best explanation of the
s1tllt1t1on in this species. The details oí how th1s occ u r a, however, are
unciear. The consistently promotive effect of Promalln on the germination of
P. compacta achenes nevertheless p rovfdes a simple rnea n s oí o b t-únin g an
acc8ptable level of germination.
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