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FOREWORD
Jack Horré has over tlLle nty years experience in gro lLl ing and obs er.;ing plan ts 01
the Pro te ace ae fami/y in N eiu Ze a/an d.

He h as also seen them growing wild in South A frica as w ell as wirh so rne success
and some [oi l ures under cultiuci ion in Neiu Zealand, Austra /ia, Californ ia, Hawa ii
and Sou th Africa. He has had many discussions wi th o ther growers and sc ient ists.

H is inten tion in this book is to p res enr readers with th e accum ulated res ults of his
p ractical ex perienc:e, truús, observctions a nd thoughrs an d;"pu t rhejoy 01gro wing
Proteacece uiith in the reach of many more p e ople".

It is a im ed p rimarily at beginners and those w ho are no t e ch ieuing success in
p ropage ting, gro LUing and ma rker ing Proteccea e, especicl/y Proteos, Le ucospe r­
m ums c nd L euccdendrons .

J ac k H e rré is e n e.tnnv sicst. u:ith c fres h . co rnmon-sense approac h ro th e subiect.
He takes norhir:g [or granred, c riácues tion s ecc h cspe ct critica lly.

S o rne 01 his conc!us ions mcy be controve rsia/ o but most growers snou/d beneiit
[ro m his advice an d [rom a sim ilc r a nolysis 01 th eir indiuiduci properties , plant
selectio ns , p ropagarion an d p roduc rion teciinio ues . .

JOYAMOS ,
Nortbco te ,
Neui Zea /and.
17 O ctober 1988
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PREFACE
It is now sorne eight years since I set abo ut cornpiling and writing this book, At
that time Proteaceae was just emerging as a new and exciting cut flower crop in
rnany parts o í the Western World and as a grower with sorne 20 years experi­
ence, 1 becarne involved in the commercial build-up associated with the "dís­
covery of the Protea ".

It was obvious right from the beginning tha t there was a great need for a book
on the basics oí Protea growing. not only for th e use of the home gardener and
the comrnercial cut flower grower, but also withi n the nursery trade whose job it
is to p roduce the plants tha t are used in our gardens and cornrn erciaI planta­
tions.

When 1 started making notes and doing preliminary layouts for this book in
1980, it became obvious that my knowledge of the cornplexitíes of propa­
gating, cu ltiva ting and production oí flowers was insufficient to do full justice to
the su bjec l To increase my knowledge and skills 1 set about a programme of
research, o bse rvations and travel that has absorbed som e 4000 hours over
these past e ight years not coun ting the time spent in travelling and visiting
Pro tea growers throughout New Zealand and other co un tries.

The sectíons dealin g with propagation and plant -p roductíon within this book
con tain a condensed summary of the information gath ered during thirty years
o f grmving Pro teaceae plants as a commercial nursery crop and the results of
the past e igh t years of research in our nurse ry and observations mace in a
num ber o f Protea grO\"ing areas . So me oí the informatíon given on commercial
production a nd flower handling is derived frorn personal experience but to
so rne degree it is accumula ted facts and knowledge ga ined by observation and
discussion with cut flower growers in many places throughout the world. Many
people have given me the ir time and shared their knowledge. 1 thank them
he re for their contribution to this book.

This book is intended for the use oí those involved in thepracticaUties oí
- -·Proteaceae growing through out the world. lt does not attempt to be, nor is it

intended to be a scientific documenl 115 contents -have been compUed and
written from practical experience and self rnotivated research. Although it deals
specifically with the South African varieties, the Australian Telopea has been
included because oí its irnportance as an intemational cut flower. .

In covering such a wide range of subjects Ihat are dealt with in the foUowing
sectíons, there is a great risk of being, "A Jack of all trades and 3 . master oí
none". 1 am well aware of this and nave endeavoured to keep within the
bounds of factual information. The exception tothís is in Section 17 "Facts and
Fancíes", where in sorne areas 1 have indulged in a certain amount of con­
jecture and supposition.

In the next 10 years the spread of Proteaceae under cultivation will (ncrease
greatly in both quantity and in a wider range of varieties. This will be assisted by
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implementing the information on the ir care and cultural needs that is co n tinu­
alIy being gathered and dispersed to growers. It wíll put the joy oí growing
Proteaceae within the reach of many more people in many new places around
the world. It is hoped that this book will help in the spread of these plants to
many parts of the glob e.

Thís book is designed as a base of information on Proteaceae and will need
upgrading every few years as we develop our cut flower crops and improve the
techniques in propagation and production. To this end there are three Ap pen­
dixes attached to this publication . These contain the findings of trials complete d
during or since the writing of this text It is intended to publish additional ap pen­
dixes as further trials are completed or inforrnation becomes available and
make them ava ilable as a supplement to this book.

In writing this book 1 have assumed that the reader has UttIe knowledge of
Proteaceae growing and more adva nced growers may find it a little tedious in
places. Nor may experienced growers necessarily agree with some of the state­
ments made. There is always room for improvement and if anyone can show
me and others better and more reliable ways of " Protea Growinq" 1 will be
more than happy.

Jack Herré

R D.7

Fe:lding. New Zealand

"e
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HOW TO USE THIS BOOK
To facilitate easy refer endng to any particular subject. the t~xt is arranged in
Sections numbered 1 to 18 with each Section dealing with a particular phase of
development or handling technique.

Within eaCh Section are a number of Files each of which is pre-fixed with two
numbers and a He ading in CAPITALS.

The first nu mb er identifies the Section.
The second number identifies the File number.
The Heading in CAPITALS identifies the subject it deals with.

Example:- 3:7 JUDGING lvlATURI1Y AND HARVESTING CUTIINGS.
is: - Section 3, File 7,

Deals with - Judgíng the maturity of cutting material and the harvest-
ing of it,

Within the text of the files are references to information in other fi les. This
informerion is related to the sub ject oí the fi le that is be ing rea d.

These reíerences are identified as : - [ref.*:*). with the numbers refeni r.g to a
particular fi le.

Example:- You are readíng Se ction 8 which deals wíth. - .
GROWING THE PLA.NTS ON.
In file 8 :16 SO IL BORNE FU[';GI COl'i"TROL. you wil] rece
quote -
"in the section on fungí and pest control [ref.9:10 &9:11)." ­
unq uo te.

This [ref.9:10 & 9:11] ís directing you to Section 9 File 10 & 11 Ior full informa -
tion on the control of soil borne fungí. "

It is important in the growing of Proteaceae that the "ha ndling o f the m from
propaga tion to the final ha rvesting of the crop be considered in its en tire ty. With

" this genus of plants, what happens to them in one phase will have carry through
impUcations to all !atter phases of their development Because of thís, this boo k
should be read in its entirety as it deals with each phase of the plants develop-

. ment in its natural sequence. · .

SPECIAL 5YMBOLS USED IN THIS BOOK
As a means af simple reference and to enable readers to make their own

" caIcuIations and assessment of three very important aspects of clima te. UGHT.
"TEMPERATURElHUMIDITY and FROST there are three 'no n standard sym-
bols used through out this book. ". "; .
These are:- . ' . . "*" ' .

jIlu referring lo UGHT. Seé 2:2 for partículars,
thlc referring to TEMPERATURElHUMIDllY,See 9 :1 for particulars.
flf refening to FROST FACTOR. See 10:6 for particulars.
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SECTION üNE

Proteas In Nature

1:1 OVERVIEW
For the home gardener and co mmercial grower. the cultiva tion and growing oí
South African Pro teaceae is an occupation which will be a never-e nding chal­
lenge. With so rne varieties success will come easily but with others there wiIl be
difficulties and with sorne varie tíes in sorne locations it will be almost impossibie
to succeed. Unlike most o the r plants that are in cultiva tion throughout the
world. Proteaceae are still at a stage in which they are introduceci to their
adopted location directly fro m the wild, ie. the seed is collected from na tural
stands. Almost all o the r omamenral genera have been through many genera­
tions of cultivation "in captivíty" and are selectíons of the origin als tha t have
been chosen because the v are suited to a oarticular clirnate.locarion.
Proteaceae are reach ing -a srage where selections ha ve been made beceuse
they are su ited to a particula r climate or use (cut flowerIa ndscape) and ther,
vegetctiveiy p ro pa ga ted . They are however a long ·.~·a~' fro m the re fi nernent s
that roses. camations,_cameiiic.s. rhododencrons or hibiscus ha ve rceched. Se­
cause oí this an understanding oí the::::: p 'ents ¡: i-: ~'skal rnak e up . wnich i::
narure is rnatched lo ' the so i! type an d c:::7.cte uncer wh ich thcy sur, i ve \1,';:;
help growers to greater successes or a l re :T:Niv:< I~' an ur.derster.d'ng cf their
failures.

Thís fam ily of plants is so diverse and cornplex in its makeup tha t ir ma y be
likened to the human race with its vanee cultural and ciima tie requiremen ts.
Individuals' lífe span may aIso be likened to that o f our own with the baby
seedlings looking so fragile , yet like infants having an incredibly strong hold on
life. In the chíldhood phase of development they ma y catch every ma lady
going. yet with treatment usually recover. As teenagers they grow rapidly and
flop around all over the plaee and if they survive this period they wiU become
adults to bloom and enrieh their surroundings until the decline of old age sets
in. '

To understand and be successful with these plants always remember that they
are as varied in their makeup as Proteus the mythicaI God they were narned
after. As he did, they may show themselves in many moods and forros.

In the past 25 years these plants havebeen grown more and more in "~ap­
tivily" and today sorne varieties are quite common in a number of locations
outside their homeland of South Africa The species and varieties that heve
become established under cultivation are not great when compared lo the total
inventory of South African Proteaceae. but they are quite an achievement fo~
those who grow them.
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1:2 THEENVIRONMENT
In th eir homeland of South Africa, Proteaceae h.1'J<? adapted themselves to
su rvive and thrive in areas which are inhospitable ro other genera of plants . In
many instances they and their supporting assoc íals' plants (Ericas, Reeds, etc .)
are the only plants able to survíve in that particular k¡calion and even jf others
were introduced they would fail. Many of the \lMi<?ties, especially the rarer
':gem~" üv: in e.nvironmentallocations where th~ pilrticular soil type. rainfa lL
hght íntensity, a ir mo.vement and seasonal tem rlcrClture variations are finely
balanced. lt is when we are trying to match thes'" t!llvironme nts in cultivation
that we run into d ifficulties. lt is almost impossiblv tI) match them aHin one
location. The best we can do is to know and und L! rsland what these envire n ­
menta l factors are and try to match them in our clllllvation techniques.

In the ir natural environment the fertility of the soil ls lI' uaHy very low and this is
matc hed by low pH levels (as low as 3) with exce ¡,I\ll l\s being in the few places
where ce~in, va~eties such as Protea obtusifolia ""ti sorne varian ts of repens
are found 10 tn e hmestone outcrops. The ground sllllLll1 re is usua11y poraus and
weil d ra ined th ough not necessarily particularly ,Ii lo' . excen t on the surfac e
during. the dry season. The ground texture is suc!: 111 .1/ plants are able to gel a
firm gnp ano not ce unduly rocked by the wind wl ,i.11i; a constant companio n.
The a mount a nd seasonal pattem o f rain fall varíes ' jl ':.11Iv from one locarion to
another with to tal annual aggregates varying fro rn ¡PI l lo 2000:nm. (12 to SO
ínches). •

These are the rnai n condítíons in which, o ver 1I ,c: " ' ;"'5. Prc teacaae species
have adapted thernse lves to graw and rep roduce '\·\ded to these is the fine
tuning thar eacn varianr of each varie~ has gone 1I,,·II :·;h du:ing its evolution to
adapt to its own particular local environment which .11 lilnes may be confined to
one hectare (two acres) or less in ma ny thousancJ -; .•1 h~c :ares .

These special condítions inelude: facin g into the S'l " (' hmh), fadng away from
the sun (south), th e la nd lying flat, s loping ste~ Jl lv . sloping gently, altitude
(above 500 metres, below 500 metres ), (1500 fe""), :\l}nual total rainfall and
the .seasonal pattem of its distribution, soU structur'" (I\~ky and dry rocky arid
rnoist, sandy and dry sandy and moist), air movem~nt (strong winds moderate
breezes), dry air, moist air, hot air, cold air, does it ftd~:e. if so , to what degree.

F'maIIy the most important poiot of all to those growll l !1 Ptoteaceae outside their
natural environment is the cloud sheet The seaslmal pattem, intensity and
moisture content oE the cloud sheet and o~ up~r Altnosphere that prevails
where they grow in nature has influenced each indl"i(ju~1species and variety to
adapt to th.eir own particular local radiation levels.

South Amcan ~teace~e are what 1 tenn rhythm platH~. Many of !hem are
adapted to grow In aclimate tIlat has wide variablE!li b~tween seasons in tem­
peratures, 'rainlaD, air movement and Ught intensity. When we take these vari­
eties and grow them in appreciably different c1imahll lo which they are ad­
apted, they can be. most unforgiving. The t\.IIo 'éo r1 t1 lti~ns to which they take
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grea tes r exception are heavy ra ins or irrigaríon during the season when they
a re resting (their natural d ry season), a nd exposure to light levels that a re weil
in excess of those the y are accustomed tooWhether or not the sun's rays are
being broken up by atmospheric conditions has a strong influence on the suco
cess o r failure of cultiva tion o f Proteaceae in "captivity" and is deaIt with in the
following sectíons .

With Proteaceae whe ther they are growing in nature or in cultíva tíon , the two
p rincipal facto rs gove ming the plants health are; a well deve loped he althy root
s)lstem and a foliage type that has the physical capabilities to cope with th e Iight
factor of the chosen growing site . lf either roots or foliage are under stress and
not in accord with the pla ntation site. the plant v..ill no t flourish as it should and
may fail to survive for more than a year or two,

An un derstanding of the regeneration cyc1e and functions of the root a nd foli­
age systerns \\i 11 help propagators and growers to understand these plants'
many Iikes and dislikes. Such a n understanding of their basé requiremen ts
should ma ke it poss ible to p ro pagate. establish and grow the more common
varie ties to greater leveIs o f achi evement and perhaps meke it possíble to
es tablish those gems tha t have hitherto pre ven so elusive.

1:3 THE REGENERA nON CYCLE
Alr:;OS¡ ail spac.es and varie ries o í South Afrtcan Proteaceae rege nerate íollow­
ing fire, Without fi re there is no wa y for new gener¡:c:ons o í ma ny varieti es to
establish in the vele . This is tru e of muen oí the vele flora, from lno reeds an d
orasses. the Leucadend rons . Le ucospermums and Proteas, a nd.many othe rs oí
t.~e multitude of plants p rese n t. It is unusual to ñnd fresh seediings o f many oí
the Pro teaceae family more than 1'. \10 years after fire unless the ground has

been broken in sorn e wa ",' .

The pe:iods be rween spontaneous Rres can be up to fifteen to twenty years
a pa rto By that óme lhe surviving pla nts of all species and varieties are. woody
and tired with short a nnual growt hs a nd progressively sparse flowenng ~nd
seed seIS. Research on seed survival and viability shows that in the veld Sltu­
a tion , both viability and survival of seed, falls off rapidlywhen the seed heads
and cones are over three years old. By that lime rodents and .Insects .have
eaten mast of the seed or caused it to faU on !he ground to pensh, or lt has
become non-viable throúgh natural ageing. This means that at the time ol ~ny
fire , provided it is more than five or six years since the previous one. there 15 .a
three year supply of seed to be released on to !he freshly bume,d .1and It lS

when man interferes with the natural sequence of fire that the veld 15 10 danger.

Following fire', wh ich destroys aH predators (bo!h i~ct and animal) as we~
all fungi. at least above the ground surface, there IS a pattem of regenera
which is natures way of re-establishing this finely balanced flora. In the few days
im media tely foUov..ing thefire there is a great release of seed from:~
and seed heads which were left scorched but mostly undarnaged h th soUs
level of the Eire. The first gi6wths of Proteaceae to .appear throug e
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surface are the shoots from plants with a \ignotuber suc h as Protea cvne roid es
leucad~ndron salign.um. leucospermum cuneiforme and Mimetes ¿ucullatus :
Dependmg on the time of year and the rainfall pattern but usuallv in the
outurnn, th~e ~re joined by the bulbs. reeds and grasses. Closely follo~ng are
Ih~ local vaneties of Leucadendron and Eriea seedlings with the initial popu­
lation of these often exceeding 50 to the square foot

~e growths of Iíqnotubers and these first seedlings can be regarded as the
ploneers. of regene:ation and ~or the first two to three years they v.,;1I domi nate
the veld s deve lopinq ~egetation. Protea and Leucospermum seed germina te
when conditions are suitable for the ir survival and th is is normally not until there
has been a su~stantial drop in the average temperature which coincides with
Ihe on se t of .~~ter. Researc~ h~ s~own that this low temperature pe rlad is
necessary to in itía te .th~ germmation m some varleties, especially those that are
known to have a built-in dormancy pe riod suc h as some Leucospermums. and
l.d. argenteum.

l:he young see~ling ~rote~s and Le ucospermurns usually remain a t not more
t.la.n h~lf the heiqht o . their compa nio ns of reeds, grass~s and Leucaden crons
1',hlCh ~n those nrst two summers usually rea ched 4S ro 60c:T.. Many varie tíes o í
l. rot:a::. and Le~cospermums are extremely sensitive to lon g hours oí bright
~ l l nh.gh t for. th e ,fir: t ~o to three years of the ir life and they are happy to sta y
~: ithin th~ ~apPl~a shade creat~a by the pioneer pla nts. Excep ccns to this are
.. 11)5; vane ~~s with gla!.!cous foiiaqe such as Proexim ia . nítida. leuri íolie. l :-:ese
!; ·.l G l t~r~u~n the ca no py of the pioneer plents more rap icly (usua1ty towards
[II~ .:n~ 01 tne second surnrner) whereas varieties with green leaves such as Pr.
l ~. ~mfoha. nana. sorne repens v.arian ts. Lsp. co r¿ iío liu m an d many ot hers take a
f.lrther one to two years be lore they begin to reach through !he pio neer
c.m o py ano estab\ish the ir dominance.

~he glaucous (blue) leaved varieties of Proteaceae are able to withstand co n·
sderably higher ligh t intensity tha n those wi!h green leaves an d in na ture there
al.! few Proteas with green leaves grov.,;ng on any slopes facing north. On these
n.)rth ~I~pes the sunlight is of hig~er intensity and has.~ greater daily aggregate
o~ radlation tllé~n on the .south faang slopes. It is interesting to note that almost
W1lh~ut exception. seedhng and cutting grown Leucadendrons have a covering
ol mmute downy hairs on their leaves for the first two or three vears of their life
On most vañeties they disappear with maturity but can be s€e~ on older plan~
that favour growing on north facing slopes such as the particular fonn of Ld.
uliginosum fo~d growing on the inIan~ north fadng slopes of the Robioson
~. These hairs are the Leucadendron s way of screening bright sunlight from
thelr leaf surlace.

~n Ihe as~es fon~ng fire. the germination ~f seedlings and initiaJ survival rate
IS very hlgh. ThIS IS probably due- lo the fact that most fungaJ spores are des­
troyed by the Eire coupled to the lackoú:ompetilion both above and below the
ground from other th~n their own kind Ge""ñrtination is almost certainly assisted
by a balance of nument and trace elements in the ashes and !he presence of
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micro .orga nisrns in the soil which are ge ne rated in the decompo sing litter of the
previous generation. lt isproba ble that m icro organisrns playa much greater ro11
in the lile cycle of Proteaceae than has b ee n p revi ously thoughl This is dealt
with in Sec tion 17:3.

1:4 THEROOT5
P la n ts of the genus Proteaceae are un ique in that they have two separate root
systems. each of which has a specific well de íined function .

The primary roots a re those that ancho r th e plant firmly in the ground. They are
capable of penetrating to a de pt h of a t least two metres and under certain
circu mstances four rnetres through the substra ta to become the moisture
seekers a nd supporting IHe lines during dry conditions. These roots can b e
obse rved in the banks along the roadsid es in South Afríca whe re they have
been expose d during construction or by slips. In these banks, areas oí mo isture
can be observed in the substrata and it is into these levels that the roo ts a re
reaching. The roots are not mass ive but tend to be fine and arranged in clustcrs
a t th e various moisture levels,

The second systern is cailed pro teoid roo ts and these are oí a highly spe cialised
na ture. They íorm a t or [ust belo w ground surface leve l ano the ir function is to
absorb the nutrients releesed írorn decaying lirt er (humus). They íorrn duri nq
the rainv seaso n and in rncs: var,¿: :es reach ¡;;e ir rnax irnurn efíiciencv towards
the ene" oí thet pe rlad which co inc ide s wi th the rnaximu rn level of nument in
the humus. The y resernble hairy spo nges. and acting in the t mann er, are cap­
able of taking up a nd temporarily s¡oring food. It is al50 poss ible they may play
sorne pan in the more rap id break-clown of iit:er to humes by fcstering high
levels of micro organisms in the so ils surroundi ng them .

Fo11owing lhe process of absorbing nu trie n t which will the n promote the next
growth cyc!e of branches. leaves a nd flowers. these proteoid rools die . to be
replac ed by a new system the following ra iny periodo Their development each
year o r cycle. (they may form twice per year) is controlled by the seasonal
pattem of the ra iny period. lf the ra ins are late they also will be late in develop­
ment Where plants are growing in unusually high levels of fertility such as in
cultivation these roots will not be as evident in their development Proteoid
roots are invariably at or just below the surface of the ground and this makes
them particulany vulnerable to darnage by cultivation and chemieal misuse.
The dangers of these to !he plants' well-being is dealt with in the .following

sections.

A lack of understanding by growers and nurserymen of the function of pr~teoid
roots is often the cause of problems with Proteaceae. They are not mo~
seekers: they are feeders and play little part in sustaining the plant Wlth
moisture. A plant, no matter whether it be in a container or in the.groun~. couki
have a mass of proteoid roots yet die of dehydration in quite mOlSt conditions if
it had not developed a primary root system. This is one of the great problems
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associated wi th soil-Iess mediums in the production of Proteacea e and is dealt
with in 8:5 to 8:7.

It can be seen from the foregoing that if Proteaceae plants in cultivation have
been encouraged to develop a well balanced dual root system, they are we ll
equipped to supply moisture to the plant during dry periods as well as having
the ability to absorb and store a sometimes very limited supply of food. Both
primary and proteoid roots are tailored to operate efficiently in relatively dry
cond itions and will deteríorate rapidly in other than these conditions. This is the
reason why 9000 drainage is essentíal at all times.

1:5 THE FOLlAGE
In natura, the types and te xture oí leaves are tailored to ma tch each va ríetv' s
particular locatíon, Plants of the same variery from diíferent locations sorne­
times have quite d ifferent leaf texture and colour, They can vary significantly in
natural stands only a few kilometers apart dep ending on the aspect and cloud­
bank conditions that prevail where they are established. When plants are
grown from seed. as in nature, variations within a variety are known as " varí­
ants". These are q uite co mmo n among verieties we know in our garc:ens an d
commercial crops, egoPr. ne:iifolia. cynaroides. mag nifica , grand:ceps e tc. wi th
each variant being confi ned to its own particular loca tion and rnicro-clirnare.

In hortículture, when we ta ke an ou tstandinq seedling of a varianr. name it,
:~en propagate it vegetatively, it bec omes a "c ultivar" or "done". Each variant
ar.d clone has its own pa rticu lar characterístícs in leaf coiour. textu ra, the way
the leaves are se t o n the pla nt. the pnysical mLlke·up etc .. that enables it to Iive
in its own particula r lacarion . To casual obse rvation these difíe rences a re not
greatIy apparent a nd it is not until we remove variants from their natura l sur­
roundings and grow the m in " capti\,;ty" that we find they ha ve c iffering be ­
haviour pattems. T he two most no ticeable of these a re their res isra nce or
susceptibility to fungal diseases and acceptance or intolerance to m e prevailing
Iigot levels in the adopted growing site.

It is this variable physical make-up of Proteaceae variew variants, that w~ have
hitherto imagined to be all !he same, that explains !he inconsistent results with
some varieties in sorne locations when we grow them in our gardens and
plantations.ln the past !hey have all been regarded as being a "variety" by
growers and onurserym:n, ie. a plant has been a neriifolia, a cynaroides, a
magnifica etc. This is technicaUy corred, but in practice, plants grOwn from seed
of a variety that ·has been harvested from c1ifferent locations may produce
plants that wiII have vastly differing tolerances lo Ught. air movement, soU type,
rainfall - the seasons it ftowers and mínimum temperatures even a1though
they are aD nerüfoUa, cynaroides etc. P. magnifica is a good example of how
highly variable a variety can be in nature witheach variarit being fineIy tuned to
its own particular mountain range or even án area within a mountain range.
When trans-Iocated to another area, even in South Africa, it often fails to adapt

. to its new Iocation and performs poorly. '.. . .
\
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In 1984 I collected seed from five different stands of Pro neriHolia in South
Afríca. th ree of wh ich were within l Okm. of each other. The plants that grew
from this seed were later planted out for observations on their adaptabili ty to
climate in two locations about3OOkr:' apart in N~w Ze~land. Th.ere have b:en

rked d ifíerences in their reactions In each locatíon with those 10 one location
rr:~ng one result and those in the other a different one. The principal variable
~as been in their susceptibility to fungal infectíon and to a lesser degree re -

ti to ligh t levels . If you have planted Promagnifica or other varielies in the
ac on th h here i ibil th tast and not had the an ticipated success wi t ern, ~ ere 15. a .pOSSI 1lI~ . ' ~
~ou have not planted the right variant for yo ur loc a tion. This 15 dealt wun 10

detail in Section 10.
It can be seen fro m the foregoing that Proteaceae are highly ~ariab!: not only
between species but also within each species . varie~ and va~anl These va:1~
ables are carried through to the prop agation, produc tion .an d 10 the c~se o! c~ .
flowers to the handling of the crop. The successes a nd..íallures of 9:owm9 tnese
plants and producing flowers for either home use o r as a co rnrnerciel cut flowe~
crop are to a large degree controll ~d by two factors. Th: se ar: t~:e s~~ectio¡nt~~

h
. ' . . ro/clon e for a given d imate and the orowet S u~ce r : la nC l r,s o• .l":'t e ngnt var.e ' I • - - .. ' _ .

s a nd th~ir skill in app lying that knowledge to cultivatinq toe crop . l.ne
genu . bili of the knowleccefo llo\,,; ng sectí ons ou tline to the bes: 01 my a l lty e surnrnary ' '" .. ....::-.
that I have so far acquíred in the propaqa tion, cu it va tion and proó.:c¡:on o:

Proteaceae .

Th r ; "' : ' lot of scooe for study an d rasearch in thc a rca oí the s -? r,c3e .e .5 sn u a ro r or scv r . • d non
regeneration cycle in nature and its application to comm.¿rc:al pro tucn .
Points o f particular interest which are or will be loo~ed at I ~ fu~re. art? eon­
tinued sru d ies on their sensi ti\'~ry to light and its furtner appheation .In p~~p...: ~
gation' the composition of the ashe s following fire in the veld and the e.re.~ ,,,
that t1~ose ashes have in !he pre- and post- gerrr.¡nat~n perjod ~n brea~m~
se ed donna ncy and later on the seedlings a~d v.:hether l t has ,P0ss,ble app1.ca
tion in vegetative propagation. Othe r pom ts mclu d.e the .mfluence o! !he
decomposing roots of the previous generation on s~11 ae;ation ~nd mo~ture

t ti d !he effects of the fire in sterilizing the sod sunace. \t 15 alsO hlghly
re en on an . tu that have
probable that certain benefiCiaI micro-organisms a re present,lO na re . If
considerable influence on plant heal~h, ~o~: rateo~n~,f1Sease reslstance.
this is so can they be appUed to cultivation In captiVlty.

The ~ns:,~rs to th~ points and many o!hers . lie in the fuMe and will be
discovered by those who grow a.~d Uve with the genus Proteaceae.
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SECTIONTWO

The Theory of Propagation and
Provision of Environment

2:1 OVERVIEW
In horticulture there are a nu mber oí ways o í carrying out vegetative propaga­
tion. The rnost common means are by cu ttings. grafting. budd ing and more
recently by tissu e culture. So far tissue culture has met with Ii ttle success, o ther
than with Telopca, and even here, success has been Iimíted . The most widely
used method of vegetatively propagating Proleace ae is by cuttings and this

. book deals on ly with that method.

Some Proteaceao are dífficult subjects to root from cuttings. The d ifficu lt va ri­
eties demand v,' ry specific environrnental conditíons before they will produce
roots and sorne oí rhese are so demanding thar they are seldorn mer under
norma l nursery conditions, So far [ have found norhing impossib le to root but
some are so slow or d ifficult that they are no t a viable cornrnercial p roposi tion to
increase in this :na n ne r. In such instances these are berter ro be increased by
se ed or if it is irn po rta n t to retain a ' particu lar cherecteristic o í a clo ne. by
bu¿d ing or gr<\ :::01g. [ have had little experience oí the larter rwo bu t ir is
pcssible and is c.irried out ro a Iimited degree by sorne propagators.

To propaga te any plan t by vegetative means it is necessary ro control:­
Iight intensity
water ava ibbility
air moverncnt,

These are the three factors that control the development oí a plant or cutting
and this section 1001<5 at the theory of why the environment in the propagation
area must be controlled, and how to create the envíronrnent that will induce
rooling.

2:2LlGHT
Thehours of sunlight and the control oC the intensity oC that sunlight will influ­
ence the percentage of cuttings that ~Il roar. the time it will take them to
produce roots and often the vigour with which they do rcot Once a cutting has
been made and set, light has more influence on the results of propagating
Proteaceae then anything else except the prevention oC ~ehydration.

Wben I became aware of this I had to find sorne simple' and accurate way of
measuring the suns radiation and convert it to a light unit I could calculate and
regulate with sorne degree of accuracy. My light units are calculated by measur·

8

in rhe suns radiation in foo t candtes of light ( ~.'c ) and multi~lying t~at ,by. ~he
9 b of hours it sh ines at that particular rate In a day. The hght units de rived

b
num

.e r this formula were oiven the name of "Jeck' s Iight units". abbreviated
y usmg ;:>' d 'l't . f . to the

. l Th oughout thís book where reference is ma e to Ji u I 15 re e~ng
to J u. I ted daily aggregate of the sun's radiation calculated by th is means.
~~~~ur:Cerences are made to ftic it is referring to the. r:naximum allowable
level of the sun's radiation measured as foot candles of hgnt

Whilst this:iS not a particularly scienlific means of referring tO the suns radiati~n
. 1 h u ose in this instance and is a method whereby anyone w o
Ir doescSeertrva'lentw~~t tr;;e prevailing foot cand tes are at a particular time of the dda~ .
can as how rnanv j '1 e being ge nerate 10

c~n. then ~~c~:t~ ;~~ ~fo:l~g~~~~~~; is~~t:~;ira~l~ :~ích gives a ft: reat
~~tlritn~srspoSsible lo c~lculare the light by using any SLR camera usmg r ,e

following procedure.

For an automatic camera:-
Ser the ASA to 20 .
Set rhe iris aperrure to f4 l vi íth 300"' Sl· V sho wina in the frame
Síqht the camera ~t a ge_ner~ view Wl .o ". ~

9 000 rt'c will re ao 1/ 12:J Oí a seco
5:000 ft/c will read 1.'30 to 1.60 of a sec,

For a m a n ual camera:-
Ser the ASA to 20 _
Se: the shutter speed to 12:J ,. .. . iv en 01'. re"c ing
Sigr.t the camera as far abo~e and ~;; 1Js: trie I:1S to g l e ~

For 9.000 ftic th e iris ring VJ111 read t't

For 5.000 ftic the iris ring will read f2.8 .
, ül oí 'ar kable assessment 0 1

These methods are not entirely accurate out Wl glve a\'- .
the prevailing líq ht,

1 b er emphasised and propagators
To e importance oí Iight centro can~ot het~~vels of ra diation pre vail in their
should make every e ffort to ascertam w a king formula 01
nursery. As a guide line to arriving at a reasonably accu~teNw~Zealand with a

daily radiation. the maximum lightt at~ ha~ r~c~r~~~ l~t ~ree hours oí each
few exceptions is 9.000 ftlc. On a ~ ear ay e rsTherefore on a c1ear day ar
day will average about half of thts (4,~ CtI~. aggregate can be calculated
equinox, with twelve hours of total suns me a ay

as: = 13.500
First 3 hours X4,500 9 000 = 54.000
9am. to 3.pm 6 hours , = 13.000
Last 3 hours X4,500 - ' 71 000
Tota! aggregate for the day d' ~ radiati~n of
In mid surnmer on a c1ear day we recor a maX1mu

approximately 110,000 jIIu. i~ our nursery. e island oC Maui l
. , f diation prevail from place to place. On thBig vanatíons o ra _
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have recorded 14.000 ft/c at 10 amoin midwinter. Readings at midsummer on
the research station there have recorded Iight levels almost twice those that
have been recorded in New Zealand. In Southem Califomia midwinter Iigh t
levels are about the same as New Zealand but by late February show increasing
levels. Recordings in the Cape area of South Africa in the winter sho wed levels
similar to New Zealand but were brighter in some inland areas. No readings
have been taken in Australia but it is known that Iight levels are high in sorne
areas.

Observations in a number of countries where Proteaceae are pro pa gated.
show that there is a constanl relationship in every location of the effec rs that
light intensity x hours of sunlight x ternperature have on the percentage s of
cuttings that root or seedlings that survive.

Trials in New Zealand and observations in other coun tries where thes e plants
are propagated and grown by cuttings and seed. covering a wide range of
species and varieties, clearly show that a summer Iight intensityof9.000 f.c with
a day aggregate of 80.000 plus jllu at daytime temperatures above 20°C.
(700E) is fa tal to ma ny cuttings and detrimental to most seedlings especially if
the relative hum id ity is below 50%. Below 15=C most varieries tolerence to Iigh t
increases appredably but with plants un der two yea rs old their tolerance sel­
dom rises above a continuous daily aggregate of 80.000 j.lu.

2:3 LIGHT CONTROL.
To control the light level and da iiy aggregare oí radíarion under New Zealand
conditions. 48% shade cloth can be used as a shicld to bring the Iight inre nsi ty
down to a leve l of 5 .000 to 5.500 f/e. wh ich wif a1so reduce the day radia tion
aggrega te at a pro rata rateo A further laye r of 4S':0 cloth v..in reduce rhe Iight
level to 4000 fJc.

For many varie ties a light level of 5 .000 ft'c v.i th a da ily aggregate oí 45.000 j;l u
will give good results in rooting euttings. It will be found however tha t this level
will be insufficient Í'or the grey andlor hairy leaf varieties of Protea and Leu­
eospermums. and the glaueous-b[ue and ha iry leaf .torrns of Leucadendron.
Sorne of the varieties in this bracket are:- Pro magnifica. pudens. stokoeiL Lsp.
reflexum. sorne forrns of eordifolium. eonocarpodendron. Ld. argentum. dis­
eo[our. nervosum, procerum. orientale. For these the Iight must be controlled
to a maximum oE 6,000 ftle and a dai[y aggregate of 60.000 j/lu. with an
absolute minimum of 4,5OOft!c and a daily aggregate of 45.000 y1u. Varieties in
this bracket do not root wen during prolonged c10udy periods or in the winter as
it is difficu1t to provide them with sufficient daily aggregates of radiation.

Because of the'variation in each variety's make-up and t~e neeessity to provide
differing conditions for the two types, it is not possible to provide the optimum
conditions for aD varieties under one control regime. To propagate both types
successfuIly it wiD be necessary to provide two shade areas. one controned to
5,000 ftlc. and 45,000 j/lu and the other to 6,000 ft/e and 60.000 y1u. With !his
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ir should be possible to propagate alrnost any Proteaceae. The practical applica ­
tion of rhese sys terns is dea lt with under 6:3.

At light levels b elow 4000 f/c the initiation of reoting beco~es v~ry low in all
varieties unless they are stimulated by bottom heal There 15 a direct conne~'
tion between the hours at which the light level is between 4000 f/c and 6000 fie
and the speed and vigour at which root initiation takes pla~e. At ~.<~O roe and
be low. it isalmost impossible to maintain the minimum daily radiation aggreg­
ate of 35.000 j/l u . that is nee ded ro stimulate rooting. The dangers of pro longed
periods of low lighl. below 25.000 j.lu. are dealt with in 9: 19.

In ou r nursery we had the experience for several years that cuttínqs of a
numb er o f va rie ties set in late December (mid summer) were roonng muc h
more quickly than better ma terial sat in February. lnítially this was thought ro be
the result of h igher temperatures. but readings later showed that temperatures
were cons isten tly higher in the February:March period than the .la te Decemberl

January pe riod o lt was then no ticed that there was a. marked dlfferenc~ on t~e
west side of the propagating area which was loosinq the ~un al rnídday 10

February:l'--larch because of the lower rraiectory of the sun beinq bloc~ed b~ ~~
ad iacent build ing. This was purtinq the e'..irtinqs in compler~ sna de with a hS~ '
fa~to r oí 2000 f.c for rhe aherncon (haií oí each d~y) w~leh wa.~ resu,lnng 10

those cuttings only receiving a ca ily assregate oí ,aoour ,)O.OO~ J! ~u. Toe ne~
result oí this was that the curtinqs e n this shaded side rooted m~cn siow er ~r no:
at su Th:s illustra te s tha r it 1S des irabl,e :0 arranqe d'~e, prop~~at;o~ ~rea so ' ~~~l ~
will excose :he cutti ng s :0 as rneny n CU7S as P05S¡Cle of líqh t wi thin the elle

able range of 4 000 te 6000 Le.

When des igni nq and b uilding a propeqetíon struc~r~ ir is.nec~ssary to ascErta i ~
what the rnaxirnurn ft/c an d dailv aggregate of radíaríon [j/lu) 15 .fo r yo ur area a~
the light con rrol must be to rhe spec:fic levels outlined and not Jus t half of wh~
is prevailing loc a lly. [n so me piaces naif oí the loca.i iignt would be .too mucn
while in others especially du ring rhe \A.i nrer monlhs It would be too htt1e.

Under New Zealand eonditions the first and last three hours oE uns~ie~ed
sunlight each day measure up to 6000 flc whi~h gives an average o a u~
4 500 ft/c These times also coincide with the penods of the day whe~ temrra
~res are ~ually within the range of 15'C to 2O"C and in !he mommgs. um­
idity levels tend to be high (70% to 95%) . It is therefore an advanta~~
arrange the structure so that for as many hours as ~ib[e of.these:o~ ed
of each day. !he sun is shining unshielded on the~ttings.~~e sid~ ~';m.
by having a high level roof of shade cloth of 48 JO and leaVln:a times wider
The structure should fUn north!south and be no more !han: d 1ast three
than it is high. This arrangement will give full sun for th'f th~dd1eof the
hours each day and Ught [evels of around~ to~~cocX; and an absolute
day and should achieve the target of a ~mum. o ci daily ~tes vary
minimum of 30,000 j/lu. In areas where Iight IOtenSlly an t teaved
grea~y from !hose in New Zealand or it is intended to pro~=and in
varieties the percentage grade of shade cloth ·may have tQ
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very high Iight areas the side wal1s may have to be shielded.

What has been noted in the foregoing was identified by observation of Iight.
temperature and humidity readings only and has not been done under con­
trolled research conditions. The conclusions were reached before observations
were made on plant sensitivity to Iight in the natural veld in South Aínca. These
veld observations support the earlier conclusions reached in nursery and fíeld
production phases. lt is of interest to note that the Iight level of between 4000
and 6000 fe that had been identified as being an acceptable level for cuttings
and young seedlings is clase to the average of the dappled sunlight recorded in
one to four year old Proteaceae stands in South Africa on a sunny day.

2:4 WATER
The quality of the water that is available will inf1uence what varieties and per­
centages of those varieties that will root, For real success it must be good
quality. free from excessive salts and a stable low pH.. pre ferab ly not above 5
or 5.5 maximum. PH. levels above this will Iimit the varieties that can be
sueeess ful1y rooted. While the cuttings are roo ting they will be exposec to the
'}:ater for a long periodo and should it be inco mpa tible te theír needs . qreat
¿ ifficulty can be experienced in ge tting them to survive en d root . Water ca n b e
trea ted but such svstems are expensive and usuallv need recu lar rnaintena nce
t I) keep them fully' op erational. . ~

~eíore larse scale propaqarion is ertern p ted the qu ali:v oi :~.¿ ·s:ate r shoulc be
-no nito red fo r a period oí sever al mo nths. Wa ter tha t :5 crew n .rorn a weil o r
sl ream ma y vary in pH. leve!s wíth the seasons. usuaily rising cu:ing long dry
spells. Water from a stream is Iikely to carry unwanted fungai spoo rs such as
Phvtophthora cinnamomi and Rhizoctonia. If the stre am runs tnrough farm land
it is probable that there lNill be sharp rises in phosphate and nitrogen leve ls a t
certain periods. especially fo ilowing rain if phosphate has recentJy bee n applied
tO pastures or creps in the catchment area. Where high levels of carbon
d ioxide. calcium. iron etc. are present they will form as sediments which not
only clog up sprinRlers but also cause deposits to form on the leaves of the
cuttings which then grow algae causing fungal problefns.

Having experienced the difference between very bad and good water. I would
recommend that every endeavour is made to have adequate supplies of good
quality water available before attempting Iarge scale vegetative propagation.

2:5 WATER CONTROL .
The provision and control of a reliable water supply in the propagation area is
another important elemenl to success and is the only.means of preventing the
dehydration of the cuttings. In an outdoor situation. besides the water which is
provided by natural rainfall there are two ways that it can be provided These
are by overhead application (either by automated sprinkler control or by hand)
or by a capiDary system. 80th have their uses and application under certain
conditions and for particular reasonS in vegetative. propagation.
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2:6 AUTOMATED OVERHEAD WATERING
An automated sprínkler system is one that has been designed to keep an
intennittent supply of water on an area. With Proteaceae this does not nec ­
essarily mean a film of water on the leaves al all times but rather a supply
matched to dehydratíon rates.

Types of auiornaric controllers vary from simple type sens~:s to an electro~i.c or
timing device. Whatever is used it should be able to "read the days conditions
and keep a regu lar supply of water ava ilable wit hout drowning the cuttings and
medium. In this. timing de vices are somev: hat inadequate as they are unable to
read the current days conditions and are there íore reliant on hov... the operator
se ts the on/o ff írequency of watering. Th is is a prob iem jf the day starts out hot
and fine and it tums cold and wet or vice versa. Such devices are cheap and
give líttle trouble . which can be an advan tage over mor e sophisticated s~stems

wh ich can be temperamental.

With the electronic leaf svst em the re a re severa! methods used by differen t
manufacturers. These systerns ca n give problerns with a build up on the ~.e n50r.~
with mine ra!s írom the wate r o r algae gro'.... ths bu ! are accurate and rzliable 1:
well maintainec.

An o ther device is one tha t operates on a svste rn o i wate r evaporat inq o.if a
mesh on a s-...ving bal a nce ar m o As the wa .e r evaporates oíf the ~auze rnesn. a
cou nrel"\veicht overcorne s th e ín e rrie o f the swing a rrn whlch tnps a rnercurv
switch . Thi; activares a solc noi d w hich tur ns on the warer scpply :0 the sprir x­
lers thus we ttmq the mesh a ga in. When the gau ze is wet agai n ltS :-velgnt
overcomes the inertia o f the co unterweiqht ......hich trips the mercury switch to
the off position thereby tuming off the solenoid c.ontro!ling the water to t~e
sprinklers. lt is a simple mechanism and ca~ b~ ma ce up ,m l ~ss than an hour ~n
a workshop. S uch a de vice is illus trated 10 figure 1. Tnls .IS a v~:v accura ,e
means oí wat er control but has one disad....antage in tha t it IS senslOve to blus·
tery \Vinds and is not satisfactory under suc h conditions.

2: 7SPRINKLER AND SPRA Y HEADS '
The choice of these may be govemed by the water pressure available an? ~e
amount of air movement within the propagation area. The use of mlS~ng
heads eilher fixed jet or revolving head have a serious drawback when be!ng
used ~uldoors. The fine mist produced can ~~ blown .off the beds thus letti;~
the cuttings dry out along one side. The proVlSlon of ~nd baffl.es to control b­
problem usually results in too Iinle air movement wlth resulting fungal pro

lems. . . . . ed
In an outdoors situation the best and most reliable results wdl be ob~ ~
using revolving head sprinklers which produce quite.large drop1fts. ~r::f
ment has little effect on this droplet size and they ~1I adequat~~w~mlstlng
surface rather than cause a fuzz of moisture on the tips of the eu gs lO drain
nozzles do . Provided the rooting mediuín has the necessary texture
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properly, and atten tion is pa id to providing the correct ¡ight levels in the
p:opagatio ~ . a rea for the ~arie ties being ~ooted . large drop lets and relatively
hlgh quantitJes o f water WIII not harrn cu ttings from the time they are set until
they sta rt rooting. When they reach that point it wíll and at that time the am ount
and freq ue ncy of wate ring must be reduced preparatory to herdeninq-off.

2:8 STAttc LEVEL CAPILLARYBED5
A sta tic level ca pillary bed consists of a shallow "tank", 7.~cm. (3") deep . lt ma~'

be made from heavy grade plastic shee t with in a timber frame or more perma­
ne n tly from concrete. lt may be of any dimension but it will be faund tha t in
ve ry d rying co nditíons. pla nts that are more than 6 metres (20ft ) from th e
reservoir may dry out The "tank" is fiiled with coarse grade sand and has a
small clear area to act as a rese rvo ir. In th is reservoir a ball-cock is installed and
set to give a water level ab out SOmm . (114 ") be!ow the surface of the bed .
Figur e 2 illustra tes the bas ic design o .

The principie is to provide a source of water below the plant which creates an
atmosp he re where the plant may colle ct sorn e of its rnoisrure requirements
fro rn t:'e a iroas v..·ell as having a constan: sourc e of wa ter the t is drawn through to
its rcot crea by capillary action fro m the sun's warrnth.

Such a system is ver) use fui where a pro pagatic n or holding area is not co n­
stentlv ertended as mediums used in propagation are so free dra ining that they
can dry out durinq half a hot wi ndy day jf they are no t warered in sorne wa y .
This systern maintains their rnoisture requirernen:s a: a sale level.

The use of capillary beds is an excellent way of hardeninq off rooted cuttings o r
can be used in the latter stages of the ooro o ting phase followínq root initía tion
under a uto matic waterin g. In use. the tra ys of tubes or med iurn with cu ttings in
them are placed on the bed. The b ed m a y ha ve over head rernovable layers o í
shade-cloth which can be put on o r re moved as necessary. Once set up with
the water and light adjusted to the correc t levels. roo ted cuttings or even those
th at have just initia ted roots can be left una ttended fo r weeks without atten tion.

It is possible to propagate most speci es of Proteaceae on a capillarybed without
the use of an automated watering area íf the op erator is skilled in the use of
shade a nd the timing oí the operation. See section 6:6 for further inforrnation.

2:9 AlR MOVEMENT
A certain amount oí air movement in the propagation area is an absolute
necessity. Without it there will be problems with funga l infectia n and possible
overheating oí the cuttings during the rooting process. Sorne of these fungi can
be serious and can cause the total 1055 of all material in a prapagatian area or ~
carry-through effect to later stages of the plant's life. The provision of gende arr
movement especially near ground level wíll do much to alleviate the problem
of fungal infection and keep the leaf surface temperature down. .

By comparison ted much wind will cause problems particularly with its effect of
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deh ydrating cuttings either from the excessive movement o f air around the
leaves of the cuttings or through blowinq the overhead wa teri ng away from the
beds. Where wind is a problem sorne screening should be used es pecially on
the wíndwa rd side. Care should be taken that the beds a re not sha ded by the
wind screens.

To provide air movernent at or near ground level. especially in areas where
there is Iittle wind. the screening should stop about lOOcm (4 ") from ground
level so that it creates a draft This small provision INiIl prevent many problems.
Sorne seasonal variations of control may have to be practised.

2:1OBOrrOM HEAT
The ques tion of whether you a re going to use bo ttom hea t or no t has to be
considered. There are divided thoughts on this with sorne propaga tor s using it
and sorne not In my earIy experiences with Proteaceae I eventually traced
many problems to the use of . bottom heat bu t this was in the da ys be fore we
had such efficient chemicals for the control of soil borne fungi . There is no
doubt that by providing bottom heat you are crea ting perfec t co nditio ns for th e
incidence o f Phvtophthora. Rh ízoc tonia. and Fusarium with rnoisture a nd tem­
peratures at danger levels. T he use o f chemicals (Ridomil. Allíerte. Terrazole.
Ronilan) control these fungi but will no! cure thern and the re is still a risk of
infection with the conditions that bo ttom heat crea tes. Th ese prob lerns ca n
rernein la tent in the plant for a considerable time and be ce rned over to the
growing on ph ase or even in some insrances lo the fi nal plantinq site in ::eld o r
garde:l .

My preíerence is to use bo tto m he at on an ything thal is very slow at rooting a nd
then for not m o re tha n two o r three wee ks. I never use it from whe n the
cuttings are first set as resea rch has shown that this is o ne o f the reasons for
heaw callousin g a nd non- rooling of some varieties particularly in Pro teas. This
is the cuttings w ay of protecting itself from the hea t. We do not like pu tting a
freshly cut finge r into hot water and ne ither does a cutting like a 101 o í heat o n its
fresh cuts.

The most e fficient economic and safe use of bo ttorn heat is to set the cuttings
and then stand them 'in a misting area without heat After a period of three
weeks for Leucospermums, Leucadendrons. Telopea and five to seven week.s
for Proteas. place them on bottom heat The results can be quite spectacular
with roots often fonning within two to three days on rnany varieties. A period of
seven to ten days on heat is usually suffident to give near 1()()% rooting. They
shouId then be hardened off prior to tubing up . Never tube up directly off a
heated bed as losses can be high. . .

Sottom heat may be provided by the use of heated water pipes under the
benches or by electrical means. A new developmént in bottom heat is the
carbon mat which is Iaid on the bench and plugged into an electrical outlet
These heat the whole area evenly whereas the old method of having wires
running ~der the bench gives hot and cooler areas.
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Where bottom heat is used it should be se t at an absolute maximum of 25 'C.
Above this tem pe ratu re will harm almo st a ll varieties. Good results will be
o btained with most vari eties if lemperatures are maintained around 22°C al the
base o f the cuttings. Care must be laken when heat is being used as the
amount of .'w.a te r being applied by an automatic overhead watering system may
not be sufficient to compensate for the extra evaporation caused by the adde d
heat in the mediurn. Occasional hand watering may be needed to compensate
for this moisture loss.

2:11 THE PROPAGAnONAREA - SUMMARY
The propaga tion a rea can be anything fro m a simple screened frame to a fully
auto mated glass -house co mplex.. Pro teaceae plants generally do no t like en­
viro nm e n ls crea ted in a glass-hous e unless ·lhe re is provision tha t encourages
constan t a ir move m e nt Even if they do survíve and root sa tisfactorily they
o ften give problems during establishment o r even up to two years later when
they have been rooted under these conditions particularIy when excessive
botto m heat ha s been used.

:'1).' choice is for a structu. e sited v.:her e the re is sorne a ir movement at all times
:,ut away from the full force of the preveilinq wind. 1I sho u!d run north.south
and be in full su n . not iníluenced by large bu ild inqs or trees.

It sho uld be of a di mension that is adequa te without crowdinq and preferably
not wide r than th ree times its heisnL The roof should be covercd with shec e
cloth of a grade that will give the correct light rating for the varieties being
propagated. The sides co not llSL:a j!y need shade cloth except to con trol ex ­
cessive ai r movem ent. The sun end may ne ed shade cloth to con trol auturnn­
sp ring su n lig ht

The vvi nd wa rá side sho uld have a solid wa ll of suf ficient he ight to con trol the
wind b u t should stop l OOcm from ground level to provide air mo veme nl al
ground leve l. it rnus t no t shade the a rea wh ere cuttings have been se t lo roo t,

Within the p ro paga tion area there should be an automated sprinkler system
e ng ineered to keep a constant level of wa ter availab le to the cuttings matched
to dehydration rates. Sprinklers should overlap each other and perimeter mar ­
gins by 30%. The provision of a capillary bed within the area will fadlita te
hardening off of cuttings but is not an absolute necessity.

A bed to supply controlled bottom heat can be provided but is not absolutely
necessary.

High levels of success can be achieved with lesser fadüties. In vegetative pro­
pagation good facilities are nol a substitule for the skills of the operator but they
can make üfe 'easier.

2:12AUXILIARY EQUIPMENT
. Besides the facilities incorporated within the propagation area there are certain

other iterns needed to carry out vegetative propagation. These are simple
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things that are found in most places where propagation is being carried out and
inelude the following.

Propagating trays - needed to set cuttings in. They may be plastic or wood, If
they are wood and have been treated with preservative make sure that they
are well weathered. Leaching of wood preservative into the rooting medium
will be fatal te all cuttings that come in contad with it Polystyrene trays can be
made by cutfing down the trays used in the stone fruit industry. These trays are
not suitable for use on heated beds as the polystyrene will insulate the cuttings
from the heat source making the heat transfer ineffident Plastic trays with a
wide mesh bottom and used wíth a filter type Iiner give excellent results [ref.
5:4 for further information].

Propagating tubes - needed to set sorne varieties of cuttings in. It has been
found that the Scm día. x lOcm deep is the most effective and economic size to
use. The Scm square Iiner does not give such good results. .

Plant pots - needed to set sorne cuttings in. The lOcm 400 ce square pot has
been found to be the mo st efíective size. Avoid very deep pots as these give
poor results compared to shallow ones.

Knives. secateurs. clippers should be kept clean and sharp. The final cut at the
base oí a cu tting should always be made with a sharp knife as secateurs and
clippers tend to bruise the plant tissue.

2:13 EXPENDABLE MA TERlAL5
In carrying o ut vegetative propagation there are a number of rnaterial r r- ceded
which are expendable. A1l are an integral par! of the operation and will of
neccssity vary from place to place depend ing on availability. The following is an
outline of wha t is needed, the possible sources and altem a tives .

'f 2:14 ROOTING MEDIUMS *'"
The mediurns in which cuttings are set can and do vary from country to country
and even wíthin countries. To sorne extent this is influenced by the materials
that are available locally.

The composition and texture of the medium influences the rooting process and
type of root produced It is normal for coarse-grained mediums to cause the
cuttings to produce strong but very brittle roots which break off easily (figure3.
Rne-grained mediums produce a more fibrous type but often results in a drop
in' percentages rooted (figure 4). An alert and successful propagator wiIl deter­
mine which materials and which ratíos give the best result for theirparticu1ar
conditions, type of material (soft or semi-hardwood), variety being propagated
and season of the year. · ..':.' 0 " :" •• : ;-=-~: .: '/-'_..
There is one thing that any rooting mediums must 'ha~~J;á#ilY 'if bdiig
used in conjundion with autamatic watering systems. and t;Mt ~~~~
BE FREE DRAINING. If it is not then there is Iittle·cha~..of re& success o
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test any medium, espeeially if it is to be used under automalie watering. it must
be of a texture that it is impossible to f1 00d it by hosing it clownwith the flow o f
water from a 12mm (112 ineh) hose at 70 psi. If water is visible on the surface
five seeonds after the hose is removed, the rnec iurn is not salisfaetory and more
open grained material will have to be added.

The principal materíals that will be used are:-
Saod, must be coarse. preferably with round ed grains as these stay ..open ..
where as angular grains pack down hard.
Peat, must be a fibrous grade and not brea k down to a dus t
Pumíce, must be eoarse-grained. Some pumiees carry high leveis of
phosphate and this should be checked out as it can cause serious probl ems.
Perlite, is a heat sterilized pumice. Use 400 industrial grade and ch eck for
phosphate as for pumiee. .
Scoria, lava, cínder, are volcanic materia ls a ll with similar eharaete ristics.
They are heavy forms of pumice and can be used instead of pumiee or perlite.
Polystyrene regrind, waste polystyrene ground into angular particles of
about 3mm. average diarrteter.

O ther rnateríals. can be used provided they are free draining and free of h igh
levels of phosphate. pH. etc .

A typical medium for rooting Pro te a s and Leueodendrons would be 50,'50
coarse river sand and per lite o r pumice. To this mav be added a furthe r 1°to
15 parts of pear especially ifwater pH is ab ove 5.5 o~ the variery is kno wn ro be
very slow to roo t, Sand can vary in texture and grain size. ano care mus, b e
taken that it is not derived from a limestone rack souree and that ir is trulv
eoarse a nd does not paek down hard over a period of lime when be ing con­
stantly watered. If this does happen you will have to ¡nerease the perlite.ipumice
or use some othe r types of material such as seoria or deeomposed granite, I do
not favour a dd ing peat ab ove 15% m aximum, for although it will "open up" a
mix there is documented evidence showing that pea t is responsible fm many oí
the problems associated with Proteaceae plants in later life. This is dealt wi th in
detail in the growing on section [8:5 to 8:7] and in.Appendix One.

For Leucospermums 1use SS parts reground polY!ityrene and 15 parts peal 1
have used 100% polystyrene with good ultimate results that have been a litt1e
slower than with the 15% peat but have experienced problems with the wind
blowing the polystyrene out of the trays, leaving the cuttings in mid-air. With
sorne clones of Leueospermums the 85115 mix dces tend to produce an initiaJ
course type of root that may break off easily. ti this is a problem the mix can be
changed to 65 polystyrene, 25 sand and 10 peal, which wiD produce more
fibrous type of root but will usua1ly result in a drop in percentage.

ti polystyrene regrind is not avaUable, use Sand 3D, perlitelpumice 60 and peat
10. Thiswill give good resu1ts with strong roots but tliis mix can suffer fmm over
watering under an automatic system. For this reason cuttings should be re­
moved from the watered area as socn as roots initiate and be placed on a
capillary bed to finish their rooting phase. (Figure 5)
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If you ~ re fOr1Una te eno ugh to have eccess to th .
are availabla in th e north island of New Z 1 d ~ .nver run pumice sands tha t
sorne varieties in. Thís is the near perf:~ta~~I~~~tan be used ·'as. is" to roe r
porous texture and rounded grain form li h' h lo propagate 10 with its
down ha rd. For really good rooting and a ot w le. prevents it frorn paeking
results with la to 15 % pe at added It· :00~bel In all varieties, it gives besr

• . IS ImpOSSl e to "flood' thís material.
Whatever the pro pag a to r decides to use or is f d
local ma lerials. re member that Ihe me do orce bto use by the availability of
~e a stab le pH. of 5 .0 to 5 .5. mus t be ea~~~le:~s~ol~infreeh drain~ng, prefera bly
firmly (a eutting waving around in the bree .11 9 1 e eutti ng reason ab le
"open " enough to supply oxygen lo the base ~~\h:e:~~~~~tl. and it must be

If yo.u are. u.nskilled in propaga tio n or for anv reason cna--s ,
medíurn. ít IS ad ..;sable to have a small scal . tri I . hehang¡ng fro m your Usual
eombina tions to tes t the mediu m befa r I e a l WlI a range of rnateríe ls an d

. e arge sea e eommitme t If dí
go mg to be unsuitable or toxic to the euttings 't 'lI 11 h n . a me iurn is
but ir will take several weeks/months lo t t fl \VI u~ua y s ow within ten days

es or rootmq performance .
? ne furth.er point is to a!way s make sur¿ thet none of the • .
remers bemg use d are eon tam inated ~I .;th h : I h . malenals or con-

I1 d f . ...1, erm ru el emlca's or becterí S .
ca ecte rom the sea coasr or a lidal ríver . ', le, ia. e ne
This can be leae hed out with hea v , r¡ ' . may con taín herm fu] Ievels o f selt,
be controlled b ~,: sterilizino Ch emie)al: uSil mg ?f ~~ate r and hermful be creria rnav

. . . _. " eontamma ~on such e' herbi ;...1 , -
avo¡c ec a t aIl cos ts eS these ma terial ; - ~ -~ '. - I • lC 'Ues mus, D¿- , ..<.o.S ,n a pro,.,cr a r , ., - ~ I V ·'11 1Itoral loss o: curtí - .., ::> .. .. s ,1I., ~1.1 usu al v result in "

LA ¡... l l...t. ~ L!ns ::> . .. ... l ol ....

!t is inadvisabie to use a medium a seeon¿ li ' ¡ .

IS steriiized ::'y heat. Th ere are enou h ~~ rouna .l,o r pro pa.gatlon unless it
due ir.g a re-run of a previous batch ' 9 pro 1 ems l.lJ1 ~nou: de!lberately intro ·

s aeeumu ated proolems.

2:15 HORlvfONE AND ITS USE
It is normal practice to trea t cu tti ·th .
cases this hel . h ngs l.lJ1 a root promoting hormone as in most
root The ho ps I.V1t percentages tha t root and reduces the time it takes them to

~~~ ~~~~=~;n~~~~i~i~i~~~~~ ~~d~r~~;:::::dl:~ ~c~y~~~;:~i;~:~
from 1000 se vary somewhat between propagators and range
it at 6.000 ~~~. to 4000 ppm. although I have heard of sorne propagators using

~~r~~ a clase relatic:>ns~ip in the effeets that this hormone has on the cuttings
is tra .~te of ~nsplratio.n .of !he cuttings at the .time of trealrnent lf a cutting
fatal ~tn~g ra~I~IY when lt lS dlpped into a solution of this hormone it can get a
t I o er ose. t lS also a fact that nol all species and varieties have the same
d~nc~~ either the hormone or the levels of alcohol sometimes used to
rate t~elkxJrom early ~tes of 3000 and 4000 ppm , 1have now reduced the
2000 ~ ppm and In sorne cases 1,000 ppm. for the softer material and

ppm. or more mature material rising to a maximum of 2,500 ppm. 'fo r
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Fig .8

very rnaturc mat erial in the winter months . These stren gths are a little bel ow
optimum ícr sorne varieties but are safe.

A check ca n be made which will indica te whether a certain strength ís sa rísíac­
tory for a particular batch of cuttings. Todo this take a few cuttings. prepare
thern and treat them with honnone of a pre-determined strength. Set the
cuttings and place under mist After five to seven da ys inspect the bases of the
cuttings. If they have gone black the honnone was too strong . If they are
showinq tiny whítísh spots at the nodes where lea ves were removed or jf the
lower 3cm of the stem has swelled by about 25% in diameter, the strength has
been correct (figure 6). If you can detect no changes at all it was too weak. In
the case oE very lnature material a strength that is too strong will cause callous­
ing at the cambial layer right at the base of the cúiting and no swelling of the
stern diameter (figure 7). This will usually show quite distinctly by the four-

. teenth day and if ít does the cuttings may never root, The correct strength
causes the whitish dimples to show and the stem to swell with preferably líttíe or
no caDousing. Cuttings don't have to caDus to root (figure 8).

Early uses of this honnone at 3000 and 4000 ppm resu1ted in tissue bum te
cuttingS which.either destroyed them or retarded their rooting phase for a long
time. Of those that did eventually root, sorne were either blínd in.their growth
buds or went through a further long perlad of donnancy. ·Thiseffect has been
noted on a number of occasions when near toxic stiengths have been used on
varieties a.nd species other than Proteaceae. The problem is vety common in
Rhododendrons.
IBA Is usuaDy dissolved in alcohol which is then added te the water. Do not
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pour the wa ter into the alcohoUIBA solutíon as it wilI separa te out th h . 1
To mi.x a sol~tion to the strength of 2000 ppm take 5 mgm eoncenoi~ ~nu~
and dissolve In 500mls of alcohol. Add this to 2000mls of c1ean water a drysk
. fri t NI ' n eep
~n a re. gera oro ever expose it to sun ight as bright light wilJ destroy the active
ínqredients.

LBA can be applied in a dry powder forro which is available in three different
strengths. Tfiose that are suitable for Proteaceae are the ones recommended
for the se~i-hardwood and hardwood material. Powders generalIy do not give
such consístent results as the same strengths in liquid formo but can be used
with sorne success especially on the semi-hardwood material In sorne varie ties
for reasons not known, powder can work be tter than the Iiquid. Thls has been
no ted se vera! times with Pr. grandiceps.

Another hormone which can be used is Napthalene aceiie acid (NAA). This is
applied and used in the same manner as the IBA and gives similar results.
Some varieties should be treated with lower strengths especially the varieties
wíth grey and hairy leaves.

If available l srron gly recommen d the use o í laboratory prepared conc en tra te
solutions of IBA or NAA whic h can then be diluted to the required stren gth. T he
best of these are not just a m ix of a lcoholwater and the active chemical b ut
ccntain other ingredients to give better penerration and give sorne protectio n
aga inst fungi. Tnese formu las give exc ellent end consistent results.

2:16 FUNGICIDES
Within the propagation ar ea it is ne cessery to maintain a prograrnrne of treat ­
ment to control fungal infection [ref.6:4]. Sorne o! thesa oroblems could be
wa ter -borne, some air-bome and others may be introduced on cutting mat eria!.
Th e control of most fu nga! problems duri ng this phase can be achieved with
Captan and occasíonal use of Ronilan or similar chemicals, provided they are
applied regularly before problerns occur, New chemicals should be monitored
for side effects. As an initial treatment 1 always treat alI freshly set cuttings .
immediately after handling by drenching them with a mix of IrnlTerrazole and

. 2mgms. Captan per It of water. Use 500mls per tray of 100cuttings. For more
detailed infoimation on the uses of fungiádes during this phase see 8:16 and
Section 9 for full outline of fungi control
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SECTION THREE

Production of Cutting Material

3:1 OVERVIEW

To be ~ble to consistently and economically produce good qualitv plants by
vegetativ~ propag~tion , it is necessary to have a sup ply of healthy clean and
fresh cu~ng matenaJ. The health , source and typ e of cutting material tha t you
have avaílablc to use will influence the end res ults and will often be the diífer­
ence between success or failure. If at all possible it sh ou ld only be collected
fr~m plants that have a c1ea n bill of health and o f a known pe ríorma nce rating.
Fadure. to observe these fundamental criteria will result in sorne disappointing
res~ l~ m poor rooting, and later in poor flower forms, a po int that is particularly
v~hd lf.stocks ~re be ing increased for cut flower production . [Refer to Section
b fo r ínforrnatí on on clonal selection ].

The suc cess or failure of prop agating Proteaceae begins well before material is
ha rvested frorn the stock plant Every effort should be mac e to rnake sure that
the ~~terial ~ou will eventually use is as heal thy a nd as nea r to the correct
condítíon ana type as you can ma ke it.

IdealIy plants sho uld be of an age that are past the first flush of juvenile growth
ü~d bef~:>re the decline of o ld age . For most Proteas and Leucospermums this
Mil be In the three to seven year age bracke t and Leucodendro ns in their
second to fourth years. There are of course exceptions to all oí these and 1still
regu larly take cuttings from a Leucospermurn wh ich is now 30 years old and
sorne Protea nerüfolíe that are 2S years old . .

To get the best from stock plants, they need re9iilar tending throughout the
y~ar to keep insect and funga1 infedion under control as problems assodated
wíth these are canied through to the propagating phase. There is sorne evi­
~ence to su~~ !hat repea~ed use of sorne insectiddes, fungiddes and wetting
g~nts may ínhíbít the rooling of some varielies. Where propagators notice a

falling off of percentages rooting they should check this out [Ref. 9:2].

·3:2 5EASONAL CAREOFSTOCKP!..ANTs

Stock plants weD prepared and cared for can be made to produce many times
the amount and a better type of material than those not under control This
may be.achi~d by manipulating the plant in various ways and is particularly
produdive wíth Proteas and to sorne extent with Leucospermums. Preparation
of the pJants begins just prior to or at the start 0"( spring growth or just before a
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midsummer gro \N1 h if the particular variety being handled makes one in yo ur
clima te .

ln itial procedures consist of removing all int emal weak growths to give better air
movement and removing flower buds or the tips of the strong terminals from
the las t flush of growths. This promotes lateral growths with a resulting increase
o f fro m six ~o eight times the number of cuttings ava ilable for harvest la te r
(figure 9). Besides this, lateral growths produced in the spring growth flush, are
better mate rial to propagate from than terminals as they invariably give bette r
perce ntages rooted and usually a be tter root type. Laterals that are produced
a fter p inching o ut the tips in midsummer to promote autumn growths need
so rne specia l proc ed ures during prepa ra tion and setting. This is outlined in
sectio n [5:6].

The timing of the removal of term inals in the spring is important Protea stock
plants should be processed in this ma nner just as the terminals start elongating
prio r to the spring growth fl ush , while Leucospermums are better done a fte r
gro\N1h has rea lly started. lf Proteas are pinched out too early (midwinter) it can
result in grO\\,1h starting from the late ral buds too early and if it is checked by
adve rse weather such as late frosts it ca n become dormant and may fail to
continue with the flush of grov.:th. Leucadendrons generally produce be tte r
propagating material if they are allowed to ha ve their spring flush and then
have 30% oí the !ength oí the stronq termine! growths removed. Tnis wíll result
in a spate of secondary growth (figure la) . This is particulady so with the strong
grO\\'i ng ío rms such as L. laureolum. gandogeri. cv. 'Sa fari Sunset', etc. Most o í
the spra y type leu cadendrons nee d no preparatio n to produce satisfactory
p ropagating material (figure 11).

A recent trend in the production of Pro teaceae is to harvest and use cutting
material fro m pla n ts that are in the nursery production be ds rather than lo have
stock plants to harvest material from. There is no doubt that cuttings harves ted
from these plants, which are under two ye ars old, do root easily particularly
Leucadendrons. There is however the faet to consider that by continually using
th is type of material from each successive generation, that the form of sorne
varieties dces change from being predominantly of a strong upright form of
plant to beiIig prostrate to semi prostrate,

The type of material and where it comes from the plant has a significantbearing
on the resulting growth form of the proqeny. This syndrome is well known In
the propagation of some conifers as wéll as in Rhododendrons and CameDias
where if a cutting is made from a low pendant branch frgm a plant that is
predominantly of an upright stance, the resulting plant will be low~ with
a pendulous growth habit (figure 12). This same result has been obsetved in
Proteaceae with Leucadendrons being the most affected but al spedes~
show sorne effects. As the pradice progresses frorn one generadon lo another
we can expect to see more varieties showing pendulous growth form when
they should be straight and upright (figure 13). [Rel 17:4 for fwther informa­
tíon, J If plants are being produced for future cut flower produdlon it is very
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important to retain and encourage the strong upright characteristics of selected
clones. Propagators should pay atten tion to selecting only material that will
produ ce strong upright plants.

3:3 PRE-HARVE5TPLANTPREPARATION
In the períod just prior to harvesting ma terial, you should thoroughly spray all
stock plants-to make sure they are as clean and healthy as possible. For insect
control use a good broad spectrum systemic insecticide and miticide and for
fungal control two fungicides, one to con trol botrytis and one to control the
pythium types. [Ref. 6:4; 9 :13 to 9:18 & 9:25 to 9:27 for information on chem­
ícals]. App lica tion of chemicals should be carried out not more than 15 days
ahead a nd prefera bly not close r than three days before harvest for fungicid es
and seven days for insecticides . The che micals used should be known NOT to
inhibit rooting or to cause foliage bum. For this reason never use a previously
untried che mical just before hervestínq cuttings .

Every effort shou ld be made to ensure that the plant is fully turgid befo re
harvesting curí nqs from ir. P lan ts may be in a sta te oí stress from a number oí
ca US2S with : ~ 2 principal o nes being dehydratíon from frost damage, ho t d ry
winds or a lack o f adequate soil mo isture. For optimum results, plants should
have ac cess to water if they are sited in areas that experie nce dry weath er
conditions a: :::2 time when material ~;1I be harvested (late summer/autumn l.

When plants =.:e under severe stress from a physical mo isture shortage with in
the plan: 0 55:":¿ they may go into a sta te oí inertia as a means of protecting
them se!ves frorn permanent damage [ref. 12:2]. Dehydration is ve ry difficult to
de tect in old er fíeld grown pla n ts and may only show as a slight paling a nd loss
of luster in the leaves. When plants are dehydrated to this exten t, it will ta ke
three da ys foilo wing the applica tion oí water or after the frosts or dry winds
cease, to complete ly reverse the sta te oí inertia and fo r them to become fully
turgid again. If th e dehydration was caused through .frost or dry winds , th e
ap plication o í extra water to soils that alread y have adequate levels will have no
effect at all on the plants' condition. Dehydration from these causes is through
the action of frost/wind on the leaf area and not because of any lack of
adequate soil moisture. Only a time factor which will correct the problem
When plants are dehydrated it is bestnot to harvest material until it has been
corrected. Material coUected from plants that are under a high degree of stress
has a problem in that it continues to dehydrate faster than it can take up water,
even if it ís under mist

Undetected dehydration of fíeld grown plants is the prime reason far the black­
ening of leaves and rapid break down of flowers and or cuttings foDowing
harvest [reto Sectíon 14 for further information on this subject].

3:4SEAS01VAL MANIPUlATION
Itís not alwa~..s possible to propagate when you want te because of the seasonal
growth pattems of the stock plants. This is especiaIly so with ·youngplants in
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3:5 j'vLA.NIPUL4nON OF PROTEA CYNAROIDES

what I tenn their teen-age stage of growth (two to three years). It has been
foun d that the removal of the terminal grol.l.1h tip of L1e cutting material a week
or so be fare harvest not only makes it possible to propagate out of season but it
can also greatly improve percentages that do root and the resulting plants
cornmence growth much sooner. In sorne cases it also breaks the long tenn
donnancy problem associated with some varie ties (Pr, magnifica & grandiceps
etc.) which often go through this dorrnant phase following a prolonged period in
the propagation area. Sorne varieties can take up to six months to come into
vegetative growth following rooting without this treatment,

Th ís technique is only in the early stages of investigation and more work is
needed to get consistent results. The key see ms to He in the time lapse from th e
removal of the terminal to harvest of the cutti ng which needs to be related to
the maturity of the material on the stock plant, the prevailing temperatures and
the seaso n of the year. Tests ca rried out in the au tumn indicate a time lapse
from tip removal to harvest of lOto 14 days for very soft material and 5 to 7
days for more ma ture wood. In winter this cou ld be doubled.

Wh en the tips are removed it stimulates the dev elopment of the top three or
four lateral buds (figure 14). The mate rial shou ld be harvested and set be fa re
these develop into a leafy type growth (fi gure 15). If thís should happen th e
curtinqs often fail to roo t,

Wh en this varíerv is handlcd in the SGr:1e rna nner as c ther varieties a nd the
cuttinq ma terial rs taken frorn the current years grm l.1hs. most veriants )i elC
v..·ood t:,a t is very lerqe in diarneter and often in srnell numbers. These large
ste ms a re not good material to propaga te from end often give poo r per centages
a nd sparse root formatio n on those that do rcot,

It is possible to produc e up to fiíty times the number of cuttings per stock plant
of a type that will give much higher pe rcentages rooted and have a better root
fonnation. To do this you must be prepared to forfeit any chance of it producing
flowers for at least two years. Where a superior clone has been identified and a
large number of plants are required as quickly as possible the forfeiting of the
flowers is a small price to pay for the extra stock.

The method involves sawing all stems of the plant off just above the level of the
majority of the laten! growth buds. On a plant that is four or more years oId this
is usually about 20 to 3Ocm. above ground level A clase inspection of the
stems will show that there are a large number of small indentations stretching
from the ground to about that height (figure 16) . These are Iatent growth buds

.whích in nature foUowing a fire, would come into growth. The ac1of sawing the
whole plant off (figure 17) stimulates almost all of these Iatent growth eyes to
come into growth simultaneously (figure 18) with the result that a few weeks
Iater it is possible to harvest up to a hundred or more good alltings from o~e
plant and sometimes a further crop a month or two latero Because they are from
a lignotuber it ís quite safe to harvest them when they are still in a juvenile stage
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(re f.5 :8]. If they are left to full maturity they become elongated and sornewha t
weak owing to the excessive crowding on the stumps of the plant For bes t
results it is best to harvest thern progressively as they start to mature and be fo re
they become elongated. This also gives the plant less shock than to totaily
remove all foliage at the one time. If preparation is canied out in the spring it is
possible to harvest these cuttings by soon after midsummer. These cuttings will
usually root within eight weeks and often come into growth again before win ter.
If they do it is possible to remo ve the new terminal tips off these plants and set
the m to root. In this way it is possible to produce between' two and three
hundre d plants from one stock plan t in about two years. It is probable that th is
met hod could be used on any Iignotuber a nd it is known that it is successful on
Telopea.

3:6 HARVESTJNG "IN THE ~VILD "

It is sometimes nec essary to harvest materi al fro m plants tha t have had no
pre-harvest prepara tion . These plants can o ften be in peor health and cond i­
tion. When this is the case it is necessary to follow certain proce dures to assure
the best possib le results. When harvesting. care should be taken to sele c:
material o f th e current seasons grov.1hs tha t are c lear of fungal infection . In
many instances it will be necessa ry to hervest terminal grov.1hs especially from
you nq pla nts. If the plants are o í an ag e that have com menced fl owerinq. í:
shou!d be possible to se!ect the lateral by-pesses the t heve gro,l,;n eway frorn
behind the o Id flower heads (figu re 19 ). If there is funsi presen t it mus: be
tIimmed off im media tely followinq harvest before it is packed into con tainers to
mini mize th e cha nces of it spreading further.

Materia l ga there d under these conditíons usually has lirJe uniformity in rnaturiry
or type and u nless it goes through a post herves! prccess, results in rooting will
be inco nsiste n l The bes! rnethod o f handling th is material is by the wrap and
re frigerate method. (reí. 4:5 ]. The wrapping process can be canied out irn­
mediately following harvest and if no refrigeration is ava ilable at that time•...the
material is quite safe held in this manner for up to two days pendínq refrigera­
tion provided it can be kept be low 2SoC (SO°F.). lf it is held for two days under
such conditipns and no refríqeratíon ís then available, it may then be treated as
outlined for the delayed propagation techníque [ref. '4:4] for two or three days
before final preparation and setting. Under no drcumstances should it ever be
kept in a vehicle that is standing in the sun as temperatures can rise to ~0C.
even in the winter. . :

" . . .
Material which is of a "mixed bag" in type and conditíon such as ~is is best held
for three to five days at JOc. to 4°C. (35 to 38°F.) before it is processed and set
to rool Where there is a big variation in the maturity it should be sorted and the
over-mature material then treated at the higher rates of honnone [~~15).. ', ' .=.. .-:.. ' :~, .;.. ~~ . \. '

3: 7JUDGING MA TURITY AND HARVESTING CU1T!!f9$..>
- GENERAL t , _ :>;:~·.~¿, :¡':~;:i~:.· · .
The maturity of the material al the time of harvesting for P~~~~.•ls !"ore
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impo rtan t than the time oí year though seasons do infiuence the rate of devel­
opmen t and maturity. Bearing this in mind, the successful propagator will ob­
serve. test and assess the matu rity of the cuttings rather than watch the date on
the calendar. In New Zealand a variation of a month from year to year in many
varieties development to the correct stage of maturity is quite common. Toa
large degree this is govemed by weather pattems principally rainfall and tem o
perature v,:riations particularly those prevailing through the period leading up
to and during the spring grov.1h flush. In continental cIimatie areas, growth and
maturity pattems tend to be more evenly regulated.

Experienced propagators have their own methods of telling when material is
ready to process. This varies from just touching it with their finger and thumb.
twisting it, eutting it with a sharp knife or just clasp ing it in their hand and gazing
up into the heavens. These persons are in faet all doing the same thing in tha t
they are gauging the condition of the material to suit their pa rticular method o f
propagation.

There appears to be Iittle differenee.between propagators in the condition of
material they select for a given method of propagation. but there is a differenee
in the material used between speeies and even varieties wíthin species. Herein
líes the sec ret of beinq successful every time. o r only sometimes. [f you are a
ve ry observant persono success VJill come with experienee, if you aren'! you ....:i ll
hav e to become more so to be really succ essful. With Proteaceae especially
Pro teas a nd sorne Leucospenn ums it is the little th ings you do or the special
condícons you provide for a particular done thet makes the c i:rerence to the
end resulto

AHPro tea cea e have in cornrnon the fact that their new grov.ü~s are sliS!":tJ: oval
at the base of the stem where it is artachcd to a nd has grOWli awé')' frorn the
older wood (ñgure 20 ). As it ma tures it gradually beeo m es rounded ihe sarnc as
any other braneh material. While the base of the mate rial remains oval, the
material is too soft and shou!d be left to mature until it has become rounded
and firm,

Cuttings harvested too soon will do one of two things : they wíll either sit in the
medium for a long periad as they continue to mature and they VJi.IJ then root, oro
they may just sit there forever and do nothing. 1have seen euttings that were
too soft when set, sit for two and a half years and never ehange. There is no
advantage in using material before it is ready and there are higher than normal
risks of fungal infection and dehydration to this soft material

Harvesting the cuÍtings in the early moming, whích is usually the time of day
when the plants are under the least stress, will 90 a long way in aIleviating
problems associated with dehydrated cutting material Under extreme eon­
ditions this inay not be enough without taking further steps to condition the
parent plant prior to harvest 1have seen whole batches of cuttíngs die within
hours of setting when they have been harvested from a dehydrated plant, This
is one of the main reasons for failure when propagation is carried out when
temperatures are high and huinidity is low or when material is under stress from
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0::~¿:' .ca uses su~h as insect in fes ta tio n. When curnngs are in a dehvdra ted
~~1Cl ti~n they WlII no t onl~ .take up more hormone than is soo d for the rn , b ut
t: .~y u,111 also go on tran sp mng fas ter than they can take in rnoisture.

.~ each sp edes has its o wn particular pe cu liarities in when, ho w and what
s~,-'uld be .harves~ed. ~which may vary from year to year), the íollowinq guide­
~;-: ..'S are glve n to )udgmg the ma turity a nd assessing which are the best se asons
rcr harv esnnq aqd processing. Generally if the condition of the ma te rial is

. cc rrect the season is of little consequence unless it ís in the ful! flush o f spring.
.q

3:8. PROTEAS
In~ varie~ that 1 have had 'experienee with, better results have been
~ed by~ n:ta!erial.that is a Iittle old rather than too young. This is
~Y.so m vaneties W1!h the larger diameter stems, P. magnifica, grand­
lCepS, exunla. etc. However, lf Protea material is allowed lo get too old you will
Gperience .h~a~ callousing and no root development (figure 21) . On the
other hand if It 15 harv~ed and se! to root too soft, then the lower parts of the
sNrns wíD take on a cnnkled appearance Iike crepe paper and will never root
nar even caDo~ up. The optir:num. lies between firm wood and hard wood. My
Inlitthod for testing Protea cuttings 15 to take the cutting and bend it sharply to a
90 degree angIe around my thumb. If it is too soft it will break with a cIean
~ (figure ~). If it is too hard it will also break but will hang on the
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under side, (figure 23 ) bu t if it wil] bend to 90 degrees and only b rea ks the bark
on the outside of the bend it is about right (figure 24). A final tes t is to cut the
bas e of the stem with a sha rp knife while it is resting on the bene h . and if it gives
a good sa tisfying cru nch it is ríght,
With Protea s it may be neeessary to have two or more ba tehes of cuttings of
each pa rticular clone or va riety each year as not al! material will be et an
optimum cóndition at any one time. In my localíty [ set most Proteas in mid­
auturnn to early winter and usually have two ba tches of each clone. The re is
material available from midsummer onwards but this early material is usually
either left unused or it has the tips removed at midsummer to promote another
growth flush whic h is used later in rnidwínter, lf set to root by a month after the
shortest day, ma te rial from this flush will roo t successfully by late spring but it is
alrnost a full year behind that done earlier. Once day te mpera tures ha ve
dropped bel ow 18°C. there is less likelihood of deh ydration o r fu ngi invasion
durínq the propagatio n p ha se but results in this time slot \....ithout bottorn heat
must be expected to be m uc h slower than in summer - au tumn.

3:9 LEUCOSPERt\1U/VfS
The maturity req uirements oí Leucosperra ums has bee n found to be more
variable tha n for P roteas but ií ir is judqed riqht they are easier to root, Lsp.
cordifolium consiste ntIy gives best results when it has reached a level of ma to
urí ty at the poi nt of wh e n the base of the stem is just cha nging from oval to
round. The tips o f the mate rial is then al a very immatu re staqe a nd neec s
spec.al ca re at sertinq [ref. 5 :9 & 5:13 ]. Lsp . cordiíolium responde well to ha ving
the terminal pinc h ed ou t 5 - 10 days be fare harve st Vlith rnost other Leuco­
spe rmums , best results have been obta ined with mate rial ct a sta ge as de­
scribe d for Proteas except tha t Lsp. refl exum and any other gf¿Y lea f forms
need to be a little o ld er. Never let Leucos pem1Um material get too old. They
ma y eventually root but they \,\,;11 be slow and have a sparse root formation.

Leucospermums are best han dled a íew we eks either side o f the longest ¿ay
wi th most be ing in optimum condition about four weeks past that date. It is
po ssible to use material from a rnídsurnrner growth flush in late autumn but
rooting will usualIy be slow in this penad unless it is done indoors with bo ttom

heal

3:10 LEUCADENDRONS
Most varieties are relatívely easy to propagate which 9ives you more latitude in
the type of material you may use. They do not root weU from strong terminal

. growths ii these are used too soft, The best material is that which 15 becoming
stringy in its texture at the base and gives the same salisfying aunch as the
Proteas when cut Partially-matured material whieh is sometimes available in
the winter as a result of having removed the term inals of the strong growths in
mid autumn needs spedal handling. [Reí. 4:7 & 5:6 for further information on
this material].

Leucadendrons can be propagated from when the spring growth starts te
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ha rden, whic h is normally about a month a fter the longest day, on till late
winter. A few varieties will root quite well if set in the early spring provided it is
done three weeks .before growth breaks. The summer batches will normally
root well before wmter but those set later may not root up until late spring if
outdoors. Spring-set batches will either root rapidly or collapse when vegetative
growth starts.

3:11 OTHER SOUTHAFRICANSPECIES
A number of other 'varietíes have been propagated which inc1ude Serrurias.
Aulex, Mimetes, Paranomus etc . Propagators wishing to try mese should use
the material a IittIe on the firm side rather than too soft. With S. florida and
some other varieties there is a marked difference in rooting depending on
where the cutting is taken along the le ngth of the stem. This is because there is
a big variation in the maturity from the base of the stem to the tipoThe base can
be too old and the tip too soft while the middle is O.K. The condition of the
whole stem can be improved by removing lcm. of the terminal tip te n days
be fore the cuttings are harvested as outlined in 34. [For information on the post
harvest handling of irnmature cutting material refer to 4:7].

Ge nerally e ll these species are best handled in the auturnn as ; ~e terncereru res
are falli ng. At th is season all o f th e m wíll be matu ring their surnrner grmvths
which a re th e best mate rial. Th is will nonnally be roo ted by spr.ng if it is set to
roo t under normal outdoor conditions.

3:12 TELOPEA
Most clones o f Telopea will root easily from material produced in the spring
growth f1ush. Quite often these growths are so long that che)' wíll produce fo u r
or even five cuttings from one length (figure 25 ). However rnaturi tv varies
grea tly from th e base to the tip and by the time the tip is marure che base is too
old. Th is problem can be overcome by removin g the terminal tips frorn the
spring flush about the longest day. This will mature the uppe r part which would
otherwise have to be wasted. If the material looks as if it is bruising when it is cut
with a sharp knife or clippers it is too im ma ture. ~ .

. . tI .

Telopea give best resuJts if they are harvested and set about 30 days alter the
Iongest day although even very mature wood will root if it is set as late as the
end of winter. The vigour with which cuttings root diminishes from a peak with
those set in midsummer to poor with those set in winter. Quite often the base
cutting on a long growth has very underdeveloped growth eyes and may re­
main vegetativeJy dormant indeñnitely although it will root satísfactoríly, Toa
large extent this problem can be eliminated by leaving the base cutting on the
stock plant when the first harvesting is carried out This will cause many of the
donnant buds fa develop active vegetative eyes witfjn twenty to' thirty days. lE
theydo, they can then be harvested and set lf they don't they should be cut off
and discarded.
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5ECTION FOUR

Post Harvesting Conditioning

4:1 OVERvIEW
The post-harves t handling of cutting material is very lmportant, even more
~mportan t tha n for f1owers. Rowe rs are expected to last for about two to three
w ee ks to give good va lue. but cu ttings m ust live for periods of up to 200 deys
with only the en vironment to su stain them. Not only is this so but they are also
expected to sprout roots which is a mernrnoth task to ask of any piece of pla nt
ma terial.

Much of the success in vegetative propagation hinges on the condition of the
stock plan t at the time the cuttings are ha rvested and the pos t-harvest treat­
ment of the cuttings. Over the past eight years we have de veloped severa l
rnethods of holding and post-harvest conditioning cuttings. In investiga ting
::-'es¿ procedures it has been fo und that srea tl~· irnproved end resul ts ca n o fte n
be achieved by using one or a co mbina con of the rnethods. The follo v.i ng is an
outline of the variou s methods a nd prc ce dures thet have been de ve loped .

4:2 GENERAL CONDITlONING PROCEDURES
In the handling oí a il Pro teac eae ma te ria ' whether ir is curti ngs or flo we rs. the
aim mus¡ be te keep it as cool as poss' ole , .11 ( : le constently protect aqa inst
dehvdra tíon , It has be en esta b lished tha ; a l ternoeratures above 2S'C (7SC F)
there is a greatly acce lera ted break dow n oí piant tíssue (both cuttings an d
fl owers) with the degree o f damage beinq a compo unded res u lt of a te m­
perarure X moisrure loss X hours of exposure. When cuttings are harvested a t
25'C a nd ab ove , irreversible damage wi ll be done to the material unless special
post harvest proce dures are im ple me nted. For safest results handling and pro ­
cessing of all material should cease at temperatures above 28°C (S4°F).

One of the greatest dangers to cutting material alter harvest is exposure to
ethylene gas. All plant material gives off ethylene and other gases from dam­
aged tissue and in the case of Proteaceae this appears to be particularly so in
the first few hours following harvest Ethylene is very darnaging lo Proteaceae
Eoliage and for this reason cuttings should never be sealed in air-tight con­
tainers. PLASTIC BAGS SHOULD NEVER BE USED as their use wiU often
result in rapid tissue breakdown causinq the foliage of many varíetíes to 90
black within ·hours. To allevíate the danger of damage from gases. harvested
material should be kept as cool as possible and not packed too tightly in co~­
tainers. Only containers that can "breathe" should be used, te, those ~t au­
can pass into and out of such as cardboard cartons.

Tests with cutting material and flowers of Proteaceae, show that at the time of
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harvest their tem peratu re is almost alweys exactlv the sarne as the shade tem­
pe ratur e for tha t time of day. If hervested ma teria l is pecked into a container ro
a depth of 20cm. (S") or grea ier. and left in a n a rea OL: t oí the sun. the
tem perature o í the contents (curtinq material ) o f the container wiil ríse bv 2
degrees C. above the prevailing day temperatu re in the fírst rwo hours. This
rise in temperature is the reaction of the ma terial to the clamage sustained
when it is cut from the parent bush and subsequent handling. The rise in
temperature will increase to 3 to 4 degrees C. above day shade temperatura jf

the ma terial is roughly handled (which ca uses leaf bruising) and it is then
packed tightJy into an air tight container or if the re is an active sap flow in the
plant [ref. Sectio,\14). If the material is left in a container without temperature
control. the ínternal temperature of the contents wíll usually not drop below
that at which it was harvested within the first 24!1hours. This means that if
material was harvested during the day when the shade temperature was 28°C
and it was then left in a sealed carton or plastic hag for more than two hours it
wouId experience temperatures as high as 300 10 32°C and probably not below
2S"C for at Jeast 24 hours jf it weni left in the container for that long and not put
into refrígeratíon, Hyou were 10subject ftowers to these condilions they would
give a very poor Vi:lSe.life and cutlings will respond in the same way.

4:3FIEW HANDLINGAND/MMEDlA TE
POST-HARVESTTREATMENT .
When harvesting cuttings it is important lo keep them out of direct sunlight from
the moment they are ·harvested. Even periods of three to five minutes in direct
sunJight in surnmer can do irreversible damage. If the temperature is above
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25 ' C the ma terial shou ld be placed in a cool place within 15 minutes of harvest.
At 20° to 25'C the time lapse could be 30 minutes and for 15 to 20°C 45
minutes . Temperatures below lS:C will pose few problems unless the hu mid ity
is extremely Iow (below 20%). . .

If the material is to be processed within 24 hours of harvest it may be held in
several way~. If the harvest temperature has been below 23=C the cuttings may
be held quite sa fely by packing them Iightly in a carton which does not exceed
20 11. volume. The eonten ts in containers larger tha n this tend to heat up more
end take much longer to cool down aga in. Following he rvest, water sho uld be
lightly sprinkled through them and the lid then folded down, In this state cut­
tings ma y be held for up to 36 ho urs provided the eartons are plaeed in a cool
p lace where there is no chance o í direct su nlight striking them.

At above 23 cC the harvested material should either be placad in a chiller for a
few hours at 3 to S'C or if one is not available the euttings should be spread out
th inly in a to ta lly shaded area where the re is no air movernent and the n
damped do wn . With an occasionel da mping down they will be quite safe for a
day or mo re. If temperatu res are ab ove 2S°C. and hum idity below 30% (figure
26) it is berter to dclay hervestínq unles s there are good chiller facili ties ava íl­
a ble whe re they can be cooled withou t bec oming de hydrated.

4:4 OELA'lEO PROPAGA n ON TECHNIQUES
These systerns of post hervest have be en developed and when implernen ted.
ca n grea tly improve the percen taqes of eurti ngs that will root, increase th e
vigo ur with which they root and usuaily red uce the time that they take to rcot, lt
co nsists oc harvesting and holding cuttings under specific conditions íor varying
lengths of time before final prepara tion an d sett.nq.

Inves tiga tions into these procccures bcqa n about nine yeers ago when 1 no­
ticed tha t curtings imponed into New Zealand from Australia and Hawaii almos t
a lways gave 100 % roo ting. It was deduced that either the ehange of climatic
location or the time lapse, (usually three to five days), was the reason. As
Australia and New Zealand are both in the same hemisphere the possibility that
a change in the seasons was the reason for the high suecess Tates wasruled out.

S ince that .lime many tests and experiments have been run with the results
always indicating that a delay of severa! days from the harvesting of the cuttings
to setting is greatIy beneficial in percentages rooted, provided the material ts
properly cared for during the holding period, There are two principal methods
under which the cuttings can be heId and conditioned in preparation for final
setting. To be successful each procedure has sorne specific handling require­
ments. These are outlined below.

4:5 WRAPPED ANDREFRIGERATED METHOD
It is impera tive that material that is to be held by this method Isfre.e from~
infeclion and that wetting agents have not been used when applying~
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within five days o f ha rvesr. No insecticides should nave been a p plied withi n ten
days of harvest [Ref. 9:2 for further informa tion ].

Cuttings should be harvested with as little crushing damage to stem and leaf as
possible. Where stem lengths are long enough to make several cuttings they
should be left unsectioned at this stage. Cu tting ma terial should be made up
into small bundles by laying them on da mpened newsprint and then rolted into
a pac kage sealing them by folding the ends and fastened with a rubber band
(figure 27). Bundle 'síze should not exceed 30 cm. in le ngt h and 75mm. in
díarn. (12" by 3"). The moisture content of the newsprint about ha If an hour
alter packing should be just short of be ing soggy. Completed b u ndles a re best
packed into a carton before being placed in a refrigerator at 3" to 5 'C. A check
should be made every few days on the moisture con te nt as the air in re­
frigera tors can be very d rying . Provided the pac kages are p revented from
drying out in the refrigerator. material handled in this way will hold fo r up to rwo
weeks a nd give excellent results once set to root. It is this method we use when
sending cuttings by intemational airfreight. In carrying out th is method do not
take any shortc uts in procedures and make sure the cuttings are reaso nably
mature at harvest. Do not put the completed bu ndles into plastíc begs, Ca rto ns
may be lined with p lastic provided it does not cover the to po lí the bund!es are
completely e n velo ped in plastic either in bag s or in a cart ón the mate rial will go
black either w hile still packed o r soo n a fter being exposed to a ir when it is
unpacke d and set ro root. Th is blackeni ng is usua Ily the resu it oí the e::ec:s of
e ~ ;¡~.' l e n e ga s ·....hich builds up to serious levels :f the packe qes ar e sea led.

4:6 MIST /,,,fETHOD
Tne holding a re a m ust be well ventilated but not subjec ted to strong winds.
There must be a re lia ble misting system which is capable o f keeping the whole
area fully dampe d dm'JT1 to 100% moisture leve! on the cu rtings at a ll times .
Toe entire hold ing area must be in total shade , approx 3000 ft c but not less
than 2000 ftlc during daylight hours. On no account may it be to ta lly dark during
daylight hours nor may full sunlight ever shine on them. lf full sunlight strikes
the under side of the leaves of almost any Proteaceáe. even if it is under mist,
there is a good chance it will destroy it as a viable cutting. Conversely. if
Proteaceae material is held at light levels of less than 2000 ftlc or below a daUy
aggiegate of 20,000 j/lu's for more than three consecutive days when it is
exposed to normal day temperatures under these conditions. irreversible tissue
break-down will occur. [Ref. 9:19 for further informationl.

Cuttings shouId be free of fungaI and insect invasion and left unsectioned at this .
stage, Following harvest they should be spread out thinly. about two to three
deep, in the misting area .

The optimum deJay perlad will vary somewhat deperlding on the time of year,
dimatic conditions before harvest, temperature after harvest. varieties etc. A
number oE tests have been run using many difierent varieties with processing

. and setting being canied out from day two today twenty following harvest In
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alrnost every insta nce. optimum results have been obtained when processing
and setting has been canied out on day three. The results of one document ed
test are recorded in App endix Two. These results a re typicel of most tests tha t
have been carried out with day three and Iour being the best and arap id falI o í
in performance by da y sev en especially with those varieties wíth grey or hairy
leaves.

4:7 PROtONGED PERIOD POST-HARVEST
Some varieties have given excellent results a fter twe nty days of being heId
under the fo llowing conditions. The varieti es tha t be ne fi t mo st from a pro­
lo nge d holding period are those the t tend to be in a ra pid growth phase throug h
a lo ng period of the year such as sorne Leucadendrons and Serruria florida.
These may be harvested an d set to hold as outlined above but they sho uld be
spread out 'as a single layer an d not heaped up. They should be sprayed or
d ipped in fungicides such as Captan and Antracol at th e time of harvest, Note
that there are two fungiddes one to control bo trytis and the oth er to con trol the
pythiums. Cuttings being handled in this way a re usu a lly very so ít at the tips a l
the tim e o f ha rvest and these should be left on as it is best to cause as little
tissue d ama ge to the material as possible.

On about the te nth to fi fteenth day follo,...;ng harvest , it will be seen that the tips
o f th ese cu ttin gs will start to turn upwa rds towards the liqht. This is the sign the:
they a re then ready to process and se! to root. W he n material is he ld in this wav
it is u sually possible to use the entre length , ínclu dinq what had been the sofí
tip as it wi ll ha ve ma tured during the holciing periodo

When m aterial is be ing he ld for this extended period it is important to monitor
the Iigh t le vels. If there is a pe riod when there is less than 20 .000 j/lu pe! da y, it
will h ave to be increased in sorne way . Provided attention is paid to this and the
m o isture level is kept to the 100 % leve! it is possible to e xceed even this twenty
á ay holding period o1hav e used material q uite successfully after fifty days pro­
vided it was clean when it was harveste d and it neve r ever dehydrates from that
moment until it is Jinally se t to rcol
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SECTION FIVE

Procedures and Methods of
Setting Cuttings

5:10VERVIEW
The final choice of method that is adopted to set cuttings to roo t is u sua lIy
govem ed by the facilities availab le and the varieties/species be ing propaga ted.
Of the several basic methods that may be used. the principal ones are individ u­
ally in tubes, collectively in po ts. in trays and fi nally in beds.

When fi llbg the pots, tubes, trays e tc. with med ium that you will be setting the
cuttings in. make sure that they are slightly overfilled and that the mediu m is
reasonab ly w ell consolidated without being too compacted . Tne overfilling is
necessery :l2cause the cuttings will be se r in these co ntain ers for severa!
months c ·.:::ng w hich time the me d ium IJ.'iIl always weather away through the
action of water, wind and consolida tion. A co ntainer that is o nlv half fi lle d with
med ium a : th e time of rooting will not foster a good root svstern. Reaso na ble
initial cc r.sc .idation is importa n! as wi thout it currings are dimcu lt to ho ld fi rm
when thc-, ::re set to root,

J USI prio r :0 th e setti ng o í the curtinqs, it is irnportan t to hav e the m edium
properIy sceked no matter whether it be in tubes . pOIS. trays or beds. Many
cuttings cf Proteaceae me et a n early dea th sentence by be ing ins erte d in
medium =-":t is not properly a nd uni forrnly soaked. 1f cuttings a re set in a
medium :::':l is to o dry, they will dehydrate at the base an d there is Iittle chanca
that they '.~iil e ver ro o t, Th is can happen inside half an hour.

5:2 SETTLíYGfNDIVIDUALL y IN TUBES .'
This is the method 1most favour when handling a specíes/varíety not previously
propagated. It is time consuming and does take up more space than other
methods bet does have sorne marked advantages. 1f a cutting fails and dies for
any reason. it is to sorne extent isolated trom the others and i15 problems will
usually na be transmitted te the adjacent ones as can be the case with the tray
and hed methods. Plants in tubes can be sorted by checking to see if the roo15
are thrOtJ!i¡ the bottom and the unrooted ones can be left in the propagating
area witbout disturbance thus eJiminating problerns associated with hardening
off those CJttings already rooted without damaging by exposure those that have
not rooted. .. I

To carry oct the tube method. tubes which are 4cm diameter and &ro long are
pre -filled sith medium as outlined above. To insert the prepared cuttings in
these tubes. a hole is made down the side with a nail or similar device which
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is approxi ma teiy the same diame ter as the cu tting. The cutting is the n inserted
down the side of the tube (figure 28) ma king sure its base is touching the
wall of the tu be about two thirds of the depth down from the top o For sorne
reason this practice of pu tting the cutting down the side with the base touch ing
the plastic gives greatly improved and faster results than just ptacing down the
middle of the tube. T he discovery and adoplion of this practice has been the
grea tes t contributing factor to the successful rooling of Proteaceae plants that 1
have experienced. Using this method improved percentages and stronger root
svstem are achieved in al1 varielies of Proteas and Leucadendrons. Th e effect is
no t as noticeable with Leucosperrnums. Wh en using this method. Leuca ­
dendrons will often produce a strong root mass in twen ty days.

As with manv facets o f propagalion this me thod was discove red by chance
when o ne time 1 had a Iew more curtings than the re were tubes in a tray for.
and [ pu t the las t few in two to a tube spaced dow n the sides. When they were
being sorted a fter rooting. it was no ticed tha t the few that had been put down
the sides had rooted 100% whereas the others wer e considerably less. Subse­
quent experim e n ts using a number o f difíerent varietie s as contr?ls showed that
this me thod was consiste ntly better in al! varieties tested e xcept In so rne Leuco­
spe rrnurns. Furth e r experiments showed the 4c m x Scm tube to b: superior to
the S.Scm x 10cm tube or the Scrn square liner. Another observatio n made e n
a number of oc casions shows that there is a furt he r marked improvemenr in the
rootinq o f those cu ttings that have bee n placed in a tube that has a crack down
the side . Th is indica les that if you coul d get tubes with srnall slits in the sides
írorn the base up ha lf...'ay ~'ou could expec : even berter results,

5:3 POT METHOD
This is an adaptation o f the tube method which is sometimes preferable to use .
lt is verv useful when handling srnall numbers of a variety and gives rnuch the
same results as the tube method. In this me thod pots are fil!ed with medium
and the cuttings a re placed down the side s the same a s in the tub.e ~eth?d
(figu re 29) . One of the advan tages of this metho d is that where va~e~es v.: th
large leaves are being ha ndled, (Pr. magnifica. grandiceps etc) or vaneti~ with
grey hairy leaves (Ld. daphnoides. nervosum etc.), more spac~ can be g¡ven to
each cutting by regulating the number in each pot so that their leaves a:e.not
touching. Very good results have been obtained using this method on dlffic~t
subjects or várieties that may take up to ayear to rool Only shallow po~ Wlth
good drainage should be used. not lhe ones with only one central dramage
hote . . '

5:4 TRAY METHOD
. With this method the choice of tray wiU greatly influence the end resull Trays

(flats to sorne readers) come in many fonns and materials. These range from
lhe old type wooden ones lo lhe newer p1astic ones which come in never
ending forms and altematively the polystyrene huit ~y. T~ date the most
successful tray that we have used is of plastic construction Wlth a very open
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mesh bottom. When this tra y is used in conjuncture with a spec ialliner (figure
30) it has given results at least e q ua l to and in many insta nces superior to the
tube and pot method, The line r is made from a polyester mat erial and is sim ila r
in weight and te xture to the vilene cloth that is used in the clo thing industry for
ínterfacinq, Resu lts are a great improvement ove¡ the wooden or solid bot­
tomed plas tic types trays (figure 31 l.

When the cuttin gs are being inserted in the trays with liners. be st res ults have
been recorded when the cuttings a re put in to a depth so thet the base end is
just touching the liner. This is co ntrary to the usual practice when setting cut­
tings in solid bo ttomed .trays w hen they should be kept Smm. (114 ") from the
trays bo ttorn. To be able to insert curtings this extra depth it is necessary to
rnake the ste ms o f the cuttin gs a linle longer from the bottom leaf to th e base to
ensure that the lowe r leaves are still clear o í the med ium .

When usíng the tray method it is important to keep a very close wa tch íor siqns
of funga! infec tio n as it m ay sp read rapidly throughout the tray . This prob le m
shows up ab o ut 1O days after the cuttings have been se t and for the next 10
d.= ~'s ir is as we l] to watch daily ano rernove any unhealthy lookin q ma te rial a nd
~2 ·¡r¿~ : '.d ¡n funs:cides as necessery. Aner the 20th day there are normally few
íurther prabl ems unJess they a re introduced from other sources such as co n­
tarnineted wat e r. fungí sp lashc c from the graund. wind-borne fun gí fro:n
r.eerby ;'OS¡ trees . etc. o r th e light levels (j.lu) are beins kep t too lo w, No rr.a tte r
no'.": cere .ul yo u are in the selectio n and prepa raron of the cutti ng s the re ere
elways a few thet wi ll fa il fo r so rne reason in the firs t rwenty cays.

When se rtinq cuttings in th is rne thod. draw a large blade d knife across the
medi um to a lmost the fuI! depth o f the tray using an up and down cu rring
rno rion . It is then po ssib le to insert the cuttings in th is slít As each row is
comple tad fi rm the cu ttings do wn with your fingers be for e drawinq the kn ife
throuqh for th e next row.

The density that th e cuttin gs a re set is important. lf they are too dense they
often suffer frorn fungal problerns associated with low Iight and lack of a ir
circulation. Most varieties are satisfactory at the rate of one per 20 sq. cm
(approx. one cutting to two sq. inches). but those with large leaves or leaves
that are set straight out frorn the stem will need more space. This is dealt within
more detaillater in this section where the preparation and setting of cuttings is
outlined. .

5:5 BED METHOD
This is a simple forrn of the tray method. The cuttings are set in a ·bed of
medium which may be at ground level or on a bench. This method is more
economic on space and bottom heat if it is being used. The procedures for
setting are identical to those used for the tray methad.

There are sorne serious disadvantages in this method, nameIy an outbreak of
fungal infection is difficult to control and has often spread extensively before lt



can ~e c~~trol!ed . .The other ma in d isadvan tage is that the harden ing-off pro­
ces~ 15 dlli ieu~t to irnplernen t owing to the fact that it is rnost unlikely that a l!
cuttíngs.se t W1 l! be ready to harden off at the sam e time. When cuttings are set
to root m tubes. pots or trays they may be moved away from the propagation
area as they r~ot up and be hardened off prior to tubing up. This is not possibie
when the cuttings have been set in a fixed bed.

The bed method is satisfactory for many easy to root varieties that are resis tant
to fungal infec tion and many Leucadendrons may be increased in this way . It is
not recon:m~nded for large scale operations where it is necessary to prod uce
even graaes In large numbers en time. .

56SECnONINGANDLEAFSTRW0NG_GENERAL
So~ e gro v.:hs ~~Ilected from stock plants wil! be long enough to ma ke two
cutnnqs but lf this IS doubtful it is better to have one good strong on e rather than
two that are too small. Experience will soon show from which stems to make
two and fro m which to make one large cutting from. If you are making two from
a growth or even sometimes three . the a im should be lo have a minimum of
thre.e true lea~es on a cutting which is not less than 8cm (3 inches) long for base
cuttj~gs a n.d tour to si~ Ieaves on a stem o f no t less than lOcm (4 inches) long
for tip cuttings. Less trian these Ienqths will present problems of having leaves
too c:o:.e lo the roorinq med ium or a lea f area that is too srnell for cood results.
[Ref.ó : I to 5 : 11 for informa ríon on each species]. ~

Whe.n handiing ma terial tha t has deve loped as e resul: oí hav~ng removed
terminals fro m the stock plan ts in mids ummer. it will often be íound that th is
does :Iot fulIy. ma~re and it wíll stay in a semi-ma lure condition .right through
~e winter. Wlth .thls type of ma te rial it is important to harvest it wi th the hee l
íntact a~d to re ta ín th.at heel when prepa ring the cutting for setting. If these are
not reta ined resul ts will .be erratíc and o fte n peor. For the marure type s of wood
that come fro m the spnng gro v...1hs the re is no need to acruallv retain the heel
but best results are usual from base cuttings where the c1usler'o f nades are .

In lhe pr:paratiort of cutti~gs, the unwanted leaves ; hould be stripped off the
stems takmg care not to rip lhe bark of the stem uri'duly. If there is damage to
~e stem caused by stripping leaves, the cutting material is a1most certainly too
trnmature to be handIl!d. There are however some varieties of Proteas which
will always give trouble. When this is the case the leaves must be clipped off.

The remaining leaves on the cutting should have approximately 30% of their
Ien~ removed by trirnming with a sharp knile or cutter. There are two reasons
foro th15. ~rst, by rernoving sorne ol the leal area you reduce the area from
whlch r:n0istu~e can transpire, thus redudng the dehydration rateo The other
reason 15 that lt allows you to set more cuttings in a given area, as by reducing
th.e ~ea an~ spread of the leaves you are deereasihg lhe density of foliage
Wlthl~ that 9lven area. This in tum ¡ncreases the air movement which is neces­
sary 10 the successful rooting and the plants future survivaL

. Care should be taken not to overdo the leal bimming. If they are reduced too
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mucho roo ting wi ]] be slowe d down appreciably and in sorne cases inhibited
especially during the winter when there is less light rad iation. As cuttings have
no roots they can only sustain themselves by transforming sunlight into energy
a nd jf the lea f a rea is reduced too ' muen. roo ting can slow clown or completely
stop un til the Iight intensity increases the following summer. For this reason only
remove 20% of the leaf length when preparing cuttings that are being set to
root during fue wi~ter rnonths.

5:7HORMONE TREA TMENT
The use of root promoting hormones is now almost a universa lly standard
prac tice in vegetative prop agation. Without its use . Proteaceae te nd to root
erra ticaIlv. sometimes slowly and poorly. Whe n it is used at the correet
strengths and in the correct manner, it will improve the overall results in most
varieti es.

When applying hormone to the cuttings, the base sho uld be trimmed with a
sharp kniíe just before dip ping it into the liquid or powder. Always use a sha rp
knife and not cIippers as it is irnporra nt to have a clean . unbruised cut which can
not be ec hieved wit h cIippers. The base sho uld be cut just al the mome nl
before diDDing and a qu ick dip is qu ite su fficient to the lower 2cm o f the cu tting.
Th is cut a nd d ip is very important. C uttings must no t be sectioned up. strippe~

o f leaves and then leh on the bench to be treated with hormona late r. Eve n it
the base has o niy been cu t 30 secones beíore it mus. be recut again and then
díoced irnmediatelv. The re is no ne ed to hold a cuttinq in the horrnone for five
seconds as ís otten recommended. T he hormone wiIl stay wet en the stem of a
cutting for at least three minutes even en the hottest driest day aru. znother five
seconds isnt goin g to make any difference to the end result.

Some propaqa tors wound cutti ngs by taking a sliver of bark off one side of the
stem on the las t cm of the base. l nave done trials with this using seve ra!
varie ties as controls and have not fo und any advanlages in doing so. There may
be an adva ntage if the ma te rial is over ma ture as this rnethod does give a
greater area for the penetration of the hormone and exposes more cambium
layer where the roots initia te from. It does however expose a greater area
where fungi can enter the cutting.

. ,

5:8 PREPARATlON OFPROTEA CUITINGS.
Proteas are highly Variable in their growth forms with the result that thematerial
that you will have to workon will differ gready between sorne varieties. There is
a similarity in the foliageJbranch structure and growth habits of many ~ ~e
more usual varieties found in the nursery/cutflower trade such as Pr. laurifolia. .
neriifolia, re~ns. punctata, eximia, magnifica etc. However there are consider­
able differences between these' and Pr. nana, scolyrnacephala. ac:ta ,
acerosa etc. and again differences between these two types and Pr. ta,
cynaroides, amplexicaulis, and recondita.

Dealing with the type of material that should becoUected from the Pro laurifolia•
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neriifo lia . repens types fi rst, it must always be from the most recent growth
flus h. In these varieties , terminal growths will o ften be long enough to make
two cuttings. If however the terminals were removed as outlined earlier, then
the growths will probably only be long enough to make one good cu tting .
Cuttings should be sectioned to a length of about 125mm. (S"). always reta in­
ing the base section unless the material is over mature when then the pa rt of
the total stern length which is at the best maturity will be used. A1ways remove
the terminal tip of Protea cuttings as the flower bud wh ich is in the tip will if left,
mhi bi t or slow do wn rooting. Reduce the leaf area as described above and treat
with hormone at 2000ppm. Whe n finished the cutting should (cok like the one
shown in figure 32 . If the material will not take th is stre ngth of hormone they
ha ve a lmost certainly been too soft to process.

With the Pro na na, scolymocepha lla types it is important to harvest and retain
the heel part of the mate rialon the cutting (figure 33). Failure to do so will resul t
in erratic and o ften poor percen tages rooted. As cu ttings of these types often
root poorly from plants that are more than 18 months old . the length of ma terial
is oft en Iimited to 75 mm. (3"). as it has to be harvested from smallyoung plan ts.
This means that a littl e more care must be ta ken in preparing and setting the rn.
Retain as m uch foliage as possible but always remove the terminal tips. It is
irnpo rta n t that there is no foliage left touching the medium. As these are her­
vested from yo unq plants and the materia l tends be of a juvenile narure. hor­
mone strangth shou ld be kept dO'-"11 to 150 0 ppm.

When handlinq the Procynaroides , corda ta types thebest material is found at or
near ground leve!. (Ref. 3:5 for descriptio r; on the special method of preparing
cynaro ides ]. C urtings from near ground level of these typcs are usually of a
fleshy nature a nd they may be harveste d and set to root when quite so ft, If they
are in soft and almost juvenile conditíon, it is im portant to retain the heel on the
c utting. lf this is not possible the materi al should be left to mature until it is in a
sim ilar condition to that described for the Pro laurifolia, neriifolia types. If they
a re harvested and set in the soft condition it is necessary to remove the top end
of the cutting to a point where it is no longer showing wilt It may be necessary
to use one of the post harvest methods to stabilize th is material before final
preparation and setting. Hormone strengths should be kept to 1500 ppm for
the soft material and 2000ppm. for the harder. Cuttings can be harvested and
set from these types in the same method as for the others but there is usuaDy a
scarcity of suitable material and resu1ts are often slow and erratic. Another
method of propagating Pr. cynaroides is described in the file on ABe propaga­
tion in 17:5.

Proteas should be set to root as previously outlined TheY will benefit from
having a lot of water on them for the first ten days provided the rooting medium
is of the corred texture and the light leve1s are adequate. They should be
watched closely for cuttings whích show funga! problems and these shou1d be
removed promptly.
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5:9PREPARA TlON OFLEUCOSPERMUM CUTTINGS
The aim when collecting from the stock plants should be to gather grov...ths that
will make one good cutting of 100 to l25mm. in length. (4 to 5 inches). When
p;.kparing the cuttings it will be seen that most varieties of Leucospermums
have a concentration of very smallleaf nodes near the base of the stem (figure
34). This is the area where most rooting activity will take place and the cutting
should be sectíoned up and trimmed so that this part makes up the first 20mm.
of the base of the cutting. This will give better rooting than cuttings made from
further up the stem provided the material used is not too mature. To get
material that is at the optimum stage of maturity at the bases. it usually has to be
harvested while the tips are stillqu ite soft This makes jt necessary to collect and
process ma terial every two weeks or so over a period of four to six weeks for a
particular clone/variety. Th is is especially so with Lsp. cordifolium which \.ViII
give near 100% results if handled in the right condition. lf the material becomes
too mature at the bases, use the tip and discard the older base wood (figure
35). Always remove the terminal tips from Leucospermums. Failure to do this
will create fu ngal problems in the tenn inals because of excessíve wa ter reten­
tion and lack o f a ir circulation. Leucospennums do no t usually have their leaves
trirnrned but they should be reduc ed to a maximum of five to se ven (figur e 36).
Treatmen t wí th hormone is the same as for Proteas except that it shou ld be
kept in the lower range (1500 ppm) unless the material is over rnature when
2000 ppm should be used.

Cuttings should be set in the rnedíum oí polysryrene and peal or sane. pear
perlite in tra ys as described earl ier. Good results have be en obtained by using
polystyre ne trays as used in the fruit industry for setting Leucospermum cu ttings
provided sorne extra drainage holes are made in the bottoms. A density of not
more than one cutting per 20sq. cm... (one to every two sq. inches ) should be
observed and in varieties that have large leaves even more space should be
provided. The leaves of one cutting should not touch those of its ne ighbors.

lt is very írnportant in the preparation and the setting of Leucospermum cuttings
to make sure that they do not have any leaves touclünq the medium when they
are set lf they do it will be necessary to remove rri'ore of the bottom leaves so
that when they are set they have an aír space between the surface of the

. medium and the bottom leaves (figure 37). lf this is not done, losses wíll occur
especially in varieties wíth hairy leaves. AH Leucospermum cuttings should be
held olÍt of mist lar 30 to 45 minutes, as outlined in the last paragraph of 5: 13.
They are then put .under mist and treated with the Terrazole and Captan
drench.

A very clase watch should be kept on leucospermum cuttings for othe first 20
days after setting for fungal invasion When preparing the cuttings a1ways throw
away any material that has brown 8ecks on the stems as these will rapidly
develop into latallungiinlection and spread to surrounding cuttings. No matter
how careful you are sorne of these will slip past you during preparation and give
trouble later. By lar the ' best control of this is achieved by thinning out the
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unwanted foliage on the stock plant especially near ground level and the reg­
ular spraying wíth fungicides prior to harvesting the material.

lf leucospermums are being set to root late summer/autumn. it máy be neces­
sary to use bottom heat on them as they tend to become sornewhatdormant in
root development as the ambient temperatures drop. This donnancy persists
through untíl about midwinter. Best results are usually from fresh active mato
erial set just after midsummer.

5:10 PREPARA TION OFLEUCADENDRON CUTTINGS
Most Leucadendrons are very easy to propagate by cuttings províded you
process the material at the right stage. As some varieties can produce growths
that may be sectioned up into three or even four cuttings it is sornetimes
necessary to waste sorne of the length from these long growths as it is rarz tha t
vou will get good material from the fulllength of terminal growths. You should
airn to handle these varieties when the base and next length up are in good
condition rather than when the tip and the nc xt one back are at the corrcct
sraq e o f ma turity. The reason for this is that Leu cadendrons are similar ..to
Leu cosperm ums in having a ciuster of nodes near the base of the new growt ns
an d these will give best results. If there is an abundance o f material. I prefer to
use a ll ba se cu ttin gs for these varieties. Where materia l is providinq only e ne
cutting per grm"' lh always remove the tips as they te nd to hold water in their
cup-shaped bracts which can cause problems ....itn fungal iníection as the poilen
develops. Another reason for removing the bract is that if it is ieft en. the curcng
will try to grow it on to maturity rather than putti ng its energy into producing
roots.

Cuttings should be prepared in the same manne r as Proteas and Leuco­
spermums us ing horrnone et the rate of 2.000 ppm. On the smaller leaf vari­
eties try to leave seven to nine leaves (figure 38) and on the larger leaf ones.
five to seven (figure 39) . Leucadendrons that have hairy leaves may need
more leaves removed as they must not have their leaves touching each other
or the medium when they are set to root These hairy leaved varieties are less
tolerant al IBA hormone and for them the strength should be reduced to 1000
ppm or not used at all.

leucadendrons may be set in tubes, pots or by th~ traylbed rnethods, lf ~n
tubes or pats they should be placed down the side as outlined for Proteas. lf 10

trays or bedded, they may be set at a density of one to 10 sq. cm. for small l~af
varieties and one to 15 sq.cm. for the larger leaf varieties, (approx one cutting
to one and a hall sq. inches and one to two sq. inches). When they have been
set they must have an air space between the lower leaves and the surface of
the medium al at least 1cm. (half and inch). .

5:11 PREPARATIONOFOTHER SOUTHAFRlCANSPECIES
Similar procedures should be used in the propagation of other spedes. Gen­
eraIly base cuttings wiU give best results as long as they are not too old but there
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are exeeptions to this . It rnay be found when handling speeies that ha ve needle
type foliage. (S erruría. Pa rano mus. Aulex etc). that thev are best when the
stern woo d is nearing the stage of tum ing frorn gree n to ¡¡ght brown.

Good post-harvest treatment should always be a pa rt of any propegatíon and
when handling material that you are not eon versa nt wíth this is eve n more
ímportant. le the p reparation of the euttings always a im to retain a good leaf
area without erowding. For these species it is better to set the cuttings in tubes
as this gives a greater ehanee o f sueeess and gives yo u the option 01 shifting
thern ar o u nd and manipulating the conditions they a re subjected to oUse IBA. at
1500 pp m . as a starting point a nd always test euttings o í any speeies for toler­
anee to hormo ne strength and the eonditions you will subject thern to before
large scale eommitment. Nothinq is impossible to propaqate by euttings bu!
sorne may p rove ve ry dífficult.

5:12 PREPARA TION OFrELOPEA CUTTINGS
Telopea should be seetio ned into lenqths. each with a mínimum 01three lea ves
for curtings írom n ear the base and four or five for those frorn íurther up the
sterns . Owi nq to the size of the ste rns the seetioning rnay have ro be done with
sharp seeateurs as it is almost impossible to cu t the heaviest o f thern with a
knife. The leaves on the base euttings should have about 40 CJ"o oí thcir leng¡:.
removed a nd the upper ones ebout 25~. Hermane sh ould be us ed et 200 0
pprn. wit h the SU:71~er batches increasmq to 3000 ppm. íe r th e larcr en es. The
trey rne tho d of serting has been found lO be ve ry successíul \l'i!~ Tc.c pee
especielly with the ear!ier batehes. With the later enes the pot ' ..:,;.cc ha s
be en found ta give best results. When serting. the curnnqs mus! be inserted
deeply to the full depth 01 the rray or in the case 01 the por method down the
sides and a lrno st to the bcrtorn. Telopea lave to get their roots anta a har d
suríece and the deep setting lets thern do this,

5:13PLACING CUITINGS ro soot
When cuttings have been prepared by seetioning thern, reducing the leaves to
the right number and length. and dipping in horrnone, they are ready to insert
in the medium. This is done by placing the cutting down the side of the tube/pot
or in rows in the trays as described above, being eareful not to leave any leaves
touching the medium. Cuttings should not be left any longer than 10 minutes
from the time you have dipped them in the hormone until they are inserted in
the medium and less than this if Lhere are hot dry conditions prevaillng. The
bases must not be allowed to become dry and dehydrated

Fóllowing setting. the cuttings should immediately be placed in the misting area
and treated with a solution of lmI Uquid Terrazole and 2mgm. Captan per litre
of water by drenching with a watering can. at the rate of SOOmIs to 100 cuttings.
The only exception is if the tips of the cuttings have been removed because
they were in a soft condition. In this instance the cuttings are better held Ior 30
to 45 minutes in complete shade before watering as this gives the wounds of
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the tips a ehanee to seal off. If you wat ch a eu tting tha t has had its soft tip
removed. you 1),,;11 observe that the skin (ba rk) around that area will shrink and
seal off. They may then be put in the watering area. Failure to observe this
small but important point can result in ro t se tting in down the stem which may
eventually destroy the eutting. .
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SECTIüN SIX

Care While Rooting

6:1 OVERVIEW
When I first started growing plan ts eo mmercially so rne thirty year s ago. an ol d
nurseryman one da y said to me. "Any fool can make a cutting but not just any
foo l can make it root ". I ha ve never forgo rten that staternent and it is in this
p hase o f caring for the cuttings while the y are roo ting that determines which
ea tegory yo u come into.

6:2 ~VATERREQUIREMENTS
When Proteaeeae cuttings a re be ing propaga ted under an autorna ric wat erinq
svs te rn the y must be regu larly supplied v.•ith water frcm the time rh¿): are set
'..: :lól t:,ey are rooted. lf they ar e ever allowe d to deh vdrate there is very lirtle
chance that the y will roo! success ful1y. Wha tever systern of waterinq is decided
on and used, it must be reliable at a l! times. As outlined in 2:4 & 2:5 .i' should be
a o je to "read" the dey and as lon g as the dra inaqe oí the rnediurn is gooeL a
lirtle over wet rather tha n a lirtle d ry is rec orr rnendcd. especíelly for the first
fi~2e:l ro rwcnty days and 'o r et te rnpe ratures above 20~C (70' F).

Wirhin three to five da ys from setting. ¡J-.2 cutr.ngs should be flooded in to thc
medium by he avy waterinq fro m a hose wh ile at the se rne time takíng care no t
to wash them out with too muen concentratic n in one SpOL This heavy watering
is nec essary to ma ke sure they are firrnly set in the medium and cannot be
rock ed around by wind.

6:3 L/GHT CONTROL
The amount of light during root initiation should be at a static level, It is how­
ever important to ensure that it is and remains relatively static within the allow­
able high and low Iimits as oudined in section two.

When cuttings are set in the summer/autumn periodo the Ughtwill be regulated
in the propagation area to that which is prevaiUng at that time. As the auturnn
progresses into winter it wil1 be found that the amount of daily radiation will fall
by about 25% from equinox to the middle of winter. If the level at equinox was
set at the maximum of 5.000 ftle and 45.000 jIlu or alternátívely 6.000 ftie and
60.000 j/lu, thén with a 25% reduction by midwinter the amount of daily radia­
tion will be too low to initiate rooting. Altematively if the levels were set at the
spring equinox, then the light levels by midsummer would be too high.

For best results Iight should be monitored at least on a monthly basis and
increased or decreased as necessary to maintain radiation levels as clase as
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possible to those recommended as serious tissue break down oí the leaves will
occur if Iight levels become too low.

6:4 DI5EA5EANDPE5TCONTROL -,
lrnmediately following the f100ding in process the watering system should be
turned off so that the cuttings can have the first oí their bi-weekly maintenance '
sprays wíth fungicide. It is important that the chemical should be aUowed to dry
before the misting ,system is tumed on again. DO NOT FORGET TO TURN IT
ON AGAIN or by the end of the day you will have no viable cuttings left.

The chernicals used should be those that will control botrytís and pythium with
Captan acting as a good general spray provided it is backed up with others such
as Antracol Ronilin, Difolatan etc. Provided the cutting material has been e1ear
of fungal infection when it was harvested the only initial problem tha t is Iikely is
botrytis. However as time passes and espedally in the late autumn other foliage
and soil-borne fungi may appear, It is for this reason that two types of chemicals
shouId be used. Fungal control should be carried out every two weeks while
temperatures are above 18°C with the chemicals be ing altemated. Below this
temperature tre atrnents can be extended out to three weekly interva ls.

Systemic chemicals such as Benlate shou ld not be used at too frequent ínter­
vals as control o f sorne fungi will be lost and they must no t be used within six
weeks of setting the cuttings as it will inhibit the rooting of sorne varieties.
Chemica ls sue h as Ridomil and AIliette may be use d as drenches in the propa­
gating p hase a month or more after the cuttings are set but care mus t also be
exerdsed in the use of them because under certain circurnstances they may
crea te a toxicity level, [ref. 9:2 ).

A close watch should be kept on all cuttings especially du ring prolonged wa rm
periods and again just as winter is beginning. Ir an un identified fungal prob lem
appears, rny advice is to spray the euttings with at least three fungicides pro­
vided 'th e y are compatible. three times, two days apart. Never use any of the
copperlhydrated lime sprays unless these are the only ones ever used as these
are incompatible with most modem chemicals. lf the chemicals are alternated
as outlined above it will maintain a bread spectnim of cover against. fungal
attack. The greatest contributing factors ' to fungal invasion are a . lack of
adequate air movement, followed by inattention lo providing the corred
amount of light particularly ~ the~ autumn.. .

It is not usuai that there wiJl be~ problems from insects during this phase
provided the material was .~ 'When the cuttings were~ean~ tf:1e propag­
ation .area is weD ·ventilated. ' If any do sOOw up they should be dealt with
promptly. The cardinal rule with maintenance for fungí and insed invasion
during the propagatión phase ofProteaceae is, if a problem is noticed.SPRAY
rr NOW. not tomorrow or the riext day, sur NOVv'!. ; : .' .

'lo ".. ' •;,.. "

6:5 TIMELAPSESEITING roROOTING
Rootlng of sorne varieties of Leuc:adendron, teucospermum and Telopea may
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; o mmence in three to four weeks . With experience you can identify the vari­
-e nes that are 'rooting . by the appearance of the foliage which takes on a
"bloom" at that time. [Ref. 8:14 [or further information on "bloom"]. When
cuttínqs are thought to be rooted they'should be inspected at frequent intervals

, by. either looking at the undemeath of the . tube lf they have. bee~ set in tha t
method, or by removing a 'few for inspection from the rnedium if they have
been set loose in trays. .

Cuttings of various varieties and spedes can' be erratic i~ the time they take to
root especially jf bottom heat is not used. Bottorn heat "",11 often but not always
hasten the rooting process . Without bottom heat Proteas could be expected to
take from 100 to 200 days, Leucospermums 30 to 100 days.. Leucadendrons
20 to 100 days and Telopea 30 to 60 days. ,

There are a number of factors goveming the time that cuttings take to roo t
which inelude the prevailing llght and temperature conditions in the propaga­
tion area, maturity of the cuttings when processed, the variety or clone and the
season of the year.

The fae t oí whether cuttings root quickly or slowly will have little bearing on
the ir la ter life and future development or the percentage that eventually will
root Beeause they are rhythm plants . and are genetically controlled. by the
eo nditio ns the y experienee in natu re season by season. Proteaceae c~ttings. a~e

sensitive to seasonal light and temperature variables and have certatn penoc:s
o f the year when they are more apt to produce roo ts. lf they are left lo t~e l ~
own seasonal pattem without the stimulation of bortom heet. each species.
variety will usually root up in its own parti cular period.

Proteas have one pe riod of early winter to early sp ring ano another just at the
longest day. They can however be made to root up duri~g the .faOing tern­
pe rature period of mid-autumn if a lot of overhe ad water 15 app lied. Leuco­
spermums have the ir main period about 50 days alter the long:st da.y throu.gh
to . mid-autumn and again just as the days start to lengthen m spnng which
coincides ' with the flower bud development of the parent plants. Leuca­
dendrons respond in the late surnmer/earíy autumn and again ~the early
spring. This is not to say that cuttings of any variety/speá~will. n?t.~.t at other
times. Very often they wíll, but if a batch has been a long time 10 IOltia!i"9 roots,
it is more likely to root up in these peñods. The sequence.of these~~ts in
with the natural growthpa~ of~ partícular speoes and geJ)~, cor- ,
responds wíth theperíods of activ~ .priJn¡uy root development o~.~blish~

. plants as outíínedín the~g<?n ·~~?- [~ef. 8:14 for~~.m.!~?~
on root deve1opment). '. . _" . • . :·f.: . . , .

. Provided cuttings stay healthy they may '~entWilly root even aft~a:YeM~ lhe
propagatirlg area. Such a prolonged period is usualIy associated~~~~ .
material being too immature when set, having hormane .~t ~ IDo strop9
appned lo it or becoming dehydrated d~g sorne partof lts~~
these wiD cause 1t to 90 th~gh the process of maturing or regenera~·,this
it is in a stable physical conditio!, .to~~ roots.. CuttiJ:lgs~.~,:,,: ::' ~ " .
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happen tothern and take this lo~g t? root up ofte~ sUff~(rr'C?~'~ ~~~riOd
of veg:tative dormancy before makil1g growth or so0t.ttep':!l~ .a. t9tat dorma!1CY
that will never·break. If you have such a plant and ít ís very váluable iliS worth
keeping for up' to three years as I have had plants ~athave:eVentUanygrbwn .
into good healthy bushes take that much time .to roói and éoninlence ·9rowth. •

... .. " .r ~ lo.. ._ -. .

If all the pre¡)aration procedures nave been carríed out with care and conditlonS
have been adequate during the rootíng period, the propaqator should be able
to expect that most of cuttings of Proteas made in the autumn will be róoted by
mid-spring, Leucospermums set in midsummer by late autumn and Leuca­
dendrons set in early autu mn by late winter.

6:6 ROOTING ONSTATICLEVEL CAPILLARY BEDS
It is possible to carry out the entire process of propagation on a capillarybed or
altematively use this method to finish the rooting process following root initi­
ation under automatic water.
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Most success will be achieved with cuttings set in late autumn after tempera­
tures have dropped and the material is well ma tured. Cuttings are prepared
and set in trays in the same manner as for the automatic wa tering method. The
tray method should be used in preference to the tube me thod unless the
tubes/pots are to be stood directly onto the bed surface. Wa ter does not trans-
fer very well jf it has to pass through the bottom of a tray and then into the
tube.'pot.

The trays should be stood on the bed and IiShtly worked into the surface to
ensure there is good con tact be tween the sand and the unde rside of the tray
base. If this is well done the water level can be set much lower. light levels
should be left the same as for rooting under automatic watering, but if tempera­
tures are above 15°C the Iight should be reduced by 25% for the first five day
and strong drafts should be excluded to reduce dehydration.

In the early part of the rooting process the water level should be set at 5 to
7mrn. (114 to 3/8 inch) below the bed surface. As the risks of dehydration
diminish and the cuttings initiáte roots, the water can be dropped to 12 or even
20mm (112 lo3l4 ineh) below the surface. ," . - .

. . . . . " '. -. '. . '{ ,. "...'

.:. : -: . If this ~ein ~ ,1>e ing uséd to complete the rooting phase foU~g· .~ initi- >

" v .;"".- . ,•• ,~':'.._ . 8tiO~ Uilder 'automatié water, the trays of cuttings rnay be rem~ved.~.~.

o. ' ; .....~> : : mea as"'Soon 'as ·the fust'signs of root lnitiation show {ftgUre-40)~'CIii)~~ ',

r:.'-·~' lnstm~:·this wiIÍ be within twenty to thirty days from setting. TraYs,~~: ::
'~ " " . '. bedded 8S outlined above and Ilght reduced by 50% for three ~.~......~J'. ~'

" ¡ • FonoWlng that lt must be restored lo the same levels as for the .autoi'na~~>'
~. < e: area C?r.there will be problems with plant tissue break down [reL~:..l~J:;!...may._· ..

'~f."~: O.' .. be necessary lo .dampen the tl'ays down once or twice during the.~f!!r'~' "
~ .'r. :. ~' ~ !he firstfew days to prevent dehydration. The water leve! sh~~amna;I• .:( ':

·;~;"; "I l"''! · . bov . -:;. . ' ~" .. . • ~,¡; "

a . e. ,... . .'. ~: ' ;;r¡~J '7 " .

_.. oC~ttiil~ ~f many varíetíes handled in this manner root m~~'~iñd
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rr:ore vigour tha n when they are left under the eutcrnaric 5\.'5:¿~ . This method
elsc reduces the incidence of fungaI invasion but does not eíiminate it. Maínten­
anee ap plication as outlined above should be continued. Plants o nce well
rooted (figure 4 1) should either be removed from the capíllery bed or the water
level should be dropped even fu rth e r to a level of 25 to 30mm. (l to 1.lA inch)
below the surface. Failure to do this may result in the degeneration o f the root
s)-'Stem in so rne varieties th rough the invasion oí soil-bome fungi.

The success of any propagation canied out on capillary beds is the result of the
skills of the opera tor being able to control and manipulate the wa ter and ligh t
levels in relation to the prevailing dehydration rateo AAnost all Leucadendrons
can be rooted in this manner and it is an exceDent way of finishing off Leuco­
spermums following root initiation under automatic water. The method is par­
ticUIarly useful when handling any varieties with grey hairy leaves as these
often start to deteriorate alter twenty to thirty days under autornatic watering.

6:7HARDENING-OFFFROMAUTOMATIC WATERlNG
()nce the cuttings are reasonably well rooted with severa! roots of 2cm. long,
(figUre 42), the batch should be removed from the mis1ing Mea to be hardened

.off. This is simplified if they have been set in tubes or pots as they can be sorted
byinspecting for roots through the bottom of the container (figure 43) or íf they
1Jao"oe been set in trays a check can be made by gently removing sorne for
mspection (figure 44).
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When the rooted cuttings a re removed from the mist area and tempera tures
are above 15~C (6 0° F) they sho uld be placed in an area that has no mor e than
3 .500 ftlc o f ligh t or a daily aggrega te of 25 ,000 j/lu for five days, a nd if the da y
tem perature is above 15~C kept da mped down several times a day. Be low
15~C they may be exposed to 6000 f:e for short pe riods or 40. 000 j/1u but a
close wa tch must be kept for signs of deh ydration. Try to pick periods when
cooler clo udy weather is prevailing as this reduces the shock co nsiderably.
Never atterript to harden-o ff during periods of hot drying winds as these will do
mo re da mage to the plants than just high tempera ture. Aíter abo ut five days
plants may then be placed in a situation which is protec ted from stro ng winds a t
a light intensity o f 6000 f/c or 60.000 j 1uand allowed to continue to root up. 1:
the hardening-off has been well done further root development will be rapíd
especial!y if they are kept slightly rnoist undemea th and dry on topo As the
medium that they are in is very free draining. a close watch sh ould be kept to
make sure tha t they do no t dry out unduly or they may be lost. This can l-iappen
in five to six hours if they are exposed to high temperatures. fuI! sun and drying
winds. If all or any of these conditio ns are a prob lem. cons ideration sho uld be
given to the use of a capillary bed for the hard ening-o ff phase .
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5ECTION SEVEN

Seed Propagation
7:1 OVERVIEW .

Propaqatíng from. seed is ~till the most common way of increas ing Proteaceae
stock particuJarIy In nursenes catering for landscape planting and unless there is
som~ ~~dfjc reason for vegetative propagation such as retaining a char­
actenstic In a clone for cut flower productíon, seed lings give good reliable
results.

As natural prog~ny. seedlings have some built-in survíval kíts that plants prop­
agat~d from cuttings do not have, at least in the ir ñrst two years of life. Because
of thís !hey are gene:ally e~sier to establish. The two principal aspects in w hich
they differ from their cutting grown counterparts are first in theír ebilitv to
handJe temperatures below freezing and second how thev períorm under con-
ditions of higo dehydration. -

See.dJings of almost all varieties will tolera te far mo re fros t u.; thout camage th an
cuttmg grown p lants will in the ir first year but by their second winter the re is
little difference. 1ha ve had ba tches of se e dlings o f rnenv varieties frczen so lio to
-4°Cjust after ge rmi nano n end in one instance to -s.s-c for severa! hours at the
four l~af stag~ yet they survived with no apparent ill-efíects. Frosts o f those
magnitudes will destroy or badly damage young cutting grown plents of those
same varieties.

Because seedlings of all varieties ha ve a strong tap root thar is the basis of their
prim.ary root system they are able to withstan d dry soil conditions without be­
corrunq dehydrated better than cutting grown plants of the same varieties.
Cutti~g ~own plan~do not naturally develop a strong prlmazy root system until
lat~ m life, usually between their first and second yea~The exception is when
cutting grown plants are rnanipulated into developing a strong primary root
system by ~ciaI. procedures ~urin~ their growing on phase [ref.8:4 & 8:15J.

There are three basic forrns of seed arnong the South African Proteaceae. A
knowIedge oE the characteristics oE each type is he1plul in understanding their

:~. an~ post-germination handling. The three types are; the fiar winged ones
which cover most oE the multi-head type Leucadendrons and some others such
as salignum and Jaureolum; the hairy ones which cover almost an the Proteas
excepting magnifica and holoserica, and the hard nut twes which include all
the Leucospemllut,ls, the LeucadendroTlS which do not have the tlat winged
types, most Sem.uias, Paranomus, Mimetes and Proteas magnifica and holo-
serica. ' .

There is very littfe difference in the handling of the llar winged and the hairy
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types. Provided they are fresh and viable these germinate easily and relatively
évenly. usually berween the seventeenth and twenty-sixth days following so w ­
ing. The flat winged ones should be-kept a Iittleon the dry side rather th~n very
damp from sowing to germination as if they are kept over damp dunng ~hlS

period they m~y rot before germination or damp off at ground level im­
mediately folLowir:g germination.

The hairy typ-es normally have Iew problems but can be erratic in gennination
with some coming through at the three week point and anot her lot about three
we eks latero This is almost certainlydue to the fact that the seeds have been
ha rvested from both the fresh current year heads and those from past years. It
appears that although seed from older heads is viable it goe.s into a state of
serní-dormancy and this explains the germina tion time lag which often occurs.
Th is problem can be alleviated to sorne degree by the hot water treatrne,nt as
outl ined in 7:6.

The nut types are quite different to the others in tha t almost all of them are
shed frorn the heads each yea r as they ma ture and are not held captive in the
scent flower or bracts as most o f the others are. Experience in handling this
type of seed indica tes that ir is very viable when it is ñrst shed from the heads
;nd in na ture if conditions are right ge rmina tion will take place soon after they
faH to the ground . However if co nd iti.ons aren' t conduc!ve ,to ~:~ination and
survival. they then go into a state o f cormancy the depth 01 wrucn depends o n
how long they are held pending the right conditions and the amount of deh~d­

ratio n the seed is exposed too This is narures way of protecting it from gerrrun­
a ring in hos tile cond ition s.

Ir this type of seed is not germinated with in Iour weeks from harvest, mostoo f
these va rieties will stay dormant for from three to fifteen months followmg
sowi ng. A substantial drop in tempera ture within thirty da ys of sowing will often
trigger the ge rmina tio n of a percentage of them and ~t has ~een observed t~at

some varieties germinate quickly and evenly followmg bemg frozen to -3 e
(28°F) for several hours. However this is not always consistent which is prob­
ably due to the time lapse from harvest to sowing which is oflen unknown. It
appears that when these hard nut seeds are held for more than ~irty days from
harvest to sowing, then for every extra month they are held, a hlgh percentage
oE them will rernain dormant Eor an extra month after sowing. le. iE they are held
Eor three months then they will remain dorrnant for three or more m0r:tths. -.

This dormancy can be broken to some extent by two different treatments. The. .·:-..
hot water treatrnent aJone (outlined in 7:6) will help provided the seeds have_:.._":-.
not aged past the two month stage. Ir they are alder than this then the hot_~,t~~ -::.:. .
treatrnent foDowed by a period of stratification in clamp sand at ne~ ,zero ;O :
temperatures will help. The stratification periods tested hav~ .~en ~~. ~-~~ i.l, ,
five weeks both ol which have given improved resuIts over ,u~~~~~~~~~F

The viability oE an three types oE seeds are ~ble and in saine .~~~,~~ib;';~:~ .
ation can be near 100% where·as the foUOWUlg year that sam~':~~70or~ '"dO; ..

. &cm ha d rted~ IS 10 an ... .
as Iow as 10%. A good average percentage n ~: . }'"':-..!'j:.."Z.....~<;;:).;-i:;}~::;:~: .:._
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this figure can be relied on with rnost va rieties most yea rs.

Viable seeds are relatively easy to germinate but the real cha llenge starts íol­
IoVJing their emergence through the medium surface. The problem experi­
ence~ by many propagators is being able to get them to survive through their
6rst SI.X months develop~ent. The health and vigour of the tiny plants when
lhey fi rst come through tne surface and the ha ndling o f those plants in the first
few weeks has a lasting influence on the ir future.

7:2 EQUIPMENTANOFACILITIES
To carry out se~d propagati~~ it is necessary to have certain facilities. equip­
ment an~ matenals. These differ some what from those needed for vegetative
propagation and the basies are outlined in the following text. Tne infonna tion
should be used as a bench mark and may be varied to suit the size of the
operation, c1imate and varíeties being handled.

The e~uipment and facilities ,¡eeded to germinate and grov: seedlings are
fou~d In mos.t places where horticulture is prac ticed and the operation may be
camed out either outd~rs or under cover in an airy structure provided you
have .co~trol over the hght leveis. The con trol of lignt is very importan¡ from
germmanon to a t least the end of the plants' fi rst year.

Becaus~ I live in an area where it rains frequen tly through the ¡ate aururnn/
e~rly . wmte~ v:hen rnost seed is being germ inated. my preíere nc e is to ger ·
mmare seec s 10 an environmen t which is outdoors but where 1 nave control
over the. arnount oí rain that will fail en the seed until they neve reached the
four to SIX tru e leaf stage. After they reach that po int there is no furtr.er need to
withhold rainfal1 from them and indeed provided they have dcve loped a root
S;'5tem which is predominantly of the primary type.they are better to become
aceustomed to the local c1imatic pattem as ea rly as possible. [f thev are kept in a
c~ely controlle~ envir~mment such as a glass or tunnel hous~ through the
\I;,nter they tend to produce vegetative growth rather than roots and because of
the imbal~nce of.leaf area to root deve lopment that then exists, high losses can
be expenenced In the spring when they are shifted lo an outdoors enviran­
rnen~ Another problem with growing indoors is that.r.the plants eften become
phys¡caIly weak at ground level which necessitates staking at an early age.

My seed gennination is carned out under a water proof structure which has a
roof made oE opaque ?Ve sheet with a shade rating of approximately 30%.
nae frame canying this sheeting has wheels on it which run on rails so that it can
be mUed back off the gerinination aTea. This makes it possible to expose or
protect the seedlings from rain, night dews and Ught There are no sides or ends
en the structure lo obstruct air movement In continental climates where the
weather pattem is more predictable, outdoors but under controlled Iight levels
wouId be satisfactory. ·· 1

Seeds may.be germinated in trays (flats) at ground level or on benches. My
preference as lo have the .trays on benches because air circulation is more
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constan t a t this height which no t only reduces the risk of short periods of high
temperatu re bu ild-up, which can be very damaging to genninating seeds b ,-: t
also gives better protection aqainst fungal invasion. This is important as seec­
lings can be wiped out in a matter of hours by fungi if it is not detected at a n
ea rly stage. It is much better to take every precaution to avoid the problem th a n

to have to treat it.

7:3 ~VATER
The qu ality of the available wa ter is important and can be the governing factor
in all propaga tion. Water with high pH. and/or salts content is even more
damaging to seedlings than to cu ttings and will cause irreparable damage to
germina ting seed making it írnpossible to succeed. Water quality for seedling
grov.ing should be as good as or better than that outlined for vegeta tive

propaga tion .

7:4 METHOO OFGERMINATION
The two great dangers during germination a~e : -

(a) be ing kept too wet. which is the prime cause oí funsal invasion.
lb ) just as fatal. allowing the seed to dehydrate in the íew days just prio r to

the ir emerging as seedlings .

Both are usually fatal.
The fcllov.:ing is a step by step o utline o f the particular rnethcd [ havc ,de ·.Ie~­
oped ar.d rnodified over the yecrs. It is no t a cornrnon pracnce n l~ l n ")(, but u
con be used as a benc h mark which individual growers rnay eíther tcllo« o r

adapt to suit their own situa tion,

7:5PREPARATION FOR SEEOSOWING
For seed germina tion. I use a soil based rnix made up of 5 parts loam top soil
(preferably with decomposed turf included to give it sorne ~bre), 3. IX:rts of
pumice or perli te and 1 part of coarse river sand. lf the pumlcelperhte 15.fine
gra ined it should be partially rep laced by extra sand. It must also be ascertalOed
that the pumicelperlite dces not conlain high levels of phosphate. If the water
or the lcam being used are high in pH., then add up to 2 parts of peat to act as a
buffer. .
It is best if the medium is heat stetilised to 95°e (190"F) for 20 minutes, at least
30 days prior to the seeds being sown. This tin:e lag is nec~ as a tem­
perature of this level will destroy an micro organ~ms.an~ a penad should be
aIlowed for these to start regenerating before germmatíon IS started. Some.~ry
poor gerrnination and growth rates have been experienced if freshly sterilised

mix has been used
- If methyl bromide is uSed for sterilizing it is important that the mix is not ~d fex

at least 30 days foUowing treahnent and it must be tumed severa! times lo
aerate it prior to seed sowing. Every endeavour must be made to exc1ude the
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possibility of harmful chemicaI residues remaining in the mix. Failure lo rake
rhese precautions will result in poor germination and growth ratas.

Seeds are sown in wooden or plastic trays whích must have adequate drainage.
They should nol be more. than 5cm (2 inches) deep or the seedlings wi ll
develop a root syste~ that IS too long to handIe with safety when you come to
pot them on. By keepmg the depth of medium to Scm. it is poss ible lo pot thern
on with the minimum of root damage.

In sorne . places it is ',:ommon practice lo use wooden trays that have be en
ttea.led wíth preservati~es. If preservatives have been used the rrays must be
sUbJe~led to a I~ng ~enod of weathering to ensure Ihere is no possibílity of the
chemlcals leachmg into and conlaminating the med ium. If the medium does
becorne contaminaled. you can expecl a 100% failure.

Vlhen filli.ng the r:ays in preparation for sowínq, Ihey should be loosely filled to
the top wlth. m~d~um that has a moisture content so that when you squeeze it in
your.hand. it w,11 just stay together. This moisture leveI is very írnportant and the
médium ~hould be slightly damp rather than too dry. Firrn down with a block of
~\''Ood which should then leave a Iight1y packed surface approxima:elv 6cm (l4
lr:h,Ch) below the Iip of the tray. They are then ready lo ha ve the 5e~d scwn in
tnern .

7:6 PRE- AND POST-SOWING TREATMENTOF SEED
It ~.a s been repo rtad from Sou th Ahica ¡hal improve d ge rminajon has been
aC:Jleve? whe~ seeds have been he!d in water at an even temperc.~re oí 6Ü=C
:or.speclfic pen~ds before sowing, usually fi fteen to thirty minutes. ~ly research
Indlcates there IS sorne doubt whelher !he hot waler treatmenl actuaUy im­
prov~s the overall gemination percenlage but whal it will do is lo cause !hem to
germmate all at one time instead oí over a penod of several weeks .' mon ths.

My method of canying out !he hot water treatment is to place !he seeds in jars
ar:d lhen pour water al 60°C (l40°F) over them and leave lo stand for 15
rnlOutes. They usually need stirring to trlakesure thal the seeds that are floating
beeo~e submerged. lf a. lot ol the seeds do f10at it is ar¡~indication that the seed
was elther harvested !rom aged heads or that it has been harvested and held
lex severaI months. Alter fifteen minutes cIrain the water off and then gently
squeeze the seeds to expel any surplus water held in the hairy coatings. The
seeds sho~d t?en be mixed with dry sand. 200 seeds to 2S0rnls volurne ol
sand to which IS ~dded 2mgm of the fuJl9cide Captan making sure the seeds
sand an? Captan are weII mixed. It may be neceSsary to separate thé clumps ol
seeds Wlth your fingers as they sometirnes cling together. It is for this reason it is
necessary lo have dry sand as this aSsists in the separation process. t
In manyi~nc~ it is n~t necessary lo soak seeds in hot water to get satis.
fadory gemunation. ProVlded the fIat winged ánd hairy types are fresh and
have been harvested from the current years 80wer heads they wiD germinate
evenly a~dat satisfactory percentages (7O%+).without treatment In the case
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oí the nut types it is usually advisab le lo lreat thern as ou rl ined above. An
exception to this is Pr. magnifica as these always germinate with reckless
abandono If seeds are not treated in any way they should be mixed with sand
inoculated with Captan and sown as outlined below .

Sow the seeds evenly over the previous ly prepared surface of the tray at a
maximum density of one seed lo six sq. cm (one seed to one sq. inch) v:hích is
about 200 séeds to the average sized tray. Firm down, do not pound down
hard, only press the seed Iight1y into the surface. Top up the tray with medium
to overflow and draw a lath across the top leaving the surface levelIed off but
not pressed down.

The completed tra ys are then stacked one on top of the other in an airy place
that is not exposed to strong drauqh ts or direct sunlight. When stackínq place a
layer of newsprint or a material such as the tray liners or weed mat on the top of
each compleled tra y. If this is not done the bottom of the next tray may stick to
the surface of the pre vious one and when un -stac king it will lift the seeds off the
lower one.

Do not cover the stack oí trays with plasric or an y other irnpervio us rnaterials or
vou will ind uce fungal problems that a re difñcult to co ntrol later. A single layer
~ í 14 ounce hess ian is permissable to minimise dehydratíon from draughts.
Make a nole of thv da le thev are due to be un -stacked as it is bad news Ior
seeds to be eme rging íor several days while still stacked .

The principie of lh is metnod is lO keep rhe seeds ill relativeiy conster.l riloislUre
and lemperalure lev els during lhe initialion of gp. rmi r.atic n. while dt the same
time almost tola lly eliminaling lhe chance of fungal invasion or over walenng.
Seeds ca n be desrroyed or the young plants pem1anenUy damaged by over
wale ring during germina lion. This is sometimes giver. the name of "collar
toxin " which is in facI tissue dama ge lo the stem at ground level or some times
lo the seed just prior to emergence and is caused by applying water at the
wrong time of day. over watering. or both.

Alter sowing ~nd stacking no further watering or handling is usuaIly needed
from the day they are sown until Ihe 17th. to the 26th. days unless there are
very drying conditions prevailing. lf it is hot with dry airoconditions, it is as well to
check sorne trays ten to twelve days alter sowing to make sure that they have
not dried out unduly. lf they have, a very Iight sprinkle of water may be given
and then restacl<.

In temperatures from 15° to 25°C (60° to 80°F). most seeds handled in this
manner will start germinating on the 17th to 26th days while at temperatures

. below 15°C (6O"F) they wiII take 20 to 35 days. There are Sorne varieties !hat
will take longe'i-'and these may be left stacked lor up to 50 days before.being
spread out and exposed to Ught and water. Seeds that take this length of tim~ lo
germinate are usually those varieties that have the built-in donnancy penod
such as lsp. cordifoliurn and Ld argenleum.
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z· 7HANDLING A T GERMINA nON
Upon un.~tacking on the appropriate day (experience will teach you to ga uge
the day with accuracy), the trays should be spread out in a well-lit. airy environ­
men t a~d wa tered very gentJy,. remembering that the top layer of medium was
never fi rmed down and the vtgorous app lication of water from a ho se could
wash the seeds out :>

Followíng this Iight waterinq, take sorne coarse sand to whích has been added
2mg of Captan per It vo lume of sand and broadcast this over the surfaces of the
trays to a depth .of 2 to 3mm,. (l/8th ínch). The reason Ior thís layer of sand is
two-fold. It IS a means of p~acmg a fresh layer oí fungicide right on the su rface
wher~ the seeds are I?ushmg th rough while also providing a loose Iayer of
mat:nal that can faJI In around the tiny seedlings as they emerge th b
helpl~g ~o keep thern firmo.On!y íf a very sandy medium has been' use~\;:
germmation should .the applícatíon of thís sand layer be om itted in which case
Captan can ~ applied from a watering can at 2mg te It water. Many seedlings
are lost ~t thís pomt as they are pa rticularly 'susceptible to fungal invasion o r
dehydratíon through exposu re to the tender stems at ground level Th e _
posure factor ~an ?e ag~va te? ?y the rather vigorous simultaneous' germi~;­
non of the seecs (figure 4.:» . This IS why it is important not to exceed the density
oEseeds reco mmended as a ne ar 100% germination even at that ra te can
cause. the. whole su rface of the. me dium to Iift by a centimetre (half an inch)
resultinq In sorne of the seedhngs being suspended in mid-air. If th is dc es
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happen a very Iight wateri ng may be necessary to re -se ttle the seedlings and
surface.

7:8POST-GERMINATlON
From the point o f emergence 0 .0, the seedlings must be kep t well ven tilated
and well lit. However exposure to full sun at any time of the year is too severe
Eor most varíétíes and íf the prevailing weather is sunny no matter what the
seaso n. sorne shading will be necessary to give a Iight leveI of be tween 4000
ftc to 6000 ft'c maximum at midday. lt is important to have a daily aggregate of
40.000 to 50,000 j/lu. In Iight control. account mus t be ta ken that if a week of
cloudy cond itions pre vail, then the shading shou ld be removed and repIaced
again wh en brighte r condítions prevail. In most loca tions cloudy conditions with
no screening will give a maximum light factor around 4000 f/c and a daily
aggrega te of approximately 30,000 j/lu in winter, Th is is the absolute rninírnum
that the y wi ll take be fore there are problems with tissu e b reak down and fungal
invasi ón o f the roots an d or foliage.

A qu ick ch eck can be mad e by inspecting the stems of the young plan ts and if
they nave a wh ite translucenr appea rance. it is a sign tha t the lighl leve! is too
low and it must be increased immediately. Ste ms should always have a green!
brown or b rown/red appearance. lf they are very dark brown to black there is
too much Iigh t.

7:9 ~\t:4 TER APPLICA nON
Light watering o nly is needed at this stage especially during periods of low
temperarure. Apply water at sunset and Ieave damp over night When watering
a l this time of day the volume of water may be halved to that which would have
to be applied during the middle of the day to maintai n adequate soil moisture.

Once they have developed their first pair of true leaves they may be left
uncovered a t night so tha t the dew can setUe 0.0 thern. This is very beneficial to
them and almost totally eliminates the necessity of watering them at all during
the winter months. The medium should be kept a Iittle dry rather than con­
stantJy wet '

Trials .have been carríed out using capiUary watering methods which show
promise if well engineered but there is a danger of having the medium too wet
in the bottom of the trays which causes the primary tap roots to rot off as they
reach that leveL If capillary methods are used the water level must be set very
Iow, Scm. (2 inches) or more below the surface.

7:10 DI5EA5E CONTROL
It is important to prevent fungal invasion rather than have to control Il It has
been reported that certain fungl are present on the seed coatings aJ14 ,that _
these are the cause of the very high 1055 rates that sorne growetS ~ence at .
and soon after gennination. Whilst the fad that fungi is sometimes.p~?t ?".



:;eed coatings is no doubt true. it is my op inion that this would ve ry ra rely be
responsible for the ..collar toxín' or other reaso ns for loss es. The treating of
seed and medium with fungicides. prior to germination should elim inate any
contamination from seed. If contaminated seeds were the cause of fungal in­
vasion oí the freshly germinated plants. it should occ ur prior too al and irn­
mediate ly aíter germination. Most losses a re experienced several weeks after
germina tion 'and sometimes no t until following tubing up. Because oí this it is
my belief that fungal invasio n is principally of a local nature and is the result oí
poor handling practises including over-watering and a lack o f attention to
adequate co nt ro l oí Iigh t levels and air movement lt wo uld onlv ve rv rarelv
origina te from the seed. - - .

Followinq germinatio n a íungic ide should be applied abo ut every ten days
especially a t temperatures above l S' C. During this stage the seedlings are
gro wing very soft tiss ue and a fresh protective cover oí a mild fu ngicide such as
Captan should be kept on them. This should be applied a t a time of day when it
has a pe riod to dry on the lea ves befo re it is washed off by waterinq, rain or
heavy dews. If the high water volume method of applying fungicides. is used
[ret .9 :6] then this amount of water rnay be suffic ient which eliminares the
necessity to water especialIy in winter,spring. Sys temic fungicides a re not gen ­
erally satísfacrory to use on very young plants. Toxicity has been detected with
sorne chemicals on some va rieties.

Fi C; . .H

Fig.48 .
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7:11 TUBING UP
Seedl ir.gs wi ll rea ' .h th e four true leaí staqe qu ite rapidly. usually within rwo to
four weeks from germination. Whe:1 they have four to six leaves th ey are then
ready to tube up into individual tubes. They should have been treated with
fu ngicide not more th a n five days prior to the tubing up process. There is
always some tíssue damage at handling and ií íungí are p resent they \\~H enter
the plants at these points. Th ere is also the danger tha t if the plants have not
been treated there may be o ne or two infecte d plants and this can be trans ­
mitted te a whole batch through con tact from ha nds a nd equipment.

With plants oí all ages and with seedlings and freshly rooted cuttings in part­
icular . it is very im portan t to ensure that they are not in a state of undetected
dehydration in the root zone al the time of handling and potting. Ir they are .
there is a good chance that they will be lost within a few days of being handled.
P1ants that are to be tubed-up should be thoroughly watered one or two days
before being handled to ensure that they are not under any stress from dehyd­
ration at the time of handling.

Tube up into the same rnedíum that was used for germination using a container
size that the roots will fíll quickly; 5cm square or round tubes are ideal Never
over pot, it is much better to have to handle the plants one or even two extra
times than not to have them to handle at all, which is usuaUy the case if they are
over potted

The young plants in the trays wiU have roots about twice as long as their top
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gro wths (figure 46) and care is need ed when extractinq them from the
medium. Tne root system can be greatly imp rov ed by "wr enchinq" the seed ­
lings about se ven da ys prior to ha nd ling. lf the see ds were sown in a tray tha t
has an open mesh bottom with a liner in it, wrenching can be carried out by
pushing your finger up through the bottom or altematively you can work over
the area from the top using a knife blade to gently disturb the seedlings. An ­
other method of wrenching is to take the tray and toss the entire contents lightly
into the air letting it fall back again. It does ta ke a Iittle practice but it is an
effective way of wrenching seedlings and rooted cuttings. The med ium should
be damp but not wet and they should NOT be watered íor at least two to three
days following wrenching. Ughtly disturbing the young plants willbreak the tap
root and cause lateral rooting which will develop rapidly at about l mm. (1/24")
per da y. Figure 47 shows a seedling before wrenching and figure 48 shows one
four days late r.

When removing plants from the tray I find the best m ethod is to start on a face
at ene end and work through using atable fork or something similar to loos e n
the plants. If wrenching has been we ll done it is possible to extract the plan ts
frorn the medium with little damage to the roots. Never give them a tug from
the top as they will inva riable break o ff about ground level and be lost, Always
se t the se edlings in the tube a little dee per than they have be en in the rrays
ot he rwise as the med ium settles it will leave the plant exposed above its co rrect
level Seed lings of Proteaceae plan ts are rat her particular about being planted
at the co rrcc t leve\.

For the tub ing-up operation the me dium should have a similar rnoisrure conte n t
to tha t in wh ich the seeds were sown a nd it sho uld be left oniy lightly nrrned
do\Wll in the tu bes. It is imperative that fo r them to produce roo15. the;,: mus!
have oxygen in th e medium. Tigh tly pac ked and over wet mediums have liille
or no oxygen in them and this is the reaso n wh y they so metimes faH to produce
a well ba lanced root system.

7:12CARE - FIR5TSIX7YDAY5
FoDowing tubing-up: the plants must be kept out ot~direct sun and strong
draughts for seven days. lE the moisture level of the medium was correct they
shouId need Iittle or no watering with the exception of a very light sprinkle
following tubing-up to settle the surface and set the plants firmolf you are in an
area where very low hurniclity prevails more frequent attention will be needed
but ilever apply heavy watering, H the plants have been properly handled and
cared for they should be showing sorne new root movernent by the third day
and by the seventh day, under reasonable temperature eonclilions (12 + deg­
rees e), there should be 5rnrn (1/4 ineh) of n~'growth on the main roots.

Although it is better to withhold watering totally if at al! possible for the first few
days Ulith the exception of the Ught sprinkle to settle the plants in, it is hO\Uever
quiIe acceptable lo let rain faD on them in any quantity except torrential down­
poms: A week after tubing, provided the roots are showing new growth. the
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nts ma be expo sed to more light and air and watered p~udently . when

~~~:~~¡:~tr::~S:~~~ ~:;:~tO~~~~I: ;~~t~~~:d~';;;nlr~~~c~S:a~~hra~~~~~:
as well. If weather conditions are-settled I.V1th no nsk ol ~osts t Y ,Y not
exposed to natural climate conditions including whatever ~nhmay fa~:tibu~ a re
t~ direct sunlight for long pe riods. However ifdit is cOln~dereh t I~t ~~nk:p~~nder
no t con duci'le to root de velopment (cold an wet t ey s ou . o

ntrolled ccmditions in an airy well lit place and allow~d ~o dry out a httle;
~~at they have to hunt for moisture. At all times the aun \5 to ~how a l~turdY '
balanced plant wi th a good root system rather than a larg~ top wit s~al un ~r

d ts The most important part of any plant 15 the part e ow t e
~;~~~d:ndr~h~t is healthy and w ell- founded then the part above the ground

will Iollow natura lly. .

On e of th.e principal reasons for lo::e~ ~~~~; s~~~:~~~i~i:~C:tS~i~~~~t~~n~
in the behe f t~at they ~eedfrto~~onJ¡tions that will de hydrate them and plenty

~e~irdi~ 7~:~~~~0~~c~~~dli~9 Proteacea~ have t~c~~~\~ ~~g~~td:~~~ ~~~~~
moisture requiremen15 from . the atrno~p e;e~i~~X rovided they are expo sed
the season from autumn aqumox to spnng q. ' . . P il based medium thev
;0rains and night .dews an~ they ta:lf tig~~~~hge l~oif ~~isture level rnust b e á"t
~suall~n~~~c:nvf';el:~~a ~~~~~~~t~ n steady hea lthy development bohth ~'1bo~:~
me . milI h d A Iittle d ry rathe r than tco wet is the morto t. a t s: CUi
ano be ow tI e groun .
aiwa,,'s be followed. .

. ' h first tubino-up until the plant ís to be re-hcn¿lea (re-
In the peno a from t e " ~ t h hou ld be kept Ior h.:r,gc.i and ir.se ct

. I ted out) a co nsta nt wa e s ,
portea or P an . . ' movement and ligh t levels are aG€qu~t€ a
invasion. In most In~t~nces~f ~rhorticultural sprays should be al! that is neces­
three wee~y spray Vv1t stal~ ~r tak d rina oeriods of warm humid we a the r
sa ry. Add ltíonal car~ sh.ou deed toe~en~la ti-o~. This is particularly so with the
when greater attenoon 15 nee
hairy and grey lea ved varieties.

. d' 001 weather and a watch should
Sorne varieties grow very rapldly even unng c t ether to such a degree that
be kept to make sure that the plants do~ft gr¡ü.w1: This is dealt with in more
ventilalion and adequate light at groun eve IS

detail in the Section on growing-on. . .
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SECTION EIGHT

Growing The Plants On

8:1 OVERVIEW

H~ving grown the seedlings through the ir juve nile stage a nd the cuttinqs to a
pom~ where the~ have become plants. rhe next step is to grow them through lo
a poínt of rna tunty where they may be sa fely plan ted in their perrna nent sites
In mosr cases this will take a full su mmer. . l.

To .be abl~ to accomplis~ this effec tively the growing-on phese should be
c~med out In an area that IS well venrilaled without being too exposed to strong
~.nds. The site should nol .be influenced or shaded by ta l! trees and bu ildings as
it 15 necessary to control hght levels accurately. A wa ter supply wh ich can be
regulaled lo the demands of the plants must be availabIe.

While th~ principIes of c~~trols of !hese. toree elements re ma ín toe sa rne as for
prop~ga t~on. there are dilíerences. Dunng the propaga tion phase toe controls
rernam v~rtually unchanged fo r the wh?l e time tha: toe cutrings are roo ting. In
toe. growmg-on phase the amount of a rr move me nt and ligh t will be increased.
wh ile the frequency a nd volum e of water will be decrease d. Because of rh:s it is
necessary to p rovid e facilities which are so rnewha t diíferenr from r~ o5e ne eced
ror propaga tion.

8:2 j¡ IR MO VEMENT CONTROL

Wh e re stro ng winds prevail steps musr be lak en lo brea k rheir velocitv as younq
plan ts do poorly under severe bu ffe ting. Wind- breaks ca n be mac e from'wind ­
doth which wi ll act as a gene ral ba rrier . In extreme conditio ns it rnev be neces­
s.;ry to ~ave solid wind-br:aks near ground leve! (rnade from corn,;ga red iron. .
plYWOOd etc l. along ~he wmdward side of each bed. Thjs will co ntrol the worst
buffeting while still retaining adequate air movemen~'provided lhey are not
more than 70 cm_ high and arranged so that they do not shade the beds. As in
the propa~ati,?n.phase they should stop about lOcm (4 ") above ground level. If
the operarion 15 In an.area that has seasonal wind pattems such as windy springs
and calm summers. It rnay be neeessary to encourage more air movement at
ground level during the low wind seasons.

During this stage of the plants development the foliage canopy will be consider­
ably denser !han it was at any time during the propagation phase. This means
that the gro~ng area will need more air movement than was provided during
!he p~opagation phase. Because of this. care must be takE!n when designing the
growmg-on area not to stop air movement to sueh an extent that the atmos­
phere .becomes stagnated espedaJly during periods when the' temperature is
above~ (68'"F). If this dces happen two problems will OCcur. Fiest it will
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c rea te a situa tion that will fosrer fungal inv asi ón such as Drechslera a nd Septoria
on Leucospermums which in sorne cases will be almost impossible ro control
unless a ir movement can be improved. The second problem is that plants.
especiaIly those still in their more juvenile stage of developmenl. will su ffer
heat stress at much lower temperatures unless they have adequate air rnove­
ment

Because air movernent is a necessary part of the en vironme nt for rhe successfuI
handling and cu ltívatíon of Proteaceae. it is in my o pin ion a mistake to gro \..\,'
planrs during any part of the ir production in a srructure such as a walled en­
closure. glass-house or tunnel house. These structures ha ve ínadequete air
movemenr un less there is forced air cooling. an d they are a hav e n fo r fungal
development. Although fungi can be controlled with the constant application o f
chemica ls. rhere is evidence to show that plants can become infected in thes e
airless condi lions and carry it latently into the nursery or even the field situa tion
where il will develop at a later stage.

Another result of growing plants in walled structures, parricularly when they are
used for wintering over young plants. is that the conditions promete I..'egetaril..'e
gro~\;th which is not balanced by adecuare root develo prnent. The results oí this
can often be detected in con tainer grown p la nes that have large tops by mid­
summer but are uns table in the ir container with the resul t that the y a re ofte n
h:ing over o r need sraking. An inspectio n of the roo t sys rern will sho w poor root
development in rele rion to the veq eta cve gr owth. The roo ts tita r a re prese nt
wi ll b e mostly o f the proteoid rype with very Iittle developrnent oí the primar..'
systern.

8:3 WATER AND /T5 APPLICA TlON
Ouring th is pha se of the plan ts' developmenr it is ne ces sary to ha ve at leas t
sorne bas ic fac ilities íor supplying water in regu lared quantilies. There must be a
re liable sup ply of good wate r and if the operation is o f any size it should be
coupled to a we ll planned and engineered wa tering system tha t is able ro
distribute water evenly at controlled quantities at pre~determined periods of the
day. Where an overhead sprinkler system is being used it is best to set sprink­
lers to give a 100% overlap as this eliminates the problem of having dry spots
around the p'erimeter of the sprinkler distribution pattem.

The time of day that plants are watered will afiect their health. ,growth pattem
and survivaJ rateo Since we installed a system of controlled night watering. as
opposed to on demand daytime watering. practically all problems ~ated
with fungal invasion both above and be10w the ground as well ~ disorders
associated with leaf scorch etc. have disappeared. The practice.of mght water­
ing is contrary t~ an artieles I have read ~n Proteaceae productio~as these ~ave
a1ways advocated mOf!ling watering so the .wate r will dry off q~y. !he idea
behind this appears toobe that by having them dry off you will aVOld fun~
infection as they are not wet for so long. In Cact. watering during the mo~g
creates a situation which is lar more like1y lo faster fungaJ invasion .as watenng

75



then increases hurn ídíty wh ich when combined with rising dav tem perarures
~reat~s a .much mo.re dengerous en vironment than night wateri ~g does. Mom­
IOg wateríng. espeaally dunng summer is contrary to the plants natural enviren­
ment where they ohen experience late aftemoon showers or mist banks a nd
for much of the year heavy night dews. These showers. mist ba nks and dews
cause th~ plants lea~es to be wet aIl night often for more than twelve ho urs
and provide them Wlth .water which they can take in through their leaves . It is
the ~~Iy source of motsture for some varieties du ring the seasons when so il
conditíons are dry. <;:~ean water on its own does not crea te fungí. There a re a
number of factors whlc~ ereat~ con~itions that cause fungal ínvesion o f plents:
temperatures above 15 e (60 F), hiqh humidity and peor air movement a re
always components [ref,9:1].

~C:°enll§O~e(~~e~~u ~g~t ~~tering. ~peeiaIl~O;"when da y tempera tures o f
. pe WI humld lty of 7~ 10 and above are being ex-

penenced: Gr?wers must make aIlowances for the faet that less water is
needed with mght watering OWl· t th b ' I
. l' ng o ere eJng ess evaporation wh en water
IS ap~ ied at lower temperatures. In the summer. bes t overa Il results ha ve been
ex:e~enceld when the water is applied twice each nigh t _ once aro und sunset

b
w

fle coo ~ the atmosphere. plan ts and medium. and again about 3 ho urs
e ore sun r:se When this s"srem . , , , ,

• ~ \S usec me arnou nt o f wa ter neeaec can bereduced by a p p roximately 30%.

8:4LIGHT CONTROL .
Almost all spec ies a nd van'en'es or' c m' d '1' , .... ,u ng an seec mg gro......n pl.:ln ts v,;t:l sho v.:
s~ress If exp o sed to too mucn ~ight in their firsr yea r. This firsr appears as leaí
~Isorders a nd la ter a~ general 111 thrift. The effects experienced under cultiva .
Don are the same as In na ture where seedlings, espe cia llv Prorea s, are seldo m
eXP'?sed to full sun d uring thé ir firsr summer, If the y a (e. they usuallv fail to
SUrvlve. Alth o u g h they germin~te on bare or near ba re ground (usua Íly from
late au~mn and through the Wlnter). by the time summer a rrives there is o the r
veg~tation much of which is taller tha n the Proteaceae seedlings which partia Ily
shadE,!S ~em. Ideally. growing on areas for plants up to ·one year old should be
se! up Wlth beds that have a .system of removable sháde over them. running
north-south. , . 0 .

During surnmer days in New ZeaJand at temperatures of 300c and a daily
aggregates of 110.000 j/Iu. plan15 that are smaIler than those able te fin a 400cc
(4 inch) pot ~th their roo15 and that have sufficient leaf area to shade !he
surface of the pot. sh~u~notbe.expüSed to more !han half of this radiation per
c1ay and fc;>r sorne vaneties espedaIIy PrO!eas with green leaves this may be too
mucho This amount of light is equivalent lo fuIl sun for the first and last three
hours and 50% shade for !he rest of the day where the mid~y Iight reads
9,000 ftlc. For~ts Iarger than !he 400cc size. IightI~ can be increased on
~pro~~Wlth a maximum of 80.000 jllu. FlOm !he Iongest day and for

' ~'---':~ sixty ~ys almostan~ts of less than two years oId of all species
varieties of eutting and seedling grown plan15 will show stress if they are
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exposed to fulllight Io r the maximum hours o f summer su nsh ine. As the plants
become more established they will s tand more Iight and a tten rion ?hould ?e
give n to th is in the overa ll management bearing in mind that the gross daily
aggregate o f radiation is reducing as the seasons move frorn summe: to
aut urnn. The difference on a c1ear day midsummer to a c1ear da y at equmox
arnounts to a drop from 110.000 j:lu to about 8 0.000 j.lu. a differen ce of 25%
a nd the sa rne ~ga i n from equinox to midwinter.

Ligh t lev els belo w 40.000 j/lu for prolonged periods will result in weak develop­
ment both above a nd below ground level and almost invariab ly result in an
outbreak o f fungal invas ion and tissue break down o f the leaf sysrem. This
sho uld be borne in mind during winter with its associa te d sho rt hou rs of sunlight
a ndor in periods wh e n there are seasons of cloudy wea ther, [Refer to 9:19 for
Iurther info rmation on the effects of lo..... ligh t levels].

8:5 CONTAINER MEDIUMS - General.
The medium tha t plants will be grown in during these initial phases oí deve lop­
ment is impo rtant. not on ly for their general grov.:th and root developrncnt but
also for rhei r ev e nru al establishment in field or gar den. Ir must not only sustein
the plant during this phase bu! it musr also promote and de velop a roo! system
wh ich should be pr edom inan tly the primary type and not pro teoid.

~ledi urns mus! be free-draininq bu t able to re rain a sustaine ble leve! of
rnoisture in the con tainer for ar least a da v without being v:atered in rhe hortest.
driest weather tha r I,'OU experience and -ir must be of a texture rha t do¿s no,
a irlo ck when it gers -dry lhereby making it di íficul t to get mo isture in again. lt
must not act as a sponge when subjected ta wet concl itions, Le. periods of
he a vy ra i ns ~orms or prolonged wer weatr-er. a nd most important o f a1l ir ~us,

be compa tible with the soil types and c1imatic conclitions wh ere the plant 15 to
be finally p laced. Un suitable and inco mpatible con tainer mediums are the
prime re ason for poor perfonnance and loss es during the first three years oC
es tablishment particularly in plantations that are not irriga ted. The same pro­
blem occurs when plants are planted in soils that have peor moisture retention
capabilities. .

8:6 SQIL-LE55 MEDIUMS
Early experiences sorne 30 years a90 with seedling Proteas bought ~om a
nursery tha! used its standard seedling mix containing 40% peat for .tubtng-up
its plants. repeatedly gave high loss rates when the plants wer~ betng grown
under ••open ground" nursery production methods. It was noticed however.
that if the seedlings were lined out before they had a root mass that would hold
the peat together and it therefore feIl away duri~g lining out, !he p~blemwas
alleviated. This observation led to sorne expenmen15 where seedlings~
grown in peat and non-peat mediums. The results from these early.bials and
subsequent experiments have resulted in rny never using peat mediums (ex­
cept in the root initiation phase) since that time because of the plOblems lts use

....



"

I
L

causes in the es :~ o : lsnment o í P'o'¿ -' c e ce~ : ._
. . . l .... t-" Ia nl~ in p i ~ r¡ ~a :ic n a n d Sc:-c e n

envircnrnenrs in <7: c ny New Zea la ,-¡d soii rypes.

Thü~l Sttn dro m,e was ¡vl'irtua lly unknown in New Zeala nd until the earl v 1980 5 as
un ..en a rnost a stock produ a' . -, . ee was grown under the " c cen round "
mel~od of prooucnon. The p lan ts were then wrenehed and e; r~ ; " ' ;
hessian [buriep) or p laeed in eontainers for de liv"n ' to ,:.. , " ~ : er a l,ea In
mereial planrerior.s. Since the earlv 1980 _.-'o l ile .erall ~;¡~pS .o r eom­
changed ír h - s mo~l nursery proaucnon has

:1 ( °d~ te .o pe n ground me rhod to eontainer culture wh ere the us¿ of
SOu· ess me (ums 15 common. .

Whilst t~e plants grow quite satisfactorily in these med¡~ms durin th
p=u~?n bhase. it is when they are planted out in their final site ~at ~r~~~~~

' ~ many~~n~r;';~~2 i~ ~~~tir::~~d to the genus Proteaceae but is applicable

In lhe case of Proteaceae. plants that are grown in peat'pinebark medi~ms

~r:~=i~~e~~~b~S~~:~J~u~bo~:~u=~nlg theirhtime iln a contai~er
h bee 'd t th l" -r-~a y so w en cose attention

as n pal o e ap~ ¡Calíon oE balaneed fertilizer blends throu h th
year and to regular toppmg-up with liquid fertilizers This wth h9 out .e
rareIy balanced by adequate root stJ1Jeture especiaÍ¡ .:c owever 15

and Leueospennums. It is not as evident in·Leucaden~~. e case oE Proteas

Peal and pinebark are both of a texture that create severa! problems Eor Pro-
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:eaceee. Both get air-lo cked whe n they becorne dry and wíll then not tú e in
moisture by normal ca pillary acrion írorn the surrou néing soil. To be re­
rnoístened they must be flooded to expel the air which then causes them to act
líke sponges and beeome excessívely wet, Not only ca es chis creare a pe rfeet
harbour for soil-bome fungi. but also acts as a collectio n po int for damag ing
water so lub le minerals. Le. salts. phos phate. lime ele.

The other principal problem assodated wi th soil-less rnixes is that plants often
neve great difficu lty establishing a roo t systern outside o: rhei r original container
mass in the surrounding soils. It is eommon lOsee plants that have been plante d
for three years wi th little or no root ac rivin; past the perirneter of the original
container (figur e 4 9) . By cornparison those tha t are grown in mediums tha: are
compatib le to th e ir pla n ting site will repidly beeome esta blished in the sur­
rounding so il type (figu re 50). This Iocking up of the roo t systern is not restricted
ro Proteac eae but is ve ry common in many genera of pla nts that have been
grown in so il-Iess m ediums. lt is a serious problem in Protea'ceae however
owing la their dual ro o t system. The proteo id roo [S thet peat pinebark fosters
within its mass play little o r no par. in supplyinq moisrure to the plant.

Cornprehensive tria is wh ich invclved the :¿:: ::oS of the €frecls of various ccrn­
mercial mediurns o n the developrr..ent C. n¿ survivel o; Proreaceee plents '....ere
run over a pe riod o f th ree yeers end were cornpleted in 19Só. Th:s t:-:e: has
been docurne nt cd a nd rhe results e re publisned in Appc ndix O ne in :::is book.
There :5 5COp¿ for íu rthe r researcn in r ~ ! 5 c: r¿~ as the prc b lems of ¿5 : z:~ H 5~.r7': ¿ r: !

are widesp reed .

5:7 SOIL- BASED !VfEDIUMS
The medium 1use for growing on consists cf 50'¡-0 fib rous loa rn top soii and 50 0-;,
pumiee. lf the pumice is fine qralned I add 10 pa rts oí coar se rive r sand. It is
epprec :ated [hat m a ny growers ca not nave pumiee o r even per haps e su:rable
loam rop soil. In suc h insrances some Icca lly aveileble mareríals 5hou!d be
tested. such as m ixes o f 50ils. send. scorie. deeomposed gra nile ele. e¡wa~:s

bearing in mind the te xtu re of an y potting medium \~il1 ha ve a bearing on the
subseq uen t developmenl and typ e of roors your plan ts will produce. with
eoarse open mixes produeing eoarse brittle roots .

Scock-piling of 'tu n or other materials that ",ill break down into fibrous matter
should be considered where sourees of good loam are not available. Decayed
fibrous materials do not have the same properties or effects as peal

Sorne trials have recenlly been implemented to investiga te the possible effects
of rnicro-organisms on plants growing in soil based mediums. This has been
done by ineorporatingaged (more than ayear old ) pinus radiata sawdust in the
rnix at 33%. Initial results indieate thal provided ammonium nitrogen is kept
suppüed in sufficient quantities. developrnent of primary roots is exeellent A
side effect of this trial was that there was a total absence of fungi on Pr. mag­
nifica whereas the control plants without the sawdust were infected. (ReL 17:3
for further infonnation on micro-organisms). Further trials are needed to deter-
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mine jf these results are co nsisten! and results will be published in an
Addendum at so rne late r date.

Not al! ma terial s that rnake up a medium have the sa me pH. or co ntain the
same leve!s oí nitrogen. phospha te and potas h (NPK). the three principal rnin­
erais that control plant growth. For container production it is irnportant tha t the
pH. level be stable, preíerably 5.0 or lower and the phosphate leve ! in par­
ticular be very low (around 15 pprn) . Proteacea e are not tolerant of phosphate
al other than low levels unless the pH. is in the 3 to 4 bracket, Phosphate then
becomes loc ked into the soil. Nitrogen and potas h should onl y be presen t in
moderate levels. lf the leve!s of these three rnateri als and pH . are not known
the medium should be analyzed prior to large scale use.

Provided the medium you use fits the criteria as se t ou t earlier o f being free
draining yet able to retain some rno isture, with pH . and NPK levels within the
acceptab le range. the results o f the growing-on phase wi ll be very muc h related
to your ab ility as a horticulturíst,

8. 8 HARDENING OFF
Befare pIants a ,<2 po rted on they should go through a further he rde ninq off
proces s. This ~~,¿,ming off is a co ntinua tion of rhe pro cess tha t was ca rried cut
when the curtinqs were being weaned at the end of the propaganon phase, In
thís present case it involves reducing the plants de pendance e n ·....e .e r even
fu;:her while a ~ ::-:<2 same time increas:ng eXf:osure lO ¡ighr an d air ~.O\:oe:T.e n t lO
a point the p la:-.: may be handled v...i thout it being s"essec. It is a simp le bu:
'mp0 rLant oper~jon and usua l!y takes a week cr so. [1 a: an,:;: tme ¿u r.ng this
pnast' the plants appear lo be u nder undu e stress (which v...il1 fir~t sho\V as a
:ack-Iustre ap pearance 01 lhe foliagel. lhe process should be slov...ed cown unti l
they recover. Fa ilure to harden o ff can result in losses or a seve,e re tarament to
the plants deve:opm en t.

8:9CONTAH\'ERS
The type 01 contain~r you will use for growing the plant on is a matter 01
personal choice and economics. The use of planter bags ís now widespread and
is a cheap and reasonably effident means of container:'growing plants. 1 used
them for a number of years but have now reverted to the use of hard pots for al!
phases of growing on. The decision to do this fol1owed sorne extensive trials
carned out on-a number of varieties using planter bags and hard pots. In these
biaIs there was no noticeable difference in che growth rate above the ground
for a given capacity of container but there were marked differences in root
deve10pment with the pots giving rnuch better results. In addition to this there
were fewer losses in pots and handling effidency was five to two in favour of
pots. Nevertheless 1 have seen sorne very successful crops grown in planter
bags provided they are set out on beds chat are free draiñing.

Conlainers are available in a never-ending array of shapes and sizes. For the
production of Proteaceae the standard shape where the depth is slighdy greater
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rha n the d ia me te r is quite satisfactory. Frorn time to time plan~ are seen in
containers th at a re very deep in relation to the d iam e rer. as mucn as thr~e or
four times d ep rh to width, The theory behind the us e o f these ¿eep.co~tamers
is that it stimulates a deeper roo t system in the plant the reb y makmg.lt more
resistant to drought r01l0\l.';ng plan ting ou t. Whilst it is true tha t plants WlI\ Iollow
these deep conta iners to thelr lull dep th .this is o~ litt1e us.e unless.those roots a re
of the primary type and even then it is do ubt ful if th.ere IS a ny aavan tage over a
wel! grown and prepared plant in a stand ard containe r.

As rh ythm plan ts, Proteaceae go lhrough surg:s o.r dev:lopment both above
an d below th e gro und with either the roots being m ac tJv~ grawt h ?r the ~ea f
and branch sys te m. b ut neve r toge ther at the sa me time. Ir IS almost ímpossíble
to manipula te the m against their seasonal growth p~ttems: lf.plants. are plan te~
just prior to or during the main primary root run which coincides w~th the enser
of winter and ru ns through to early spring. a nd again fro m late spnng to ab()~ t
the lo ngest day. the roots are capable of p.enetratin~ t? a depth of 60c m (2~ )
in a three month periodoWith this capebiliry there IS líttle advantaqe oí .havmg
an extra l Ocm . o í root on the plant when it is pl~n ted: lf artennon .IS 9~en t?

roviding a m edium tha t is compatible with the final 5!te .an d the piant IS weil
P d an d plantee a: 'he co rrcct season cny standard con ta.ners are quitepre pa re ·. ' ~ " - .. - - - - )
sa nsíactory.

S'10 PRODUCTlON BEDS
T~e ch oice o f ma te rial that the plants \,';:\ stand u pc n ~cn. ha~'e qt.:ite. a r,~~~n~
on the amounr of wa ter lhat will have lO .~ e app¡ ~ e~ c.:~ :1r.g nOi a r;?~r ~ryl~.~
conclitions. P la nts sta nding on 10mm (3 'S ) f ree-can,::~.g g al..'e. U.' i ~ r.<.E:.c ~ :~.
more water than those sta:1óng on fi ne grain:d sane'. 1 neoc~7lce 01 rr.a,enal :s
often determine¿ by what is ava ilable locally and pro\,1ded ¡he _o¡:,erc tor ~s
aw are of the ¿ ifferences and can adjust management 1<: com~ensa¡e there IS

linle diHerence in performance. If a very fi ne silt sa nd IS useo there ~ay be
problems with d rainage il plan ter bags or pots that are i1a t bortomed Wltho~t a
recess are being used. This is because they tend to "seal o ff ' as they senle mto

the fine grains.
The use · of almost any free-drain ing material that. is avail~ble ~ permissib:~
providing it is inert or does nol influence the container medlum 10 any way
the detriment of the plant. lt is thought that the use of pinus radiata sawdus; as ~
base for growing on rnay be benefidal to che plants b~cause of a trans er o
micro-organisms from the sawdust to the container medlum.

S'll GROWING "OPEN GROUND".
. th .. d" methad of

It is possibleto grow Proteaceae plants under e . o.pen groun d' New
production and until che early 19805 this was the pnnClpal methad use In

Zealand.. d,
In this methad of production the plants are lined-out i~ cultivated ~un h
usual1y in the spring. They are then ma inta ined as a culllVated erop roug
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until early winter when they are the n wrenched. packed and dispatched as
outlined in 8 :6. lt is a rnethod oí production which does carrv some risks at the
l.I:renching and lifting phas e but do es eliminate sorne enco~ntered during the
sumrner in container culture. lt does however have the drawback that it is no t
poss ible to !ift the plants until tem peratu res have dropped ap preciably in the
autumn!v.i n ter and if the plants are req uired for fi nal planting out in the eu turnn
it is therefore impossible to lift them to meet that deadline.

8:12 GROWING ON CAPILLARY BEDS
Water can be pro víded to the plan ts at th is phase of producrion by cap itlary
metho ds. lt may be done either by the timed -flood method (see description
below) o r by the static level soak metho d as ou tlined in 6:6 for use during
propa gatio n. 1 have used this latter method and find it an exceilent method
during the summer especially if onIy sm all containers (400cc and unde rl are
being used. At mids ummer. evaporation is high. night and da y, at ambient
temperatures of 25°C and above a nd the use of static level cap illary beds
ena bles the o perator to set a water level in the beds to rnaintain a supportinq
level of mo. srure to th e plant under any prevailing condirions.

The timed- tlood sysrern oí capillary v..:a te ring consists oí frarnes which are set UD

as shallow ceas (about 2cm deep. 314 inch) with a hard base which has a sliqh t
fall to one c nd . The beds are fi lled wíth a cce rse sa ....¿ anc t:-:e clants ere S2 : on
its suríace. ln prac tíce water is re'eased ar the higi'.er ene al ;:rece :e;.:¡i..... ea
times .:.~d ::. :h,,m n.:ns ¿ov.;n the ha rd surface be nea:h thE: sanei '.~ e :': ;¡ g ir as ' :
gces. I he ¡:'Ian ts sta nding on it are able to take up ',)·:a ter from the sand. F-lood­
ing is norrn~ily ca rried out several times pe r day de pending on the transpiration
rateo

There are t'.~·o problems that have been idenrifi ed in the use oí cac illa:-,; '"I.·ate r­
ing during ;;-; ;5 pnase o f produ ction. One is tha t the sand in ¡he beci mu;t not be
of a nature that packs down too hard and in doing so creates smail puddles
under ea ch plant if the level of water is set a little too high or during rain-sto rms.
lf this does happen 'tor more than short periods it can create conditions in which
soil·bome fungi can start For this reason it is best tO'ouse a fine grave! for the
bed rather t.'1an sand and make sure the bed is designed to drain automatically
during rain storms. This can be achieved by providing a fal! from side to side of
lcm. per m~tre (112" to 3ft) and filling the beds to an overfull!evel.

The other problem is that where the water supply carnes unwanted chemicals
Le. salts or a high pH.. the system of capillary watering will cause a build-up of

. these which may reach danger levels in both the bed and !he medium in the
containers espedally during high evaporation periods. This can be controlled
by heavy fiushing with water from an overhead source at regular intervals if
there are long periods without rain. Provided the opJrator is aware of these
problems. capillary watering is an excenent way of establishing the plants in
their first potting-on phase. This is particularly so if !he operalion is not con­
tinuously manned. 1 have left plants very successfuIly on a weIl-designed cap-
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illary bed for íive weeks in midsummer with no artention whatsoever.

Plants should no t be left on ca pilla ry beds for extended periocs as the roots will
pass th rough the bottom of the container and will become íirrnly established in
the be d material. In extreme cases plan ts become dependan: en the root rnass
outside oí the container and may be lost when they are wrcnched free of the
beds.

8:13 TUBING-UP
Rcoted cuttings should be portad up into a grO\~ing médium as soon as it is
con sidered they are well eno ugh established in their root developme nt and
they have been ha rdened-off. Cutting grown plan ts should be rreated the same
as seedlings are on their first patting. takinq the same care and precautions
aga inst fungal invasión and possible dehydrated root zone.

When tubing or porrínq-on . certain procedures must be followed. At all times it
is irnpo rtan t to have the correct rnoisture leve! in the medium. which is the
sarne as ou tlined for seedlinqs . lf the medium is too dry it ....i ll dehydrat e the
rccts and eve n a halí hour exposure to this will do considerable and sornetirnes
irrevers ible da rnece :0 the roo ts. Plants should always be hendled c uickly and
ne va r le f: ! ~'i ng bere-roored on the be nch.

Eecn c lant rnust be set in the container (rube or por) a: muer. th€ sarne height
es :t ·.~·as previous iv. !í ir is set too lcw ir will no t be able to prcc L:c? a \.~·~! l ­
ba lar.c2¿ root S\.;srern v.:nile ií it is set too hign it wiil not ~ :and up wdi ;:nd wiil
also tend :0 dehydra te in the base 01 the plant. When settng the p:e.nr i.) the
pot ail roots should be tumed downward (íigure 51) ane not 102ft spiiiing over
the top (hgure 52 ). For this reason plants shou ld be handled before they d e·
veiop a roo t s~'stem that is ¡onger than can be easily placea in the cont ainer. it is
essential tha t ,he meéium is le ft just firmed down enough to hold the plant tigh t.
On no account sho u!d it ever be pounded down hard and tight as roo ts must
have access to air to develop properly. When topping up the container it must
be filled to overtlowing (figure 53). This is the secret of successful containe r
production of Proteaceae pIants in soil·based mediums. By overf1olNing the
container it m'akes it impossible for water to lie on the surface during heavy
rainstorms or through over-watering as it just flows off over the sides . lf these
guide lines are adhered to there wiU be few problems in production .

Following tubing-up from the rooting medium the plants should be kept in an
environment that is comparable with that in which they were conditioned prior
to handling. lf weather conditions are bright and hot they should be kept at light

. levels beIow 6000 ft/c and out of strong draughts for at least four days. By this
time they should be showing some new root activity in !he form oí white
translucent tips to the roots if the plant is gently tipped out of the pot and
inspeeted (figure 54). This is the sign that all is weIl and they can then be
exposed to more light and air movement while keeping moisture levels to a
min imum without putting the plants under undue stress. .
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It is irnportant during thts phese from about the seventh to the twentíeth da ys.
to make the roots hunt a little for rnoistu re . Mo isture leveIs are easier to con tro l
if the pla nts are be dded onto a móisrure-bearing su rface such as sand or saw ­
dust ra ther than left in solid bortorned trays . The open-bo rtome d traes illus­
trated in fi gure 30 are excellent for this phase as they may be bedded down
onto a mois~re bearing surface.

s.14 POTTING-ON
The timing o f the initial tubing up is deterrnined by when the seedlings or
curtings a re ready to handle. S ubsequen t pottinq on . although not cricca l,
should be sehedu led to fi t in with seasonal growth pattems. lí this is done the
develop men t of the roots and subseque nt ve ge ta tive qrowths will be stronce r
a nd larger. On no aecount shou ld pla nts be left lingering for rnonths witho u t
being moved to a larger size containe r. If they a re left for months in a conta ine r
wh ich is too small for continued develo pm e n t they \,,,;11 go into a state of li mbo.
Although they will eventua lly com e into a gro l.l.' th efter re-pottinq or planting
ou t. it a lmost invariabiy ar:ects their de veloprnerit, health and liíe span . It is like
a ehild getting ricke ts tnrough malnutr't.o n.

During ayear rnos : planes of unce r fi f;¿en rno nths old will 90 throuqh e: leas:
rwo growtn flushes an d very c iten rhree if they nave been well estabiishcd b ~'

eari~' sprinq. Just prior ro eech oí r;,ese grov.:tns. the plen.s wiii te:';e on a
.. b loom" eppee ra nce which is eas;,' ;0 see ií the pler.ts ere 1..;¿wed in [he ho u r
be .o re sun set. Tne fciiase of ¡he piants sr.ow a radience eround r;-,e ¿Cs¿s e r.c
rips oí the lea ves. This can be seen in all species e r.d varieties end IS rhe sign
tha t the roots are o n the point oí rnak inq a rapid grol.Vth which will be íollowec
a bou t 20 days la ter by a vegetaríve growth flush .

\.Vhen this "bloom " is fi rst seen ir is the tim e they sho uld be re-po rtee into ¡:-te
n ext size por or plantad out into their fi na l site . It is usual the t the firs: pomnq o f
seedlings a nd roo ted cuttings is mace in Scm (2 inch ) po ts and it is possiole on
th e next mo ve that they may be put srraight on up to a 1Sem pot (6 inch or
PBS ) which would probably be the final me before planting out

My preferenee however is to shift them up in stages from Scm to 10cm and
then to 1sem. By doing this. although it is more work there is always an
improvement in growth and percentages of well-finished plants compared with
the single shíft (Scm to 1Sem). lf it is spring when they are re-poned from a Scrn
to a 10cm pot, the roots should develop rapidly and be showing around the
perimeter of the whole pot within 15 to 20 days (figure 55). The plants will then
make a rapid vegetative growth and will usuaUy show a " bloo m" phase again
about 60 days.from the potting up. This is when the re-potting cycIe shouId be
repeated. this time sh iíting from the lOan to 1Scni sizes. Plants handled in this
way and grown in a well-designed growing area will usually make two further
growth runs by late summer. _ "

When the shift is done from 5cm to 1Scm in one stage. the growth Oush is more
staggered and often confined to one or two terminals crealing a "leggy" pIant
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This single s hift will usuelly result in a total of only two gr ov.ltns íor the summer
which may then be followed by a weak winter gro '-'tth. W inter growths should
be avo ided if at all possible as it puts plants at grea t d anger from frost damage
which not only a ffects the soft tips but.also the lower section oí the sterns, This is
dealt with in more detail in 10:6.

8:15 FERTll-IZERS
Soils, sands, aHuvial conglomerates, pu mices. peat and a ny other rnaterials that
are use d in a growing-on medi um can each vary gre a t!y in the ir base pH. and
NPK Ieve ls. If these a re unknown it is advisable to tes t them either indivíduallv
or the finished m ixe d medium to ascertain whether the le vels are within the
sa fe range for P ro teaceae plants .

The ana lysis can ei ther be cerried ou t by a so il testing leboratory or it can be
done by the grower using a nu trient test kit The one that 1 have used is the
" Warrior " tes t kit whích was de veloped by the Levin Horticultural Research
Ce ntre. a divis ion of the New Zealand Ministry of Agriculture an d Fisheríes.
This kit is available in two íorms, one for testing minera l soils and tbe other fer
soil-less mediums . T hey are now available in many countries. Their use en­
a bles gro we rs to ascertein with some accuracy the nutrient levels in their mixes
and or planta tion sites . Tne read out from these test kits is gi\;en as 1v1Af
uni ts,To convert these to a ppm. rate the íollcwi nq formu la is usec:-

Nitrogen. r-.L~,F unit X 1 = pprn.
Phosphe re. r-.LAFunit X 1 =pprn.
Potash, r-.lAF un ir X 20 = pprn.

Not al! varieties of Proteaceae have the same needs o r tolerances oí íeníhzers
nor do the y all need them in the same NPK ra tios. Beca use of this it has been
necessary to anive at a compromise that suits most varieties that are under
cultivaríon. In the uses and levels of Iertilizers during the grov.-i ng-on phase
there are two aspects of the plants' tolerance of nutrien ts to considero The ñrst is
from initia tion (seed o r cutting) to the point of develo p m e nt when it wil! be
moved from its fírst container (usually a Scm. liner ) to a la rger container. Tne
second phas é is from that po int onwards through its development until it is
ready for planting out Th e following recommendations pertain to soil based
potting mediums with a pH. of S. to S.S. lf pH. levels can be kept at around 4 or
Iess the phosphate level in the media is not quite so critical. Soil-less mixes tend
to leach quickly and rely more on being " topped up ' periodically to keep the

. plants going. The fertilizer base is the same for both soíl and soil-Iess mediums.
only the quantities may differ.

In the first stage of growth all varieties have a very low tolerance of phosphate
and care should be taken to elimina te this from the potting mix by making SUTe

that the materials used in the medium do not contain it at any significant levellt
is best not to add any fertilizers at all to the medium that is to be used for this
first potting up, leaving it " hungry". The base levels of aD nutrients shouId be
kept on the low side as it is better to have to add nutrientby liquid feeding
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rather tha n to have en over-dose already in the medium. :\ itrogen et 20ppm..
Phosphate 15ppm. and Potash 100ppm. should be satislectory in any good free
dra ining mix. The values given are for NP K sta tus.

In a soil-based rnix, the roots of young plants tend to hum throuoh the pot and
produce a vastIy superior root systern to those that deve lop in peat based
mixes. The plants in the soil-based mix develop a strong primar).' root systern
(figure 56), where as the peat-based mix promotes proteoids (figure 57). The
prírnary roots in the soil based rníx can be even further improved by the
applica tion of sulphate of ammonia particularly during the rnid- to late-winter
months. This is applied as a drench at 5000 ppm . at ten to íourtee n day
interva ls w hich \lJÍ1I give results as seen in figure 58 . The first ap piication can be
made fourteen days aher tubing-up. If sulphate of am monia is applied to plan ts
growing in peat-based mixes it stimulates even greater development of p ro­
teoid roo ts. Never epply sulphate o í ammonia to plants that are suffering from
dehydration - water them first

In the second stage of production it has been found that although plants have
relatively 10w requirements of fertilizer. the application of slow- release (nine
months) fertilizers is beneficial provided they are of the corree: ba lance a nd ar e
app lied prudently and accura tely. A m édium with the sarne bese nurrient leve!
as usee íor the fi rst tub ing u p can be usad fo r this seca no staqe as elthouqh the
NPK is sornewhat low the applíca tion o f the slow release fe;.i!:zer will bring the
!e'.·els up.

Fc ilo\I.i ng on r:-om experim e :"1 :5 done al the Le"in Hor:: ·: '..; :: "...!~e R ese~rch

Centre in l\ew L2a:a nd severc; 'Je a rs aeo . it was recorn.....e,.cec: t¡-¡ a t a s lo w­
release fe:Lib:er v.irn an analysis ¿ í 19 nitragen. 2.6 pnospnate. 8 .3 potash plus
iron should be use d a t a Tate not exceed ing 1.7gm per It. oí meCiu m. T his
recommendc: tion was based on soil -Iess mediums. When tnis ra te has b e e n
used as a sing le application in a so il-base d mix it hüs given a reaóng t\lJenty one
da~'S íoHov.ing appiíca tion oÍ:- :\irroge n 35ppm. Phospha te SOppr.1. an d Potash
(K) SOOppm. This lev el is a Iittle high in Phosphate and Potasn w:':ch explains a
slight into lerance by some varieties (see tex t below ).,
Provided this fe rtilizer is split inro two applications it has proved satisfactory in
most respects of plant health both above and below th!le ground when used at
the annual rate of 1.7grntlt (or even up to 50% higher for some varieties) in
soil-based mediums. The exceptions were in Ld. laureolum. Pro pudens. longi­
folia. scolyrnocephala. coronata, stokoeii, Serrurias and all Banksias which all
show chlorosis in the leaf indicating an excess phosphate level even at the basic
1.7gm11t rate especiaDy when it has been appUed as a single dressing_ With
Proteas it has also shown as tip hum on the leaves but this is usually of a short
duration indicating a temporary overdose of salts probably derived from the
poeash.

e
Best overall results have been obtained by applying the fertilizer as an over­
dressing at the perlad just priOl' te rapid growth commencing in spring with
lessIf results as the surnmer progressed The safest and most sustained baost to
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c eve!o pme n t wa s obtained by splittinq the quan tity into two application s which
were then applied as a top dre ssing. six weeks apartoFertilizers shou~? never b:
used to boost la te autumn qrowths as this makes plan ts very suscepoole to frost

dar.lage.

On no account should fast release fertilizers such as ammonium phosphates
a nd nitra tes be used on container stock as they will cause severe damage.

8.16 50fL-BORNE FUNGf
During the entire grov.;ng-on phase which is usually at least one. year, plants
mu st be ma intained in a healthy co ndition free of pests and díseases bot~
above and below rhe ground . There is no doub t that the soil-bome fung¡
Phvtoohthora Cinnamomi. Rhizoctonia and Fusarium are rh e greatesr fungel
dangers in Proteaceae production an d unless adequate steps are taken to aV? ld
a nd control them there \lJÍ11 be many losses bo th durin g th is ~hase and íollowinq
planting out. Ouring th is production phase most probl~m.s will come. fr~m RhlZ?­
cton ia a nd Fu sarium. while Phvtoohthora C nnamoml VJI l1 be the principal proo­
102 m in the plantation phase. lt is im~oí.an t ~~at growe~s sho uld b~ able , ~o
reeoonise the sl..'mptoms an d results ot these c.seasas as the control IS r.ot " ,e

sern; for al! of thern.

Rhizocto nia and Fusa rium are díseases thar invade a plant (~hich are a.irr. os~
always lcss tha n a y ear old) at grcund leve! and ~cus: the rnam stem. t~,.;die. ~.~
che ef:ect oí the infect on progresses the plant c:es In bo.th an ~p.\I.a · '-'l a ~? :
¿ ov,:nwar¿ d írectío n with the first noncea cle syrr.ptoms be ing a shgr.t y e.lo :...."n.s

oí ,he leaves and a lack-iustre app ea ranc e of the wnole piant. By th e tl~e thlS ~s
se en the plant is well a nd truly dea d (f.g¡lre 59). The o~s~t of. th e:-se dlsea:,es IS

no¡ accomoanied b y the \'-ilting oi the term inal ~ps as lt 15 Wl th Phl.'tooh ,~orc
wh icn inva'd es the p l<:H1 t beiow grOl.: nd leve!. ente:ing through the r?? : sys,e:n
and [here bv kiilin g the plant from the bottom up and not fro~ the mlccle as oc:
the o thers. -Th e principa l ca uses of Rhizoctonia and Fusanum are a lac~ 01

adequate light and air moveme nt at ground level aggravated by over wate~n~.
while Phvtophthora is induced by high temperature and water content VJIthm

the soi1.
Applying fungicides by the high-volume water. method is by far the most effect~
ive means of control of these soil-bome fung¡ [ref.9:.61. The conftr9~i~t9~~~;
ment of these fungi is dealt \lJÍth in the section on fung¡ control [re - . .

8:17 GENERAL MAlNTENANCE ANDHANDUNG
. . this · -00 consists of keep-

General maintenance of plants during gTO'w\I1ng~npen h -d ditions
ing a protective ccat of fungicide on the plants dunng hot ~ ~o~ 'ditY
especially where a combination of temperatures above .25 an ~ved
above 80% prevails. This is very important when handling any grey
types and those with 50ft succulent growths.
With Proteaceae. more than any other genera of plants, it is important to
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is the same as the programme cerned out at the post-p ropaqatíon and pre­
tub ing ph ase except at this final stage the water should be reduced to a leve l
just above the dehydration point wh ile al me same time inereasing Iight a nd air
movement to íull exposure taking eare not to do this too rapidly. To d o this the
plants should be well spaced o ut (at leas! double spaeing) and have th e quan nry
and frequeney o í water gradually redu ced to a level where the pla nts are
having to hunt for moisture. Depending on the season. the plants may have lo
be shaded fer the initial stages of this programme as the supply oí water is
redueed. This will depend on the prevailing temperature. humidity a nd win d
conditíons,

Conditioning plants prior to planting out is very important and planting should
not be attempled until the plan ts are in a eo ndition of hard iness matched lo
theír planting site .

c rc:cnt the ir:e:c e :-,ce oí fU:1gel im:asio n bo rh a cove ene celcw ,~ e c rcu nci
rat her than LO m: ro cure it once it has bee xme established . This sr-;o-u!d be
borne in mind a t a ll times an d in all conditions. wirh the necessarv measu res oí
control implemenred befa re rather than aher problems occur. Ínfes¡ation by
insects both ebove and be low the ground should be kept in mind but is not
normally a gre at p roblem provided a re gular rna intenance proqrarnme oí con­
troi is rnaintaine d during thís phas e.

As the plants grow through their summ er flushes , it is important lo watch that
they do not beeome crowded in the beds. This will usua lly occur about 40 to 50
days after the longest day jf they make their secon4;'growth wi thout be ing
sh ifted up into a Iarger container size. If they a re already in their final container
size they should be double spaeed on a grid This will give them room to finish
their development prior to final planting out This is important with all Leueo­
spermums and Leucodendrons with grey hairy leaves, (daphnoides. nervosurn.
eliminese etc) as without suffident air movement these will become infeeted
with fungi. Always space plants so plenty of air can pass between them.

8:18 CONDlTIONING PLANTS FOR FINALSfTING '
This is the final pha.se of the propagation cyde. It consísts of eonditioning the
piants so that they do not suffer a serious set-back at planting out

This phase is usuaDy done in the autumn and normally takes about a month. It
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sECTlüN NINE

The Control Of Diseases and
Pests
9:1 OVERVIEW
In the cu ltiva tion o f Proteacea e it is necessarv to control aoainst the invasion of
fungi and pests that are harmful to the pla nts . The amount oí control tha t is
needed depe nds on the climate in the loca tion where they are be ing grmvn.
what íungi a nd insects are present in tha t loca tion, th e en d use oí the crop an d
in loe nursery situation, the skill oí the operator.

C lima tic conditions have a great influence on whe ther fungí are a problem in a
particular location a nd VJiIl also determine which ones are pres ent and the
in tensity o f their invasion of the plants. Th e ineide nc e o í funcal invasi ón bo th
above and be lo w the ground in Proteaceae is alwavs reiated to temcerarure.
humidity co nd itío ns. In areas where the re ar e high ternperarures (-r-30'C
+ S5 'F) and low humidity (35 % ) or conversely where ternpera rures are !ow
(beiow 15 ' C) 60°F) and the hurn idity is high (over 85~o ) there will be íewer
problems.

He wever in el.m a tes where le:7.;:.:z:a:'..lres above l ScC (6S:Fi cccur resuia:iy a t
the sarne tim e as the relative humidiry is -+- 75% you can expect funqal invasión
lo sorne degree in mosl varie ries. The problem will compour.c eS the tem­
perarure/humidity aggregate increases to a poin t that when the temperature in
Celsius is adde d to !he humidity percentage and the su m tota l is 105 and ove r.
fungi becomes very difficult to ce ntrol in so me va rie ties. !f ::-.e temperarure is
reccrded in Fahrenheit the sum to tal then reads 160 and ov ero

Examp le:- temperature 25 'C added to humidity 80% = 105
. .. 78°F" " "80% ;; 158

"For the purpose of identification of !hese conditions, the symbols thJclOS and
thlfl60. are used throughout this book when refening to a temperature/
humidity climatic 'situation. .

It may be seen from the foregoing why there are fungaJ problems in sorne areas
where Proteaceae are being grown. In New ZeaJand for instance. sorne loca­
tions are subjected to periods during the summer when tropical storrns drift
south which .are carrying very wet warrn air which can be present for rnany
days, sometimes with little or no air movemenl Proteaceae plants especially
the grey, blue-grey and hairy-leafed varieties can not tolerate such conditions
and can be badly damaged or Iost by fungal invasion during these periods.

Insed infestation of pIants is also govemed by the climate as well as location.
Inseds either thrive or become subdued in population numbers depending on
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tempera ture a nd mo isture levels p re va iling. Po pulations of species present a n d
active vary greatly season by seaso n and from time to time they can beco me a
probiem pa rticularly in cut fiower plantatio ns.

In an outline such as this it is im possible to cover the huge range of fungi which
can invade Pro teaceae or identify the individual species of insects that wi ll
a ffect plants .as each loca tion will have its own local form of lungi and insect
populations. \Vhat it can do is to distingu ish those fungi Iorrns that are commo n
to al! groVJing a reas and identify the different types of insects that will b e
eneounte red . It ca n also outl ine how to combat and control the proble m s
eaused by fung i and insects, and in general terrns this is what the Iollowin q tex~

does. Th ere will be occasions whe n problems wil! be encounlered outs ide o r
those covered here. In such circumstanc es it is irnportant that expert advice
sh ould be sought for information on wh at the y are and how to control them.

There are a nu mber 01 ways of comba ting the pres: nce and or the prob~e.ms
that are caused by fungi and ínse cts. In the culture 01 Proteaceae the. ~ro"1s 10n
o í the correct environme nt by pa ying a ttention to air move~ent. .hgnt levels
and se!ecting the co rreet variety or va r.a nt for a pa rticular 10cat1:)O will ~o a long
wav in reducinq m ob lems. The re are also biological rneans ot contro i such as
provid inq a swa:¿ oí clover thro ugh a, planta t io~ which will a~sist in s.uppre s5:ng
P h\:lOohth ora or using birds to keep o own the insect po pulatJons. lt 15 prob~ ole
tha t the íosterinc r : high levels 01m icro· o rqa nisrns in the soil aSS¡SlS in ma ¡";l;:g

l lC¡ \ 1 1 • .... ~ ,.1 ~ ...,J. I o ' , .

sorne varieties more resistant to fu nga l invas ion [re:.17:3J. Natural ana C IO-

10gic~1 rneesures are oftcn su fficien: to enao le, P:o t~ac e :: e :0 be gro 'x~ se t­
is iactoniv in a gar¿e".lancscape sítuario n b ut wnen tn'2Y ere Demg grc-,,'ll as a
comme r~ ia l GOp an d beir.g sold intemational!y it is csueliy r.ecessc:-.:. lo use
chemical controls to ensu re the p rod ucl is clear of phyt csis ar.d thereiore ac-
eept¡;ble in the im¡:o rting country.

9:2 7YPES OF CHEMICAL FORMULATIONS
The chemicals used to con trol fu ngi and pests are 01 two basic types. .conlac l
and syslemic. Contaet sprays work by forrn ing a tota~ ~over of chemlcal en­
veloping the plant and are effeetive until it becomes oXldlZed or ~eathers off to
such a level that it is ineffective or the plant has grown new tissue t~er~by
by-passing the protective \ayer. When any of these happen a new appheation
oE chemical must be applied to retain control

The systemic types work by entering and becoming a part of lhe ~Iants ~~
stream and are efficient as long as they do not become diluted to an.lOeffecti is
level through an ageing process or when the plant grows more tissue. ~g!
happens more frequendy when the plant is growing rapidly in the s?nn.
surnmer than it daes in the winter. To keep a controUable leve! of chemlca!:;
the plant, systernie eompounds must !herefore be applied more fr;qu~n ~
during growth than dorrnant periods. Systemic chemicals are ve~ ~ ~~~
they are applied at the recommended rates but when they are apphe libl to
rates it has been found that sorne varieties of Proteaceae are suscep e
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loliage damage. lt has been noted on a number oí occa sio ns tha t [orrnuletions
of bo th íungicides and ínsecrícides have ca used growth requla to ry efíects par­
ticularly on p lan ts less than two years o ld and Leucadendro ns oí the multi head
tyPes of a ny age. The efíects are usu ally of a short duration bu t ca n cause leaf
distortion whi ch rna kes the product unsalable or in pro paga tion may inhibit
rooting. Thís is pa rticularly so when the plants are in very active grov".h or
chemicals are applied to pla nts under stress from dehydration. Because oí this.
care must be taken when using these formu lations especially on young plants
that have a high percentaqe oí soft tissue . S ystemic fungiciáes and insec ticides
app lied by the high-volume water me thod outlined in 9:6 minimises the risk 01
foliage da ma ge.

The systemic fungicide that is most commo nly used in the con tre l of fungi in
Proteacea e is Benlate. lf properly applied it gives good control but it shou ld not
be used more than three o r four times pe r yea r or it v,,; I1 loase its e fíectlvene ss.
This fact is noted on the co ntaine r Iabels.

lf systemics are used áuring vegetative propaga tion be fare root iniriat ic n has
begun. it will often inh ibit the root ing process and in so me insta nces arrest it
permanentIy. lf possible operators sr.ould refrein from using this ty;:e o í cherni­
cal in the propagation area fL'r at leas: rhirtv da ys a he r ser.ing the cun ings or o n
stock plants with in rwen ty davs prior to harv esting the cutting ma terial.

Both the co ntact a nd systern ic forrnulerons COr.1e in rnany íorms a ;-.¿ eaó one
has usu aIly be e n d e veioped .cr, and is er:icien t in conrro llinc one c r rwo ::.: no
cr insect groups o ut none \~~ : ; contrcl al! :or.n s ane types. Beea use of rhis it Ts
necessary to use o r have a\· .~ : iable a: least 1\.\:0 á ifferenr fonn ularior.s eaó oí
fungicide and insecticiá e whió may be o f either the cantact o r sys:emic types .

There are composite íorm u!.: tions availa ble for home ga~den use which \\,;I1
control a broad spectrum oí :ungi and inseels a nd in most insta nees are Guire
suirable for this use. For ccmme~cia ¡ production ir is m uch be r.e:- to u~e a
specific che m ica l to control a ?a rticular problem.

.
9:3 METH005 OFAPPLYING CHEMICAL5 ,t.~
The effectivness of any chemical is to a Iarge degree co ntrolled by the co mp et­
ence with which it is applied. This is pa rticula rly so when you are dealing with
plants that have a leaE structu re that is difficult to wet as are a number of
Proteaceae varieties. There are many ways of applying chemical sprays. The
principal ones are: high or Iow pressure from spray nozzles: air blast assisted
dispersion; high-volume water app lication.

9:4 HIGHAND LOWPRE5SUREMETH005
The mast common way of applying sprays is by high or lbw pressure methods
which use nozzles which are eilher fixed to a boom or a re hand-held as a gun.
This is an effective means of app lication provided the booms are arranged in
such a manner that they wiD distribute !he chemicals up under the leaf canopy
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as well as down fro m the topoLow pressure application has a problem in that it
does not have good penetration through dense foliage especially if it is o í th e
hairy-Iea f types such as many Leucospennums. The high pressure method has
a m uch better pene tration but if pressures o f 400 · to 500 psi. are directed a t
ven; close ra nge onto foliage. so rne tissue damage is inevitable. The booms
sho u ld be arranged to give a pattem rnatched to the crop and they may have to
be a lte red for each individual variety otherwise rnuch of the chemical is blow n
past the leaí a rea and díssípa tes on the ground. Hand-held and directed spray
guns of both high and low pressures are ca pa ble o í giving good covereqe but
are somew hat ineificient in man ho urs.

9:5 AIR A5515TED METHOO
The principIe in the use of this method is that the spray is inj e~ted into a .h.igh
volume a ir stream and is dispersed throuqhout the plants in very fine perne tes.
Such a svstern is e ífective provided the correct amount of chemi~al is distrib­
uted per a rea treated and that the foliage is properly covere.d. lt 15 usual that
with th is typ e of application on ly 35 % of the vo lume of water 15 used as .com pa·
red to bo o m or hand held high 10w pressu re svstern. Becaus e 01 this m.an~:
varie ries o ¡ Proteac ea e planes do not get fully we~ed clown with ¡his rne : :-. o~
and co ve r lenes to be incornplete on mat ure pla nts. This method is more suited. . ,
lO the applicat icn of systemic rether than tri e cc ntec: ma!e"als.

9:6 HIGH VOL U/vfE WATER ¡'vfETHOD
Tnis met:'od has been eeve!oped to me e! the spe cial rec:;uiremen:s d Pro­
teaceae p lan ts pa rucularly in a nu rsery sitllati on c unnS their tir:t {\I,IO ~·::rs . Ir
involve s in jeeting the ch em ical into the fiow of wa ter coming tro~ a .1 ::>m~.
(hal f inc:, ) hose in ac cura tely ealibra ted qua ntities . This can be achleve~ b~' :n€
use oí a Ol ¡n -!iOle iOljectio n purnp which is powerec by the waler as lt .Oows
through. This pump picks up chemical and injects it into the water flow m the
form o f a coOlcentrated soiution at a regulated raleo usually 1%. The c~n­
ce n tra te is of a srrength so that when it is mixed into the main str~am. th.e ac,nv.e
che mi cal is 3 5% o f the nonnal rat e for boom or hand held spraym g. ThIS":IX lS
watered over the p lants as a fuD we tting dreneh which uses three to four times
the amount of water !hat would be used in the highJ10w pressure method.
When applied as a full wetting drench. the active chemical content equates to
the same amount of ma terial per area treated as it wo uld by conventual spray-

ing methods.
This method has been found to be an excellent means of applying fungici~es .
insecticides and liq uid fertilizers and virtuaIly elimina tes the risks of c.h~mlcal
toxidty and lE!af disorders sometir:nes associated with young plants recelVmg an
overdose. lt gíves a control over fungí that is much improved on no~ spray­
ing methods of application and in most instanees allows a lo.nger period b~­
tween treatments. This is because it.not only treats !he plant fohage but also t

h
e

medium and ground surfaces. In doing !his it controls bo!h !he problems on t e
. plants and al50 on all surroundings which ad as a host
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This method should be carried out ea rly in the day as soon as the overn ighr
warering or dew has dried off. This gives a long pcriod [o dry be fo re nigh tia ll
which is ímportant, Do not apply while the Eoliage ís sttllwe t as thís will dilute the
chemical to an ine ffective level. Apply as a heavy droplet ra ther than a directed
jet . to a level of wetness just past run-o ñ. The merhod can also be used through
an overhead irrigation system and provided coverage is evcn it works as well as
the hosing method of application.

9:7HELlCOPTER~PPLICATfON

In plantations planted on difficult terrain this is an exce llenl means of a ppl ication
and gives good cover as the down draft o f the rorors Iorces the chemica ls
throughout the crop. Cost evaluations indicare tha t it is more cos t efficient than
hand spraying on steep sidings where ít is impossic-Ie to u¿ [ ground spraying
equipment Fixed wing aircraft are not fully effective es they do no t give a spra y
pattem that will treat the under s ides of the lea ves. .

9:8 SPEClAL CONDITfON5 TO OBSERVE
WHENAPPLYING CHElllfICALS

The planes oE Som e vari eties of Pro teaceae are s e;: s~ :-: .: :: \: ~ L' n 5 i ¡jve to ma:w of
the chemicals that will be use d on them to control fL:;'l,j a~d insecrs. Becc use of
this it is necessary to tak e special ca re under cena:n : c nd iti\)ns v.:hen appl~'ing
spra~'s and never us e a new product '....~ rh ou [ a tf.a! ,,~ ::: a k w picr.Q.

PlcnQ aEcemin varietes can be used as indicatcrs ': :".': in roís L¿. laureolum
c!ose!y fallowed b>' Pr. scolymocephala and stc kc,, ¡ .::e goo e eariy warn ing
varienes oEchemical toxi city. Tnese varienes wiII re::;0:nd to overdoses or in.
compatible spray m ixtures by curling the edges cf :hei r )'o ungest leaves,
bleaching the COIOUT of the growth tips, taking on a :-¿::dish tinge around the
pe rime ler oElhe m o re mature leaves, tip die back .:'r ~ co rnbination oí thes.::
sym ptoms. Whilst tissue damage from chemical tox:c~ :s sl!ldo m fara l it does
disfigure lhe Eoliage and can make a commercial crop ~nsal,)ble.

Planes should never be sprayed with any chemicals wh~'they are under stress
from dehydration from any causes, nor should they ha,,'litÚ applied in fuI! sun jf
the temperature is above 25

QC

(78"F). SaEest and best cover is obtained when
sprays are applied in the moming just as the foliage is dr>ing off from ovemight
watering or dews. .

Wlth sorne chemica1s although they are safe when aPPlied on their own they
can become toxic when they are mixed with others. In particular insectiddes in
the liquid fonns of concentrate and sorne wetting agen¡s can cause this prob­
lems and are one of the reasons for bud scorch on Pro.eas during the produc.

. tion perlod and leal blackening after the harvest oE CJ:ttjngs or flowers [ref.
Section 14J. Never use copper-ba.sed sprays within hA/entY days of any other
chemkals as copper is incompatible to almost aH other chemicals.

Most problems can be avoided by reading and foUowing the lnstructions printed
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. . , . . I T' tJ' C2 of add ing one mere foron the packs conrammg the cnerruca s. roe prac h _11
' , lt i t: that one extra one t at \\1luck whe n measu ring mus! no! De usec. r 15 orten L. ' .. l or bv he

cause foliage damage. If sprays ar~ appl.ied i~ rhe ea rly ~ommg an.a or y t
hiqh-volurne water merhod there should be rew pro b lerns.

9:9 THE CONTROL OFFUNGI- OVERVIEW . '
Like a ll plarits. P ro tea ceae have their share of fungal problerns. Tne, magO!:
lude. type and intensity of the pr.oblems vary frorn on~ loc~ti~~ to ano tner ano
also depends on the varieties bemg grown In an y pertícul ar enmate.

F . t time 1 a m asked: "Do vou have anv fungal problems in Prolearorn time o -"". . ' . ':1h
O\.....t n '?" The s hort answer lo this is: "Yes, if you ~ow Proteas yo~ \,1,1, iave

~n al 9 roblems and 1do!" However knowledqe g~Ined and t~ch~lques de~~
eioged ~n hand ling a nd avoidinq the causes of sucn pr o blems m these plants
makes the con rrol o f fungí a simple everyday ehore .

In the culture of these plan ts. espe cial!y from inilia.tio.n ro the en~. of t;eir firs:
·ea r. m uch can be done to avoid condi rions that \VIII roster funga, lnva. I,on ,ana
~ ; eh better ' 0 carrv GL: t practicas to elude rhe problem rathe: rhan na... e to
Ir .5 rnu I ., <: » b " ' ,..J b peying CIOSé! aren .....e" · it la rer Alm o s! all funcal invasion can e rrururruseo y , . . I " .
Ll - ,. • •• - . • ~ . d ~. ; . 'he corr ec[ e...·e!s O ]t en to goo d so il cre ineqe. err rnovernen: a n pro .... .c lng L

¡ign t for th e particular varie¡y. . . .

, '" . .: I r " at "c t a< no" 's a~e e:ti1e ~, la r of :u n gi in:ecton C~ :1 a!so De mm:r.;¡SeCl 11 pan s LÍ1 - - '. _ . h I _
;';a'''d ~ t lhe same time cs the crop or removed from the area wne~.~ t.:p=n;:
~re ; rowi no. H OSl plants (e n ce hecges. grasS2S. wee?s 'l om~me;::d Pl~:~ ~~
Q~rder¡s a -particular planr or group o í picnts of a parncu ar ~ one 1:1 a. c ' l'
~v~n de~d trees or oid wooden firri ngs. V;here a problem eXJsts. the t~Oee ~~~~::
tion of the source and its ¡rea rme nt or removal v,,1 11 greatly red uce
a uen r ¡e veis oE inf ecciono .

. " d E 1 p roblem s s~ec ial ciimaneIn spile oE la king every precaunon to aVOI un ga . 1 . l-'1 ssity
o nclitio ns revail fro m time to lime which ma kes chemlca contro ~ nece .

~is is proSng in crea singly frequent in ~he prohduc titohn oE P~~~:a~~:~~;.~~7t~~:
hase and in cut flower plantatíons w ere e pra . . h

n~~e~densi ties sometimes in less than ideal situations. creates COndltíOnsbt at
fost~~ Eungi 'no t' previously known to invade Proteaceae. There have ::~
several notable dével1hmenes o~ ~~~~.~~l;e:~a~~doevfi~e~ep~:~ef:p~nci'
in Proteaceae crops. esedare

d
· m ~~ fa :Sunset'" silver blight in Leuca-

lIy confined to the Leuca en ron ev. a n • . Iso robable
:ndrons; and a new strain of drechslera in Leu~ospermu~.. lt ~ abein~ carried
that many fungaJ problems in production nursenes. are UnWlttinga~n frorn mat­
over from one years crop to another by the pradice ~. pro~~ons9Early signs
erial haIVested from prod.uctiondbeds ~the~ tha~ :U~e!s~~k pla~tations than
of infection are much easler to etect In we mam
they are in production beds.

Most fungi may be controUe~but once it is present it is improbable that it will be
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',Vp formoAll oí these ha ve been found to be useiul ma terials but not infallible.
Tzrrazol Wp wh e n incorpor aled in the portínq medium at the rate of 100mgm
per cubic me tre has b een íound to be quite satisfactory for a perjod of six to
eighl weeks . It should the n be backed up with either Terrazole in the emulsión
form or one oí the other two (Ri¿omil or Alhette).

lf Terrazole [n th e emulsion form is used it may be ap plie d through the over­
head watering systern quite safely provide d certaín precautions are taken. The
period when it is líke ly to have to be usad ís about the longest day when there
will be considerable so ft vegetative grol,l.;th on the young plants. Wh en applying
jI in this rnanner it is im portanl to make sure the plants are no t under any stress
al a1l from dehydrati on. The plan ts should be wel1 watered the day before the
chemical is to be a p p lied. The y should also be damped down just prior to the
ap plication of the che mical wnich may either be injected into the watenng
syslem or sprayed on at the appropriate rateo Whichever method is used it is
importan t to water again immediately to ensure the chemical is washed ofí the
foliage. Never epp ly any oí the chemicals used in the con trol o í Phl;toohthora
when lemperatures are acove 2S:C coupled with boght sunshine .

The rete o f aoclica tio n of Tcrrazole 2SC""o emulsion tha t has been used sa ¡ e ¡~'
and with sa tis;~ctorv co ntrol is 2Sm ls concentrale per cubic metre of medium in
the pots. This shou"ld be appiied al a dílution rate of 1:2000 using 200 mi pa r
lSC:7... con tainer. This is ecuívalent to l rnl concenlrate lO 10 plants in l Scm (21,)
pots or 1mi lO S ;J!ants in 'PBS's. Faiiure lo keep lO this ret e and car7'j oul ¡¡'I .?
prccecure o uL1ir.e d ma~' resu!t in ou m :0 ¡he :oiiage and ¿amaged gro~\i'th büCs.
This maler.al should not be used o n ~2 e¿lings until lhey are wen ¿st<:C iisr.€:c
an¿ hardened on unless it is diluled al 1:10.000. (lmi to 10ltl ...

i Ri¿omil snould be used lJ.ith restrain l espec:a \:y on smal!er plants as proleaceae
" have shown e n in tol erance :0 olner lhan low !evels oí this ma ter.al. especia!ly

during hOl bright weather. When this chem ical is used it must be drenched in as
it will only trav el in an upwa rd direction in the plant and as it is the root area thal
is being treated it must be flushed down to that leve!. On young plants up to
eight to ten leaves. arate of 3mgm oí 25% Wp mixed with l It of water (1:330)
and applied as a wetting drench and then flushed in has given good contro!. For
larger plants 5mgm in lit o í water (1:200) sprayed over 50 plants in lScm pots
(40 pbS's) and then f1ushed in has been used with safety and provided good
protection. A second application at these rates wilhin 60 days may cause disor ­
der in lhe leaves of some varieties espedany Ld. laureolum. Pr. scolymo­
cephaDa and stokoei and to a lesser degree in many others. This disorder which
first shows up as rainbow colouring in the leaves is not fatal but if acute will
cause at least a check in lhe growth rate or a total stop to growth until lhe
fol1owing spring. I have found RidomU a good material if used prudently but it
should not be used on very young plants or unrooted cuttings as it may inhibit

rooting.
AIliette has been used under controUed experiments for several years in an
phases of propagation. right from small seedling and freshly set cutting stages
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.' Ieliminated in an v crop Beca us f hi . . .

~::~~ ~j:r:~:c~;:u~a~~;::c:;E~~l ';u'~~~~~~::o~ t~ ~~~ti~~~~~,;:;~:~;: t;ee
is rnade up of a plant o ulatio so In cornrnercial crops when the plantation
Problems will normallv ~ ~f a les~e~f mono .or near mono species/varieties.
population is less intense . degree m landscape culture where plant

Th e following information is given a l'the problems that will b s a genera gUlde to the control of fun gi. As
. e encountered vary so much from o l .

another and all chemicals are not universally available it 'Ub ne ocano n to
opera tors to implement the ir own specifi Ir _ 1 wi e ~ecessary for
they will enco unter. In commercial use ~x :atmen~ for the special pro b le ms
the aqrícultural chem icals divís lon of the p rt ad~,c~ sh?uld be sought fro m
information of their product's effective p~rent dlst~butmg company for fu l!
corre ct meth od and rates of applicationn~: I~ cohntrolhn

g
speeific. íungí and the

the local nursery shop assistant tells vo u qam t at contro!' Don t rely o n w hat- .

9:1OPHYTOPHTHORA CINNAMOMI
~ne o í the principal fungi that a ffec ts Proteae b I .' • .•
nnthora cinnamomi. This is res ent in m "eae e ,QI.~, loe s rounc IS D:1 I.;' to-
affects Proteaceae plants wherever the aoy soils through OUl the world and it.• y are grown.

It is a water-bo rne soore wh ich under the " . '..
sorr.eth inq like fOlL\J e'iant time s el/e' . ~ n¡gr.. eoncl<Jo,:'s can rnultip iy at

• _ ' l\; r.~e .,L\.' our I,ou's lo . .. . . .
~emperalu res oí above about lSoC (65'F )ancÍ . . ... . . . eo ,.:' :5. II neecs
15 in the conditior.s expe rienced when hea sa r.lgr. I,\;a~.?r eonl.?nt. in l~~ so il. It
becomes a problem. Phvtoo hlhora is no t~u~~,mer ralOSoceurma: lnlS fungi
months when temperatures are o ften bid Ya problem durmg Ihe VJinte re ow anger lev.?!.

In a nursery or p lantation situation the re are a . .
taken to control an d avoid it su ch as m k' numDer ot mea~ure~ that can b e
infectio n be fore you start. that it is ~o~nf:ure that the medlum 15 c!ean fro m
quantities of wa ter, that it is treated with chelm~C:1 sponge .and .holds exc essiv e
that the re are no " ponds '" th . s as a pr~vennve measure and

In e container area R Id l ' d' .
every precaution should be taken to eh . ' I~ .~ontro lS Ifficul t and
make sure that the plants are free of thoose ~~es bat are well.dra ined and
evidenee that indicates that a hea swael

ro
em ~fore planti~g. There is

minimise the active presence of Ph~oph~o~~ ~~:ae~ In ~ plantati~n helps to
because a heavy eover of c10ver hel to kee ~ thlS was beheved to be
there are now indicatíons that it ma~also be ~ !he sod tempe.rature clown but
organism activity c10ver fosters in the so 'l e~use of !he Increased micro­
eertain micro-organisms . . 1: The Inlroduction and fostering of
to the control of man In our container.mlX~ and pIántations may be the ke
[Ref. 17:3 for further~%~~.rc,~tlemsIncludlng Phvtophthora in Proteaceai

The chemicals that have been available and '
Tenazole in both wettable powder a d uJsiusedf In Phvtophthora control are

n em on orms. RidomU and AIliette in
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through ro three ~:ear old plants Ir ' .. ' . . .
will trave! in a downward di . .. 15 a systermc matenal but unlike Ricomil it
and no t necessa rilv drench~~e~n~~ l~ a p la nr which enabl es ir to be sprayed o n
plan ts in lScm pots with good .ro te cti, IS used ,a r the rate of Smgm,per Ir per 5 0
ive on all va rie ties at all sta e p f on and nas preven ro be sale and effect­
similar to those from Ridoml·

g
¡ frs o growth. There have bee n reports o f roxicity

, om so m e growe rs in th f hi . 1 Thla ppea rs to be the result of it bein a li e use o t IS m~tena . . IS
o ut by the disrributors on a ran ~ Pi l e~ t~ plants under stress. Tnals ca rned
applied as a wetting spray at 5m 9 o v~ne!jes In o~r nursery in 21t po ts and
o ut the summ er gave complete ~m ~e~ t ~hater a~ thlrty day inrervals throu gh­
e ties tested. on o WJt no side effects on sorne 20 vari-

These three chemicals must be re d d
a cure for P hvto ohthora Th gar e as pre venta tive measures rather than
chemica ls available in so~ e~e are now also several other brand na mes of
has also been reported to ehareglohnsdand th e use of phosphorus acíd as a control

- ve a so m e su ccess.

9:11 OTHER S OIL-BASED FUNGI
There are a number of other soil-bas d ' . ,
plan rs. 'These a re no t usuallv a bl : fU~gJ which can íntec: Pro teaceae
oí concem in the nurse " . pro. em In o lc er establ ishe¿ piants but thev a re

. ry slage Ot productio . 11' '" .freshiy roored cub ngs. n especa ~' 10 s<!ec¡Ings anc in

The principal o nes ar e FL:sarium and Rh ' . . , ,.' .
s ,, . D IZOC.OnJa Tnese ' ''0 11' ·" t·, . · ~ c ~ - ' /l'a me CO nGltlons as . hvto oh h d . .' . :-' .... .. ~ ~ .. ~ . l e. t,.o ra an good c"aInao . . I . '" 'mt.:C:1 ro prevent i tiVa ~io n by th f " " ~e a, SUr7i} ('¿ ¿':el '.'..111 co
l· ' 1 - ..ese ungl Inro the pian· r -1h ' . " r ~ . ,Igm evels for exte nded pe . d d . ' '-"...e If .L . ~¿ ..ce e t .e w
these fungi and close atten~o s ~n I~cbor 3:r. movemer,t foster [he ceve iop oE
p/ünts rhat have a lor oEsoft ~s~us ou e pald to these poinrs wher. han¿iing
oE the plants reduces as rh f 1: e near ground level. The light leve! ar !he bas e

e o lage canopy grows wh . . .
excessive and whon rhe Ira'. f h . . en weed grOWTn oec omes-. .. ¡ec.ON o r e su d ,.
winter. The change in lhe sun's tra' t . n . ec.mes as summ ¡,:r progress im o
Eungi become a probJem in lare a~ec o ry 15 o tten rh.e ~eason why grcuná leve l
oEcuttings in lh e traYSlbeds at a d ~tym~. I~ veget~llve .propagatlon the serting

. ensl t a t 15 too hlgh Wlil:also cause problems.
WhiIst prevention lhrough atte ntion to di .~
where lhe plants a re being grown' thme ums, wa tenng and lhe conditio ns
results wil1 be ·achieved by the re~ e best ~ethod of control, reasonable

.Antraco l. Th iram and Ro nilan used a:s~iJ d~nng hdangelnr ~riods cE Captan.
high-volume water method of a ti · rene es. thlS!he use of lhe
ing ahnost total control pp cation has proved very sueeessful in aehiev-

9:12 FUNGIABOVE THE GROUND
The fungi which invade Proteaee be . '
from one location to another B ae a ~~~~u~d level!Me many and vary
and deal with the sped fie o~esecah~ o 15 It 15 only possible to generaJ ize
Proteaeeae are grown Tw blw le . are more or less universal wherever

. o pro ems lO making reeommenda tlons is that in-
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. structions for treating Proteaceae are seldorn found in the instruc tions on rhe
chemical packets and that any country can have different brand names for the
same chemical, ego Captan = O rthocide. However as most of the fungi Iound
on Proreaceae are also found on ma ny other species of plants it is saíe in most
cases to use the lower ra tes recommended for omamentals on the packets of
any particular product.

9:13 BOTRYTIS
The rnost common fungi that will have to be dealt with is Botn!tis C:nerea . Th is
fungí is present alrnost everywhere and wi ll be found on rnost plant species. In
Pro teaceae it wílí affect all varieties ro some extent with those wíth ha iry leaves
being at the top of the scale and those with smoo th leaves being leasr afíected .
At and above lhielOS (thifl60) conditions all varieties may be affected to sorne
degree in the growth tips. immature leaves and flower buds. Commercial van­
eties that are particularly susceptible to this fungi ere Pr. magnifica and Lsp.
cordífolíurn, but all varieties a re at risk.

The problem alrnost always invades the plant at the sott grol.~· th tip o r edges o í
the youngest !eaves and forrn s a grey powde ry rnílde:..... which under the liS:-,1
condicons can spread rap idly and once established rnev invade olde r lea í a r.d
stem tissue. The bes t control is to provide gooo air moveme nt. b u! ouring h¡gr,
risk penoes this will have to be backed up by rhe a¡::p\ication oí che:nica!s. li is
:nu ch bette r to anticipare the pro blem and appi): th02 chemicals as a pr2ven¡j\: e
:neasure than ro ha ve to elir.1 ina te it once it is establ:sr.ed. Captan . Diíola ta n.
Ronilan ana ,he s).'stemic Be nlat e w;1l al! contrcl rnis fLlngus pro\.~¿ed tr.e;.,' ar 2
appliec as a re:;u1a r mainten ance curir.g high risk per:ods .

At the Si}me rirre tha r Borrvtis is prese nt and active there wili also be 0 rner íun Si
active and it is difficult v,,; thout expen identification to idenri fy wh ich o nes the ;.J
are. Fot1unateIy most of lhes e are con lrol! ed by the application o f rhe chemica!s
Iisled above.

9:14 PESTALO TIA
lE fungal prob lems persist following treatmenr for Botrvtis the plants are prob­
ably inEeeted with Pestalotia. This fungi is more likely to appear in the ea r1y
autumn than lhe spring/summer seasons and once established can persist
!hrough the winter. It can however be a serious problem on seedlings in lhe
spring and is usual1y fatal. lt mostly affects Leucadendrons and Protea and is
seldom seen on Leueospermums. It first appears as a brown lesion on the leaL
usualJY towards the tip but may be on the side about half way along. lt appears
to start where !here has been m inor tissue da mage to lhe leaf area caused by
photo-sensitivlty to sunlight. wind o r 'chemical bum. insect damage etc. In lhe
winter it ofien becomes active in a plantation or conta iner stock following minor
frost damage to the foliage. lis inddenee see ms to be related to constantly high
humidity levels eoupled with low daily aggregates of Iight O/lu) irrespective of
temperature levels . As it deve!ops a dark brown to black fringe shows on the
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side of the infected part, This fri nge is alwavs on th . . 'h'"
stem of the pIant lf it is leít uncherked ir ~:iIl e SICe .u. Icn 15 nearest the
leaf and eventu ally ir will enter the~plant ste rn p~~g~~SSI qu/, e r~ p i¿ ly a l~ng the
pens on young plan ts it will oíten kili thern. e ea petiole. If thís hap -

When Pestalona becomes established it is difficuf di .
watch must be kept for several months throu h . t to. era Ica t~ anc a c1?se
sltua tíon it will usually díseppear of its own a~co~2tí~~hnn~ when In ~ planraoon
autumn. even íf it is brought under control it rna en It appea:s In the early
winter. lf it does reappear it must be retreated ~ reappear ag~1n .dun ng the
weather will do norhing to arrest its progress. . If it becomes es.abIJshed. cold

Control is by sp raying wíth BenJate:Ca t O
young plants it ma y be necessary to a PIa~h ctave and the ~ystemic Tilt. On
four times ro arrest its progress a nd pp Yr I It. at three day :n:ervals three or
shown quick and good short ' cOI ~ ro 11. Anorher chemical which has

::> r-term contro 15 Antr I r ', . h ' "
used extensively in the control of late bli ht i aco . rus IS a c. ernical whlch 15
be safe with no to xic side affects. Ig t In potaroes and has been fou nd to

Treatment should con tinue until the dark br ~ . .
becomes a grey:brown colour. As Ion a th o v~. bla~k ~dge dlsappears and
stil/ active. lí the in fectíon is not widg< S I ~ blac~ edgmg 15 ~ r~sen ¡ tne fungi is
clipoing oíf al! infectad leaves and 'ce_prea chonsldera ~on snccld be gilien to

. . urnlng t em Th' . . . -.. .
applymg chemicals and these should s'il¡ b Iied 15 IS not a ;"':O::>dCute ror

'. e app le as oL:i!l r.ed acove.

9:15 DRECHS LEF?A
Drecnslera can be a sef.ous problem . 1 I .
some locations it has made the co I p~rnlucu c'r y .In L.?ucos¡:er:-n t..:fr.s and :n

mmerCla oroductlon of Ls ' '.. l'
cut i10wer impossible. It is particu!arlv '¡ . p. ,-orelto.lu m as a
iáiry and is virtually unknown in low -huPr~vd~tye n t In areas rha! have rugh hum­

mI l a reas.
Drechsle:a is widely distributed J'n v · f .. S anous orms a nc h"s . : . . Lspermums In o uth Africa Aus......¡·la d " e In .ec ed euco-
. • '. ua an l ~ e'.V Zea Jand . " 'h L h .
Its ov.n particula r strain. It is identified inirialI \),;1 .. eaCl1countri av:ng
develops a purple mar-gin As 't . y as a tan co lcu red spot Wh lCh
the stem tissue and in an ·adv~n~~~~~SS:sf~ destroys tJ;e I~af and some times
the steIT1S causing die back arid sometim9 d ~ t canker Itke a'ppearance on
Prindpa! shrub host '15 L es

b
eat . ts natural host 15 grass and its

eucospermum ut 't 15LeucadendrorlS. I can a o occur on Proteas and

Once it is established, control' is difficult and . ..
protection can be carned out b 1 . not very effective. Preventative
Dilolatan) aItemated with syste~~ph-fun~ ,ontact type sprays (Rovral, Captan,
through to early winter. e c every two weeks from early spring

9:165ILVER LEAF(Cornrnon name').
This /ungi which is commonly calIed Sil L 1
commonly lound in stone lruit ero vedr heal or sometimes Silver Blight is

ps an as now become established in
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Leucac en dron plen tatíons in New Zealand. The incidence oí this fungi in Pro­
teac eae crops in New Zealand is proba biy primarily due to the pracrice o f
growing willow shelter belts. Willows are one oí the principal hosts oí silver leaf.
It is eas ily detec ted in Leucadendron plants as they take on a slightly silvery
appearance in the leaf and rhe bracts become pinkish and are usual!y slightly
stunted . The plants become infected through cuts frorn harvesting the crop or
pruning. Greatest dange r of infecrion appears to be when severe pruning is
carried out iñ the spring especial!y after sap flow has begun.

Control is by good hygiene at al! times and the spraying oí al! cuts followínq
he rvesting or pruning with DifolatanCaptan + Benlate. Once established it is
almos, irnpossible to eradicare and it is best to rernove infected plants from a
plantation as they are a constant source of infecrion to others.

Foo tno re:- A very recent developrnen t in the control of silver leaf is curren tly
under trial by some New Zealand qrowers. Treatment involves implanting plugs
con taining micro-o rganisms into the infected planrs. This control measure was
de velop ed ro control the problem in stone fruit crops where it is showing
pro rnise.

9:175EPTOR/.~
A short period of high hurniciry aoour rwo rnonrhs aher the ¡ongesl day appea rs
ro rrigse:- Sepror.a infecnon of plants. It snows as an crange spot u.i rh a dc.rk
ecse and iníecnon can reacn a leve! lha t the Ieaí area oí a plant is 'vi r:ually
corr.p!eteiy coverec by these 5pOts. Ar rhis leve! ir is ve:-y disr;guring and ren­
¿ers ¡he crop unsc lable. Ir has been noree on many occas;ons :hat ¡he greates:
incidence of rhis fL:ngi has bee n whe:e pianrs have betn in close [)rox:mity lO

pop lar an d v.:illow shelter be:ts indicacng eirher thar these may be a hosr or rhar
rhey' are crea ting a r.umidi!':· trap thar triggers off rhe prooiem.

Once iníected there is no '.&,¡ay that the ó sngurement oí the leaves can be
repaire¿ . For a commerciai GOp it is there:ore necessary to carry ou t preven t­
ative spraying ~I..i¡ h Benlare. and if the hos. source can be identified by remov­
ing it

Infection by Septoria should not be confused with a condition of similar appear­
ance that is common on some clones of Ld.. laureolum. This is a galling of the
tissue and appears to be the result of stress from high temperatures and light
experienced during the summer. It dces not show up to a casual observation
until the onset 01 colder weather. These lesions however sometimes become
inlected by fungi as a secondary problem.

9:18 DIE-BACK
TIp die back is quite common in a number of varieties. It is often difficult to
define whether it is a physicaI disorder that is peculiar to particular clone. or
whether it'is the result 01 photo-sensitivity. reaction to chemicals, fungal inva~
sion or unusual ..one-off' weather conditiorlS such as salt bum. wind damage
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etc. Ií a n a na lysis is rnade of tip d íe -back. rhe results o ften show tha t "there are
pathoge ns p resent o f a se condary nature ". or in o rher words it is en indefinabla
p~oblem . It is often confined to one or . two particular clones in e ny specífíc
climate. e~. Pro C1~rks Red. Be~t control ís to discard the clones thet a re pro ne
to these d ísorders In yo ur particular climate and grow those tha t do not ha ve
them.

9:19 WATER-SOAKEDSPOTANDLEAFCOLLAPSE
It is ~ot c1e~r :v h e ther. thís ~;. a ph yslcal d.isorde r which is then invaded by fungi
?r whe!h er It IS an ~nlden tí lled fungl which caus~s the condiríon, T;,e proble m
lS rnost pre va le nt In Leucadendrons but cccas tonallv sho ws in Protee and
Leucospermu ms. It can occur in both field and propaga tion situa tíons an d first
shows as a water soaked patch on leaves, Its appea ra nce is alwavs assoc íated
wíth periods of low ligh t and low daily aggrega re j.lu leveIs. Ce rta i~ varíeríes oí
Leucadendrons are very prone to the prob lem. notably Ld. stro bilinum and
h~brids. ie ev."Safarí S unse t" and " Red Gem". but almost anv verie ty can be
a~~. "

~'7ea r~h. ca rríe d o ut sel.'-: ral ~';a rs ago sho'.\led tha t the prc ble:n could be
mOllcea In a lrno st a ny vanety al Proteaceae by keeping t;,em un¿e~ ver, lc w
Iigh,t conditio ns. In the trials curtings of a number of va rie ríes were se: in-rravs
ano they we re then placed under shade that restricte d rhe rne xirnurn lió r to
2500 ft/c with a d a y ag~ega te of 15 ,000 j.-lu. By rhe fou rth ¿ay Le. s::-ob:T:nu:-;-¡
and R~d G e m v.:e re a rtected. by the seventh day almost a ll Leuca¿e ;-; ¿ ~ons
were s~owing sig ns o f collapse and by the tenth day almost aH I.'a r:¿::es unce r
test haa contrac:ed the prob lem.

The problem ca n o ccur ar an y time of the ,>.'ear when rhe re is a period o í severál
CorlSt!cutive da~s when there are very 101.1.' light leveis because of heal."V c:o ud
C~V€I. Th~ p rc:olem com~ounds d~ring [he late autumn .. ea r!y sp:-: :og"period
wr.en dayhght no u rs are snoft and It wllI mos tiy app ear du ring rha r peri od o

Treatment with the ~un.gicides Captan/Ronilan plus Benlate at three day inter­
vals appears to restn~t Its progress ~ut it is no t c1ear whether this is entire ly the
case or whether an Improvement IS brought about because of a natural in­
crease in light Whatever is !he case !he application of the chemicals does
control any secondary ¡nfection !hat may OCcur in the darnaged tissue. .

ti !he p:oblern occurs in ~he pro~agatio~ area, the best treatment is to expose
!hecuttings to as much light as IS permlssable for their stage of development
and k> reduce the frequency lhat water is be ing applieci. These measur~
togldter wi!h the application of lhe chemicals will usually suppress any further
prcgress of lhe problem. In .~ field situation, bes ides spraying with chemicals.
!heremo~ of unwanted fohage to Jet more light and air movement !hrough
!he CIOP WI/l help to Iower !he incidence of further outbreak.

Wó*r-soaked spot can be confused with fros! damage sornetimes seen on set
C\.dIIlg5 after a frost of -4°C or more. This has a similar appearance. The effects
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from fro st d amage . unless severe will ho wever disa ppear oí its own accord on
the third to fifth da y but may leave scarred tissue.

9:20 THE CONTROL OFPESTS - OVERVIEW
In the cuJtivation of Proteaceae the amount of control that must be exercísed
over pests depends somewhat on the end use oí the flowers/Iolíaqe. lf the
plants are l:5eing grown for gardervlandscape uses. they will usually períorm
quite well with min imal pest contro l. If however the pian ts are in a commercial
planta tíon and the product is to be used in the cu t flower trade the con trol of
insects in the crop is of mejor irnportan ce. AII da mage causad to plant tissue will
e ither deface it (ha les in leaves etc) or will grea tly a ffect its vase life períorrn­
ance.

The efficiency o f insect con trol is de pend ent on two majar aspects. The first is
the competence with which the insecticides are applied. Modem chernicals are
very e fficient and provided the corree! one is used lo co ntrol a particular insect,
it is app lied a t the correct rate for the stage of de ve!opmen t of the pest and it is
adequately and eveniy dispersed thro ugh out the crop, control wíll be
achieved. .A. short cut on any one of these ..viII red uce the ef7ic iency of control,

The second aspect is the presence o í ha s! p lants eirher sur.ounding or within
the planta tion . These can be anything fro m weed qrowth. grasses, shelier oe.;,s.
o rnamental o r p rod ucnc n plants with .n the plantado n. lí these are not rreatec a:
the same time as the e oo or rem oved from the cropping area rhey are a
constant so urce of re-infesiar.on. If !!'le'.' can nor be rrearec or re:o<ovec m¿;ir.­
te nance spraying \,\,i il have ro be carned out much more frec;uently.

It is not possible or de sirable to kilI ever-¡thing in an area but it is necessa ry ro
control ¡nsect popula tions to accep rabie ¡eve is to enable a profitable GOp ro be
harveste d. The foilowing is an outline oí wha t insects can be expected and hov:
to control them.

9:21 NEMA TODES
By far the most serious soil·borne pest probJern in Proteaceae is nema todes .
These are found in most places where !hese plants 'a re grown and in sorne of
the horter climates can become quite a serious problern. In !he more temperate
climates such as New Zealand they are not a problem. Nematocles are
somewhat of a local prablern in various locations and expert advice shauld be
sought where they are serious.

Studies in South Africa indicate that aI!hough nematodes are present in the soil
in many Iocations. !he.occurrence af the probJern in cultivated plantations prob­
abIy originates in the nursery phase of the plants deveJopment rather than
infection after planting.

There are soil treatments that can be carried out to control iuo,resence but
once it is estabUshed in adult plants there is little that can be don"ca" eradicate
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it, Ar high (eve ls o í in íes ra n'o .
d d l n Ir ca uses go 1 '/1 . hiavance stage become unproduclive. enera 1 rhr.Í[ Í1: : ' .~ ' : : ~ w ich In en

9:22 OTHER SO/L-BORNE PESTS
There are rnany ground-based es rs .
degree. These vary grearlv fr p whlch. Will afíect f'h·:. s ,'¿¡e to some
gophers in Ca liforn ia to gráss :'~b ~neNfoca tion to anothr : ,1::. 1 ra nge from

. ~... s In ew Zea land
The soil-borne insects tha t f d .
planrs rhat a re Jess than th ee on root tissue are a pro¡'¡.::: l. ,'specie ll ~' on

h . ree years old I th . .
pests. t e ca terpilla rs feed on th . n e case of gril ~' ::lIl¡'S a nd sim ila r
¡nches) and when populao'o e youhng roots of plants to .:l ¡j,'1'lh of 30cm (12
'. ns reac ten to thse nous seml-perma ne n t dama Qe ' h 1 e square fe)", ill<')' can ca use

furthe r de velopme n t. ~ la t e roo t s~'s tem which n'dl ,l::, '( r the plants

The re are chemicals a vaila ble h' h
used as a control. These are m w lv I a re u~ua lly in a prills f"lIl! which ca n be
applied in the autu m n t1.lJel ve ~st ks~w acting and ro be fullv ":l ,'crive rnust be
mum acrive periori which is just ~: f~ reeí~r~ t.he insecrs would ,," h'h rhei r maxi ­
ro run ba nram s (he ns and ro • ) . m¡mvl~te r. Another m, 'I/H'" (jf control is
, • ('h osters In the plan ' . fnectare l ree per acre ) The .'11 ' .anon at thc r.it .: 1) sev en pe :'. . se I.l..I contr I .
snalls. weevlls etc and w iJJ "1- I • o vll1ua /h.: a l! <oil-cnl ll" insects sluQS
• d ,. ' . .. ' 0 rieeo ¡he po '1 . " _ : . ~ .

g.oun peSIS la lo w ¡e ve ls. ' pu atIOr., Oí ma n'/ 11 ' rhe above [he

9:23 TE:\1POR~RY V/SITORS ABO 'r-.- .
The :empora~' ....1S;to rs a re th h ' . Ve THe GROU¡\ ! )
fl · d h ose t a t V1Slt on d '¡ b

l e~ elc., an tose tha t a re mosdv í ' ~ a!.y asis. b,:l: ' . W.:lSps. buner-
baslS such as ea rwigs woo d l' • ~una only In rhe flower he.lI f, n n a seas o na l
plants bur can be d~structi\'~ecet' sP1h ers etc. A/I o í these do Iirrl,' ddmage ro the
n ' , o t o f!ower - a d b"1I0 wers are oemg eXDo rte d e< . 11-" ;) n are a re.JI ¡W) le m wnen
h ds T· h ' -oeCla v when th I . , flea . nose r a r are seasona'/I resid . ey a:,: their e'J'J" 111 rne O'.\:er
are contro /led to Som e degree ~ in en.t .In the flower hea cj<; 'llJe h as spide~s
permanent res ident ío rms Th ~ r~eetlc ldes rha t are app/i'1d ro con trol rhe
are highly mobHe. ' ere IS 1 e that can be done .ro cr)lllrol th ose that

.11

9:24 PERMANENTRES/DENTS AB
These are permanendy res'd OVE THE GROUND
!h ba . 1 ent on !he plant '!h' d,ree SIC~: first. the chewin a d ~r W\ In !he p/anl;,l jfJn an Cove r
piIJars, weevlls , aphids etc.); secondg!h~ S~cking ~nes {Ieaf rr..rl,:("' , loop cater­
scales. AJJ of!hese can be 5eríous o~ mltes: thnps and red srJ,d~r, and fina Uy
crop successfu1I~ they must be contr ~fr;;.~C1alcrops and to I;,~ ;,ble to seU the
a seasonal basts which ' varíes ' b r: e ch of them becorn i:', " problem on
which each is Present low eJa . een lacarioos and !he P;'(~¡f. IJlar form in
th n->__ . popu tion levels a .
, e rlVU'4ceae or adJacent host Ja l re present at a H ~: rtIW; on elther

apate when sharp rises in numbe~ ;~. oca! knowledge is r~'';'Jlr~d to anti­
!hem. endanger !he crop an'; : . '~JJ to control
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9:25 CHEWING AND SUCKIN G IN5ECTS
Ca terp illars. adult aph ids and weevi ls at the highly m o bile stage a re the prob­
lems of th is group . Eggs are laid D\" the adults usuallv o n the under side o í the
leaf. in the flo w e r head or in the case of the leaf ro líer within the te rminal tin.
When they hatch they feed o n the foliage. Tne y usually render Leucadendro ~s
unsa lable. Control is by the a pplication of insecticides. us ually systernic, such as
Lorsban . Lann at e. O rthe ne e tc. The effecrivness o f co n tro l is reliant on ge rring
to tal cover and p ene tra tion o f the crops foliage a nd th is should really be ex"
tended to host p la n ts such as heeges etc. These ar e a constant source of rapid
re-in fesration o í crops espec ia lly if only contact type chemicals a re be ing used.
In the ca se o f w eevils it is ground lirter that is the host. Sorne weeviis live there
by day and invad e the plan ts by nigh t. Assome of these pes ts cycle ab ou t eve ry
seventeen da ys it is necessary to traat comme rcial crops where problems exist
every twelve to fifte e n da ys.

9:26 MITES, THRIPS, RED SPIDER
These can becom e a sericus problern on many varieties of Pro tea and to a
lesser degree o n Leucad en d rons end Leucosperrnums. Without control thev
are present to some extent ell ¡he time on ma ny vane r.es. The.... nor:7:ei!l.: ~ecc ~
a pe ak oí popula tio n by late au¡ um n ecch year. Th e :,.' a re ve"ry r:1 i n u [~ and a
IOX magnifyir.g glass is neec ed !O see ¡he m. Alrho ugh ¡hey' ¡ive on the uncer­
sice of the ¡eeves. the fi rst sigr.s that [hey are p resen t is an orc:-.ge brow:1
smueging o n t ~e up pe~ su :-:ac e of some of the 1001.'e r !eaves. This :s in fact the
dropping s from the insec!S H\,i ng o n ¡he leaves e bove . Unde~ high infes;a¡ion
the inva d ed ¡eaves take on a silverv a ooe,mmc e wh ich IS at times mistcken fo r
Silver Blight. " . .

Mos t areas where Pr otee ce ae are grown experience dry autumns ane :his
coincid es with the peak popu !edons o f these pests. T he resu lt of this is rhat they
cause severe den ydratio n of the plenrs. someri mes pa rtia l deíolia lion and if the
crop is one tha t prod uces flowers, causes serious post-harvest problems of the
cro ps. T he p ractice o f exereising pac khouse contro l o f these pests whe n the
flowers are being processed and packed for sa le will do nothing to corre ct !he
post-harvest problems they cause. Once a crop has been seriously infested it is
unlikely that it will give a satisfactory vase life for the ~est of its harvest season.

Severe infestation is difficult to control and it is usually necessary lo spray
several times four to five days apart using a mitidde as distinct ÍTom inseetidde.
A wetting agent must be used and a full cover of spray on the underside of !he
leaves must be achieved. Best control is by preventing population buUd-up .
Where it is known that the problem exists. miticide should be incorporated in
the general maintenance spray programme prior to the build-up perlad which
starts saon after the longest day. .

Certain plants are known hosts of these pests. in particular Rhodadendrons.
sorne conifers particularly Juniper and Picea and sometimes one particular
plant of a Protea in a plantarion. lf such a plant is present it should be removed
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from the plantano n and co nifer s and Rh c! . .
sarn e time as the crop, ::> o oaenarons should be trea ted at . h e

9:27SCALES
These are ínsects with lime power of locornotí d .
on almost anv veríerv partí 1 1 P d . on an In Pro teaceae thev can be, ' . •ucu ar y r. gran rceps .•. • ..
(sorne va rian ts only) and cynaroides (so : ma gmnca. rep enso nemfolia
Telopea and populations on these can re ch i vanants on JyJ. ~hey also infes t

ac Immense propornons.
There a re se veral different types of scale all f . .
the lea ves or occasionally th t b 0

1
whích hve on the underside of

. on e s ems ut a wavs t . .. .
cause 0 1 this thev a re often t d t t d 'J n ' ou 0 1 c rrect sunlighr. Be-
thrips and mires thev reachno e:c ~ unn t ? we.rs are being harvested . Like
persist thro ugh the \~in re a .pe il

d
? ~op~la[]o~ In the late au tumn a no wil]

r ca usmg enyd ra tlOn 01 the lea ves,
In a pla ntation that has been established fr . .
to find certa in indit..i du al I ts ti a h seedhng stock u is q uite co m m o n
infested and if left uncon:o~ln d aC

t
mg as a .as!. These plants can be heavily

the crop each year. The best ~on~r~1 ~~ ~.contJnuous. source of re- infesta no n o f
the planta tion. Th is \\i ll go a Ion wa t . IS ~rob l:m IS to remove the p la nt frorn
level, Ií vo u live in en '' 'ea'h 9 I ~ l~ eepmg scale popu!atcns to a low

. ' '~. w ere sea e IS ¡-;nOwn 'o b . ' I " .
wnen plann ing and "..,1" .. I f . e a proc ern :r :5 irnportanr. - ", .",cung p anrs o r a comrner . l' .
whe ther a particu lar c:one . t i k . • rcia planta non ro ascertain
do n' t plant it! o r vanan IS. nown la be suscepcbla to scale. If it is

Control of rhe"e pe -. , ' ..•.. 1 h
• • - ~Q lS dli:1cu t as r ev are to ¿ .

CICeS. Tnese mu"t Ce " "¿d • _ . Sorne esree reSis:a :;r ro ¡nse en-
- ~- a , maxllm.:m ra res wirh we"';n . . d .

mav ca use foliage bum o ' . I . u .. 9 ager::s ac c e w nic h, . , n some va neOes t has b : "
co nrrol can be acniel.'ed safeJ b usin M 'I h' . een . ~una .rna r reasona ble
wetting agen t a nd aoolied y y 9 . a a t Ion m c0O:0lnaoon v.irh a gooo
fu ngicide This must' fe as a sprilY on Its Own and nor In combina no n v.ith a
leve!. Co~trol can a¡"~ bs~raYh·e.d on

d
rhe hu nhder sides o f the leaves to a full run oH

--v '" ae leve wlt t e applica,; f - . .
m ust not be usee C'u"'ng h t . h uon o ::>~rcymg el! but th is

'l . o Weai er or at an ti h h Ifro m de hyd ra tion as ir y me t a t i e p aOi is un d er stress
ti b • can cause severe foliage diso rders Low levels f ' f

o n can e removed b\,' ha d b t '!' 1 b . . ' o In esta-. n u lISa Our In!enslve. ~
, /1
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SECTIONTEN

Plantation Environment and
Selection of Varieties

10:1 0 VERVfEW
Alrnost all commerc ia l plan tations are esteblished on land that is alrea dv co n­
trolled by the grower and in my experience it is rare that a n intending gower
decide s which vari eti es.'clo nes will be grown end then selects the pe riec t site for
the m. On any site or in any pa rticula r enviro nrnent it is impossib le to grow all
commercial varieties to h igh standa rds of quality and pro fi tability beca use o f
their d iffering environmentaI needs. The envi ro nrnent of any particu lar si te
determines which varieties ca n be grown successíully and what ste ps ......ill nave
lo be taken ro protect th e plants aga inst ad...·erse afiects (if any ) to prod uce a
setísfactory res ult.

Toe growth and performance o í plants are in:luenced by tour clirne ríc íacto rs.
Iigr.t. wa ter. a ir m ovement a nd ternperature. Al! of these are significan t in the
prcductíon oí a cu t flower cro p. These íec.c rs rnake up the "c lim a te ' as they
also did durinq th e propagati on and growing on phases. In a planta tia n ¡he re is
a ~f¡h facto r to consider. rhar oi :he so i! ty¡::;e ana struclUre. Toís f¡f¡n c :r::e nsio n
comple tes the "environme nt" of the {jeld sii'.Ja tion. A5 ir is \'inually i n~~ossib!e

[O cnange or inf1ue nee rh e so il ro any ¿p.gree. tnis ffiL.:Sr be the first cc:nsidera·
non wh en choosing a site .

10:2 50fL S TRUCTURE
Toe snucture o f the soil will de termine whether Proreaceae p lants can be
grown at all in a ny particula r site . Ir is impossible to grow any varieties o f these
planrs successfully in soils such as very wer heavy c1ays and silrs. or in limesto ne
areas where there is excessively high pH. .

Because of the composition and structure of the roors of these plants it is
necessary to provide a free-draining soil type which never gets waterlogged
even during the wettest seasons. Heavy c1ays and silrs fail in meeting th is
criteria especially on fIat land where the water·table can come withi.n a few
centimeters of the 5urface during rainy seasons. This problem can be alleviated
to some degree by ridging and planting along the ridges, but this does not
change the soil te xture, it only lowers the water-table. ObselVations in many
places where attempts have been made to grow in marginal soil types show
that even if a plantation can be established. productivity is marginal and the l¡fe
expedancy of the plants is considerably reduced

Suitable soü types are those that are free draining to a depth of at least 90cm
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(3feet) and prefercb ly rerain moistu re a t leas t
weathar conditions in the lower leve ls e ith to s? me de gree unde r d ry
abili!y to act in a capillary manner from . er thbrou~n their texrure or their

moisture eanng subsrrata levels.
Suitable soils are those where the ton soíl .
granite. wea thered sandstones loams p so~ s are dem:ed from : éecom posed
of volcanic origin, alluvia] sand~ and g~U~Ic.;hconglomerat~s. lava. and scoria
pH. is below 5 .5 and they do not contaí e sh·' h else a,re all suitable provided the

In Ig eve s of phosphare.
Land that is or has grown upland fem sp ecies (b I

always grow exce llen t crops of Proteacea e (re f. lr;~l~n J and reed t>"pe srasses

10:3 CLllv!A TE - L/GHT

pra~ts of a ll varie ties of Proreaceae a re sen "itive l' h
subj€cted to a ligh t leve l ou tside of that t hich .. to Ig .1. When a planr is
react by sho \A.; ng lea f and or bud scorch : w IC Ir Is . ge~~~ca lly arru ned, ir wíll
levels, or a ltemative lv disease a n? ~e~eral. 111 tnrírt et excess ive l~' high
ces.s:vely low leve ls. - ccom panle )., tíssue break down at e x-

There a re areas .....he re Proreaceae ar e be '
grow some va rie tiesi c!ones consiste ntlv t l ~~ grown rhat hav~ too rnuch lighr ro
culn:ral marke ts ¿emand. In som e a (e ~ (e,~eceZssal"'J q ~a: I::-' tha, Some flori-
A · .... l' d " a::. o I 'H~ '."· ea !a ne r.a '",·;> ;· C": .L:s..a la an In ' c m " 01,Le coa -ral . S . . . ..1. an.omla

- '" ,1 I :> a rea" o c o rh A ' . ' . . .
ana in the case oELeucad ena'rons t'lle - dd - u rnca . Ir IS t:le grey. gre): b iue
. - T' , • re Ish IeeE va . >; .' .
DeSl.. Ilese varieties \A.;ii tolerare far m l" ne _es ,:lar ;;e:-:o r.¡-¡ ¡he
.....;11 perfo rm pooriy in high rad¡'a >; ore 19nt rha n che green lea r iorrns wh:c:'
b . uo n a rea s a nd prod :l humr a ppea ra nce rha t mve an ; d uce 1I0wers r ,a t ha l,,'e a

• , ;:>' .na eq ua te post-ha rves" l '
a tlons tha r nave bee n es tablished & • • ,perio rmance. n pla nt -
ir is alwa ys rhe blue:'grey lea í fo ¡ro m

t
, seedhn~ stoc k In Ha wali ane Californ ia .

, AlI & rms llar pr oauce rhe be'" "n"'; rn - . 1 . ,proa uct., o. the se lec tions 'hat h . b - , "'..~ ...0:> , sa e2 0 le
h · ' ave ee n made as being - ' .. l .'

ave seen In tnose countries have had that leaf fo rm o :> upenor ~ ,oCr( ,nat I

The effects of high Iight Jevels on adult 1 . .
reckoned as a factor on its own Th p ants In a neld ·situa tion can not be
ance to Iight of each variety or ~aria~: ~~hmany fact~rg·influencing lhe toler-

o vations in a number of different locati I out extens!ve research and obser-
at this stage to make firm recommen~~~ on a world Wlde basis it is impossible
that influence this aspect of th . ons on acceptable levels. The factors
measured in ftlc, the accumulat:de~~ronm~nt. are the intensity of lhe light
temperaturelhumidity conditions (thlc ¡ ~f)diati?1n ~easured in }Au. the daily
When . SOl mOlsture and alr movement

assessmg the influence of light it is .
there are two aspeets to consider that of ~~~rtan~ too recognise lhe fact that
~uJatedaggregate of radiati;n in j/Iu W.~nteIOSlt? 10 ftlc and that of daily
oId, hlgh levels of either one or a co b' '. 1 I P ants of Iess !han lhree years
plants older than three years it wiU bm f ma~o~ of both wiIl affect !he plant With
periods of high levels of light inten:;uÜv )a¡the~ are more tolerant to short
tolerare high ftlc. for several hou h de . t thls a.ge and older they will

rs eac ay. However 10 the final analysis it is
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the daily aggregate o f j/lu that wi ll be the conrrolling factor.

O bservatíons in New Zea land show that vv; rh ad ult plants. (four yea rs a nd over).
ligh t leveis of up to 9.000 ft/c for six hours per day v..;1I not adversely afíect any
commercial variety provided they have adequale so il moisture (50 centíbers )
(ref 12:2] . If however plants are exposed to 9,000 ft:c for a fuI! day in rnid ­
summer it will give an accumulated day aggregate of 110.000 j:1u and jf this
leve' is mainlaíned for several weeks it will affect varieties wíth green leaves.
The first sign of this is usually seen as flower bud scorch. This level of radiatíon
seld orn affects varie ties with blue o r grey leaves but may occas ionally cause
bud scorch . These observations have be en made du ring average summer co n ­
ditíons with da ily temperaturas o ¡ 30°C (8S'FJ maximum. littl e air move me n t
a nd adequate so il rno isture.

In ereas where there is evidence of there be ing too rnuch light for the va rie ties
being considered or gro wn. it will be fou nd that siting the sensitive varieties o n
slopinq ground facing away from the sun (north faces in northern hemisphere
an d south facing slopes in the southern hemis phere J will grea tly ass ist thos e
vari eries that ere sensitíve lo high levels oí radiation. Al! the bes! plantations I
nave seen in an y co untries 1 ha ...·e 1,,'\5;,020 are the se facing a\...·ay from the
afre m oo n sun.

10:4 CLllvfA TE - RA/NFALL
P:-o....ic ed the soil srrucrure is free d rc inir.g. ....a:o;.: Prcte~c"ae wi!! tolerate end in
sc m i? cases srea tly be nenr from cnn~a ¡ rcinta!! of L:;J :0 2000mm. (SOi:1cn es j,
w~ils t at the o ther end o f the sca le thev wil! sUfl,,;ve I).; th as IittIe as 300m rn.(12
inches). There are however a numbe~ of :ac:ors soveming their tole ra nce ro
high rcinfall or su rvival in Iow ra in fa il areas.

Pro teaceae a re rhy thm plants. and as suó some var.eties have a ge netic make­
up to tolera te high rain falls during certain seas ons of the year. It is when heav~.:

ra ins are experienced in a variety's.varia nr's traditional dry periods thar pr o b ­
lems occur especially if the rains are acco mpanied by high humidity and high
temperatures. With all commercial crops. frequent and heavy rains during che
season of harvest will cause fungal problems in lhe flowers particularly at tem­
peratures over 18°C (6S°F) and /or when !here is Iittle or no air movement

In areas where there is !ow rainfalI. particularly in the spring during the annua!
vegetative growth surge, there is Uttle chance of consistently growing a sa!eable
commercial crop unless supplementary water is available. Unless adequate soi!
moisture is maintained, plants wilI invariably grow short stems which are often
unsaleable. A partia! exception to this is where !he top soil overlies a moisture
bearing substrata and the p!ants are supplied by capillary watering from that
!ayer. Where this is the case and it is their sole source of soUmoisture during dry
spring periods, commerdal crops may be produced but they are usuaDy inco~­

sistent in stem length and timing of harvest. Whilst this would be acceptable In

landscape use, there is a big difference between just survival and a profitable
crop. [Ref 12:3 for further information on seasonaI supply of water].
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Ld . arc;en teum
Ld. hy crid cv , " Red Gern"

(spri ng cotour]
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:- IfifN'~ _c.
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Ld. l'Iybrid ev. :'Wil sons Won de( · .
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Ld . l'Iybrid ev. -Pisa"

Le . stro bil inum (mate)

10:6 CUMATE- TEMPERATURE
In natura each vañety/variant of Proteaceae grows in a location which ex­
periences a certain range of temperatures. When they are grown outside of
their natural environment they may from time to time experience temperatures
above those to which they are genetically attuned. If this should occur they can
suffer leal tissue damage which can be disfiguring or damage to flower buds as
outlined above. Such conditions are usually of a "spot .. nature and may be
confined to just a few plants in one particular location.

At the other end of the scale, sub zero temperatures are somelimes the govem-

112

10:5 CLIMA TE - AIRMOVEMENT
The amount of air movement and the season in which it occurs or is abserit will
influence the health and eropping performance of plants. A near total ab sence
of air movement at any season of the year will foster the developmen t of fungi.
espedally if the humidity/temperature tota l is al or above thJcl 05 (thJfl60 )
leveL Grey , hairy and glaucous green leafed varieties are pa rtieularly suscept­
ible.
A lack of adequate alrmovernent during the summer months create s co nditions
where plants can suffer stress from high tem peratures on the leaf surfaces
an d!o r in the flower buds. Thís can cause severe damage to the plan ts wh ich
manifests itself as leaf bum and in the flowers eithe r bu d seoreh or sorne times
causes immature buds to abort. The results of hea t stress ca n often be seen on
Ld.lau reo lum as a galling effect on the bracts and in many of the Pr. ne riifolia
varian ts as bud scoreh. The pro blem is compounded where there is a shortage
of adequate soil mois ture, the plant has a poor roo t systern, there are salt -laden
wínds or the plant is being grown in an area where the daily light aggre gate
(j/lu ) is too high for that particular varietyíclone . Fun gi infection c ften initía tes
la ter in the damaged lea f and bud tissue. lt is importan! to have sorne air
mo vement when shade lempera tures are 32cC (90 CF) and ove r as the sun
lemperature on the plant tissue is then usually ove r 55=C (l 30CF) whích is wh en
real trouble sta rts.

Too much a ir movemenl can be the cause of severa! problerns with the rncst
obvio us of these being the rocking efieel that wind has on plants. par::cuia ~:;: in
the first three ye a rs of establishme nt. The e ffeet of wind rac k is grecdy aggrava ­
ted where soil-less mediums nave been used during the production of plants in
the nursery. Another prob lem, pa rticularly if strong win ds prevail lhrough the
spring growth period is a shortening of the length of the flowerinq slems e ne in
so rne cases a "hockey stick" a ffect These problems are the result of the de­
hy¿rating effects of the wind and may be con fi ned lo the 1).rndward side of the
plants.

Strong and constant air movement will cause acceleratgd mo isture 1055es from
the plants and ground surface which must be cornpegsated for in low raínfall
areas. It does however almost completely elimina te 'the invasion of fungi in
virtually all varieties.



Prohyb r id cv. " Si lv an Pín k"

t.c. caphnorces (Iemale) Ld . s a l ignu m ev. " Cl one 9 r '

Ld . laureolum (ternate )

Ld. salignum cv. MRising Sun-Ld. hybrid cv. M5 uperstar-

L d. s trobu inurn ev. ··W at erlilly"·

Pr. cynaroides

Pr onen i: o l.a ev . ··L im e lig h r'·

, _ :~ .~~.~~ • • 0

.~:.:;.~.

ProScolymocephala
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ing factor in the success or failure oí mese plants . This was highlight ed in New
Zealand in the early 1980s when lerge numbers oí Ld.cv."Safari Sunset" were
plantad in the Waikato in wha t tumed out to be "fros t poc kets" wi th disastrous
resu lts. .

Each variery. variant, clone has its O\\.TI particular level of tolerance to sub-zero
temperatures. There are big variations even within a single va riety with one
notable instánce being that Lsp. cord. ev. "Harry C hittick" will tolerare only
-3=C. (27=F) withou t damage where as Lsp. cord. cv. "Riverlea ,. will take up to
-6=C (21 =F) without showing an y lasting dernaqe. It \vi!! however be complerely
destroyed at _7°e.

The compounded effect of frosts on plant tissue is sornewhat like that of light in
that the intensity of frost mu ltiplied by the hours oí duration compounds the
damage caused to the plant When making observations and assessments it
should be borne in rnlnd that although the frost may reach a maxirnum of -4=(
it would not reaeh that level for perhaps two or more hours after it starts
freezinq and would p robably rise to _3°( an hou r beíare it thaws. Therefore
when a frost of -4::oC is lying for a total of eight hours it would give an accurnula­
leO " frost factor" of a pproximetely 26 and it will cause the sarne amou nt oí
eamage as a -S =C fros t o f six hours duracon with a fros t factor aiso oí approx­
imat ely 26.

This frost factor (fi f) is ve,'.! importznt when mea suring frosts a nd assessinq
wherhe r it is po ss ib le to grow a cornmerc.al Proteaceae cro p in a parnc ular
lc catío n. Although no research or formal ccservarío ns have been run ro recorc
accura te da ta, the in fo nnation so íar ga:hered indicares thz t a frost oí rr.inus rwc
¿egrees Celsius, irrespective of the time it is lying nas virrually no e ffec t 0;-, plan:
tissue. However when fros ts exceed minus two degrees Celsius the formula oi.
"time X minus degrees = flf" will determ ine the level of damage to plant tissue.
Where observations ha ve been rnade it shows that most varieties begin to be
affected at f/f15 . At f/f20 the ilowers and ya unger growths ar e damaged. At
f!f25 serious damage ean be expected and at fif30 most flowers and foliage of a
commercial erop will be destroyed irrespective of the variety o r age of the
plant

Observatio ns th a t have been made over a number of years in my own loca tion
show that plants wíll generally tolerate frosts of the following inte nsities for a five
hour duration. The five hour pe rlad was chosen because this is the average
duration o f a frost in the location where llive.

At -ZOC (29°F) there will be no visible tissue damage to any variety. At -3°C
some yarieties of Leucosperrnurns and Proteas will show superficial damage to
immature gro',Vth tips in the autumn and usually severe darnage to soft growth
tips in the spring. This damage in the sprlng is because of the rising sap flow in
the plants. At -4°C (25°F) most varieties of Leucospermums and about half of
the Proteas wiU show permanent damage lo the last run of growth on plants of
up to three years oId and in Leucadendrons sorne tip damage. At -SOC (~
almost alJ varieties of all species up to four years old will be affected at least In

117

,

;

Ser rurla tlorlca

1--.

,/

116

.:-



the last gro\',;ths and lo sorne degree ir¡ the flowersbracts. Those tha t su ffer
damage al -4~C may die.Some excep tio ns to damage al ·5' ( are tne blue.grey
and grey haíry-leaf Proteas and arare Leucospermum. Al ·6:( (21'F) there are
very few plants o f less than five years o ld that won't be severely affected or
killed an d no flower or flower buds will su rvive to be a saleable product. The cu t
off poinl fo r almost all varieties is _7°C (19 CF) unless the plants are very old and
mature. One or two variants of Pro magnifica will survive but are unlikely to
produce f1owers. One notable excep tion to this is the AusrralíenTelopea wh ich
will be undamaged even as young p lants at this temperature . These will survive
down to ·9=C (l5'F) but 1.\.;11 collapse at -10ce.

Generally plants will tolerate one more degree of frost Ior each year of age . ie a
Pr.neriifolia cv. " Silver Tips" will tol era te only -2~( at 1\1:0 years but \..i!l with­
stand -4'( at four years old. However the cut off point oi ·7'C rernaíns more or
less consta nt irrespective of the age o r variety of the plan! unless ir is over ten
years and is more than 2.5rneters (8 feet) high.

Frost leveIs should be assessed be fore any planta tion establishment is corn­
menced. This assessment shou ld be ca rried out over a períod of et least one full
, inter and then correlated with the local meterological recorcs to see if the
\ in ter was above or below average temperatures.

When rneasurinq temperatures it is necessary to use rneximurn rruru rnurn
thermorneters a t 4Ocm. (15") above ground level in a nurnber o: 'ocations o n él

properry. There can be varia tions of two ro three desees Celsius ber...·ee n
points fifty rr:e!e rs (150 feet) apart especia ll ~' ii there is an t,;ne':en con :ou r. .tl.

depression o ; oniy 30cm (12 inches ) can create a "iros: ;;ccket" on :lat la ne
where the:-e :s little or no night air movement and recorc:ngs s:-:ow tha t these
spot irost pcckers are usually one to two degrees coide: than rhe surroune ing
area . [n sorne areas especially where the general land comot,;r is fia r ove :- ~n
area of seve :al sq uare miles. frosts fo rm in a layer \\;i rh the grea:es: in:ensiry
between 15cm and 70cm above the ground. The colcest part in this lay er is
sometimes oniy 20cm. deep and o fte n lies at !he 15cm to 35 C:TI level or the 50
cm to 70 cm Ieveh (5cm = 2 inch es). Very severe damage has been nonced at
one or other o f these levels with no damage above ,¡ir below. Air temp eratures
at the 4Ocm. leve[ on slopes are usually one or two a egrees warmer tha n tho se
on flat ground in the same area and an incline of as little as one in twenty will
usually eliminate this inversion layer problem unless there are tall dense hedge
rows which prevent ground air movemenl 1 have never seen seve re ÍTost
darnage on any variety planted on Iand with an incline of one in ten unless the
plants have been indueed into an early winter growth by feeding or supplying
inigation too late inlo lhe autumn (ref.12:4 & 13:91 or the plants have been
planted through weed matting. When severe damage is experienced it is nec­
essary to carey out speciaI procedures to assist plants ,in recovety [ref.ll:lO].

The intensity of a frost can oot be assessed by visual means, ie. it looks white so
it must be a heavy frost The amount of hoar-frost which causes the whiteness.
depends on lhe air humidity at the time the frost is forming.·lt is possible to have
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a ·5 :( frost with little or no white hoar-frost or there can be a -2"C frost with
quite an amount of wh ite showinq, The only possible way of visually assessing
the degrees of frost is by measurinq the thickness of ice which form s on water in
a contai ner but not in a puddle on the ground. Every 1.5mm. (1116 inch) of ice
equals minus one de gree Celsius. Th is means that if there is 6mm. (114 inch ) of
ice there is a -4cC frost. If the re is 12mm. (1;2 inch) you will not be able te grow
Proteaceae. This formula of measurement has been constan! in everv loca ñon
where [ have:had the opportuniry to record it -

lQ 7ENWRONMENT-SUMMARY
How suitable the environment of any site is for gr0'..ving a Proteaceae crop wi ll
be a compromise o f all of the foregoing factors. Depending on th e va rieties.
varíants or clones planted the re will be minimum parame ters in each aspect
that will have to be adhered to ensure success.

The principal ones are:

The soil must be iree draining and never get flooded or waterlogged . lt
should have low levels o f phosphate (15 lo 20ppm) and preferably a maximum
pH. of 5.5. A slope facing away from the sun is much preíerred to e ither a fiar
site or a slope facing into the sun .
Light leve ls mus t be wit hin the allowable levels for the particular crop plan­
ted. Not be low 40,000 j/lu in wínter and not rnuch above 110.000 j/lu for
summer should be sa tisfacto ry for rncst varieties.
RainfalI sho uld be ad equa:e to sustain growth particularly ¿uring sp ring o r
irriganon must be a va:lable. Low ra!níal! is desirable curing the seasons 'Ji
harvest. particularly jf temperatures are 20C

( and above.
Air movement sh ou ld be acequate to "dry off" foliase pcrr:cularly a t ter.:·
peratures above 20°e. It should not be oí a velocity that causes th e pic nts to
rac k in the ground or stu nt ¡he grow!ns oí the f10wering stems.
Minimum te m p e r a tures should not exceed minus four degrees Cels;us for
most mature crops. [1 is best if temperatures do not go below m inus three
degrees Celsius except for very soort duration, (one to two hours) . Areas that
have irosts form early in the night and experience eight or more hours at _3°C
or greater on a regular basis are not suited to commercial production. Frosts of
minus two Celsius for up to about three to four hours are quite benefidaI as
they wilJ arrest the development of most insects and fungi. When assessing
temperatures by the flf fonnula, regular irosts of flf15 ove r a peñod of severa!
weeks would put serious doubts on the viability of the site, with flf20 being too
great for most varieties.

. 10:8 5ELECTfON OF VARIETfES - GENERAL
Having established that the environment oE the planlation site is suited to the
growing of Proteaceae. a number of factors which will influence pro6tability and
effidency must be considered. Th is filedeals with lhe various aspects of setting
up a eommerdal plantation but as there are so many variables in such things as
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the te rrain o f the site. !he c1imatic cond itio ns and a vailable rnarkets íor the end
product it is o nly possible to give a ge neral outline.

There have been ma ny thousands of plants planted that will never prod uce a
profi tab lecrop, either because the plants were not ma tched to the climate, or
because the end product is not a sale able commodity. The reaso n that the
product is unsaleable can be because that particular flower (form or colour) is
not acceptable to the end user, the flower gives a poor vase 1ife or the flower
will not survive travel.from the production area to the end user (because of the
influence of the clirnate or it is genetically incapable of doing so). AII of these
things must be considered and eva lua ted if the end result is to be a profitable
planta tion. P lants of a variety should never be chosen because you have see n a
pre tty picture. you personally happen to like that particular flower (others may
no t) or because the plants just happened to be available at the supp lying
nursery. In the last few years I have seen planta tions where 80~ o f the plants
wo uld fall into these categories and the production is not nor never will be
viab ly saleable.

Pro teaceae flowers and foliage co me in many forras. shapes an d colo urs. If
the y ca n be supplied to !he market and give value to the end user almost all o f
lhem would be a saleable commodity. However rnany oí thern travel poorly
an d/or give a very sh ort vase life. It is possible for producers with a rnarket right
at the ir ga te to supply local rnarke ts with varieties that are unsalaable to growers
who rnust se nd their product thousands oí miles fro m one country :0 a no ther. It
is a fact ho wever that each year the floricu ltu ra l trac e is becominq mor e and
more disce m ing in the products it wi ll handle. This is because oí ó e ccntinuo us
liit in !he qualíry, supply and presentation of all types oí flowers in all ínter­
national markets and it is becoming increasingly difficult to sen pro d uct that is
less tha n perfect in qu ality an d value for mo ney at any leve! of trade whether it
be the mass low-priced one or the high-priced "top shelf" one. Poo r grades o f
floral mate rial of all types of flowers from alstromeria to zantedeschia mar was
saleable eight yea rs ago is no longer so and this trend wiUconnnue. Th ere are
many flora l competitors to Proteaceae and it is imperative that to hold and
irriprove its- place in the iotem atiooal markets, that we improve the supply,
quality and presentation. In to-day's market. qualify and good service mean
everything and growers who continue to plant seedling based stock and still
hope to supply the "top shelf" level of trade should take stock of their future.

There are two questions to consider when se1ecting varieties. First is whether
the end product oE the chesen variety is acceptable to lhe end user and there­
Eore saleable at prices viable to the producer. Second, will the plants adapt and
grow a 'satisfactory crop in lhe environrnent oE the plantation. 80th of these are
of the utmost importance. It is no use planting a variety that grows and crops
well iE the flowers are not profitable while on the otherfland it is no use planting
a variety that is known to be saleable unless you can grow and deUver it to the
end user at the levels oE quality and the price that the market demands.

lt is important to research .lhe intended market before making a final choice oE
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plant varie ties. T his is not an easy task as it involves eva luating wha t will be in
demand in four or five years time. There are a nurnber of flowers that have
stood the test o í time and it is u n likelv thet established varieties such as P r.
neri lfolia, cyn aroides. mag nifica, e xir¡{ia. repens, so me varieties ' oí Leuco­
spermums . we ll-presented Leucade ndrons. Serruria var. and Telopea wi ll go
o ut of favo ur. However to stay competitive with other flowers it is írnportan t to
liit the quality and introduce imp ro ved forms of these well-proven varieties.

When considering which varieties wíll be plan ted it must be borne in mind th at
Pr. eximia and repens are often very poor travellers especially if grown in h ig h
humidity a rea s and because oí thi s jf they are from locatíons with such c o n­
ditíons they must be considered only for local markets. Varieties oí many
sp ecies o the r than those listed a bove ca n often be grown Ior a specific "spot"
local market.

The scre ening o f Proteaceae species Io r cu t flower clones is dealt with in
Sec tio n Fifte en. This deals specifically with the selection oí individ ual plants oí a
pa rticular variety which is then named as a "clone ". lt does not explore th e
diíferences that exist between va rian ts oí a varie ry, [Re f. 1:5 for inform ario ri on
"varietíes ", "variants" and "c lones "] .

Ii seed is co llec ted from a sing le stand o í a variant o f a varíery in its natura l
surroundinc;s in South Africa. rnost plants thet come from that seed ....i ll ha ve
mu ch the serne inh erenr make up. There can however be big ge netic d i í­
ferences berwee n varia nts of each varietv from seed collected from difiere n !
stands. The princ ipa l differences th at v..in -be noriced in a plantanon u.~ il b e in
the ir overa!l toie ran ce to frost , hurnidiry, rainfall partern and ligh!. The d i í­
ferences in ene product will be stem length flowerinq season , fiower col o u r.
bud scorch and in post harvest, vese life and their ability to travel.

Where vegera r.'..e !y produc ed plants oí selected clon es are not available ane
seedling stoc k has to be used to es ta blish a planta ríon. the selection o í ¡he
variant o f a va rie ry tha t is mos t suited to the en vironment of lhe plan tanon site is
important and can make the difference between success or failure. This is an
area that has not been researched to any extent but there is evide nce wh ich is
substantiated by observations in many places, lhat this is lhe key to the produc­
tion of cut f10wers from seedUng based stock. Todo .this it would be necessary
to identify which variant of say Pr. nerijfoUa growing naturaUy in South Africa
was most suited to an environment oE X Y Z in the production country and
would then produce a f10wer that was acceptable in market A B e in Japan. A
high percentage oE the resultant crop would be more oi" less uniforrn in f1ower­
ing season, colour, forrn and post harvest performance and would eUminate the
problerns of the variables lhat are encountered at present This is already being
done to sorne' extent in South Africa. .

lrrespective oE whether vegetatively or seedling produced stock is used to plant
a plantation, every effort shouId be rnade to ascertain whelher the particular
clone or variant of that particular variety is suited to the environment of the
intended location. Just because a plant has been cutting grown does not mean
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that it is superior stoc k and wi11 su it a11 locations . It won't. So me plan ts a re
curtíng qrown because they happen to be an ea sy clone to roo t. not because
they are a good cut flower. Local knowl.edge.o r expert advice from ~erso~s
active in clonal selection and the production 01 flowers should be sougnr. 1t IS

not an area where pure theory is enough.

10:9 VARIE7Y-.FINAL CHOICE - rA-fARKET)
The choice of va rieties to supply the ma rke t will fa11 into three general cat­
egories with the final selection depend ing on which ma rke t will be supplied. If it
is the local domestic marke t the range of acceptable product is grea tly in­
creased as the material from most varieties will give at least a reasona ble vase
life if it does not ha ve to sustain lo ng distance travel. At the o ther end of the
scale íf p roduction is inte nded for distan t and very discrimina ting a nd high
priced markets, great care is needed in the final choice as the re are few clones
of any variety tha t will produce a product that will sustain up to a week's trave!
and stiII give the co nsumer va lue for money. In the rniddle is the situation
whe re it ta kes no mo re than three days for the p ro d uct to get to a consumer
who only requires a low value. rnass market type o f flower. Qu ite orten the
production from a pla ntation will supply two o f these possible rnarkets . How­
ever there are production ateas, such as New Zealand. where che only viab le
rnarket for P ro teas are the discrirnina tinq ones naif way arcund the world. In
:"'lis case less than the best :5not good enouqh and th e rnorto shou ic e lweys be .
" If it won't travel den' t plant it" .

10:10 VARIETY-FINAL CHO/CE-ENVIRONMENT
Tne matching of a va ria ntíclone of any variety to the e nvironmenr is important
If yo u do n ' t get it right the resulting crop lA-ill be lower in volume . q uality and
I,lalue than ir shou!d be. Lack of quali fied information mak es it diF.icult to veriíy
what the performance of a partic ular vanant or selected clone would be in a
given lacation. Tnere are some proven facts that can be used as gu ide lines to
selecting plants for' a particular climate and an observánt grower can define with
sorne accuracy what the performance of a plant is li~ely to be by what the leaf
form is. This is not infallible but is accurate enough to give an indication of
whether a plant should be considered or test planted in a plan~tion. In general
terms the foUowing outlines what could be expected of varieties and variants of
varieties that could be used for cut f10wer production. The frost tolerance is
gven for a five hour sub-zero duralion. In locations where frosts He for much
Ionger periods than this the tolerance wilI .be less. particularly in regard to flower
damage.

i 10:1]. PROTEAS. The bearded forros.
. Without exceplion the blue and blue grey leaved plants will give 'the best

results particu1arly in high light areas. Many of these however do not have the
same clear colours in the flowers as do the green leaved forms of the same
varieties. Thi;> group are usually frost hardy to _5°C as adult bushes. flowers to
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·3 :C. Flowers always travel well out foliage ca n be a problern if there is ac tive
sap mo vement in the plants a t harvest or until the plan! reaches maturity at four
to five yea rs. (f this group are planted in Iow light ar eas or where there are high
humidity/ternperarure periods, over th e 105 (th: fl 60 l. sorne fungal prob lems
can be expected .

Close!y foll owinq the blue and blue grey o nes a re che pale green or slightly
bronzed forms provided they have a red edging to the leaf. These will give a
~ood performance in high lighr areas p rovide d the y have adequate soil
rnoisture right through frorn spring to late a utum n. This group rnostly heve
flowers of clear co lours and it ....vill be fou nd that those ....vith slightly crinkled
lea ves generally have briqhter flowers. The gro up is frost hardy to -5~( as acul t
bushes excepr those with crinkly leaves which will oniy take ·3=( Flowers of all
these IA'ÍII sta rt to damage a t -3eC Flo wers o f this group are inconsistent il" their
post harvest and trav elling performance. From seedling stock only about one in
fi fteen would be o í real merit as a cut flower and 40% will give very poor
travelling a nd post -herves: valu e. Ho wever there a re some outstandinq narned
cut flower dones in th is group. Fungal p ro ble ms are norrnelly rninirna l in this
group provided there is acequa te air rnovernen t.

Un less they are producing in 10w humidity a reas the green leaf forms ca not
produce flowers that give gooe post harvest va!ue . Even in íavoured ereas their
flo w ers a re usua ily on ly rresh fo r a w eek o r so. High hurnídírc.temperan..: re
conditions cause fungai probierns in flowers and leav es. Frost tolerance is va ri­
ab le lA-i th -4=C being the cut o :: point fo r cropping :n most var,et:es. Pro..i d e e
lighr levels are not excessively high Ihese Íorms es tab lish easily in most 10c <:1 ­
Dons. The~' must be regarded as being mo re su ite¿ to supp l ~ing local or mass
markets rather than the " top-shelí"·.

1O:12 PROTEA Cynaroides
There a re a n um ber o i weil ceñned varia nts o í Procyn aroiees with mas: having
accepca ble flower forms although some do have stems too short for the more
disceming markets. There is sorne variance in the c1imatic conditions they wiII
produce a satisfactory ccop in. Those with broad rounded leaves (Outiniq ua)
will not produce a satis factory crop with a combination of high light and high
temperaturesplus dry air and ground during the summer, as these conditions
cause the buds to semi-abart or altematively affect the vase life. They will
however produce reasonably wen provided there is adequate soil moisture.
The varieties with !he long narrow leaves wiU take high light. high temperatures
and dry air provided there i:; plenty of soil moisture through midsummer to
autumn. Sorne variants such as the Tzitzikammamas have their leaves set on
edge and these will take more exposure than those with the leaves set flat as
the East Cape form has. The fonns with a bright red edging to their leaves are
more resistant to dry autumns. Although the plants of most Pr.cynaroides vari­
ants will tolerate _6°C the 80wer .buds will start to damage at _3°C with ~ost
being destroyed at 4°C. Fungal invasion is not a problem with Pr cynaroldes
except for the spotting on the leaves which is inconsistent trom one year to
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another which indica tes that it is influenc ed by ciirnatic variab les from year to
year. Long periods o f low light combined with high humidity/te m peratures will
cause leaf tissue breakdewn and subsequent fungal invasion in all variants.

10:13 PROTEA Magnifica
A1though all variants have very similar leaf forms there have been marked
differences observed .in how each particular one periorm s in d iffe ren l plan t­
ation environments. The principal problem is fungal invasio n of the soft graVJth
nps and it has been fo und that if the average day hum idity, irre spective of the
tempera ture through springlsummer. is abo ve 50% it is impossible to grow the
Ceres or Koo variants. Tne Cedarberg and Overberg varíants will tolera te
higher humidity but if it reaches th/c 95, (thif 140) and above they also wíll have
problems particularly in areas where there is low air movement a nd/or lon g
cloudy periods in the summer. Once establishe d the plants o f all va riants ar e
frost hardy to -5°C and in sorne locations to -6.5'C Buds will damage o n all at
sc.

10:14 LEUCOSPERMUMS
To be successful a s a commercial crop all Leucosperrnurns mus! na ve good air
movement in a il seasons an d a humidiry/ternperature rate of below th.c 95 (th/f
140).

Varieties that nave bread green slightly hairy leeves nave p e or resistanc e te
fungi and sho uld not be a ttempted unless there are conditions matching those
noted ebove. These varieties are mostly frost hardy to only -4°C for plan ts with
flower buds o ften being damaged at -3°C. They will ho wever take one extra
minus degree al! ro und on ce they are fi ve or more years old. Th ese varieties
\Niil take hign light Ievels prol.:íded there is adequate so il moisrure and aíter­
noon temperatures aren 't excessive and coincide \Ni th low air movem en t
Many commerciaI plantations are made up of tnis gro.uP with Lsp. cordifolium
being the dominant one.

~

Varielies with narrow green and grey green leaveS (lineare and hybrids) a re
more resistant lo fungi than the broad green hairy ones. They are frost hardy
from year three to -4°C but this seerns to be the limit Eor all Leucospennum
flower buds. This group need constant soil moisture to grow a high quality
flower crop as if they get dry during summer they somelimes abart their flower
buds. There are sorne excellent clones that have been developed in this group.

Grey and blue grey leaE Eorms have not been developed to any extentas
commercial cut flowers. This group which inclucles Lsp. reflexum and cath­
erinae will stand very high Iight leveIs and dry late summer conditions. High
humidity/temperatures in the late spring ofien cause fungal invasion in the
growth lips wtuCh will destroy the flower beañng part oE the stem. This group is
hardy to -6°C as aduIt bushes but flower buds will clamage at -40 c.They are not
successfu1 in wet seü types.
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10:15 LEUCODENDRONS
The red. bronze. glaucus blue (sornetirnes ha íry ), dull grey edged red and silver
forros \\;;11 a11 ta ke high light levels during a1l seasons. AH oí these will have
fu nga l problems if they are in very Iow light areas or become crowde d in the
plantation. The red leaí/bract fonns grow and produce well in mos t locations
provided the:e is adequate soil moisture du ring their gro ....th runo Wtth the
strong growing ones (Safari Sunset, Silvan Red etc.) the spring growth may run
íor up to a hundred da ys. Those with silver leav es (argentum. uliginosum etc.)
and hairy gIaucus blue lea ves (nervos um etc.) must ha ve aír movement al al1
times. Those with smooth glaucus blue leaves (discolour, procerum etc.) will
stand very h igh tempe ra tures but rnust nave perlect drainaqe al al1 seasons or
they will ge t Phv'toohtho ra.

The gr een leaf forrns, most o f which have yellow bracts. will tolerate high iight
provided there is adequ ate soil moisture and air movem ent during higo temo
pera ture periods. The very green on es will not take long periods of low Iigot
owin g to tissue break clown and fungal invas ion. The spring floweri ng varie ties
o f this grou p ha ve problems with funga! invasio n of the bracts if wet or hurnid
con ditío ns occur durinq their harvest pericd.

When considering leucadend rons itrnust be borne in mind that at the ver)! bes¡
on iy half of the total number of seedlings planted wi ll p roduce a salea ble crop
The reason for thís is tha t it is rare for both the maie a nd íernaie forrns oí a
varie ry to p ro d uce a saleable comrnod itv. In a lmost a ll va rieties it is the íernale
tha t is the saleable one. Maje bracts af mas: va rie ties gel hea',:: spo rín q o í the
gt:a rd leaves which is caused by the pol1en fa lli ng off the central "oorn" as they
are co louring up. Th ere are almos! no male forms of any variery that are in thc
top bracket o f cut flower clones.

AH Leucadendrans nave a frost tolerance oí around -3' C at 1\1,'0 years rising by
one degree per year to -6'C at year five. This however is !he cut eff pa int for
commercial cropping and sorne bracts urill be damaged at ·4.5'C.

10:165ELECTfON- SUMMARY
Which variants or clones oE a variety that are suited to the particular market tha t
wilI be suppUed and the enl.:íronment of the location where they will be grown
wilI depend on how their demands 5t the conditions that ~re either present or
can be provided by artifidal means. The prindpal points to observe are:
Plants must be matched to the Ught leve1s that prevail (jI1u).
Plants must be able to tolerate the seasonal temperature I humidity levels
(thlC).
Plants and flower buds must be able to tolerate the frost levels ·UIO.
Plants must be able to tolerate lhe seasonal raiufaU patterus or water must
be provided in .Iow precipitalion areas.
Plants must be able to cope with the seasonal air movemeat pattems.
The flowers must be able to withstand transit from the production area to the
end user and in all instances give vaJue for money.
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~ 5ECTlüN ELEVEN *

Plantation Establishment
11:10VERVIEW
The configuralion of plantatíons varies greatly in varieties plan ted. the layout.
the terrain that they are planted on. whether there is irrigano n insta lle d and so
on. The va rieties planted should ha ve been influenced by the environrnent o f
the location and the marke t that it is intended lo supply. The rneth od of plantínq
and general ·layout wil\ depend on the contour. Whether ir.igatio n is ins ta lled
will depend on the ra infall pa ttern. This section outlines sorne general pro ­
cedures of setting up a plantation and identifies some hidde n pitialls .

11:2 LAYOUT
lrrespective of the contour, the design of the plantanon should a lways take in to
consid era líon the efficie ncv al wh ich the croo wiil be aCle :0 be harvesred w hile
at the same time ensurínq that the plan ts d~ not irnpede seod air d rainage. In
the !ife of the planta tío n there will be rnany tons oí material harvesled. all 01
which will ha ve to be carried by some means. fi rstly to a collecrío n po int and
::,en to the place oí sorting and pac king.

On steep land where it is not possib le ro se r a tractor. layout shou ld be a rra nge d
wherever possible so tha t all harvesting is done down hi!! (O a col\ection point.
On flat land where the re is easy acce ss with machinery. rows should be a rra n ­
ced so that the harvested ma lerial does not have to be carned e xcessive
distances lo a collection poin!. bearing in mind that whe~ the pla n ts oí so rne
I,'arieties rea cn ma tu rity the pla nta tion can be so cer,s e t~at it is no l po ssib le to
walk cross -row .

In areas where lhere tends to be an absence oí adequa re a ir movement that
wil\ keep summer temperatures down. and winter g-osts above danger levels.
dense stands of tall ?roteas or hedge rows running' cross wind wilI cause local
heat and frost poc:kets. In some areas where Proteaeeae crops are being
grown. lhe margin 'between the normal local trost level and one that would
cause damage to the flowerslbuds. is only one or two degrees Celsius. As this is
the clifference that there win be in most locations if night air movement can be
encouraged rather than stopped, it is important to arrange lhe pattem of rows
to encourage good air drculation ralher than restrict it By doing this the rows
will also probably run in the same clirection as lhe prevailing winds which will
minimise wind-rock.

11:3PLANfSPACINGS
On fiat Iand where it is possible to use machinety to maintain control over weed
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cro wth it is usual lo pla n¡ in rows. The width be rween rows is controlled by the
~;cth of the mach ine r; that will be usee end is a surn o f the ultima re width oí
lile plants p lus the width oí the machinery. On expensive land where it is
necessa ry to utilise it e fficiently. rnost planting of Proteas and the larger types 01
Leucospennums is done at three meter rows by one and a ha lf me ters be ­
tween plants. (lO feet X 5 Ieet) and for the smaller Leucospermums and rnost
Leucadendrons two and a hal! me ter rows and one meter between plants. On
some land where space is not a problem 1 have seen plantations at twice the se
spacings. On the other hand 1have seen some successful plantations oí Leuco­
spermum and Leucadendron at one and a half meter rows and íOc m be tw ee n
plants. (4 '6" x 2'3 "). In these insta nces all maintenance is done by hand an d
the plants are pruned hard each year.

When decid ing on spacings it is advisable to ensure tha t the eventual density of
foliage does not become so thick thet it elirnina tes a ir movemenl and by so
do ing creales humidity and heat traps. Under sueh conditíons fungí invasio n is a
certa inty and it is virtually impossible te control it, first1y because you ca n not
eliminate the cause without removi ng some plants and secondly it becomes
impossible to get adequa te cover with fungid des.

Sorne planlations are planted in double s:aggered rows in a " back to back"
lav-out, Whilst this m ethod do es utilízes the land berter tha n the si;1gle row
lav-out. it d o e s c rea te some problems in adequate fungi and pes: control over
th'e en tire crop once the p!ants reec h rnaturity.

On steep hi llsides spacincs are usue lly a lirtl e close r and ohen have to be \lar.e~

lo suit the te rra .n . Be ino a línle closer on a hiilside is acceptable as the tiercc
eífect gives m ore air spece to each plant. Where írriqetio n is being ínstai'ed o n
hillsides the rows a lways run across and iollow the co n to ur.

11:4 PRE-PLANTING 5ITE PREPARA nON
When Iand is broughl inlo production from a natural state it is usuaIly clea re¿
either mechanically or by hand and !he texture oí lhe soil is not altered to an y
degree nor are there normally any chemicals used to kilI the existing vegeta­
tion. On the other hand if lhe land has previously been used for pastoral or
horticultural uses. it is normal practice to control lhe existing herbage by spray­
ing off with· one of the many chemicals available, .The roots of Proteaceae
plants are very sensitive to most chemicals that have any residue or transo
location effects. These must never be used eitherbefore or after planting within
lhe area of the root zone or where lhe roots will penetrate within two years of
planting. Although the effects of lhe chemicals are often slow to show in the
plants, they willeventually destroy Proteaceae plants in most soU types if they
are used within reach of lhe roots. It may take two, three or even four years ~ut
lhey will eventually affect them. [Ref. 13:8 for further infonnation on chemical
weed control]. lf it is necessary to control existing herbage the ~ of. Gram­
oxone (Paraquat) or Fusilade are safe for grass control and Versatile wiIl :n­
inate most of the bread leaf weeds. Upossible it is best lo spray off the row es
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up to six mon ths ahead of planting. Th is enables rnost of the secondary seed­
líng weeds and grasses to be controlIed before planting.

11:5 PLANTSIZE
The size o f plants is often a subject of some discussion with some growers
advocating large two year old plants and others using small plants of about six
mo nths. Wh ilst the size.of the plants will have a bearing on the overalI es tablish­
ment of the plantation and the time it takes to come into production, much of
the success o f the plan ting out wiII be pre-determined by the procedures used
during the pr oduction o f the plants in the nursery and the final han dling a nd
hardening-ofí of the plants immedia tely prior to this op eration.

Plants should be a minimum of nine months and a maximum o f eighteen
mo nths old. Plants yo unge r than this do not have the resilience to absorb the
adverse weather conditions they will encounter followínq fi nal sening and with
plants old e r than eigh teen mo n ths the root system is starrinq to lose íts vigo u r
unless that vigour has been rna intained by moving the plants up successive ly
in:O la rge r con tainer sizes d uring the ir time in the nursery.

Provided they ca n be adequately looked after followi ng setling out. and they
hav'e been welI prepared in the nursery and grown in mediums thet are com­
patible lo the soil type of the pla ntation . p lants of be rween nine and fiftee n
months o ld írorn a I OOmm. (4 ") pot or oí eighteen rnonths old in l SOmm. (6")
po!. give exce!lent results, Pla nts of thís size are et the point oí their develo p­
men t tha t encoies them to ma ke a rcpid growth oí a strong prima;.: root sys te m
which is the bcsis o f their fu tu re productio n capabilities. Planrs oí lbs size must
be provid ed with adequat e so il moisture d uring their deve!opment ar.a NEVER
have v.;eed growths creating a humidity trap cround lhem. Ir lhey are we lI
maintcined. they will de velop a balanced structure bo!h above and below the
ground in harmony with the ir surroundings an d prob lems from l.I.ind- rock are
u5ualIy minimised.

Where plants of 6Ekm. (24") talI and over are used. root deve iopment is not
matched to the vegetative structure above the ground "and problems associated
with dehydration and wind-rock are frequently expe~enced. These have last­
ing effect5 on the plants performance.

Plants of six months old can be planted out but losse5 from exposure and weed
competition are usually high unless they are planted and maintained in cultiva-

"ted strips for the first year or through weed matting [ref.11 :8 & Appendix
Three).

11:6 WHENTOPLANT
The climatic conditions lhat are experienced during the winter and spring will
influence which are the best months to set lhe plants out in the plantation as
there is little point in setting out young plants in !he autumn if they are going ¡(;
bedamaged by frost during lhe winter. However !here are periods when plants

128

make maja r prima ry root development and this should be take n into account
when plann ing the plcn ting 01 a plantation. AIl Proteace ae. írre specríve oí
whether they are in their native hab ítat or under cultivation. follow their natu ral
rhythms 01 growth and although the y don't all do the sam e thing at the same
time they do alI have the ir pe ríods when they are grol.l.;ng roo ts. or they are
growing above ground. or they ar e resting and grm\.ing nc thing . lt is virtua llv
impossible te break their seasonal rhythmic pa ttem 01 growt h and rest pe ríods.

Al! 01 the varie ties tha t ar e used as comm ercial crop s Iollow much the same
pa ttem with primary root develo prnent starring frorn early winter and peaking
by late winter. These prima ry roo ts then go into a rest period of about sixrv davs
du ring which time the plants rna ke a vegelative growth. ie. their spri ng fl~sh . Al
the conciusion 01 the spri ng vegetatíve growth the primar)" roots will reco mo
mence developmenl which continuas for another ninery deys. After tha t the y
wiII rest until the cycie starts again in early winter. It is this late spring summer
roo t growth whic h penetra tes deeply searching for moistu re levels in the sub­
soils and in the ir first year this is the critica! period of deve!op ment. A healthv
plant which has be en grown in a medium which is com pa tible with its f i n~ !
plantinq site is ca pable of root penetraríon 10 a de pth a nd la teral spreed oi
45cm. (I S") in nin e ty days, However this depen ds on when :ney er e pianted as
the y either go im media te ly inlo a prirnary root growth or doe:: go into a pha se
when the;.; grow proteo id roo ts, dep endinq on thei r parricuie r stcse o f develop­
ment an d season. Wh en they do the latter thcy often faí l to rnak e their next
schedu!ed prim a r! roo t development especially il lhe;.: hav e be En c.:tting
grown. lf you are to capitclize o n [he two periods when the re is a r.:¡:iCl cieveio p·
ment of prir.1cl).' roO!S the l\vo be st times to plant a re just e nte rir.s v ':nte r cne
aga in around the spring equinox.

Proteoid rco ts develo p from ear!:..' winter lo reaen a peilf, b,:-' earI)<' 5prir.g a ne
then die awa~.: b )<' midsummer . ln a fie!d situc lion lhey wiB be virtually non ·
exiSlen l from about the longest day throug h lo early l.I.i n ter. As proteoia root 5
play no par! in supporting the plants through periods of high transpira tio n. (dry
weather elc.). the rhythm 01 the ir development and declin e is of no co nse ·
quence in the timing of plantíng unless the plants have been container grown in
a medium that encourages lhe development of proteoid but not primary roots.
lf this is the case then there is a problem in supporting the plants until they can
be encouraged to put down their primary root system.

To observe the establishment and behavioral pattem 01 plants lhat were set out
at different seasons, five plants each of five commercial varieties were planted
out every !hirty days from mid-autumn through to late spring. No artificial water
was applied a.t any time for a full year as moisture levels we re a.lways above 50
centibars. The climate through thi~ periad was, dry autumn moist winter with
4°C (27°F) maximum fros!, moist early spring becoming dry by late spring with
2SOC (S30F) temperatures, wet month after longest day, dry late summer and
autumn with temperatures up to 31°C (88°F).

Results showed that those planted mid-autumn to early winter (3 months) aH



rapidly developed a strong primary root systern. The batch plan ted in the first
month withstood the winter frosts but the other two batches su ffered damage.
Planrs set out midwinter \0late winter (2 months) suffered frost damage and did
not develop primary roots but did develop proteoids. Owing to their poor
performance these plants were considered to be non-viable by late spring.
Plants set out in early spring. thirty days prior to the commencement of vegetat­
íve growth. did develop some primary roots and then made their vegetative
growth flush with theír subsequent over-all development considered satisfac ­
tory in all ways, Those planted a month later just as they were starting their
vegetative growth initially made poor root development and with the excep tion
of the two winter batches. were the least successful in survival and subseauent
development The final batch which were planted after they had made 'their
spring vegetatíve growth, rapidly established a strong primary root system.
These had the best survival and over-all development of al1 batches.

A brief summary of the above indica tes that the fol1owing should be taken into
account when planning the plantíng time of a pIantation:-

In areas where there are frosts of -4°C and more, pre-win ter plan ting does carry
risks.

Winter planting has no advantages ove r sprinq planting.

To get optimum results spring planting rnust b e time d so as to avo id the period
whe n the plants are in active veqe ta tive :;:cv..:th.

Provided su fficien t so il rnoisture is a vail.=:- ;e o r e lterne nve ly can be provided.
la te spring plantinq gives excelIent res ui ts wi th a mínimum oí risk frorn frost
damage.

In areas where frosts are not a problern best results should be from rnid­
autumn, early spring and late spring plantng.

11: 7 PLANTlNG METHOD5
There are many rriethods of planting and the procedúres fol1owed are usual1y
adopted to suit the site. Holes may be dug by hand; bared wi!h an auger or
planting may be done in cultivated strips. U holes are bored with an auger it is
important to break up the glazing affect that this causes on the sides and bottom
of the holes as the roots have difficuIty passing through this surface. Where
strips are cuItivated it does create a new surge of weeds te germinate but dces
make for easy planting and early maintenance.

Holes should be a minimum of three times !he volume of the container that the
plant comes trom. Where the land has been in pasture the top spit of turf
should be cut up and put in the bottom of the hole. l1}is creates an area !hat is
open and airy and also retains moisture ",-el All Proteáceae plants benefit from
this and rapidIy develop a primary root mass that will pass right through this and
continue down towards !he sub-soils. In sorne areas such as on the island of
Hawaü ~hen pfanting is ~ing carried out in lava f1ows, larger holes are dug and
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are then beck filled with a local "rnountain dirt", a ve!')! old decornposed type of
volcanic lava. In soils made up from materials as outl ined in 10:2 it should not
be necessary to add any other materiaIs to the holes beíore plan ting . 1f it is
necessary it is probable that the soil structure is not suited to the commercia l
grol.'.;ng of Proteaceae. Never incorporate peal in the holes as it will "lock up"
the root system and prevent it from developing as it should (see figure 49) .

Plants should be set in the ground slightly lower than they were in the con­
ta iner. with the soil being back filled and only lignrly ñrrned. not pounded down
~ard. Plants must have air in the soil or the roots wont develop as they should .
If il is considered that they need immediate walering alter planting . this indi ­
cates that the soil was too dry befare planting was done and it should have
been moistened prior to planting. Heavy watering after planling will expe l the
air from the soil and wil1 have the same affecl as pounding the so il down too
hard. If at all possible watering should be with-held fo r at leest four or five days
as if the plants are made to hunt for moisture they will continue to do so
throuqhout lheirlife. IdeaIly the soil where they are be ing planted should be
sliqhtly damper than that of the container mass, This wil]stírnulate the roo ts into
immedia te growth and withi n three days fro rn planting man y of the roo ts will be
showinq one to two mm. (L' 16") o f new qrowth. It ís possíble to get pla nts
" hcoked" on wate r and it is di fficu lt to we an thern of it. ;., welí prepe.red pla nt.
ie. in the right container mix and prope rly hardened off. should be able to
survive a nd d eve lop at a soil moisture leve! of 50 cenr.bars from thc moment it
is planted, [Reí. Section 12 ío r in fo rm atio n on irriqation ar.¿ soíl rnois ture m eas­
urements.¡
Unless th ere is some definite re ason fo r applyinq insec ticides, funqicices. f>?r­
til ízers etc. no chem icals should be incorporated in or neei the hole as Pr o ­
teaceae roo ts, bo th prirna ry a nd proteoid are very sensitive ro cher.1icals a nc
may be damage d. [f ch em ica ls do nave ro be used ¡hey should be applied ane
worked int o the soil at least a week before planting is carn ed out.

11:8 PLANTING THF10UGH WEED MA ITING
This method has now been widely adopted in New Zealand where most planto
ations are established on fIat or near fIat pasture lanci There are two basic
methods of planting, that of laying the rnatting and then planting the plants
through holes cut in it and the other method of planting as for a normal' row
lay-out and then either laying a narrow strip of matting both sides of the row
over locking on a Une with the plants or laying wider matting folded in half
alongside the row. !hen cutting slits to draw the plant through and complete by
pegging down. The pro's and con's of using weed matting are dealt with in
Appendix Three.

11:9CARE-RR5THUNDREDDAY5 .
lE the plants .were container grown in a medium that was compatible with the
soil of the plantation site and were weU conditíoned before planting. they
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~:'ould need little a tten tion for the fi rst three rnon ths o ther then keepinq suí­
~.:ie n t soil moisture availeble. possibly restraining fro m wind-rock. pro tected
rrorn pes ts (includi ng rabbits - the y love protea sl. disea ses and weed gro wth
and so me initial training oí íuture shape. i

Extensive research ha s been carried out to de termine what moisture leve!s
shoul d be ma inta ined. The re is considerable varia tio n berween minimum re­
~u¡rements of ditfer ent varieties but it has been ascertained that at dav shade
tempera tures o f 3 0cC (82CF) hum idity at 40% to 50% and a five kno t wind. no
varíeties o f South African Proteacea e suffer permanent da mage in their first
vea r a t a minimum rno isture leve! of 50 centibars in the top 30cm o í soil. Some
~owever wi ll show te mporary signs o f deh ydration . Under higher trans oiration
cond itions some wi ll su ffer pe rma nen t damage. Although some var.eties wi ll
survive a t 8 0 centibars. the 50 centibar level o f soil moisrure under the con ­
~¡tions ou tlined a bov e is the maxim um dry ness they sho uld be su bjec ted to.
•ests have indica ted that a minimum level of 40 cen tiba rs ís necessary to kee p
::'e plant in a condition that it will mainta in sa tisfacto ry he alth and vegetañve
~'"7owth . With Telopea it \ViII be found tha t they will need more rnoisture (30 to
.:.J cen ribar s minimum ) to be ma intained in a turgid condirio n.

::'1ere a re sorne loca tions whe re plants v,:ilI need pro tection from wind -rcc k. In
.- x::eme cases this ma y involve restraining rhem by Iying in sorne rnanner . lf
--::all plants have been used the problem is min imised as the plents t:-:en S,ow
'.:0 the sit1;1ation dev elopi ng a roo t systern tha t wi ll suppor: :he:r sro'. ~-: :--' ab ove
-..0 grOl.:nc. O n flat land where planting is done in three meter rows. coc d
:~ntro¡ o f gro und wind (O to 40 cm levell can be echiev ed bv le rti ng ::-:e gcss
;::;;w up tall bet\~:een the rows, only maintaining a small sr:-:¡J e:: ~e r sice oí the
-:::'.;.:. This has been found to be most effective in the fi rsr ~:ear ahe r pian tmg wirh
..!: species .and .i n a very \"indy locatio n where it was med no plants shc wed an ~..
~0'""15 of w"lnd cam age.

..:.: '» a tch should be kept to guard against the invasio n oí ó seases an¿ pests.
~ :-Jess pests were,. present on the plants or in the s~il a t the time oí pianting
:')ere should be few problems except from those ~at are highly mob ile. ie.
~bbits. hares. gophers, birds. flying insects and those ins€cts that deve!op
~d!y on a seasona! basis. The same dces not apply to fungal invasion as this
~ occur at any time when conditions favour its deve!opment For this reason
.a., inspection should be made at least every two week.s and prompt action
~n if any problems from fungi are detected

~ing plants clear of weed growth is important during this period as ex­
~e growth around the p!ants harbours pests. encourages fungal invasion
.a."ld robs the p!ants of soil moisture. In this the use of weed marting can be of
~nce but the use of herbiddes carnes great risks (ref.13:8) .

r
1be initia! shaping of plants shou!d have be en carned out during the nursery
";JfOduction stage. BasicaUy a plant should be encouraged to form the shape it
QlI eventuaDy achieve as a produdng plant If it is a ?retea nenifolia and meant
1:) be on a trunk it should have one. if it is meant to proliferate from a central
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roo t mass such as Protea cynaroides it should be ellowed to do so or if it is
mea n t to grow from a central trunk and " rest on its elbows" like Leuco ­
sperrnum cordiío lium it should do so. Double stems from near grou nd level o n
varieties tha t normally grow on trunks mu st be avoide d as almost invariablv it
will cause the pla nt to split in half later in lile. Keep ing this in mind plants sho~ lc
initially be encouraged to de velop the ir shap es by removing unwanted
bra nches and where necessary pinching out the tips to promote lateral branch ­
ing. When pruning plants of this age it is impo rtant that the amount of foliage
tha t is removed a t any one time is kept to a ma ximu m of 250"0 of the toral lea :
rnass a nd tha t b ran ches are no t cu t o ff when the piants are in very active
gro\\.'th. The re movalof branches during very ac tive gwwth periods will cause a
high sap loss th rough the cuts with the resul t tha t the re will be die-back o n tha t
po rtio n of the p lant

11:1DFROSTDAMAGE- ~VHATTODO

It is a lways possible tha t a planta tíon will experience frost damage. The de gree
o í darnaqe to the plants VJiIl be govemed by the frost factor U:f) as outlined in
lO:ó and the age 01 the plants. Pla nts o f less than three years old will be et a
rnuch greater risk tha n older on es although the crop of flowers and foliase o f a il
ased plants will be damaged at ab out the sa me írost factor.

When pla n ts do get frosted. the da rnege is usually rnuch more exter.sive in ~h¿
las t grcwths than an y other pa rts o í the bush . It is in these darnaced gro \l:ths
that pro ble ms ca n begin. If a bra nch tha t has been cbviously fr ;:¡~ : ' ¿ .s t~ ke:1
<lne split length\~i5e with a kniíe it will be se E:n tha t the re is a dc.r:: ~ :a 'n running
do wn the central pith 01the stem and il is usual t h~t this s¡~in \"iabe the fdl
length of the last growth run right dow n to the growth joint lf tissue dam ase is
this e xtensive it is a good pracnce to remove those grO\vths r.ght back to that l<lst
growth joi nt as if this is not done. decay often sets in and runs down the pirh oí
the stem where it may or may not stop a t the growth joint lf they are le h o n
they will sometimes heal over o f the ir own accord but when growth begins the
following spring they then collapse and die along v.ith the new spring growths.

Fungal infection 'is a great danger following frost damage. not on!y in the central
pith of the stems but also on the damaged foliage . Because oí this it is a good
precaution even where plants have only been superfidally affected to clip off
the obvieusly damaged growth and then spray with Captan. Ronilan and similar
chemicals. This will sea! off the damaged tissue and allow the plants to callus
over the wounds. This treatment should be carried out within three days of the
damage to the plants.

Frosts of gr~ater than -6°C will damage old wood on many varieties. This is
usually in the forro of splitling the bark on branches that are more than el year
old and the bark has tumed from green to grey. There is little that can be done
to save plants so affected as the damage is usually much more extensive than is
apparent
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11:11 FROSTPROTECTION
Protec tion i~ ve.ry difficult to ca rry out effectively in a planta tíon situa tíon The
best protec non IS to ehoose the ríqhr site select the hardíc t I d la. . s c ones an p ant to
encourage arr movement ra ther than te restrict it, Some ( t t' k. d ho p an a ro ns use smo e
~ts. ov"m ~~c Ines ? r ~ve.rh~ad irrigation to raise temperatures and these are
m:c~ve ~ In certa~n Imltatí: lns. The re are anti-freeze chernícals available
~ lC . c~n h e spraye .onto fo lff1age which are to sorne de gree e ffective . The c:e
cbeeml1cOa s av{e

h
a
lf
ma~m.um .e ective life of about a mon th or un til there h~s

en mm. a an inch ) or rain. A side effect of one th t h b . d
hat i d ble snorñ a as een tne wast at It cause unaeeepta e spotting of some Eoliage but it did 2eCto .3°C leve!. 1 I protect to a -

In a ~ursery where plants a re more eoneentrated it is possible to contro l frosts
effeetively. Th e most eommon way is to pro tect the plants b str t hi .
lypes of 1 th th h id b d Y e c mg van ous

e .0 over e o Gmg e s. This is quite effective provided it is at the
corree t helghr a bove the foliag e eanopy. Tests indicate that E fr ts E

.6·C . the ~es t level is 120.emo (~ ~O?t) above the lea f area. Lo~~r ~s~m ~hi~~~~
the frost \,l,¡111 pass thro~gh it an d lEIr IS much higher than this the frost UJiIl re -forrn
under the cIoth . Readmgs taken during frosts of up to 6'C . tl h
thar th . 2°C d lff . 1 b - consisten y s ow

ere IS a I erenna e twee n the area that is covered a t 120 d
~~ area thar ~as n~ eovering . At frost grea ter than rhis the de feren t~~d~~-
íníshes as the in te ns ítu o f the cold is sufíicient ro penetret 1 h- - e eve n y everyw ere.

Prore~ tion can a lso b~ ca rri.ec out by the use of overhe ad irriqa no n and v.;r:¿
machl ~es. The use oí lmga oon does carry Some risk oEroo r clamage ca usec b
e:<cesslve amounts oí water in !he root zoneo y

. I

SECTION TWELVE

Irrigation

12:1 OVERVIEW
in their na tu ra l environment rnost Proteaceae will survive in very dry con­
ditions. To do this they go lnto a state of inertia and are able to rnaintain liíe for
long periods wíth very little moisture available in the soil. This is also true in
plantatio ns provided the plants have been able to estabiísh a satisfactory
prima ry root structure.

In the first two years following planting. much of the p lants' initial root develop­
ment a nd demands for soil moistu re are related to th e containe r mediums they
we re grmvn in d u ring the nursery produc tion ph a se . Their record of establish­
ment under dry condirions witho ut inigation in most soil types is not good with
plan ts tha t have been nu rsery produced in pe at o r bark íibre based com­
pounds. An e xcep tíon to this wou ld be when the p la nts a re plantee in peat type
so ils with which they wou ld then be compatible .

12:2 PLANT TOLERANCE TO DRY CONDITION5
Und er Ne w Zea lancl conclítions I have seldom seen plants suffer 1j .lC.uiy ¡rom
dry condi tio ns when the plants have been gro wn in the nursery in a media
co mpa tible to the p!an ting site. pro....ided the fi na l p lanting was well·cion e ana
timed to coinc ide UJith favorable conclítions for root developmen l However
under severe l)l dry conclítions (60 centibars and above ) they may go into a sta te
o f ine rtia during thei r first summer and rema in in that eon clítion until there is
again adequate soil moisture to promote growth. lf plants are allowecl to remaín
in this state for long periods (several weeks or more) , some pennanent damage
can occur th rough the dehydration oE !he cambial layer, This UJiIl show in the
outer layer' of bark which will take on the appearanee of crepe papero The
damage is normally restricted to the parts of the plant where the bark is green
or grey/green at or near ground leve1llke that found on p1ants under two years
old. Most healthy older plants are incredibly resistant to pennanent clamage
through dry soil conditions.

When a plant dces go into a sta te oE inertia due to stress from a 1ack of soil
moisture. it will take at least 72 hours EoUowing the application of water for a fuU
reversa! to take place and Eor the plant to become fully turgid again. This can be
observed when plants in a nursery accidentalIy become very dry through a
malfunction of a watering system and p1ants. especially those less than 18
months old begin showing stress in !he Iast run of growth which wiD wiltduring
the heat of the day. If the p1ants are left un-watered these giowths wiD de­
hydrate to 5uch an extent that the leaves will bum up and the stem wiD wither to



~he ~ase of rh~ las~ growth. A healthy pla~t will then usually go into its s tate of
ínertí a an d suffer little more pennanent damage unless ir is left for a period of
several weeks in this sta te.

!f the plant is watered when the l~st run of growth is severely deh ydrated, ie .
just bef~re leaf bum becomes obvíous, (which with most varieties is at around
70 cenríba rs). watering will arrest any further deterioration. However under
n0":lal sunny surnmer condítions (day temperatures 25' • 30;C) they will
continu~ to .show wilt durinq the heat of the day for the firs t two days following
the apphcation of water.

In a. fi eld si ~uation . the same symptoms of deh~'dration may be seen in plan 15
particu la r~y m the fi.rst y ea r ahe r planti ng. especially if it has been done too late
In the sp~ng to ca pltalize on their natural primary root development period or if
plants with a veg~ta ti~e canopy larger than the roots can support have been
planted. I ~ ~ readmg 15 taken with a tensiometer at 25cm. (9") when the first
slgns of wilting are obvious. it will show a soil suction of 65 to 75 centibars but
may vary a Iittle. depe~ding on the soil gra in size. At this reading yo u can neither
see no r feel mOls~re m .Ioam type soils and it is at this moisrure leve! that mos t
turf. and wee ds VJllI pens~ . especially in sa ndy silica type soils which tend to
retain hea.t more than 50115 derived from other materials. Provided they ha ve
develo pea a ~ood primary root system plan ts of three to four years o Id (pla nted
~u~ on~ to two ~ears ) ,WlII tolerare up to SO centibars at da...· temperatu res of
",.0 C (~n~de readinq), out this appears to be the upperm ost '¡imit fo r comme r­
elal va~eties. If howev~r rhe .plant has been grown curing the nu rse-y p hase in
a medlum not compatib le \),!lth the plan ta rion soils. ir \\,ill usuallv have suffe red
such severe ro.ot damage by the time it rea ches this siage that it ·l.I..iU continue to
comple tely den ydra te and die.

A p~rtia l exceprion to this is when plants have been grown in a peat ba se d
med lum and have ~een plant~d out in the autumn from a con rainer not larger
tha~ 400cc ~ 1/2 pmtl. In thls case provided there has been su fficie n t soil
~lsture avadable throughout the winter. they may have established enough
~ma.ry roots. to suStain themselves from perrnanent damage. However without
ínlgation a~allable these are at a greater risk than thóse planted out from soil
based medlums.

Whilst .it is not advocated that Proteaceae p1ants should be subjected to such
stres;>. It does demonstrate that provided they have been grown in the corred
mediun:s for the soil types into which they are to be planted and they are set
~t du~g the optimum season. they are very resistant to death from a Iack of
sol! mOJS~re. f:íowever under such c,?nditions a plant of any age would be
unproductive €1ther for cut f10wers or as a garden p[ant

J>fi~&úg!fior¡rMOISTURE REQUlREMENTS FOR FLOWER

It Is a fac~ th~t not a11 varieties need the same amount of soil moisture to give
good selVlce In a garden or to produce top quality flowers in a plantation. This is
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not only true of the diífe rences tha t exist be tween varieties but also there a re
differences be tween va rian ts within the sam e varieties. There is als o the point
that in their growth cycles a ll Pro teaceae are rhythm plan ts, particularIy in the ir
seasonal rno isture requirements. wi th the differences between varieties beinq
relativa to the conditions that exist in the specific a rea in South Africa from
whích they originally came.

Some are fr órn summer ra infall areas but many of th e varieties we use in our
cut flower planta tions and ga rdens are from the are as tha t experience a wet
cool late winter a nd spring with increasing dryness and temperat ures throug h
midsummer with a prolonged dry pericd during the aulumn to early winle r.
These varieties a re adapted to this pa ttem through evolution and wh en it is
interru pled whe ther by heavy warm midsummer rains or excessive irriga ton
during their normal dry rest periodo they react adversely with serious root
diso rders which often cause death.

Hea v'Y warrn ra ins from tropical storms which at limes drift sou th to drench New
Zealand for seve ra l successive days during January to Match, a t constan t tem­
perarures o í +25"C are the mejor cause of what are ofte n regarded as "rnys­
terious deaths" in planta rions and gardens. The principal reaso n for these
dea ths in a field o r garden situa tion is usua!ly Phvtoo hrhora Cinnamomi but the
onset of seve re infections by other fungí is often a contributing factor. Much the
sa rne result can be expected from irnqation if excessive am oun ts oí water is
applied to plants d uring their dry periodo

12:4 PROBLElvfS CAUSED BY 50fL MOf5TURE
fRREGULARfT1ES
In cu t f10wer production the re are tINO principal probiems lhat a shortage o f soii
mo islure l.I..i ll cause. These ar e , shorter rhan norma ! flc wering ste ms which is
lhe result oí a mois ture sh o rtage towards rhe end oí the sp ring gro wth run: and
lhe olher is bud scorch. which is usua lly caused by moistu re shortages in the
late autumn pe riodo It should be noted tha t bud scorch can be a ge netic pro­
blem which may be aggravated by various dimatic condítions and may not
necessarily be the result of inad eq uate levels of soil moisture.

To crop successfully on a regular basis, plants. particularly Proteas. need soil
moisture available to them at a leve! sufficient to maintain their growth pattems
in the spring to rnidsummer periodo lf this growth flush is checke~ by inad­
equate moisture particu!arly towards the end of the runo it will cause the stems
to stop e!ongating to their ultimate !ength although they will set buds.

On the other hand. constant irrigation without regard to the natural rhythm of
the plants ' al"\nual pattem of development results in a seri.es of growth flushes
developing which bypass the flower buds that have set on the tenninals of the
earlier spring growths. This is a problem in many Proteas and is gready a~v­
ated by over-watering plants during their normal dry rest period. In excesslVe
cases of this 1have seen three growth f1ushes develop by late autumn past the
flower bud which had set on the ends of the !irst spring growths, This makes the
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ha rvesting and tri rnrninq oí the flowe rs labour inlensive and costly. Even clones
that have been sele cted for their resistance to this pro blem will develop one or
two growths past the flower bud with all yea r round iniga tion.

Another common resul t when excessive amounts oí soil rnoisrure are rnade
availabIe to a plant in the period when it should be on a ded ining supply is tha t
they tend to produce a pendulo us type of tenni nal growth. This is pa rticu la rly
evide nt in Protea neriífolia, obtusifolia, sorne repens fonns and com pac ta whe n
they are kept supplied with high levels of soil rnoísture du ring the very late pa rt
of their sp ring!summer growth runo In nature this is the period when they wo uld
be startínq ín to their drier seeson and their tenninals would harden off and se t
flower bud s. When excessive irrigation is applied du ring chis period the tips of
the curren t flush o f growth lend to o ver-develop their tenninals \~i t n the result
that they dr e op. This causes the stem to twist as it tums upwards aga in. In sorne
instances it is not unusual to see two or even three such twists as the pIant goes
through successive su rges of growth. Whilst this is of no con sequence to the
home gardener it is to the commercial cut flo w er producer as such stems have
lirtle value.

12:5 METHOD OFAPPLYING WA TERANDIT5 EFFECT5
Tnere are veti) few areas where Proteaceae are qrown as a cornmerciel crop
that have su iñcíent rainíell in the co rreet rhyt hrn pa rtern lo produ ce a high
c;:.:aliry comrr.erclal cro p el/e:y yea r without the ap plication o í sorne supplc ­
rr.enta ry wa ter. How that wate r is a pplied and in wha t qua ncces '.dl heve a
considerable bearing on the quality o f the annuel C~QP and lhe generél hei' lth
and prodü ctive liíe of the plant.

In cut flower pla nta tio ns ;rriga tio n water is almost invariably appiied by the
trickle met ho¿ . us ing emirters or dri ppers which apply it lo lhe so:! a l surfa ce
leve !. The fa le thut wuter is applied varies berween planta tions end loeations
""irh almos t every operator having their own programme as lo r.1e freq ue ney
and amount mat is applied. The average where regular irrigation is carried out
seems to be arountl8 to 10 It (2 gals.) on adult plants.eaeh time at five to seven
day interva ls on ayear round basis with little regard ~ rhe season of rhe year or
growth pattem.

The result of this practice is that the plants develop a surface root system and
becorne rellant on a constant supp!y of moisture in the soU near surface leve!
which causes them to go into a state of stress if for any reason water is not
available in sufficient quantities in that upper soU leveL As a resu!t they have
peor or no resistance to dry soil conditions and if rhey are dug up there is
minirnaI evidence of a deep primary root systern. .

12:6DEEPIRRlGATION
Research has been carried out to test the effects of applying waler to a number
of clones in other than rhe conventional surface irrigation rnerhod. The principal
departure from the norm was to apply water to the plants at a depth of 4Scm.
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l IS") below the so il su rface . T his was achieved by inserting e day pipe o n en d
into the ground about 25cm (10") from the plant. Wa ter was applied by trickle
irrigatio n into these pipes where if fell to the bottom and was then ,available. to
the plant a t that depth instead of on the surface. This trial was run over a pe no d
from spring planting through a full year. a second summer and on th rough to
the following win te r. Unfortunately the trial was interrupted during the fírst
winter wh en a frost of greater magnitude than no rmal damaged or des tro yed
some plants 'and it had to be tenninate d after the second winter when a fros t of
·8.S'C was exp e rienced.

The row of plants where the d eep irrigation was used was corre late aq ainst a
control row using no irriga tion , and !\IIO other rows. one using surface irrigation
an d the o ther one surfaee irrigation wíth wee d matting. Five plants eaeh of
founeen cut flower varieties were used under eac h method for the tria\. Six
litres of water we re applied once a week frorn planting until late autumn o f the
first year and no irriga tio n for the second summer.

Through the first summer tho se wi th de ep irrigation were noticeably slower in
making vegetative growt h than the two with suríace irroganon wit h the s~nng

run being only 70 % of the su rface-irriga ted rows. However this was aoo ut
double that oí the ro w that was not iniga ted. With the autumn growth. those
with deep inigatio n compensated for their earlier shortíall and by \Vin~e.r ~~'e fe

comparable with those havinq the suríace irrigation. Survival rate to rrucwmter
was '97':0 wi th a ll those irríqa ted and 90% with thos e not irrigated .

.~. t midv...in ter (r.rst ::ear) a frost oi -6.SC. was exp crie nce':. ? lal"ts in the co~ rro¡
row a nd ¡he ene t:, a t had been deep ;rr.gated su ff:?red Iit"J€ :' ~ffi.alic nt Ca r.l·
age. Those that h~d surface inigation VJi thout weed me.tting,sutrered ¿~mase. ro
sorn e exten t in m ost varie ties . Thos e that had be en iniga teO with we~a mattJ~g

suffered severe damage to a ll va rieties and man y subsec;uently ~~ed" T ne
exception was !\VO Leucadendron varieties. var. "Sa fari Sunset and a
sa lignum clone which suffered no da mage. The reaso n for t~e frost damage to
the !\VO surface irrigated rows was because these had cononued to grow late
into the auturnn where-as those with deep irrigation and rhe control rows had
rnade their growth and hardened off before winter.

In the second summer no irrigation was canied out but observations were
made on a rnonthly basis on plant healrh . By midsurnmer !he two rows that had
been surface irrigated the previous year were showing stress from a shortage ol
soü moisture and had not matched the growth of the control or the one that had
been deep irrigated. By early autumn rhose that had been deep irrigated wer.e
well ahead of all others in growth deve!oprnent and survival (still 97%) and thlS
trend continued through to winter when the trial was terrninated.

When the trial was tenninated a nurnber of plants were dug up te inspect the
root developrnent and this revealed lhat rhose in the control row ~a~ devde10ped a prirnary system from lhe base of the plant which was distribute
evenly to a depth of 65cm. The plants rhat had been deep inigated had sorne
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s:rong prima ry roo ts going straight do wn to the 45cm cepth where they the n
proliferated into a greater num be r and continue d to penetrate 10 more than
6Scm. Those tha t had been surface irrigated had their greatest mass cf prirnary
roots within the top 30cm. These roo ts had radiated out frorn the base of the
plant at 30 degrees and deeper to the soil surface. There was evidence that
during the second summe r they had tum ed down ward seeking the moisture at
lower levels however there was little development be low 4Scm. AII plants had
proteoid roots present when the y were dug up in rnidv...inter with Iittle díffer­
ence between each row.

Althouqh these trials were never taken to their ultimate end. that oí observinq
the plants perform ance when in production. it d id dem ons trate that inigation
and the me thod of appllcation does influence the type oí roo t srrucrure that a
plant will develop and its vegetative growth rhythrn at least in its ñrst year.
Further trials are needed under various clima tic conditions and soil types to
determine which is the best method for each particular variery under an y giyen
c1imatic condition and soil type.

12:7SUMMARY
Fcr a commercial operation producing cut flowers. irrigation is a necess ity in
rneny loca tions where Proteaceae are being grown . ln areas such as Hawaii,
Cclifornie. Australia. Zimbabwe and other places whe re there is not regular
rain:all it wo uld not be possible to grow consiste ntly saieable G O;:5 '....il:-.out it,

The amount and &equency tha t water needs to be a;::~ ;ie¿ :0 produc e a
salea ble crop varíes grea tly and is inf1uenced by the variety beir;s :rown. the
soil structure, the partern of the ann ual rainfall in rela tion to the pian IS require­
mo?nts and the ra te oí de hydra tion ca used by temperature and air mov~men t.

Year round irrigation without regard to th e plants natural rhy1hm oí de ­
mar.d does cause problems in some varíeties by producing bent stems, by­
pas.5ing of the flowe r heads, immature growths that will suifer rrost dam age in
tho? INinter and root disorders. On the other hand, because Pr.cynaroides grows
naturally in damp sands it benefits from all year round :access to moisture.

!.I
Tbe application of water to tbe soil surface' encourages plants to be
surface rooting. This makes them less secure in the giound and lowers their
resistance to un-scheduled moisture shortage because of a Iack of a deep
prirnary root system. Water of poor quality will affect the fundíon of the prot­
eoid roots causing nument disorders and it is wasteful of water as mueh of it
evaporates before the plant has access to il

Tbe application 01 water below tbe soil surface encourages a strong
primary root system which makes the· plants more resistant to periods of high
dehydration. poor quality water does not affect the very sensitive proteoid roots
lo such an extent and evaporation is reduced greatly, in sorne soil types as
much as 60%. . ,
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SECTlüN THIRTEEN

Maintenance - Development
y earsThrough TO Harvest

13:1 OVERVIEW
This section dea ls with the maintena nce o f the plants during their ~evelopment
fro rn the time thev beeame estab lished following planting. It outJ¡ne\ho~ to
~aintain them during this period and how to manipulate them to ma. e t em

produce a saleable crop. . . .
Much of the success oí the plantatio n v...iI\ ha ve been pre -det~rmmed by.
~ . how suitable the soil and climate o f the site are to the growmg oí Proteac eae

as a commercial crop. , . th . ent
b. the matching oí the correct variants or clones ot a va nety to u e environm

of the plan tation. varieties heve a ..iable rnarket in the ac -
c. whether the flowers from those

cessible rnar kets.
If the rarget market is the " top shel í" a rea ?f trace . the tesk ~!/,r,~ d_~ci.ns "'~
product the t is acceptable :0 the consurner \,\,111 be muen mere c l1 . ¡e~.t ~nd less
reward ing in plantations where see ¿lir.g ba: ed stock. r.a~ b~en u~e~t/l ;olr::~
cases rnuch oí the produ: t from ~h ¡ s ry~~ e l sto:[ ~~en~; se~e~~~~t~I~~e~n[ ;e¡
ther e is viable acc ess to me mas" mar e. type o 1 • . . r h'
Section lS1 or variants oí a varíer:: tha t are matehec to .:h~ ,SOlVC ¡mat~ h:~:
. d much of the 'J.'ork needed to produce a prontaOle cro? 'J,¡: . .
~::~ ~~~i~ated as plants v.ill have been selecte~ ~e:au~e oídthelr ~C~l:~r~
produce a bountiful saleable crop . Toe flower. wh/~ 15 t te e~ :~s~mount of
duction is at its peak conclition at the moment o arves an f h
post-ha~est manipulation can improve it lodnatte~tion ~o any o;~~~ ~~~; ~~r:
above pointS (a bo col will rnake the pr ucnon o . a pro
difficult or impossibleo

13'2 PLANT MAINTENANCE- DEVELOPMENT YEARS
. . o eontinuation of that out-

Maintenanee care during the development yea~ 15 a 'd t 'vin the
lined in 11:9. In areas that need irrigation att~nnon should be~~n ~91 s';ould
plant suffident .water to maintain growth dunng:e s~a~~sbe restini This is
be growing and reductng the amount o: en. t ~y ~ o~rst harvest when they
partieularly important in the growth pen pnor o e
are growing the stems that will later carry the flowerso

°t ' necessatY lO
To have plants that will consistently produ~e .a ~~a~l~t:~ ~e~rs to produce
carry out a continual shaping programme unng e
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as they grow th roug h the seasons and reade rs should re fer to Section 16 íor
further in forma tio n .

13:4 TRAINING. PRUNING ANO FIR5T HARVE5T­
OEVELOPMENT YEAR5
lf one lo two year old pla nts are used lo establish the plan ta no n. most Proteas
and Leucospermums will take two years lo de velop to a point oí a first possib le
small harvest and a furt he r two years to rea ch full productive maturi ry. With
so me varieties it is best no t to harvest at a ll un til the third ye a r as it has been
found tha t with plants less than fo ur years old. the removal of more tha n 25% o f
foliage a t any one season does slow down their srructura l d evelopment which
will afíect their cropping ability in la ter years.

With Leucadendrons a first ha rvest is usually possible al the end of the second
year and full or near full production can be expected by the third year. Leuca­
dendrons should not have more than 40% o f the foliage removed a t a ny o ne
se ason unti l they reach ma turity which in most varieties is at thr e e years after
plantinq. Fro m then on higher rates o f fo liage can be harvested.

Te Iopea and Proteas gra ndiceps an d magnifica will take at least three yea rs to
reach a stage o f maturity tha t will enable a fi rst harvest to be mace with o u t
adversely aífecting th ei r further deve!opment and rnany will take up to five or
more yea rs ro rea ch fu ll productíon.

13:5 WEED CONTROL - OEVELOPMENT YEARS
Th e contr ol of wee d s to acceptable levels is irnportant during this period as
excessive competition will crea te two basic pro blems. that of ind ucing fungi
invasión during warm damp co ndit ions and that of robbing the pla n t o f ac ­
cess ible soil moisture and available nutrients.

There are many methods oí weed control ranging from hand weeding. the use
of weed mailing, rnowing and chemical control. Al! rnethods have their advan­
lages and disadvantages and !he final choice often djpends on the terrain. cost
factor and availability of labour. The practice of carrYing out a " sco rc h ed earth"
policy (bare ground adjacent to the plant), is not a1ways in the best interests oí
the plant as it does expose the soU surface level to excessive heat and fluctu­
ating rnoisture levels in the area where the feeder proteoid roots formo When
the soU surface is bace, temperatures can reach well above 4O"C in the top
SOrnm. (2". and this will destroy sensitive root tissue . In nature the roots are
never exposed in this manner, they are always covered by grasses, litter etc.

13:6 HAND WEEDING A5515TED BY "5AF~"CHEMICAL5
Weeding by hand or hand held tool5 is probably the safest method espedally
when the plants are smaIl The time factor of labour involved is not great when
worked out on a per plant basis. Time sheets kept over a two year perlad on a
smaD test plantation containing 350 plants planted on flat ground in three meter
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rows bv one a nd a half meter spacings gave the followinq results :- In th~ first
vear plants were m aint ain ed by a combina tion of. h a nd weeóng your omes)
and chemical contro l (Versatile &'Fusüade. th ree times ) plus mO\),¡l~g berween
lhe ro ws as necessary anci cross-row ber-..veen th e plants (~ree times) . ~e
time taken per plant was 65 seconds for the hand weedmg a n? chernícal
applica tion. and 55 seconds for mO~l,¡;ng giving a total oí 130 seco~as pe r plant
for the first Ye a r. The second year was a repeat o í th e sy~tem ~th two hand
weeding and two sprays (40 sec ond s per plant) and mowmg (3.') seconds pe;
plantl. giving a total of 75 seconds an d a gra nd total aggre?~te o f a:ound 3 . ~
min utes p er plant fo r two years . This method d~es r;o t g~ ....·e a bare grouna

n ....ol a nd is safe provided o nlv these two or sim ila r chernicals a re used.co •. .

13:7 ~VEEDMA ITING
This method is now widely used by sorne growers wífh varyinq res ults which
depe nd largely on the varieties being grown. the local rai~ íall and frost l:vels.
On a cost basis it is o ften mor e expensive tha n hand w eedmg as ha nd. rnamten­
ance fo r a four year period would amount to appro xima tely thr ee minutes, per
planto T he reaso n for this low time factor is that the rno wmg has t~ be ?one
whethe r it is hand weeded or weed matting is us ed and the c~~t of three
minutes labour would not compensare for the co st o f the mat:nal ~n~ ,the
laying o f it. In m a ny instances however the extra gr~wth facto.r ana the raer that
pla nts can come in to produclion ayear sooner ""111. more . tnan make up . the
diffe re nce in c o s ts . [Reí. to App enc ' Th ree for lntormeno n o n corn panso n

trials.]

13:8 CHEMICAL WEEO CON i ROL
There a re many chemicals available te control weed growth ~n . c~?ps. }"hese
range fro rn Paraquat (G ramo xo ne ) a desiccant w hich causes dafoliation 01 plant
growth. rlght throug h to some very selective compounds that ap?e~r to o nly
visibly affect spedfic families o f weeds. The Iact that they do not Vls.~ly a ffect
a Proteaceae plant, at least in the first yea r, does not mean to say that i t has no
effect, nor that it never will have an effect at aIL Almost all weed con~ol
chemica1s used repeatedly over a long perlad wiII have some compoundmg

effect.
The use of any weed control chemical, if used within the root. zone oí any
Proteaceae plant must be regarded as putting ~e plant a~ sorne nsk. ~e level
of risk varies with the variety of plant, lhe chemlcal, the time of year It 15 used.
the soU type, rainfall andlar irrigation, (if used), and the accura7Y.of the rate of
the active cheroical that is appUed per area treated and where It 15 placed

T h · . ls that have been used wide1y in Proteaceae plantations are
\.VO c emlca gth •• tal,.:n" t . ..__.l

d S · . . 80th of these at fuD stren are lo N1I o~
Round Up an Im1Z1ne. used t full strength In plantations where
growth. When Round Up has been a. d eh dovers
there are weeds with thick fleshy roots such as, kikuyabl ah co~through
docks Californian thist1e, yarrow etc. sorne pro ems a~e . ; " ., , .
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the tra ns - l~ca r:~n of the ch emical from the weed roots ro the plant roots which
can caus e 111 rhnfr an d so rne tirnes d earh. Th is risk diminishes if the weeds being
controlled are only sha llo~. rooting or o nly half strengrh is used but if pro teoid
roo ts a:e pr~senl. and ac~ve near the so il su rface ar the lime of applicatio n.
s?~e rísk snll exísts. If Simazine is used within the roo t zone of Proteaceae
slm.llar res ults can b: ex pe cted especia lly if it is active in the soil du ring the
penod when proteOl? roo ts ~re presen t a nd active. Soil struc ture grea tly in ­
fiuences the penetra~on o f this chernical with coarse sandy':porous types being
affected to muc.h deeper IeveIs than fine silts and heavy c1a...·s. In these there
~~pears to b~ httle penetra tion beyond surfa ce levels unles¿ excessive quan­
Mes are applied over a long periodo

Th::.e have been findings of severa! chemicaI weed con trol trials in Pro teaceae
puoll~hed over the past few years. T hese have deelt wnth these two a nd o th e r
chemicals commonly used in plantation management and have to sorne degre e
exo~era led th~m from being a danger to plants . When assessing these re ­
cor?e? resu l~s It must be borne in m ind that these trials have only been run for
pencos rangIn~ from less than ayear and up lo about 11.\;0 years. In mv experi­
ence no ch~m¡ca l can be declared as se ie unril il has been used fo; at least
lhree yea rs In successíon under norma l plentatícn practicas as thev o íten take
up to ~ r lea: t a í~ 1I yea rs growth cycle lo show an y toxicity and up to M'O o r
rr.ore ~e~rs ,.0 bUlld up to danger leve ls in lhe plan rs or soil. 1have se e n manv
!hoL:s~ncs o: ~ !ants so a ffec red in p la ma ::o ns over ¡he pasr six I.:ea rs. uSiJailv a-r
,:ea r ¡ ~ ree o r :our from the da te o í firsr app!ica tion oí these ó~mica Is . -

if che.::n ic:a j..~·eed conrrol is to be carned our. locai inior.na tion should be sough t
as to sa le . compou~ds to ~se . o n tha r particular soii type ane: lhe ra res it may
be u:e,d a t.. .A.c~.u :acy In ,a pphca no n is essential as the difference bet'..veen weed
( On LOI ane tox:c:ry to plants may be very fine.

F:rsr . ¡ ~¿ ¡ca :i?ns ~í rox:city ere a paling of the !eaves. sor.:e::r.:es acco m pa nie d
by shgnl van~gaüon and in many varienes an out of cheracrer :1ushing o f pink'
re~ ~n lhe eages ?f the lea ves partic ula rly on those more exposed to the sun.
Thls 15 followed by gen eral iIl thri ft and a sru nting of the growrh and in the ease
of leucadendrons,. forming bracts earlieF than seas0!lálly normal. If the stem of
an a ff~cted plant 15 cut or broken it will be found tha t the wood has á yeUow
co(ounng rather than wh itelgreen. the core wiU be a dark brown colour and the
gen.eral texture of the whole stem will be corky with the bark looking and
feehng dehydrated. There is usually no recovery possible of plants so affected

13:9NITROGEN - IT5 ROLEAND EFFECf ON
PLANTGROW/H

Oí the three prindpal eIements needed for plan t growrh. nitrogen infiue nces
the growths th~t a plant ° m~kes 5eason by 5eason more than phosphate or
po~h do. Whilst the solls 10 -ma n y p lantations initiaUy do contain suffident
nutlients to produce a crop there is evidence to show that alter a number of
years many plants begin to " ru n out of steam" as they take on a lack-Iuster lcok
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an d start producing short ste rns. Tnis is eviden t in high density planta tions of Ld.
cv " Saíari .S unse t" when after ebout five years without added fertilizers they
start to produce shorter st e ms with srnall heads. This ls especíally so if they are
on land that e ithe r leaehes q uickly or initialIy has a very low nutrient level.
Similar de fi cie nc ies are e vid ent in Proteas and Leucosperm ums on the isla nd of
Hav:aii where pla nts are grow;ng in pure lava whkh has virtually no ability to
lock nutrien ts a nd th e plants therefore rely on twice yearly added fertility to
keep them ptoducinq.

,';11 Proteacea e have a n eed of nitrogen ro maintain the ir gro\\1h development.
in what form a nd in whieh season ir is aveileble ro the plant has quite siqn ificant
efíecrs on the type o f growth ir encourages. 11 rnust never be a p plied in the
nirrate form as this is quite toxic to all varíetíes. particularly Pro teas and if it is
availeble in excessively high arnoun ts (over about 70ppm) it v,,;1I ca use severe
damaqe and a bo ve 150ppm death. Nítrcqen in the ammonia form such as
Sulphate of Ammonia has preved qu ite safe jf prude ntly applied and levels oí
SOppm of ammoniurn nitrate in the period Ieading into the spring growth are
acceprable.

Depen ding o n th e tim e of year that ni¡¡osen is available it I.\ia have a marked
a fiecr on the typ e o f growth tha t the plant will rnake . Proteacea e use their
pro reoid roots to store and the n provice the plants with rhe nutTient to procuce
ves e ra dve growth. If ¡e h ro rheir 0'.'.'0 r:-: ~:rhr.l they v.-¡¡¡ srore raitrogen d uring lhe
I.\-inter when rhe proteo id roo rs ere CC::I.·e arad lhen use ir up during the spring
orc w:h ~L.:sh _ In lhei r na rura i em'!fC-,;r;¡enr proreoid roots Cl re not normc l1y pre­
se nt or aCLjve ro any degree fre .., 5f;:inS lhrough to ear iy \I.;nrer so the plan¡~
only hal.'e one chanee to ~rore a l~ ¿ lhen use the minimal amount of íerti¡¡~­

a':ai!able. Reme mber rhar the soils r:-:ey grow in are usual1~,.' ve r:; 10 1.V in nutr.­
ents and the on l~' availabi lity Di ir is irom decaying linero Under cul tivat io:!
however whe re it is normal lha t summer autumn soil moisture leveis are kep r
above those that would prevail in nature. the plan15 will continue to take up
nutrient as under these conditions they do maintain a '!ow level of proreoid
roots through the su mmer. It has also been established thatprimary roots are
capable of taking up and supplying the planl with nutrients. This has been
proven where plants have been seriously affected when planted on land !ha t
had an excess of phosphate in a subsoillayer starling a t one meter (40" ). well
below the level of any proteoid roots . lf nitrogen is available to plants under
cu ltivation in the summer/autl,tmn. they have the ability to " m a in line" it
through their primary roots stra ight into their system with marked effects on
their vegetative growths.

If. nitrogen is available to the plant in the late winter/early spring it will help to
promote a sirong tenninal vegetative growth during the early part o f !he
summer. If however it is readily available in late spring, it will promote a soft
pendulous type of tenninal growth a month ar so afte r midsummer. ~is .is
parlicularly evident in Leucospermums. the later growing ?rotea.n.entfol~a
forms and Leucadendrons which ma ke strong midsummer growths. If It 15 avall -
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able in the late surnrner it will stimulate multiple lateral grov,;rhs from behind the \1
set flower buds on Proteas and mul tiple random grcw:r,s en most Leuca­
dendrons during their mió to late au tum n growths. These late grov..1hs 001 all
varieties are very prone to frost damage. The only time that nitrogen can be
applied when it will not adversely affect the crop is in the late winter when it will
assíst in the development oí strong te rminals du ring the rnain spring growth
whích will then set buds.

13:10 THE YEA~BEFORE THE FIR5T HARVEST
During the year leading up to their first harvest. the plants will cnenqe from a
juvenile type oí growth that has de velo ped the structure oí the plant , to a
mature type that will produce flowering stems. To ensure that a hign perce nt­
age of these flowering stems grow to be a marke tab le product will take a certain
amount of control and manipulation as wíthout it, many of thern may be short o r
altem atively they may be long and be nt with many by-passes. Even if the
plants have originated from selected s tock. poor cultivaric n pracaces wiil still
give poo r product and poor retums.

The principa l aspects that will influence the de velopmenr oí ::-.e Des, possib le
flowering sterns in this and each succ essive vea r theraafter are: how rnuch and
when nitrogen and soil moisture are available to the plent in relaríon :0 their
natural rhythm oí growth. The a pplication oí water and the effec:s oí soil
moisture on the plants growth habits has be en dcel t wi tn :01 Seccon 12 and the
role oí nitrogen in 13:9 above . Besides atten tion to these :, .s nec¿ssa, :; :0 carry
out a certa in ernount oí training and care oí the plants.

Throuqhout the productive years o f the plants it is necessary te :e awere oí and
control as appropriate in relation to the market being sup piied, ¡ungí and pests
invasion. How clean a flowering stem a nd its flower is frorn funsi and pests will
greatly influence its post-harvest vase performance and subsecuently the long
term pro fitability of the crop.

With so rne varieties it may be necessary to thin out a crop to encourage a better
type oí final product lt is not likely that any thinnin!:1~v.;ll be needed in the first
harvest year but in subsequent years a certain arnoúnt oí pruning and thinning
may be necessary to develop the greatest potential of the crop.

The pruning and thinning practices of growers vary tremendously and depend
on the vañeties being grown. the local climate. how the crop is harvested. over
what períod the crop is harvested and the age of the plant In many instances
the normal harvesting of the crop frorn mature plants wíll do much of the
necessary prunlng, lt is not possible to laydown any hard and fast guide Unes on
pruning but there are certain basic practices which should be followed

The removaI of more than 65% of the total foUage of á mature plant in any ene
season will usually result in it being less vigorous the foUowing year causing it to
have feWer floweñng terminal growths andlor may cause it to 90 into a state of
shock through a lack of sufficient foliage to support it Varieties that are har-
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Pro teas under cultivation ne"ar
Kle inrnond, Soulh Aírica.

PrOle. eynuoides growlng in lava
on Is. Haw.il.

lt.iI~
Proteas in grassland in New Zea"lan; '

ne rii tc lia cv. "K ing Min k"

Prohybrid ev. "Fantasla"

Prohybrid cv." Candy Floss"



Les. oriental. CY. ""F"lOftaflora"
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': .:?5red er pruned clase to the active sprinq grov,;th a re more at risk than those
'harvested and pruned proqressívely through the winter.

Sorne clones of Pro tea are bi-annual croppers. producínq a large crop one yeer
and a much srnaller one the iollowing yea r. This is particularly so in those thet
produce very long sterns as these are usually the result o f two years growt h on
each srem before the flower bud sets, Wlth most Leucadendrons excessive and
la te spring pruAing \.\.;11 result in a grea tly increased number of gro\.\,:tr.s initiating
cf which o nly a rela tively srnall percen tage will develop to produce a full bract
::-;02 followi nq yea r. T hinning these out will increa se the nu mber which •...;11 reech
.na turiry. La te spring pruning of any plants increases the risk of funga! invasion
rirough the wo u nds a nd in Proteas onen res ul ts in d ie -back which ca n be quite
severe o n sorne varie ties if the re is a very ac tive sap fiow.

13:11 CARE AND MAINTENANCE­
5UBSEQUENT PRODUCTIVE YEARS
By the time plan ts have reached the age of the ir first production the:: will nave
becorne well -esta blished in their site. have formed the ir ultimare strucrural
5:-.ape and become ecclirnarised [O the rhythrn o f the local weather partern oí
:"3!níall. temperature . ligh t and air movement. If rhe p iants v.:ere weii chosen in
relario n ro the soil end clima te of [he planterion. survival to this point \.\.~1I

probably be in e xcess of 85"0,

The con ri nu ed SU rvivaI and productivi ry of the pla nt will depe:-.:: on 1'.1; 0

aspects. that oí rne inrenence and man ipu!ation and that oí the liíe 2:·.;:>ec:ar.cy
oí the species a nd va rieties thet have been p la n tad . The rnainter.ance and
manipulation of the plants is a continuation of those pracnces carnee ::·e:r during
the development years. As the plants age they ma y need more \I.:C::2~ during
so rne seasons to develop the ir larger canop;.. to its fuI! potential as a c:::nmercial
cro p and as th ey us e up the resources present in the soi l they \.\,¡;I! í. ~'2d added
fertiliry in the form of NPK and often some trace elements such as .ron. zinc.
magnesiu m etc. As these needs vary greatly from place to place loca: practices
should be followed. It is possible to " read" many defieiencies in the leaves of
the plants and this is outlined in Sec tion 16.

. '

The productive expectancy of plants varies greatly but In general terms Leuca­
dendron production wanes in stem length and numbers after about five to
seven years. Proteas should produce well until they are twelve year:s old and
will then tend to become short sternmed. Leucospermums are at Iheir Peak
unti l they are about ten but depending on the clone and climate can be produc­
tive until they are twelve or even fifteen years old and Telopea are known lo
still be productive after thirty years. There are exceptions to all of Chese with
varieties that have a lignotuber giving rnuch longer service.

An annual pruning foUowing harvest is necessary te help in restrudUring the
plant for the successive years and to remove any branches which J1la9breek'off
back to the maín stern. With sorne varieties. particuJarly those witb d1egroundhairy
leaves. ít is necessary to carry out sorne foliage thinning especiaIly rteZlf'



level to assist in a ir movement. The foliage of varieties such as Lsp, cordiío lium
and Pro magnifica become so dense at this level that in areas where there is
high humidity and/or warrn summer rains there wil! be problems wíth fungi.

As an experiment we once removed al! the lower branches of some eight year
old Lsp. cordifolium ev." Ha rry Chittick " so that they v.:ere on trunks for the first
30cm to 40cm and we left some still growing lo the ground naturally. Those that
were trimmed to a c1ear space between the soil surface and foliage improved
greatIy in health and have since had fewer fungal problems where as those that
were left untrimmed were infected with various fungi and were subsequently
removed. This has also been done on an experimental basis with Proteas with
the same results.

In areas where there is high humidity and lemperature with levels of th:c95
(thJf140) and more, attention should be given to encouraging air movemenr at
ground level particularly with varieties that have soft ha iry lea ves. There is
evidence that dense foliage at the lower levels act as a link for fungi invasio n
into the plants from the soil and grasses. Many of the fungi that a fiect Pro­
teaceae are hosted by grasses.

Toe continued successful production of a viable crop is a combina tion of ha ....i ng
selected the right plantation site. the right plants for that site (a nd the ma rketl.
common sense in the main tenan ce 01the plantation end a lot of work. The res t
is easy.

•.$0
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SECTION FOURTEEN

Pre-Harvest - Harvest­
Post-Harvest Procedures
14:1 OVERVIE~V
Whilst much of the vase Jife of a flcwer is controlled by the genetic make -up of
the plant that produces it. the rnethods and procedures followed leading up to
harvesting and the immediate post-herves: handling of the crop will also playa
significant role in the over all resulto

There are some varieties of Proteaceae particularly Proteas that will only give
three or four days vase life. No marter how they are handled their degen eration
can not be delaye d . It is a150 a fact that there are big variables in the vase li fe o í
different clones of a single variery. If we are to take Pr. neriifolia as an exarnple.
so me clones will withstand seven devs in trans it and still give 1\\.'0 or more
weeks vase life while oth ers will not even survive lhree davs rravel or vese liie
witho ut degenerating to an un-useble state. The importance of selecting and
plan ting stock tha t is known lo be cepeble oí producing a viable flower was
ou tli ned in S ection la and is surnrnarízed in Secrion 15. Ii an error oí judgment
has been made in the clo nesvanents selecred and pla r.ted the problem oí poor
flower types will now become evident. A flower is at its peak oí perfeetion at the
time 01 harvest and from that rnornent on it wiíl degenera te. Good pre-harvest
prepa rano n and post-harvest procedu res will slow do wn the degeneration and
enable flowers from good generic material to give a sa tisfactory vase life. lt will
however do little to help flowers from poor genetic ma terial ot her than perhaps
prolong the vase Iife one extra day,

14:2 PRE-HARVE5T PROCEDURE5
There are three principal pre-harvest causes of leaf blackening and rapid flower
degeneratiom . . .
L undetected dehydration within the plant at the time of harvest,
ñ. the plant experiencing a sudden surge of sap, (caused by the plant being

dry and then suddenly receiving water or altematively a sudden rise of
temperature in the very early spring),

lli. the effects oí chemical reaetion frorn the application of insecticides.

Of the three ~n specíes, Proteas are by fa! the most likely to be affected by
any of the above. It is very difficult to detect dehydration within a mature Protea
plant at the time oí harvest Extensive observations on a number of selected
clones Indicate that there is onIy a fine line between a defidency In soiJ
moisture leve! that would cause theproblern and that which would nol These
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investigations have also shown tha t eacn clone has different tolera nce Ie ve ls ro
all of the above causes.

When a flower is harvested from a rnatur e plant that is under stress from
dehydratíon. the flower and foliage are airea d).' pertially dehydrated although it
ís not poss ible to see or detect this in any way. When the stem is severed from
the plant the flowe r and foliage are already short of moisture within [he cells
and in sorne cases flowers and foliage wi ll go black within minutes even jf thev
are placed in water i~mediately. This is because when a Proteaceae plant goe~
ínto a state of shock through dehydration it will take up to 72 hou rs for a full
reversaI to take place . A flowerinq stem responds in exactly the same way. It is
just not capable of taking up water quickly enough even if it is evailable.

The second cause. that of a sudden rush of sap within a plant is normaily only a
problem of short duration but occasionallv extends over several weeks and is
confined to the autumn to early win ter pe riod although a similar phenomena
sometimes occurs in the late win ter when an un -seasonally warrn week is
~xp~rienced . In this case the surge of sap flow is caused by an out-of -season
nse 10 temperature and not through the suddenavailab ilily of water .

II has been es tablished tha t whe n a plant has been under stress frorn cehvdra­
tion caused by a lack of adequate soil rnoisture and it is then supplied wi th
water, it will become fully turgid aga in within 72 hours . As a resuit of the period
of stress from dehydra tion it goes into a state of bud iníriecon wr.ích it rnav or
may not continué to dev elop into full growths. When this happens the flo v..:e rs .
foliage and growth buds all beco me highly stimulated and 90 through a chemi ­
cal change which when the flowers/foliage are harvested cause them to
blacken. This problem has often been observed in non -irriqated piantations
when following a dry period there is significanl rainíall which stimulates an
out-of-season sa p 110w in the pla n ts. If flowers are hervested frorn about th e
third to the se ve nth day following ra in. they and Ü'le foliage u.ill afien go b la ek.
This explains why blackening occurs when previously that particular clone has
been clear of the. problem. This syndrome usua lly disappears afte r about a
week but if lhe plant is so stimulated lhat it goes into.a vegetative growth run it
wiII continue for some time. Outward signs of !his wiJrprobably be in the forro of
by-pass growths ÍTom behind the Oower heads or in a lesser degree as slightly

. enlarged terminal tips which are usualIy an emerald green colour. lr1, . such
instances the problem will continue for severa! weeks until the sap flow slows
down again .and growth ceases. &cause of these two causes of blackening. it is
necessaryto ensure that the plants have suffiáent constant seU moisture to
e1iminate the possibility of this occurring duñng lhe halVest peñod. Good irriga­
tion practices minimise the risk 'o f these problems occurring.

~ .
The third ca~: that of chemical reaction from insec~ádes is probably caused
by the emuJsifying agents rather than the active ingredient as the same result
has been ~encedwhen an excessive amounts of wetting agent has been
used j~ pnor lo the harvest of cuttings. The effects can be quite severe if the
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ch emicals are ap plied wi thin thrae days of harvest especially if it is bright sunny
summer weather.

A final pre-harvest check shou ld be made to ensure that the material is as free
of fungí and pests as is practica!. Once the flowers and foliage are harvested and
placed in a confined area in close proxirnity to each other, ir is a haven for [he
rapid developrnent of fungí. whích transmits from one to the other by con tect or
aír-borne spores. In the case of insects. pa rticularly those that cause the
c ehydration of plant tissue. (mites. thrips etc.) these will greatly affect the vase
¡¡fe oí the flow e rs, Pack- house contro l will do nothing to improve the situatíon
as the harm has already been done.

14:3HARVESTING
Flowers are best if harvested in the momings when it is cooler and before the
eííects of the rising temperature and the suns rays have increased the transpira ­
tion rate within the plant. For the best poss ible vese life they should be recut
a nd placed in water as soon as possible following harvest.

Rese arch and observations show that the degeneradon o f material is accel­
erated at tempe ra tures above 20=( end ver; greatly so at 25 =C and ove r. The
acceptable time lag from the mornent oí harvest to being placed in water is on a
graduated scale in a cco rd with the temperature at the time of harvest Below
12°( there will be very few prob lerns but it shou ld still be piaced in water as
soon as pracrica l. From 12°( to 20eC the max imum time should not exceed 45
min utes. from 20°C to 25: ( 30 minutes and for 25°( lo 30"C a n absolute
ma ximum o f 15 minutes. AII times should be shortencd appreciebly when
there are conditions of high dehydra tion such as hot dry winds. When tempera­
tures are 30°C and overo especially ií coupied to hum idity of less then 30%.
inconsistent vase lHe o í flowers will be exoerienced even jf the material do es
appear to be in good condition at the time of harvest and it is placed in water
with in minutes o í harvest. It is under such conditions thal clones thal have been
selected as ha ving superior vase IHe u.ill show their ab ili ty lo perform.

When harvesting it is usual practice to cut so as to give the 10nge51 possible stem
length without causing structural damage to the plant It is important to cause
the minimum of tissue damage when handling material as broken and btuised
foliage wiD give off . ethylene gas which is very detrimental to flowers. Cut
material should never ever be left lying in the sun even for a few minutes as
many varieties can not tolerate lhe suns rays on the back of their leaves. a few
minutes can cause sorne to dehydrate and 90 black. Cut material should not be
heaped up or when placed in buckets of water it should not be jammed in tight
This is because once haivested. aD material wiD go through a period when Its
temperature win rise. (usually about 2"C within two to three' hOUIS of harvest,.
and if it is left tight even if it is in buckets of water and not controUed by
refrigeration It wiIl continue to heat up which causes it lo degenerate more

-~ .
Harvesting is an operation which 'should be carried out during periods when
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there is the least deh ydration. when the flower ís at its oprírnum condition in
relation to the ma rket it will be sold in and han dled in such a way that causes
the least possible damage to the flower or foliage. Remember the flower is at it
most perfect state at the moment of harves t. the plant has do ne us partothe rest
ís in the hands of the grower,

14:4 POST-HARVE5T PROCEDURES
Th is is the final act in the chain from the initiation of the plant right through i15
developmenr to pro ducing a flower which has just been harvested . Good post ­
harvest handling 1.\;;11 ensure tha t the flower gives its best possibie value te the
end consumer. poor or a total lack of post- ha rvest handling can des troy the
flower well befare its due time.

There have been a number of papers written on post-hervest handling of
flowers in general and a certain amount of work has been done and written on
the ha ndling of Proteaceae in pa rticular. Unfonunately some oí thís work has
been carried out wíth material harvested from seedling stock and because of
the highly variable product that seedlings produce the findings are not ne c­
essarily conclu sive for that particular variety. To elimina re the possibili tíes o f
discrepancies. all resea rch work l have done has been carried out on mat erial
from ide ntified clones.

It has been establíshed that dehydration is the greates t factor influencinq the
degeneration o f the flower, While there a re other fac:ors such as exposure to
ethylene gas . ehemical reaction to sprays etc. deh ydration is stil! tn-z main
problem. There a re meny things that can cause it such as those outlined above
in the pre-harvest file. but following harvest the principal causes are high te m­
peratures andJo r very dry air whieh is not nec essarily hot air. Cold air ca n be
very dry and ca n cause severe dehydration in flowers.

For effective post-harvest handling of Proteaceae a chiller is a necessity. The
standing oC flowers in water is not sufficient on its own to ensure that they will
give the best possible resuJts. With Leucadendrons. ·which in actual faet are
Coliage and not flowers, it is pOssible to process mány varieties through the
winter months with acceptable results without refrigeration but with Proteas,
LeucoSperrnums and Telopea it is virtuaUy impossible to do fuD justiee to therri
without refrigeration oC some kind

The quality of water is important as poor water with a high pH. or carryjng water
borne fungi can cause rapid break down oC plant tissue causing blacken ing oC
the leaves and flowers. Water with a high pH. from a mains supply which has
been ch10rinated can be disastrous to Protea flowers and is probably the reason
why occasionaDy a shipment goes wrong as some mains suppUes can vary
somewhat in pH. and chlorine contenl As water is the c:ommon denorninator in
post-harvest procedures it is also the vehicle by which contamination can be
passed from one batch to another and for this reason it is important that ÍTesh
wateris a1ways used Cor each batch that comes into lhe pack-house and that the
containers are deaned frequendy.

.
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How the material is ha ndled once it arrives in the pack-house does va ry frorn
one grower to another and the syste-m used is usually designed to lit i~ with the
pack-house practices . Some gro wers stand their flowers in buckets of wa ter
then immediately place thern in the chiller. while others may strip the lea ves
before standing in water and placing thern in the chiller. Some wiII use other
variables. The irnportant thing is tha t the ñeld heat and that which generates
within the plent tissue Iollowinq ha rves t rnust be brought down to around 4C. as
rapidly as possible. Once it has reached this temperature dehydra tion and
degeneratio n slow down to near ze ro and the aging process is almos t halted.

The re-cutting of the stems just p rior to stan ding thern in water ensures tha t
they have a fresh start, The capillarie s on som e varieties seal off very quickly in
the air. there-by effectively stopping the stern from drav..ing up water as it
sho uld. A recut 1.\;;11 minimise this problem.

The use of preservatives. (as distinct fro rn the use of sugar forpulsingl. does no t
appear to give any consistent resul ts and it is do ubtful ií they have a great deal
of influence on vese life. As all Pro teaceae are woody plants it is mueh more
difficult to get preservatives into them than say carnarions, chrvsanthemurn etc.
which are soft stemmed. With Proteaceae the upteke of water which would be
the veh icle by which preservatives wou ld trans!ocate into [he srerns. is srron qly
influenced by the maturity of the floweri nq stem ar.a also the environment
conditions of ternpera ture and reletive hurn id lty in which they stand in the
wate r.

During tests on the flowers of rnany varieries ít has been shown that the inclu­
sion of the fungicide Thiram and to a lesser degree C~ptan in the water will
improve the traveling performance of sorne flowers. In particular Procynaroides
responded well as -also did Lsp . re f1 exum. In one case. sterr.s of Ld. ev. "Red
Gem " were treaiea and remained usable as a fresh cut flower fo r FOUR
YEARS!

The use of a 2% sugar solution as a pulsing medium has been tested on a
number of varieties. 115 greatest use is in restoring Leucospermum flowers iC
they dehydrate during transit If the stems are recut just as lhey are stood in the
solution it will'resto re the flowers to a Cully turgid state artd usual1y heightens the
colour. When using this solution it is important not to splash or spill it on any part
oC the stem other than the base as sugar on the leaves invariably promotes the
rapid development of fungi wherever it contacts the foliage.

Exposure to ethylene gas especially in high concentrations will do .great dam­
age to flowers of any !<indo Common sources of ethylene are fróm cut and
bruised foliage and tom stems caused during the stripping oC leaves or the
removal of by:passes, petrol and aiesel exhaust fumes. smoke ÍTom tobacco
and ripening fruil Precautions to avoid lhe exposure oC flowers to these sources
should be taken at all times. .

Good post-ha~est procedures are really just good common sense:'



SECTION FIFfEEN

Clone Selection for Cut Flower
Production

15:10VERVIEW
The present standing and future of Proteaceae as an intern arionalIy recognised
cut flower is and will continue to be closely Iinked to the ab ility 01the growers to
supply a consistenrly high quality product. that is of un iform type and form, to
the intemational florícultural markets. The ability of growers to do this. irre­
spective of where the plantation is situated, is a d irect resu lt oí what they plant
and no amount of careful attention during production an d post-harvest treat ­
ment of the crop will make a very good flower out of poor genetic material.

There are distinct markets for Proteaceae flowers with the oldest and most
established one being the mass utility ourlets such as those which have been
selling thern for ove r twenty years in Europe (whích up un ril now has principalIy
been su p p iied by material harvested from natural stands in South ..\ mca). Tne
others a re th e developing world wide "top shel f" d esign flonsts and retail ou t­
lets. These a re very disceming ma rkets which e xpect top line material every
time , not just so metimes. It is a fact tha t much of the ma terial that has been
offered to them in the past few years has done Iittle to ga in their confidence as it
has been more suited to the mass utility area of trade.

If growers intend to supply and are expecting the fina ncial retums írcrn the ..top
she lf" markets. then they must pla nt clones tha t will consistently produ ce a
product tha t is acceptable in those rnarkets, It is a proven fact tha t the careful
selection of the rlght clones, grown in a specific clíniate suited to those clones.
will result in the procluction of top quality material. The points that must be
considered to do this have been dealt with in Section Ten. On the other hand jf
seedling based material or vegetatively propagated plants from unproven stock
is used to plant plantations, the resultant crops wilI be much the same type and
quality as that "harvested wild". Growers of this type of flower wilI not be able

. lo capita1ise on the higher priced markets and attempts to market this inferior
material in the astute areas will continue undennining the confidence of the
design and up-market florists in Proteas. .

This section surnmarizes !he result of eight years oC personal involvement in the
5creening and selection of Proteaceae varieties in tlie search for clones suited
lo cut fIower production. This work is and wiD continue to be an on-going
programme and what is published here is intended as a guide to protea growers
en what lo Jook for and how to 90 about !he initial screening of plants to identify
those that have merit Because of '!heir constant contact with the plants,
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growers are the ones who have the greatest capability to make these initia l
observations and se!ections. Every reader oí this book has the ability to find a
real "gem".

15:2 THESEITING OFSELECTfONPARAMETERS
The criteria:I set following inves tigations into the prospective markets oí

Europe and North America in 1979 was :-"IF IT WO N'T TRAVEL IT IS NO
USE PLANTING Ir'.

With no internationalIy established bench rnark oí standards and no blue print
to work to. it was necessary to determine a number of factors before any
progress couId be made in selecting clones for cut flower production. Twenty
years oí handling Proteaceae plants. had shown that not only was each clone
different wíthin a variety but also that each particular clone could give quite
variable performances when grown in the diverse climates found throughout
New Zea land. As it was considerad probable tha t these differences would aIso
show in the flowers' post-harvest performance. it was dec ided that dones be ing
reviewed should not on lv be scree ned íor the vase lite of their flowers but that a
comprehensive prograrnrne be adopted to cover al! aspects from planration
establishme nt thro ugh to the vase life of the flower fol!owing transit from Ne \.V
Zealand to New York. An extension to this was to have plants of each clo ne
u nd er review esta blished in various locations throughcut New Zealand for ob ­
servation.

Initially the selection proc ess was divide d into two are as oí investigation. that oí
a general observation of the plant and the flowe r it produced, and secondly the
post-harvest performance oí that flower. Minimum parameters were set which
we re related to what a flower would experience from the bush to the end
consumer and what that consumer wo uld expect oí it. .

In the material sense these covered:
a . stem length and straightness oí stern,
b . leaf configuration especially those near the base of the f1ower,
c. "theflower's ability to mature and open following harvest (very important in

Leucospennums and Pr. cynaroides), .
d .flower col óur and íts ability to retain its lustre after five days in darkness, (in a

cartón),
e . flower conCormity (shape and size).

In the post-harvest area tt eva1uated not only vase Iife but also the f1ower'.s
ability to travel and stilI give satisfactory value to the end user, Early e~-

. ments had shown that a f10wer that had a good vase Iife was not necessanly a
good traveller. .

The check sheets since developed and published with this Sedlon are :::
result of seven years of testíng, screening and evaluation. They were
veloped for New Zealand locations to record plant and fiower perfo~.1n
relation to given climatic conditions. The final assessment, (sheet 4) gives two
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ratings. that of the flower on iy. and seco ndly the overall score o f plant and
flower related to the dimatic conditions it has been produced in. The parts per
hundreds (%) allocated to each specific section of the overail review are in

- relation to my assessment of their overall importance. The importance of these
sections would vary from country to country depending on how long a flower
takes to get to a market, d imatic variations etc.

15:3 PRE- TESTING EVALUATION OFPLANTAND FLOWER
Over the past e ight years a number of aspects have been noted which influ­
ence the production capabilities of the plant and the vase life ratings of the end
product, By taking these into account it is now possible for an experienced
person to pre-assess the probability of any particular plant producing a viable
crop in a given c\imate. This saves a lot of unnecessary work and can speed up
the tria1period and final assessment The following is a summary of the ma in
points recorded in rela tio n to the plants genetic make up.

1. Fo liage should be free from serious fungal invasi on and disorders. This
has been found to be the most important aspect in initia l evaluarion as
in all species and va rie ties. if a plant does no t have "clean foliaqe" it is
rare for it to have top q ua lity flowers or bracts that will give satisfactory
tra ve lling ability and vase liíe.

2. S te m s should be long and s traight with the flower well set. a nd without
too many leaves near the he ad. There should be and a minimum oí
by -passin g.

3. Leaf colo ur (in Pro neriifolia in particular and in othe rs to so me degree l.
those that have blue leaves or a reddish edge to a green leaf have a
superior ability to travel and give a better vase life than those with
green leaves . They will a lso pe rform much better where there are high
light levels.

4. Bud scorch of Proteas that is associated with high light levels should be
noted. Sorne clones suffer serious bud damaqe when light levels ex­
ceed 80,000 jllu, [ref. 2:3}. This damage affects the transit and vase lífe
performance of the flower. Where this is a';roblem.. the clone should
be tested in an area that experiences surnmer aftemoon cloud cover as
it may perforrn very well under such conditions.

5. Frost hardiness shouId be noted of plant and Oower.Some plants wiU
tolerate _5°C but will have their budslOowers damaged at -2"C.

6. Differing seasonal rainfall pattems from one Iocation te another will
influence a plant in relation to health and seasonal growth structure.
Problerns caused by this are usuaUy related to fungal invasion and lf
this is a problem during the Oowering season it will influence the post­
harvest performance of flowers and leaves, l{n growth structure, ex-

: cessive raínfall during the plants rest periad often causes by-passing
andlor penduIous growths, even in a clone that has been selected for
its upright stance.
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7. Irnpact resistanca oí leucospermum heads from becoming de tach ed
frorn the stern during handlir.g and transít should be measured. Lsp
glabrum a nd its hybrids have given problerns.

8. Rowering season related to market demando Th is is [mportant where
fre :ght ma y exceed the value at low demand periods. _

9. t'-ta¡~ le ucad endrons generally do not travel satisfactorily at their fully
merare stage. They should be saleable before that stage of rnaturi ty.

10. T e icpea evalua tion . Over the past four years I heve canied out pre­
Iím inary screening on the flowers of Sorne sixty clones of Telopea
flowers. During this work several aspects have been identified which
whe n applied give a nea r infallible insta nt eval uation of a clones travel­
inS and vase life expectations. These findings have been correleted
aga::-,5t the performance of these sixty odd clones .end have bee n
fo und to be constant in every insta nce to date. These are:-

i. The more intense red the flower is, the poorer is its performance. This
is p articu larly so when the intense co lou r runs right to the ends of the
flower styles.

ii. The higher the dome is. the poorer the vas e Iife performance is.
iii. lf the ends of the flower styles are tending to be pink rather than white.

their vase lífe performance is always good.
iv. T h e flowers that have the best vase Iife are those that have a delinee

pink end to the styles.
V. lf the flower has a combination of being crimson (not mauve) with a

rour.ded dome that has de ñned pink ends to the styles it will travel well
a no then give good vase life, 1ha ve one with this cornbinetion whích
las ts fo r th írty four days in a vase .

15:4 PROD UC n ON OFMATERIAL FOR SCREENING
AND EVALUA nON
The following points shou ld be conside red when making provisian íor a supply
of material for evaluation.

1. Planration grown plants must be used for all testing. Flowers harvested
and .. tested from plants in gardens etc. may give misleading results.

2. A number of plants of each clone under test should be used for har­
vesting material from for testing. A single plant can give misleading
results.

3 . Controlled irrigation in relation to seasonal growth pattems can playa
signiñcant role in the stem length achieved in some clones. Those with
rnarginal length stems (\ess than 45cm) should not be discarded until
grOI,l"Tl with irrigation. _

4. lf nitrogen is available to the plant especíally during the spring growth it
will lengthen stem length. On the other hand if it is avaUable in mid­
summer it may aIso cause severe problems with bent stems and by­
passing in the midsummer - autumn growths.
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lS:SFLOWER EVALUATlON
There are many aspects wh ich may influence the post-harvest performance of
a flower/foliage. The condition of the plant, the c1imatic conditions prevailing
just prior to and at the time of harvest the production techniques used in the
weeks prior to harvest and the handling of the material in the fi rst fifteen to
thirty minutes after harvest have all been found to influence the post-harvest
perfo rmance of the flower. If these are not taken into account whe n harvesting.
testing and assessing. sorne misleading results can be recorded in th e flowe r' s
ab ility to travel and subsequent vase Iife. Because of thís. persons carrying out
this work should standardize the ir pre- and post-harvest procedures and use the
~me format with every clone every time. These procedures should be of a
practical natur e that can easily be dup licated und er pack-house conditions. It is
only by doing this that reliab le da ta will be gathered which can then be used in
a practical situa tíon.

In pre-harvest procedures the following should be noted:-

i, Age of plant. P rot eas and Leucospermums should be at least fou r
years oId before be ing used for observations. By this time they will
have adopted their adult cropping pattem. Leucaden d rons should be
three years old. G rowe rs should not condemn a ' promising plant o r
plants o f a clone for poor performance in their particular climate until it
has flowered for thre e years as flowers from young plants o fte n give
peor travelling performance and improve as the plants get o lder. The
reason for th is is tha t plan ts of less than three or four years old are
almost co n tinuo usly veget atively active which may give results sim ilar
to those experienced when an ad ult plant experiences a surge of sap
flow. [Ref 14:2 & iii. be low).

ii. Material unde r stress frorn dehydration must not be used for testing. It
should be noted that dehydratíon can be caused not only frorn dry
ground conclitions but also by dry winds (hot or cold) a nd frost,

iií, lf a plant has been dehydrated owing to dry ground conditions and is
then watered either by irrigation or rain, the material must not be
harvested for testing for a least six days. The súdden rush of sap within
the plant is one of the main reasons why a clone that has not previously
given leaf and flower blacking problems suddenly goes wrong in
transil

Iv. Sorne insectiddes if applied within four days of harvest may affect the
post harvest performance. Problems haveonly been observed where
they have been in emulsion forms or when spreaders have been used.
It is probable that it is the emulsifying agent rather than the insecticide
that is the éause. Spraying a week prior to harvest wiU minimise the
possibility of inconsistent resuIts from this. r

In the post harvest procedures the foUowing should be noted:-.

v. Time of day of harvest For consistent results onIy harvestearly in the
dayespecially when temperatures are going to exceed 1S"C. Acceler-
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ated degene ration has been observed above this temperature.
vL A time span not exceeding thirty minutes from harvest to ':Vater shou ld

be adhered to. Even if this time factor is achieved the combination of
tem pera tu re above 18°( and material cut frorn a plan t unde r stress
frorn dehydration will o ften give inconsistent results. Trials have shown
tha t !TI0st ma terial degenerates rapidly. often beyond recovery. afte r
45 m inutes at +18°(.

vii, Stripping of leaves. In sorne clones this results in damage to the flower
stern which causes poor vase Iife owi ng to the production of ethylen e
gas and the invasion of fungi. This has be en the reason for discarding
sorne promising clones under observa tion . When a clone is being
tested and this is a pro blern, cutting the leave s wiIl reduce the stem
damage but may not be cost efficie nt in production.

viü. Rernoval of by-pass growths wiIl cause the same problems as stripping
lea ves. By-passes should be removed in the field at !east a week prior
to harvest.

ix, Flower preserva tives. Tríals with these have no t shown any consistent
res ults. Ho wever the use oí certain fungicides in the holding water has
sh own benefits to sorne clones. It is thought tha t the influence of bo th
prese rvatives and fungicides is c!osely linked to the flower foli age
ability to take up the solution in the immedia te post hervest pe riodo If
flo we rs/fo liaqe are stood in water at room te mperature their uptake wiil
be considerably more than ií they are in a ch iller unless the chiller
humidity is very low.

x, Density tha t ma terial is packed in the carton has a bearing on its sur­
vival a nd eventual vase life. Cartons under tria l mus t be packed al. the
same density as they wou id be in normal tra ns it.

xi, Each clo ne sh ould be tested three times during the flowering periodo
early. flush and late. Varying results will be obtained especially in some
Pro neriífolía clones over these periods.

xii. Vase life must be tested after simulated travel or actual transit Sorne
clones that have been investigated have had a good static vase Iife and
a poor record of transit Sorne have had a good transit record followed
by a poor vase life when re-exposed to the airo

15:6 TESTING SUMMARY
The only way to get reliable results is to grow the crop for te~ting in a production
environment, harvest the flowers frorn mature plants that are not under stress.
preferably ear\y in the day and place in water within 30 minutes of harvesl The
material must suffer the minimum of damage during processing, be packed at
normal density in cartons and then tested for travelling performance. On!!, a~er
it survives thís, should it be tested for vase life. Static vase life means nothlnq Ifa
product has to travel for three or more days.



15:7 CLI/vfATIC INFLUENCES
Observations made and data accumulated during the developrnent of the
selection programme show quite c1early that climatic variations have a great
bearing on whether or not a particular clone may consistently produce a mar­
ketable and profitable crop in any specific climate.

This has been highlighted in New Zealand with Ld. cV:'Safari Sunset" (the
almost indestructible plant), which in some climates is highly productive. long­
lived and profitable whereas in other locations it has been found to be a horti­
cultural disaster.

The climatic factors influencing production and profitability do vary between
species and varieties but in the main cover the same general areas.

a. rainfaIl - the seasonal variations rather than the actual amount.
b. air movement - influences plant health especially those with hairy

lea ves. It is also important in high Iight!temperature areas.
e. minimum temperature - below minus 3°C puts great restrictions on

what flowers can be viably produced. Most plants wiIl survive -S°e.
d. ma ximum temperature tolerance - is closely re!ated to a combination

of temperature x air movement x Iight intensity.
e . Iight int e nsity - is a complex ingredient of seasonal clirnatic varia tion.

It iní1uences most cutflower varieties in both plant health end flowe r
qua liry. S easonal Iight rhythms are believed lo be the main facto r
influ e nc ing production and flower quality esp ecially in Pro tea .

15:8 FUTURESELECTION PROGRAlvfMES
It is at this point our investigations move from pure clonal selection rnatched to
a particular climate , to a combination of selection X climate plus plantation
management. To furthe r the investigations into these fields itis inrended to
instaIl a dimate monitoring station Iinked to a computer to record accurate data
on Iight radiation, hurnidity, air movement, raíníall, air and ground tempera­
tures while at the same time making detailed observapons on some lS to 20
selected clones in a field plantation. The basis of these observatións will be on
the effects of irrigation, the application of nutríents, plant . management and
their relationship to the local seasonal climate. These field trials will be long
term covering the perlad from plantation establishment through to the post
harvest performance and profitability of the crop for a perlad oí at least four to
six years.

IdealIy severa! such trials should be set up in varlous climatic locationsl
countríes, alI using the same format of data collecting and all growing·identical
clones. Information gained in such trials would be invaluable and would be the
key to consistent successfu1 cultivation of Proteaceae. 1

As we move further into understanding what influences Proteaceae it wiU be
possible to rnanípulate them to produce a more valuable crop. This manipula­
tion fans into two areas, initially that of the carefuI selection oí cutting material
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frorn the stock plants of the selected clones [ref. 17:4] and secondly the edu­
cated uses of irrigation and Iertilizer appiication at specific grolN1h periods. (no t
just when they look as if they need it). seasonal control of Iight. temperature, air
movement. and in the case of some clones of some species. specific pruning
techniques.

Success v..;1I only be achieved if the plantarion has been established with selec ­
ted clones wíth known performance factors covering not only the flower but
also the climate that it is grown in. In the past some clones have been selected
for a single factor such as colour. time oí f1owe ring, because it is a nice looking
flower on the bush or even in some cases because of a pretty picture in a book
with no thoughts as to whether it will be a viable producer for the grower and or
a flower which is acceptable to the end consumero

The ultimate target for research in selection and the matching of those selec­
tíons to a particular c1imate VJiIl be to populate our plantations ",Vith plants that
will produce to specific pre-detennined levels of quality, stem length. flower
typ e. travelling ability. vase life. productivity and profitability.
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SHEETTWO

Variety .

PROTEACEAE.

SELECTlON FOR CUTFLOWERS

Ma ture height ..

Mature width _ _ ..

Leaf colour

Growrh habi t : .

PLANT SPECIFICATIONS:

Annual rainíall ..

Altitude .

l ongitude .

lat itude .

ASSESSME:"<TS r-tADE AT:

location .

Or igin

FLOWER SPECIFlCATlONS

C lo ne/cultiva ir .

S pecies

. .
.;

SHEET ONE- INSTRUCTIONS FOR EVALUAn ON
To ach ieve un iforrn assessments it is important for each individual researcher to
follow an identical partern for investigation on eac h and eve:y done under
revíew for a given d imatic location. The following are the procedures adopted
in screening and evaluation to gather information for recording data 00'1 sheets.
two. three and four,

Seedling plants are only to be used where a new subject is under initial invest­
igation. Cutting grOVJfl plants are to be used in all instances for final evalua tion.
Protea and Leucosperrnum plants should be four years old before use as the
source of material for fi nal testing and Leucadendrons should be three years
old. AlI plants must be grown in a production plantation environment. Material
must only beharvested from plants in a fully turgid condition. Meteriel must be
harvested at the same time of day each time testing is being carríed ou t. It is
preferab le that harvesting is carríed out in the early mom ing. Material must be
recut and placed in water within 30 minu tes o f harvesl Material under test must
be handled and trea ted in accordance with good pack-house practices wi th the
minimum of tissue dam age and kept as cool as possible during handling. AII
material shall be chilled for a minimum of 12 hours to 4=( before packing into
cartons for transit testing. Material shallbe packed at normal density in
the cartons for transit testing, (either simulated or real). Use srnell cartons for
smaJI quantities. Do not make up space with paper packing. Vase life must be
assessed after transil Flower Jife is judged ended when ¿egenerati on is
obvious wh en viewed from 2 me tres at 32ft/c. wh ich is eouivalent to the aver­
age Iight in the living area of rnost homes. Frost tole~ance of plant and
Bower sho uld be rr:onitored over a period of at least one full calenda r yea r, two
jf possible. Ligbt tolerance of plant and flower should be monitored over at
least one full year, not just summer months. Flower buds may not be present
during summer but could be exposed to high Iight factors in other seasons.

Minimum stem length has been set at 45cm. Transit pe riod has been set a t five
days. Minim um acceptable vase Iife has been set at 15 days . Tnere are ma ny
factors such as colour, flower lustre, flower shape, leal configura tion etc wh ich
are impossible to measure. These must be assessed with the víew that the
fIower must be competitive with similar products in the markel For this reason
it is essential that the researcher has a kriowledge of wha t is being traded in the
market place.

Flowering period. J F M A M 'J J A S O N O

Flower colour ..._ .........................•-- Aower size ._.•_._•••.._••_ _•• _
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Flower weight with 45 cm stem ...._•• ..__••.. gms - - - ••- - ••- ----

Average stem Iength •.• •. cm .•_••_ incha------
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sHEETTHREE
SHEET FOUR

lo ·SC Irost ( / 10)

¿esrees ·C

/ 10)

.......................................................................................................................................

Is by passinq a problem? State -

FLOWERS FIELD PERFORMANCE

Tolerance to :3C írost ( /la)

Maximum frost buds will tolerare with damage?

Sud tolerance lo light over 60.00 unirs per day.

Tolerance 10 rain ."10). Effects srate -

No
No

/ 10)

/ io:

/ 10)

/ 10)

Ves

Ves

_ .

PLANTS FIELD PERFORMANCE

Has the plant shown any phosphate toxidity problems?

Has the plant shown any establishment problems?
If yes to above state _ •

Tolerance lo -3C after 3 yea rs (/lO) aíter 5 years (

ToJerance to light above 60,000 units per day (see note page 1 ch/sh) (

Tolerance to +2BC in fuI! summer sun ( i10)

Tolerance to less than 25mm ra in per month in Summer (nil irrigation)

January ( /10) February ( /10) March ( /10) Apr il (

Tolerance lo ovar 400mm rain per quarter (nil irrigat ion)

Spring ( / 10) Summer ( /lO) Auturnn ( / 10) Winre r (

Effec ls of over 400 m rain per quarter. State _

/l a )

/ 10)

/10)

days)

days)

(

(

(

(

............................._ .. .

Ab ility ro rnatur e Iollowinq harves t.

Ability ro withstand five days in transit.

Vase Iife following 5 days in transito

Domestic vase lite nil transit

FLOWERS PERFORMANCE AS A CUTFLOWER

Leucespermums only. Irnpac t res is:ar.ce of heads .

. . h d i c tjo n oí rh is l1ower. Sra te -Are there any problems associeted 10 : e pro u
. ..........................,.

~.

..........................................................................................................................-- .

Eiíect s oí less Ihan 25mm ra in per surnmar rnon th, nil irriga lion. Srare _

.......... ......................................................................................... ......................................

~~ : .

Response to irrigalion. State _

Resisrance to: bOlryris ( /lO)

dresular ( /lO)

p,hytophrhora c. (/10)

other iungii ( ti /10)

he ther.e any particular fungal problems with this clone. State _

- .-----_ _.._.._._._.._-_ __.._.__ __ _-_ _ __ _-- ..

---_....._._-----_._._.._---- --------------_..._----

PRODucnON DATA

At year 3

At year 4

At maturity

(

(

(

salable stems)

salable stems) assessed on (

salabe stems)

cm Iength)
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SHEET FI VE
SECTION SIXTEEN

OVERALL RATINGS

flowe r post harvest and physical rating

Ability to m a tur e following harves t.

Ability to withstand five days transit o

Vase life (ol!owing transito

Stem lengrh.

General presentation to end consume ro

Flowering period related to mark et demando

Co mbined planr p roduction and fl .ower ra tmg

Flowers abiliry ro trave!.

Vase life foilawir.g trave!.

S tem lengrh.

Flowering peria d rela ted to markat demando

Flowers genera l appearance lo consumero

Flowers tolerance to .3C.

Flowers tolerance to +28C and (un sun.

Flower/plant tolerance + 60,000 light unit/day.

P1an,t resistance to fungal invasion.

Plants general health.

Plants production ability.

Part/l00

*10

*30

*20

*20

*15

Flol.I.·er ra ting

Pa rtí 100

*10

*05

*05

.*05

~ *05
.tI

*10

*10

*10

Rating

O '•••••• ••. . •• •••• . . . . .. . • o

. ¡

Problems - Reasons
- Remedies

This sec tion is designed as a quick reference check list. lt will help you to
de termine what are the reasons for problems which will be encounterad from
time to time. It must be regarded as a first chec k only and where serious
problems occur expert advice should be sou qht.

The listing of problems is divided into sections and are filed under the hea ding
where they are rnost likely to occur. A system of referrals [ref. ~ '" [ the same a s
that used throughout the book is used lo direcl the read er to the file contc ining
the info rrna tion on the subject under revíew. In most instances thís wil! tell how
te avoid or remedy the problem. lf there ís not a reíerral a susgestec cure is
listed. .

16:1 VEGETATIVEPROPAGATION
16.1.1 Cutting material goes black within hours of harvest.

Mate riel was harves:ed when:

i. It was under stress frorn dehydration [reí. 3:7 J.
ii. Air temperatures were above 28°C and the material then rose lo

+30=C [reí. 4:2 & 4:31
iii. The stock plant had a dry root zone a nd had then received water

or rain within 72 hours prior to the material being harvested [reL
3 :3]

iv. , Material was too immature to ha ndle [ref. 3:7 to 3:12 )
v. Stock plant had been treated with sprays conla ining excessive

quantities of wetting agent or insecticides [ref. ·3:1]

Overall rating, plant and f1ower.
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16.1.2 Cuttings 90 black withín 36 hours of setting.

i. A carry over of the reasons above
ji Hormone strength was too high [ref. 2:15]

üi. Excessíve amount of akohol was used when mixing hormone
[reí. 2:15) (in the hormone not the grower)

iv. Too much time lag from hormone treatrnent to setting [ref.5:7]
v , Insuffident overhead watering in relation to the maturity of the

material and atmospheric conditions (low humidity etc.).

..,..



vi. Direct sunlight was permirted to shine on the material at some
point of handling [ re f. 4 :3)

16.1.3 Cuttings gradually ta ke on a dehydrated appearance one to two
weeks following serting.

i. Insufficient overhead wa ter be ing applied for prevailing con­
clitions of te mperatu re an d air movement. If the problem is only
near the perimeter of the propagation area chec k for wind driít.

ii. Too rnuch Iigh t for va rie ty [ref. 6:3 )

16.1.4 Leaf tissue begins to de teriora te ten days following setting par­
ticularIy with gre y and ha iry leaf varieties. fungicides are not ef­
fective in contro!.

i. Insufficient Iight for va rie ty being handied [reí. 6:3]
ii. Difficult to control fun gí [re f. 9:12 lo 9:19 ]
iii. Result of stem damage from loo mueh hormone (reL. 2:15 ]

-, i
: j

t i
.' i

16. 1.7 Cuttings ca llous heavily but v.i1l not root even a fter an extended
periodo .

i. Sorne varieties are prone to this problem especially Prote as.
ii. Material was too mature when harvested and set [re f. 3:7 ]

iii. Hormone was too strong and although it did not des troy the
cuttings tissue jt caused scar tíssue to form [ref. 2:5]

iv. Bottom heat was applied loo soon after setti ng o r it was set too
h igh [ref. 2:10 )

16 .1.8 Cuttings will not roo t. Base of eutting does not ca llous or cha nge
in any way from the day it is set except tak e on an ap pearance
Iike erepe paper.

i. Material was too immature at harvest and a heel .was not retained
at the base [ref, 5:8 to 5:10)

ii. Hormone strength was too low for particular va riety [reí.2:15]
iii. Cuttings were allowed to deh ydrate on the bench during prepar ­

ation [reí. 5 :6 & 5:7]
iv. Cuttings were inserted into dry medium causing the m lo de ­

hydra te at the base [reí. 5:1]

16.1.9 C u ttings sta rt vegetative growth but do no! root a nd eventua1ly
abort and become inert.

i. Material wa s harvested and set too late in spring [ref.3 :7 to 3:12j
ii. Material had initiated grov.:th too far aíter seasonal manipula tion

[re f. 3 :4 ]
iii. With le ucade ndron s it can be caused by dipping dehydra ted cut­

tings into hormone which bums the base and stimulates vegeta­
tive growth [reí. 2:15 & 5:7 ]

16.1.5 Sorne cuttings ro l below medium surfaee berween fifth a nd
twe ntieth da ys.

i. Ma terial was too so ft a t harvest [ref. 3.7 to 3: 12)
ji. Medium is not d ra in ing suffieientIy [ref. 2:14]

iii. De!ayed result from hormone damage [ref, 2:15]
iv. Fungi was p res e nt in the material at harvcst [reí. 3 .3 ]

16.1.6 Cuttings take on a water stained appe~rance. firstIy in the leaves
and later in the stems. Often first shows in the centre of a tray or
bed of cuttings. Can occur at any time during rooting but is more
Iikely 15 to 20 days after setting or during doudy weather.

í, Cuttíngs have been set too close to each other causing in­
sufficient light and air movement within the canopy of leaves in
the traylbed [ref. 5 :4]

ii, (nsufficient light in the propagation area for the varieties affeeted
It wiD affect grey and hairy-leaf varieties first then the red foliage
leucadendrons [ref. 6:3 & 9:19] r
Notet- This should not be confused with similar symptoms that
show on leaves foUowing frost Unless very severe this wiU dis­
appear of its own accord by the fourth day.
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16.1.10

L

ji

üi.
iv.

V.

Entire batch of cuttings 90 yellowby about the fifth day then start
cfropping their leaves and die.

Medium or water supply contaminated with herbicide or hor­
mone.
Water contaminated with high salts, [ref 4:2.]
~ater has very high phosphate content [ref 4:2]. .
Material was harvested &cm plants lnfected with RhlZoctoma or
Fusarium [ref. 9.11]. .
Material was put under great stress CoUowing harvest from heat
and dry [ref. section 4].
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16:2PLANTA T/ONHEAL TH
Much can be read of plant health by observa tion of the leaves. Whilsl this is in
no way a positive identifica tion of planl deficiencies or excesses. il can be used
as a field guide to delermining the probable reasons for 3 plants condition.

In carrying out observations of thís kind it should be borne in mind that a
particular leaf pattern.or condition may be the result of more than one cause.
This is because almost all Proleaceae are photo-sensi tive and a particular
chemical condition often also a ffects their light tolerance as a side effec t.

The following is an outl ine of lea f conditions that are likely lo be encountered in
the cultivation of Proteaceae and should be regarded as a guiceline lo deter­
mining the cause. Positive identification takes laboralory analysís.

16.2.1 Leaves have a homy texture. usually crinkled with high colour on
edges and pele on the upper surfaces exposed lo the sunlight.
Advanced symptoms are dead tissue around the edges of th e
leaves and general dehydration of foliage and flowers,

i. Too much sunlight for the variety planted.
ii. Probably aggravated by high pH. and phosphate levels.

Remedy. Avoid planting varie tíes that a re sensitiva lo high Iight levels
where they will face the sun all dav. These varieties shou ld al- .
ways be plantad on slopes facing a..~a)· from the sun.

16.2.2 Leaves pale between leaf ribs with ríbs highlighted green. Le af
shows chloros is towards the tip and in sorne cases tip bum .

i. Lac k of ma gnesiu m.
ii. lf there is tip bum there is also a deñciency of iron.

Remedy. Apply magnesium (epsom salts). 1000 ppm. and iron (iron che­
late)-,5oo pprn. as a drench spray. Repeat as riecessary.

Note : Thísproblern is usually of a seasonal ~ture Iinked to the spring
growth períod,

16.2.3 Leaves paJe between ribs with buming at the tips progressing to
severe tip bum and a mottling effect of the foliage.

. l, High phosphate levels present probably aggravaled by ,
ü. High pH. and or dry soíl conditions.

Remedy. It is difficult to brlng the phosphate level down, Apply sulphate of
amrnonia as a drench at 2000 ppm and also as a ground dressing.
Keeping the soil moisture up during dry conditions will often
help.
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16.2.4 Leaves begin a pale blotching as líght and temperatures ríse
during progress into surnmer. Leaves eventually go almost wh ite
and roll beck al the edges and show bum along the edges. There
may be a slight pinkish appearance on sorne varieties.

i. Very high nitrate nitrogen levels. Proteas in particular will be
- affected.-

Remedy. This is difficult to co ntrol. Fortunately it is usually only of a few
months duration and is caused by the breaking down of humus a l
high temperatures such as und er weed malting [ref. Appendix
Three], Heavy flushinq with irriganon does help to reduce it but
will not help the plants much that are affected . A delay of six
rnonths from the laying of malting or the rotary hoeing of her-
bage into the ground to planting will reduce the rísk of this pro-
blem.

16.2.5 Leavesare small an d show tip bum du ring ho t weather. other -
wis e O.K.

i. S ho rtaqe o f po tash.

Rernedy. Usually a short duration problern, Keep moisture levels up for the
remainder of the summer. Apply potash prudently in the Iollow-

:',,"- ; ing early sp ring lo avoid a recurrence the foilowing year. High, ;
: leve ls of potash wi ll cause chlorosis.

~. I
:. ~ 16.2.6 Plant has rose tte leaves with growth tips sometimes arranged in a... ¡

~ ~
whorl. Leaves may have a "bird beak" (twistedl tip.

0:' i
Principal cause is zinc deficiency. probably associated with iron~ ¡ i.f ¡.. . and magnesium shortages.

~

i Remedy. Apply sulphate of zinc at 500 ppm. as a drench severa! times. Pay

ti
attention to iron and magnesium also, see 16.2.3.

16.2.7 Foliage of plant is paler than it should be but leaves do not show

'íl
veining as for magnesium deficiency. Growths are shorter than
expected.

t Shortage of nitrogen. usually shows f01lowing spñng growth after
:¡; about the third or fourth year from planting if no supplemen~
~ supplies have been applied.

Remedy. Apply sulphate of arnmonia either as a dressing oro ttuough Iniga-
tion. Refer to 13:4 for information on the role of rotrogen in plant
growth.



16.2.10 New growths all over the plant goes sligfidy pink edged silver and
foliage is smaIl and slightly twisted Lastfew cm. of terminals may
be lwisted

í, Plant has been affected by hormone dríft, possibly from a gréat
. distance away. Proteaceae are very sensitive when making their
spñng growths.

Rernedy. Check chemícal store for leaking containers as these chemicals
are voIatile and the vapors can drift to affect plants, lf syrnptoms
are onIy on the Iower foUage of large planls or aU over only small
pIanIs. the problem may have originated frem the use of weed
control prillsIgranules. Some of these giye off gas when first
appGed.

Plan t fails to establish well, Shows stress frorn dehydration and
light even at low levels of exposure . Plant often fails second

sum mer.

Plant has poor p rimary root de velopme nt caused. by th.e con­
tainer medium being inco mpatible with the plantanon 5011 t>'Pe .

[ref 8:5 to 8:7].
Plan t root system is affected by nematodes [9:21[, .
Plant has suffered sorne physical root damage from ground ínsect
popul ations [9:22 ]. .
Nota. - The condition may be compounded by more than a smgle

cause.

Sudden appearance o f random black pa tches. on the younger
leaves and temporary tip wilt during the heat 01 the day.

Plant has been temporarily short of soil moisture and!or over
heated through the lack oí air movement [ref.lO:5 & 10:6] .

Increase soil rnoisture, [reí. 12:2] and air movement

Foliage of new grov.:ths show buming then go grey after a íew
days and is confined to one side of the plant.

Almost certain to be salt bum from dry winds, ?vlay occur up to
40km (25 miles) inland. Usually Iollows a strongwind which is not
followed by rain.

Move further inland! Trim off íoliage that is sho\~;ng severe bum
as it may later be host to íungí.

i.

i.

ii.
iji.

i.

Remedy.

16.3 DI5EA5E5 .
This section deals with symptoms of diseases. Early detection of diseases is .
often difficult to detect as the ñrst syrnptorns are sometimes similar to those
caused by defidencies and excesses of minerals.

16.3.1 Plant shows general yeIlowing of the lower foliage and stems with
. tip wilt in the upper part of the plant,

i. Plant is almost certainly affected by Phytopbthora Onnamomi.·
(ref.9:10). '. . .

There is none, remove the plant, it is a danger to replan~ ~ the
same site. " .

Remedy.

16:2:13

Remedy.

16.2.12

16.2.11A cream coloured vanegation shows on lower leaves and pro­
gresses up the plant. intensifying as it progresses. For a start it
may only afiect one side of the plant

A1most certainly the result of a herbicide containing Syrnizíne
being usad wíthin the root zone of the plant
In low doses it may only show as a faint margined yellowinq oí
leaves thet were developing at the time oí being affected or the
leaves may be slightly stunted and margined.

Reírain from using this type oí chemical within the root zone oí
plants. [reí. 13:8]. Plants will usually survive one or rwo annual
accídents but no more.

Plants take on a slightJy stunted and lacklustre appearance. The
rnargins of leaves will often take on a dark appearance and Leu­
cadendrons set bracts earlier than usual. Foliage may take on a
slightly pink appearance and stems become slightly dehydrated
and brittle .

Plants are affected by Round Up either by direct contact (if the
symptoms develop rapidly) or by transloca tion tbrouqh the roots
fro m the f1eshy roots oí sprayed weeds if the progr ess oí syrnp­
to ms of poison ing are slow to develop.

There is nothing that can be done to irnprove the plant. Once
affected the plant will either eventually die or may malinger on as
an unproductive plant for several years.

Avoid using this or any other chemical that translocates in the
root zone of plants espedal1y if there are any weeds with f1eshy
roots present. [ref 13:8].

i.

i.

ii.

Remedy.

16.2.8

Rernedy.

16.2.9

1711
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16.3 .2 Part of a mature plant suddenly goes yellow and drops sorne
lea ves and later shows tip dieback. Rest of plant is O.K.

i. Plant is affected by a form of Phvtoohthora. The d isease has
almost certainly entered following sorne physical damage or
pruning wound,

Remedy. Avoid targe wounds espe cially to the main stems. Cut out infec­
tion and trea t with fungid des.

i.

Pla n ts are lníected with Drechslera. Infection úsuelly develops in
early auturnn and continues into winter, [ref.9:15] .

There is virt ually no to tal cure. Control by constant application ?f
fungicides [reí 9:15]. Note: the practice of usi~g young ~Iants \O

nu rsery production beds as a source o f cutting maten~1 doe~
carry sorne risks in its spread as it is dífficult to detect thlS fun91
vísu ally in the early stages of infection.

Young plants. escec íellv those with hairy lea ves develop .decay in
.' , I There is a rapid devel -the terminal tips and or young sort ea ves . .nere l. •

opmenr down the leer or rnain stem anc ~l~nt ,dles'. Inrected
lea ves have a very dark margin on the stern sice 01 me ¡nfecnon.

This is Pestalotia and is always associa ted with low Iight ~ev:ls and
moist conditions [ref. 9 :14]. It is often enc.oun:ered cunng the
v...inter in both propagation a nd plantation sltuanons. .

lncrease light and air movement [reLS :2 & 8:41. Treat with

chemicals as per 9 :14.

Large water soaked spots appear on leaves which affed sur-

rounding foUage. ed b
This initiates as a physica1 disorder but may become in~t na
fungi . as yet unidentified. lt is always induced by 1()'.AI a
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Leaves develop a sílvery appearance a11 overo This may affect
, the whole plant or only one ot two bra~ches.

Plant is infected with 5ilver blighl, [ref. 9: 161.
Once well established it is almost im~ssible to eradicate. Re~
move affected branches or plants. Avoid large cuts to plants es
peciany late spring. lf possible rernove known host p\ants.

Leaves become almos; co ve red by pale orange pin head size
spots starting down 101.1.' and progressing up the sterns, usually on
Leucospermums but sometimes on others.

This is Se ptoria which is o ften accompanied by other fungí. [re í,
9 :17]. Develops ab out the same time as Drechslera and the two

are o ften seen together.
The damage to cu rrent growth can not be eradi cated. Preventa ­

tive control by chemicals.

i.

i.

i.

16.3.10

Remedy.

i.

Remedy.

16.3.9

16 .3 .8

Rem edy.

16.3 .7

Remedy.

Leaves of Leucospermums get a tan ~t which develops a
purple margin and progresses to a larqe Iesion with dead tissue in
the middle. It will infect allleaves and can spread to other spedes
oí Proteaceae.

The lower lea ves show sudden yellowing and become brown.
there is no tip wilt, Roots are still healthy.

Plant is infected with Rhizoctonia or Fusarium or possibly both,
[re f. 9:11J.
Prob lem is usually only seen in plants under two years old but
sometimes carnes thro ugh to the plantation from earlíer propaga­
tion prac tices.

There is no cure. onc e lnfected the plant will ever.rually die from
within. Good drainage end attention to air movement and
adequate light at ground level during p ropa ga tío n will min imise
the incidence if iniection, The problem o rigina res at ground sur­
face leve!. no! bel ow.

Wh ole plant goes yellow during wet periods and impro ves during
d ry weather.

Rising water table during wet periods.
Low leve! infection oí Ph\,iophthora C inna mo mi in a pla nt that is
semi resistant to it

Impr:)Ve drainage. Treat with Ridornil or Alliette. ref. 9 :10.

Soft terminal growths show a grey mould which rapidly spreads
to progressively infect much of the plant Usually occurs during
wet humid conditions.

Plant is infected with Botrytis or sorne similar fungi. [reí.9: 13J.
Improve air rnovernent, spray with Captan or similar chernical.

i.

i.

ii.

i.
ii.

Remedy.

Remedy.

16.3.6

Remedy.

16.3.4

16.3.5

16.3.3

ISO



Remedy.

high moisture levels. lt is usually eonfi ned to the pro paga Lion
phase but can oceur in plama tions. [re! 9:19].

Increase Iight and air movernent whieh 1.\.; 11 help to decrease
moisture levels. Don't crowd plants unnecessarily.

ii. Existing nutrient levels too low to susta in gro\\¡1h. [ref 13:9].
iii. There were too ma nv stems initiated for the plant ro sustaín [ref.

13:10). ' ~

16.4PE5r5
EarIy detection o f pest infesta tion 1.\.; 11 make control mueh easier. A close watch
shou ld be kept d uring períods when it is known that there can be a ra pid build
up in pop ularions.

16.4.1 Plant takes on a pa tchy silver appearance and upper surface of
lower leaves and get a black smut on thern.
Note:- not to be confused with 16.3.9 - silver bliqht.

i. Plant is infected with thríps, rnítes, red spide r. Th ese are very
small and lOX magnification is needed lo detect .

Remedy. Treat as required. 9:26).

16.5.2 Rowering sterns are bent or growth is p endant

i. -Poor stoc k was planted. ref. Section 15.
ii. Plant was supplied wi th an excess of n itrogen. [ref. 13.9].

iii . P la nt was supplied with an excess of soil moisture in relaticn to its
seasonal growth pettern. [reí. 12.4].

16.5.3 Flower buds suffer scoreh.

i. Too much light for tha t particular variety/clone in relalion to plan ­
talion site, [ref. Section 101.

ii. Plant was temporally short of soil moisture [reí. 12:4] .
iii. Planr was exposed to unusual weather co nditions. hot wind, very

h iqh tem perature for short periodofro st . [ref. Section 10].
v. Possib le salt bum. It can occur well in land following a big wind

which is not followed by rain.

16.4.2 Lea ves of pla nts have numero us holes in thern . especíallv al the
tips of Leucac!endrons. .

i. The re have been leaf roller caterpillars prescnt in the terminal of
new seasons gro\,l,¡1hs. These are there well be fo re growth
begins, [ref 9:25].

Remedy. Pre vent invasíon by early and regular spraying with
systemic insecticides. Spray or remove host rrees,

16.5PRODUCTION
Early identification of the reasons for less than expected performance of plants
in producing good quality material is important Procedures must be carríed out
up to a year ahead to correct problems.. .
16.5.1 Flowering stems are shorter than they should be for that par­

ticular clone.

l Plant was short of soil moisture in the \atter par! al its vegetative
growth run, ref, 12:3

16.4.3

Remedy.

White. black or brown scales on the under sides o f the lea ves.
UsualIy fírst show during \ate summer to peak by early winter., ~

Control as per 9:27. .Remove known host plants.

.., 16.5.4

i.
ji .

¡ii.

,
I

: I.- 16.5.5

i.
.)~

.-
°1 u
'J

J iü....
'foz;

~ 16.5.6
,.;.
~.

L
:~

ü.

iü.

Flower buds abort

S u d was exposed to very high temperarures or a Irost [reí. 10:6].
Terminal tip carrying bud has been ínfected by Botrytis or a
sim ila r fungi, [reí. 9:131.
Physical damage cau sed by impact or by insects . caterpillars etc.
[reí. 9:23 & 9:241.

Plants won ' t set buds as they sho uld.

Lack of suffident Ught Plants are probably being shaded too
-rnuch by hedges or have been planted too clase to each other.
With young plants, soil is too rich and causes the p\ants to grow
vegetative rather than f10wering woocl
Sorne varieties take up to ñve years to ftower, [rel.13:41.

Aower heads develop numerous bypass growths.

Ptants nave gane through a dry period and then received excess
water to their seasonal requirements. [rel. 12:31.
Nitrogen has been supplied lo p\ants during their normal rest
period in the summer, [reí. 13:9). .
Poor genetic material has been planted, [ref. Section 15).
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16:6 POST HARVEST
By the time a flower has been ha d d
treatment the re is Iittle else wh' h rves~e dan go~e lhrough its post harvest
Where bl IC can e one lo trnprov s thei r performance
rected. pro e ms are encountered the causes should be identified and cor-

h
Fo liage a nd flowers go black within two or three davs folIowing

arvest .

Poor stock was plan tad, [reí. Section 15]
Madterial ¡.was [Ieft too long fro m harvest ;0 beinq put into water
an coo mg, ref. 14:3J.

r;:¡er~3J.as poorly handled and sUffer~.crushing and bruísinq,

~er:: has been exposed to ethylene~, [ref. 14:41. .
ti h cadused by heavy infestation of thrips and mites in the
ower ea and on the foliage [ref.9.261.

i.
ji.

iji.

17:1 OVERVIEW
In thirty years o f involvement with any occupation yo u will from time to lime
have rho ughts of the past and future. As well as this you will come across
varíous situa tio ns and events for which it is difficult to pinpoint the reaso ns. This
secrion no tes some tho ughts . experien ces and obsarvatíons l have ma de that
have not be en dea lt with in ot her sections of this book.

17:2 MICRO-PROPAGA TfON - (Tf55UE CUL JURE).
(Fact and fancy).
Althouqh there have been a number of projects run in various research and
commercial laboratories to inves tigare micro-propagation of Pro teaceae. to
date there has been Iittle success apert from with Te lopea in New Zealand.
With these there has been sorne success in multiplica tíon but very Iittle progress
has been made in defining a sysrern to transfer from the flask to a succ essfui
plan! al least on a commercial besis,

lt is known that w o rk is progressing in severallabs. and cvenrually a sysrem will
be worked out that will have sorne success, Meanrírne it is back to the knife.
cuttings and trays of medium.

Facts and Fancies

SECTlüN SEVENTEEN

17:3 THE ROLE OFMICRO-ORGANI5MS IN PROTEA CEAE.
(Fancy or fact)?
There are many indications that micro-organisms playa prominent part in all
phases of Proteaceae production. right frorn propagation through to the end
product To pinpoint it and identify which they are and how they interact with
plant development and health. is something that I may never see. I recently
spoke of this to a scientist friendo He told me that you could look down the tube
of a microscope fo r three years and still not be any the wiser as to which ones
are beneficial and what role they play in better plant propagation, development
and health. During the course of propagating, handling plants and observing
them growing in many locations both within New Zealand and other countries. I
have seen a number of facets that support the theory that micro-organisms do
playa significant role. This assessrnent is supported by a ·growing world wide
interest on the role of micro-organisms. in plant health.

In a field situation one particular parallel has been observed in many Iocations.
This is that Proteaceae always establish and grow very well in Iand where there
is or has been upland fem (bracKen) and/or the dry land grass-Uke rushes
(Juncusl growing. This observation has been irrespective of which country it

,..
"'

' .-

>

Plants are se riously damaged by frost

Planta tion site not su ited lo Proleaceae.
Plants were íniga ted too much in the autumn which ti I d
late growth. [reí, 12.4 & 12.7 ]. s mu ate a

rr:t1~:91.ere supplied wíth nitrogen during the surnm er,

H~d~e ro:vs have become excessively high or thick and are re­
~~:~J~g -air movement thereby creari ng " frost pockets ", [re f.
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Fiowers and foliage goes black within hours of harvest.

Plants were under stress from deh ydrarion [ref 14 '2J
F10wers and foliage ha d been frosted rece~tly.· . .P:j t~mf:~]~ re was too high for that variery lo be handled, [ref.

i.
ij.

iji.

ív,

i.
ii.

iji.

iv.
v.

16.5.7

16.6. 1

16 .6.2
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A:tri~l' ~~ Jriée;b~e·n ímplemented .and is s~I.1 under observatíon. In .:~~ ~~P.t '"
'.Seedlings of _Pro!e~ : magnifica (C~darl?~rg y~nant) have b~e~ us:d as tJl~. t~p
-: ·tantS..:TI{e waóety~was: chosen . ~~~aus~ u dces, ~ome~~s ~,:,e pr~~t~~-:.

:. ~~bove end~oW:the ground o'-Ying t9.pe~~ .of hlgn ~um.ld,~ty.1O ,rrv.J:l~ti~f7 ;:.
. . .'-The· larits havé been .moved.on frorn .the ocrn tu~.e s~ge ~n a stan~r~ :..S?\l .:
" ~ ~basJ'miX tó:a~~ore advanced.plant in a .lücm. (4 ) p?t usmq ~ree dlh~~~.t:~ , '
".'._ media . .•.~ " ,:.~_;t':j" .;~ ;." ~ "" . . -.,'~ , .•" .' ,~ .

. -1 . L·... --~ .•.":- 1'~ r . . 'r . '1 ':, <; ~ .v': _ " 4 , .. . -;~ •

The media are.- "" .'
. . i:' Loam top soíl 50% +p~~i~e 50"%. . Q-;-

,. L toosoil 33a; + pumice 33% '+ 'one year old sawdust 33 , 0 .
11 . oam op SOI.o . 330:-m, Loam top soil 33% + pumice 33~ ~ fresh sawdust 10.

Th rdust used iS Pinus radiata. which is readily avaílable and always of ae saw . ' "
consistent type and texture .
F lants ~ere transferred frorn Scm. tubes to 10cm. pots ínto each of the
~~i~one month after the longest day and were then stood in wo~en .trays to

. . ibility of them being influenced by other matenals. le. saw-
edhmmatedan

y 'b~~ I;n the grov..ing o.n beds. As it was intended that noth ing
ust. san . SOl . di f rol" ers were íncor -

should influence the plants other than the me las. no e IZ • ' d ith
orated at potting or used subsequently. AlI plants ~av~ been rnalntatne WI

~ regular application of fungicide matched to the clirnatic demands .

After 150 days the following is the current situation:-

Media i Deaths 16%. health of surviving plants is average but t~ere has ~~en
sorne f~ngal infection on a further 38% at sorne stage. G~o\'\:tn of sur:nVlng

plants has been average. Root development is satisfactory with a good pnmary

system established.
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minimised bv the encou ragemenr of mkro-orqa-xsms in our med iums an d
plantano n sites . However this rnay stíll be a number o í yeers eway.

17:4 GRO~VTHHABIT-f5 IT INFLUENCED BY5ELECTfON
OFMA TERIAL? (Fact).
Proteaceae come in all shapes. sizes and grol.Vth habits. Even within a single

variety. seediing plan ts oí sorne varie ties vary grea tly. lf we take a batch of
seedling Protea ne riifolia as an example. it will be seen thet they w;11 vary in
their growt h ha bit even if the seed ís a ll coll ec ted from one stan d of plan ts
growing wild in South Africa with so me being upright and sorne pendulous.

When a single plant is se!ected from a host of seedlings beceuse it has superior
characteris tics suited to cut flower production. one o f the reasons for selecting it
will be because it has an upright grol.Vth habit a nd p roduces long straight ste rns
in that particular clima te. In theory every plant produced from tha t pa rent plan t
by vegeta tive means sho uld be exac tly the same with the sarne up right growt h
habit and lo ng stra ight stems provided it is grol.Vn in thet same c1i ma te or one
very sim ilar. This however is no t always so and there is now evidence to show
that the type o f material and whe re it co mes from the pa ren¡ plant does influ­
ence the growth charecteristícs of the resulting plan ts (but not [he flowers) and
in extre m e ca ses if the wro ng material has been used an upright planr may
produce progeny with predomina ntly pendulous grow ths.

A1though this must have been a fact since Proteaceae were ñrst propaga ted
vegetativeIy. it would have bcen -o í little consequence as long as [he planes
were o nly for lan dscape use . However as the cut flower rrace ha s develor -:::1
and " Proteas " are now gaining a footho ld in th e "top she ií" area where [r.. ..:
are eve r increasing demands for long straig ht stems. it is no....... oí conside re _
importa nc e to ensure tha t desirable cha ract eristics thar a clone has been
chosen for ar e retained so that the grower ca n p rod uce long srreight sterns .

For many years 1 observed tha t even although p la nts had been vege tatively
propagated fro m a single stock plant there were variations in growt h habit
between plants oí 'the same batch but not in the flowers or bracts . Th is was
particúlarIy evident in one particular clone of Pro neriifolia and in a wide range
of Leucadendron varieties. Initially this was thought to be the resultooí nutrí­
tional excesses in the containers as thís will cause pendulous growths [reí.
13:9). However this is always of a ternporary seasonal nature where-as when
fhese plants were planted in plantations the growth habits of each plant re­
mained constant with sorne being upright and sorne pendulous. Because of this
it was obvious that growth habit was being influenced by the type of material
!hat had been used as cuttings. This same phenomenon is common in the
propagation of conifers and to sorne extent in camellias.

. - 1

Selective harvesting of cutting material was begun six years ago on sorne
clones. Only upright terminal or laterals from upright terminals were harvested
and set to root Weak bent low level laterals were not used, With each suc­
eessive generation the same type of material has been used and in the case of
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A start was made lo research thísthree years ago by run ninq preliminarv ex.
pe rimen ts to determine whcther it was poss ible to roo! tissue other than stems
of a number of Proteaceae varieties, ie. leav es an d buds. The reaso!) for setting
leaves was to determine jf it was possible to initiate rootin g even although lhey
would never grow and produce a plant as it wa s thought that if roc ts could be
produced on leaves it would warrant furthe r resea rch to try to break the bud
dormancy problems being experienced. AH o f the early experiments were
carried out in "a standard outdoor propagation area under autornetíc rnist and
set in a standard propagation rnediurn.

The first experiments were instigated in the spring using buds thet were initiat­
ing in the natural course of their spring growth and rnature leaves of the pre­
vious years growth. These were not successful nor was curre n! years material
se r lo root tour months later in rnidsurnrner. A third test was run using surnrner
gro wn material. se t to root al the beginning of winter. From this, initiaríon oí
roots on leaves without any stem tissue was achieved in ,PI'. neríifolia (figure 63 )
and cvnaroides. Le ucospennum cordifolium an d cuneiforme. Leucadendron
salíqnurn (figure 64) and Serruria flo rida , Lea f buds o f PI'. cynaroides and
Telo pea specios issírna were also set rnany of which rooted to so rne degree.

Problems encounte red were :-
The spring batch a ll tumed black within fo u rteen deys of setrinq. This was due
to the fact tha t growth had already commenced an d with the sap flowing it was
im possible to sU5tain them,

With the midsummer batch. although some did surv;ve íor a number of weeks
a nd d id callous. they eventua lly aH becam e infected ""ith fungi due lo the high
lempera tures a nd the amounl oi water ¡ha t had to be ap plied to preven¡ de·
hydration. Because almost 50% of a bud c utting surface. area is CUlos~ rfa,ce .

more water than no rmal is necessary lo prevent dehydratlon , Fungal mrecllon
mostly entered through the cut 5uríaces,

Wilh lhe earIy wint e r batc h íew problems were encountered apart from the fact
tha! it was ditficult to ho ld the leal/es and leaf buds in the medium as only a
small amount of wind caused them to shake loose. Most of the leaves calloused
but only a few actuaIly produced roots. The exception was Pr.cynaroides which
all moted Oí the leaf buds set a1most all did eventuaIly rool but the eye of the
bud either died or was perrnanently dormant None of this batch actualIy carne
into vegetative growth.

The foIJowing year. the tenninal tips on sorne Pro cynaroides and T. spedosis­
sima plants were removed in late autumn. This caused the top three to. fi~e
buds on each growth to iniliate. These were then taken and set to root agam In

earIy winter. AltrJost aIl of these rooted by spring in an outdoor situati?n a~d of
those that did root some 30% carne into vegetative growth in the spnng Wlth a
further 20% by midsummer. The remaining 50% remained aUve but were
permanently dormant for a further year and were eventualIy .discarded The
resultant plant from one bud that did initiate grow is pictur~d e1ghteen months
later in Figure 65. '
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só~eJ~~cadendrons under tríal only from those pla nts that hed sho wn a
~a!ked irnproverne nt from the prevíous generat ion ,

M~!~~~ ~ener~tions thera has been a marked change in the grov.:th hab it of
!h~:"f!1e~es with ~me Leucadendron in particular changing from a 101.1: weep­
l~j~1111, to an upnght stan~e. The practice of selective harvesting has been
appUe,d,toall of our propagation for the past two years with the result that there
is'ño,~~a noticeable uniformity in growth habit of each varie ty that was not
~d.;n..t- before. When applying this practice it should be borne in mind. that jf
the.plant ísof a prosfrate form and it is supposed to be tha r form the n low
prostra te material should be used in propagation . but íf ít is upriqh; with long
straight ,~tems then material should only be harvested fro m long up right sterns.
lrrespectívc of these precautions there will alwa~:s be the occas íonal depa n ure
from ~e inte nd e d formo

It ~" 'p'ro?able t~at every variety of every species can be influenced in this
manner m varymg. degree~ by careful selection . initially of the parent plant,
then .o!, the maten~1 that ~ harvested from that plant and fi naUy from the
subSequent generatlons. It IS known that the growth habit ca n be influenced
ando there is s.o.me evidence t? show that by only using the strongest grm ....1hs as
cutting matenal ~om successive genera tions. it may also be possible to produce
~ plantthat cons.lsten~y has longer sterns than the original parent, Further wo rk
IS needed to venfy this and de termine which varieties will respond,

17:5A.B.C. PROPAGATlON. (Factand Fancy)
What isvAB.C propaga tion?
It is:-
Asexual (without sex - [vege ta tive ll.
Siogen.esis, Uhe derivation of living things from living th ingsl.
Cultur~ (!he state of being cultivated).

In practice it is a term that r have applied to the pro liíe ration of plants by
vegetatiye means which are a departure from normal propagation prac tices . ie.
the~ .cJ.parts of plants rather than a fuU cutting. •

r ~;.. J ~

In ~é~absenc:e of any consistent success in the mkro-propagation of Pro­
. teacéa~t~~~~ a great need to ~ able to bulk-up stocks of selected clones by
mudi ·~~cl<ero;means than that oí normal cuttings. In an attempt to achieve
qui~~~l!I~~~tion. it was decided to begin investigations into propagation

. .~.. . by ~99van~ a¡:>proaches to bud culture. This involves severing the growth
" bu~~~~!"~ying le~f from the stem and setting it to root (figure 62). If

: . ' su ',,_ jthiS~~.a potential of producing a new plant from every leaf on a
~n!~~t:~~!1Y ~es that of conventional stem propagation. Whilst this is
bY no mea~JJ~ as tt has been done for many years with Rhododendrons and
is knoWJ:1,¡l9'!lilv~ been carned out in Australia and New Zealand with TeIopea.
prob!~;~~ ~~ foUowing rooting in getting !he bud to initiate growth. It
can , , :.tJ or many months and in Proteaceae are often perman_
endy:. " -', " .' .

< '•

.,"'1,

~. ) !
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Since that time work has continued using variatioris of manipulating material to
encourage bud initiation as well as varying the conditions they are set in. Sorne
marked improvements in results are being achieved and at this time it is known
that the prindple is workable at least with sorne varieties although not yet on a
fully commerda1 scale. It also seems probable that sorne others will be able to
be propagated in a similar manner and technical work is continuing in this field.
The work is being documented and will be published when some conclusive
results are achieved.

17:6AUERGIES TO OTHERSPECIES OFPLANTS. (Fact)
Proteaceae have likes and dislikes. It is unfortunate that when they show a
diSUke for some particular thing it has often already been fatal to the plant.

The most significant of these is their aversion to being within the root zone of
certain conifers. There are three principal families of these that they take ex­
ception to: Pinus. Cupressus and to a lesser degree Thuja. Of these. Cupressus
are particularly toxíc to them and it is seldom that Proleaceae will survive if they
are near any of these trees. If the conifers are living the decline of the plant will
be gradual. but if the tree felled then any Proteaceae plant within the root zone
is almost certain to die within six months. As the Cupressus roots start to decay a
highly toxic condition occurs within the soil and this may last for up to two or
more years. Wíth Pinus a similar situation exists and the effects of this may be
seen in South Afríca where pines are encroaching lhrough stands of Pro­
leaceae. In landscape use. if a Proteaceae plant is doing poorly in a garden the
problem can often be traced to the fact that it is growing within the root zone of
an ornamental Pinus. Cupressus or Thuja. On the other hand the oldest Protea
that I have is a cynaroides which is three meters high (lO íeet). 34 years old and
is growing quite happily up through a Juniper Squamata Meyerii of the sarne
age and it still produces its twenty odd flowers each spring.

17:7 ro WHA TAGE WILL A PROTEA L!VE? (Fact)
The oldest plant that I have seen was a Protea compacta growing near Sale in
V'tdoría, Australia. When seen in)978 this tree was~wn to be 74 years old
and was sorne 10 meters high and 13 meters wide (30X40 feet) and still
ftowering. I havea.Protea cynaroides 34 years old, a leucospermum of 30 and
a Pr, neriifolia of 25. I know of a smaU plantation In the Banks Peninsular region
ofNew ZeaJand where most of the plants are around 25 years old and there are
a few leucospermum conocarpodendron in the westem part of the North
IsIarid that are over 30. There are plantations In the Ml Dandenong area of
'1Ictoña that were around 25 years oId when I saw them in 1978. It is believed
that sorne plants of Pr. Iaurifolia growing in their natural environment in South
Africa are more than 70 years old r

It Is probable that an 'o f these long Iived plants oñginated from seed. However
!he Pr. neriifoliawhich I have that is 1lOW.25was grown from a cutting and this is
!he oldest cutting grown plant that I know ol
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There is sorne conjecture whether cutting-grown plants have the same life
expectancy as their seedling counterparts, No definite answer can be given to
this but provided the cutting grown plant has been properly cared for during its
production frorn initiation to final planting. there is no reason why that should
not be the same as a seedling. However there are a number of things that can
happen to a cutting during thls period which would shorten its life expectancy.
These are outlined throughout the sections on vegetative propagation.

17:8 THEPRE5ENT- WHERE AREWE? (Fact)
Proteaceae are now well established as a landscape plant in a number of areas
lhroughout the world where conditions are suited to their cultivalion. It is also
true that there have been very large numbers planted for cut flower production
over the past few years and there are indications that this trend will continue íor
sorne time. At what level plantings continue depends greatly on whether -the
plantations now being established are profitable to those investing in them. To
be profitable, the production must be acceplable to the end consurner at a
price that they are prepared to payo The consumer always has the final sayo
Therefore, for a plantation to be successful. that price must be al a leve! that is
viable to the producer.

Proteas have now been known in the European floricultural market for over
twenty- five years. and almost as long in sorne North American regions. Of
recent times they are be ing discovered by Japan and to a lesser degree in
sorne other regions. In the beginning. the main bulk of the European market
was supplied from natural stands in South Africa with these flowers being pre ­
dominantly traded in the mass market with only a small percentage going
through to the "top shelf" type of presentation. Whilst th is mass market trade is
still predominant for a great proportion of the African production into Europe. it
is now being supplemented from plantations that have been planted both in
Africa and other parts of the world which enable growers to supply a more
reliable type of product on a near year round basis wh ích was not possible
when "harvesting wild",

The mass market trade of Proteaceae floral material is well established in
Europe and to' sorne degree in North Arneríca and will continue indefinitely
provided growers adjust their production and presentation from time to time to
meet the changing demands of the market place in fashíon and quality. These
markets will no doubt remain an exceDent steady market for those countries so
geographically situated that they have access to cost-effident airfreight and a
production cost structure that enables them to supply at the price that the
market will payo

There is a growing awareness of Proteaceaé flowers and foUage in the more
disceming "top shelf' markets of Europe. Japan, North America and to a lesser
degree in the Middle East At present the fimiting factor in suppl~ng the:se
more lucrative markets is a lack of a constant supply of sufficiendy hlgh quality
product which these consumers demand Japan has and always will demand
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very high quality material and the dernan ds for that same high quality and
presentation is increasing in the " top shelf" rnarkets of Europe and North
America as the overaIl presentation of all types of flowers improves and corn­
petition in the rnarket place becomes greater.

At the present time very 'little of the world's Proteaceae production measures
up to the quality that is demanded by these high priced markets and sadly in
other than wíth Leucospermums. little has yet been achieved intemationally in
selecting. propagating and planting those clones that are in existence but are
still waiting to be discovered. Certainly large numbers of seedlinggrown plants
have been planted in the hope that the production from them can be sold into
the " top sh elf .. markets but resu lts can and have been disappointing with the
material from many plantations proving to be unacceptable in other than the
lower priced markets. A seedling plant will produce exactly the same flowers
and foliage when growing in a plantation as it would if it were grow ing in the
wild and there is no difference between a flower of poor genetic quality that is
harves ted from a plantation and a flower with peor genetic quality harvested
from the wild. o the r than the fact tha t the one from the wild has cost no thing to
produce an d can be sold for a much lower price than its cultivated counterpart
Consistent supply of qua lity mea ns everything for the disceming markets and l
believe that this is the market wh ere cu ltivated Proteas belong. Eve ry e ffort
should be made by propagators an d growers to achieve this level of exce llence.
There is always sufficient second run ma terial available from even the best
selected clones for the mass markets without deliberately setting out to produce
it by plan ting anything that looks like a "Protea".

17:9 THE FUTURE- THE FINAL ANAL YSIS - AFINAL PLEA
It is possible to produce top quality flowers and foliage in almos! any area where
Proteaceae will grow. However it ís not always possible to produce every
variety to tha t level in any one place and the importance of selecting the right
p1ants for a given climatic location was oudined in Secjion Ten.

In supplying the "iop shelí" market there are two woblems facing the ínter­
national Protea industry. First, that of determining wnat will grow to the neces­
sary leveIs of quality in a given climate, and second, having suffident nurnbers
oE plants of a known performance 10 popuIate the plantations. To salve either
one of these we currendy lack the skilled human resowces and the ínter­
national co-orclination that Is necessary to do the research 10resolve the prob­
Iems (inc1ucling miao-propagation) and then educate those people involved in
propagation and production in the techniques needed to assure success. To
date there has been a certain amount of research carríed out into sorne aspects,
OOt thls (inc1ucling my own efforts) has been done in isolation rather than as an
over-all approach. r

l'l the Iast ten years 1 have read every piece of informalion on Proteaceae
production that has been avaílable to me. The papers read cover many aspects
from propagation, through production to post-harvest handling. InaD of these It
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is very rare that the researcher has specifically identified the subject under
review other than to state that it was saya Pro neriifolia or a Lsp. co rdifolium etc.
Whilst in the past this may have been sufficienL as we now move furthe r into
the selection of superior clones and the professionaJ produc tion of these crops
with the associated financial commitment by growers. future research must be
more de fined and specific. As 1 have moved from a very bas ic core of know­
ledge of thesé- plants thirty-Eour year ago to a reasonably proficient operation
to-day. 1 have increasingly noted that in a truly professional sense it is just no t
possible to generalize about any variety of this genus of plants.

To say that Pro neriifolia has post-harvest problems with leaf blackening is not
always correct, nor is it a lways true to say that Pro repens is much easier to roo t
than Pro neriifolia or that Proneriifolia is much more suscep tible to Phytophthora
than say Pro eximia. There are Pro neriifolia clones that are virtually to tally
resistant to leaf blackening , that are much easier and quicker to root tha n sorn e
Pro repens and that are just as resistan t to Phvtoohthora as so;ne Pro eximia are.
When growers are making what at times are considerable fi nan cial commit­
me nts they are increasi ngly demanding much more accurate info rrnation than
tha t which has pr eviously been available. It is up to those of us involved in the
de velopment of these crops to see that this inforrnation is forth co ming.

The answer seems to lie in pla nned research on a world wide basis with each
research er, whether they be a grower or scientist, aIl working within the same
parameters. wherever possible with the same clones. recording their findings
and climatic con clitions to the sa me form at and finally pooling their knowledge
for the bene fit o f all "Protea Growers", lt's a nice thought, can we rnake it
ha ppe n?
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5ECTION EIGHTEEN

Proteas in Gardens and
Landscape

18:1 OVERVIEW
This section is devoted to the culture of Proteaceae in home gar¿ en a nd land­
scape. There are a number of diffe rences between these and prod uctio n
plantations. Ten years ago [ believed that if a certain variety could be gro~n in a
horne garden in a particular c1ima te and location then it would be possible to
successful1y grow a cornrnercial crop of that variety in tha t a rea . This is not so as
most gardens have micro-climates created by trees. buildings an d co ntour. In
addition to th is each plant tends to get more personal atte ntion and because of
this it is often possible to grow varie ties in a garden tha t are no t succe ssful in a
plantation environment The following files outline the siting. cu lóva ti~n . care
and uses of Proteaceae in non- co mme rcial uses. In doing so it summanses the
contents o f the previous seventeen sections of tha t app lying to the home
grower. Where applicable. references to other secaons are made. FOl ease of
reíerence in th is section the family of Proteaceae is referred te as Protea.
Where a pa rticu la r species is being discussed it is quoted as Leuc adend ron e tc.
This method o f re fere nce only ap plies to this section. all o ther secrions use the
formal forma t of reference.

18:2 CONSIDERATfON5 IN 51TE 5ELECTfON
There are fou r basic principa ls to apply when selecting sites to plan t Pro teas. lt
must have good soil drainage. good air drainage. the correct Iight leve ts for the
earíetíes being planted and finally it must not be unduly crowded by ot her
~~ ~ .

Most sandy, sandy loam, grave[, decomposed granite and conglomerates of
voIcanic origin are satisfactory for Pro teas. Those that are not suited are heavy

. days, fine wet sílts and any area where the water table ever comes within ~

metre of the surface (40 ínches). Whilst it is possible to grow under adverse SOI[

conditions by mounding up the sites, it is seldom that Proteas ever Uve t?
rnatúrity in such Iocations. If the land has an incline of one in t\.Venty or more It
"w¡ help with surface drainage but a high water table even for short periods is
very darriaging lo the root system. [Ref to 10:2 for a full outline on soils and
~M~] I

~ drainage is essential for severa! reasons. Where Pro teas grow naturally in
South A&ica it is a ci>nstant companion to them and by keeping the leaves dried
off as the temperatures rise each day it helps to keep fungal invasion to low
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leve ls. lt stops the leaf area from overhe ating during very ho t periods and ít also
helps in ke eping frosts to lower levels. ln general the varieties wíth hairv leeves
rnust ha ve a more constant air movement than those with the smooth leeves,
Many garden situations have small areas whe re there are humldíty'traps caused
by buildings o r large trees stopping adequa te air movement and it is difñcult to
ma intain healthy plants in such places. The greatest problem that this .....in cause
is fungal lnvasíon.

Proteas are very sensitiva to high levels of Iight radiation especially until they
are four years o ld and this is one of the reasons why they !aH in sorne areas,
Those wi th b lue. blue.g rey. or hairy leaves will ta ke mo re light than their
smooth green lea ved counterparts. Generally all va ríeties are much better jf
they are sited so that they are facing away from the aftemoon sun. [Reí ro 1:2
and 10:3 for further information). The temptatio n ro protect thern from after­
noo n radi atio n by siting them close in on the east side of a large tree should be
avo ided.

Whilst Proteas do grow in nature in dense stands they do this with their own
kind and a re not found intermingled with othe r genera of trees. The serne
applies in ga rdens. they don't mind being crowd ed by their own types but they
do resent be ing crowded by other trees. especia lly man y of the conifers (ref
17:6 ). It has a lso been noted that they resent being in stro ng cornpetition with
de ciduous tre es. A fi nal point to remember when choosing a site ro plant a
Pro tea is that sorne of thern do get B[G and the y ce r.:a inly need more than the
three to five fee t tha t is often ellocared to them in ahorne garce n.

A brief summary of siting is:-
So il m us t be free dra ining
Air movement mus! be adequate to maintain health.
Frost levels should not exceed -5' C. prefe rably only -3'C .
Rainfall should be adequate to sustain the pla nt or water should be avaíl­
able.
Sloping ground is better than llat ground. Avoid local depressions as
drainage of water and air are often poor and it ís usually a " frost pocket".
Ground fadng away from the sun espedal1y in the aftemoon is much
preferred to tha t facing sun all day.

18:3 WHEN TO PLANT
The usual seasons of plantíng are autumn and spring. .Extensive tria!s 'show
quite c1early that plants don't estabUsh as weU if they are planted out when or .
just immediately prior to it being in very active vegetativ~ .growth. Proteas are
rhythm plants ánd go through phases of growth cyc1es when they are.~
vegetatively. growing roo15 or they are growing nothing and resting. They don t
grow roots and leaves at the same time and it is almost impossibl~ lo break
them from their rest periad which is usuaDy in the rnid to late swnmer. To
establish weJL plants must be at the phase when they .a re about lo malee
primary root growth. The perlad when .~~.do th~ is from early autumn 110 mid
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:,l / ;,1 ~:~ l'.~~ '.~ ;;". ,~ " O ' . r: >'"
, ~ winter 'o~nd again ' follol.~ing "th·e~~j;¡;g ,~~9~~'tiv;g~owth fi&~i1 until about 'the

j' ; I~gest da~. ~e plan! sh~uld be devel~ping'primáry notproteoid roots when it
~ :; is 'pla~ted.5h_e, I'.r~.nce .o~ deyeI9pm~~! or,pr?te.oi~ r~ts ,does l!~e ,in the
~ ;: ~t;>hshlllent Of "the p la'1t as th,~Y-to ~r0Y'de}oo?. not,~.,sustajning supply of
~ ' , I1'lOlSture to the ptant: The · b~ times;, to plan t ás' far as root developrnent is
~. _.:'concem~d is 'enterínq'~rÍter 'a l)d.:aga ln follo~ng the spring vegetatlve growth
t o:~ flush, There is also :a :small time ~slót juSt as spring ís breaking. several weeks
·l- " bef th . f) h ~ ' ''' , T' ., • •, \,' ¿ ore e spnng us . ~ ' {~ .' .: !'~ , - :~ ¡ : ,;; ' ~ ~, ' e• .';c' o '. . :

d ·' . "' ~ ~ . • .;. 0;, . - ~'.M ... j~... - '\. .'0 .
:~ ~. ~~ are. .the best. times t~ plantbut With care they can be 'planted at other
...::~: tiro.es. AVOld exposmg a plant unnecessarily to adverse winter conditions. You
:; ~ are ' better to waít until spring..'[Ref.·'l l :6 for fU'rther information] . '

li3.~4 COMPATIBILlTYOF CONTAINER MEDIUMS .
I 'Many plants fail by the second or th írd summerafter planting. This is more so in

:.¡ c~in soil types and when plants'are not regularly irrigated. While there may
.~ . be:multiple reasons for these faílures. the one 'tha t constantly shows as being
;::' the; :principal contributing factor J ís ' incompatíbility between the container

°medium that the plant has been groWn in during the nursery production phase.
and the soil type of its final site. The problem ís wíde-spread and in some soil '
and c1imate combinations losses are known to be as high as 70lTo by the end of
the second summer. [Ref. 8:5 to 8 :7 and Appendix One for Iurther informa­
tion]. Pro teas are the most a ffected by thís syndrome followed by Leuco­
spermurns ,a nd then Le ucadendrons. lf establishment and survival to maturity
are not up to expecta tions ·the re must be som~ principal cause and this is the
mast likely. o. . ..

18:6 5lTE PREPARA TlON AND PL4NTING
. If lhe soil type a nd structure are suited to the grov.i ng of Proteas the re is lírtle

need to do much other than ro dig a hole and put the plant in it, In do ing so the
hole should be a m inimum of three times and prelerably five times the volume
of the container that the plant is in. !f there is turf on the ground this can be cut
up and placed in the bottom of the hole as Protea plants love to gel their
primary roo ts, in to ir. Pla nts sho uld always be planted slightly deeper than lhey
were in the container. They should never ever be left plan ted high as the base
core oí the roo ts will dry out a nd the pIant will fail. This is a very vulnerable part
of any Pro tea pla nt . The soil should be only packed around the roots fi rrnly and
not poun ded down hard as the roots must have oxyqen to deve!op properly.
For the sa me re a son the y should not be watered hcavily an d ii there is
adeq uate so il moisture the y often do not need waterinq fo r weeks or rnonths
after planling .

If they do need watering as soon as they are planted.

i. the soil was too dry to be plan ting into.
ii. the clima tic conditions are causing excessive dchc dra tío n an d planting

should be delaved.
iii . the plant was poorly prepared and is too "sa rro . to plant.
iv. the pia nt ha s been grow n in the wrong container medium.

In a soil rype o r st ructure that is marginal for the gro\\'i~g oí Proteas ir rnay be
necessary lO take steps to imprave drainage or to o pen up lhe texture oí ¡he
soil. Improving d rainage on slop ing ground is much e3s ier te accompiisn ¡han ir
is on fiat land. O n flat land little can be done excep[ to raise the soil level inro
mounds or ridges to create a drier patch. On sloping la nd it is possible ro dig
drainage away fro m lhe planting sile. So il can be opened up by the aeCinon oí
porous rack materia l. humus erc. Don' t use peat mOS5 as although the plan[s
v.ill initiatly es ta blisn they usu ally faíl in [he second or th ird year. Soii ":o'pes rha[
are marginal will give margina l results.

18:7MA/NTENAIVCE WATERING
Once established most varieties on ly need very low levels of soil moisture to
survive but to, grow and flower satisfactorily they do ne ed access to water. In
rnanv instances Proteas are given too much water wh en they are resting and
this éan cause diseases in the roo t system. ou t of character growth pattems and
expose them to the risk of severe frost damage. Their soil moisture require­
ments are in a pattem of seasonal rhythm and readers should refer to Section
Twelve for a full understanding. The one card inal rule when applying water ~
tllat when they do need water. give them plenty and then let them rest don t
irritate them by splash ing a Ii ttle around on the surface every day.

18:8SHAPING, STAKING AND 1YING
Most Proteas are very rapid growers and it is during their first two years foUow~
ing plantíng out that they should be trained to fuU-fill their ultimate shape. All
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young Protea plants have one thing in commo n in their growths. Until they start
setting flowers or bracts each termina l growth will runo then rest, then run again
from the terminal and will not branch laterally until the fi rst flowers set, With
many varieties if this is left unchecked the plants tend to become very Ieggy
and or outgrow the strength of the lower bra nches which either brea k or be­
come pendulous.

Shaping is carried out by removing the terminal tips on those varieties that
need to be developed into a bush rather than an open upright tree. When
shaping always keep in mind what the ultima te shape should be. lí it is intende d
to be on a trunk shape it that way. if it should be rounded and resting on its
10\Ver branches let it do so and if it should be pros tra te leave it thet wav,

In windy locations those that are to be on trunks may need resrraining fro m
wind-rock by sta king and t>~ng . Don't use wooden stakes that have recentIy
been treated \..rith wood preservative as the chemical wil! probably kill the
plants. When tving use two ties as this is manv times more effective tha n a
single tie. l'vluch- of the necessity to stake and tie plants will be eliminated if small
p lants are planted and they are shaped right írom the start. Such plants grow in
balance lo the ir environment. The use of large rocks placed on the soil surfa ce
close to the plants helps lo stabilize the soil and roots as well as actinq as a
mulch tha t wiil re ta in moisture during dry periods.

18:9 CULT1VAnONAND WEED CONTROL
Protea plan ts do not like heavy cultivation or chernícal weed control within their
root zone espec:ally during the period whe n the pro reoí¿ roo:s a,e active .
Proteoid roo ts wh ich are present and ac tive from mid-autumn :hmugh ro late
spri ng are very sensitiv e to damage from disturb an ce or c~e;..:ca ls and ¿ither of
these lNill ca use serious disorders or the death of the planr. For chis reaso n o nlv
hand o r very shallow (l cm = 1/2 inch) cultivat ion sho ulci be carneci out d uring
th is periodo The use of any herbicide or ho rmo ne mus, be regaréed as putting
the pla nt at some risk. (Ref. 13:5 to 13:8 for more iníormation 001 weed con­
trol).

18:1 tJ FERTILIZERSAND PH LEVELS
The pH level of the so il is a significant factor affecting Ihe plants' health a nd
perfonnance. Almost aD vañeties prefer soUthat has a pH oí 5.0 or less and in
practice if it were possible to get and hold the pH level down as low as 4.0 the re
would be very few problems in plant perfonnance or health. When the pH is
down to this level it locks up the phosphate which is so damaging to rnost
varieties. There is a1so sorne evidence to show tha t very low pH levels either
increase the plants' resistance to soil-borne fungi or crea tes an environrnent
through the fostering of high populations of micro-organisms so that fungi such
as Phytophthora a re no longer active in the so í!.

In other than very peor soils the addition of fertilizers is usually not necessary at
least within the first two or three years afte r planting. Much of a plants needs
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and excesses o f nutrients can be read irorn rhe leaves and a guide to these is
lisred in 16:2. Ir is probable tha r nitrogen will be the elernent that will be
required to maintain satisfacto ry growtr:. [Ref. lo 13:9 íor further informatio n ].

18:11 DI5EASES AND PE5T5
The diversity of these is so great that it is írnpossible to lis! the problems and the
controls oí those problems here. Best co ntrol is pravention and whe n siting
plants always keep an eye 10 encouraging air movernent ro minimise íungal
invasion and avo id plan tíng close to know n host planrs oí pests. A full ge ne ra l
o utline is given in Section 9 on diseases an d pests and in 16:3 and 16:4 rna y be
found a quick re ference to the rnost cornmon probierns.

18:12 FROST TOLERANCEANOOAMAGE
In man v areas the amount o í fros t tha t is expe rienced is the ccntroIli ng factor o í
whethe'r Proleas can be grown successfully. lt is possible ro grow many varicties
in a gard en environment tha t would be impossible in a pian taríon in the same
location . This is because garde ns are íull of little mícro-curnetes: because o í the
infl uences of bu ild ings or la rge trees. ga:de ns have pockets whe re the mino
imum temp erarure is two to three de;rees above that which wo uld be ex ­
perienced out in a planta tion . well awav from trees and buílcinqs.

O nce aoa in it is air movement whió wil ] rneke the Ci ffe,¿nce in ma rgina l
situations as this slows down the freez:ng process oí the plant tissue. Naver
plant in sheltered pockets a s 0 01 a ca lm coici nighr rhese can be th ree cegr" es
colder than rhe re st oí the garde n. The,e is a fine line be!ween surviva l a nd
ciisasrer. Most varieties will take ·3 ' C with no problems. some -4'c. a fe\V -S' C
bu t very íew ·6°C or more. (Ref. 10:6 for furrher information].

When plants do get severely damaged by fros! it is imperative that the da m ­
ag ed tissue is cut a wa y as ií it is le:t o n. ¿ ecay wiil cont:nue ro rravel ciown the
inner pith of the branches and can cause damage weil be:.-·ond the original
frosted area. It is also advisable to apply a fungicide such as Ca ptan as some
fungi can become established in the damaged leaf tissue.

18:13 THEEND USES OF PLANTAND FLOWERS
Usually plants are initially chosen to enhance the garden. As a by-pro~uct
almost every South African Proteaceae variety also produ ces a flower or fohage
that can be used in the home or for recreational activities such as Aoral Art and
Ikebana. .

The harvesting. of flowers and foliage will do much of the necessary trimming
and pruning that is necessary to keep the plants compad and tidy. Provided not
more than 50% of the leaf area is harvested in any one year the removal of
f10wers will benefit the plants by encouraging them to produce new .growths.
Some varieties will only give three or four days vase lile wh Ue o~ers .wilI last fC?r
three or more weeks. Whilst these va riables are the result of diffenng ge netíc

20 1



mak~-up . t~e va se Iife of any ma te rial is strongly influeneed by the ha ndling at
and írnrnediately fo llowing harvest.

Dehy~ration is the grea test eonhibuting factor in the deg eneration of plant
matenal a~d ev~ry pr.eeaution should be taken to avoid this. Harvesting in the
early mommg W111 essíst greatly and the placing of the cut material in water in a
cool ~Iace preferably within minutes of harvest will usually ensure a satisfaetory
vase hfe for ~he home user. To get the very best from your flowers and foliage
refer to Section Fourteen for further information on the pre- and post-harvest
handli ng of mate rial. .
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APPENDIX ONE

.Compatibility of Mediurns in' the
Productíon of Proteaceae

ABSTRAeT
It is a wide ly aceepted fact. tha t in the tra nsition of Prot eaceae plant s from [h e
nurse ry produetion phase to suecessfuI field plantation or home gareen es ­
ta blishm en t. there can be ma rked ineonsistenees showinq in.-
a . pe rcentage of fi nal surviva l of plants to the number set out.
b . health and subsequent development of surv ivin q plants. .

Ir ha s been my long held view that contact with certain materia ls that are
som etimes used du ring the nu rsery produ ction phase of Proteaceae plan ts .
influ ences their survival rate and develcpment once they have been pla nted in
their fi na l site.

It has been observed over a period of 30 years tha t this problem is pa rricularly
evident when mediums comaining peal and more recently pinebark heve been
used during the nursery production phase.

lt should be nored rhat this probiem was virtuaily un known in i\ ew Zea land unti l
the early 19805 but has become a frequent occurrence in commercial plan tings
and home gar¿ ens sinee tha t time. Up until six years ago. alrnost all Proteaceae
were nursery grown under an " open ground " system oí prod uction and in mo s t
inst a nces were no t in contact with materials other than soils during production.
In the last six years there has been a widespread shíft to container production of
all genera o f nursery stock including Pro teaceae and a very high pe rcen tage is
now produced in soil-less container mediums.

Because of the widespread problems being experienced during establishment
of Proteaceae plants in some locations in commercial plantations and home
gardens it was considered to be of economic írnportance to determine if. which,
and to what extent any medium is incompatible to these plants in the transition
from the nursery lo the final setting.

To determine this. a tríal was implemented in 1983 using five different varieties
of Proteaceae in five different mediurns under controlled condltions to assess
the affects by cornparíson of medias on. -
a . the swvival rate under normal field establishment procedures.
b. general health with particular observation of the root system.

The plants were container grown for one year in a standard nursery production
environment using the five different mediurns, and were then planted out in a
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fjdd produc¡jon ~ i le un?er standard e:;tablishmen t procedures for observatíon
ami co mparison In survival and heal th performance.

AI"'r two summers in the fie ld ~Ianta tion síte. there were disturbing indications
a( " co rre la tío n betw~e~ m édium and failure to survive in the fi eld . Plants
gr(ltVn in the peat ano pínebark medi~ms had ma rkedly inferior survival a nd
dc'vL'!opmen l of plants gro wn In the 5011 based medium.

111~' finJi ngs are based on the so il type present in the field used a nd a re
cOflsisten t with earlier o bserva tions as well as a numbe r o f reports from como
111I 'rLial curflower growers a nd home gardeners in various locatíons throughout
f"kw Zl!.:l1,1 nd .

II should be notcd tha t these trials were designed to de te rmine the survival and
~dl)rm.:l nCe of plants followin g se tting in their final production site a nd we re
\lol ín tend ed to measu re growth rates during the nursery con tainer ph ase.

TRlAL PAR4METERS AND PROCEDURES
V.I/idi~s of plants used and reasons.

Leucadendron Safari Sunset . Has economic importance as a cut flowe r.
1I should not however be rega rded as a bench mark for all Leucadendrons as
r.'Sulls with th is clone are nor consistent with all varieties.

Tdopea Spe eios issima (ex seed) Used because of its econo mic irnport­
)11": as i) cut flower and aIso because it is an Australian Pro teaceae whích may
il.l\'l! given diHering results to those from South Africa . See dlings were used
bt...·.1US C at that time it was the principal method of stocking plantations.

Leucospermum eordifolium ev. "Harry Chittiek". Has economic irn­
p"11.:mce an d is o ne of the best preven clones of Leucospermums in the cut­
n.,wer trade.

protea neriifolia ev. "B ig Mink" . Is an average type ne riifolia wh ich is not
alk~t~d by frost Neriifolia types have strong economic importance as a rnain -
sl-1!J cut f10wer in in ternatíona l trade. .

Protea magnifica. Cedarberg variant, (ex seéd). Has economic írn­
pllrtance as a cu tflo we r. Thís variety is known to be d ifficult to establish in sorne
ar...as, Seedlings were used because it is the principal source of stoc kingplant-
a1ims. .

8.l..:c materials used in mediums. . .

p¡ne bark: commercia l grade as used extensively in lhe New Zea land nursery
tr.l\l~. .
peat: first grade Hauraki peal .
Pumice: standard horticultura! grade.
Loam: local anuvial brown Ioam topsoil

Mushroom fitter: ex Wanganui mushroom factory. Decomposed for one
~~Jr.
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Composition of mediums used a nd reasons.

A. SO% p inebark " SOlTo pumice
An approximation oí a widely used medium in New Zealand.

B. SO% peat / 50% pumice.
An approximation of a widely used medium including sorne Go ve m ­
ment Departrnents.

C. 42 % loam / 42% pumice .' 16% peat
Used as a comparison ben ch rnark to measure differences between
sta ndard pea l'p umice (B. abovel a nd loam pumice (D. below)

D. SO% loam ! 50% pumice
Used bv Riverlea Nurse:ies and sorne other Pro teaceae producers in
New Z~aland with long term experience.

E. 33% loarn / 33% pumice ¡ 3300 decomposed mushroo m lirter.
Used as a comparison. A similar mi x has been offered by at least o ne
porting m edium produ cer as a "Protea rnix".

T rial periodoTriel to run for two summers after pla nting out or until 50""0 deaths
had occurred in a least two med iums.

Containers used. 5cm squa re Iiners al the growing-on 5tage . 400 cc square har d
p las tic pots al the hold ing stage . 2lt square hard plasric pots at nursery produc­
tion stage.

Nursery production site. Standard production beds \\ith.overnead waterinq. As
temperaturas of -6' C can be experienced during the wmter plants were cove ­
red on demand by 48% cloth as a írost protectio n.

Sequence of production. (nursery phase), Even grades of plants were selected
from Scm GOL Iiners during September - November 1983.

As thev became available they were potted on in to 400cc pots using a hold~ng

medíurn of 50% sand and 50""0 perlire. This medium was used as a holding
material Ior two reasons:-

(i) it is inert and would have no in fluence on the plants but would encourag e
root developmenl

(ii) it was intended to bare root the plant p rior to their final po~g an d th is
médium was known to shake free from the roots without causmg damage.

On lhe 20 January 1984 eleven ~lanls of each variety were po.tted on into 21t
pots into each of lhe five mediums and set in standard productions beds.

• L __ ..1 di
From 20/1184 to 2919/84 p[ants were le ft untouched e x.cept for I1GIIU wee . n9
and protection from frosts when necessary. .

During this period all Platlts made Satisfactory gr~ above ground levelwith
the exception of lhose in medium E (rnushroom Utter). •

l d~e thoM in E. didIt was noted that lhe plants in mediurn B. and lo a esser -::"- herea5 those
suffer sorne superficial damage at -6 aC even under protection. w .
in A , c.. and D. did nol
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TERMINAL ASSESSMENT PROCEDURES
Each variety in eaeh medium was assessed on four factors:-

(i) diameter of stem at first root leve\. .
(ii) maximum length of roo15 (exc~pt fine hair ~tS).
(iiil .gross weight of roots cut off at first root level -
(iv) percentage stiU alive al termination. . ,,:' ;.' •. . >-".

• 1 ~. :~~ 'f~ ~~..;.
Each ~rieties performance below graund level was assessed by~ uP ánd
measunng: . . - . ' ; .~ ~.:{ ' .' . ' .

a. the tWo rnost average swviving plants 'of each~Cty
b. the best surviving p1ant of each variety in each m " "

All plants were dug 30crn from the base af the ~t.and~' . , , .
Weight was measured wet immediate1y after di$ing. . .. 'l. ~ .•~~ .."

terrninated on the 28/2/86. Measurements f . - .
were recorded on the 113/86. _ o stem diarneters and root weíghts

Summary of observations made during the field development phase

A. Pinebark. .

~I~~~ ~t~':na;~~~e;~~k~e~H. o~~r and needed staking. This was not because oí
dehyd ration- stress in sum~~ e [oot ~~stem at ground leve!. Proteas showed
wer e reco rd e d entering the ser undess ere was reg~lar rainfal1. High losses

con summer stress penod.

B. Pe a t.

A~~r initía l establishment al! ~arieties showed stress at high temperat
\I.1t afdelq~ate soil mo isture. Health showed sorne improvement asutre

es
even

tu res e I In the tu b h rnpera-. ~u mn ut t e problem reappeared early the fol1owin
summ~r. AII va.nenes showed ehloros is in the leaves bv Deeember 1985 ( 9
yea r a er pl~~tingl. whieh became severe by Februal).'-1986. Leueos ermurns
a~d P. magmfiea suffered frost d~mage whereas they did not in other ~ediums
Hiqh losses were reeorded en tenng the seeond summer stress periodo .

C. 15 0-0 Peat.

~~~~s establis~ed wel! and s,howed few losses in firs t surnrner. Health was good
Nove~~to st9~n5 (12 mo~ tn~ after planringl but dete ríora ted after thet , From

hic] e r .J to terminati on all varieties showed chlorosis o í [he leaves
w len was se vere by termi nation (28,2.861.

D. Loam.

Initial growth above ground w I hPI t d id h as s ower t a n othe r med iums but srronger
a n s. 1 not s ow stre ss from dehydration o r develop ehlorosis in the leaves'

Esht~bhshment was eo nsidered exeellent with the exeeption of P Big Mink
W ich was below expeeta tions. .

::5;10/84 AH plants O.K.
15A/85 Medium A. (pinebark) 88% alive. health fair.

Medium B. (peat) 92% alive. health fair.
Medium C. (15% pe at) 92% alive. health fair to goo d .
Medium D. üoern) 100% alive. heal th fair to good.

~ l 8185 Medium A. 78% alive. health fair to poor
Medium B. 72% alive. health fair.
Medium C. 86% alive. health good.
Medium D. 100% alive•.Jiealth good.

1:'10185 All surviving plants were cut back to promote branching. No
change on records for 2118/85.

13112185 Medium A 60% alive, health fair to good.
Medium B. 60% alive, health fair.
Medium C . 76% alíve, health fair to peor.
Medium D. 94% alive. health good.

2Sl2J86 Medium A 42% alive. health fair to peor.
Medium B. 48% alive, heqlth fair.
Medium C. 70% alive, health fair to peor.
Medium D. 92% alive. health good.

As losses exceedin9 50% in two mediums had been recorded the trial was
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Field establishment phase.
Field planting was carned out on the 29 9 84. Site was a we ll drained sa ndy
loam, (not the same orig in as the material used in mediums C. and D. l. Soil
moisture was adequate for establishment without irrigation. Plants were planted
in hand dug boles. Average day temperature was 16'C with maxírnurn of 20'C
Roo15 both primary and proteoid were we11 developed in a11 mediums wit h the
cxcepticn of E. (mushroom líttler). In this development was poor wi th the
exeeption of Safari Su.nset which was marginal. It was no ted that proteoid root
development in a11 varieties was more pronounced in medium B. (peat'
pumice) than any of the others. The best te n plan ts of eaeh va rie ry in eaeh
medium we re planted. The remaining plan ts were desrroyed as no replaee-

rnents were to be made.

~taintenanee during establishment.
Site was kept mown between rows and hand weeded within rows. No chemieal
weeding was done at any stage from planting until term ina tion of the tria l on the
25/2186. No irngation was used at any time Irorn planting on the 29,9 84 to
termination on 28/2.'86. This is normal procedure in this tocaño n and clima te.

Fíeld observations d uring trial periodo
Aite r 90 days the tria l using me dium E. (mushroom litter) was abandoned
owing to almost to tal losses o f plants with the exceptio n oí L. ev."Safarí
Sunset ". Interrnirtent observatio ns were made on the remaining plants as íol-
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The graph shows the percentage still a live at lermination.
APPENDIX TWO

Gr ap h sho"'¡ng perce ntage ot living pla nts in eac h med íum al the termln atíon

of the trial 28 F ebruary 1986.

CONCLUSIONS

~~c~esh~~ ~:~O~d~d'show that in. every i~stance wíth e~é'h variely tested. those
had apoo ~ ursery ~own In mediums that contained peal or pinebark
mediu -i-h"o~nce rating when compared with those grown in soil-based

ro. e medium containing 15% peat showed resuJts a .

=s::n;e:~~ th~ 50% peat medium (B.) and the SO% Ioam ~~~~~~)
percentage ~;,~~c~:a~;~n Proteaceae plants is in relationship to the

Contlnuing ~bservations indicate that if plants have been nurse o .

::~~: ~e:~~~ ~~~~~~r~~: :~e~~ia~ SOOmI (112 ~nWa~ t:
problem ls to sorne degree mínírnísed at I t~gation or¡a a regular basis, the

. . eas m sorne soil types.

92"~
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Delayed Propagation Technique

AB5TRACT
In the vegetative propagation of Proteaceae by cuttings rooted under autornatic
rnist, there is often inconsistency even wit hin a single clone in:-

a . the percen tage that roo t.
b. the vigour of the root systern of those that do root.

Prelimina ry investiga tio ns into these inconsistencies indicat ed that they were
due to the variable condition oí the mate rial when il was harvested fro m the
stock pIant particularly in respect 10:-
i. the leve! of dehydration within the malerial al harvest.

ii. the amount of dehydration that continu ed aher harvest.
iii. the general physical condiríon of the harvested mate rial.

Eariy lests show e d that percentages roo ted and the type o f roo ts produced
co uld be improved b y delaying the final preparation and se ning o f the herves­
ted materia l for p e riods oí up lo several da ys followinq harvest provided it was
he ld under specific cond itio ns.

The condition s that the material must be he ld under are:-
1. 100 % m o isture o n the leaves at ail times
2. it must not be heaped up deeply bUI must be sp read out not more than

two or th ree cutting s deep.
3. direct sunligh t rnust never shine on it after harves t
4 . light levels must be ma intained al berween 2500 and 3500 ' íoot

candles during daylighl hours
5 . so rne gentle a ir movement should be present at least du ring da ylighl

hours,

To determine if or what time lapse from harvest to setting gave the best results
a tria! was run in January to March 1986.

TRlAL PROCEDURE
Variely used and reasen.
Leucospermum cordifolium ev." Riverlea".
Has economic value as a cut f1ower. ls known to be lnconsístent in rooling. .

Methods used
At 6.30 am on the 15th January 1986. 340 cutlings were harvested from one
stock plant The cuttings were damp with dew, the temperature was l~C.

D
e
a
d

L

v

n .

9

I'

Meéium D
Loam

,I
¡

r.lec ium e
15"0 Pe al

Mecium B
Peal

4s<'0

1 1
I
I . 1

¡ I ! I :

U I ¡ I ·l;I--- G LJ ¡
Meéium A
Pinebar k

42".

208
209



Cuttjngs were immediately divided four wavs .
au tomatic rnist as outlined above. . mto lots of 85 and place¿ under

At 10.30am on days 1.3.5 and 7 one batch f 8 .
set to root in a medium of 45 sand 40 I~ ~~uttmgswere processed and
styrene. They were then placed in the per le. . peat and 10 regrind poly­
lB A hormone at 2000 propaqatíon area under automatic mist

. ppm was used. .

On the 28th February (day 44) the tra
and were placed on a capillary bed to ~~:~e~~moved from the misting area

On 6th March (day 50) aIl trays were process d .
poned up into 5cm tubes. e and the rooted cuttings were

Results were recorded in two fields er
The root formation was assessed on ~ ~nec~nttagefs roote~ and root forma non.o en actor with len being the best.

CONCLUSIONS
The three day delay recorded the best overall results. The five dav delev
recorded the best total percentage but roots were not as good as for the thre~
day batch. A rapid decline is indicated at day seven. Subsequent trials show this
to be consistent with varieties that have grey and ha iry leaves. These resu1ts are
in line with several other tríals run subsequently on all species.

lt is concluded that a delay between the time al harvest and sett íng the cuttings
to root stabilizes the sap within the plant tissues. lt is also probable that a
chemical reaction wíthín the material takes place thereby causing it less stress
when the leaves are stripped and the stern is recut aS well as making it more

rcceptive to hormone treatment.

Day % well rooted. Total rooted O h Ir. eat s '0 . Root formation

1
3
o
7

70.58% 87 % 13 o;, 6
89.41 % 92.94% 7 or 9 -
76.47% 952901 .0 .o. .o 4 .5':0 8
60 % 77.64% 22.50"0 6

Note :- The column recording deaths also includes those that had not rooted.

"ft Rooted
X 8-'" .:

day 50 i o /
/

/
/

/

Roor6 o/
--------0 ·

mass

9.5
O, _

Root rnass 1 lo 10 scale--------

./1

x XI L X X
Dalll Day 3--- - -- - -0...1- - - __t.. -1

Gnph showing: . ay 5 Day 7

Percenlage rooted al dall SO _
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APPENDIX THREE

The Effects of Weed Matting on
Plant Establishment

ABSTRAeT
The use of weed ma tting in the es rablish ' .
and there have been rnixed reports f it mednt of plantanons IS now widespread

o I s a vantages and disadvantages
To determine the advantages and dis d . . .
ment períod of Proreaceae in a planra~ vanta~es In 115 use during the establísh-
comprehensive trial. In August 1985 o~ ~nb~ronmenl. it was decided lo run a
each of founeen d ifferent cut flol)..'er: , a, ~:>ck was ser. out .~s i ng five plants
of establishment. The methods of t abn¡,ehlles In each of filie d rrferenr me rhods
(a) l ' es a IS ment were' -

p anted dlrecrlv ínro the ground (n ' . . .
(b) planted d i rectl~ into the ground wi~hlm~tJon: no cover ).
(e) .plan ted directl~ in to the ground with s~ ae~ lz:nga tion ,

su rfac e. · eep unqanon 40cm below rhe

(d) plan red through we ed ma r no " .
(e) 1 - Imga tlo n

p anr ed through weed mar with irrí .:- Imga tlon.
I~ was. intend ed to run the tria I for four vea b . ,. .
flrs t WInter when manv plants were lo t-'t rs ~t ~v.;mg to asever e trost in rhe
complete year Obser:.ations were ~ 1 was eClded to lermina re it a fter one
lhe follo wing i~ a summa m of lhe ma de eve

k
ry sixty da ys d uring rha t yea r and

• y recor s ta ·en.

WITHOUT WEED MAT
Besl sUrvival rale was \.Vilh the dee ¡ni . '
surfaee irrigalion (b) . p galíon (e) . Bes~ growth rate was with

!>

Problems eneountered were:- '
Row a ( ". non Imgated) experienced problems 'th ' .
summer. This was most noliceable in Prol ~ dryness 10 mld to late
Pro.ne~jfolia clones. Telopea showed dehedm~gmficaand lo a lesser degree in
penad In rows (a) and (b) but not"n () y dratio~ t~wardsJhe end of this dry

. . . . I C - eep Irngalion. .
Benefiaal results were'- .
In rows (b) and (e) ali v . . . h
\.Vith (e) being about a m~~~~e~e~i~;e(bd) ~tr°dng W

1
el! baJanced growth pattems ,

10 eve opmenll
There was almost no differe b
rows in the survival o nee etween performance in any of these three
dendrons trialed. . gr wth and development in any of the tour Leuca-
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WITH WEED MAT
Best survival and growth rete was with irriqatíon.

Problems encountered were:-
Poor survival and initial growth rate in row (d), Th is appeared to be ca used
lhrough the weed mal shielding the root zone frorn other than ven; heavv rain.
It was noticeable that light showers did not penetrare throuqh (O grou nd'level.
Atleast LOrnm. (l 2 inch) in a single faIl is necessary ro penetrare and uníformly
wet the area under the matting.

AlI varieties showed a tendency to have pendulous rather than upriqht gro wths .
This was very evident in Ld. laureolum and Lsp. cordifolium and (he same
syndrorne has been noticed in plantations in New Zea land and other counrries
when they are planted through weed matting .

AlI clones of Pr. neriifolia laurifolia lrialed showed severe chlorosis a ite. 120
days from planting. The cause of this was eventually traced to excessively high
nitrale nitrogen levels in the root zone. In twoinstan ces this was recorded at
230ppm and in seven samples was never below 160ppm at whích level it
a lmost invariable caused the death of the plants. T his problem appeared to
pe ak at a ro und the 100 lo 130 day rnark following the laying oi the rnaranq. It is
thought that it was caused by the break down of the herbece and roo ts oí th e
grasses a nd clo vers which were present whe n the ma ning was iaid. Ir sho uld be
not ed that it is not only associated with pas ture that has recently been retired
from grazing as tests in an area tha t had not been grazed íor six yeers sa\.'e the
same res ult. It does however appear lo be aggravateci where there has been a
strong sward o f clover prior lo plantíng and covering. Because of [he e ffec ts
ÍTom the high nitrate nilrogen ¡eveIs. many of the Pro teas in (he weec ma ttin g
were regarded as being non -viable by lale autumn . lt sho uid be nOled lhal
there was no sign of any chlorosis in the rows no t covered b~' weed mamng only
t\.Vo meters away. Similar symptoms we re ob se rveci in Hav,:aii in late 198 7
where a number of varieties had been planted through weed matting.

Plants of all varieties under trial which survived in the \.Veed matting th.ough to
April then strengthened and imp ro ve d in health through May,

The frosts in mid.June caused severe damageto aIl plants in the weed matting
except Ld. ev. "Safan Sunset'" and a salignum clone. AIl Pro neriifolia clones
and Leucosperrnums died and Procynaroides and magnifica although damaged
did survive. Telopea specioissima was not affected. This frost was recorded at
-6.S°c. and !ay tor ten to twelve hours, Damage to the plants not in weed
matting was severe but rarely caused death, The control row la) which had not
been irrigated suffered only superficial damage, .

SUMMARY
Weed matting appears to be very satisfactory for Leucadendrons in alllocations
researched and observed. It also gives satisfactory results wilh all species I
varielies 'o f Proteaeeae in higher summer rainfall areas but has given pr?blems
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with Prot ea varieties in lower rainfall areas . Without írriqa tlon prob lems of dry
root zone can be expec ted in locations that do not ha ve heavy downpours
throuq h the summer . Contrary to what had been anticipated, mo isture readings
in the top 15cm o f soil under the weed matting without irriganon were drier
than in the row without matting or irrigation. Day ternperatures under the weed
matting were constantly higher than without it.

Sorne growers have experienced Phvtophthora problems in Leucospermums
under high rainfalVtemperature conditions when using weed matting. Th is is
probably due to the higher ground temperalure that the matting maintains near
me surface. Soil temperature at SOmm below surface averaged 4:C higher
under the cloth than bare ground du ring the hottest months.

The results show that the use of weed matting creates a high risk oí Irost
damage at least in the first year. The reason for this has not been po sitively
identified but it is probably due to a combination of growth be ing stimu lated late
into the winter through the infiuence of the higher root zone temperatures . and
the weed matting stopping the flow of wannth arising from the earth during the
[rost, Note:- there ís always some warrnth rising from the soil su rface un less
there is a perma-frost. Similar problems were recorded in the winter o f 1984 in
beds of ericas p lan ted through plast ic mulch. In this insta nce a grid o f maxi mu m
. mínimum the rmometers regula rly recorded two degrees more frost over the
plastic than o ve r grass or bare gro und walk ways be tween the beds.

Further trials a re needed lo determine whether the laying o f the cloth severa]
months ahea d will elimina te the nitra re nítrogen problem during the first
summer and whether early spring plantínqs will help in the es tablishm ent o f a
hardier plant befo re the onset o f winter, thus avo iding the frost pro blem. It is
conceded tha t -6. 5~C is a little more than you wou ld expect Protea s to thrive in.

There is no doubt that the use of weed matting reduces the mai ntenan ce time
during the es tablishment period o nce it has been laid and in at leas t some crops
in sorne areas gives a grea ter growth rate than without it [Ref. to 13:7 for time
and cos ting in fo rmario n.)

The long term effec'ts of weed matting have not beeñ tested. Observatíons
where it has been in use for more than four years indicare that once the roots of
!he plants move deeper and wider than the influences of the matting, then it
has 6tt1e or no further effect on the plant .
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