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FOREWORD

Jack Harré has over twenty years experience in growing and observing plants of
the Proteaceae family in New Zealand.

He has also seen them growing wild in South Africa as well as with some success
and some failures under cultivation in New Zealand, Australia, California, Hawaii
and South Africa. He has had many discussions with other growers and scientists.

His intention in this book is to present readers with the accumulcted results of his
practical experience, trialz, observations and thoughts and; “put the joy of growing
Proteaceae within the reach of many more people”.

It is aimed primarily at beginners and those who are not achieving success in
propcgating, growing and marketing Protecceae, especially Proteas, Leucosper-
mums and Leuccdendrons.

Jack Harré is cn enthusiast, with afresh, common-sense approach to the subject.
He takes notning for granted, cnd questions each cspect critically.

Some of his conclusions may be controversial, but most growers should benejit
from his adiice and from a similar analysis of their individual properties, plant
selections, propagation and production techniques. :

JOY AMOS,
Northcote,

New Zealand.
17 October 1988



PREFACE

It is now some eight years since | set about compiling and writing this book. At
that time Proteaceae was just emerging as a new and exciting cut flower crop in
many parts of the Western World and as a grower with some 20 years experi-
ence, [ became involved in the commercial build-up associated with the “dis-
covery of the Protea”.

It was obvious right from the beginning that there was a great need for a book
on the basics of Protea growing. not only for the use of the home gardener and
the commercial cut flower grower, but also within the nursery trade whose job it
is to produce the plants that are used in our gardens and commercial planta-
tions.

When 1 started making notes and doing preliminary layouts for this book in
1980, it became obvious that my knowledge of the complexities of propa-
gating, cultivating and production of flowers was insufficient to do full justice to
the subject. To increase my knowledge and skills 1 set about a programme of
research, observations and travel that has absorbed some 4000 hours over
these past eight years not counting the time spent in travelling and visiting
Protea growers throughout New Zealand and other countries.

The sectons dealing with propagation and plant -production within this book
contein a condensed summary of the information gathered during thirty years
of growing Proteaceae plants as a commercial nursery crop and the results of
the past eight years of research in our nursery and observations made in 2
number of Protea growing areas. Some of the information given on commercial
production and flower handling is derived from personal experience but to
some degree it is accumulated facts and knowledge gained by observation and
discussion with cut flower growers in many places throughout the world. Many
people have given me their time and shared their knowledge. | thank them
here for their contribution to this book.

This book is intended for the use of those involved in the practicalities of
-Proteaceae growing through out the world. It does not attempt to be, nor is it
intended to be a scientific document. Its contents -have been compiled and
written from practical experience and self motivated research. Although it deals
specifically with the South African varieties, the Australian Telopea has been
included because of its importance as an intemnational cut flower.

In covering such a wide range of subjects that are dealt with in the following
sections, there is a great risk of being, “A Jack of all trades and a master of
none”. I am well aware of this and have endeavoured to keep within the
bounds of factual information. The exception to this is in Section 17 “Facts and
Fancies”, where in some areas | have indulged in a certain amount of con-
jecture and supposition.

[n the next 10 years the spread of Proteaceae under cultivation will increase
greatly in both quantity and in a wider range of varieties. This will be assisted by
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implementing the information on their care and culturel needs that is continu-
ally being gathered and dispersed to growers. It will put the joy of 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 globe.

This 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 Appen-
dixes attached to this publication. These contain the findings of trials completed
during or since the writing of this text It is intended to publish additional appen-
dixes as further tials are completed or information becomes available and
make themn available as a supplement to this book.

- In writing this book I have assumed that the reader has little knowledge of
Proteaceae growing and more advanced 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 Growing” I will be
more than happy.

Jack Harré
RD. 7
Feilding. New Zealand

HOW TO USE THIS BOOK

To f_acilitate easy referencing to any particular subject, the text 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 Heading in CAPITALS.

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

Example:- 3:7 JUDGING MATURITY AND HARVESTING CUTTINGS.
is: — Section 3, File 7, . )
Deals with — Judging the maturity of cutting material and the harvest-
ing of it.
Within the text of the files are references to information in other files. This
information is related to the subject of the file that is being read.

These references are identified as : - [ref.*:*]. with the numbers referring to a
particular file.

Example:-  You are reading Section 8 which deals with:-
GROWING THE PLANTS ON.
In file 8:16 SOIL BORNE FUNGI CONTROL. you will rez¢
quote — .
_“in the section on fungi and pest control [ref.9:10 & 9:11]." —
unquote.

This [ref.9:10 & 9:11] is directing you to Section 9 File 10 & 11 for full informa-
tion on the control of scil borne fungi.

It is important in the growing of Proteaceae that the handling of them from
propagation to the final harvesting of the crop be considered in its entirety. With
this genus of plants, what happens to them in one phase will have carry through
implications to all latter phases of their development. Because of this, this book
should be read in its entirety as it deals with each phase of the plants develop-

- ment in its natural sequence. '

SPECIAL SYMBOLS USED IN THIS BOOK

As a means of simple reference and to enable readers to make their own

ccalculations and assessment of three very important aspects of climate, LIGHT,

TEMPERATURE/HUMIDITY and FROST there are three non standard sym-
bols used through out this book. . .
These are:- S ,
jlu referring to LIGHT. See 2:2 for particulars.

th/c referring to TEMPERATURE/HUMIDITY.See 9:1 for particulars.
vt referring to FROST FACTOR. See 10:6 for particulars.
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SECTION ONE

Proteas In Nature

1:1 OVERVIEW

For the home gardener and commercial grower, the cultivation and growing of
South African Proteaceae is an occupation which will be a never-encing chal-
lenge. With some varieties success will come easily but with others thers will be
difficultes and with some varieties in some locations it will be almost impossibie
to succeed. Unlike most other plants that are in cultivadon throughout the
world., Proteaceae are still at a stage in which they are introduced to their
adopted location directly from the wild, ie. the seed is collected from natural
stands. Almost all other omamenial genera have been through many genera-
ticns of cultivation “in captivity™ and are selections of the originals that have
been chosen because they are suited to 2 perticular ciimate locadon.
Proteaceae are reaching a siage where selecions have been made because
they are suited to a particular climate or use (cut flowerlancscape) and then
vegetatively propagated. Thev are however a long way from the refinements
that roses. camations, cameliias. rhococancrons or hibiscus have reached. Be-
cause of this an undersianding of thesz plans phusical make up. which in
nature is matched to the soil type and cimate undzr which they sunive wil
help growers to greater successes or alematively en understariding of their
failures.

This family of plants is so diverse and complex in its makeup that it may be
likened to the human race with its varied cultural and climatc requirements.
Individuals’ life span may also be likened to that of our own with the baby
seedlings looking so fragile, yet like infants having an incredibly strong hold on
life. In the childhood phase of development they may catch every malacy
going, yet with treatment usually recover. As teenagers they grow rapidly and
flop around all over the place and if they survive this period they will become
adults to bloom and enrich 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 mythical God they were named
after. As he did. they may show themselves in many moods and forms.

In the past 25 years these plants have been grown more and more in “cap-
tivity” and today some varieties are quite common in a number of locations
outside their homeland of South Africa. The species and varieties that have
become established under cultivation are not great when compared to the total
inventory of South African Proteaceae, but they are quite an achievement for
those who grow them. .



1:2 THE ENVIRONMENT

In tl*_leir homeland of South Africa, Proteaceae have adepted themselves to
survive and thrive in areas which are inhospitable 19 nther genera of plants. In
many instances they and their supporting associale Plants {Ericas, Reeds, etc,)
are thg only plants able to survive in that particular lucation and even if othet:s
were lgtr'oduced they would fail. Many of the varieties, especially the rarer
‘gerns live in environmental locations where th¢ particular soil type, rainfall,
light intensity. air mavement and seasonal temj*¢fature varations are finely
balanced. It is when we are trying to match these ¢i\vironments in cultivation
that we run into difficulties. It is almost impossible 10 match them all in one
location. The Eest we can do is to know and unl¢rstand what these environ-
mental factors are and try to match them in our ciltivation techniques.

In their natural environment the fertility of the soil I» tsually very low and this is
matched by low pH levels {as low as 3} with excep!iOns being in the few places
where certain varieties such as Protea obtusifolia a1 some variants of repens
are found in the limestone outcrops. The ground stititture is usually porous and

well drained though not necessarily particularly !V, except on the surface
during the dry season. The ground texture is such hat plants are able to get a
firm grip and not te unduly rocked by the wind whi i i5 a constant companion.
The amount and seasonal pattern of rainfall varies ‘I'vatly from one location to
anqthe)r with total annual aggregates varying from WV to 20C0mm. (12 to 80
inches).

These are the main conditons in which, over 1he aies. Proieaceae species
have adapted themselves to grow and reproduce /\led to these is the fine

tuning th.at each variant of each variety has gone thtih during its evolution to
adapt to its own particular local environment which At limes may be confined to
one hectare (two acres) or less in many thousand- ! heciares.

These special conditions include: facing into the sun (north), facing away from

the sun (south), the land lying flat, sloping steeylv. sloping gently, altitude
(above 500 metres, below 500 metres), (15900 feo!). nnnﬁalgtogtal r:i'nfall and
the-seasonal pattern of its distribution, soil structure (tcky and dry rocky and
moist, sandy apd dry sandy and moist), air movem#nt (strong winds moderate
breezes), dry air, moist air, hot air, cold air, does it free?e, if so, to what degree.

Finally the most important point of all to those growing Proteaceae outside their
nat!nal environment is the cloud sheet. The seasohal pattem, intensity and
moisture content of the cloud sheet and of uppef attmosphere that prevails
where they grow in nature has influenced each individual species and variety to
adapt to their own particular local radiation levels.

South African Proteaceae are what I term rhythm plants. Many of them are
adapted to grow in a climate that has wide variabled between seasons in tem-
peratures, rainfall, air movement and light intensity. When we take these vari-
eties and grow them in appreciably different climal®® to which they are ad-
apted, they can be most unforgiving. The two ‘contitions to which they take
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greatest exception are heavy rains or irrigation during the season when they
are resting {their natural dry season), and exposure to light levels that are weil
in excess of those they are accustorned to. Whether or not the sun’s rays are
being broken up by atmospheric conditions has a strong influence on the suc-
cess or failure of culivation of Proteaceae in “captivity” and is dealt with in the
following sections.

With Proteaceae whether they are growing in nature or in cultivation, the two
principal factors governing the plants health are; a well developed healthy root
systern and a foliage type that has the physical capabilities to cope with the light
factor of the chosen growing site. If either roots or foliage are under stress and
not in accord with the plantation site. the plant will not flourish as it should and
mav fail to survive for more than a year or twe.

An understanding of the regeneration cycle and functions of the root and foli-
age systems will help propagators and growers to understand these plants’
many likes and dislikes. Such an understanding of their base requirements
should make it possible to propagate. establish and grow the more common
varieties to greater levels of achievement and perhaps make it possible to
esiablish those gems that have hitnerto proven so elusive.

1.3 THE REGENERATION CYCLE

Almost 2l spacies and variedes of South African Proteaceae regenerate follow-
inc fire, Without fira there is no way for new generzions of many varietes 0
es-z2blish in the veid. This is true of much of the velé fora, from the reeds and
grasses. the Leucadendrons, Leucospermums and Proteas, and many others of
the multitude of plants present. It is unusuai to finc fresh seediings of many of
the Proteaceae family more than two years after fire unless the ground has

been broken in some way.

The periods between spontaneous fires can be up to fifteen to twenty years
apart. By that tme the surviving plants of all species and varieties are woody
and tired with short annual growths and progressively sparse flowering and
seed sets. Research on seed survival and viability shows that in the veld situ-
ation, both viability and survival of seed, falls off rapidly when the seed heads
and cones are over three years old. By that time rodents and insects have
eaten most of the seed or caused it to fall on the ground to perish, or it has
become non-viable through natural ageing. This means that at the time of any
fire, provided it is more than five or six years since the previous one, there is 2
three year supply of seed to be released on to the freshly burned land. Itis
when man interferes with the natural sequence of fire that the veld is in danger.

Following fire, which destroys all predators (both insect and animal) as well as
all fungi. at least above the ground surface, there is a pattern of regeneration
which is natures way of re-establishing this finely balanced flora. In the few days
immediately following the fire there is a great release of seed from the cor;:
and seed heads which were left scorched but mostly undama above it
Jevel of the fire. The first growths of Proteaceae to appear through the
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surface are the shoots from plants with a lignotuber such as Protea cynaroides.
Leucadendron salignum, Leucospermum cuneiforme and Mimetes cucullatus.
Depending on the time of year and the rainfall pattemn, but usually in the
autumn, these are joined by the bulbs. reeds and grasses. Closely following are
the local varieties of Leucadendron and Erica seedlings with the initial popu-
lation of these often exceeding 50 to the square foot

The growths of lignotubers and these first seedlings can be regarded as the
pioneers of regeneration and for the first two to three years they will dominate
the veld’s developing vegetation. Protea and Leucospermum seed germinate
when conditions are suitable for their survival and this is normally not until there
has been a substantial drop in the average temperature which coincides with
the onset of winter. Research has shown that this low temperature period is
necessary to initiate the germination in some varieties, especially those that are

known to have a built-in dormancy pericd such as some Leucospermums. and
l.d. argenteum.

The young seedling Proteas and Leucospermums usually remain at not morz
than half the height of their companions of reeds. grasses and Leucadencrons
which in those first two summers usuaily reached 45 1o 60cm. Many variedes of
Froteas and [eucospermums are extremely sensitive to long hours of bright
sunlight for the first two to three years of their life and they are happy to stav
within the dapried shade created by the pioneer plants. Excepions to this are
*iose vaneres with glaucous foiiage such as Pr. eximia. nifda. lauricia. Tnese
teach through the canopy of the pioneer plants more rapidiy (usually towards
the end of the second summer) whereas varieties with green leaves such as Pr.
neriifoliz, nana, some repens varants, Lsp. cordifolium and many others take a
further one to two years before they begin to reach through the pioneer
canopy and establish their dominance.

he glaucous (biue) leaved vareties of Proteaceae are able to withstand con-
siderably higher light intensity than those with green leaves and in nature there
ate few Proteas with green leaves growing on any slopes facing north. On these
north slopes the sunlight is of higher intensity and has a greater daily aggregate
of radiation than on the south facing slopes. It is interesting to note that almost
without exception, seedling and cutting grown Leucadendrons have a covering
of minute downy hairs on their leaves for the first two or three years of their life.
On most varieties they disappear with maturity but can be seen on older plants
that favour growing on north facing slopes such as the particular form of Ld.
uliginosum found growing on the inland north facing slopes of the Robinson
Pass. These hairs are the Leucadendron’s way of screening bright sunlight from
their leaf surface.

In the ashes following fire, the germination of seedlings and initial survival rate
is very high. This is probably due to the fact that most fungal spores are des-
troyed by the fire coupled to the lack.of_conetition both above and below the
ground from other than their own kind. Gemiination is almost certainly assisted
by a balance of nutrient and trace elements in the ashes and the presence of
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micro-crganisms in the soil which are generated in the decomposing litter of the
previous generation. ltis probable that micro organisms play a much greater ro}l
in the life cycle of Proteaceae than has been previously thought. This is deait
with in Section 17:3.

1:4 THEROOTS

Plants of the genus Proteaceae are unique in that they have two separate root
systems, each of which has a specific well defined function.

The primary roots are those that anchor the plant firmly in the ground. They are
capable of penetrating to a depth of at least two metres and under certain
circumstances four metres through the substrata to become the moisture
ceckers and supporting life lines during dry conditions. These roots can be
observed in the banks along the roadsides in South Alrica where they .have
been exposed during construction or by slips. In these banks, areas of moisture
can be observed in the substrata and it is into these levels that the'roots are
reaching. The roots are riot massive but tend to be fine and arranged in clusters
at the various moisture levels.

The second susiem is called proteoid roots and these are of'a highly spgcial.ised
rature. They form at or just below ground suriace level end t_ie'.r fgncnor} is to
absorb the nuidents released from cecaving liter {humus). Tney torm curing
the rain, season and in mos vanates reach ineir ma..\lmumlez::?:ency owarss
the enc of that period which coincides with the maximum 'evel of numentin
the humus. They resemble hairy sponges. and acting in that_ manner, are c2p-
able of taking up and temporarily sioring food. It is also possible they may E:\:
some part in the more rapic brezk-down of litter to humus by fostering high
levels of micro organisms in the soils surrounding tham.

Followinc the process of absorbing nutrient which will then promote .the next
growth c?;cle o‘? branches. leaves and flowers. these protgoid roots die, to be
replaced'by a new system the following rainy pe{iod. Their development eac:l
year or cycle, (they may form twice per year) is contxo!led by th-e seas?n
pattern of the rainy period. If the rains are late they also will be le_xtle in develop-
ment. Where plants are growing in unusually high levels of fertility such as 13
cultivation these roots will not be as evident in their development -PIOtEEl
roots are invariably at or just below the surface Qf tf_xe ground and' thlls ma us:
them particularly vulnerable to damage by cultivation anfi c!‘nemlcaf rllius »
The dangers of these to the plants’ well-being is dealt with in the following
sections. :

A lack of understanding by growers and nurserymen of the function of pro}eoid
roots is often the cause of problems with Proteaceae. They ar:‘no:);::‘sudm’me
seekers; they are feeders and play little part in sustalr}m?h e sy
moisture. A plant, no matter whether it beina container orin e'gtr:ondiﬁons i
have a mass of proteoid roots yet die of dehydrano_n in quite t}l;!wl-"v o reablems
it had not developed a primary root system. This is one of the gr
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associated with soil-less mediums in the production of Proteaceae 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 well
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
conditions and will deteriorate rapidly in other than these conditions. This is the
reason why good drainage is essential at all times.

1:5 THE FOLIAGE

In nature, the types and texture of leaves are tailored to match each varety's
particular location. Plants of the same varety from different locations some-
times have quite different leaf texture and colour. They can vary significantly in
natural stands only a few kilometers apart depending 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 “var-
ants”. These are quite common among vareties we know in our gardens and
commercial crops, eg. Pr. neriifolia. cynarcides, magnifica, grandiceps eic. with
each variant being confined to its own parciculer locadon and micro-climate.

In horticuliure, when we take an outsianding seedling of a variant. name it,
-hen propagate it vegetatively, it becomes a “cuitdver” or “clone ™. Each varant
and clone has its own pardcular characersics in leaf coiour. texwra. the way
the leaves are set on the plant. the physical make-up etc.. that enabies it to live
in its own particuler location. To casual observation these differences are not
greatly apparent and it is not until we remove variants from their natural sur-
roundings and grow them in “captivity” that we find they have ciffering be-
haviour patterns. The two most noticeable of these are their resistance or
susceptibility to fungal diseases and acceptance or intolerance to the prevailing
light levels in the adopted growing site.

It is this variable physical make-up of Proteaceae variety variants, that we have
hitherto imagined to be all the same, that explains the inconsistent results with
some varieties in some locations when we grow them in our gardens and
plantations. In the past they have all been regarded as being a “variety” by
growers and nurserymzn, ie. a plant has been a neriifolia, a cynaroides, a
magnifica etc. This is technically correct, but in practice, plants grown from seed
of a variety that has been harvested from different locations may produce
plants that will have vastly differing tolerances to light, air movement, soil type,

rainfall — the seasons it flowers and minimum temperatures even although .

they are all neriifolia, cynaroides etc. P. magnifica is a good example of how
highly variable a variety can be in nature with each variant being finely tuned to
its own particular mountain range or even an area within a mountain range.
When trans-located to another area, even in South Africa, it often fails to adapt

_to its new location and performs poorly. X
\
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In 1984 1 collected seed from five different stands of Pr. neriifolia in South
Africa, three of which were within 10km. of each other. The plants that grew
from this seed were later planted out for observations on their adaptability to
climate in two locations about 300km apart in New Zealand. There have been
marked differences in their reactions in each location with those in one loca_’:tion
giving one result and those in the other a different one. The principal variable
has been-in their susceptibility to fungal infection and to a lesser_dggrc::e re-
action to light levels. If you have planted Pr. magnifica or ot.her vadeties in the
past and not had the anticipated success with them. there 1s_a_possxbmt¥ thet
you have not planted the right variant for your location. This is deelt with in

detail in Section 10.

It can be seen from the foregoing that Proteaceae are highly \fan'ab‘.e not on‘._'_u
between species but also within each species. variety and variant These van:
ables are carried through to the propagation, producnon.and in the case of cEx.
flowers to the handling of the crop. The successes and failures of g_romngﬂme:e;
plants and producing flowers for either home use or as a commercial clut-i ower
crop are to a large degree controlled by two factors. These are tie ﬁse‘fc:o[nfi
the right variety-clone for a given climate and the growerss ur:.cerzl‘a..c..lb o._.:L
genus and their skill in applying that‘knowle.dge to culdvating t‘:-\e"crop:1 lﬂ—i
following sections outine to the best of my abxhty a §gm¢ary of't..e :no‘.: ecz2
that | have so far acquired in the propagaton. cultivaton and procuctcn Gi
Proteacezae. - .

There is stil a lot of scope for siucy and res;arch in the areg Of t“e g—_:r.::'s
regeneration cycle in nature and its appli_cauon to comn:.erc:e?x ‘E);oc'ucug:._
Points of particular interest which are or will t.>e loolrfed atin fug‘.e.a.e cor -
tinued studies on their sensitivity 10 light and its fu_rmer applicaton in prfcf)pfa._
cation: the compositon of the ashes following hrevm t.he veld' and the e ecis
that those ashes have in the pre- and post- germination period on brea.l«;mgf
seed dormancy and later on the seedlings apd w'hether it has .possxble ap;fa f}—?e
tion in vegetative propagation. Other points mclud_e the _mﬂuenccl:e oismre
decomposing roots of the previous generation on sqll ae{anon an ls'moh. e
retention and the effects of the fire in sterilizing the soil surface. Ttis a l:) {‘g Vz
probable that certain beneficial micro-organisms are present in nature that ha %
considerable influence on plant health, growth rate a_nd‘ disease resistance.
this is so, can they be applied to cultivation in “captivity’?

The answers to these points and many others lie in the future and will be
discovered by those who grow and live with the genus Proteaceae.



SECTION TWO

The Theory of Propagation and
Provision of Environment

2:1 OVERVIEW

:ir:) rl;xorrt];:lt\r;roestthere are a number of ways of carrying out vegetative propaga-
. common means are by cuttings, grafting, buddi
recently by tissue culture. So far tiss e e e
: ; ue culture has met with little succ
! ess. other
than with Telopea. and even here, success has been limited. The most widely

used method of vegetatively pro ti X a
- book deals only with that mZtl'?od_paga ng Proteaceae is by cuttings and this

Sc_;me Proteaceae are difficult subjects to root from cuttings. The difficult vari-
eties demand very specific environmental conditions before they will produ

rwr;;aain:ufszmx‘ of (}?_ese are so demanding that they are sei::fcim mept unLéZrer
::me ! ues s[ré\:%r:cginfggjit?l’?atfaﬂr];h:;/eenfo:md-n‘olthing impossible to root but

' N : je

increase in _thi_s manner. In such insytancesothz;e]aaori C‘oc;:le"‘ig‘zlepi?ceosmocingo
seed or if it is '\ mportant to retain a particuler characv‘e;isdc of a -CQIZSE by
bud‘{lng or grainng, [ have had litde experience of t'"‘e“‘a-"erlm' bne .
pessible and is carried out to a limited deéree by some A;.Dro.pa‘;gatorso e

To prepagate any plant b i it i
opag: \ y vegetative means $ :
e mtenting it is necessary to control:-
water availability
air movemcent.

T:sst-ehizrseeé}ée tf}ree {actors that control the development of a plant or cutting

:rea i beozoﬁgksu actI the éhiory of why the environment in the propagation
olled, an : e

rooting. Aads ow to create the environment that will induce

2:2LIGHT

The hours of sunlight and the control of the intensity of i ill i
ence the percentage of cuttings that will root, th;y tic;m:h iatt ::111111 htgrl::z“t,;:le:'nﬂltlc;
produce roots and often the vigour with which they do root. Once a cutting has
been made and set, light has more influence on the results of propagatin
Proteaceae then anything else except the prevention of dehydration. gand

When | became aware of this [ had to find imple

] of some simple and accurat f
m;n‘?ﬁ ttir':io suns radiation and convert it to a light unit [ could calcfla‘:’: gar?d
regula me degree of accuracy. My light units are calculated by measur-
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ing the suns radiation in foot candles of light (ftc) and multiplying that by the
number of hours it shines at that particular rate in a day. The light units derived
by using this formula were given the name of “Jack’s light units”, abbreviated
to j lu. Throughout this book where reference is made to jilu it is referring to the
accumulated daily aggregate of the sun's radiation calculated by this means.
Where references are made to ftic it is referring to the maximum allowable
level of the sun's radiation measured as foot candles of light

Whilst this is not a particularly scientific means of referring to the suns radiation
it does serve the purpose in this instance and is a method whereby anyone who
can ascertain what the prevailing foot candles are at a particular time of the day.
can then calculate with some accuracy how many j/lu are being generated in
their nursery each day. If a light meter is not available which gives a ftc read-
out it is possible to calculate the light by using any SLR camera using the

following procedure.

For an automatic camera:-

Set the ASA to 20

Set the iris aperture to {4 :
Sight the camera at 2 general view with 30% sky showing in the frame
9 000 fc will read 1/125 of a sec.

5.000 fc will read 1,30 to 1. 60 of a sec.

For a manual camera:-

Set the ASA to 20

Set the shutter speed to 125

Sight the camera as for above and aciust the irfis to give an OK reacing

For 9.000 ft/c the irs ring will read {4

For 5.000 ft/c the irs ring will read {2.3

These methods are not entrely accurate Sut will give a workable assessment of
the prevailing light.

The importance of light control cannot be over emphasised and propagators
should make every effort to ascertain what levels of radiation prevail in their
nursery. As a guide line to amiving at a reasonably accurate working formula of
daily radiation, the maximum light that | have recorded in New Zealand with a
few exceptions is 9.000 fvc. On a clear day the first and last three hours of each
day will average about half of this (4,500 ft/c). Therefore on a clear day at
equinox, with twelve hours of total sunshine a day aggregate can be calculated
as: 8

First 3 hours X 4,500 = 13500
9am. to 3.pm 6 hours 9.000 = 54000
Last 3 hours X 4,500 = 13.000
Total aggregate for the day = 71,000

In mid summer on a clear day we record a maximum radiation of
approximately 110,000 jlu. in our nursery.
Big variations of radiation prevail from place to place. On the island of Maul 1
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have recorded 14,000 ft'c at 10 am. in midwinter. Readings at midsummer on
the research station there have recorded light levels almost twice those that
have been recorded in New Zealand. In Southern Califomia midwinter light
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 showed levels
similar to New Zealand but were brighter in some inland areas. No readings

have been taken in Australia but it is known that light levels are high in some
areas.

Observations in a number of countries where Proteaceae are propagated.
show that there is a constant relationship in every location of the effects that
light intensity x hours of sunlight x temperature have on the percentages of
cuttings that root or seedlings that survive.

Trials in New Zealand and observations in other countries where these plants
are propagated and grown by cuttings and seed, covering a wide range of
spedies and varieties, clearly show that a summer light intensity of 9.000 f:c with
a day aggregate of 80,000 plus j/lu at daytime temperatures above 20°C.
{70°F.) is fatal to many cuttings and detrimental to most seeclings especially if
the relative humidity is below 50%. Below 15°C most vareties iclerance to light
increases appreciably but with plants under two years old their tolerance sel-
dom rises above a continuous daily aggregate of 80,000 j1u,

2:3 LIGHT CONTROL.

To control the light level and daily aggregate of radiation under New Zealand
conditions. 48% shade cloth can be used as a shield to bring the light intensity
down to a level of 5,000 to 5.500 f/c. which wili also recuce the day radiation

aggregate at a pro rata rate. A further layer of 43% cloth will reduce the light
level to 4000 f/c.

For many varieties a light level of 5,000 ft'c with a daily acgrega:2 of 45,600 jlu
will give good results in rooting cuttings. It will be found however that this level
will be insufficient for the grey and/or hairy leaf varieties of Protea and Leu-
cospermums, and the glaucous-blue and hairy leaf.forms of Leucadendron.
Some of the varieties in this bracket are:- Pr. magnifica, pudens. stokoeii. Lsp.
reflexum, some forms of cordifolium, conocarpodendron, Ld. argentum. dis-
colour, nervosum, procerum. orientale. For these the light must be controlled
to a maximum of 6,000 ft/c and a daily aggregate of 60.000 jlu. with an
absolute minimum of 4,500ft/c and a daily aggregate of 45,000 jlu. Varieties in
this bracket do not root well during prolonged cloudy periods or in the winter as
it is difficult to provide them with sufficient daily aggregates of radiation.

Because of the variation in each variety’s make-up and the necessity to provide
differing conditions for the two types, it is not possible to provide the optimum
conditions for all varieties under one control regime. To propagate both types
successfully it will be necessary to provide two shade areas, one controlled to
5,000 ft/c. and 45,000 j/tu and the other to 6,000 ft/c and 60,000 jlu. With this
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it should be possible to propagate almost any Proteaceae. The practical applica-
tion of these systems is dealt with under 6:3.

At light levels below 4000 f'c the initiation of rooting becomes very low in all
varieties unless they are stimulated by bottom heat There is a direct connec-
tion between the hours at which the light level is between 4000 f/c and 6000 f;c
and the speed and vigour at which root initiation takes plage. At 4000 fuc and
below. it is-almost impossible to maintain the minimum daily radiation aggreg-
ate of 35.000 jAlu. that is needed to stimulate rooting. The dangers of prolonged
periods of low light. below 25.000 j.lu. are dealt with in 9:19.

In our nursery we had the experience for several years that cuttings of a
number of varieties set in late December (mid summer) were rooting much
more quickly than better material setin February. Initially this was thought to be
the result of higher temperatures. but readings later showed that temperaturesi
were consistently higher in the February-March period than Lhe_late Decembc;r
January period. It was then noticed that there was a mar}<ed dlfferenc_e gn the
west side of the propagating area which was loosing the sun at rlmc}j Sy in
February'March because of the lower trajectory of the sun betr}g blocrfeh T} arn
adiacent building. This was putting the cumings in complete snade_ wit a ..g.;u
factor of 2000 f.c for the afterncon (haif of each, d'ay) wfl:nch was res_v[_x'mng in
those cutiings only receiving 2 daily aggregate of about \i0.00C‘) y¥u. ' he nen’
result of this was that the cuttings on this shaded side rooted mucn siower o: n'c.:
at all. This illustrates that it is desirable 1o arrange the propagation area so .:'.all I
will exsose the cuttings to as many hcurs as possitle of light within the zallow-
able range of 4000 tc 6C00 f.c.

When designing and building a propagation structure it is'nec?ssary to ascertan:
what the maximum ftic and daily aggregate of radiation (jlu) is _for youfr afreaha,t
the light control must be to the specific Ifevgis ou‘tlinefihar"ld not JUStbha(l o} n\:zucah
is prevailing locaily. In some piaces haif of the locai ignt would el';(:lo
while in others especially during the winter months it would be too little.

it hours of unshielded
Under New Zealand conditions the first and lgst tl_\ree
sunlight each day measure up to 6000 f/c which gives an averal;ge tof abouf
4 500 f/c. These times also coincide with the periods of t}'me day when emgﬁr;_
tures are usually within the range of 15°C to 20°C and in the mormings,

- idity levels tend to be high (70% to 95%). It is therefore an advantage to

arrange the structure so that for as many hours as po§51ble of-these bt\:o agﬁ!;vog(si
of each day, the sun is shining unshielded on the cuttings. Thls ctahne S s open.
by having a high level roof of shade cloth of 48% and leaving e rer
The structure should run north/south and be no more thanﬁrstmand e three
than it is high. This arrangement will give full sun for thef o A ddle of the
hours each day and light levels of around 5000 to 6000 6gc O&t) he o sbsolute
day and should achieve the target of a maximurm of y adly hos vary
minimumn of 30,000 j/u. In areas where l'xght intensity an aggl'egae e
greally from those in New Zealand or it is intended to prom % grerl@ o i
varieties the percentage grade of shade doth may have to varied
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very high light areas the side walls may have to be shielded.

What has been noted in the foregoing was identified by observation of light
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 light in the natural veld in South Africa. These
veld ob§ewanons support the earlier conclusions reached in nursery and field
production phases. It is of interest to note that the light level of between 4000
and 6000 fc tha.t had been identified as being an acceptable level for cuttings
and young seedlings is close to the average of the dappled sunlight recorded in
one to four year old Proteaceae stands in South Africa on a sunny dav.

2:4 WATER

The quality of the water that is available will influence 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., preferably not above 5
or 5.5 maximum. PH. levels above this will limit the varieties that can be
successfully rooted. While the cuttings are rooting thev wiil be exgosz< to the
u_.:atgr for a long period. and should it be incompa:i'éie to their needs. great
cifficulty can be experenced in getting them to survive and root. Water can be
reated but such sustemns are expensive and usuallv need regular maintenance
1o keep them fully operational. ’ .

Before Iar‘g\’e scale propagation is attempted the qualin, of 12 -waler should be
monitored for a period of several morths. Water that is crewn rom a weil or
swream may vary in pH. levels with the seasons. usuaily rising dunng long cry
spells. Water from a stream is likely to carry unwanted fungai spoors such as
Phytophthora cinnamomi and Rhizoctonia. If the stream runs through farmland
it is probable that there will be sharp rises in phosphate and nitrogen levels at
certain periods. especially foilowing rain if phosphate has recendy been appiied
10 pastures or crops in the catchment area. Where high levels of carbon
dioxide, 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 problemms.

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

2:5 WATER CONTROL .

The prox_/ision and control of a reliable water supply in the propagation area is
another important element to success and is the only means of preventing the
dehy_dxahon 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)
of by a capillary system. Both 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 sprinkler systern is one that has been designed to keep an
intermittent supply of water on an area. With Proteaceae this does not nec-
essarily mean 2 film of water on the leaves at all times but rather a supply
matched to dehydration rates.

Types of automatic controllers vary from simple type sensors to an electronic or
timing device. Whatever is used it should be able to “read” the days conditions
and keep a regular supply of water available without drowning the cuttings and
medium. In this. iming devices are somewhat inadeguate as they are unable to
read the current days conditions and are therefore reliant on how the operator
sots the on/off frequency of watering. This is a problem if the day starts out hot
and fine and it tumms cold and wet or vice versa. Such devices are cheap and
give litde trouble. which can be an advantage over more sophisticated systems
which can be temperamental.

With the electronic leaf systemn there are severel methods used by different
manufacturers. These systams can give protiems with a build up on the sensors
with minerals from the water or zlgae grewihs but are accurate and reliable if
well maintainec. ‘

Another device is one that operates on a sysiem of water evaporating off a
mesh on & swing balance arm. As the waler 2vaporaies ofi the gauze mesh. a
counierweicht overcomes the ineriia of the swing arm which trips a mercury
switch. This acrivates a solenoid which turns on the water suppiy 1o the sprirs-
lers thus wering the mesh again. When the gauze is wel again its weight
overcomes the inertia of the counterweight which trips the mercury switch to
the off position thereby turning off the solenoid controlling the water to the
sprinklers. [t is a simple mechanism and can be made up in less than an hour in
a workshop. Such a device is illustrated in figure 1. This is a very accurate
means of water control but has one disacvantage in that it is sensitve to blus-
terv winds and is not satisfactory under such conditions.

2:7 SPRINKLER AND SPRAY HEADS

The choice of these may be governed by the water pressure available and the
amount of air movement within the propagation area. The use of misﬁ_ng
heads. either fixed jet or revolving head have a serious drawback when being
used outdoors. The fine mist produced can be blown off the beds thus letting
the cuttings dry out along one side. The provision of wind batfles to control this
problem usually results in too litle air movement with resulting fungal prob-
lems. . :

In an outdoors situation the best and most reliable results will be obt?ined by
using revolving head sprinklers which produce quite large droplets. Air t'mwe-f
ment has little effect on this droplet size and they will adequately wet

surface rather than cause a fuzz of moisture on the tips of the cuttings as misting

nozzles do. Provided the rooting medium has the necessary texture o
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properly, and attention is paid to providing the correct light levels in the
propagation area for the varieties being rooted. large droplets and relatively
high quantities of water will not harm cuttings from the time they are set until
they start rooting. When they reach that point it will and at that time the amount
and frequency of watering must be reduced preparatory to hardening-off.

2:8 STATIC LEVEL CAPILLARY BEDS

A static level capillary bed consists of a shallow “tank™. 7.5cm. (3™) deep. It may
be made from heavy grade plastic sheet within a timber frame or more perma-
nently from concrete. It may be of any dimension but it will be found that in
very drying conditions, plants that are more than 6 metres (20ft) from the
reservoir may dry out The “tank” is filled with coarse grade sand and has a
small clear area to act as a reservoir. In this reservoir a ball-cock is installed and
set to give a water level about 50mm. (1/4") below the surface of the bed.
Figure 2 illustrates the basic design.

The principle is to provide a source of water below the plant which creates an
atmosphere where the plant may collect some of its moisture requirements
from the air as well as having a constant source of water thatis drawn through to
its root area by capillary action from the sun’s warmth.

Such a systemn is very useful where a propagaticn or holding area is not con-
stantly attenced as mediums used in propagation are so free draining that they
can dry cut during half a hot windy day if they ar2 not watered in some wey.
This system maintains their mcisiure requirements at a sale level.

The use of capillary beds is an excellent way of hardening off rocted cuttings or
can be used in the latter stages of the rooting phase following root initation
under automatic watering. In use. the trays of tubes or medium with cuttings in
them are placed on the bed. The bed may have overhead removable layers of
shade-cloth which can be put on or removed as necessary. Once set up with
the water and light adjusted to the correct levels, rooted cutiings or even those
that have just initiated roots can be left unattended for weeks without attention.

It is possible to propagate most species of Proteaceae on a capillary bed without
the use of an automated watering area if the operator is skilled in the use of
shade and the timing of the operation. See section 6:6 for further information.

2:9 AIR MOVEMENT

A certain amount of air movement in the propagation area is an absolute
necessity. Without it there will be problems with fungal infection and possible
overheating of the cuttings during the rooting process. Some of these fungi can
be serious and can cause the total loss of all material in a propagation area or a
carry-through effect to later stages of the plant's life. The provision of gentle air
movement especially near ground level will do much to alleviate the problem
of fungal infection and keep the leaf surface temperature down. -

By comparison tod much wind will cause problems particularly with its effect of
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dehydrating cuttings either from the excessive movement of air around the
leaves of the cuttings or through blowing the overhead watering away from the
beds. Where wind is a problem some screening should be used especially on
the windward side. Care should be taken that the beds are not shaded by the
wind screens.

To provide air movement at or near ground level, especially in areas where
there is little wind. the screening should stop about 100cm (4") from ground
level so that it creates a draft. This small provision will prevent many problems.
Some seasonal variations of control may have to be practised.

2:10BOTTOM HEAT

The question of whether you are going to use bottom heat or not has to be
considered. There are divided thoughts on this with some propagators using it
and some not In my early experiences with Proteaceae | eventually traced
many problems to the use of bottom heat but this was in the days before we
had such efficient chemicals for the control of soil borne fungi. There is no
doubt that by providing bottomn heat you are creating perfect conditions for the
incidence of Phutophthora. Rhizoctonia. and Fusarium with moisture and tem-
peratures at danger levels. The use of chemicals (Ridomil. Allierie. Terrazole.
Ronilan) control these fungi but will not cure them and there is siiil a risk of
infection with the conditions that botiom heat creates. These problems can
remain latent in the plant for a considerable time and be carried over to the
growing on phase or even in some instances to the final planting site in field or
garden.

My preference is to use bottom heat on anything that is very slow at rooting and
then for not more than two or three weeks. [ never use it from when the
cuttings are first set as research has shown that this is one of the reasons for
heawy callousing and non-rooting of some varieties particularly in Proteas. This
is the cuttings way of protecting itself from the heat. We do not like putting a
freshly cut finger into hot water and neither does a cutting like a lot of heat on its
fresh cuts. .

The most efficient. economic and safe use of botiom 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 weeks
for Proteas. place them on bottom heat. The results can be quite spectacular
with roots often forming within two to three days on many varieties. A period of
seven to ten days on heat is usually sufficient to give near 100% rooting. They
should then be hardened off prior to tubing up. Never tube up directly off a
heated bed as losses can be high. '

Bottom heat may be provided by the use of heated water pipes under the
benches or by electrical means. A new development in bottom heat is the
carbon mat which is laid on the bench and plugged into an electrical outlet.
These heat the whole area evenly whereas the old method of having wires
running under the bench gives hot and cooler areas.
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Where bottom heat is used it should be set at an absolute maximum of 25°C.
Above this temperature will harm almost all varieties. Good results will be
obtained with most varieties if temperatures are maintained around 22°C at the
base of the cuttings. Care must be taken when heat is being used as the
amount of water being applied by an automatic overhead watering system may
not be sufficient to compensate for the extra evaporation caused by the added
heat in the medium. Occasional hand watering may be needed to compensate
for this moisture loss.

2:11 THE PROPAGATION AREA — SUMMARY

The propagation area can be anything from a simple screened frame to a fully
automated glass-house complex. Proteaceae plants generally do not like en-
vironments created in a glass-house unless there is provision that encourages
constant air movement. Even if they do survive and root satisfactorily they
often give problems during establishment or even up to two years later when
they have been rooted under these conditions particularly when excessive
bottom heat has been used.

My choice is for a structure sited where there is some air movement at all times
Sut away from the full force of the prevailing wind. [t should run north:south
and be in full sun. not influenced by large buildings or trees. :

[t should be of a dimension that is adequate without crowding and preferably
not wider than three times its heicht. The roof should be covered with shade
cloth of a grade that will cive the correct light rating for the variedes being
propagated. The sides co not usuaily need shade cloth except to control ex-
cessive air movement. The sun end may need shade cloth to control autumn-
spring sunlight.

The windward side should have a solid wall of sufficient height to control the
wind but should stop 100cm from ground level to provide air movement at
ground level, it must not shade the area where cuttings have been set to root.

Within the propagation area there should be an automated sprinkler system
engineered to keep a constant level of water available 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 facilitate
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 facilities. In vegetative pro-
pagation good facilities are not a substitute for the skills of the operator but they
can make life easier. : '

2:12 AUXILIARY EQUIPMENT

- Besides the facilities incorporated within the propagation area there are certain

other items needed to camy out vegetative propagation. These are simple
' 17



things that are found in most places where propagation is being carmied out and
include 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 to all cuttings that come in contact 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 inefficient. Plastic trays with a
wide mesh bottom and used with a filter type liner give excellent results [ref.
5:4 for further information].

Propagating tubes — needed to set some varieties of cuttings in. It has been
found that the Scm dia. x 10cm deep is the most effective and economic size to
use. The S5cm square liner does not give such good resulits.

Plant pots — needed to set some cuttings in. The 10cm 400 cc square pot has
been found to be the most effective 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 of a cutting should always be made with a sharp knife as secateurs and
clippers tend to bruise the plant tissue.

2:13 EXPENDABLE MATERIALS

[n carmying out vegetative propagation there are a number of material: reeded
which are expendable. All are an integral part of the operation and wil of
necessity vary from place to place depending on availability. The following is an
outline of what is needed, the possible sources and alternatives.

2:14 ROOTING MEDIUMS >

The mediums in which cuttings are set can and do vary from country to country
and even within countries. To some 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 (figure 3.
Fine-grained mediums produce a more fibrous type but often results in a drop
in percentages rooted (figure 4). An alert and successful propagator will deter-
mine which materials and which ratios give the best result for their particular
conditions, type of material (soft or semi-hardwood), variety being

and season of the year. ' S TR TR

There is one thing that any rooting mediums must have,pamaﬂaﬂy if being
used in conjunction with automatic watering systems, and that is that it MUST
BE FREE DRAINING. [f it is not then there is fittle chance’ of_real success. To
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test any medium, especially if it is to be used under automatic watering. it must
be of a texture that it is impossible to flood it by hosing it down with the flow of
water from a 12mm (1/2 inch) hose at 70 psi. If water is visible on the surface
five seconds after the hose is removed, the macium is not satisfactory and more
open grained material will have to be added.

The principal materials that will be used are:-

Sand, must be coarse. preferably with rounded grains as these stav “open”
where as angular greins pack down hard.

Peat, must be a fibrous grade and not break down to a dust.

Pumice, must be coarse-grained. Some pumices carry high levels of
phosphate and this should be checked out as it can cause serious problems.
Perlite, is a heat sterilized pumice. Use 400 industrial grade and check for
phosphate as for pumice. '

Scoria, lava, cinder, are volcanic materials all with similar characteristics.
They are heavy forms of pumice and can be used instead of pumice or perlite.
Polystyrene regrind, waste polystyrene ground into angular particles of
about 3mm. average diamieter.

Other materials, can be used provided they are free draining and free of high
levels of phosphate, pH. etc.

A typical medium for rooting Proteas and Leucodendrons would be 50.50
coarse river sand and perlite or pumice. To this may be added a further 10 to
15 parts of peat especially if water pH is above 5.5 or the variety is known to be
very slow to root. Send can vary in texture and grain size. and care must be
taken that it is not derived from a limestone rock source and that it is truly
coarse and does not pack down hard over a period of ime when being con-
stantly watered. If this does happen you will have tc increase the perlite/pumice
or use some other types of material such as scoria or decomposed granite. | do
not favour adding peat above 15% maximum, for although it will “open up™ a
mix there is documented evidence showing that peat is responsible for many of
the problems associated with Proteaceae plants in later life. This is dealt with in
detail in the growing on section [8:5 to 8:7] and in_Appendix One.

For Leucospermums | use 85 parts reground polystyrene and 15 parts peat. |
have used 100% polystyrene with good ultimate results that have been a little
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
some clones of Leucospermums the 85/15 mix does tend to produce an initial
course type of root that may break off easily. If this is a problem the mix can be
changed to 65 polystyrene, 25 sand and 10 peat, which will produce more
fibrous type of root but will usually result in a drop in percentage.

If polystyrene regrind is not available, use sand 30, perlite/pumice 60 and peat
10. This will give good results with strong roots but this mix can suffer from over
watering under an automatic systemn. For this reason cuttings should be re-
moved from the watered area as soon as roots initiate and be placed on a
capillary bed to finish their rooting phase. {Figure 5) _
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very mature material in the winter menths. These strengths are a little below
optimum fcr some varieties but are safe.

A check can be made which will indicate whether a certain stength is sadsfac-
tory for a particular batch of cuttings. To do this take a few cuttings, prepare
them and treat them with hormone of a pre-determined strength. Set the
cuttings and place under mist After five to seven days inspect the bases of the
cuttings. If they have gone black the hormone was too strong. If they are
showing tiny whitish spots at the nodes where leaves were remcved or if 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 of very hature material a strength that is too strong will cause callous-
ing at the cambial layer right at the base of the cutting and no swelling of the
stem diameter (figure 7). This will usually show quite distinctly by the four-
.teenth day and if it does the cuttings may never root. The correct strength
causes the whitish dimples to show and the stem to swell with preferably little or
no callousing. Cuttings don’t have to callus to root (figure 8).

Early uses of this hormone at 3000 and 4000 ppm resulted in tissue burn to
cuttings which. either destroyed them or retarded their rooting phase for a long
time. Of those that did eventually root, some were either blind in their growth
buds or went through a further long period of dormancy. This effect has been
noted on a number of occasions when near toxic strengths have been used on
varieties and species other than Proteaceae. The problem is very common in
Rhododendrons.

IBA Is usually dissolved in alcohol which is then added to the water. Do not
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pour the water into the alcohol/IBA solution as it will separate out the chernical
To mix a solution to the strength of 2000 ppm take 5 mgm concentrate crystaE
and dissolve in 500mls of alcohol. Add this to 2000mls of clean water and keep
in a refrigerator. Never expose it to sunlight as bright light will destroy the active
ingredients.

.B.A. can be applied in a dry powder form which is available in three different
strengths. Those that are suitable for Proteaceae are the ones recommended
for the semi-hardwood and hardwood material. Powders generally do not give
such consistent results as the same strengths in liquid form, but can be used
with some success especially on the semi-hardwood material In some varieties
for reasons not known, powder can work better than the liquid. This has been
noted several imes with Pr. grandiceps.

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

[f available | strongly recommend the use of laboratory prepared concentrate
solutions of IBA or NAA which can then be diluted to the required strength. The
best of these are not just a mix of alcohol'water and the active chemical but
contain other ingredients to give better peneraton and give some protection
against fungi. These formulas give excellent and consistent results.

2:16 FIUNGICIDES

Within the propagation area it is necessary to maintain a programme of treat-
ment to control fungal infection [ref.6:4]. Some of these problems could be
water-bome, some air-bome and others may be introduced on cutting material.
The control of most fungal problems during this phase can be achieved with
Captan and occasional use of Ronilan or similar chemicals, provided they are
applied regularly before problems occur. New chemicals should be monitored
for side effects. As an initial treatment I always treat all freshly set cuttings
immediately after handling by drenching them with a mix of Im! Terrazole and
2mgms. Captan per It of water. Use 500mis per tray of 100 cuttings. For more
detailed information on the uses of fungicides 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 able to consistently and economically produce good quality plants by
vegetative propagation, it is necessary to have a supply of healthy clean and
fresh cutt_mg material. The health, source and type of cuting materal that you
have available to use will influence the end results and will often be the differ-
ence between success or failure. If at all possible it should only be collected
frqm plants that have a clean bill of health and of a known performance rating.
Fallure_ to observe these fundamental criteria will result in some disappointing
resgl§ In poor rooting, and later in poor flower forms, a point that is particularly
valid if stocks are being increased for cut flower producton. [Refer to Secton
15 for information on clonal selection].

The success or failure of propagating Proteaceae begins well before material is
harvested from the stock plant Every effort should be mace to make sure that
the material you will eventually use is as healthy and as near to the corect
condiion and type as you can make it.

ldeally plants should be of an age that are past the first flush of juvenile growth
ar_]d bef<_3re the decline of old age. For most Proteas and Leucospermums this
will be in the three to seven year age bracket and [eucodendrons in their
second to fourth years. There are of course exceptions to all of these and [ sdll
regularly take cuttings from a Leucospermum which is now 30 years old and
some Protea ne{iifolia that are 25 years old.

To get the best from stock plants, they need regular tending throughout the
year to keep insect and fungal infection under control as problems associated
;nth these are carried through to the propagating phase. There is some evi-

ence to suggest that repeated use of some insecticides, fungicides and vetting
agents may inhibit the rooting of some varieties. Where propagators notice a
falling off of percentages rooting they should check this out. [Ref. 9:2).

-3:2 SEASONAL CARE OF STOCK PLANTS

Stock plants well 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 achieved by manipulating the plant in various ways and is particularly
productive with Proteas and to some extent with Leucospermums. Preparation
of the plants begins just prior to or at the start of spring growth or just before a
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micsummer growth if the particular variety being handled makes one in your
"
climate.

Initial procedures consist of removing all internal weak growths to give better air
movement and removing flower buds or the tips of the strong terminals from
the last flush of growths. This promotes lateral growths with a resulting increase
of from six o eight times the number of cuttings available for harvest later
(figure 9). Besides this, lateral growths produced in the spring growth flush, are
better material to propagate from than terminals as they invariably give better
percentages rooted and usually a better root type. Laterals that are produced
after pinching out the tips in midsummer to promote autumn growths need
some special procedures during preparation and setting. This is outlined in
secton [5:6].

The timing of the removal of terminals in the spring is important. Protea stock
plants should be processed in this manner just as the terminals start elongating
prior to the spring growth flush, while Leucospermums are better done after
growth has really started. If Proteas are pinched out too early (midwinter) it can
result in growth starting from the lateral buds too early and if it is checked by
adverse weather such as late frosts it can become dormant and may fail to
continue with the flush of growth. Leucadendrons generally produce better
propagating material if they are allowed to have their spring flush and then
have 30% of the length of the strong termminal growths removed. This will resuit
in a spate of secondary grewth (figure 10). This is partdculerly so with the strong
growing forms such as L. laureolum. gandogeri, cv. ‘Safar Sunset’, etc. Most of
the spray type leucadendrons need no preparation to procuce satisfactory
propagating material (figure 11).

A recent trend in the production of Proteaceae is to harvest and use cutting
material from plants that are in the nursery production beds rather than to have
stock plants to harvest materal from. There is no doubt that cuttings harvested
from these plants, which are under two years old, do root easily particularly
Leucadendrons. There is however the fact to consider that by continually using
this type of material from each successive generation, that the form of some
varieties does change from being predominantly of a strong upright form of
plant to being prostrate to semi prostrate. .

The type of material and where it comes from the plant has a significant bearing
on the resulting growth form of the progeny. This syndrome is well known in
the propagation of some conifers as wéll as in Rhododendrons and Camellias
where if a cutting is made from a low pendant branch from a plant that is
predominantly of an upright stance, the resulting plant will be low growing with
a pendulous growth habit (figure 12). This same result has been observed in
Proteaceae with Leucadendrons being the most affected but all species will
show some effects. As the practice progresses from one generation to another
we can expect to see more varieties showing pendulous growth form when
they should be straight and upright (figure 13). [Ref. 17:4 for further informa-
tion.] If plants are being produced for future cut flower production itis very
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important to retain and encourage the strong upright characteristics of selected
clones. Propagators should pay attention to selecting only material that will
produce strong upright plants.

3:3 PRE-HARVEST PLANT PREPARATION

In the period just prior to harvesting material, 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 control 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-
icals]. Application of chemicals should be carried out not more than 15 days
ahead and preferably not closer than three days before harvest for fungicides
and seven days for insecticides. The chemicals used should be known NOT to
inhibit rooting or to cause foliage burn. For this reason never use a previously
untried chemical just before harvesting cuttings.

Every effort should be made to ensure that the plant is fully turgid before
harvesting cuwings from it Plants may be in a state of stress from a number of
causes with the principal ones being dehydration from frost damage, hot dry
winds or a lack of adequate soil moisture. For optimum results, plants should
have access to water if they are sited in areas that experience dry weather
conditons a: the fime when material will be harvested (late summer/autumn).

When plants 2r2 under severe siress from a physical moisture shortage within
the plant tissce they may go into a state of inerfia as a means of protecting
themselves from permanent damage [ref. 12:2]. Dehydration is very difficult to
detect in older field grown plants and may only show as a slight paling and loss
of luster in the leaves. When plants are dehydrated to this extent, it will take
three days folowing the application of water or after the frosts or dry winds
cease, to completely reverse the state of inertia and for them to become fully
turgid again. I the dehydration was caused through .frost or dry winds, the
application of extra water to soils that already have adequate levels will have no
effect at il 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 best not to harvest material until it has been
corrected. Material collected 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 is under mist.

Undetected dehydration of field grown plants is the prime reason for the black-
ening of leaves and rapid break down of flowers and or cuttings following
harvest [ref. Section 14 for further information on this subject].

3:4 SEASONAL MANIPULATION

It is not always possible to propagate when you want to because of the seasonal
growth patterns of the stock plants. This is espedially so with young plants in
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what [ term their teen-age stage of growth (two to three years). [t b been
found that the removal of the terminal growth tip of the cutting material a week
or so before 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
commence growth much sooner. In some cases it also breaks the long term
dormancy problem associated with some varieties (Pr. magnifica & grandiceps
etc.) which often go through this dormant phase following a prolonged period in
the propagation area. Some varieties can take up to six months to come into
vegetative growth following rooting without this treatment.

This technique is only in the early stages of investigation and more work is
needed to get consistent results. The key seems to lie in the time lapse from the
removal of the terminal to harvest of the cutting which needs to be related to
the maturity of the material on the stock plant, the prevailing temperatures and
the season of the year. Tests carried out in the autumn indicate a time lapse
from tip removal to harvest of 10 to 14 days for very soft material and S to 7
days for more mature wood. In winter this could be doubled.

When the tips are removed it stimulates the development of the top three or
four lateral buds (figure 14). The material should be harvested and set before
these develop into a leafy type growth (figure 13). If this should happen the
cutings often fail to root

3:5 MANIPULATION OF PROTEA CYNAROIDES

When this variety is handled in the same manner as cther varieties and the
cuting material is taken from the current years growths, most varianis yiela
wocd that is very large in diameter and often in smell numbers. These large
stemns are not good material to propagate from and often give poor percentages
and sparse root formation on those that do root

It is possible to produce up to fifty times the number of cuttings per stock plant
of a type that will give much higher percentages rooted and have a better root
formation. 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 latent growth buds. On a plant that is four or more years old this
is usually about 20 to 30cm. above ground level. A close 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 latent growth buds
‘which in nature following a fire, would come into growth. The act of sawing the
whole plant off (figure 17) stimulates almost all of these latent growth eyes to
come into growth simultaneously (figure 18) with the result that a few weeks
later it is possible to harvest up to a hundred or more good cuttings from one
plant and sometimes a further crop a month or two later. Because they are from
a lignotuber it is quite safe to harvest them when they are still in a juvenile stage
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(ref.5:8]. If they are left to full maturity they become elongated and somewhat
weak owing to the excessive crowding on the stumps of the plant For best
results it is best to harvest them progressively as they start to mature and before
they become elongated. This also gives the plant less shock than to totaily
remove all foliage at the one time. If preparation is carried 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 winter.
If they do it is possible to remove the new terminal tips off these plants and set
them to root. In this way it is possible to produce between two and three
hundred plants from one stock plant in about two years. It is probable that this
method could be used on any lignotuber and it is known that it is successful on
Telopea.

3:6 HARVESTING “IN THE WILD”

It is sometimes necessary to harvest materal from plants that have had no
pre-harvest preparation. These plants can often be in poor health and condi-
tion. When this is the case it is necessary to follow ceriain procedures to assure
the best possible results. When harvesting, care should be taken to selec:
materal of the current seasons growths that are clear of fungal infection. In
many instances it will be necessary to harvest terminal growths especially from
young plants. If the plants are of an age that have commenced flowering, it
should be possitie to select the lateral by-passes that have grown away from
behind the cld flower heads (ficure 19). If there is fungi present it must te
trimmed off immediately following harvest before it is packed into containers to
minimize the chances of it spreading further.

Material gathered under these conditions usually has litle uniformity in maturity
or type and unless it goes through a post harvest process, results in rooting will
be inconsistent. The best method of handling this material is by the wrap and
refrigerate method. [ref. 4:5]. The wrapping process can be carmried out im-
mediately following harvest and if no refrigeration is available at that time,.the
material is quite safe held in this manner for up to two days pending refrigera-
tion provided it can be kept below 28°C (80°F.). If it is held for two days under
such conditions and no refrigeration is then available, it may then be treated as
outlined for the delayed propagation technique [ref. 4:4] for two or three days
before final preparation and setting. Under no circumstances should it ever be
kept in a vehicle that is standing in the sun as temperatures can rise to 35°C.
even in the winter. :

Material which is of a “mixed bag” in type and condition such as this is best held
for three to five days at 3°C. to 4°C. (35 to 38°F.) before it is processed and set
to root. 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 hormone (ref2:15].

3:7JUDGING MATURITY AND HARVESTING CUTTINGS
— GENERAL CONAEIEAY

The maturity of the material at the time of harvesting for pro fion s more
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important than the time of year though seasons do influence the rate of devel-
opment and maturity. Bearing this in mind, the successful propagator will ob-
serve. test and assess the maturity 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. To a
large degree this is governed by weather pattemns principally rainfall and tem-
perature variations particularly those prevailing through the period leading up
to and during the spring growth flush. In continental climatic areas, growth and
maturity patterns tend to be more evenly regulated.

Experienced propagators have their own methods of telling when material is
ready to process. This vares from just touching it with their finger and thumb.
twisting it, cutting it with a sharp knife or just clasping it in their hand and gazing
up into the heavens. These persons are in fact all doing the same thing in that
they are gauging the condition of the material to suit their particular method of
propagation. z

There appears to be little difference.between propagators in the condition of
material they select for a given method of propagation, but there is a difference
in the material used between species and even varieties within species. Herein
lies the secret of being successful every ime. or only sometimes. If you are 2
very observant person, success will come with experience, if you aren’t you will
have to become more so to be really successful. With Proteaceae especially
Proteas and some Leucospermums it is the litde things you do or the special
conditons you provide for a particular clene that makes the difference to the
end result.

1

All Proteaceae have in common the {aci that their new growths are slichth ova]
at the base of the stem where it is attached to and hes grown awey from the
older wood (figure 20). As it matures it gradually becomes rounded the same as
any other branch material. While the base of the material remains oval, the
material is too soft and should be left to mature until it has become rounded
and firm.

Cuttings harvested too soon will do one of two things: they will either sit in the
medium for a long period as they continue to mature and they will then root, or,
they may just sit there forever and do nothing. | have seen cuttings that were
too soft when set, sit for two and a half years and never change. 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 cuttings in the early moming, which is usually the time of day
when the plants are under the least stress, will go a long way in alleviating
problems associated with dehydrated cutting material. Under extreme con-
ditions this may not be enough without taking further steps to condition the
parent plant prior to harvest. [ have seen whole batches of cuttings 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 humidity is low or when miaterial is under stress from
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Fig.24

owner causes such as insect infestaton. When cutings are in a denvcratec
condition they will not only take up more hormoene than is good for them. but
thev will also go on transpiring faster than they can take in moisture.

.-\\ eaci} species has its own particular peculiarites in when, how and what
inculd De.harvest_ed, (which may vary from year to year), the follewing guide-
ines are given to judging the maturity and assessing which are the best seasons
for harvesting aqd processing. Generally if the condiion of the material is
- correct the season is of little consequence unless it is in the full flush of spring.

3:8. PROTEAS '

In every variety that | have had experience with, better results have been
obta_ined by using material that is a little old rather than too young. This is
pamcu!ady_so in varieties with the larger diameter stems, P. magnifica, grand-
iceps, eximia, etc. However, if Protea material is allowed to get too old you will
experience .hc.ea.vy callousing and no root development (figure 21). On the
other hand if it is harvested and set to root too soft, then the lower parts of the
sterns will take on a crinkled appearance like crepe paper and will never root
nar even callox%s up. The optimum lies between firm wood and hard wood. My
method for testing Protea cuttings is to take the cutting and bend it sharply to a
90 degree angle around my thumb. If it is too soft it will break with a clean
severance (figure 22). If it is too hard it will also break but will hang on the
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under side, (figure 23) but if it will bend to 90 degrees and only breaks the bark
on the outside of the bend it is about right (figure 24). A final test is to cut the
base of the stemn with a sharp knife while it is resting on the bench. and if it gives
a good satisfying crunch it is right

With Proteas it may be necessary to have two or more batches of cuttings of
each particular clone or variety each year as not all matérial will be at an
optimum cdndition at any one time. In my locality | set most Proteas in mid-
autumn to early winter and usually have two batches of each clone. There 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 which is used later in midwinter. If set to root by a month after the
shortest day, material from this flush will root successiully by late spring but it is
almost a full year behind that done earlier. Once day temperatures have
dropped below 18°C. there is less likelihood of dehydration or fungi invasion
during the propagation phase but results in this time slot without bottom heat
must be expected to be much slower than in summer - autumn.

3:9 LEUCOSPERMUMS

The maturity requirements of Leucospermums has been found to be more
varable than for Proteas but if it is judged right they are easier to root. Lsp.
cordifolium consistently gives best results when it has reached a level of mat-
urity at the point of when the base of the stem is just changing from oval to
round. The tips of the material is then at a very immature stage and needs
scecial care at seting [ref. 5:9 & 5:13]. Lso. cordifolium responds well to having

the terminal pinched out 5 - 10 days before harvest With most other Leuco-
spermums, best results have been obtained with material ct 2 srage as de-
scribed for Proteas except that Lsp. reflexum and any other grey leaf forms
need to be a little older. Never let Leucospermum material get too old. Thev

may eventually root but they will be slow and have a sparse root formation.
Leucospermums are best handled a few weeks either side of the longest day
with most being in optimum condition about four weeks past that date. It is
possible to use material from a midsummer growth flush in late autumn but
rooting will usually be slow in this period unless it is done indoors with bottom
heat

3:10 LEUCADENDRONS

Most varieties are relatively easy to propagate which gives you more latitude in
the type of material you may use. They do not root well from strong terminal

- growths if these are used too soft The best material is that which is becoming

stringy in its texture at the base and gives the same satisfying crunch as the
Proteas when cut. Partially-matured material which is sometimes available in
the winter as a result of having removed the terminals of the strong growths in
mid autumn needs special handling. [Ref. 4:7 & 5:6 for further information on
this material].

Leucadendrons can be propagated from when the spring growth starts to
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harden, which is nomally about a month after 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 riormally
root well before winter but those set later may not root up untl late spring if

outdoors. Spring-set batches will either root rapidly or collapse when vegetative
growth starts.

3:11 OTHER SOUTH AFRICAN SPECIES

A number of other varieties have been propagated which include Serrurias.
Aulex, Mimetes, Paranomus etc. Propagators wishing to try these should use
the material a little on the firm side rather than too soft. With S. florida and
some other varieties there is a marked difference in rocting depending on
whgre the cutting is taken along the length of the stem. This is because there is
a big variation in the maturity from the base of the stem to the tip. The 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 ten days
before the cuttings are harvested as outlined in 34. [For information on the post
harvest handling of immature cutting material refer to 4:7).

Generally zll these species are best handled in the attumn a5 tne tem-erarures
are falling. At this season all of them will be maturing their summer growths
which are the best material. This will normally be rootec by spring if it is set to
root under normal outdoor conditions.

3:12 TELOPEA

Most clones of Telopea will root easily from material produced in the spring
growth flush. Quite often these growths are so long that they will procuce four
or even five cuttings from one length (figure 25). However maturity varies
greatly from the base to the tip and by the time the tip is mature the base is too
old. This problem can be overcome by removing the terminal ips fom the
spring flush about the longest day. This will mature the upper 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 immature. - '

Telopea give best results if they are harvested and set about 30 days after the
longest 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
thos:e 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 vegetatively dormant indefinitely although it will root satisfactorily. To a
large extent this problem can be eliminated by leaving the base cutting on the
fjtoOCk pl?x;,t :shet:: éhe i%xst harvesting is carried out. This will cause many of the

rmant bu evelop active vegetative eyes within twenty to thirty days. If
:'xnedy d.o, they can then be harvested and set. if they don't the;jshom cuyfoff
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SECTION FOUR
Post Harvesting Conditioning

4:1 OVERVIEW

The post-harvest handling of cutting material is very important, even more
imporiant than for flowers. Flowers are expected to last for about two to three
weeks to give good value. but cuttings must live for periods of up to 200 days
with only the environment to sustain them. Not only is this so but they are also
expected to sprout roots which is a mammoth task to ask of any piece of plant
material.

Much of the success in vegetative propagation hinges on the condition of the
stock plant at the time the cuttings are harvested and the post-harvest treat-
ment of the cutings. Over the past eight years we have developed several
methods of holding and post-harvest conditicning cuttings. In investigating
:hese procedures it has been found that greatly improved end results can often
=e achieved by using one or & combinazcn of the metheds. The following is an
outline of the various methods and precedures that have been developed.

4:2 GENERAL CONDITIONING FROCEDURES

In the handling of ail Proteaceae materizi whether it is cutings or flowers. the
aim must be to keep it as cocl as possidle an 1o constantiy protect against
dehydration. [t has been estabtlished tha: at iemperatures above 25°C (78°F)
there is a greaty accelerated break down of piant tssue (both cuttings and
flowers) with the degree of damage being a compounded result of a tem-
perature X moisture loss X hours of exposure. When cuttings are harvested at
25°C and above, irreversible damage will be done to the material unless special
post harvest procedures are implemented. For safest results handling and pro-
cessing of all material should cease at temperatures above 28°C (84°F).

One of the greatest dangers to cutting material after 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 damaging to Proteaceae
foliage and for this reason cuttings should never be sealed in air-tight con-
tainers. PLASTIC BAGS SHOULD NEVER BE USED as their use will often
result in rapid tissue breakdown causing the foliage of many varieties to go
black within ‘hours. To alleviate the danger of damage from gases, ha
material should be kept as cool as possible and not packed too tightly in con-
tainers. Only containers that can “breathe” should be used, ie. those that air
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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Fig. 26

harvest their temperature is almost always exactly the same as the shade tem-
perature for that time of day. If harvested material is packed into a container to
a depth of 20cm. (8") or greater, and left in an area out of the sun. the
ternperature of the contents (cutting material) of the container will tise by 2
degrees C. above the prevailing day temperature in the first two Fours. This
nse in temperature is the reaction of the material to the damage 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 temperature if
the material is roughly handled (which causes leaf bruising) and it is then
packed tightly into an air tight container or if there is an active sap flow in the
plant [ref. Section, 14]. If the material is left in a container without temperature
control, the intemal temperature of the contents will usually not drop below
that at which it was harvested within the first 24*hours. This means that if
material was harvested during the day when the shade temperature was 28°C
and it was th'en left in a sealed carton or plastic bag for more than two hours, it
would experience temperatures as high as 30° to 32°C and probably not below
28°C for at least 24 hours if it were left in the container for that long and not put
into refrigeration. If you were to subject flowers to these conditions they would
give a very poor vase life and cuttings will respond in the same way.

4:3 FIELD HANDLING AND IMMEDIATE
POST-HARVEST TREATMENT ‘

When harvesting cuttings it is important to keep them out of direct sunlight from
the moment they are harvested. Even periods of three to five minutes in direct
sunlight in summer can do irreversible damage. If the temperature is above
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25°C the material should be piaced 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 15°C will pose few problems unless the humidity
is extremely low (below 20%).

If the material is to be processed within 24 hours of harvest it may be held in
several ways. If the harvest temperature has been below 23°C the cuttings may
be held quite safely by packing them lightly in a carton which does not exceed
20 It. volume. The contents in containers larger than this tend to heat up more
and take much longer to cool down again. Following harvest. water should be
lightly sprinkled through them and the lid then folded down. In this state cut-
tings may be held for up to 36 hours provided the cartons are placed in a cool
place where there is no chance of direct sunlight staiking them. :

At above 23°C the harvested material should either be placed in a chiller for a
few hours at 3 to 5°C or if one is not available the cuttings should be spread out
thinly in a totally shaded area where there is no air movement and then
damped down. With an occasional damping down they will be quite safe for a
day or more. If temperzatures are above 28°C. and humidity below 30% (figure
26) it is bemer to delay harvesing unless there are geod chiller facilides avaii-
able where they can be cooled without becoming denhydrated.

4:4 DEL AYED PROPAGATION TECHNIQUES

These svstemns of post harvest have been developed and when implemented.
can greaty improve the perceniages cf curings that will root. increase the
vigour with which they rcot and usually reduce the time that they take to rcot. It
consists of harvesting and holding cutings under specific congitions for varying
lengths of time before final preparation and settna.

Investigations into these prececures began about nine years ago when | no-
ticed that cuttings imported into New Zezland from Australia and Hawaii almost
always gave 100% rooting. It was deduced that either the change 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 success rates was ruled out.

Since that time many tests and experiments have been run with the results
always indicating that a delay of several days from the harvesting of the cuttings
to setting is greatly beneficial in percentages rooted, provided the material is
properly cared for during the holding period. There are two principal methods
under which the cuttings can be held and conditioned in preparation for ﬁnal
setting. To be successful each procedure has some specific handling require-
ments. These are outlined below.

4:5 WRAPPED AND REFRIGERATED METHOD
It is imperative that material that is to be held by this method is free from fungal
infection and that wetting agents have not been used when applying _
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within five days of harvest. No insecticides should have been appiied within ten
days of harvest. [Ref. 9:2 for further information).

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. Cutting material should be made up
into small bundles by laying them on dampened newsprint. and then rolled into
a package sealing them by folding the ends and fastened with a rubber band
(figure 27). Bundle 'size should not exceed 30 cm. in length and 75mm. in
diam. (12" by 3"). The moisture content of the newsprint about half an hour
after packing should be just short of being soggy. Completed bundles are 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 content as the air in re-
frigerators can be very drying. Provided the packages are prevented from
drying out in the refrigerator. material handled in this way will hold for up to two
weeks and give excellent results once set to root. It is this method we use when
sending cuttings by intemational airfreight. In carrying out this method do not
teke any shortcuts in procedures and make sure the cuttings are reasonably
mature at harvest. Do not put the completed bundles into plastic bags. Carions
may be lined with plastic provided it does not cover the top. If the bundles are
completely enveloped in plastic either in bags or in a carton the material will go
black either while still packed or soon after being exposed to air when it is
unpacked and se: to root. This blackening is usually the resuit of the effects of
hylene gas which builds up to sericus levels if the packages are sealed.

4:6 MIST METHOD

The holding area must be well ventilated but not subjected to strong winds.

here must be a reliable misting system which is capable of keeping the whole
area fully damped down to 100% moisture level on the cuttings at ail imes.
The entire holding area must be in total shade, approx 3000 ft c but not less
than 2000ft/c during daylight hours. On no account may it be totally dark during
daylight hours nor may full sunlight ever shine on them. If full sunlight strikes
the under side of the leaves of almost any Proteacede, 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 ft/c or below a daily
aggregate of 20,000 j/lu’s for more than three consecutive days when it is
exposed to normal day ternperatures under these conditions, irreversible tissue
break-down will occur. [Ref. 9:19 for further information].

Cuttings should be free of fungal 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 delay period will vary somewhat deperiding on the time of year,
climatic conditions before harvest, temperature after harvest, varieties etc. A
number of tests have been run using many different varieties with processing
. and setting being carried out from day two to day twenty following harvest. In
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almost every instance. optimum results have been obtained when processing
and setting has been carred out on day three. The results of one documented
test are recorded in Appendix Two. These results are typical of most tests that
have been carried out with day three and four being the best and a rapid fall of
in performance by day seven especially with those varieties with grey or hairy
leaves.

4:7 PROLONGED PERIOD POST-HARVEST

Some varieties have given excellent results after twenty days of being held
under the following conditions. The varieties that benefit most from a pro-
longed holding period are those that tend to be in a rapid growth phase through
a long period of the year such as some Leucadendrons and Serruria florida.
These may be harvested and set to hold as outlined above but they should be
spread out as a single layer and not heaped up. They should be sprayed or
dipped in fungicides such as Captan and Antracol at the time of harvest. Note
that there are two fungicides one to control botrytis and the other to control the
pythiums. Cuttings being handled in this way are usually very soft at the tips at
the time of harvest and these should be left on as it is best to cause as litte
dssue damage to the material as possible.

On about the tenth to fifteenth day following harvest, it will be seen that the tips
of these cuttings will start to tum upwards towards the light. This is the sign that
they are then reacdy to process and set to root. When material is held in this wav
it is usually possible to use the entre length, including what had been the soft
tp as it will have matured during the holaing pericd.

When material is being held for this extended period it is imporant to monitor
the light levels. If there is a period when there is less than 20.000 jlu per day, it
will have to be increased in some way. Provided atiention is paid to this and the
moisture level is kept to the 100% level it is possible to exceed even this twenty
day holding period. | have used material quite successfully after fifty days pro-
vided it was clean when it was harvested and it never ever dehydrates from that
moment until it is finally set to root
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SECTION FIVE

Procedures and Methods of
Setting Cuttings

5:1 OVERVIEW

The final choice of method that is adopted to set cuttings to root is usually
govened by the facilities available and the varieties/species being propagated.
Of the several basic methods that may be used. the principal ones are individu-
ally in tubes. collectively in pots. in trays and finally in beds.

Whgn filling the pots, tubes, trays etc. with medium that you will be setting the
cuttings in. make sure that they are slightly overfilled and that the medium is
reasonabi_x"well consolidated without being too compacted. The overfilling is
necessarn. Tecause the cuttings will be set in these containers for several
mqnths curng which time the medium will always weather away through the
acho'n of water, wind and consolidation. A container that is onlv half filled with
medxum 2 the time of rooting will not foster a gcod root sysiem. Reasonable
initiel corsclication is important as without it cutiings are difficult to hold firm
when they 2re set to root.

Just pricr :0 the seting of the curings. it is important to have the medium
properly :\_:eked no matter whether it be in tubes, pots. trays or beds. Many
cuttings c¢f Proteaceae meet an early death sentence by being inserted in
med}um =2t is not properly and uniformly soaked. If cuttings are set in a
medium =zt is too dry, they will dehydrate at the base and there is little chance
that thev will ever root. This can happen inside half an hour.

5:2SETTING INDIVIDUALLY IN TUBES .

This is the fnethod I most favour when handling a species/variety not previously
propagated. It is time consuming and does take up more space than other
methods but does have some marked advantages. If a cutting fails and dies for
any reason. it is to some extent isolated from the others and its problems will
usually nct be transmitted to the adjacent ones as can be the case with the tray
and bed methods. Plants in tubes can be sorted by checking to see if the roots
are ﬂm_)ug: the bottom and the unrooted ones can be left in the propagating
area witheart disturbance thus eliminating problems associated with hardening
off those cuttings already rooted without damaging by exposure those that have

not rooted. t

To canry ot the tube method, tubes which are 4cm diameter and 8cm long are
pre-filled with medium as outlined above. To insert the prepared cuttings in
these tubes, a hqle is made down the side with a nail or similar device which
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is approximately the same diameter as the cutting. The cutting is then inserted
down the side of the tube (figure 28) making sure its base is touching the
wall of the tube about two thirds of the depth down from the top. For some
reason this practice of putting the cutting down the side with the base touching
the plastic gives greatly improved and faster results than just placing down the
middle of the tube. The discovery and adoption of this practice has been the
greatest contributing factor to the successful rooting of Proteaceae plants that |
have experienced. Using this method improved percentages and stronger root
systen are achieved in all varieties of Proteas and Leucadendrons. The effect is
not as noticeable with Leucospermums. When using this method. Leuca-
dendrons will often produce a strong root mass in twenty days.

As with many facets of propagation this method was discovered by chance
when one time | had a few more cuitings than there were tubes in a tray for.
and [ put the last few in two to a tube spaced down the sides. When thev were
being sorted after rooting, it was noticed that the few that had been put down
the sides had rooted 100% whereas the others were considerably less. Subse-
quent experiments using a number of different varieties as controls showed that
this method was consistently better in all varieties tested except in some Leuco-
spermums. Further experiments showed the 4cm x Scm tube to be superior to
ho 5.5cm x 10cm tube or the Scm square liner. Another observation made on
a number of occasions shows that there is a further marked improvementin the
rooting of those cuttings that have been placed in a tube that has a crack down
the side. This indicates that if you could get tubes with small slits in the sices
fom the base up halfway you could expect even beter results.

5:3POT METHOD

This is an adaptation of the tube method which is sometimes preferatle tc use.
It is very useful when handling small numbers of a variety and gives much the
same results as the tube method. In this method pots are filled with medium
and the cuttings are placed down the sides the same as in the tube methed
(figure 29). One of the advantages of this method is that where varieties with
large leaves are being handled, (Pr. magnifica, grandiceps etc) or varieties with
grey hairy leaves (Ld. daphnoides, nervosum etc.), more space can be given'to
each cutting by regulating the number in each pot so that their leaves are not
touching. Very good results have been obtained using this method on difficult
subjects or varieties that may take up to a year to root. Only shallow pots with
good drainage should be used, not the ones with only one central drainage
hole. ' _

5.4 TRAY METHOD

" With this method the choice of tray will greatly influence the end result Trays

(flats to some readers) come in many forms and materials. These range from
the old type wooden ones to the newer plastic ones which come in never
ending forms and alternatively the polystyrene fruit tray. To date the most
successful tray that we have used is of plastic construction with a very open
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mesh bottom. When this tray is used in conjuncture with a special liner (figure
30) it has given results at least equal to and in many instances superior to the
tube and pot method. The liner is made from a polyester material and is similar
in weight and texture to the vilene cloth that is used in the clothing industry for
interfacing. Results are a great improvement over the wooden or solid bot-
tomed plastic types trays (figure 31).

When the cuttings are being inserted in the trays with liners. best results have
been recorded when the cuttings are put in to a depth so that the base end is
just touching the liner. This is contrary to the usual practice when setting cut-
tings in solid bottomed trays when they should be kept 5Smm. (1/4™) from the
trays botiom. To be able to insert cuttings this extra depth it is necessary to
make the stems of the cuttings a litle longer from the bottom leaf to the base to
ensure that the lower leaves are still clear of the medium.

When using the tray method it is important to keep a very close watch for signs
of fungal infection as it may spread rapidly throughout the tray. This problem
shows up about 10 days after the cuttings have been set and for the next 10
davsitis as well to watch daily and remove anyv unhealthy icoking materiai and
re-ireat with fungicides as necessary. After the 20th day there are normaliy few
further problems unless they are introduced from other sources such as con-
raminated water. fungl splashed from the ground. wind-bome fungi from
nearby Nosi trees. etc. or the light levels {j1u) are being kept too low. No marar
how carelul vou are in the selection and preparation of the cuttings there arz
always a2 few that will fail for some reason in the frst twenty cays.

When seming cutings in this method. draw a large bladed knife across the
mecium to almost the full depth of the tray using an up and down curting
motion. It is then possible to insert the cuttings in this slit As each row is
complegted firm the cuttings down with your fingers before drawing the knife
through for the next row.

The density that the cuttings are set is important. If they are too dense they
often suffer from fungal problems associated with low light and lack of air
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 from the stem will need more space. This is dealt within
more detail later in this section where the preparation and setting of cuttings is
outlined.

5:5 BED METHOD

This is a simple form 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 method.

There are some serious disadvantages in this method, namely an outbreak of
fungal infection is difficult to control and has often spread extensively before it
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can h;e c'ofr?rrolled.'The other main disadvantage is that the hardening-off pro-
cess is dxﬁzcul_t to implement owing to the fact that it is most unlikely that all
cuttings set will be ready to harden off at the same time. When cuttings are set
to root in tubes, pots or trays they may be moved away from the propagation
area as they rgot up and be hardened off prior to tubing up. This is not possibie
when the cuttings have been set in a fixed bed.

;l”hzJ bed1 m?thqd is satisfactory for many easy to root varieties that are resistant
0 tungal intection and many Leucadendrons may be increased in this way. It is

not recomme?nded for large scale operations where it is necessary to produce
even grades in large numbers on time.

5:6 SECTIONING AND L EAF STRIPPING - GENERAL

Some grow?hs collected from stock plants will be long enough to make two
cuttings but if this is doubtful it is better to have one good strong one rather than
two that are too small. Experience will soon show from which stems to make
two and from which to make one large cutting from. If you are making two from
a growth or even sometimes three. the aim should be to have a minimum of
thre_e true lea’ves on a cutting which is not less than 8cm (3 inches) lona for base
cuttings an.d four to six leaves on a stem of not less than 10cm (4 incTnes) long
for tip cumng',s. Less than these lengths will present problems of having leaves
too clese t0 tiie rooting medium or a leaf area that is 0o sma!! ‘or cood resuits
[Ref.5:7 to 5:11 for information on each species]. IR

Whe.n hanc'ling_material that has developed as a result of having removed
terminals frgm the stock plants in midsummer. it will often be found that this
does rot fusly. mature and it will stay in a semi-mature condition right through
.the winter. With this type of material it is important to harvest it with the heel
intact ar_ld to retain that heel when preparing the cutting for setting. If these are
not retained results will be erratic and often pcor. For the mawre types of wood
that come from the spring growths there is no need to actually retain the heel
but best results are usual from base cuttings where the cluster of nodes are.

In the pre_paratior‘l of cuttings, the unwanted leaves should be stripped off the
stems taking care not to rip the bark of the stem uﬁdu]y. If there is damage to
.the stem caused by stripping leaves, the cutting material is almost certainly too
immature to.be handled. 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 approximatel 30% of their
length removed by trimming with a sharp knife or cugzr. There asx"e two reasons
for.thxs. Fgrst, by removing some of the leaf area you reduce the area from
which r.nOIstur'e can transpire, thus reducing the dehydration rate. The other
reason is that it allows you to set more cuttings in a given area, as by reducing
th_e area anq spread of the leaves you are decreasing the density of foliage
wnthlp that given area. This in tum increases the air movement which is neces-
sary in the successful rooting and the plants future survival

Care should be taken not to overdo the leaf trimming. If they are reduced too
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much. rooting will be slowed down appreciably and in some cases inhibited
especially during the winter when there is less light radiation. As cuttings have
no roots they can only sustain themselves by transforming sunlight into energy
and if the leaf area is reduced too much. rooting can slow down or completely
stop until the light 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 fhe winter months.

5:7 HORMONE TREATMENT

The use of root promoting hormones is now almost a universally standard
practice in vegetative propagation. Without its use. Proteaceae tend to root
erratically. sometimes slowly and poorly. When. it is used at the correct
strengths and in the correct manner, it will improve the overall results in most
varielies.

When applying hormone to the cuttings, the base should be timmed with a
sharp knife just before dipping it into the liquid or powder. Always use a sharp
knife and not clippers as it is important to have a clean. unbruised cut which can
not be achieved with clippers. The base should be cut just at the moment
tefore dipping and a quick dip is quite sufficient to the lower 2em of the cutting.
This cut and dip is very important. Cuttings must not be sectioned up. stripped
of leaves and then left on the bench to be treated with hormone later. Even if
the base has only been cut 30 seconcs before it must be recut again and then
dipped immeciately. There is no need to hold a cutdng in the hormone for five
seconds as is often recommended. The hormone will stay wet cn the stem of a
cutting for at least three minutes even on the hottest driest day anc: another five
seconds isn’t going to make any differerce to the end result.

Some propagators wound cuttings by taking a sliver of bark off one side of the
stem on the last cm of the base. | have done trials with this using several
varieties as controls and have not found any advantages in doing so. There may
be an advantage if the materal is over mature as this method does give a
greater area for the penetration of the hormone and exposes more cambium
layer where the roots initiate from. It does however expose a greater area

where fungi can enter the cutting.

5:8 PREPARATION OF PROTEA CUTTINGS.

Proteas are highly variable in their growth forms with the result that the material
that you will have to work on will differ greatly between some varieties. There is
a similarity in the foliage/branch structure and growth habits of many of the
more usual varieties found in the nursery/cutflower trade such as Pr. laurifolia, .
neriifolia, repens, punctata, eximia, magnifica etc. However there are consider-
able differences between these and Pr. nana, scolymacephala, acuminata,
acerosa etc. and again differences between these two types and Pr. cordata,
cynaroides, amplexicaulis, and recondita.

Dealing with the type of material that should be collected from the Pr. laurifolia,
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neriifolia, repens types first. it must always be from the most recent growth
flush. In these varieties, terminal growths will often 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 cne good cutting.
Cuttings should be sectioned to a length of about 125mm. (5”), always retain-
ing the base section unless the material is over mature when then the part of
the total stem length which is at the best maturity will be used. Always remove
the terminal tip of Protea cuttings as the flower bud which is in the tip will if left.
‘nhibit or slow down rooting. Reduce the leaf area as described above and treat
with hormone at 2000ppm. When finished the cutting should look like the one
shown in figure 32. If the material will not take this strength of hormone they
have almost certainly been too soft to process.

With the Pr. nana, scolymocephalla types it is important to harvest and retain
the heel part of the material on the cutting {figure 33). Failure to do so will result
in erratic and often poor percentages rooted. As cuttings of these types often
root poorly from plants that are more than 18 months old, the length of material
is often limited to 75mm. (3"}, as it has to be harvested from small young plants.
This means that 2 little more care must be taken in preparing and setting them.
Retain as much foliage as possible but always remove the terminal tips. It is
important that there is no foliage left touching the medium. As these are har-
vested from young plants and the materal tends be of a juveniie nature. hor-
mone sirength should be kept down to 1500 ppm.

When hancling the Pr. cynaroides. cordata types the best materiel is found at or
near ground level. [Ref. 3:5 for descriptior: on the special method of preparing
cynaroides]. Cuttings from near ground level of these types are usually of a
fleshy nature and they may be harvested and set to root when quite soft. If they
are in soft and almost juvenile condition, it is important to retain the heel on the
cutting. If this is not possible the material should be left to mature until it is in a
similar condition to that described for the Pr. laurifolia, neriifolia types. If they
are 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 this 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 usually a
scarcity of suitable material and results are often slow and ematic. Another
method of propagating Pr. cynaroides is described in the file on ABC 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 correct texture and the light levels are adequate. They should be
watched closely for cuttings which show fungal problems and these should be
removed promptly.
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5:9 PREPARATION OF LEUCOSPERMUM CUTTINGS

The aim when collecting from the stock plants should be to gather growths that
will make one good cutting of 100 to 125mm. in length. (4 to 5 inches). When
preparing the cuttings it will be seen that most varieties of Leucospermums
have a concentration of very small leaf 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 sectioned 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 still quite soft. This makes it necessary to collect and
process material every two weeks or so over a period of four to six weeks for a
particular clone/variety. This is especially so with Lsp. cordifolium which will
give near 100% results if handled in the right condition. If 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 fungal problems in the terminals because of excessive water reten-
tion and lack of air circulation. Leucospermums do not usually have their leaves
timmed but they should be reduced to a maximum of five to seven (figure 36).
Treatment with hormone is the same as for Proteas except that it should be
kept in the lower range (1500 ppm) unless the material is over mature when
2000 ppm should be used.

Cuttings should be set in the medium of polystyrene and peat or sand peat
petlite in trays as described earlier. Good results have been obtained by using
polystyrene trays as used in the fruit industry for setting Leucospermum cuttings
provided some 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 varietes that have large leaves even more space should be
provided. The leaves of one cutting should not touch those of its neighbors.

Itis very importagt in the preparation and the setting of Leucospermum cuttings
to make sure that they do not have any leaves touching the medium when they
are set. If they do it will be necessary to remove more of the bottom leaves so
that when they are set they have an air space between the surface of the
" medium and the bottom leaves (figure 37). If this is not done, losses will occur
especially in varieties with hairy leaves. All Leucospermum cuttings should be
held out of mist for 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 close watch should be kept on Leucospermum cuttings for the first 20
days after setting for fungal invasion. When preparing the cuttings always throw
away any material that has brown flecks on the stems as these will rapidly
develop into fatal fungi infection and spread to surrounding cuttings. No matter
how careful you are some of these will slip past you during preparation and give
trouble later. By far 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 with fungicides prior to harvesting the material.

If Leucospermums are being set to root late summer/autumn. it may be neces-
sary to use bottomn heat on them as they tend to become somewhat dormant in
root development as the ambient temperatures drop. This dormancy persists
through unt about midwinter. Best results are usually from fresh active mat-
erial set just after midsummer.

5:10 PREPARATION OF LEUCADENDRON CUTTINGS

Most Leucadendrons are very easy to propagate by cuttings provided 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 sometimes
necessary to waste some of the length from these long growths as it is rerz that
you will get good material from the full length of terminal growths. You should
aim to handle these varieties when the base and next length up are in gocd
condition rather than when the tip and the next one back are at the cormect
siage of maturity. The reason for this is that Leucadendrons are simiiar to
Leucospermums in having a cluster of nodes near the base of the new growths
and these will give best results. If there is an abundance of material. | prefer to
use all base cuttings for these variedes. Where material is providing only one
cutting per growth always remove the tips as they tend to hold water in their
cup-shaped bracts which can cause problems with fungal infection as the poilen
develops. Another reason for removing the bract is that if it is left on. the cuting
will try to grow it on to maturity rather than putting its energy into producing
roots.

Cuttings should be prepared in the same manner as Proteas and Leuco-
spermums using hormone at 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 of 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 the tray/bed methods. If in
tubes or pots they should be placed down the side as outlined for Proteas. If in
trays or bedded, they may be set at a density of one to 10 sq. cm. for small leaf
varieties and one to 15 sq.cm. for the larger leaf varieties, (approx one cutting
to one and a half sq. inches and one to two sq. inches). When they have been
set they rust have an air space between the lower leaves and the surface of
the medium of at least 1cm. (half and inch). )

5:11 PREPARATION OF OTHER SOUTH AFRICAN SPECIES

Similar procedures should be used in the propagation of other species. Gen-
erally base cuttings will give best results as long as they are not too old but there
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are exceptions to this. It mav be found when handling species that have neadle
type foliage. (Serruria. Paranomus. Aulex etc). that they are best when the
stem wood is nearing the stage of tuming from green to light brown.

Good post-harvest treatment should always be a part of any propagation and
when handling material that you are not conversant with this is even more
important. Ia the preparation of the cuttings alwavs aim to retain a good leaf
area without crowding. For these species it is better to set the cuttings in tubes
as this gives a greater chance of success and gives you the option of shifing
them around and manipulating the conditions they are subjected to. Use IBA at
1500 ppm. as a starting point and always test cuttings of anv species for toler-
ance to hormone strength and the conditions you will subject them to before
large scale commitment. Nothing is impossible to propagate by cuttings but
some may prove very difficult.

5:12 PREPARATION OF TELOPEA CUTTINGS

Telopea should be sectioned into lengths. each with a minimum of three leaves
for cungs from near the base and four or five for those from further up the
siems. Owing to the size of the stems the sectioning may have o be done with
sharp secateurs as it is almost impossible to cut the heaviest of them with &
knife. The lezves on the base cuttings should have about 40% of their lengih
removed and the upper ones atout 25%. Hormone should be used at 20C0
pem. with the summer baiches increasing 0 3000 ppm. fcr the later cres. The
ray methoc of sewng has besn found to be very successiul with Telepea
especially with the earlier batches. With the later ones the pot 7.0u.cd has
been found to give best results. When sertting. the cutings must be insertec
deeply to the full depth of the wrav or in the case of the pot method down the
sides and almost to the bettom. Telopea love to get their roots onto a hard
surface and the deep serting lets them do this.

5:13 PLACING CUTTINGS TO ROOT

When cuttings have been prepared by sectioning them, reducing the leaves to
the right number and length. and dipping in hormone, 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 careful 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 there are hot dry conditions prevailing. The
bases must not be allowed to become dry and dehydrated.

Following setting, the cuttings should immediately be placed in the misting area
and treated with a solution of 1ml liquid Terrazole and 2mgm. Captan per litre
of water by drenching with a watering can, at the rate of 500mis 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 for 30
to 45 minutes in complete shade before watering as this gives the wounds of
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the tips a chance to seal off. If you watch a cutting that has had its soft tip
removed, you will observe that the skin {(bark) 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 rot setting in down the stem which may
eventually destroy the cutting.
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SECTION SIX

Care While Rdoting

6:1 OVERVIEW

When [ first started growing plants commercially some thirty years ago. an old
nurseryman one day said to me, “Any fool can make a cuting but not just any
fool can make it root™. [ have never forgotten that statement and it is in this
phase of caring for the cuttings while they are rooting that determines which
category you come into.

6:2 WATER REQUIREMENTS

When Proteaceae cuttings are being propagated under an automatic watering
svstern they must be regularly supplied with water frem the time they are set
undl they are rooted. If they are ever allowed to dehydrate there is very litde
chance that they will root successfully. Whatever system of watering is decided
on and used, it must be reliable at all imes. As outlined in 2:4 & 2:3.it should be
able to "read” the day and as long as the drainage of the mecdium is good. a
licle over wet rather than a litle dry is recommended. especially for the first
fifeen to twenty cays and’or at temperatures above 20°C (70°F).

Within three to five days from setting. 2 cuttings should be flooded in to the
medium by heavy watering from a hose while at the same tme taking care not
to wash them out with too much concenrraticn in one spot. This heavy watering
is necessary to make sure they are firmly set in the medium and cannot be
rocked around by wind.

6:3 LIGHT 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 limits as outlined in section two.

When cuttings are set in the summer/autumn period, the light will be regulated
in the propagation area to that which is prevailing at that time. As the autumn
progresses into winter it will 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 ft/c and 45,000 j/lu or altenatively 6,000 ft/c and
60.000 ju, then with a 25% reduction by midwinter the amount of daily radia-
tion will be too low to initiate rooting. Alternatively if the levels were set at the
spring equinox, then the light levels by midsummer would be too high.

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

6:4 DISEASE AND PEST CONTROL )
Immediately following the flooding in process the watering system should be

tumed off so that the cuttings can have the first of their bi-weekly maintenance = :

sprays with fungicide. It is important that the chemical should be allowed to dry
before the misting system is turned 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 chemicals used should be those that will control botrytis 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 clear
of fungal infection when it was harvested the only initial problem that is likely is
botrytis. However as time passes and especially in the late autumn other foliage
and soil-bome fungi may appear. Itis for this reason that two types of chemicals
should be used. Fungal control should be carried out every two weeks while
temperatures are above 18°C with the chemicals being alternated. Below this
temperature treatments can be extended out to three weekly intervals.

Systemic chemicals such as Benlate should not be used at too frequent inter-
vals as control of some fungi will be lost and they must not be used within six
weeks of setting the cuttings as it will inhibit the rooting of some varieties.
Chemicals such as Ridomil and Alliette may be used as drenches in the propa-
gating phase a month or more after the cuttings are set but care must also be
exercised in the use of them because under certain circumstances they may
create a toxicity level, [ref. 9:2].

A c_Iose watch sl’_mom_lld be kept on all cuttings especially during prolonged warm
periods and again just as winter is beginning. If an unidentified fungal problem
appears, my advice is to spray the cuttings with at least three fungicides pro-

vided they are compatible, three times, two days apart. Never use any of the

copper/hydrated lime sprays unless these are the only ones ever used as these
are incompatible with most modemn chemicals. If the chemicals are altenated
as outlined above it will maintain a broad spectnim of cover against fungal
attack. The greatest contributing factors to fungal invasion are a lack of
adequate air movement, followed by inattention to providing the correct
amount of hight particularly in the late autumn. ;

lis_notusualﬂmatﬂxerewillbeanyproblemsfrommsectsdudngthisphase
prpv:ded the material was clean when the cuttings were made and the propag-
ation area is well ventilated. If any do show up they should be dealt with
promptly. The cardinal rule with maintenance for fungi and insect invasion
during the propagation phase of Proteaceae is, if a problem is noticed SPRAY
IT NOW, not tomorrow or the next day, BUT NOWA.

6:5 TIME LAPSE SETTING TO ROOTING
Rooting of some varieties of Leucadendron, Leucospermum and Telopea may
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-ommence in three to four weeks. With experience you can identify the vari-
eties that are rooting by the appearance of the foliage which takes on a
“bloom™ at that time. [Ref. 8:14 for further information on “bloom”]. When
cuttings are thought to be rooted they should be inspected at frequent intervals
by either looking at the undemeath of the tube if they have been set in that
method, or by removing a few for inspection from the medium if they have
been set looie in trays.

Cuttings of various varieties and species can be erratic in the time they take to
root especially if bottom heat is not used. Bottom heat will often but not always
hasten the rooting process. Without bottorn 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 govemning the time that cuttings take to root
which include the prevailing light 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 fact of whether cuttings root quickly or slowly will have little bearing on
their later life and future development or the percentage that eventually will
root Because they are rhythm plants, and are genetically controlled by the
conditions they experience in nature season by season. Proteaceae cuttings are
sensitive to seasonal light and temperature variables and have certain periods
of the year when they are more apt to produce roots. If they are left to their
own seasonal pattern without the stimulation of bottom heat. each species/
variety will usually root up in its own particular period.

Proteas have one period of early winter to early spring and another just at the
longest day. They can however be made to root up during the falling tem-
perature period of mid-autumn if a lot of overhead water is applied. Leuco-
spermums have their main period about 50 days after the longest day through
to mid-autumn and again just as the days start to lengthen in spring which
coincides ' with the flower bud development of the parent plants. Leuca-
dendrons respond in the late summer/early autumn and again in the early
spring. This is not to say that cuttings of any variety/species will not root at other
times. Very often they will, but if a batch has been a long time in initiating roots,
it is more likely to root up in these periods. The sequence of these periods fits in
with the natural growth pattems of each particular species and generally ‘cor-
responds with the periods of active primary root development of established
plants as outlined in the growing on section. [Ref. 8:14 for further information

~on root development).

Provided cuttings stay healthy they may eventually root even after a yearin the
propagating area. Such a prolonged period is usually associated with the cutting
material being too immature when set, having hormone that was too strong
applied to it or becoming dehydrated during some part of its handling. Any of
these will cause it to go through the process of maturing or regenerating before
it is in a stable physical condition to produce roots. Cuttings that have had this
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Cuttings of many varieties handled in this manner root much :

happen to them and take this long to root up often suffer from a further period
of vegetative dormancy before making growth or sometimes a total dormancy
that will never break. If you have such a plant and it is very valuabile it is worth
keeping for up to three years as | have had plants that have eventually grown
into good healthy bushes take that much time to root and commence growth.

If all the preparation procedures have been carried out with care and conditions
have been adequate during the rooting period, the propagator should be able
to expect that most of cuttings of Proteas made in the autumn will be rooted by
mid-spring, Leucospermums set in midsummer by late autumn and Leuca-
dendrons set in early autumn by late winter.

6:6 ROOTING ON STATIC LEVEL CAPILLARY BEDS

It is possible to carry out the entire process of propagation on a capillary bed or
alternatively use this method to finish the rooting process following root initi-
ation under automatic water. i

Most success will be achieved with cuttings set in late autumn after tempera-
tures have dropped and the materal is well matured. Cuttings are prepared
and set in trays in the same manner as for the automatic watering method. The
tray method should be used in preference to the tube method unless the
tubes/pots are to be stood directly onto the bed surface. Water does not trans-
fer very well if 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 lichtly werked into the surface to
ensure there is good contact between the sand and the underside of the tray
base. lf 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 light should be reduced by 25% for the first five day
and strong drafts should be exciuded to reduce dehydration.

In the early part of the rooting process the water level should be set at 5 to
7mm. (1/4 to 3/8 inch) below the bed surface. As the risks of dehydration
diminish and the cuttings initiate roots, the water can be dropped to 12 or even
20mm (1/2 to-3/4 inch) below the surface.

* If this system is being used to complete the rooting phasé following root initi-

ation under automatic water, the trays of cuttings may be removed from that
area as soon as the first signs of root initiation show (figure 40). In'many
instances ‘this will be within twenty to thity days from setting. Trays should be -
bedded as outlined above and light reduced by 50% for three to five days. -

' Following that it must be restored to the same levels as for the automatic water

area or there will be problems with plant tissue break down [ref. 9'19_]-&@9”
be necessary to dampen the trays down once or twice during the aftemoon for
the first few days to prevent dehydration. The water level should ¥
above. ' R v

>
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more vigour than when they are left under the automadc sustem. This method
also reduces the incidence of fungal invasion but does not eliminate it. Mainten-
ance application as outlined above should be continued. Plants once well
rooted (figure 41) should either be removed from the capillary bed or the water
level should be dropped even further to a level of 25 to 30mm. (1 to 1.1:4 inch)
below the surface. Failure to do this may result in the degeneraton of the root
system in some varieties through the invasion of soil-bome fungi.

The success of any propagation carried out on capillary beds is the result of the
skills of the operator being able to control and manipulate the water and light
levels in relation to the prevailing dehydration rate. Admost all Leucadendrons
can be rooted in this manner and it is an excellent way of finishing off Leuco-
spermums following root initiation under automatic water. The method is par-
ticularly useful when handling any varieties with grey hairy leaves as these
often start to deteriorate after twenty to thirty days under automatic watering.

 6:7 HARDENING-OFF FROM AUTOMATIC WATERING

Once the cultings are reasonably well rooted with several roots of 2cm. long,
(6gure 42), the oatch should be removed from the misting area to be hardened
off. This is simplified if they have been set in tubes or pots as they can be sorted
by inspecting for roots through the bottom of the container (figure 43) or if they
have bgen set in trays a check can be made by gently removing some for
inspection (figure 44).
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‘When the rooted cuttings are removed from the mist area and temperatures
are above 15°C (60°F) they should be placed in an area that has no more than
3.500 ft/c of light or a daily aggregate of 25,000 jilu for five days, and if the day
temperature is above 15°C kept damped down several times a day. Below
15°C they may be exposed to 6000 fic for short periods or 40,000 jlu but a
close watch must be kept for signs of dehydration. Try to pick periods when
cooler cloudy weather is prevailing as this reduces the shock considerably.
Never atterript to harden-off during periods of hot drying winds as these will do
more damage to the plants than just high temperature. After about five days
plants may then be placed in a situation which is protected from strong winds at
a light intensity of 6000 fc or 60.000 jlu and allowed to continue to root up. if
the hardening-off has been well done further root development will be rapid
especially if they are kept slightly moist undemeath and dry on top. As the
medium that they are in is very free draining. a close watch should be kept to
make sure that they do not dry out unduly or they may be lost. This can happen
in five to six hours if they are exposed to high temperatures. full sun and drying
winds. If all or any of these conditions are a problem. consideration should be
given to the use of a capillary bed for the hardening-off phase.
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SECTION SEVEN

Seed Propagation

7:1 OVERVIEW

Pro;;(agaﬁpg from. seed is still the most common way of increasing Proteaceae
stoc pamC}élarly In nursenes catering for landscape planting and unless there is
some specific reason for vegetative propagation such as retaining a char-

acteristic in a clone fo : . . ;
results. r cut flower production, seedlings give good reliable

As natural progeny, seedlings have some built-in survival ki

agatgd from cuttings do not have, at least in their first thl ;lat;r;hjft lip;:ean[?tsefarg?e
of this _they are gener_'ally easier to establish. The two principal aspects. in which
they differ from their cutting grown counterparts are first in their ability to
h.a‘ndle temperatures below freezing and second how they 1"er"o"n-md v -
ditions of high dehydration. ST e een

Seedhngs of almost all varieties will tolerate far more frost withcut camace than
(;umng_ grown plants will in their first year but by their second winter Lghere is
httge c_hﬁ‘erence. I have had batches of seedlings of many varezes ."‘02‘2'1 sciid to
-4°C just after gerrnination and in one instance to -6.5°C for severa‘l hours a‘t the
four leaf stage vet they survived with no apparent ill-effects. Frosts of those

magnitudes will destroy or badly dama ' i
e Wi Y ge young cutting grown plents of those

Because seedlings of all varieties have a strong ta is t} sis of thei
primary root system they are able to withstar?d d?’yrigitl t:c?;;cfgssb;;gfxtﬁ;;f
coming dehydrated better than cutting grown plants of the same varieties
Cutnpg grown plants do not naturally develop a strong primary root systern until
later in life, usually between their first and second years, The exception is when
cuting grown plants are manipulated into developing a strong primary root

system by specxal procedures during their growing on phase [ref.8:4 & 8:15].
There are three basic fon'n§ of seed among the South African Proteaceae. A

which cover most of the multi-head type Leucad
endrons and some oth h
as saﬁgn_ um anc! laureolum; the hairy ones which cover almost all theeF‘;srost‘;;s
:che&tmg magnifica and holoserica, and the hard nut which include all
ucospamm, the Leucadendrons which do not have the flat winged

types, most Serrurias, Paranornus, Mimetes and Proteas magnifica and holo-

There is very little difference in the handling of the flat winged and the hairy
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tvpes. Provided they are fresh and viable these germinate easily and relatively
evenly, usually between the seventeenth and twenty-sixth days following sow-
ing. The flat winged ones should be. kept a little on the dry side rather than very
damp from sowing to germination as if they are kept over damp during this
period they may rot before germination or damp off at ground level im-
mediately following germination.

The hairy types normally have few problems but can be ermatic in germination
with some coming through at the three week point and another lot about three
weeks later. This is almost certainly due to the fact that the seeds have been
harvested from both the fresh current year heads and those from past years. [t
appears that although seed from older heads is viable it goes into a state of
semi-dormancy and this explains the germination time lag which often occurs.
This problem can be alleviated to some degree by the hot water treatment as
outlined in 7:6.

The nut types are quite different to the others in that almost all of them are
shed from the heads each year as they mature and are not held captive in the
spent flower or bracts as most of the others are. Experence in handling this
tvpe of seed indicates that it is very viable when it is first shed from the heacs
and in nature if conditions are right germination will take place soon after they
fall to the ground. However if conditdons aren’t conducive to germination and
survival, they then go into a state of dormancy the depth of which depends on
hew long they are held pending the right condidons and the amount of dehyd-
ration the seed is exposed to. This is newre's way of protecting it from germin-
ating in hostile conditions.

If this type of seed is not germinated within four weeks from harvest, most of
these varieties will stay dormant for from three to fifteen months follewing
sowing. A substantal drop in temperature within thirty days of sowing will often
trigger the germination of a percentage of them and it has been observed that
some varieties germinate quickly and evenly following being frozen to -3°C
(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 often unknown. It
appears that when these hard nut seeds are held for more than thirty days from
harvest to sowing, then for every extra month they are held, a high percentage
of them will remain dormant for an extra month after sowing, ie. if they are held
for three months then they will remain dormant for three or more months. -

This dormancy can be broken to some extent by two different treatments. The . ..
hot water treatment alone (outlined in 7:6) will help provided the seeds have
not aged past the two month stage. If they are older than this then the hot water °,.
treatment followed by a period of stratification in damp sand at near zero -,
temperatures will help. The stratification periods tested have been three and
five weeks both of which have given improved results over untreated seeds.
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The viability of all three types of seeds are variable and in some years germin- ™ -
ation can be near 100% where-as the following year that same variety may be". -
as low as 10%. A good average percentage from hand soSted ?ﬁ—ﬁi& ‘@% é’;‘!:d
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this figure can be relied on with most varieties most years.

Viable seeds are relatively easy to germinate but the real challenge starts fol-
lowing their emergence through the medium surface. The problem experi-
enced by many propagators is being able to get them to survive through their
first six months development. The health and vigour of the tiny plants when
they first come through the surface and the handling of those plants in the first
few weeks has a lasting influence on their future.

72E QUIPMEN%AND FACILITIES

To carry out seed propagation it is necessary to have certzin faciliies. equip-
ment and materials. These differ somewhat from those needed for vegetative
propagation and the basics are outlined in the following text. The information
should be used as a bench mark and may be varied to suit the size of the
operation, climate and varieties being handled.

The equipment and faciliies seeded to germinate and grow seedlings are
found in most places where horticulture is practiced and the operation may be
carried out either outdoors or under cover in an airy structure provided you
have control over the light levels. The control of light is very imporiant from
germination to at least the end of the plants’ first year. )

Because [ live in an area where it reins frequently throuch the late avtumn’
early winter when most seed is being germinated. my preference is to cer-
minate seecds in an envircnment whicn is outdoors but where | have contcl
over the amcunt of rain that will fail cn the seed undl they have reached the
faur to six true leaf stage. After they reach that point there is no furth:er need to
withhold rainfall from them and indeed provided they have develcped a root
system which is predominantly of the primary type.they are better to become
accustomed to the local climatic pattern as early as possible. If they are keptin a
closely controlled environment such as a glass or tunnel house through the
winter they tend to produce vegetative growth rather than roots and because of
the imbalance of leaf area to root development that then exists, high losses can
be experienced in the spring when they are shifted to an outdoors environ-
ment. Another problem with growing indoors is that4he plants often become
physically weak at ground level which necessitates staking at an early age.

My seed germination is carried out under a water proof structure which has a
roof made of opaque PVC sheet with a shade rating of approximately 30%.
The frame carrying this sheeting has wheels on it which run on rails so that it can
be rolled back off the germination area. This makes it possible to expose or
protect the seedlings from rain, night dews and light. There are no sides or ends
on the structure to obstruct air movement. In continental climates where the

weather pattern is more predictable, outdoors but under controlled light levels
would be satisfactory. ' ¢

Seeds may be germinated in trays (flats) at ground level or on benches. My
preference is to have the trays on benches because air circulation is more
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constant at this height which not only reduces the_ risk of sho_rt pgnods of high
temperature build-up, which can be very damqgmg to gg@xnanng seeds but
also gives better protection against fungal invasion. Thxs is 1mpodrtant az setec-
lings can be wiped out in a matter of hours by fgngx if it is not e(e%tle ahan
early stage. [t is much better to take every precaution to avoid the problem than
to have to treat it.

7.3 WATER

The quality of the available water is important and can be the governing factor
in all propagation. Water with high pH. and/or salts Fonten( is even more
damaging to seedlings than to cuttings and will cause 1rrepara_ble damage_ to
germinating seed making it impossible to succeed. Water .quahty for seedh'ng
growing should be as good as or better than that outlined for yegetanve
propagation.

7.4 METHOD OF GERMINATION

The two great dangers during germination are:- o

fa) being kept too wet. which is the prime caus2 ot fungal invasion.

(b) just as fatal, allowing the seed to dehydrate in the few days just prior to
their emerging as seedlings.

Both are uscally fatal

. o - dovel-
The fcliowing is a step by step outine of the partcular methcd [.hax.r.‘_s e:'l
oped and modified over the years. [t is not a common pracice mernoa but i

can be used as a bench mark which indivicual growers may either 1siiow Or
adapt to suit their own situation.

7.5 PREPARATION FOR SEED SOWING

ermination, | use a soil based mix made up of 5 parts loam top sou
i:porre?:riclialg with decomposed turf included to give it some ﬁbre), ?l) p::;rtsﬁ :é
pumice or perlite and 1 part of coarse river sand. lf the pumice/per 1ter;- ne
grained it should be partially replaced by extra sand. It must also be lz;stf u;ter
that the pumice/perlite does not contain high levels of phosph?te. e vtuas !
or the loam being used are high in pH., then add up to 2 parts of peat to ac
buffer.

i jum i isec ° for 20 minutes, at least
It is best if the medium is heat sterilised to 95. C.(190°F) .

365 days prior to the seeds being sown. This time lag is necessary a;» z:ﬂ :ieré:
perature of this level will destroy all micro orgams.,rns.anc_! a pe:;d Ss o &
allowed for these to start regenerating before germination is start otme very
poor germination 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 used for

i i ed several times to
30 days following treatment and it must be tum
Zfarl:t?tit prior tf, seed sowing. Every endeavour must be made to exclude the
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possibility of _harmfgl chemical residues remaining in the mix. Failure to take
these precautions will result in poor germination and growth rates.

Seeds are sown in wooden or plastic trays which must hav i

e adequate drainage.
They should not be more than Scm (2 inches) deep or the seedlings vgw'll
develop a root system that is too long to handle with safety when you come to

pot them on. By keeping the depth of medium to Scm. it i i
on with the minimum of root damage - itis possible to pot them

In some places it is.common practice to use wooden trays that have been
treated with preservatives. If preservatives have been used the mays must be
subjegted to a long period of weathering to ensure there is no possibility of the
chemicals leaching into and contaminaiing the medium. If the medium does
become contamninated. you can expect a 100% failure. l

When filling the trays in preparation for sowing. they sh i

the top thh_ medium that has a moisture contegr;]t 50 %hat?::}li: f/(i?xo::ii:ils <1jt fg
your hand. it will just stay together. This moisture level is very imporiant and the
medium s_hould be slightly damp rather than too dry. Firm down with a block of
wood which should then leave a lightly packed surface approximea:ely 6cm (1 4

ir;ch) below the lip of the tray. They are then ready to have the seed scwn in
th2m. R

7:6 PRE- AND POST-SOWING TREA TMENT OF SEED

It h_as been reporied from South Africa that improved germinagon has been
acmeve{j.wheq seeds have been held in water at an even temperazure obf gO:C
_for .specxﬁc periods before sowing, usually fifteen to thirty minutes }\rl research
indicates there is some doubt whether the hot water treatment acsiuall irr;-
proves the overall gemination percentage but what it will do is to cause thgm to
germinate all at one time instead of over a period of several weeks / mo-ni.il.s

My method of carrying out the hot water treatment is t inj
arfd then pour water at 60°C (140°F) over them an; 12552 tgesi:rigsflc?rjalr;
minutes. They usually need stirring to make sure that the seeds that are floatin
become submerged. If a lot of the seeds do float it is ar)’indication that the seeg
was either harvested from aged heads or that it has been harvested and held

seeds should then be mixed with dry sand, 200 seeds to 250mis volume of

sand to which is added 2mgm of the fungicide Ca i
, J -aptan making sure the seeds,
sand and Captan are well mixed. It may be necessary to separgte the dtemsfps of

with your fingers as they sometimes clin ' i
' g together. It is for this reason it i
necessary to have dry sand as this assists in the separation process. ] e

In many instances it is not necessary to soak seeds i
_ ance > in hot water t is-
l;h:’et?lil,e%enmnatlon. Provided the flat winged and hairy typw:se;reofrg:sthsaa?xsd
anr:j hawefted from the cumrent years flower heads they will germinate
evenly at satisfactory percentages (70%+) without treatment. In the case
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oi the nut types it is usually advisable to treat them as outlined above. An
exception to this is Pr. magnifica as these always germinate with reckless
abandon. 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 previously prepared surface of the tray at a
maximum density of one seed to six sq. cm (one seed to one sq. inch) which is
about 200 séeds to the average sized tray. Firm down. do not pound down
hard, only press the seed lightly into the surface. Top up the tray with medium
to overflow and draw a lath across the top leaving the surface levelled off but
not pressed down.

The completed trays are then stacked one on top of the other in an airy place
that is not exposed to strong draughts or direct sunlight. When stacking place a
layer of newsprint or a material such as the tray liners or weed mat on the top of
each completed tray. If this is not done the bottom of the next tray may stick to
the surface of the previous one and when un-stacking it will lift the seeds off the
lower one.

Do not cover the stack of trays with plasdc or any other impervious materiais or
vou will induce fungal problems that are difficult to control later. A single layer
of 14 ounce hessian is permissable to minimise dehydration from draughts.
Make a note of the date they are due to be un-stacked as it is bad news for
seeds to be emerging for several davs while still stacked.

The principle of this methed is (0 keep the seeds at relatively constent miisture
and temperature levels during the initiation of germinadcen, while at the same
time almost totally eliminating the chance of fungal invasion or over walering.
Seeds can be destreyed or the young plants permanenty damaged by over
watering during germination. This is sometimes given the name of “collar
toxin~" which is in fact tissue damage to the stem at ground level or sometimes
to the seed just prior to emergence and is caused by applying water at the
wrong time of day. over watering, or both.

After sowing and stacking no further watering or handling is usually needed
from the day they are sown until the 17th. to the 26th. days unless there are
very drying conditions prevailing. [f it is hot with dry air conditions, it is as well to
check some trays ten to twelve days after sowing to make sure that they have
not dried out unduly. If they have, a very light sprinkle of water may be given
and then restack.

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 (60°F) they will take 20 to 35 days. There are some varieties that
will take longer'and these may be left stacked for up to 50 days before being
spread out and exposed to light and water. Seeds that take this length of ime to
germinate are usually those varieties that have the built-in dormancy period
such as Lsp. cordifolium and Ld. argenteum.
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7:7 HANDLING AT GERMINATION

Upon un-stacking on the appropriate da i i

: y (experience will teach you to gau
the day with accuracy). the trays should be spread out in a well-lit.yairy en?/iro%e-
ment and watered very gently, remembering that the top layer of medium was

never firmed down and the vigorous applicatio ~
wash the seeds out. Pp n of water from a hose could

Following this light watering, take some coarse sand to whi

2mg of Captan per It volume of sand and broadcast this ove:}t]hgzsuff:ggszdfdtﬁg
trays to a d_epth of 2 to 3mm, (1/8th inch). The reason for this layer of sand is
two-fold. It is a means of placing a fresh layer of fungicide right on the surface
wheret the seeds are pushing through while also providing a loose layer of
mate_nal that can fall in around the tny seedlings as they emerge thyereb
helplpg to keep them firm. Only if a very sandy medium has been'used fo%
germination should the application of this sand layer be omitted in which case
Captan can be applied from a watering can at 2mg to It water. Many seedlings
are lost at this point as they are particularly ‘susceptible to fungal invasion gr
dehydration through exposure to the tender stems at ground level. The ex-
posur;z :’actor can be aggravated by the rather vigorous simultaneous- germh:a-
tion of the seeds (figure 45). This is why it is important not to exceed the denéity
of seeds recommended as a near 100% germination even at that rate.can
cause the. whole surface of the medium to lift by 2 centimetre (half an inch)
resulting in some of the seedlings being suspended in mid-air. If this does
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happen a very light watering may be necessary to re-settle the seedlings and
surface. :

7:8 POST-GERMINATION

From the point of emergence on, the seedlings must be kept well ventilated
and well lit. However exposure to full sun at any time of the year is too severe
for most varieties and if the prevailing weather is sunny no matter what the
season, some shading will be necessary to give a light level of between 4000
ft'c to 6000 ft/c maximum at midday. It is important to have a daily aggregate of
40.000 to 50,000 j1u. In light control. account must be taken that if a week of
cloudy conditions prevail, then the shading should be removed and replaced
again when brighter conditions prevail. In most locations cloudy conditions with
no screening will give a maximum light factor around 4000 f/c and a daily
aggregate of approximately 30,000 jlu in winter. This is the absolute minimum
that they will take before there are problems with tissue break down and fungal
invasion of the roots and or foliage.

A quick check can be made by inspecting the stems of the young plants and if
they have a white translucent appearance, it is a sign that the light level is tco
low and it must be increased immediately. Stems should always have a green/
brown or brown/red appearance. If they are very dark brown to black there is
tco much lignt.

7.9 WATER APPLICATION

Light watering only is needed at this stage especially during periods of low
temperature. Apply water at sunset and leave damp over night When watering
at this ime of day the volume of water may be halved to that which would have
to be applied during the middle of the dav to maintain adequate soil moisture.

Once they have developed their first pair of true leaves they may be left
uncovered at night so that the dew can settle on them. 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 little dry rather than con-
stantly wet.

Trials .have been carried out using capillary 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
low, 5cm. (2 inches) or more below the surface.

7:10 DISEASE CONTROL

It is important to prevent fungal invasion rather than have to control it It has
been reported that certain fungi are present on the seed coatings and that
these are the cause of the very high loss rates that some growers experience at
and soon after germination. Whilst the fact that fungi is sometimes presenton_ .
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seed coatings is no doubt true, it is my opinion that this would very rarely be
responsible for the “collar toxin™ or other reasons for losses. The treating of
seed and medium with fungicides prior to germination should eliminate any
contamination from seed. If contaminated seeds were the cause of fungal in-
vasion of the freshly germinated plants. it should occur prior to. at and im-
mediately after germination. Most losses are experienced several weeks after
germination and sometimes not until following tubing up. Because of this it is
my belief that fungal invasion is principally of a local nature and is the result of
poor handling practises including over-watering and a lack of attention to
adequate control of light levels and air movement. It would only very rarely
originate from the seed. )

Following germination a fungicide should be applied about every ten days
especially at temperatures above 18°C. During this stage the seedlings are
growing very soft tissue and a fresh protective cover of a mild fungicide such as
Captan should be kept on them. This should be applied at a time of day when it
has a period to dry on the leaves before it is washed off by watering, rain or
heavy dews. If the high water volume method of applying fungicides, is used
[ref.9:6] then this amount of water may be sufficient which eliminates the
necessity to water especially in winter, spring. Systemic fungicides are not gen-
erally satisfactory to use on very young plants. Toxicity has been detected with
some chemicals on some varieties.

7:11 TUBING UP

Seedlings wilf rea".h the four true leaf stage quite rapidly, usually within two to
four weeks from germination. When they have four to six leaves they are then
ready to tube up into individual tubes. They should have been treated with
fungicide not more than five days prior to the tubing up process. There is
always some tissue damage at hancling and if fungi are present they will enter
the plants at these points. There is also the danger that if the plants have not
been treated there may be one or two infected plants and this can be trans-
mitted to a whole batch through contact from hands and equipment.

With plants of all ages and with seedlings and freshly rooted cuttings in part-
icular, it is very important to ensure that they are not in a state of undetected
dehydration in the root zone at the time of handling and potting. If they are
there is a good chance that they will be lost within a few days of being handled.
Plants 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 ime of handling.

Tube up into the same medium that was used for germination using a container
size that the roots will fill quickly; Scm 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 usually the case if they are
over potted. :

The young plants in the trays will have roots about twice as long as their top
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growths (figure 46) and care is needed whe j

r_nedium. The root system can be greatly ?m;r:):/r;degg ?‘ﬁgcl‘:im' :Lom ﬁ:ie
lings about seven days prior to handling. If the seeds were sow.ﬂ i?l tre Sei -
hasha_n open mesh bottom with a liner in it, wrenching can be cam’id ?35111: baE
];;lus ing yfc:ur finger up through the bottom or altemnatively you can work ov ;
the area from the top using a knife blade to gently disturb the seedli Aer
cher metl?od of wrgnching is to take the tray and toss the entire cont lrET: h o
into the air letting it fall back again. [t does take a little practicenber: it i ot
gfefe;:r\;e v;;agti of wrenching seedlings and rooted cuttings. The medil:lm lshlilﬁg
bed folfo “:n gnafr ew:cthai:g t&eg;;1 tsjl;o(;;lsctiul:leT lzs watered for at least two to three

. 1 i
root and cause lateral rooting which will d;\%elo;sg:;’:i});r:;x:llb:';k (t;)%;a'g

per day. Figure 47 shows a i ; )
four days later. seedling before wrenching and figure 48 shows one

:{hoir; r::éo::]r:igbsloarr;t.:,hfrom l:he tray I find the best method is to start on a face
the plants. If wrenchingrgg;q b:;n%vzutadbolre\éoi;k' o sor_nething e e
ft;oemtothe mediumﬂ u{ith li.tde damage to the roog.pl\?ggegit\?eet;:?r?aﬁi p#anfs

p as thgy wx_ll invariable break off about ground level and be ! g’ ror'n
set the_seed]mgs in the tube a little deeper than they have te I'OSt:H s
otherwise as the medium settles it will leave the plant exposed >a§2vl2itls; iorrrraeist

level Seedlings of Proteacez her pa b oing o
e plants are ra i r about bei ian
't . ! ' ! rat T p I‘UCUlaA avout b..hlg _,Ala. ted

For the 'tubmg-up operation the medium should have a similer meisture ¢

to that_ in which the seeds were sown and it should be leit oni i-ik"\ Y ’Cme*nc;
down in the t_ubes. It is imperative that for them to prodLAxce r.c\;lotsglAtl};ye'!']rmC
have oxygen in the medium. Tightly packed and over wet mediums haserﬁgtlset

or no oxygen in them and this is the reason wh i il
e o roo sy, y they sometimes fail to produce

7:12 CARE - FIRST SIXTY DAYS

Following tubing-up, the plants must be kept out of, di

draught?1 efZ:i sgtvﬂen days. If the.moist_ure levelpof the rr';ediLer(r:lt :/:: czrfecitrtﬁzg
shouldf | rispel e or no watering with the exception of a very light sprinklz
admmwh% I J:g-ulg tohsen!e-the surfa.ce and set the plants firm. If you are in an
e when lr;h w umxdxty prevails more frequent attention will be needed
pssdrpaidd P o st ot It o
and by the seventh day, under reasonable te A e
rees C), there should be 5mm (1/4 inch) of nr:\z'eg?g:tehc:: dtll::ao:agzro:tg =T

m& itth iz better ttio withhold watering totally if at all possible for the first few
e amzptabexc:epk: e e?:a(i)xg ﬂf;g l:)ghtth sprinkle to settle the plants in, it is however

i n them in any quantity except torrential -
pours. A week after tubing, provided the roots are showing ne:e;rOng,oﬁne
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olants may be exposed to more light and air and watered prudently when
necessary. At this stage they should be protected from: frosts as with the disturb-
ance to their roots they can not handle the dehydration which frosts cause quite
as well. If weather conditions are- settled with no risk of frosts they may be
exposed to natural climate conditions including whatever rain may fall. but not
to direct sunlight for long periods. However £ it is considered that conditions are
not conducive to root development (cold and wet) they should be kept under
controlled conditions in an airy well lit place and allowed to dry out 2 little so
that they have to hunt for moisture. At all imes the aim is to grow a sturdvy.
balanced plant with a good root system rather than a large top with small under
developed roots. The most important part of any plant is the part below the
ground and if that is healthy and well- founded then the part above the ground
will follow naturally.

One of the principal reasons for losses during this period is excessive watering
in the belief that they need to be kept wet to survive. This is not correct. what
they do need is protection from conditions that will dehydrate them and plenty
of air in the medium. Seedling Proteaceae have the ability to get most of their
moisture requirements from the atmnosphere, particularly night dews. During
the season from autumn equinox to spring equinox, provided they are exposed
to rains and night dews and they are growing in a soil based medium they
usually need very litle watering. At all times the soil moisture level must be at
the minimum level that will sustain steady healthy development both above
and below the ground. A litde dry rather than tco wet is the motto that shcuid
aiways be followed.

[n the period from the first tubing-up untl the plant is 10 be re-hencled l1e-
potted or planted out) a constart watch should be kept for fungal and ins=ci
invasion. In most instances if air movement and light levels are adequaie &
three weekly spray with standard horticultural sprays should be all that is neces-

sary. Additional care should be taken during periods of warm humid weather
when greater attention is needed to ventilation. This is particularly so with the

hairy and grey leaved varieties.
Some varieties grow very rapidly even during cool weather and a watch should

be kept to make sure that the plants do not grow together to such a degree that
ventilation and adequate light at ground level is lost This is dealt with in more

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

Growing The Plants On

8:1 OVERVIEW

Having grown the seedlings through their juvenile sta
point where they have beccme plants. the nex
a point of maturity where they may be safely
In most cases this will take a full summer.

tage and the cuttings to a
tstep is to grow them through to
planted in their permanent sites.

To be able to accomplish this effectivel i

' ‘ . y the growing-on phese shoul
cz?med outin an area that is well vendlated without being tco e?xposed tgustcrio:ge;
winds. The site should not be influenced or shaded by tall trees and buildings as

it is necessary to control light levels accuratel hi
y- A water supply w
regulated to the demands of the plants must be available. PP which can be

While the principles of controls of these three elements remain the same as |

propagation. there are differences. During the propagation pha;e t'he.“conbrr Cl)r
remain virtually unchanged for the whole time that the cuttings are rootin OIS
the. growing-on phase the amount of air movement and light wiil ‘;~e i""e:% ]
while the frequency and volume of water will be decreased, B&;c‘lau:J c;vd‘hsfc
necessary to provide facilities which are somewnhat differant rom the noeded
{or propagation. S

8:2 AIR MOVEMENT CONTROL

Where strong winds prevail steps must be taken to K their velccity as v
p'lants do poorly under severe buffeting. Wind-bre:l:sacérihgér :ggg%;;&&ugg
cioth which will act as a general bartier. In extreme conditions it mav be ne e,
sary to have» solid wind-breaks near ground level (made fom comfoated irccfrsl-'
piywood etc). along the windward side of each bed. This will control the worst
buffeting while still retaining adequate air movemeny, provided they are not
more than 79 cm. high and arranged so that they do not shade the beds. As in
the propagation phase they should stop about 10cm (4") above ground level It

operation is in an area that has seasonal wind pattemns such as windy sprir{gs
and calm summers, it may be necessary to encourage more air movement at
ground level during the low wind seasons,

During this stage gf the plants development the foliage canopy will be consider-
ably denser ﬂ)an it was at any time during the propagation phase. This means
that the growing area will need mote air movement than was provided durin
the propagation phase. Because of this, care must be taken when designing thg
grounng;o;n area not to stop air movement to such an extent that the atmos-
glg:rvt: 2o%mes stagnated. especially during periods when the temperature is
(68°F). If this does happen two problems will occur. First it will

32 needed
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create a situation that will foster fungal invasion such as Drechslera and Septoria
on Leucospermums which in some cases will be almost impossible to control
unless air movement can be improved. The second problem is that plants.
especially those still in their more juvenile stage of development. will suffer
heat stress at much lower temperatures unless they have adequate air move-
ment.

Because air movement is a necessary part of the environment ‘or the successiul
handling and cultivation of Proteaceae. it is in my opinion a mistake to grow
plants during any part of their production in a structure such as a walled en-
closure. glass-house or tunnel house. These structures have inadequate air
rmovement unless there is forced air cooling. and they are a haven for fungal
development. Although fungi can be controlled with the constant applicaton of
chemicals, there is evidence to show that plants can become infected in these
airless conditions and carry it latently into the nursery or even the field situation
where it will develop at a later stage.

Another result of growing plants in walled structures. particularly when they are
used for wintering over voung plants. is that the conditions promote vegeratve
growth which is not balanced by adequate root development. The results of this
can often be detected in container grown pian:s that have large tops by mic-
summer but are unstable in their container with the result that they are often
Iving over or need staking. An inspection of the root system will show poor root
development in relation to the vegetatve growth. The roots that are present
will be mostly of the proteocid twre with very little development of the primar.
system.

8:3 WATER AND ITS APPLICATION

During this phase of the plants’ development it is necessary to have at least
some basic facilities for supplying water in regulated quantties. There must be a
reliable supply of good water and if the operation is of any size it should be
coupled to a well planned and engineered watering system that is able to
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 perimeter of the sprinkler distribution pattern.

The time of day that plants are watered will affect their health, growth pattemn
and survival rate. Since we installed a systemn of controlled night watering, as
opposed to on demand daytime watering, practically all problems associated
with fungal invasion both above and below the ground as well as disorders
associated with_ leaf scorch etc. have disappeared. The practice of night water-
ing is contrary to all articles | have read on Proteaceae production as these have
always advocated morning watering so the water will dry off quickly. The idea
behind this appears to.be that by having them dry off you will avoid fungal
infection as they are not wet for so long. In fact, watering during the moming
creates a situation which is far more likely to foster fungal invasion as watenng
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il:ent mcreasesh humidity which when combined with rising dav temperatures

mga‘;st:mr%uc mo_re“ dzngerous environment than night watering does. Morn-
t - especially during summer is contra to the pl i

ment where they often experience lat o o o s Do o

) e aftemoon showers or mist banks and

for much of the year heavy night dews. These showers. mist banks and dews

number of factors which create conditions tha

t
temperatures above 15°C (60°F), high humiditcya l:xsnedfu
always components [ref.9: 1].

eric 7o and above are being ex-
perienced. Growers must make allowances for the fact that less watger is

ngal invasion of plants:
poor air movement are

e ‘ ' : : m. and again about 3 hours
! c?unnse_ Wh?n this sustem is used the amount of water neeced can be
reduced by approximately 30%. .

8:4 LIGHT CONTROL

512-25;;1” specfs and varieties of cutting and seecling grown piants wii show
d‘. " exposed to too much light in their first vear. This first appears as leaf
isorders and later as general ill thrift. The ef:

_ S iects experienced under cultiva-
tion are t i : i
he same as in nature where seedlings, especially Proteas. are seldom

ﬁ:-(rr‘\),gjed;i?:hﬁm sun during their first summer. If they are. they usually fail to

Iaaule Ia:t'umn ::cgifhjthey l‘?el:mmate on bare or near bare ground (usually from
rough the winter). by the time summer armives there is oth

! gh I L er

:gsih&)’n mulilhe:lf which is taller than the Proteaceae seedlings which partially

s thern. ly. growing on areas for Plants up to-one year old should be

t ith P
;c: x;;_) sxmbeds that have a system of removable s‘bade over _Lhem. running
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exposed to full light for the maximum hours of summer sunshine. As the plants
become more estabiished they will stand more light and attention should be
given to this in the overall management bearing in mind that the gross daily
aggregate of radiation is reducing as the seasons move from summer to
autumn. The difference on a clear day midsummer to a clear day at equinox
amounts to a drop from 110.000 jlu to about 80.000 j lu. a difference of 25%
and the same again from equinox to midwinter.

Light levels below 40.000 jlu for prolonged periods will result in weak develop-
ment both above and below ground level and almost invariably result in an
outbreak of fungal invasion and tissue break down of the leaf system. This
should be bomne in mind during winter with its associated short hours of sunlight
and or in periods when there are seasons of cloudy weather. [Refer to 9:19 for
further information on the effects of low light levels].

8:5 CONTAINER MEDIUMS — General.

The medium that plants will be grown in during these initial phases of develop-
ment is important. not only for their general growth and root development but
aiso for their eventual establishment in field or garden. It must not only sustain
ihe plant during this phase but it must aiso promote and develop a root system
which should be predominantiy the primary type and not proteoid.

Mediums must be free-draining but able to retain a susteinabie level of
moisture in the container for at least a cay without being watered in the hottest.
Criest weather that you experience and it must be of a texture that does not
airlock when it gets dry thereby making it difficult to get moisture in again. It
must not act as a sponge when subjected to wet conditions, i.e. penods c!
heavy rainstorms or prolonged wet weather. and most important of all it must
be compatible with the soil types and climatic conditions where the plant is to
be finally placed. Unsuitable and incompatible container mediums are the
prime reason for poor performance and losses during the first three years of
establishment particularly in plantations that are not irrigated. The same pro-
blem occurs when plants are planted in soils that have poor moisture retention
capabilities. _ :

8:6 SOIL-LESS MEDIUMS

Early experiences some 30 years ago with seedling Proteas bought from a
nursery that used its standard seedling mix containing 40% peat for tubing-up
its plants. repeatedly gave high loss rates when the plants were being 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 fell away during lining out, the problem was
alleviated. This observation led to some experiments where seedlings were
grown in peat and non-peat mediums. The results from these early trials and
subsequent experiments have resulted in my never using peat mediums (ex-
cept in the root initiation phase) since that time because of the problems its use
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causes in the esizbiishment of Proteacese plants in pientaden and carden
environments in meny New Zealand soii rpes. . .
Thb‘ sgincrome wes virtually unknown in New Zealand untii the early 1680
uniil then almo's: all stock produced was grown under the “open Sdaf
metbod of production. The plants were then wrenched and eith bgr-'?uc?‘
hessian (burlap) or placed in containers for deliver :o; the reraii sh o5 ot com.
mercial Qlama:ﬁons. Since the early 1980s n;o:st nl:rsén,z : rbcl;é')psl'ior Cohm:
ch.anged trom the open ground method to container culture Fl: o gl
soil-less mediums is common. . e where the use of
Whilst the plants grow quite satisfactoril

production phase. it is when they are pl
start. This observation is not restricted
to many plants found in cultivation,

In the case of Proteaceae. plants that are i

. grown in t]
often show 2 greater growth rate above ground durixlmg gwe:ir
than those in a soil-based medium. This is espedially so w
has bee; tpald tolathe application of balanced fertilizer ble
year and lo regular topping-up with liquid fertilizers, This i
rarely balanced by adequate root structure, especially in tf?;o ::”at:e Z(;“l”er‘;etr .
and Leucospermums. It is not as evident in Leucadendrons. o

pinebark mediums
time in a container
hen close attention

Peat and pinebark are both of a texture that create several problems for Pro-
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:eaceae. Both get air-locked when thev become dry and will then not take in
moisture by normal capillary acton from the surrcunding soil. To be re-
moistened they must be flooded to expel the air which then causes them to act
like sponges and become excessively wet Not only coes this create a perfect
harbour for soil-bome fungi. but also acts as a collection point for damaging
water soluble minerals. i.e. salts. phosphate. lime etc.

The other principal problem associated with soil-less mixes is that plants often
have great difficulty establishing a root svstem outside of their original container
mass in the surrounding soils. It is common 1o see plants that have been planted
for three years with little or no root activite past the perimeter of the original
container {figure 49). By comparison those that are grown in mediums tha: are
compatible to their planting site will rapidly become established in the sur-
rounding soil type (figure 50). This lecking up of the root system is not restricted
to Proteaceae but is very common in many genera of plants that have teen
grown in soil-less mediums. It is a serious problem in Proteaceae however
owing to their dual root system. The proteoid roots that peat pinebark fosters
within its mass play little or no parn in suppliing moisture to the plant.

Comprehensive triais which inveived the testing of the effects of vadous com-
mercial mecdiums on the development and survival of Proteaceae plants werz
run over a period of three yeers end were completed in 1986. This tial hes
teen documented and the resuits are published in Appendix One in this Took.

2 prob Dlishment

There is scope for further research in this erez &s the problems of esied
are widespread.

5:7 SOIL-BASED MEDIUMS

The medium [ use for growing on consists cf 507 fiorous loam top soii and 50%
cumice. If the pumice is fine grained | add 10 paits of coarse river sand. It is
appreciated that many growers do not have pumice or even perhaps a suitable
loam top soil. In such instances some locally available materials should be
tested. such as mixes of soils. sand. score. decomposed granite etc. aiways
bearing in mind the texture of any potting medium will have a bearing on the
subsequent development and type of roots your plants will produce. with
coarse open mixes producing coarse brittle roots.

Stock-piling of turf or other materials that will break down into fibrous matter
should be considered where sources of good loam are not available. Decayed
fibrous materials do not have the same properties or effects as peat.

Some trials have recently been implemented to investigate the possible effects
of micro-organisms on plants growing in soil based mediums. This has been
done by incorporating aged {more than a year old) pinus radiata sawdust in the
mix at 33%. Initial results indicate that provided ammonium nitrogen is kept
supplied in sufficient quantities. development of primary roots is excellent. 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. [Ref 17:3
for further information on micro-organisms)]. Further trials are needed to deter-
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mine if these results are consi 3 .
stent and results will be pubiist in
A
Addendum at some later date. pubiished in an

Not all materials that maks up a medium have the same pH. or contain t
sarrlxse l;lavels of nitrogen. phosphate and potash (NPK). the t;}?lree pri;c?ptzllnrr;i}r‘ue-
er:{ lte atl ct’ontfol plant growth. For container production it is imponant that the
gcu'lar \éee Vee ?tlable. preferabiy 5.0 or lower and the phosphate level in par-
e thanr&[ ou; {around 15 ppm). Proteaceae are not tolerant of phosphate
e kow. evels unless the pH. is in the 3 to 4 bracket. Phosphate then
5 es locked into the soil. Nitrogen and potash should only be present in
moderate leVP:ls, If the levels of these three materials and pH “are not known
the medium should be analyzed prior to large scale use. ' \

g:;\:i(ied tl’;e &xedium you use fits the criteria as set out earlier of being free
g yet able to retain some moisture, with pH. and NPK leve’s within the

acceptable range. the results of the growi :
to your ability as a horticulturist. grouing-on phase will be very much related

8.8 HARDENING OFF

Before plan_ts are potted on they should go through a further hardening oif
pr:cessk.] This .‘_mr:'ening off is a continuaticn of the process that ‘\.uasAc‘arr‘.eg od\:'l:
:égsegr{esir::l?;g)s :J?re t;emg w(jeaqed at the end of the propagatcn phase. In
s present ar-:‘e‘ ) nvolves reducing the plants de?encance on waler even
furher w t the same dme increasing exposure (0 light and air meva2ment 10
& point the plan: may be handled withcut it beirg srassec. It is @ simple S
.mponan[ operazion and usually taxes a week cr so. If at aﬁ\; Eme :.ur' tw';s
pnase the plants appear to be under undue stress (which will ‘ﬁ‘r<: shoi»gs‘ la
‘ack-lusire appearance of the foliage). the process should be slowed down :nn'l

they recover. Failure to hard f i
L en off can result in losses or a sever i
the plants deveiopment. severe reterdment o

8:9 CONTAINERS

The type of container you will use for growing the plant on i
Perso}r:al choice and economics. The use of plantgr bagsl,D is now \,vlisdc;as;;)r?eaargz;modf
is a cheap and reasonably efficient means of container growing plants. | used
them for a numl?er of years but have now reverted to the use of hard pots for all
pha§es of growing on. The decision to do this followed some extensive trials
cz_xmed out on a number of varieties using planter bags and hard pots. In these
trials thgre was no noticeable difference in the growth rate above the ground
g)erv:lo given capacity of container but there were marked differences in root
fpmenlt with }:he pots giving much better results. In addition to this there
;zoe: ﬁtveer rtl?j::s u; ﬁts and handling efficency was five to two in favour of
< ve seen SOmMe Very success i
bags provided they are set out on beds gzt are &eeﬁxé;r?u;;sggr I PR

Containers are awvailable in a never-endin i
. g array of shapes and sizes. For the
production of Proteaceae the standard shape where the depth is slightly greater
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-nan the diameter is quite satisfactory. From time to dme plants are seen in
containers that are very deep in relation to the diameter. as much as three or
four times depth to wicth. The theory behind the use of these deep containers
is that it stimulates a deeper root system in the plant thereby making it more
resistant to drought following planting out. Whilst it is true that plants will follow
these deep containers to their full depth this is of little use unless those roots are
of the primary type and even then it is doubtful if there is any advantage over a
well grown and prepared plant in a standard container.

As rthythm plants. Proteaceae go through surges of development both above
and below the ground with either the roots being in active growth or the leaf
and branch system. but never together at the same time. lt is almost impossible
to manipulate them against their seasonal growth patterns. If plants are planted
just prior to or during the main primary root run which coincides with the onset
of winter and runs through to early spring. and again from late spring to about
the longest day. the roots are capable of penetrating to 2 depth of 60cm (247)
in a three month period. With this capability there is little advantage of having
an extra 10cm. of root on the plant when it is planted. If attention is given to
providing a medium that is compatibie with the final site and the piant is well
orepared and planted at the correct seasdn any standard contziners are guitz
sansiactory.

S:10 PRODUCTION BEDS

The choice of materiz! that h2 plants Wil stand upen can have guitk 2 teanng

on the amount of water that will have to be applied curing ho: anccr Jrying
concitions. Plants stancing on 10mm {3°37) free-Craining grave! wili reec a ic!
more water than those standing on fine grained sanc. The choice of material is
often determined by what is avaiialie jocally and provided the operator is
aware of the differences and can adjust management (O compensate there is
little difference in performance. If a very fine silt sand is used there may be
problems with drainage if planter bags or pots that are flat bottomed without a
recess are being used. This is because they tend to “seal off " as they settle into
the fine grains.

The use of almost any free-draining material that is available is permissible
providing it is inert or does not influence the container medium in any way to
the detriment of the plant. Itis thought that the use of pinus radiata sawdust as a
base for growing on may be beneficial to the plants because of a transfer of
micro-organisms from the sawdust to the container medium.

8:11 GROWING *“OPEN GROUND".

It is possible to grow Proteaceae plants under the “open ground” method of
production and until the early 1980s this was the principal method used in New
Zealand.

In this method of production the plants are lined-out in cultivated ground,
usually in the spring. They are then maintained as a cultivated crop through
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until early winter when they are then wrenched. packed and dispatched as
outlined in 8:6. It is a method of production which does carry some risks at the
wrenching and lifting phase but does eliminate some encounterad during the
summer in container culture, It does however have the drawback that it is not
possible to lift the plants until temperatures have dropped appreciably in the
autumn/winter and if the plants are required for final planting out in the autumn
it is therefore impossible to lift them to meet that ceadline.

8:12 GROWING ON CAPILLARY BEDS

Water can be provided to the plants at this phase of production by capillary
methods. It may be done either by the timed-flood method (see description
below) or by the static level soak method as outlined in 6:6 ‘or use during
propagation. | have used this latter method and find it an exceiient method
during the summer especially if only small containers (4C0cc and under) are
being used. At midsummer. evaporation is high. night and day. at ambient
temperatures of 25°C and above and the use of static level czpiilary beds
enables the operator to set a water level in the beds to maintain a supporing
level of moisture to the plant under any prevailing conditons.

The tmec-lcod system of cepiilany watering consists of frames which arz set up
as shallow teds (about 2¢m deep. 3/4 inch) with a hard base which hes a siight
fziito one end. The beds are filled with a coarse sard and n2 zians arz s2t on
izs suriace. In pracice water is released at the higher end ar pradelermined
gmes and :2 then runs down the hard surface benez:n the sand agming it as 't
goes. The piants standing on it are able to take up water from the sand. Flood-
ing is normaiiy carried out several times per day depending on the wanspiration
rate.

There are two problems that have teen idenitfied in the us2 of capillary water-
ing during his phase of production. One is that the sand in the bed must not be
of a nature that packs down too hard and in doing so creates smail puddles
under each plant if the level of water is set a little too high or Guring rain-storms.
If this does happen Yor more than short periods it can create conditions in which
soil-bome fungi can start. For this reason it is best to use a fine gravel for the
bed rather than sand and make sure the bed is designed to drain automatically
during rain storms. This can be achieved by providing a fall from side to side of
1cm. per metre (172" to 3ft) and filling the beds to an overfull level.

The other problem is that where the water supply carries unwanted chemicals
i.e. 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 the medium in the
containers espedally during high evaporation periods. This can be controlled
by heavy flushing with water from an overhead source at regular intervals if
there are long periods without rain. Provided the operator is aware of these
problems, capillary watering is an excellent way of establishing the plants in
their first potting-on phase. This is particularly so if the operation is not con-
tinuously manned. [ have left plants very successfully on a well-designed cap-
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illary bed for five weeks in midsummer with no arention whassoever.

Plants should not be left on capillary beds for extendad periocs as the roots will
pass through the bottom of the container and will become firmly established in
the bed material. In extreme cases plants become dependani on the root mass
outside of the conainer and may be lost when they are wrenched free of the
beds. -

8:13 TUBING-UP

Reoted cuttings should be potiad up into a growing mecium as soon as it is
considered they are well enough esteblished in their root cevelopment and
they have been hardened-off. Cutting grown plants should be weated the same
as seedlings are on their first potting. taking the same care and precautions
against fungal invesion and possible dehydrated root zone.

When tubing or poting-on. certain procedures must be followed. At all‘ times it
is important to have the correct moisture Jevel in the medium. \u_-hic‘n is the
same as outlined for seedlings. lf the medium is too dry it wili dehvcrate the
reots and even & haif hour exposure to this will co considerable and sormetimes
irreversible damage ‘o the roots. Plants should always be handied quickly end
never left lving bare-rooted on the bench.

0y,

Eazh =~'an: must be setin the container (rute or pot) 2t much the same height
as it was orevicusie. 1 itis set too low it will not be etle 1o precuce 2 well-
balarcad root syszém while if it is set too hign it will not stand up well ond will
also tend to dehydrate in the base of the plant. When settng the piant in the
pot ail roots should be tumed downweard (figure 51) anc not left spilling over
the top (figure 52). For this reason piants should be handled tefore they de-
veicp a rcot sysiem ihat is longer than can be easily placed in the container. itis
essental that the mecium is left just firmed down enough to hold the piant tight.
On no account should it ever be pounded down hard and tight as roots must
have access to air to develop properly. When topping up the container it must
be filled to overflowing (figure 53). This is the secret of successful container
production of Proteaceae plants in soil-based mediums. By overflowing the
container it makes it impossible for water to lie on the surface during heavy
rainstorms or through over-watering as it just flows off over the sides. If these
guide lines are adhered to there will 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. If weather conditions are bright and hot they should be kept at light

levels below 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 the form of whxtg
translucent tips to the roots if the plant is gently tipped out of the pot arl;e
inspected (figure 54). This is the sign that all is well and they can then
exposed to more light and air movement while keeping moisture levels to 2
minimum without putting the plants under undue stress. -
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[t is important during this phase from about the seventh to the twentieth days,
to make the roots hunt a litle for moisture. Moisture levels are easier to control
if the plants are bedded onto a moisture-bearing surface such as sand or saw-
dust rather than left in solid bottomed trays. The open-bottomed trays illus-
trated in figure 30 are excellent for this phase as they may be bedded down
onto a moisture bearing surface.

814 POTTING-ON

The timing of the initial tubing up is determined by when the seedlings or
cuttings are ready to handie. Subsequent potting on. although not critcal.
should be scheduled to fit in with seasonal growth patterns. If this is done the
development of the roots and subsecuent vegetative growtns will be stronger
and larger. On no account should plants be left lingering for months without
being moved to a larger size container. If they are left for months in a container
which is too small for continued development thev will go into a state of limbo.
Although they will eventually come into a growth after re-potting or planting
out. it almost invariably affects their development. heaith and life spen. [tis like
a child getiing rickets through mainutition.

During a vear most plants of uncer fifteen months oid wiil go througn a: ie
nwo growth flushes and very oiten three if they have been well estebiished by
earlv spring. Just prier to each of these growths. the planis will ke on &
“blcom™ appearance which is easv to see if the plants are viewed in the hour
belore sunset. The feoliage of the piants show a radiance around the 2dces ana
tips of the leaves. This can be seen in all species and vareties and 1s the sign
that the roots are on the point of making a rapid growth which will be {ollowec
about 20 days later by a vegetative growth flush.

23t
'

When this "blecom™ is first seen it is the dme they should be re-potted into the
next size pot or planted out into their final site. [t is usual that the first poring oi
seedlings and rooted cuttings is made in 5cm (2 inch) pots and it is possidle on
the next move that they may be put straight on up to a 15cm pot (6 inch or
PBS5) which would probably be the final size before planting out

My preference however is to shift them up in stages from 5cm to 10cm and
then to 15cm. 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 shift (5cm to 15¢m). If it is spring when they are re-potted from a S5cm
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 usually show a “bloom™ phase again
about 60 days.from the potting up. This is when the re-potting cycle should be
repeated. this time shifting from the 10cm to 15cm sizes. Plants handled in this
way and grown in a well-designed growing area will usually make two further
growth runs by late summer. e

When the shift is done from 5cm to 15cm in one stage. the grounh flush is more
staggered and often confined to one or two terminals creating a “leggy” plant.

85



86

A R S ey v

]
v

.
iy
<9 -
>
-
=
I
&2
o

i

-~
g
3
B

153

ORER At s

This single shift will usually result in a total of only two growths for the summer
which may then be followed by a weak winter growth. Winter growths should
be avoided if at all possible as it puts plants at great danger from frost damage
which not only affects the soft tips but.also the lower section of the stems. This is
dealt with in more detail in 10:6. - :

8:15 FERTH IZERS

Soils. sands, alluvial conglomerates, pumices. peat and any other materials that
are used in a growing-on medium can each vary greaty in their base pH. and
NPK levels. If these are unknown it is advisable to test them either individually
or the finished mixed medium to ascertain whether the levels are within the
safe range for Proteaceae plants.

The analysis can either be carried out by a soil testing laboratory or it can be
done by the grower using a nutrent test kit The one that [ have used is the
“Warrior” test kit which was developed by the Levin Horticultural Research
Centre, a division of the New Zealand Ministry of Agriculture and Fishertes.
This kit is available in two forms, one for testing mineral soils and the other for
soil-less mediums. They are now available in many countries. Their use en-
ables growers to ascertain with some accuracy the nutrient levels in their mixes
and or plantation sites. The read out from these test kits is given as MAF
units. To convert these to a ppm. rate the following formula is usec:-

Nitrogen, MAFunit X 1 =ppm.
Phosphate. MAF unit X 1 =pom.
Potash, MAFunit X 20 = pom.

Not all varieties of Proteaceae have the same needs or tolerances of fertilizers
nor do they all need them in the same NPK ratios. Because of this it has been
necessary to arrive at a compromise that suits most varieties that are under
cultivation. In the uses and levels of ferilizers during the growing-on phase
there are two aspects of the plants’ tolerance of nutrients to consider. The first is
from initiation (seed or cuttng) to the point of development when it will be
moved from its first container {usually a S5¢m. liner) to a larger container. The
second phase is from that point onwards through its development until it is
ready for planting out. The following recommendations pertain to soil based
potting mediums with a pH. of 5. to 5.5. If pH. levels can be kept at around 4 or
less 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 soil and soil-less 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 eliminate this from the potting mix by making sure
that the materials used in the medium do not contain it at any significant level. It
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 all nutrients should be
kept on the low side as it is better to have to add nutrient by liquid feeding
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rather than to have an over-dose already in the medium. Ni

C t m. Nirrcgen at 20ppm..
Phosphate 15ppm. and Potash 100ppm. should be satisfactery in any goog free
draining mix. The values given are for NPK status.

In a‘soil-based mix, the roots of young plants tend to hunt through the pot and
produce a vastly superior root systemn to those that develop in peat based
mixes. The plants in the soil-based mix develop a strong primarny root susiem
(ﬁgure 56), where as the peat-based mix promotes proteocids (figure 57) :l'he
primary roots in the soil based mix can be even further imp;oved by the
application of sulphate of ammonia particularly during the mid- to late-uginter
months. This is applied as a drench at 5000 ppm. at ten to fourteen da

interva{ls which will give resuits as seen in figure 58. The first application can bz
madg fourteen days after tubing-up. If sulphate of ammonia is applied to plants
growing in peat-based mixes it stimulates even greater development of pro-

teoid roots. Never apply sulphate of ammoni '
: T a to plants that are suff
dehvdration - water themn first. F sufiening from

In th_e second stage of production it has been found that although plants have
relatively low requirements of fertilizer, the application of slow- release {nin

mon_ths) fertlizers is beneficial proviced they are of the correc: belance and arz
apphed. pr&@ent}y‘ and accurately. A mecium with the same 'rv:ase.nurr'.ent levei
as usec for the first tubing up can be used for this second siage as aithough the

o H 1
PKis s w ' licat fe i i
N o omewhat low the apgiicaton of the slow release fersiizer will bring the
levels up.
PR P, [, . : ~es A T in t
Foiicwing on fom experimenis cone a! the Levin Hemsuliure Reszarch

Clenr:e n .\e.« Zezlard severz! yvears aco. it was recommencec hat a slow-
release feriilizer with an analysis of 19 nitrcgen, 2.6 phosphata. 8.3 potash plus
iron should- be used at a rate not exceeding 1.7gm per It of ﬁ:ediuml '?his
recommendetion was based on soil-less mediums. When this ra:e has.been
used as 2 single apglicadon in a soil-based mix it has given a reading rwenty one
days following appiication of:- Nirogen 35ppm. Phosphaie BOscfnJ é};alboélslh
(K) bQOppm. This level is a little high in Phosphate and Potash which explains a
slight intolerance by‘some variedes (see text below). nEmEee

Provided this fertilizer is split into two applications it ha§ prov i i

most respects of plant health both above and below the grrgus(cii fl?z;aferz 1ar:
the annual rate of 1.7gm/lt (or even up to 50% higher for some varieties) in
soil-based mediums. The exceptions were in Ld. laureolum, Pr. pudens, longi-
folia, scolymgcgphala, coronata, stokoeii, Serrurias and all Banksias which all
show chlorosis in thg leaf indicating an excess phosphate level even at the basic
1.7gm/|t' rate espedially when it has been applied as a single dressing. With
Proteas it ha_s aIso shown as tip bun on the leaves but this is usually of a short
ﬂn 1nd1caupg a temporary overdose of salts probably derived from the
Best overall r&sults_hav_e been obtained by applying the( fertllizer as an over-
ldmssmg laﬂt the period just prior to rapid growth commencing in spring with
esser results as the summer progressed. The safest and most sustained boost to
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development was obtained by splifing the quantty into two applications which
were then applied as a top dressing. six weeks apart. Fertlizers should never be
used to boost late autumn growths as this makes plants very susceptible to frost
damage.

On no account should fast release fertilizers such as ammonium phosphates
and nitrates be used on container stock as they will cause severe damage.

3 16 SOIL-BORNE FUNGI

During the entire growing-on phase which is usually at least one year. plants
must be maintained in a hezlthy condition free of pests and diseases both
zbove and below the ground. There is no doubt that the soil-borne fungi
Phutophthora Cinnamomi. Rhizoctoria and Fusarum are the greatest fungal
dangers in Proteaceae production and unless adequate steps are taken to avoid
and control them there will be many losses both during this phase and following
planting out. During this production phase most problems will come from Rhizo-
ctonia and Fusarium, while Phutophthore Cinnamomi will be the principal prod-
fern in the plantation phase. It is imporiant that growers should be abie to
recognise the symptoms and results of these Cisezses as the control is nct the
seme for all of them.

Rhizoctonia and Fusarium are diseases that invace a plant {which are aimest
ar~ays less than a year old) at ground level and cause the main stem to die. As
e effact of the infecton progresses the plant cies in both an upward and 2
counward directon with the first nctceatle sympioms being a slight yellowing
of the leaves and a lack-iustre appearance of the whole plant. By the time this is
seen the plant is well and truly dead (figure 59). The onset of these diseazes is
not accompanied by the wilting of the terminal £ps as it is with Phutochthora
which invades the plant below ground ievel. entering through the root system
and there by killing the piant from the bottorn up and not from the middle as do
the others. The principal causes of Rhizoctonia and Fusarium are a lack of
adequate light and air movement at ground level aggravated by over watering.
while Phytophthora is induced by high temperature and water content within

the soil.
Applying fungicides by the high-volume water method is by far the most effect-

ive means of control of these soil-borne fungi (ref.9:6). The control and treat-
ment of these fungi is dealt with in the section on fungi control [ref9:10 & 9:11]

8:17 GENERAL MAINTENANCE AND HANDLING

General maintenance of plants during this growing-on period consists of keep-
ing a protective coat of fungicide on the plants during hot humid conditions,
especially where a combination of temperatures above 25°C and humidity
above 80% prevails. This is very important when handling any grey leaved
types and those with soft succulent growths.

With Proteaceae, more than any other genera of plants, it is important to
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Fig. 38 Fig. 3%
prevent the incidance of fungal invasion both above and teiow the ground
rather than to oy to cure it once it has bec 'me esieblished. This should be

borne in mind at all imes and in all conditions, with the necessary measures of
conmol implemented before rather than after problems occur. Infestation by
insects both abcve and telow the ground should be kept in mind but is not
normally a great problem provided a regular maintenance programme of con-

et 1 H 1 Arrrime 55 i
trot is maintained during this phase.

As the plants grow through their summer flushes, it is important to watch that
they do not become crowded in the beds. This will usually occur about 40 to 50
days after the longest day if they make their second; growth without being
shifted up into a larger container size. If they are already in their final container
size they should be double spaced on a grid. This will give them room to finish
their development prior to final planting out. This is important with all Leuco-
spermums and Leucodendrons with grey hairy leaves, (daphnoides. nervosum.
eliminese etc) as without sufficient air movement these will become infected
with fungi. Always space plants so plenty of air can pass between them.

8:18 CONDITIONING PLANTS FOR FINAL SITING

This is the final phase of the propagation cycle. It consisis of conditioning the
plants so that they do not suffer a serious set-back at planting out.

This phase is usually done in the autumn and normally takes about a month. It
90
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is the same as the programme carried out at the post-propagation and pre-
tubing phase except at this final stage the water should be reduced to a level
just above the dehydration point while at the same time increasing light and air
movement to full exposure taking care not to do this too rapidly. To do this the
plants should be well spaced out (at least double spacing) and have the quantty
and frequency of water gradually reduced to a level where the plants are
having to hunt for moisture. Depending on the season. the plants may have to
be shaded fer the initial stages of this programme as the supply of water is
reduced. This will depend on the prevailing temperature, humidity and winc
condidons.

Conditioning plants prior to planting out is very important and planting should
not be attempted until the plants are in a condition of hardiness matched to
their planting site.
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SECTION NINE

The Control Of Diseases and
Pests

9:1 OVERVIEW

In th_e cultivation of Proteaceae it is necessary to control against the invasion of
fungi and pesis that are harmful to the plants. The amount of control that is
needed depends on the climate in the location where they are being grown
what fungi and insects are present in that location, the end use of the crop anci
in the nursery situation, the skill of the operator.

Climaﬁc conditions have a great influence on whether fungi are a problem in a
pamCL_xlar location and will also determine which ones are present and the
intensity of their invasion of the plants. The incidence of funcal i¥wa<ion both
aboxfe'and bei‘gw the ground in Proteaceae is alwavs reiated to :err:ceramre.
huﬁ:.ladlt‘y conditions. In areas where there are high temperatures.(T3O:C
+85°F) and low humidity (35%) or conversely wherz temperatures are low
(below 15°C) 60°F) and the humicity is high (over 85%) there wil e fewer
problems. ’ - A o

the same time as the relative humidity is +75% you can expect fungal invasion
tc some degre'e in most varietes. The problem will compounc 2s the tem-
perature/humidity aggregate increases to a point that when the temperature in
Celsius is added to the humidity percentage and the sum total is 105 and over
fungi becomes very difficult to ccnuol in some varietes. lf the temperarure is
recorded in Fahrenheit the sum total then reads 160 and over S

Hewever in ciimates where temz-zaratures above 18°C (E5°F! ceccur reguiariy at
tf .

Example:- tempes,ature 25°C added to humidity 80% = 105
78F ™ 7 " 80% ;—: 158

For the purpose of identification of these conditions, the bols th/c105 and
th/fl_60 are used throughout this book when referﬁngsy:g a temperature/
humidity climatic situation. :

It may be seen from the foregoing why there are fungal problems in some areas
v_vhem Proteaf:eae are being grown. In New Zealand for instance, some loca-
tions are _subjected to periods during the summer when tropical storms drift
south whxch._are carrying very wet warm air which can be present for many
days, sometimes with little or no air movement. Proteaceae plants especially
the grey, blue-grey and hairy-leafed varieties can not tolerate such conditions
and can be badly damaged or lost by fungal invasion during these periods.

Insect infestation. of plants is also governed by the climate as well as location.
Insects either thrive or become subdued in population numbers depending on
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temperature and moisture levels prevailing. Populations of species present and
active vary greatly season by season and from time to time they can become &
problem pariicularly in cut flower plantations.

In an outline such as this it is impossible to cover the huge range of fungi which
can invade Proteaceae or identify the individual species of insects that will
affect plants as each location will have its own local form of fungi and insect
populations. What it can do is to distinguish those fungi forms that are common
to all growing areas and identify the different types of insects that will be
encountered. It can also outline how to combat and contol the problems
caused by fungi and insects. and in general terms this is what the following text
does. There wiil be occasions when problems will be encountered outside of
those covered here. In such circurnstances it is imporiant that expert advice
should be sought for information on what they are and how to control them.

There are a number of ways of combating the presence and or the problems
that are caused by fungi and insects. In the culture of Proteaceae the provision
of the correct environment by paying attenton to 2ir movement. light levels
and selecting the correct variety or variant ‘or a particular location will go a long
wav in recucing croblems. There are aiso biclegical means of contrel such as
prowviding a sward of clover through a plantation which will assist in suppressing
Phutonhthora or using birds to keep down the insect nopulations. It is prebable

v
toie

(hat the ‘osiering of high levels of micro - organisms in the soil assisis in maring
some varetes mcre resisiant to fungal invasion [ref 17:3]. Neturel and tio-
logical measures are cfien suilicient to enable Proteaceze 0 e grown sat-
isiactoniy in & gardenlandscape situation but when they ere teing grcw a5 &
commercial crop and being soid internationally it is usuzlly necessar, to use
chemical controls to ensure the product is clear of phytesis and thereicre ac-
ceptable in the importing country.

9-2 TYPES OF CHEMICAL FORMULATIONS

The chemicals used to control fungi and pests are of two basic types. contact
and systemic. Contact sprays work by forming a total cover of chemical en-
veloping the plant and are effective until it becomes oxidized or weathers off to
such a level that it is ineffective or the plant has grown new tissue thereby
by-passing the protective layer. When any of these happen a new application
of chemical must be applied to retain control.

The systemic types work by entering and becoming a part of the plants sap
streamn and are efficient as long as they do not become diluted to an ineffective
Jevel through an ageing process or when the plant grows more tissue. This
happens more frequently when the plant is growing rapidly in the spring/
summer than it does in the winter. To keep a controllable level of chemical in
the plant, systemic compounds must therefore be applied more frequentl_y
during growth than dormant periods. Systemic chemicals are very effective it
they are applied at the recommended rates but when they are applied at those
rates it has been found that some varieties of Proteaceae are susceptible to
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foliage damage. It has been noted on a number of occasions that formulations
of both fungicides and inseciicides have caused growth regulatory effects par-
teularly on piants less than two years old 2and Leucadendrons of the multi head
types of any age. The effects are usually of a short duration but can cause leaf
distordon which makes the product unsalable or in propagation may inhibit
rooting. This is particularly so when the plants are in very active growth or
chemicals are applied to plants under stress from dehydration. Because of this.
care must be taken when using these formulations especially cn voung plants
that have a high percentage of soft tissue. Systemic fungicidés and insecticides
applied by the high-volume water method outlined in 9:6 minimises the risk of
foliage damage.

The systemnic fungicide that is most commonly used in the contrel of fungi in
Proteaceae is Benlate. If properly applied it gives good control but it snould not
be used more than three or four times per year or it will loose its effectiveness.
This fact is noted on the container labels.

If systemics are used during vegetatve propagation befcre root inisation has
begun, it will often inhibit the rooting process and in some instances arrest it
permanently. If possible cperators shotld refrain from using this nope of chemi-
cal in the propagation area for at leas: thiry davs after sering the ’c;:incs or on
stock plants within twenty davs pricr to harvesting the cutiing marerial.

Both the contact and sysiemic formuiations come ‘in many ‘orms anc 2
nas usually been ceveleped ior. anc is efficientin CONTOIENG one or mu
ot insect groups but none wii contrel all ‘orms and rypes. Because of i
necessary to use or have avaiiable at least two difierent formulatcns each of
fungicide and insecicide which may be of either the contact or sysiemic tpes.

There are composite formulztons available for home garden use which will
control a broad spectrum of iungi and insects and in most instances are guite
suitable for this use. For cemmercial procducicn it is much betier to use a
specific chemical to control a particular problem.

9.3 METHODS OF APPLYING CHEMICALS

The effectivness of any chemical is to a large degree controlled by the compet-
ence with which it is applied. This is particularly so when you are dealing with
plants that have a leaf structure 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 low pressure from spray nozzles: air blast assisted
dispersion; high-volume water application.

. 9:4 HIGH AND L OW PRESSURE METHODS

Th? most common way of applying sprays is by high or low pressure methods
which use nozzles which are either fixed to a boom or are hand-held as a gun.

This is an effective means of application provided the booms are amanged in
such a manner that they will distribute the chemicals up under the leaf canopy
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as well as down from the top. Low pressure application has a problem in that it
does not have good penetration through dense foliage especially if it is of the
hairy-leaf types such as many Leucospermums. The high pressure methed has
a much better penetration but if pressures of 400-to 500 psi. are directed at
verv close range onto foliage. some tissue damage is inevitable. The booms
should be arranged 1o give a pattern matched to the crop and they may have to
be altered for each individual variety otherwise much of the chemical is blown
past the leaf area and dissipates on the ground. Hand-held and directec spray
guns of both high and low pressures are capable of giving good coverage but
are somewhat inefficient in man hours.

9:5 AIR ASSISTED METHOD

The principle in the use of this method is that the spray is injected into a high
volume air stream and is dispersed throughout the plants in very fine partcies.
Such a system is effective provided the correct amount of chemical is distrib-
uted per area treated and that the foliage is properly covered. It is usual that
with this tupe of application only 35% of the volume of water is used as comga-
rad to toom or hand held high low pressure sysizm. Because of this many
varieties of Proteaceze plants do not get fully wened down with this methed
and cover tends to be incompiete on mature planis. This method is more suit2c
to the apslication of systemic raiher than the confac: maiernais.

9:6 HIGH VOLUME WATER METHOD

This method has been Cevelcped to meet the speciel requirerments of Pro-
teaceae plants partcularly in a nursery situaton during their first twe years. [
involves injecting the chemical into the fiow of wazer coming from a 15mm.
(haif inch) hose in accurately calibrated quantities. This can be achieved by the
use of an in-line injection pump which is powered by the water as it flows
through. This pump picks up chemical and injects it into the water flow in the
form of a concentrated solution at a regulated rate. usually 1%. The con-
centrate is of a strength so that when it is mixed into the main stream. the active
chemical is 35% of the normal rate for boom or hand held spraying. This mix is
watered over the plants as a full wetting drench which uses three to four imes
the amount of water that would be used in the high/low pressure method.
When applied as a full wetting drench. the active chemical content equates to
the same amount of material per area treated as it would by conventual spray-
ing methods.

This method has been found to be an excellent means of applying fungicides.
insecticides and liquid fertilizers and virtually eliminates the risks of c,.l'n_emlcal
toxicity and leaf disorders sometimes associated with young plants receiving an
overdose. It gives a control over fungi that is much improved on norma! spray-
ing methods of application and in most instances allows a longer period be-
tween treatments. This is because it not only treats the plant foliage but also the
medium and ground surfaces. In doing this it controls both the problems on the

_plants and also on all surroundings which act as a host.
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This method should be camied out early in th ; ‘erni

wa.ten'r_]g. or dew has dried off. This give’s a Ioneg i?ﬁié ?gocpmai);?sr; ;?r:r?:flt
whlch. is important. ’Do not apply whiie the foliage is still wet as this will dilu(d;e t‘he
.Chemlcaj to an ineffective leve]. Apply as a heavy droplet rather thah a directed
jet, to a level .of.wthess just past run-off. The method can also be used throuch
an over.head Imgation system and provided coverage is even it works Hg S
the hosing method of application. s tvelas

9:7 HELICOPTER APPLICATION

In gla;;tations pI'anted on difﬁcult terrain this is an excellent means of application
and gives good cover as the down draft of the : ic
\ : roiors forces the chemicals
:'no;ghoutithe cTOoP. Cost' e_valuanons indicate that it is more cost efficient thar‘:
an spraying on s_teep _sxdmgs where it is impossible 10 get ground spraving
equipment. Fu_(ed wing aircraft are not fully effective 2s they do not give a spra
pattem that will treat the under sides of the leaves, =~ P

9:8 SPECIAL CONDITIONS TO OBSERV,
WHENAPPLYING CHEMICALS R

The plants of sore varieties of Proteaceae are szasors’c wopsicoo ¢ Y of
thg (;h_ezmicals that will be used on them to contrc{- .‘Liq:;c;\m:;;: lge::'i*n—v of
this it is necessary to take special care under cerntain E«:.dn:o;s—wi’l'en ar*:is?' o
spravs and never use a new product withcut a a! \L*:-a :~ clents e

P]!anLts of cerin variedes can be used as indicators a2 in this L4, lauresclum
closely followed by Pr. scolymocephala and sicice: are gocd ear v;'au' g
vanet:e§ of chemical toxicity. These varieties will res:.\;;nd E(lo ove%;es of:ﬂ;f
compa_nbie Spray mixtures by curling the edges of .:'nexr vour;gest leaves
ble;chmg the colour of the growth tips, taking on a recdish tnge around th'e,
penm‘etier‘f th(le more mature leaves, tip die back ~r 2 combin‘éa'cn of these
symptoms. Whilst tissue damage from chemical toxiciz: is seldom fatal it d

disfigure the foliage and can make a commercial crop\-:nsalable x “oes
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on the packs containing the chemicals. The practice of adding one mere for
iuck when measuring mus: not be used. It is often that one extra one that will
cause foliage damage. If sprays arz applied in the early moming and or by the
high-volume water methoc there should be few problems.

9:9 THE CONTROL OF FUNGI — OVERVIEW

Like all plants. Proteaceze have their share of fungal problems. The magni-
tude. type and intensity of the protlems vary from one location to another and
also depends on the varieties being grown in any partcular climate.

From time to time [ am asked: "Do you have any fungal problems in Protea
growing?” The short answer to this is: "Yes. if you grow Proteas you will have
fungal problems and | do!” However knowledge gained and techniques dev-
eioped in handling and avoiding the causes of such problems in these plants
makes the control of fungi a simple evenvday chore.

In the culture of these plants. especially from initiation to the end of their first
year. much can be done to avoid conditions that will foster fungal invasion and
it is much better to carry cut praciices to elude the problem rather than have to
rzatit later. Almost all funcal invasion can te minimised by paving close aten-
Zon to good soil drainage. air movement and providing the correct levels ¢f
light for the parzculer vazen,.

Alotof fungi infecton can aiso te minimised if tlants that act as hosis are 2ither
reated at the same time as the crop or removed fom the area where the plants
are growing. Host planis can te hedges. crasses. weeds, omamental pients in
garcens. a particular plant or group of plants of a particular clone in a crop or
even dead trees or old wooden fiings. Where a problem exists. the identfica-
don of the source and its treatment or removal will greatly reduce the subse-

quent levels of infecton.

[n spite of taking every precaution to avoid fungal problems. special ciimatic
conditions prevail from dme to time which makes chemical control a necessity.
This is proving increasingly frequent in the production of Proteaceae in both the
nursery phase and in cut flower plantations where the practice of mono-culture
at high densities, sometimes in less than ideal situations, creates conditions that
foster fungi not previously known to invade Proteaceae. There have been
several notable dévelopments of fungi in New Zealand over the past few years
in Proteaceae crops. These are: Wiri Wiri Wilt, an undefined problem princi-
pally confined to the Leucadendron cv. “Safari Sunset™; silver blight in Leuca-
dendrons; and a new strain of drechslera in Leucospermums. It is also probable
that many fungal problems in production nurseries are unwittingly being carried
over from one years crop to another by the practice of propagating from mat-
erial harvested from production beds rather than stock plantations. Early signs
of infection are much easier to detect in well maintained stock plantations than

they are in production beds. »
Most fungi may be controlled but once it is present it is improbable that it will be
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eliminated in any crop. Because of this it is necessary to continually monitor the
crop and apply chemicals to control fungal invasion. If it is uncontrollable, re-
move the plants. This is particularly so in commercial crops when the plantation
is made up of a plant population of mono or near mono speciesivarieties.
Problems will normally be of a lesser degree in landscape culture where plant
population is less intense.

The following information is given as a general guide to the control of fungi. As
the problems that will, be encountered vary so much from one location to
another and all chemicals are not universally available it will be necessary for
operators to implement their own specific treatments for the special problemns
they will encounter. In commercial use. expert advice should be sought from
the agriculturel chemicals division of the parent distributing company for full
information of their product’s effectiveness in controlling specific fungi and the
correct method and rates of application to gain that control. Don't rely on what
the local nursery shop assistant tells you.

9:10 PHYTOPHTHORA CINNAMOMI

One of the principal fungi that affects Proteaceae below the ¢round is phuto-
phthora cinnemomi. This is present in many soils through out the world and it

Liag

affects Proteaceae plants wherever they are grown.

It is 2 water-beme spore which under the right concitons can muliply at
something like forty eight times every twenir four hours. To co this it neecs
temperatures of above about 18°C (65°F) and a high water content in the soil. It
is in the conditions experenced when heavy summer rains occur that this fungi
beccmes a problem. Phutophthora is not usually a problem during the winter
months when temperatures are often below danger level.

In a nursery or plantation situation there are a number of measures that can be
taken to control and avcid it such as making sure that the medium is clean from
infecion before you start, that it is not like a sponge and holds excessive
quantities of water, that it is treated with chemicals as a preventive measure and
that there are no “ponds” in the container area. Field control is difficult and
every precaution should be taken to choose sites that are well drained and
make sure that the plants are free of the problem before planting. There is
evidence that indicates that a heavy sward of clover in a plantation helps to
minimise the active presence of Phytophthora. Initially this was believed to be
because a heavy cover of clover helps to keep the soil temperature down but
there are now indications that it may also be because of the increased micro-
organism activity clover fosters in the soil. The introduction and fostering of
certain micro-organisms in our container mixes and plantations may be the key

to the control of many fungal problems including Phytophthora in Proteaceae.
[Ref. 17:3 for further information].

The chemicals that have been available and used in Phytophthora control are
Terrazole in both wettable powder and emulsion forms, Ridomil and Alliette in

98

L il

e

¢ have shown an intolerance o other than low

\p form. All of these have been found to be useful materials but no; Enéakioli
'Terr.azol Wp when incorporateddin thbe porja;ng n;igst:rjtf;tearzt:ﬁgd g Sixglo
r cubic metre has been found to De quite Satsi 3 peri :
zieg,ht weeks. It should then be backed up mt_h cither Terrazole in the emulsion

form or one of the other two (Ridomil or Alliette).

i i over-
If Terrazole in the emulsion form is use_ed it may _be applxegot:srz?gkiatseen. ien
head watering systern quite safely provxdec_i certain preclau e i
period when it is likely to have to be used is about the or;gms e
will be considerable soft vegetative growth on the young p; no(.unde! i e
it in this manner it is important to make sure the plants ar B tara the
.t all fom dehydration. The plants should be well watered the day U il
et lis to be applied. They should also be damped down just priot 10 7
opication of the chemi'cal which may either be injected into the xuatcxiaptnigs
?ﬁgcrsngrnsprayed on at the appropriate rate. Whichever m{thiigi:;-aoﬁlthe
i:nuponant to water again immediately_to ensure 'thehChSE:EraollZf Ph\;toohghora
foliage. Never apply any of the El’}emlcals1 ucsiedhx; ér'e = etk
when temperatures are atove 25°C coupled with brig

Ision that has been used szig

~ I S, W e
The rate of epplication of Tertezose 2 bic metre of medium in

and with satisiactory control is 25mls cohr‘xcgmrate per C‘%ZOOO e
the nots. This should be appiied at a cilugon rate of 1: SaR n.~5 e
{l5r:1 container. This is equivalent o 1ml concentrate to 10 p a“éi Caﬂy;m =
i o b le (¥ Gllic.. . it A i = § n i

i . PR5's. Failure to keep to this rate 2 1S
~ors or 1mi to 8 plants in PBS s. Failure to % ep e o b
5 ccadure outined may result in Dum 10 ine ‘oliage 2nd e
pr cure O ined Vres 4 s =I5 o Bk
This material should not be used on ccedlings un:ﬂ they 1aalet )\Le t
and harceried off unless it is diluted at 1:10.000, (1mi to Je

i ERY I s Proteaceae

Ridomil should be used with restraint espec:alAyleta‘;me[ssnlilltehr_‘fl;r;‘t‘se:a‘h ey
: 5 - <
curing hot bright weather. When this chemical is used it must bti;;zgf:;ialrt\hzx
it will only travel in an upward direction in the plant and as it is il
is being treated it must be flushed down to that }evel. Qn younfg Fa);ter 50
eight to ten leaves, a rate of 3mgm of 25% Wp m.txed wmt_h 11t zo\gcomro.l. o
and applied as a wetting drefnch an?ltl'é%rz) t)'lu;l'r\:ydexé\ ::ngéxéeglgms ot
Jarger plants Smgm in 1it. of water (1: s R o v

bS's) and then flushed in has been used witf i
SgtSCﬁOn)_ A second application at these rates within 60 dayls gaypiaussc i
der in the leaves of some varieties espeqaﬂy Ld. laureo Tli; is,diso.rder e
cephalla and stokoei and to a lesser degree in many others. o
fi ;; hows up as rainbow colouring in the leaves is not fatal bu e
czrxsusz at least a check in the growth rate or 2 total. stop todgr?u“gently it
following spring. I have found Ridomil a good material if used p sdanty
s?mould r?otpbe used on very young plants or unrooted cuttings as it may

rooting. -
i for several years !
; been used under controlled expgnments D s
gl}?:st: gﬁpro;agaﬁon, right from small seedling and freshly set cutting
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\ﬁ?ﬁgsgﬁnﬂﬁiiﬁ oldddpianp It. Is a systernic material but unlike Ricomi] it
arc directon in a plant which enables it to be spraved on

ot nec in. It also is 5
olants 1 150 pote win g00d promns l;izd;atsthe rate of Smgm per It per 50

33?%35{;12 %?Sigg&e;"‘“ of it being applied to plants under stress. Trials carried
Sl 2t ot Srs On a range of varieties in our nursery in 2lt pots and
g spray at Smgm per It water at thirty day intervals through-

out the summer gave comp|
et i i
Ot e s pblete control with no side effects on some 20 vari-

chemicals available in some reqi
reqions and the use of
has also been reported to have had some success Pho

9:11 OTHER SOIL-BASED FUNG]

There are a number of o
plants. These are not usuall
of concern in the nurse
freshiv rooted cutirgs.

g

th il- i whi i

y Zr soxé'base_d fungi which can infect Proteaceae
el 2 prodlem in older established plants but they are
TV stage of production especially in seeclings and in

The princi 3 i
Sapepcongzl ones a[;e Fusarium and Rhizoc:onia. These nrolifrate under th
n T = a bt wnler
ttons as Phuterhinora and good drainage a: surace lovel i do
- . Le av sSuna VeI WL dOo
( anis. The inciderce ¢f lcw
T movemernt fosier the ceveiop of
! points when hanciing
>sue near ground level. The light leve! at the base

plants that have a lot of soft #

of the plants recuc i
es as the foliage canopy grows, when wead growih becomes

wory of the sun declines as summer proegress into
reason why ground ievel
@ propaganon the setting
willalso cause problems.

excessive and when the trajec

\f,::int_er. The change in the sun’s trajectory is oken the
ngr l;eco_me a problem in late autumn. In vegetativ
of cuttings in the trays/beds at a density that is too high

Whilst prevention through attention to mediums wa
results will be achieved b

"Antracol, Thiram and Ro

high-volume water method of LS
: applica
ing almost total control. pplication has prov

9:12 FUNGI ABOVE THE GROUND

The fungi whx't-:h invade Proteaceae above ground level are maﬁy and vary
possible to generalize

~structions for treating Proteaceae are seldom found in the instructions on the

chemical packets and that any country can have different brand names for the
same chemical, eg. Captan = Orthocide. However as most of the fungi found
on Proteaceae are also found on many other species of plants it is safe in most
cases to use the lower rates recommended for omamentals on the packets of
any partcular product.

9:13 BOTRYTIS

The most common fungi that will have to be dealt with is Borrutis cinerea. This
fungi is present almost everywhere and will be found on most plant species. In
Proteaceae it will affect all varieties to some extent with those with hairy leaves
being at the top of the scale and those with smooth leaves being least affected.
At and above thic105 (th/f160) conditions all varieties may be affected to some
degree in the growth tips, immature leaves and flower buds. Commercial van-
eties that are particularly susceptible to this fungi are Pr. magnifica and Lsp.
cordifolium, but all varieties are at risk.

The problem almost always invades the plant at the soft growth tip or edges of
the youngest leaves and forms a greyv powdery mildew which under the right
cendizens ¢zn spreacd rapidly and once esiablished may invade oider leaf and
stern fssue. The best control is to provide good air movement, but during hich
risk periocs this will have to be backed up by the agpiication of chemicals. liis
much beter to anticipate the proclem and apply the chemicals as a preventve
measur2 than to have to eliminate it once it is estatlished. Capian. Difolatar.
Ronilan and the systemic Benlate will el contrel this fungus provided they are
appliec as a regtler maintenance curing hich risk periods.

At the same tirre that Botrytis is present and active there will also be other fundi
active and it is diffcult without expert identfiication 1o identity which ones they
are. Fortunately most of these are controlled by the application of the chemicals
listed above.

9:14 PESTALOTIA

If fungal problems persist following treatment for Botrytis the plants are prob-
ably infected with Pestalotia. This fungi is more likely to appear in the early
autumn than the spring/summer seasons and once established can persist
through the winter. It can however be a serious problem on seedlings in the
spring and is usually fatal. It mostly affects Leucadendrons and Protea and is
seldom seen on Leucospermums. It first appears as a brown lesion on the leaf,
ustiall; towards the tip but may be on the side about half way along. It appears
to start where there has been minor tissue damage to the leaf area caused by
photo-sensitivity to sunlight, wind or chemical bum, insect damage etc. In the
winter it often becomes active in a plantation or container stock following minor
frost damage to the foliage. Its incidence seems to be related to constantly high
humidity levels coupled with low daily aggregates of light (j/lu) irrespective of
temperature levels. As it develops a dark brown to black fringe shows on the
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side of the infected part. This fringe is alwaus on the sice which is nearest th

stem of the plant. If it is left unchecked it will progress quite rapicly ]res t.He
leaf and eventually it will enter the plant stem via the leaf e‘,ici‘“‘y[:aho;ng e
pens on young plants it will often kill them. ' petiole. & this hap-

When Pestalotia becomes established it is difficult to eracicate and a close

watch must be kept for several months thr i i
vatch must b ough u hen i i
situation it will usually disappear of its Srond. png when n 2 Pyntaton

weather will do nothing to arrest its progress.

Coounntrol llzntgsy.fprayinbg with Benlate:Captan, Octave and the systemic Tilt. On

?:;,ur grges toxarr?easgi iz necessary todapply these at three dav intervals three or
S progress and control it. Another chemic ict

' > | s . her chemical which ha

shown quick and good short-term control is Antracol. This is 2 chemical which i:

used extensively in the control of late blight i
be safe with no toxic side affocts, Ightin potatces and has been found to

at ; . .
Treatment should continue untl the dark brown. black edge dis
becomes a grey‘brown colour. As | e e and
ety 1 oy-brown colour. ongas the black edging is prasent the fungiis
suil ective. If the infection is not wicdespread consideration shculd be o e

! e brs Tanaor O e given to
c]gp?lpg off all_m.ecr.ed leaves and burning them. This is not a su':)s‘iu‘el"L
epelving chemnicals and these should sill be applied as outlined >"‘O"eh o

9:15 DRECHSILERA

Drr(::cen's(l)czr_a:j can.b;]z a ser;‘ous protlem parscularly in Leucosgermums and in

i(,jt .:‘OAWQ: iSnn;OxstSibals m[fc_:e the co;‘nmercial procducton of Lsp.' corcifolium as“aA
i e. itis partcularly prevalent j |

cu rim : B\ nt in areas tha: have hj

idity and is virtually unknown in low humidity areas ¥ rese mgh fum-

D eChS.‘e'a ]S Wlde]y d‘- i Ute 'll aQ i u mm n h(‘ n:e¢ C -
T M .Stﬂb d 1 varno ! inf
. S fO S anc S i !
- . - inelied LQUCO
s: pennUHlS “.\- \/()Uth IA.AI.ACa. AUS'Cl'aha a d New ; ea!?‘“. Uy'iu] ca] ;l cou '[:' l a\,-r (Z
its own pdruculal smn. It 1S lder'ltmed llllDa”y as I I

916 SILVER [ EAF (Commoﬁ name.). !

This fungi which is common} i "
] y called Silver Leaf or sometimes Sil ight i
commonly found in stone fruit crops and has now become els‘tlaegligll:ggtil:
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Leucadendron plantations in New Zealanc. The incidence of this fungi in Pro-
teaceze crops in New Zealand is probably primarily due to the pracice of
growing willow shelter belts. Willows are one of the principal hosts of silver leaf.
It is easily detected in Leucadendron plants as they take on a slightly silvery
appearance in the leaf and the bracts become pinkish and are usually slightly
stunted. The plants become infected through cuts from harvesting the crop or
pruning. Greatest danger of infection appears to be when severe pruning is
carried out in the spring especially after sap flow has begun.

Control is by good hygiene at zll imes and the spraving of all cuts following
harvesting or pruning with Difolatan. Captan + Benlate. Once estabiished it is
almest impossible to eradicate and it is best to remove infected plants from a
plantation as they are a consiant source of infection to others.

Footnote:- A veryv recent development in the control of silver leaf is currently
under trial by some New Zealand growers. Treatment involves implanting plugs
containing micro-organisms into the infected plants. This control measure was
developed to control the problem in stone fruit crops where it is showing

promise.

9:17 SEPTORIA

A short period of high humicity about two months after the longest day appears
to tricger Septoria infection of plants. It shows as an orange spot with a dark
edge and infecton can reach a level that the leaf area of a plant is virtuelly
ccmpiately coverad by these spois. At this level it is very disfiguring and ren-
ders the crop unsaiatle. [t has teen noted on manv occasions that the greatest
incidence of this fungi hes been where piants have been in close nroxmity o
poplar and willow shelter belts incicatng either that these mav be a host or that
they are creating a humidiry rap that triggers cff the proviem.

Once infected there is no way that the disfigurement of the leaves can be
repaired. For a commercial crop it is therelore necessary to cary out prevent-
ative spraving with Benlate. and if the host source can be identified by remov-
ing it.

Infection by Septora 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 does not show up to a casual observation
until the onset of colder weather. These lesions however sometimes become

infected by fungi as a secondary problem. p

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 physical disorder that is peculiar to particular clong. or
whether it'is the result of photo-sensitivity, reaction to chemicals, fungal inva-
sion or unusual “one-off” weather conditions such as salt bum, wind damage
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etc. If an analusis is made of tip die-back. the results often show that “there are

pathogens present of a secondary nature™. or in other words it is an indefinable

problem. [t is often confined to one or two particular clones in anv specific

climate. eg. Pr. Clarks Red. Best control is to discard the clones that are ;ro.ne

:g these disorders in your particular climate and grow those that do not have
em.

9:19 WATER-SOAKED SPOT AND LEAF COL L APSE

Itis not clear whether this is a physical disorder which is then invaded by fung
or whether it is an unidentified fungi which causes the conditon. The probler?':
is most prevalent in Leucadendrons but occasionally shows in Protea and
Leucospermums. It can occur in both field and propagation situations an_d first
shows as a water soaked patch on leaves. [ts appearance is always associated
with periods of low light and low daily aggregate j-lu levels. Certain var;eries of
Leucadendrons are very prone to the problem, notably Ld. strobilin.um and
hybrids. ie cv.”Safari Sunset™ and “"Red Gem", but almost anvy varet b

hyorids. st any variety can be

Research carried out several vears ago showed that the preblem couid be
induced in almost any variety of Proteaceae by keeping them unf:.'.r x:';low
light conditons. [n the trials cuttings of 2 number of varieties were sar ;Y;'P’EK:'S
and they were then placed under shade that resmicted the maxi'n':; Lo o
2500 frc with 2 cay aggregate of 15,000 . By the fourh cay Le. soob frv
and Rgd Gem were affected, by the seventh dav almost all Le'...'ca“‘"'o:lf:"lmrl*:
were showing signs of collapse and by the tenth day almost ali vare:e; Hﬂée:
test had contrac:ed the problem. ’ T

The problem can occur at any ime of the year when there is a period of severs|
consecutive days when there are very low light leveis because cf heavy c;oi;(‘:'
cover. The preblem compounds during the late autumn . early so'r"‘.oj éﬁod
when daylight hours are short and it will mosty appear during that pe:opd

Treatment with the fungicides Captan/Ronilan plus Benlate at three day inter-
vals appears to restrict its progress but it is not clear whether this is entrely the
case or whether an improvement is brought about be¢ause of a natural in-
crease in light. Whatever is the case the application of the chemicals does
control any secondary infection that may occur in the damaged tissue. '

If the problem occurs in the propagation area, the best treatment is to

the cuttings to as much light as is permissable for their stage of develo;)r(npe:.)r?te
and b0 rev.:iuce the frequency that water is being applied. These measure.;
together with the application of the chemicals will usually suppress any further
progress of the problem. In a field situation, besides spraying with chemicals
the removal of unwanted foliage to let more light and air,movement throu h
the crop will help to lower the incidence of further outbreaks. s

Water-soaked spot can be confused with frost dama i
4 ge sometimes seen on set
cutfings after a frost of -4°C or more. This has a similar appearance. The effects
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from frost damage. unless severe will however disappear of its own accord on
the third to fifth day but may leave scarred tissue.

9:20 THE CONTROL OF PESTS — OVERVIEW

In the cultivation of Proteaceae the amount of control that must be exercised
over pests depends somewhat on the end use of the flowers foiiage. [f the
plants are being grown for garden/landscape uses. they will usually perform
quite well with minimal pest control. If however the piants are in a commercial
plantation and the product is to be used in the cut flower trade the control of
insects in the crop is of major importance. All damage caused to plant tissue wil,
either deface it (holes in leaves etc) or will greatly affect its vase life perform-
ance.

The efficiency of insect control is dependent on two major aspects. The first is
the competence with which the insectcides are applied. Modem chemicals are
very efficient and providec the correct one is used to control a pardcular insect.
it is applied at the correct rate for the stage of development of the pest and it is
adequately and eveniy dispersed through out the crop. control will be
achieved. A short cut on any one of these will reduce the efficiency of conirol.

The second aspec: is the presence of host plants either surrounding or within
the plantation. These can be anything rom weed growth, grasses. shelter ceits.

omamental or producten gients within the plantaton. | these are not treaie a:
the same time as the crcp or removed from the cropping area they are 2
constant source of re-infesizdon. If they can not be weated or removed main:
tenance spraying wiil have 1o be carried out much more freguentvy.

It is not possitle or desirabie to xill everything in an area but it is necessan, 0
control insect populatons to acceptatie levels 1o enabie a proiitacle crop to Te

harvested. The {oilowing is an cutline of what insects can be expected and how
to control them.

9:21 NEMATODES

By far the most serious soil-bome pest problem in Proteaceae is nematodes.
These are found in most places where these plants are grown and in some of
the hotter climates can become quite a serious problem. In the more temperate
climates such as New Zealand they are not a problem. Nematodes are
somewhat of a local problem in various locations and expert advice should be
sought where they are serious.

Studies in South Africa indicate that although nematodes are present in the soil
in many locations, the.occurrence of the problem in cultivated plantations prob-
ably originates in the nursery phase of the plants development rather than
infection after planting.

There are soil treatments that can be carried out to control itsoresence but
once it is established in adult plants there is little that can be donic2 eradicate
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it. At high lev S
g els of infestation It causes general jj thrift i .25 which in an

advanced stage become unproductive

9:220OTHER S OIL-BORNE PES IS

There are

degree. Thgzn!\ja?;o;rnec;iaségmpesm WhiCh_ will affect Fioncaceae to some

gophers in California to grass gmbsoigeNleouc/aZn;ar; t% anoth:: .l range from
and,

The soil-borne insec

plants that are [ess thteslnﬁ:s:efeed ON root tissue are 3 problein. especially on

pests. the caterpillars fon] onetg/ears old. In the case of grass autbs and similar

inches) and when population € young roots of plants to a depth of 30cm (12

serious semi-permanent d ° r?ach ten to the square foot they can cause
amage to the root system which wiit aitcct the plant's

further development.

used as a control. T

applied in the auturr}q]isriuaerliem::s”ﬁ slow acting and to be full,; th'ctive must be

mum active period which is iUS[Ze < befo_r'e the insects would 1.10h their maxi-

to run bantams (hens and rege: efore midwinter. Another mvtl of control is
foosters) in the plantaron at the rabe of seven per

hectare (three per a }
cre i
snails. weeviis s:c and )w:lI;r::e:fg :M“ control virually all soil-barm nsects. shugs
; o b alzo keep ¢ Ulatioae T
ground pests 10 low svels. ReeD the populatiors of many o the above the

25 TEMPORARY

225 IEMPORRRY VISITORS ABOVE T4 Groun

The :emporan, vis: . = :

flies etc.. and thgs:tohrztzrreemosé that visit on a daily basis, b, wasps. buter-

basis such as earwigs woodrlr;?(:Jgp{izund only.in the fower he.fs on @ seasonel

b lice. ers etc. All of ¢ ol

plois b1 e b st b o Tauar oy s 1 SR 0 e

{ H n ‘N - . rean ! i ‘nen

heads. Those thagt ea::;(?sret;d especially when they lay their e’;’"'l' in the flower
sonally re_s:dem in the flower heads “uch as spiders

9:24 PERMANENT RESIDENTS ABO VE THE GROUND

These are perman i
three basic types: ;rrlsti_y t‘::'iint on the plant or within the plantation and cover
ewing and sucking ones (leaf rrlle:rs, loop cater-

pillars, weevils, aphids etc._ )- :
scales. All of these can be )' second, the mites, thrips and red spa<der. and finally

which each is present [ ;

the Proteaceae or adjac;):: ﬁOpulanon levels are present at al! urnes on either

cipate when sharp rises in m.mcq)gt Plants. Local knowledge is re-;uired to anti-
ers will endanger the crop an+! .74 10 control
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9:25 CHEWING AND SUCKING INSECTS

Caterpillars. adult aphics and weevils at the highly mobile stage are the prob-
lems of this group. Eggs are laid by the adults usuallv on the under side of the
leaf. in the flower head or in the case of the leaf roller within the ferminai tip.
When they hatch they feed on the foliage. They usually render Leucadendrons
unsalable. Control is by the application of insecticides. usually systemic. such as
Lorsban. Lannate. Orthene etc. The effectivness of control is reliant on geming
total cover and penetration of the crops foliage and this should really be ex-
tended to host plants such as hecges etc. These are a constant source of rapid
re-infestation of crops especially if only contact type chemicals are being used.
In the case of weevils it is ground litter that is the host. Some weevils live there
by day and invade the plants by night. As some of these pests cucle about every
seventeen days it is necessary to treat commercial crops where problems exist

every twelve to fifteen days.

9:26 MITES, THRIPS, RED SPIDER

These can become a sericus probiem on many varietes of Protea and 1o a

lesser degree on Leucadendrons and Leucospermums. Without cenirol they

arz present to scme extent ai the ime on many varietes. They normelly reach

a peak of populaton by late auiumn each year. They are very minute and a

10X magnifving glass is needed 1o see them. Aithough they live on the unde:-

sice of the leaves. the first signs that thev are present is an crang2 brown

smudging on the upper surface of :ome ¢! the lower leaves. This isin faci ihe

droppings from the insec’s living on ihe ieaves abcve. Under high infestation

the invaded leaves take on a silvery appearance which is at times misizken for
Silver Blight.

Most areas where Proteaceae are grown experience dry autumns and this
coincides with the peak pepulatens of these pests. The result of this is that they
cause severe cehydration of the plants. sometimes partial defoliation and if the
crop is one that produces flowers, causes serious post-harves: problems of the
crops. The practice of exercising packhouse control of these pests when the
flowers are being processed and packed for sale will do nothing to correct the
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 rest of its harvest season.

Severe infestation is difficult to control and it is usually necessary to spray
several times four to five days apart using a miticide as distinct from insecticide.
A wetting agent must be used and a full cover of spray on the underside of the
leaves must be achieved. Best control is by preventing population build-up.
Where it is known that the problem exists, miticide should be incorporated in
the general maintenance spray programme prior to the build-up period which

starts soon after the longest day.

Certain plants are known hosts of these pests, in particular Rhododendrons,
some conifers particularly Juniper and Picea and sometimes one particular
plant of a Protea in a plantation. If such a plant is present it should be removed
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from the plamau' . ifer
on and Conlfe 2> and Rhod ) . ; L]
.l t : - ocencrons should be treated at the

9:27 SCALES

Thes insects with i

m a];aor:t xgrs]icsaxrt;t::, linle power of locomot_ion and in Proteaceae they can be

o amost any oniu)' pzmculariy. Pr. grandiceps. magnifica. repens. neriifolia

e vona ) and cynaroides (some varants only). They also infest
popuiations on these can reach immense proportions =

There ar i
o Ieavei Zerviial d_lh'erent types of scale all of which live on the underside of
couse of thi it (-:aSIOna”y on the stems but always out of direct sunlight. B
thrips and mxte?t:re oftenhnot detected until flowers are being harvestgd .Likee-
- an ey reach a peak of population in '
g ° the late au i wi
persist through the winter causing dehydration of the leaves tumn and will

In a plantati : .

tg ﬁrfda;];anhc'm 'thaht nas been established from seedling stock it is quite co

infosted angn'} ;nglv1dual Plants acting as a host. These plants can be hrzm?n
" left uncontrolled act as a continuous source of re-‘nfestadoanmosé

the plant from
. ale populatens to a low
10 Ceargrotlemitisim

v €2 protiem itis important
whether 3 pargeln: c‘of]:ugrgvglr?:rﬁ iioqu @ commerciel pianiadon to ascertain
don’t plant it! Known (o be suscepzbie to scale. If it is

the plantation. This wij| 3o a long wav to keeping sc

Ie..'el' If you live in an area where scale is known
when planning and sol

Contro 1S is 4ifE
Cicas, "ll‘hoefsteh;sicfegf-f: Gf”f““ as they are to some degree resisiant 10 insecs-
oy cates .‘oiiag;e bluweu a: Maximum rates with wering agents acded which
may ¢ e ! acmev; on some varieges. It has been ‘cung that reasonable
wering aqont ani acol; dsarely by using Malathion in combinzticn with a good
fungicide. This musriée‘e as a spray on its ow'n.and not in combination with a
level. Contzal o e ;praye'd on the_ under sides of the leaves to a full run off
S 2 achieved with the applicaton of scraving cil but this
€€ Gunng hot weather o i t it

from dehydratian oo i Ean Ca\:;:;x:ver; af;l&;:y tz;r_me tl:jat the plant is under stress
tion can be removed by hand but it is labousrxeinr::srivzrs‘l Fowlevels ofinfesta-

k]
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SECTION TEN

Plantation Environment and
Selection of Varieties

10:1 OVERVIEW

Almost all commercial plantations are esteblished on land that is already con-
trolled by the grower and in my experience it is rare that an intending grower
decides which varieties/clones will be grown and then selects the perfect site for
them. On any site or in any particular environment it is impossible to grow all
commercial varieties to high standards of quality and profitability because of
their differing environmental needs. The environment of any paricular site
determines which varieties can be grown successfully and what steps will have
to be taken to protect the plants against acverse affects (if any) to procuce a
sadsiactory result.

The growth and performance of plants are influenced by four climagc faciers.
light. water. air movement and temperature. Al of these are significant in the
precucgon of a cut flower crop. These facicrs make up he “climaie’ as they
aizo did during the propagation and growing on phases. In a plantation there is
a £&h facior to consicer. that of the seil nwpez and strucmere. This fifth dimension
compietes the “envircnment” of the field situadon. As it is virually impossitle
10 change or influence the soil to any cegree. this must be the first censicera-
don when choosing a site.

10:.2SOIL STRUCTUR=

The structure of the soil will determine whether Prcteaceae plants can be
grown at all in any particular site. It is impossible to grow any varieties of these
piants successfully in soils such as very wet heavy clays and silts, or in limestone
areas where there is excessively high pH.

Because of the composition and structure of the roots of these plants it is
necessary to provide a free-draining soil type which never gets waterlogged
even during the wettest seasons. Heavy clays and silts fail in meeting this
criteria especially on flat land where the water-table can come within a few
centimeters of the surface 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 texture, it only lowers the water-table. Observations 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 life
expectancy of the plants is considerably reduced.

Suitable soil types are those that are free draining to a depth of at least 90cm
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(3feet) and preferably retain moisture at least to some degree under dry
weather conditions in the lower levels either through their texture or their
ability to act in a capillary manner from moisture bearing substrata levels,

Suitable soils are those where the top soils are derived from: decomposed
granite. weathered sandstones, loams. pumice conglomerates, lava. and scoria
of volcanic origin, alluvial sands and gravels. These are al| suitable provided the
pH. is below 5.5 and they do not contain high levels of phosphate.

Land that is or has grown upland fem species (bracken)
always grow excellent crops of Proteaceae [ref. 17:3].

10:3 CLIMATE — LIGHT

Plants of all varieties of Proteaceze are sensitive to light. When a plant is
subjected to a light level outside of that to which it is genetically atuned. it wll
react by showing leaf and or bud scorch and general ill thrikt at excessively high

levels, or alternatively disease accompanied by tissue break down at ex-
cessively low levels.

and reed npe grasses

There are areas where Proteaceae are being grown that have oo much |

light to
grow some varietes/clones consistently to the necessary quality that some flor-
cuitcral markets cemand. In Some areas of New Zealand. Hawaii. Caiifomia.

Austraiia and in scme of the coastal areas of South Africa. it is the grey. grey tive
and in the case of Leucadendrons the reddish leaf varietios that periorm the
best. These varieties wijj tolerate far more light than the green leai forms which
will perform pooriy in high radiation areas and produce fowers that have a
bumt appearance that give an inadequate post-harvest periormance. In pient-
ations that have been established from seedling stock in Hawaii and California.
it is always the blue‘grey leaf forms that produce the be

product. All of the selections that have been mad

est and most saleable
e as being superior siock that |
have seen in those countries have had that leaf form.

The effects of high light levels on adult plants in a field-situation can not be

rtant to recognise the fact that
there are two aspects to consider, that of the intensity in f/c and that of daily

three years
old, high levels of either one or a combination of both will affect the plant. With

the daily aggregate of j/lu that will be the controlling factor.

Observations in New Zealand show that with adult pla.l';ts. (t.‘ogr yeaerlzaar;fdegv:rr]t
t I i 1l not advers _
ight levels of up to 9,000 ft/c for six hours per day wil a ely _
]clgmmercial varF;ery provided they have adequate soil mOIsLur;”(‘:)g ce;*r.]ukr):iri
(ref 12:2]. If however plants are exposed to 9,000 ftc f?)rOaOO ”llu Z{\d g
summer it will give an accumulated day algfgr?fga;e of‘ ltjles- m'thl'green i
intai it wi varie ;
level is maintained for several weeks it will affec . e
ne first si is i flower bud scorch. This level of rad
The first sign of this is usually seen as g i e i
seld ffects varieties with blue or grey leaves ut may :
;jgi?o:::h. These observations have been made du_r.ng average s'umm?r cor;n
din‘or;s with daily temperatures of 30°C (85°F) maximum. little air moveme
and adequate soil moisture.

In areas where there is evidence of there being too much ligh‘t' f_o’r tb'.e zzr;?txjrsl
being c~on5idered or grown. it will be found that siting the sen;ih\.e ;anis ;ere
sioping ground facing away from the sun (noqh faces 1n.lrlxon eén il ;tahose
OF facing slopes in the southem lj.eml_?pbere)vm grea y 1 i
o S'Ot‘lthh sensitive to high levels of radiation. All the best p arf\tauon?
?'anznizetﬂaitwa;er; countries 1 have uisited are those facing away from the
nav n in an

alfternoon sun.

10:4 CLIMATE — RAINFALL IR
iced tf il s ire is free draining. many Prctea will tolerate and i

Proviced the soil structure is free dr g, ey Prolen e e
: ‘Oiz.(—i‘es creatly benefit from annuai rainfell of up o ZOOO[mrn.?’(ggm:r =
scme cases crea T : : . : = ek
x:'”ils: at the other end of the scale they will survive with as lmf a: o e
i I.He<‘ There are however a number of factors governing their t

ncnes;. T : LT o

nhigh rainfall or survival in low rainfall areas.

Proteaceae are rhythm plants, and as such some var’.cides havel? i;e\::z; r:::i-
5 1 lerate higﬁ rainfalls during certain seasons _of the year. Itis tlhax il
vains are ¢ rienced in a variety's varant's traditonal dry periods dph' A
fams arce:uerxgsfapecially if the rains are accompanied by high hum}dxtydz:ing ;ﬁe
tZQi)grcathes. With all commercial crops. ﬁequent and heav;;g\clesady g e
of harvest will cause fungal problems in Fhe‘ flowers p . Ty at te
;Saiar:?l?res over 18°C (65°F) and /or when there is little or no air mo

i i icularly in the spring during the annual
o sotat Whmwiesrs lSel‘.)t‘i':erraelriTSfah!lt'tlgir::acnce gf consistently growing a salteagg
vegeta:r‘galgroo unl?;s'supplementary water is available. Unless gdequa 2 o
et craigtained plants will invariably grow short stems w'hxch are Sneh
mnc;l;lnel:)l: rX partial e;(cepﬁon to this is where the top soil overhg: af:g::1 e
lL;ean'ng substrata and the plants are supplied by caplllarg wgitsetzr egduring =
Where this is the case and it is their sole source of soil m ke
lay?r- iods, commercial crops may be produced b.ut theydarbee uascceptable g
:gt]enngt !i:e!;tem, length and tu'mgg%f of hawisetm\t{:ri{sjt ut:tls; \‘:’n?it:/lal e g
ere is a big difference -
cﬁzﬁﬁﬁ lllze3 tgz;rrﬁmher igfon'nation on seasonal supply of water]

111



10:5 CLIMATE — AIR MOVEMENT

The amount of air movement and the season in which it occurs or is absent will
influence the health and cropping performance of plants. A near total absence
of air movement at any season of the year will foster the development of fungi.
especially if the humidity/temperature total is at. or above th/c105 (th/f160)
level. Grey, hairy and glaucous green leafed varieties are particularly suscept-
ible.

A lack of adequate air movement during the summer months creates conditions
where plants can suffer stress from high temperatures on the leaf surfaces
and/or in the flower buds. This can cause severe damage to the plants which
manifests itself as leaf bum and in the flowers either bud scorch or sometimes
causes immature buds to abort. The results of heat stress can often be seen on
Ld.laureolum as a galling effect on the bracts and in many of the Pr. neriifolia
variants as bud scorch. The problem is compounded where there is a shortage
of adequate soil moisture, the plant has a poor root system, there are salt-laden
winds or the plant is being grown in an area where the daily light aggregate
(ilu) is too high for that particular variety/clone. Fungi infection often initiates
later in the damaged leaf and bud tissue. It is imporant to have some air
movement when shade temperatures are 32°C (90°F) and ovar as the sun
temperature on the plant tissue is then usually over 55°C (130°F) which is when
real trouble starts.

Teo much air movement can be the cause of several problems with the most
obvious of these being the rocking effect that wind has on plens, pardculeriv in
the first three years of establishment. The effect of wind rock is greatly aggrava-
ted where soil-less mediums have teen used during the production of plants in
the nursery. Another problem, pardcularly if strong winds preveil through the
spring growth period is a shortening of the length of the flowering stems anc in
some cases a “hockey stick” affect These problems are the result of the de-
hydrating effects of the wind and may be confined to the windward sice of the
plants.

Strong and constant air movement will cause accelerated moisture losses from
the plants and ground surface which must be compensated for in low rainfall
areas. It does however almost completely eliminate the invasion of fungi in
virtually all varieties.

10:6 CLIMATE — TEMPERATURE

In nature each varetyfvarant 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 genefically attuned. If this should occur they can
suffer leaf 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 sometimes the govern-

112

L‘ strobilinum (male)

Ld. hybrid cv. “Red Gem’”
(spring colour)

Ld. hybrid cv. “Julie”

Ld. hybrid cv. “Pisa”

113



Pr. scolymocephaia

Pr. cynaroides
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Lsp. prostratum

Tolopea speciosissia
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ing factor in the success or failure of these plants. This was highlighted in New
Zealand in the early 1980s when large numbers of Ld.cv."Safari Sunset” were
planted in the Waikato in what tumed out to be “fros: pockets™ with disaszous
results.

Each variety, variant, clone has its own particular level of tolerance to sub-zero
temperatures. There are big variations even within a single variety with one
notable instdnce being that Lsp. cord. cv. “Harry Chittick™ will tolerate only
-3°C. (27°F) without damage where as Lsp. cord. cv. "Riverlea” will take up to
-6°C (21°F) without showing any lasting damage. It will however be completely
destroyed at -7°C.

The compounded effect of frosts on plant dssue is somewhat like that of light in
that the intensity of frost multiplied by the hours of duration compounds the
damage caused to the plant. When making observations and assessments it
should be bome in mind that although the frost may reach a maximum of -4°C
it would not reach that level for perhaps two or more hours after it starts
freezing and would probably rise to -3°C an hour before it thaws. Therefore
when a frost of -4°°C is lying for a total of eight hours it would give an accumula-
ted “frost factor™ of approximately 25 and it will cause the same amount of
camage as a -5°C frost of six hours duraZon with a fost factor also of approx-
imately 26.

This frost factor (ff) is very imporant when measuring frosts and &
whether it is possible to grow a commercial Proteaceae crop in a parncuiar
iccation. Although no research or formal cbservadens have been run 1o recorc
accurate data, the information so far gathered indicates thet a frost of minus two
cegrees Celsius, irrespective of the time itis lving has virtually no effect o plant
tissue. However when frosts exceed minus two degrees Celsius the formuia of.
“time X minus degrees = f/f” will determine the level of damage to plant tissue.
Where observations have been made it shows that most varieties begin to be
affected at f/f15. At /{20 the flowers and younger growths are damaged. At
f/f25 serious damage can be expected and at {/f30 most flowers and foliage of a
commercial crop will be destroyed imespective of the variety or age of the
plant

Observations that have been made over a number of years in my own location
show that plants will generally tolerate frosts of the following intensities for a five
hour duration. The five hour period was chosen because this is the average
duration of a frost in the location where | hive.

At -2°C (29°F) there will be no visible tissue damage to any variety. At -3°C
some varieties of Leucospermums and Proteas will show superficial damage to
immature growth tips in the autumn and usually severe damage to soft growth
tips in the spring. This damage in the spring 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 will show permanent damage to the last run of growth on plants of
up to three years old and in Leucadendrons some tip damage. At 5°C (23°f_:)
almost all varieties of all species up to four years old will be affected at least in
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the last growths and to some degree in the flowersbracts. These that suffer
damage at -4°C mavy die. Some exceptions to damage at -3°C are :he blue. grey
and grey hairy-leaf Proteas and a rare Leucospermum. At -6°C (21°F) there are
very few plants of less than five years old that won't te severelv affected or
killed and no flower or flower buds will survive to be a saleable product. The cut
off point for almost all varieties is -7°C {19°F) unless the plants are very old and
mature. One or two varnants of Pr. magnifica will survive but are unlikely to
produce flowers. One notable exception to this is the Australian Telopea which
will be undamaged even as young plants at this temperature. These will survive
down to -9°C (15°F) but will collapse at -10°C.

Generally piants will tolerate one more degree of frost for each vear of age. ie a
Pr.neriifolia cv. *Silver Tips™ will tolerate only -2°C at two vears but will with-
stand -4°C at four years old. However the cut off point of -7°C remains more or
less constant irrespective of the age or varety of the plant unless it is over ten
years and is more than 2.5meters (8 feet) high.

Frost levels should be assessed before any plantation esizblishment is com-
menced. This assessment should be carried out over a period of at least one full
winter and then correlated with the local meterological records to see if the
winter was atove or below average temperatures.

When measuring temperatures it is necessary to use maximum minimum
thermome:ars at 40cm. (157) above ground level in a number of locations on 2
properiv. There can be variaions of two 10 three decress Ceisivs between
points fifty merers (150 feet) apart especiallv if there is an unever conour. A
depression of only 30cm (12 inches) can create a “frost sccket” on fa:r land
where there is little or no night air movement and recorcings show that these
spot frost pockets are usually one to two degrees coider than the surrcunding
area. In some areas especially where the general land conicur is fat cver an
area of several square miles. frosts form in a layer with the greatest intensitv
between 15cm and 70cm above the ground. The colcest part in this layer is
sometimes only 20cm. deep and often lies at the 15¢m to 35 ¢m level or the 50
cm to 70 cm levek (5cm = 2 inches). Very severe damage has been noticed at
one or other of these levels with no damage above gr below. Air temperatures
at the 40cm. level on slopes are usually one or two degrees warmer than those
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 movement. | have never seen severe frost
damage on any variety planted on land with an incline of one in ten unless the
plants have been induced into an early winter growth by feeding or supplying
irrigation too late into the auturnn [ref.12:4 & 13:9] or the plants have been
planted through weed matting. When severe damage is experienced it is nec-
essary to carry out spedal procedures to assist plants jn recovery [ref.11:10].

The intensity of a frost can not 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 the air humidity at the time the frost is forming. It is possible to have
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a -5°C frost with little or no white hoar-fost or therz can be a -2°C frost with
quite an amount of white showing. The oniy possitle way of visually assessing
the degrees of frost is by measuring the thickness of ice which forms on water in
a container but not in a puddle on the ground. Every 1.5mm. (1/16 inch) of ice
equals minus one degree Celsius. This means that if there is 6mm. (1/4 inch) of
ice there is a -4°C frost. If there is 12mm. (1:2 inch) yvou will not be able tc grow
Proteaceae. This formula of measurement has been constant in every location
where | have-had the opportunity to record it.

10:7 ENVIRONMENT — SUMMARY

How suitable the environment of any site is for growing a Proteaceae crop will
be a compromisz of all of the foregoing factors. Depending on the varieties,
variants or clones planted there will be minimum parameters in each aspect
that will have to be adhered to ensure success.

The principal ones are;

The soil must be free draining and never get flooded or waterlogged. It
should have low levels of phosphate (15 to 20ppm) and preferably a maximum
pH. of 5.5. A slope facing away from the sun is much preferred to either a flat
site or a slcpe facing into the sun.

Light levels must be within the allowatie levels for the particular crop plan-
ted. Not below 40,000 jlu in winter and not much above 110,000 jlu for
summer should be satisfactory for most varietes.

Rainfall should be adegua:e to sustain growth pericularly during soring or
irmigadon must ke availeble. Low rainfzil is desirable during the seasons of
harvest. particularly if temperatures are 20°C and above.

Air movement should te adequate to “dry off” ‘cliace paricularly at tem-
peratures above 20°C. It should not ke of a velocity that causes the pianis to
rock in the ground or stunt the growsths cf the flowering stems.

Minimum temperatures should not exceed minus four degrees Celsius for
most mature crops. It is best if temperatures do not go below minus three
degrees Celsius except for very short duration, {one to two hours). Areas that
have frosts 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 beneficial as
they will arrest the development of most insects and fungi. When assessing
temperatures by the /f formula, regular frosts of {/f15 over a period of several
weeks would put serious doubts on the viability of the site, with £/£20 being too
great for most varieties.

- 10:8 SELECTION OF VARIETIES — GENERAL

Having established that the environment of the plantation site is suited to the
growing of Proteaceae, a number of factors which will influence profitability a.nd
efficiency must be considered. This file deals with the various aspects of setting
up a commercial plantation but as there are so many variables in such things as
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the terrain of the site. the climatic conditions and available markets for the end
product it is only possible to give a general outline.

There have been many thousands of plants planted that will never produce a
profitable crop, either because the plants were not matched to the climate, or
because the end product is not a saleable commodity. The reason 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 life or the flower
will not survive travel. from the production area to the end user (because of the
influence of the climate or it is genetically incapable of doing so). All of these
things must be considered and evaluated if the end result is to be a profitable
plantation. Plants of a variety should never be chosen because you have seen a
pretty picture, you personally happen to like that particular flower (others may
not) or because the plants just happened to be available at the supplying
nursery. In the last few years | have seen plantations where 80% of the plants
would fall into these categories and the production is not nor never will be
viably saleable.

Proteaceae flowers and foliage come in many forms. shapes and colours. If
they can be supplied to the market and give value to the end user almost all of
them would be a saleable commedity. However many of them travel poorly
and/or give a very short vase life. It is possible for producers with a market right
at their gate to supply local markets with vareties that are unsaleable to growers
who must send their product thousands of miles from one counzy o another. It
is a fact however that each year the florcultural trace is becoming more and
more discerning in the products it will handle. This is becausz of the ccninuous
litt in the quelity, supply and presentation of all types of flowers in all inter-
national markets and it is becoming increasingly difficuit to sell procuct that is
less than perfect in quality and value for money at any level of trede whether it
be the mass low-priced one or the high-priced “top shelf” one. Poor grades of
floral material of all types of flowers from alstromeria to zantedeschia that was
saleable eight years ago is no longer so and this trend will contnue. There are
many floral competitors to Proteaceae and it is imperative that to hold and
improve its place in the intermational 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 selecting varieties. First is whether
the end product of the chosen variety is acceptable to the end user and there-
fore saleable at prices viable to the producer. Second, will the plants adapt and
grow a‘satisfactory crop in the environment of the plantation. Both of these are
of the utmost importance. It is no use planting a variety that grows and crops
well if the flowers are not profitable while on the other hand it is no use planting
a variety that is known to be saleable unless you can grow and deliver it to the
end user at the levels of quality and the price that the market demands.

It is important to research the intended market before making a final choice of
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plant varieties. This is not an easy task as it involves evaluating what will be in
demand in four or five years time. There are a number of flowers that have
stood the test of time and it is unlikely that established varieties such as Pr.
neriifolia, cynaroides. magnifica, eximia. repens, some varietes of Leuco-
spermums. well-presented Leucadendrons. Serruria var. and Telopea will go
out of favour. However to stay competitive with other flowers it is imporiant to
lift the quality and introduce improved forms of these well-proven varieties.

When considering which varieties will be planted it must be bome in mind that
Pr. eximia and repens are often very poor travellers especially if grown in high
humidity areas and because of this if they are from locations with such con-
diions they must be considered only for local markets. Varetes of many
species other than those listed above can often be grown for a specific “spot”
local market.

The screening of Proteaceae species for cut flower clones is dealt wath in
Section Fifteen. This deals specifically with the selection of individual plants of a
particular variety which is then named as a “clone™. [t does not explore the
differences that exist between variants of a varety. [Ref. 1:5 for informatcn on
“varieties, “variants” and “clones’].

If seed is collected from a single stand of a variant of a variety in its natural
surroundings in South Africa, most plants that come from that seed will have
much the same inherent make up. There can however be big genetic dii-
ferences benwveen varants of each varety from seed collected from different
stands. The principal differences that will be noticed in a piantaten wiil be in
their overail tolerance to frost, humicity, rainfall pattern and lignt. The dit-
ferences in end product will be stem length flowering season, fiower colour.
bud scorch and in post harvest, vase life and their atiiity to travel.

Where vegetatvely produced plants of selected clones are not available and
seedling stock has to be used to establish a plantation. the selection of the
variant of a variety that is most suited to the environment of the plantation 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 evidence which is
substantiated by observations in many places, that this is the key to the produc-
tion of cut flowers from seedling based stock To do this it would be necessary
to identify which variant of say Pr. neriifolia growing naturally in South Africa
was most suited to an environment of X Y Z in the production country and
would then produce a flower that was acceptable in market A B C in Japan. A
high percentage of the resultant crop would be more or less uniform in flower-
ing season, colour, form and post harvest performance and would eliminate the
problems of the variables that are encountered at present. This is already being
done to some extent in South Africa. -

Irrespective of whether vegetatively or seedling produced stock is used to plant
a plantation, every effort should be made to ascertain whether 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 stock and will suit all locaticns. It won't. Some piants are
cuting grown because they happen to be an easy clone to root. not because
they are a good cut flower. Local knowledge or expert advice from persons
active in clonal selection and the production of flowers should be sougnt. It is
not an area where pure theory is enough.

10:9 VARIETY — FINAL CHOICE — (MARKET)

The choice of varieties to supply the market will fall into three general cat-
egories with the final selection depending on which market will be supplied. If it
is the local domestic market the range of acceptable product is greatly in-
creased as the material from most varieties will give at least a reasonable vase
life if it does not have to sustain long distance travel. At the other end of the
scale if production is intended for distant and very discriminating and high
priced markets, great care is needed in the final choice as there are few clones
of any variety that will produce a product that will sustain up to a week’s travel
and still give the consumer value for money. In the micdle is the situation
where it takes no more than three days for the product to get to a consumer
who only requires a low value. mass market type of flower Quite ofien the
production from a plantation will supply two of these possible markets. How-
ever there are production areas, such as New Zealand. where the only viable
market for Proteas are the discriminaing ones helf way arcund the worid. In
4is case less than the best is not good enough and the moto shouic always te.
“If it won't travel den't plant it”.

10:10 VARIETY — FINAL CHOICE — ENVIRONMENT

The matching of a variant/clone of any variety to the environment is important
If you don't get it right the resulting crop will be lower in volume. quelity and
value than it should be. Lack of qualified information makes it difficult to verify
what the performance of a particular variant or selected clone would be in a
given location. There are some proven facts that can be used as guide lines to
selecting plants for a particular climate and an observant grower can define with
some accuracy what the performance of a plant is likely 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 plantation. In general
terms the following outlines what could be expected of varieties and variants of
varieties that could be used for cut flower production. The frost tolerance is
given for a five hour sub-zero duration. In locations where frosts lie for much
longer periods than this the tolerance will be less, particularly in regard to flower

damage.

; 10:1_1 PROTEAS. The bearded forms. :

Without exception the blue and blue grey leaved plants will give the best
results particularly 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. This group are usually frost hardy to -5°C as adult bushes, flowers to
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-3°C. Flowers always travei well but foliage can be a problem if there is acdve
sap movement in the planis at harvest or until the plant reaches maturity at four
to five years. If this group are planted in low light areas or where there ar2 high
humidity/temperature periods. over th ¢ 105 (th.{160). some fungal problems
can be expected.

Closely following the blue and blue grey ones are the pale green or slightly
bronzed forms provided they have a red edging to the leaf. These will give a
good periormance in high light areas provided they have adequaie soil
moisture right through from spring to late autumn. This group mostiv have
flowers of clear colours and it will be found that those with slightly crinkled
leaves generally have brighter flowers. The group is frost hardy to -5°C as acult
bushes except those with crinkly leaves which will only take -3°C Fiowers of all
these will start to damage at -3°C Flowers of this group are inconsistent in their
post harvest and travelling performance. From seedling stock only about one in
fifteen would be of real merit as a cut flower and 40% will give very poor
wravelling and post-harvest value. However there are some cutsianding named
cut flower ciones in this croup. Fungal problems arz normally minimal in this
group provicded there is adeguate air movement.

Unless they are producing in low humidity areas the green leaf forms o nct
produce {lowers thet give gocc post harvest value. Even in favoured arezs their
lowers are usuaily only fesh for 2 week or se. High humiditv.temperature
condigons cause {ungai pretlems in flowers and leaves. Frost tolerance is vari-
able with -4°C being the cut off point for cropping in mest vaerieties. Provided
light levels are not excessively high these forms establish easily in most loca-
nons. They must be regarded as being more suited to supplving loca! or mass
markets rather than the “top-sheif™.

10:12 FROTEA Cynaroides

There are a number of well defined variants of Pr. cynaroides with most having
acceptable flower forms although some do have stems too short for the more
discerning markets. There is some variance in the climatic conditions they will
produce a satisfactory crop in. Those with broad rounded leaves (Outiniqua)
will not produce a satisfactory crop with a combination of high light and high
temperatures plus dry air and ground during the summer, as these conditions
cause the buds to semi-abort or altemmatively affect the vase life. They will
however produce reasonably well provided there is adequate soil moisture.
The varieties with the long narrow leaves will take high light. high temperatures
and dry air provided there is plenty of soil moisture through midsummer to
autumn. Some variants such as the Tztzikammamas. 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 forms 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 flower buds will start to damage at -3°C with most
being destroyed at -4°C. Fungal invasion is not a problem with Pr cynaroides
except for the spotting on the leaves which is inconsistent from one year to
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another which indicates that it is influenced by ciimatic variables from year to
year. Long periods of low light combined with high humidity/temperatures will
cause leaf fissue breakdown and subsequent fungal invasion in all variants.

10:13 PROTEA Magnifica

Although all varants have very similar leaf forms there have been marked
differences observed.in how each particular one performs in different plant-
ation environments. The principal problem is fungal invasion of the soft growth
tips and it has been found that if the average day humidity, irrespective of the
temperature through spring/summer, is above 50% it is impossible to grow the
Ceres or Koo variants. The Cedarberg and Overberg variants will tolerate
higher humnidity but if it reaches th/c 95, (th/f 140) and above they also will have
problems particulasly in areas where there is low air movement and’or long
cloudy periods in the summer. Once established the plants of all variants are
frost hardy to -5°C and in some locations to -6.5°C Buds will damage on all at

-5°C.

10:14 LEUCOSPERMUMS

To be successful as a commercial crop all Leucospermums must have good air
movement in ail seasons and a humidity‘temperature rate of below th'c 95 (th/f

120).

Varleties that have brcad green slightly hairy leaves have pcor resisiance 1o
fungi and should not be attempted unless there are condiions matching those
noted above. These varieties are mostly frost hardy to only -4°C for plants with
flower buds often being damaged at -3°C. They will however take one extra
minus degree all round once they are five or more years old. These varieties
wiil take high light levels provided there is adequate soil moisture and after-
noon temperatures aren’t excessive and coincide with low air movement
Many commercial plantations are made up of this group with Lsp. cordifolium
being the dominarit one. - :

L]
Varieties with narrow green and grey green leaves (lineare and hybrids) are
more resistant to fungi than the broad green hairy ones. They are frost hardy
from year three to -4°C but this seems to be the limit for all Leucospermum
flower buds. This group need constant soil moisture to grow a high quality
flower crop as if they get dry during summer they sometimes abort their flower
buds. There are some excellent clones that have been developed in this group.

Grey and blue grey leaf forms have not been developed to any extent as
commercial cut flowers. This group which includes Lsp. reflexum and cath-
erinae will stand very high light levels and dry late sSummer conditions. High
humidity/ternperatures in the late spring often cause fungal invasion in the

tips which will destroy the flower bearing part of the stem. This group is
hardy to -6°C as adult bushes but flower buds will damage at -4°C. They are not
successful in wet soil types.
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10:15 LEUCODENDRONS

The red. bronze. glaucus blue (sometimes hairy), dull grey edged red and silver
forms will all take high light levels during all seasons. All of these will have
fungal problems if they are in very low light areas or become crowded in the
plantadon. The red leaf’bract forms grow and produce well in most locations
provided there is adequate soil moisture during their growth run. With the
strong growing ones (Safari Sunset. Silvan Red etc.) the spring growth may run
for up to a hundred days. Those with silver leaves (argentum. uliginosum etc.)
and hairy glaucus blue leaves (nervosum etc.) must have air movement at all
imes. Those with smooth glaucus blue leaves (discolour, procerum etc.) will
siand very high temperatures but must have perfect drainage at all seasons or
they will get Phutophthora.

The green leaf forms, most of which have yellow bracts. will tolerate high light
provided there is adequate soil moisture and air movement during high tem-
perature periods. The very green ones will not take long periods of low light
owing to tissue break down and fungel invasion. The spring flowering varieties
of this group have problems with fungal invasion of the brac:s if wet or humid
conditions occur during their harvest pericd.

When considering leucadendrons it must be bome in mind that at the very best
only half of the total number of seedlings planted will produce a saleatle crop
The reason for this is that it is rare for both the maie and femaie ‘orms of a
variety to produce a saleable commodix. In almost all varieses it is the female
that is the saleable one. Male bracts of most varieties get heavy spoting of the
guard leaves which is caused by the pollen falling off the central “pom " as thev
are colouring up. There are almost no male forms of any varery that are in the
top bracket of cut flower clones.

All Leucadendrons have a frost tolerance of around -3°C at two years rising by
one degree per year to -6°C at year five. This however is the cut off point for
commercial cropping and some bracts will be damaged at -4.5°C.

10:16 SEL ECTION — SUMMARY

Which variants or clones of a variety that are suited to the particular market that
will be supplied and the environment of the location where they will be grown
will depend on how their demands fit the conditions that are either present or
can be provided by artificial means. The principal points to observe are:
Plants must be matched to the light levels that prevail (j/lu).

Plaréts must be able to tolerate the seasonal temperature / humidity levels
(th/C).

Plants and flower buds must be able to tolerate the frost levels (f/f).

Plants must be able to tolerate the seasonal rainfall patterns or water must
be provided in low precipitation areas.

Plants must be able to cope with the seasonal air movement patterns.

The flowers must be able to withstand transit from the production area to the
end user and in all instances give value for money.
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% SECTION ELEVEN

Plantation Establishment

11:1 OVERVIEW

The configuration of plantations varies greatly in varieties planted. the layout.
the terrain that they are planted on. whether there is imigation installed and so
on. The varieties planted should have been influenced by the environment of
the location and the market that it is intended to supply. The method of planting
and general layout will depend on the contour. Whether irigation is installed
will depend on the rainfall pattern. This section outines some general pro-
cedures of setting up a plantation and identifies some hidden pitfalls.

11:.2[AYOUT

Irespective of the contour, the design of the plantaton should aiways take into
consideration the efficiency at which the crop will be abie 0 be harvested while
at the same time ensuring that the plants de not impede good air drainage. In
the life of the plantadon there will be many tons ¢f meaterial harvested, all of
which will have to be carried by some means. firsdy to 2 collection point and
:hen to the place of sorting and packing.

On steep lanc where it is not possibie 10 gzt a tracter. avout shiculd be arranged
wherever possidle so that all harvesting is done down hill 10 a ccllection point.
On flat land where there is easy access with machinery. rows should be arran-
ged so that the harvested material does not have to be carried excessive
distances to a collection point. bearing in mind that when the plants of some
varieties reach maturty the plantation can te so dense that it is not possible to
walk cross-row.

In areas where there tends to be an absence of adequate air movement that
will keep summer temperatures down, and winter fjosts above danger levels,
dense stands of tall Proteas or hedge rows running cross wind will cause local
heat and frost pockets. In some areas where Proteaceae crops are being
grown, the margin between the normal local frost level and one that would
cause damage to the flowers/buds, is only one or two degrees Celsius. As this is
the difference that there will be in most locations if night air movement can be
encouraged rather than stopped, it is important to amrange the pattern of rows
to encourage good air circulation rather than restrict it By doing this the rows
will also probably run in the same direction as the prevailing winds which will
minimise wind-rock.

11:3 PLANT SPACINGS
On flat land where it is possible to use machinery to maintain control over weed
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growth it is usual to plant in rows. Trhe widih between rows is controlled ty the
wicth of the machinery that wiil te used and is 2 sum of the ulimate width of
the plants pius the width of the machinery. On expensive land where it is
necessary to utilise it efficiently. most planting of Proteas and the larger types of
Leucospermums is done at three meter rows by one and a half meters be-
tween plants. {10 feet X 5 feet) and for the smaller Leucospermums and most
Leucadendrons two and a half meter rows and one meter between plants. On
some land where space is not a problem | have seen plantations at twice these
spacings. On the other hand | have seen some successful plantations of Leuco-
spermum and Leucadendron at one and a half meter rows and 70cm between
olants, (4’6" x 2'37). In these instances all maintenance is done by hand and
the plants are pruned hard each year.

When deciding on spacings it is adviseble to ensure that the eventual density of
foliage does not become so thick that it eliminates air movement and by so
doing creates humidity and heat traps. Under such conditions fungi invasion is a
certainty and it is virtually impossible to control it. firstly because you can not
eliminate the cause without removing some plants and secondly it becomes
impossible to get adequate cover with fungicides.

Some plantations are planted in doutle staggered rows in a “back to back”
lav-out. Whilst this method does utilizes the land better than the single row
lay-out. it does create some problems in adequate fungi and pest conzol over
the entire crop once the plants reach maurity.

On steep hiilsides spacings arz usuaily a ‘ittle closer and often have to te vaned
to suit the terrain. Being a lile closer cn a hiilside is accepteble as the tered
effect gives more air space to each plant. Where irrigation is being insiziled on
hillsides the rows always run across and follow the contour.

11:4 PRE-PLANTING SITE PREPARATION

When land is brought into producdon from a natural state it is usually cleared
either mechanically or by hand and the texture of the soil is not altered to any
degree nor are there normally any chemicals used to kill the existing vegeta-
tion. On the other hand if the land has previously been used for pastoral or
horticultural uses, it is normal practice to control the 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 trans-
location effects. These must never be used either before or after planting within
the area of the root zone or where the roots will penetrate within two years of
planting. Although the effects of the chemicals are often slow to show in the
plants, they will eventually destroy Proteaceae plants in most soil types if they
are used within reach of the roots. It may take two, three or even four years but
they will eventually affect them. [Ref. 13:8 for further information on chemical
weed control]. If it is necessary to control existing herbage the use of Gram-
oxone (Paraquat) or Fusilade are safe for grass control and Versatile will efim-
inate most of the broad leaf weeds. If possible it is best to spray off the row fines
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up to six months ahead of planting. This enables most of the secondary seed-
ling weeds and grasses to be controlled before planting.

11:5 PLANT SIZE

The size of 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
months. Whilst the size of the plants will have a bearing on the overall establish-
ment of the plantation and the time it takes to come into production. much of
the success of the planting out will be pre-determined by the procedures used
during the production of the plants in the nursery and the final handling and
hardening-off of the plants immediately prior to this operation.

Plants should be a minimum of nine months and a maximum of eighteen
months old. Plants younger than this do not have the resilience to absorb the
adverse weather conditions they will encounter following final setting and with
plants older than eighteen months the root system is stariing to lose its vigour
unless that vigour has been maintained by moving the plants up successively
in:o larger container sizes during their time in the nurserv.

Provided they can be adequately looked after following setting out. and they
have been well prepared in the nursery and grown in mediums that are com-
patible to the soil type of the plantation. plants of berween nine and fifteen
months old from a 100mm. (47) pot or of eighteen months old in 150mm. (67)
pet. give excellent results. Plants of this size are at the point of their develop-
ment that enabies them to make a rapid growth of a strong primary root systern
which is the basis of their future production capabilities. Plants of this size must
be provided with adequate soil moisture during their development arnd NEVER
have weed growths creating a humidity trap around them. If they are well
maintained. they will develop a balanced structure both above and below the

und in harmony with their surroundings and problems from wind-rock are
usually minimised.

Where plants of 60cm. (247) tall and over are used. root deveiopment is not
matched to the vegetative structure above the grounci ‘and problems associated
with dehydration and wind-rock are frequently experienced. These have last-
ing effects on the plants performance.

Plants of six months old can be planted out but losses 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 WHEN TO PLANT

The climatic conditions that are experienced during the winter and spring will
influence which are the best months to set the plants out in the plantation as
there is little point in setting out young plants in the autumn if they are going to
be damaged by frost during the winter. However there are periods when plants
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make major primary root development and this should be taken into account
when planning the planting of a plantation. All Proteaceae. irrespective of
whether they are in their native habitat or under cultivation. follow their natural
rhythms of growth and although they don't all do the same thing at the same
time they do all have their periods when they are growing roots. or they are
growing above ground. or they are resting and growing ncthing. [t is virwally
impossible te break their seasonal rhythmic pattern of growth and rest periods.

All of the varieties that are used as commercial crops follow much the same
pattern with primary root development starting from early winter and peaking
by late winter. These primary roots then go into a rest period of about sixtv days
during which time the plants make a vegetative growth, ie. their spring flush. At
the conclusion of the spring vegetative growth the primary roots will recom-
mence development which continues for another ninety davs. After that thev
will rest until the cycle starts again in early winter. [t is this late spring summer
root growth whichy penetrates deeply searching for moisture levels in the sub-
soils and in their first year this is the critical period of development. A healthy
plant which has been grcwn in a medium which is compatible with its final
planting site is capable of root penewation to a depth and lateral spread of
45cm. (137} in ninetv days. However this depends on when they are plantad as
they either go immediately into a primary root growth or they go into a phase
when thev grow proteoid roots. depending on their pariculer stage of develop-
ment and season. When they do the latter they often fail to make their next
schedulec primary root development especially if thev have been cutting
grown. If you are to capitalize on the nweo periods when there is a rapia develop-
ment of primary roots the two best times to plant are just entering winter and
again around the spring equinox.

Proteoid roots develop from early winter to rzach a peak by early spring and
then die away by midsummer. [n a field situation they will be virtually non-
existent from about the longest day through to early winter. As proteoid roots
play no part in supporting the plants through periods of high transpiration. (dry
weather etc.), the rhythm of their development and decline is of no conse-
quence in the timing of planting unless the plants have been container grown in
a medium that encourages the development of proteoid but not primary roots.
If 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 pattern of plants that were set out
at different seasons, five plants each of five commercial varieties were planted
out every thirty days from mid-autumn through to late spring. No artificial water
was applied at any time for a full year as moisture levels were always above 50
centibars. The climate through this period was, dry autumn moist winter with
-4°C (27°F) maximum frost, moist early spring becoming dry by late spring with
28°C (83°F) 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) all



rapidly developed a strong primary root system. The batch planted in the first
month withstood the winter frosts but the other two batches suffered damage.
Plants set out midwinter to late winter (2 months) suffered frost damage and did
not develop primary roots but did develop protecids. 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-
ive growth, did develop some primary roots and then made their vegetative
growth flush with their 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 exception
of the two winter batches, were the least successful in survival and subsequent
development. The final batch which were planted after they had made their
spring vegetative growth, rapidly established a strong primary root system.
These had the best survival and over-all development of all batches.

A brief summary of the above indicates that the following should be taken into
account when planning the planting time of a plantation:-

In areas where there are frosts of -4°C and more, pre-winter planting does carry
risks.

Winter planting has no advantages over spring planting.

To get optimum results spring planting must be timed so as to avcid the period
when the plants are in active vegetative growth.

Provided sufficient soil moisture is available or alternetnvely can be provided,
late spring planting gives excellent resuits with a minimum of rsk from frost
damage.

In areas where frosts are not a problem best results should be from mid-
autumn, early spring and late spring planzng.

11:7 PLANTING METHODS

There are many methods of planting and the procedures followed are usually
adopted to suit the site. Holes may be dug by hand, bored with an auger or
planting may be done in cultivated strips. If 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 difficulty passing through this surface. Where
strips are cultivated it does create a new surge of weeds to germinate but does
make for easy planting and early maintenance.

Holes should be a minimum of three times the volume of the container that the
plant comes from. Where the land has been in pasture the top spit of turf
should be cut up and put in the bottom of the hole. This creates an area that is
open and airy and also retains moisture well. All Proteaceae plants benefit from
this and rapidly develop a primary root mass that will pass right through this and
continue down towards the sub-soils. In some areas such as on the island of
Hawaii when planting is being carried out in lava flows, larger holes are dug and
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are then back filled with a local "mountain dirt”, a very old décomposed type of
volcanic lava. In soils made up from materials as outlined in 10:2 it should not
be necessary to add any other materials to the holes before planting. If it is
necessary it is probable that the soil structure is not suited to the commercial
growing of Proteaceae. Never incorporate peat 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-
tainer. with the soil being back filled and only ligntly firmed. not pounded down
qard. Plants must have air in the soil or the roots won't develop as they should.
[f it is considered that they need immediate watering after planting. this indi-
cates that the soil was too dry before planting was done and it should have
been moistened prior to planting. Heavy watering after planting will expel the
air from the soil and will have the same affect as pounding the soil down too
hard. If at all possible watering should be with-held for at least four or five days
as if the plants are made to hunt for moisture they will continue to do so
throughout their life. ldeally the soil where they are being planted should be
slightly damper than that of the container mass. This will stimulate the roots into
immediate growth and within three days from planting many of the roots will be
showing one to two mm. (1,16") of new growth. It is possidle to get planis
“hooked” on water and it is difficult to wean them off it. A well prepared plant.
ie. in the right container mix and properly hardened off. should be able to
survive and develop at a soil moisture leve! of 50 centibars from the moment it
is planted. {Ref. Section 12 for information on irigaton anc soil moisture meas-
urements.

Jnless there is some definite reason for applying insecticides, fungicices. fer-
tilizers etc. no chemicals should be incorporated in or nea: the hole as [Pro-
teaceae roots, both primary and proteoid are very sensitve to chemicals anc
may be damaged. If chemicals do have to be used they should be applied and
worked into the soil at least a week before planting is carried out.

11:8 PLANTING THROUGH WEED MATTING

This method has now been widely adopted in New Zealand where most plant-
ations are established on flat or near flat pasture land. There are two basic
methods of planting, that of laying the matting and then planting the plants
through holes cut in it and the other method of planting as for 2 normal row
lay-out and then either laying a narrow strip of matting both sides of the row
over locking on a line with the plants or laying wider matting folded in half
alongside the row, then 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.

11:9 CARE — FIRST HUNDRED DAYS

If the plants were container grown in a medium that was compatible with the
soil of the plantation site and were well conditioned before planting, they
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hould need little attention for the first three months other than keeping suf-
~cient soil moisture available. possibly restraining from wind-rock. proiecied
wom pests {including rabbits — they love proteas). diseases and weed growth
and some initial training of future shape.

Cxtensive research has been carried out to determine what moisture levels
should be maintained. There is considerable variation between minimum re-
guirements of different varieties but it has been ascertained that at day shade
remperatures of 30°C (82°F) humidity at 40% to 50% and a five knot wind. no
varieties of South African Proteaceae suffer permanent damage in their first
wear at a minimum moisture level of 50 centibars in the top 30cm of soil. Some
“owever will show temporary signs of dehydration. Under higher transpiration
conditions some will suffer permanent damage. Although some varieties will
survive at 80 centibars, the 50 centibar level of soil moisture under the con-
Jiions outlined above is the maximum dryness they should be subjected to.
Tests have indicated that a minimum level of 40 centibars is necessary to keep
*Se plant in a condition that it will maintain satisfactory health and vegetatve
srowth. With Telopea it will be found that they will need more moisturz (30 to
2) centibars minimum) to be maintained in a turgid condition.

There are some locations where plants will need protection from wind-rcck. In
oxTeme cases this may involve restraining them by tying in some manner. If
<mall plants have been used the problem is minimised as the piants then grow
-:0 the situation ceveloping a root system that will suppor: sheir growsh atove
=e ground. On flat land where plantng is dene in three meter rocws. cocd
szntrol of ground wind {0 to 40cm level) can be achieved by leming :he grass
~cw up tall between the rows, only maintaining a small stp either sice of the
->w. This has been found to be most effective in the first year after pianting with
22 species and in a very windy location where it was tried no glants shewed any
< s of wind damage.

< watch should be kept to guard against the invasion of ciseases anc pests.
_nless pests were, present on the plants or in the soil at the time of pianing
=ere should be few problems except from those that are highly mobile. ie.
=bbits, hares, gophers, birds, flying insects and those insects that develop
wpidly on a seasonal basis. The same does not apply to fungal invasion as this
n occur at any time when conditions favour its development For this reason
an inspection should be made at least every two weeks and prompt action
Tken if any problems from fungi are detected.

Reeping plants clear of weed growth is important during this period as ex-
essive growth around the plants harbours pests, encourages fungal invasion
and robs the plants of soil moisture. In this the use of weed matting can be of
assistance but the use of herbicides carries great n'sks‘[ref.13:8].

The initial shaping of plants should have been carried out during the nursery
sroduction stage. Basically a plant should be encouraged to form the shape it
w=ill eventually achieve as a producing plant. [f it is a Protea neriifolia and meant
 be on a frunk it should have one, if it is meant to proliferate from a central
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root mass such as Protea cynaroides it should be aliowed to do so or if it is
meant to grow from a cenrral trunk and “rest on its elbows™ like Leuco-
spermum cordifolium it should do so. Double stems from near ground level on
verieties that normally grow on trunks must be avoided as almost invariably it
will cause the plant to splitin half later in life. Keeping this in mind plants should
iniially be encouraged to develop their shapes by removing unwanted
branches and where necessary pinching out the tips to promote lateral branch-
ing. When pruning plants of this age it is important that the amount of {oliage
that is removed at any one time is kept to a maximum of 25% of the total lea!
mass and that branches are not cut off when the plants are in very actve
growth. The removal of branches during very active growth periods will cause a
high sap loss through the cuts with the result that there will be die-back on that
pordon of the plant.

11:10 FROST DAMAGE — WHAT TO DO

[t is always possible that a plantation will experience frost demage. The degree
of damage to the plants will be governed by the frost factor (£1) as outined in
10:6 and the age of the piants. Plants of less than three years old will be &t a
much greater risk than olcer ones aithough the crop of flowers anc foiiage of ail
aced plants will be damaged at about the same frost factor.

When planis co get frosted. the damage is usuaily much more extensive in th2
last grewths than any other parts of the bush. [tis in these damaged' growins
that problems can begin. If a branch that has been coviousy fro (s t2zen
and spiit lengthwise with a knife it will be seen that thereis 2 darl: ¢sain running
down the central pith of the stem and it is usual that this swin wiil b_e the fu.ii
length of the last growth run right down to the growth joint. [f dssue camage 15
this extensive it is a good practice to remove those growths right back to :h;t.lasg
growth joint as if this is not done. decay often sets in and runs down the pith of
the stem where it may or may not stop at the growth joint [f they are }en on
they will sometmes heal over of their own accord but when growth begins the
following spring they then collapse and die along with the new spring growths.

Fungal infection'is a great danger following frost damage. not only_in- ﬂ}e central
pith of the stems but also on the damaged foliage. Because of thisitis a good
precaution even where plants have only been superficially affes:ted to cl_lp _off
the obviously damaged growth and then spray with Captan, Ronilan and similar
chemnicals. This will seal 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 gn;.ater than -6°C will damage old wood on many varieties. This is
usually in the form of splitting the bark on branches that are more than a year

old and the bark has turned 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 FROST PROTECTION

Protection is very difficult to camry out effectively in a plantation situation. The
best protection is to choose the right site, select the hardiest clones and lént to
encourage air movement rather than to restrict it. Some plantations usepsmoke
pots. .w:nd ‘rna_chmes or overhead irrigation to raise temperatures and these are
effe_cnve within certain limitations. There are ant-freeze chemicals avz;il bl

whlch_ can be sprayed onto foliage which are to some degree effective Tk? ;
chemicals have a maximum effective life of about a month or unt] lhé ﬁse
beer} 10mrnc.i {half an inch) of rain. A side effect of one that has been trierc(i2 wgz
:2&3%72521_ unacceptable spotting of some foliage but it did protect to a -2°C

Ina nursery where plants are more concentrated it is possible to control frosts
effectively. The most common way is to protect the plants by stretching various
types of clpth over the holding beds. This is quite effective provided itgis at the
cgcr(r:ectcheé%P;f laebo;/_e t{mzeOfoliag(;Z fcanopy, Tests indicate that for frosts of up to
6°C, t level is cm. (4 foot) above the | i
me‘frost will pass through it and if it is much higheriii?\rtehaié It_}:)ew;gst.hi;}]tg_sfand
under the .cIothA Readings taken during frosts of up to -6°C consi;tend s;):n
that there is a 2°C differental between the area that is covered at 120cym an\g
an area that .‘_'las no covenng. At {Tost greater than this the deferental dim-
inishes as the intensity of the cold is sufficient to penetrate evenl\.-'. e.ver;where

o o _
Protection can also be carried out by the use of overnead imgation and wind

machxpes. The use of xmgadpn does carry some risk of root damage caused by
excessive amounts of water in the root zone.
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SECTION TWELVE
[rrigation

12:1 OVERVIEW

in their natural environment most Proteaceae will survive in very dry con-
ditions. To do this they go into a siate of inertia and are able to maintain life for
long periods with very little moisture available in the soil. This is also true in
plantations provided the plants have been able to estabiish a satisfactory
primary root structure.

In the first two years foliowing planting. much of the plants’ initial root develop-
ment and demands for soil moisture are related to the container mediums they
were grown in during the nursery production phase. Their record of establish-
ment under dry conditons without irrigaton in most soil types is not good with
plants that have been nursery produced in peat or bark fibre based com-
rounds. An exception to this would be when the plants are pianted in peat type
soils with which they would then te compatble.

12:2 PLANT TOLERANCE TO DRY CONDITIONS

Under New Zealand conditions | have seldom seen plants suffer uaculy from
dry conditions when the plants have been grown in the nursery in 2 media
compatible to the planting site. provided the final planting was well-cone and
timed to coincide with favorable conditions for root develecpment. However
under severeiy dry conditions (60 centibars and above) they may go into a state
of inerta during their first summer and remain in that condition until there is
again adequate soil moisture to promote growth. If plants are allowed to remain
in this state for long periods (several weeks or more), some permanent damage
can occur through the dehydration of the cambial layer. This will show in the
outer layer of bark which will take on the appearance of crepe paper. The
damage is normally restricted to the parts of the plant where the bark is green
or grey/green at or near ground level like that found on plants under two years
old. Most healthy older plants are incredibly resistant to permanent damage
through dry soil conditions.

When a plant does go into a state of inertia due to stress from a lack of sail
moisture, it will take at least 72 hours following the application of water for a full
reversal to take place and for the plant to become fully turgid again. This can be
observed when plants in a nursery accidentally become very dry through 2
malfunction of a watering system and plants, especially those less than 18
months old begin showing stress in the last run of growth which will wilt during
the heat of the day. If the plants are left un-watered these growths will de-
hydrate to such an extent that the leaves will bum up and the stem will wither to



the base of the last growth. A healthy plant will then usually go into its state of

inertia and suffer little more permanent dam iti i
; age unless it is left for a peri
several weeks in this state. s period of

[f the plant is watered when the last run of growth is severely dehydrated. ie
just befgre leaf bun becomes obvious. (which with most varieties is at around
70 centibars). watering will arrest any further deterioration. However under
normal sunny summer conditions (day temperatures 25° - 30°C), they will

continue to show wilt during the heat of the day for the first two days following
the application of water.

In a field sit_uation the same symptoms of dehydration may be seen in plants
pamcular?y in the first year after planting. especially if it has been done too late
in thg Spring to capitalize on their natural primary root development period or if
plants with a vegetative canopy larger than the roots can support have been
planted. If a reading is taken with a tensiometer at 25cm. (97) when the first
signs of Mlnpg are obvious. it will show a soil suction of 65 to 75 centibars but
may vary a htﬂe@epending on the soil grain size. At this reading vou can neither
see nor feel moxstulre in loam type soils and it is at this moisture level that most
turf'and weeds will perish, especially in sandy silica type soils which tend to
retain heqt more than soils derived from other materials. Proviced they have
developed a good primary root system plants of three to four years old (planted
ou£ one te two y'ears) will tolerate up to 80 centibars at cau temperatures of
3.0 C (;na_de reacing), but this appears to be the uppermost limit for commer-
cial varieties. If however the plant has been grown c’i;ring the nursery phase in
a medium not compatible with the plantaton soils, it will usually have suffered

such severe root damage by the time it reaches this st it wi i
4 ! s stage that it will continue t
completely dehydrate and die. : °

A pe.am'al exception to this is when plants have been grewn in a peat based
r_nedlum and have been planted out in the autumn from a container not larger
than 400cc (1/2 pint). In this case provided there has been sufficient soil
moisture available throughout the winter, they may have established enough.
pamary roots to sustain themselves from permanent damage. However without

imigation available these are at a greater risk th ' i
imgation availat gr an those planted out from soil

Whilst it is not advocated that Proteaceae plants should be subjected to such
stress, it does demonstrate that provided they have been grown in the correct
medxun}s for the soil types into which they are to be planted and they are set
out dun_ng the optimum season, they are very resistant to death from a lack of
soil moisture. l_-lowever under such conditions a plant of any age would be
unproductive either for cut flowers or as a garden plant.

12:3 CYCLE OF MOIS
FROBUCTION TURE REQUIREMENTS FOR FLOWER

fItis a fact. th.at not all varieties need the same amount of soil moisture to give
good service in a garden or to produce top quality flowers in a plantation. This is
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not only true of the differences that exist between varieties but also therz are
differences between variants within the same varietes. There is also the point
that in their growth cycles all Proteaceae are rhythm plants, particularly in their
seasonal moisture requirements, with the differences between varieties being
relative to the conditions that exist in the specific area in South Africa from
which they originally came.

Some are frém summer rainfall areas but many of the vareties we use in our
cut flower plantations and gardens are from the areas that experience a wet
cool late winter and spring with increasing dryness and temperatures through
midsummer with a prolonged dry pericd during the autumn to early winter.
These varieties are adapted to this pattem through evolution and when it is
interrupted whether by heavy warm midsummer rains or excessive irrigation
during their normal dry rest period. they react adversely with serous root
disorders which often cause death.

Heawy warm rains from tropical storms which at imes drift south to drench New
Zealand for several successive days during January to March. at constant tem-
peratures of +25°C are the major cause of what are often regarded as “mys-
terious deaths” in plantations and gardens. The principal reason for these
ceaths in a field or garden situation is usually Phytoghthora Cinnamomi but the
onset of severe infections by other fungi is often a contributing factor. Much the
same result can be expected from imgation if excessive amounts of water is
appiied to plants during their dry period.

12.4 PROBLEMS CAUSED BY SOIL MOISTURE
IRREGULARITIES

[n cut flower production there are two principal probiems that a shortage of soil
moisture will cause. These are, shorter than norma! flowering sters which is
the result of a moisture shortage towards the end of the spring growth run: and
the other is bud scorch. which is usually caused by moisture shortages in the
late autumn period. It should be noted that bud scorch can be a genetc pro-
blem which may be aggravated by various climatic conditions and may not
necessarily be the result of inadequate levels of soil moisture.

To crop successfully on a regular basis, plants, particularly Proteas. need soil
moisture available to them at a level sufficient to maintain their growth patterns
in the spring to midsummer period. If this growth flush is checked by inad-
equate moisture particularly towards the end of the run, it will cause the stems
to stop elongating to their ultimate length although they will set buds.

On the other hand, constant irrigation without regard to the natural rhythm of
the plants’ annual pattern of development results in a series of growth flushes
developing which bypass the flower buds that have set on the terminals of the
earlier spring growths. This is a problem in many Proteas and is greatly aggrav-
ated by over-watering plants during their normal dry rest period. In excessive
cases of this | have seen three growth flushes develop by late auturnn past the
flower bud which had set on the ends of the first spring growths. This makes the
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harvesting anc trimming of the flowers labour intensive and cosiv. Even clones
that have been selected for their resistance to this problem wiil develop one or
two growths past the flower bud with all year round irrigation.

Another common result when excessive amounts of soil moisture are made
available to a plant in the period when it should be on a declining supply is that
they tend to produce a pendulous type of terminal growth. This is particularly
evident in Protea neriifolia. obtusifolia, some repens forms and compacta when
they are kept supplied with high levels of soil moisture during the very late part
of their spring’summer growth run. In nature this is the period wten they would
be starting into their drier season and their terminals would harden off and set
flower buds. When excessive irrigation is applied during this period the tips of
the current flush of growth tend to over-develop their terminals with the result
that they drcop. This causes the stem to twist as it tums upwards again. [n some
instances it is not unusual to see two or even three such twists as the plant goes
through successive surges of growth. Whilst this is of no consequence to the
home gardener it is to the commercial cut flower prccucer as such sterns have
litle value.

12:.5 METHOD OF APPLYING WATERAND ITS EFFECTS

There are very few areas where Proteaceae are grown as a ccmmercial crop
that have sufficient rainfell in the correct rhythm pattem to precuce a high
guality commercial crop every vear without the applicaton ¢f some supple-
mentary water. How that water is applied and in whet quangizs will have a
consideratie bearing on the quality of the annuel crop and the general health
and productive life of the plant.

[n cut flower plantations iigation water is almost invarably arpliied bty the
trickie methcd. using emitters or drippers which apply it to the scil at surface
level. The rate that water is applied varies between plantations and locations
with almost every operator having their own programme as to the frequency
and amount that is applied. The average where regular irrigation is carried out
seems to be around 8 to 10 It (2 gals.) on adult plants_each time at five to seven
day intervals on a year round basis with little regard & the season of the year or
growth pattern.

The result of this practice is that the plants develop a surface root system and
become reliant on a constant supply of moisture in the soil near surface level
which causes them to go into a state of stress if for any reason water is not
available in sufficient quantities in that upper soil level. As a result they have
poor or no resistance to dry soil conditions and if they are dug up there is
minimal evidence of a deep primary root system. :

12:6 DEEP IRRIGATION f

Research has been carried out to test the effects of applying water to a number
of clones in other than the conventional surface irrigation method. The principal
departure from the norm was to apply water to the plants at a depth of 45cm.
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(157) below the soil surface. This was achieved by insertng a clay pipe on end
into the ground about 25cm (10") from the plant. Water was applied by trickle
irigation into these pipes where it fell to the bottom and was then available to
the plant at that depth instead of on the surface. This trial was run over a period
from spring planting through a full year. a second summer and on through to
the following winter. Unfortunately the trial was interrupted during the first
winter when a frost of greater magnitude than normal damaged or destroyed
some plantsand it had to be terminated after the second winter when a frost of
-8.5°C was experienced.

The row of plants where the deep imgation was used was correlate against a
control row using no irMgation, and two other rows. one using surface irrigation
and the other one surface irrigation with weed mating. Five plants each of
fourteen cut flower varieties were used under each method for the trial. Six
litres of water were applied once a week from planting ung! late autumn of the
first year and no irrigation for the second summer.

Through the first summer those with deep irrigation were noticeably slower in
making vegetative growth than the two with surface irrigation with the spring
run being only 70% of the surface-imigated rows. However this was about
double that of the row that was not irrigated. With the autumn growth. those
with deep imigation compensated for their earlier shoriiall and by winter were
comparabie with those having the suriace irrigation. Sunvivel rate to midwinter
was 7% with ail those irrigated and 0% with those nct irigated.

At micwinter {Erst vear) a frost of -6.5C. wes experienced. Flarts in the co..qwo'.
row and the crie that had been deen imgated suffered litdle rermanent cam-
age. These that had surface irrigation without weed matting suttered damage '
<ome extent in most varieties. Those that had been irrigated with weed mating
sufiered severe damage to all varietes and many subsequently died. The
exception was two Leucadendron vareties. var. “Safar Sunset” and a
salignum clone which suffered no damage. The reason for the frost damage to
the two surface irrigated rows was because these had continued to grow late
into the autumn where-as those with deep irrigation and the control rows had
made their growth and hardened off before winter.

In the second summer no irrigation was carried out but observations were
made on a monthly basis on plant health. By midsummer the two rows that had
been surface irrigated the previous year were showing stress from a shortage of
soil moisture and had not matched the growth of the control or the one that had
been deep imigated. By early autumn those that had been deep irrigated were
well ahead of all others in growth development and survival (still 97%) and this
trend continued through to winter when the trial was terminated.

When the trial was terminated a number of plants were dug up to inspect the
root development and this revealed that those in the control row had devci
eloped a primary system from the base of the plant which was distribute

evenly to a depth of 65cm. The plants that had been deep irrigated had some
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Sirong primary roots going straight down o the 45cm cepth where they then
pr—olnferated into a greater number and continued to peﬁerrate !c; more than
65cm. Th(_)se that had been surface irrigated had their greatest mass o.f nmary
roots within the top 30cm. These roots had radiated out from the baag> of the
pIar_1t at 30 degrees and deeper to the soil surface. There was evic'e-nce that
during the second summer they had tumed downward seeking the moisture at
lower levels however there was little development below 43cm. Al plants had

pfOtGOld rOOtS present Whe” ﬂ\ev were dU u e s
nm i
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Although these trials were never taken to their ultimate end. that of cbservin

the plants performance when in production. it did demo.nst.rate that irrigati ;
and the_ method of application does influence the type of rcot <v{‘:crur.<; Yha?g
plant wxll.develop and its vegetative growth rhmh'm at least i'n.‘-'_s first year
Further trials are needed under various climatic conditions and ;oil tv‘pse/s to

determine which is the best meth i
etert od for each parti i i
climatic condition and soil type. particular variery uncer any given

12:7 SUMMARY

For a i i i

o ;::cr:triréirsailhopergnon producing cut flowers. imgation is & necessity in
7 ere Proteaceae are being gro ' Jawaii
any lo . - wn. In areas such as Hawaii,

ra:.{.j.;;?na. AL;(sjrraha. Zlmbabwe and other places where therz is nct regular
infall it would not be possible to grow consistently saleatie crops without it

The amount and fr
e ) ; . o .
i quuency' thal water needs to be apried 0 preccucz a
= StruCturep v es grea yfa:d is influenced by the variety beiric grcwn, the
. the pattern of the annual rainfall in relat  the pic ui
_ _ . elation to the plants require-
ments and the rate of dehydration caused by temperature and air movement

:’1::; zizgsngalilrrigaﬁ;n without regard to the plants natural rnythm of de-
nan se problems in some varieties by i ”
g _ . preducing bent stems, by-
&a;i?gtzrf ;};3 frlgxonteé. headds, 1r8mal:ure growths that will suffer frost camage ?/n
isorders. On the other hand, because Pr.cynaroi
. : : : .cynaroides grows
naturally in damp sands it benefits from all year round access %o moisturgr

The application of water to the soil ‘.
g urface enc ]

surface rooting. This makes them I gy e
| ess secure in the ground and |} i
resista. nce to un-scheduled moisture shortage becaugz of aalgckoc‘)}le;s dtgzg
eddpnmaryroolt':octa usz;s:;n:uﬁz:‘etr giio pr%or quagty will affect the function of the prot-
ers and it i i
evaporates before the plant has access to 1‘:_ 's wasteful of water as much of

The application of water below th i

. . e soil sarface encourages a str

annry ggﬁt systemn wl.'uch makes the plants more resistant to per?:sds of ;gg
, poor quality water does not affect the very sensitive proteoid roots

to such an extent S ¢
2 oh as 60%. and evaporation is reduced greatly, in some soil types as

-
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SECTION THIRTEEN

Maintenance — Development
Years Through To Harvest

13:1 OVERVIEW

This section deals with the maintenance of the plants during their development
from the time they became esteblished following planting. It outlines how to
maintain them during this period and how to manipulate them to make them
produce a saleable crop.

Much of the success of the plantation will have been pre-determined by:
a how suitable the soil and climate of the site are to the growing of Proteaceae
as a commercial crop.
b. the matching of the corract varants ¢t clones of a varety to the envirenment
of the plantaton,
¢ whether the flowers from those varetes have 2 viable market in the ac-
cessible markes. :
Ii the target market is the "top shelf™ area of trace. the task of precucing &
product thet is accepiable o0 the consumer will be rmuch more difficult and less
rewarding in plantations where seedling based stock has been usec. In some
cases much of the product from this rype of stock wiil not be profitabie unless
there is viable access to the mass market type of trade. If selected clones [ref.
Section 15] or variants of a variety that are maiched to the soil/climate have
been used. much of the work needed to produce a profitabie crop will have
been eliminated as plants will have been selected because of their atility to
produce a bountiful saleable crop. The flower, which is the end result of pro-
duction, is at its peak condition at the moment of harvest and no amount of
post-harvest manipulation can improve it. [nattention to any one Or more of the
above points {a b. c.) wil make the production of a profitable crop more
difficult or impossible. _

13:2 PLANT MAINTENANCE — DE VELOPMENT YEARS

Maintenance care during the development years is a continuation of that out-
lined in 11:9. In areas that need irrigation attention should be paid to giving the
plant sufficient water to maintain growth during the seasons when they should
be growing and reducing the amount when they should be resting. This is
particularly important in the growth period prior to the first harvest when they
are growing the stems that will later carry the flowers.

To have plants that will consistently produce a saleable crop it is necessary to
camry out a continual shaping programme during the first two years to produce
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as they grow through the seasons and reacers should refer to Section 16 for
further information.

13:4 TRAINING. PRUNING AND FIRST HARVEST —
DEVELOPMENT YEARS

If one to two year old plants are used to establish the plantation. most Proteas
and Leucospermums will take two vears to develop to a point of a first possible
small harvest and a further two years to reach full productive maturiry. With
some varieties it is best not to harvest at all until the third year as it has been
found that with plants less than four years old, the removal of more than 25% of

foliage at any one season does slow down their structural development which
will affect their cropping ability in later years.

With Leucadendrons a first harvest is usually possible at 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% of the foliage removed at any one
season until they reach maturity which in most varieties is at three vears after
planting. From then on higher rates of {oliage can be harvested.

Telopea and Proteas grandiceps and magnifica will take at least three vears to
reach a stage of maturity that will enable a first hervest to be made without
adversely affecting their further development and many will take up ‘o five or
more years to reach full producgen.

13:5 WEED CONTROL — DEVELOPMENT YEARS

The control of weeds to acceptable levels is important during this period as
excessive competiion will create two basic problems, that of inducing fungi
invasion during warm damp conditions and that of robbing the plant of ac-
cessible soil moisture and available nutnenis.

There are many methods of weed control ranging from hand weeding. the use
of weed matting, mowing and chemical control. All methods have their advan-
tages and disadvantages and the final choice often dgpends on the terrain. cost
factor and availability of labour. The practice of carrying out a “scorched earth™
policy (bare ground adjacent to the plant), is not always in the best interests of
the plant as it does expose the soil surface level to excessive heat and fluctu-
ating moisture levels in the area where the feeder proteoid roots form. When
the soil surface is bare, temperatures can reach well above 40°C in the top
50mm. (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 ASSISTED BY “SAFE” CHEMICALS

Weeding by hand or hand held tools is probably the safest method especially
when the plants are small. The time factor of labour involved is not great when
worked out on a per plant basis. Time sheets kept over a two year period on a
small test plantation containing 350 plants planted on flat ground in three meter
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rows bv one and a half meter spacings gave the following resu‘xts:-' In th; first
vear plants were maintained by a combination of hand weeding (four tmes)
and chemical control (Versatile & Fusilade. three times) plus mowing between
the rows as necessary and cross-row between the plants (three times). The
time taken per plant was 65 seconds for the hand weeding and chemical
application. and 55 seconds for mowing giving a total of 130 secopds per plant
for the first year. The second year was a repeat of 'the system u—nth two hand
weeding and two sprays (40 seconds per plant) and mowing (35 seconds per
olant), giving a total of 75 seconds and a grand total aggregate of around 3.5
minutes per plant for two vears. This method does not give a bare ground
control and is safe provided only these two or similar chemicals are used.

13:7 WEED MATTING

This method is now widely used by some growers with .va’rswmg results Whlih
depend largely on the varieties being grown. the local ralptat. and frost lgye.s.
On a cost basis it is often more expensive than hand weeding as hand_ mainten-
ance for a four year perod would amount to approximately three minutes per
plant. The reason for this low time factor is that the mowing has to be cone
whether it is hand weeded or weed mating is used and the cqst of three
minutes labour would not compensate for the cost of the mate;nal and the
laving of it. In many instances however the extra growth factqr and thle fact that
plants can come into production a year sooner will’ more than maxe up-the
difference in costs. [Ref. to Appenc - Three for information on companson
miais. ] .

13:8 CHEMICAL WEED CON.KOL

There are many chemicals available tc control weed growth in crops. :These
range from Paraquat (Gramoxone) a desiccant which causes defoliaton of plant
growth, right through to some very selective compounds that appear to only
visibly affect specific families of weeds. The fact that they do not \nsnb.ly affect
a Proteaceae plant, at least in the first year, does not mean to say that it has no
effect, nor that it never will have an effect at all. Almost all weed con?rol
chemicals used repeatedly over a long period will have some compounding
effect :

The use of any weed control chemical, if used within the root zone of any
Proteaceae plant must be regarded as putting th.e plant at some risk. _T‘t}e level
of risk varies with the variety of plant, the chemical, the time of year it is used.
the soil type, rainfall and/or irrigation, (if used), and the accurat-:y-of the rate of
the active chemical that is applied per area treated and where it is placed.

i d wi lantations are
T chemicals that have been used widely in Proteaceee planta

R‘:Snd Up and Simizine. Both of these at full strength are total kill tOtheed
growth. When Round Up has been used at full strength In plantauonsd ere
there are weeds with thick fleshy roots such as, kikuya and couch grass, th;o:;rersh
docks. Californian thistle, yarrow etc. some problems have oocumed ug
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the trans-lccation of the chemical from the weed 100ts to the plant roots which
can cause ill thrift and sometimes death. This risk diminishes if the weeds beinA
controlled are only shallow, rooting or only half strength is used but if proteoig
roots are present and active near the soil surface at the time of application
some risk stll exists. If Simazine is used within the root zone of Proteaceae
51m_xlar results can be expected especially if it is active in the soil during the
period when proteoid roots are present and active. Soil structure greatly in-
ﬂu’ences the penetration of this chemical with coarse sandy’/porous types bein

affected to much deeper levels than fine silts and heavy clays. In these therg
appears to be litle penetration beyond surface levels unless éxcessive uan-
tities are applied over a long period. N

The'r.e have been findings of several chemical weed control trials in Proteaceae
pubus_hed over the past few years. These have dealt with these two and other
chemicals commonly used in plantation management and have to some degree
exonerated them from being a danger to plants. When assessing these re-
corfieg‘ results it must be borne in mind that these trials have cvmiy been run for
penocs ranging from less than a year and up to about two years. In my exper-
ence no che_zrm'cal can be declared as safe until it has been us‘ed for a£ least
three vears in succession under normal plantation practices as they often take
up to at least a r'_ull vears growth cycie to show any toxicity and u‘p to two or
n:ore vears o build up to danger levels in the plants or soil. | have seen many
wmousands of plants so affected in plantatons over the past six vears, uvsuailu at

ISl A s :
year (hree or lour from the date of first application of these chemicals

;ISL(RQTEC?I“\;‘%C control is to be carried out. local informason snouid be sought
o Sc Za.e .Acompoupds to use on that particular scil type and the rates it may
c ’__e‘ al. Accuracy in application is essential as the difference between weed
contrel enc toxicity to plants may be very fine.

First indications of toxicity are a paling of the leaves. somes ied
by slight variggaa‘on and in many van'gties an out of cH;raier:‘e*Zsaﬁcx;gg?ap?fs
red_ on the edges of the leaves particularly on those more exposed to the sun
This is followed by general ill thrift and a stunting of the growth and in the case
of leucadendrons, forming bracts earlies than seasonally normal. If the stem of
an affgcted plant is cut or broken it will be found that the wood has a" yellow
colouring rather than white/green, the core will be a dark brown colour and the
general texture of the whole stem will be corky with the bark looking and
feeling dehydrated. There is usually no recovery possible of plants so affected.

13:9 NITROGEN - ITS ROLE AND '
LS NITROC EFFECTON

?}i the ‘t::&ese d;:nncipal elements needed for plant growth, nitrogen influences
tasg;odo Wh?ltst a u1::lant_ma.\kes season by season rhore than phosphate or
r;::m Jo. e soils in ‘many plantations initially do contain sufficient
ents to produce a crop there is evidence to show that after a number of
years many plants begin to “run out of steam” as they take on a lack-luster look
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and stant producing short stems. Tnis is 2vident in high density plantations of Ld.
cv "Safar Sunset” when after about five vears without added fertilizers they
start to produce shorter stems with smeli heads. This is especially so if they are
on land that either leaches quickly or initially has a very low nutrient level.
Similar deficiencies are evident in Proteas and Leucospermums on the island of
Hawaii where plants are growing in pure lava which has virtually no abilitv to
lock nutrients and the plants therefore rély on twice yearly added fertility to
keep them ptoducing.

All Proteaceae have a need of nitrogen to maintain their growth development.
[n what form and in which season it is available to the piant has quite significant
effects on the type of growth it encourages. It must never be applied in the
nitrate form as this is quite toxic to all varieties. particularly Proteas and if it is
available in excessively high amounts {over about 70ppm) it will cause severe
damage and above 150ppm death. Nitrogen in the ammonia form such as
Sulphate of Ammonia has proved quite safe if prudently applied and levels of
50ppm of ammonium nitrate in the period leading into the spring growth are
acceptable.

Depending on the time of year that nirogen is available it wiil have a marked
affect on the type of growth that the plant will make. Proteaceae use their
proteoid roots to store and then provice the plants with the nunient to procuce
vegetaive growth. [f left to their own ravthm they will siore nitrogen during the
winter when the proteoid roots are acive and then use it up during the spring
grewth flush. In their naturai envirenmant proteoid rocis are not nommaelly pre-
sent or acive to any degree from spring through to early winter so the planis
only have one chance to store anc then use the minimal amount of fertiiirw
available. Remember that the soils thev grow in are usually very low in nutri-
ents and the only availability of it is from decaying litter. Under cultivation
however where it is normal that summer autumn soil moisture levels are kept
above those that would prevail in nature. the plants will continue to take up
nutrient as under these conditions they do maintain a'low level of proteoid
roots through the summer. [t has also been established that primary roots are
capable of taking up and supplying the plant with nutrients. This has been
proven where plants have been seriously affected when planted on land that
had an excess of phosphate in a subsoil layer starting at one meter (40"), well
below the level of any proteoid roots. If nitrogen is available to plants under
cultivation in the summer/autymn. they have the ability to “main line™ it
through their primary roots straight 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 strong terminal vegetative growth during the early part of the
summer. If however it is readily available in late spring, it will promote a soft
pendulous type of terminal growth a month or so after midsummer. This is
particularly evident in Leucospermums, the later growing Protea neriifolia
forms and Leucadendrons which make strong midsummer growths. [f it is avail-
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able in the late summer it will simulate multiple lateral growths from kehind the
set flower buds on Proteas and multiple random growths on most Leuca-
dendrons during their mid to late autumn growths. These late growths on 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

assist in the development of strong terminals during the main spring growth
which will then set buds.

13:10 THE YEAR BEFORE THE FIRST HARVEST

During the year leading up to their first harvest. the plants will change from a
juvenile type of growth that has developed the structure of the plant. to a
mature type that will produce flowering stems. To ensure that a high percent-
age of these flowering stems grow to be a marketable product will take a certain
amount of control and manipulation as without it. many of them may be short or
alternatively they may be long and bent with many by-passes. Even if the
plants have originated from selected stock. poor cultivation pracices wiil still
give poor product and poor retums.

The principal aspects that will influence the development of the best possible
flowering stems in this and each successive year thereaiter are: how much and
when nitrogen and soil moisture are available to the plant in reiation to their
natural rhythm of growth. The application of water and the effects of soil
moisture on the plants growth habits has been deait with in Secion 12 and the
role of nitrogen in 13:9 above. Besides attention to these it is necassen. 10 camy
out a certain amount of training and care of the plants.

Throughout the productive years of the plants it is necessary tc te aware of and
control as appropriate in relation to the market being suppiied. fungi and pests
invasion. How clean a flowering stem and its flower is from fungi and pests will
greatly influence its post-harvest vase performance and sutsecuenty the long
term profitability of the crop.

With some varieties it may be necessary to thin out a crop to encourage a better
type of final product. It is not likely that any thinning-will be needed in the first
harvest year but in subsequent years a certain amount of 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 varieties being grown, the local climate, how the crop is harvested. over
what period the crop is harvested and the age of the plant In many instances
the normal harvesting of the crop from mature plants will do much of the
necessary pruning. It is not possible to lay"down any hard and fast guidelines on
pruning but there are certain basic practices which should be followed.

The removal of more than 65% of the total foliage of @ mature plant in any one
season will usually result in it being less vigorous the following year causing it to
have fewer flowering terminal growths and/or may cause it to go into a state of
shock through a lack of sufficient foliage to support it. Varieties that are har-
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vested or pruned close to the active spring growth are more at risk than those
harvested and pruned progressively through the winter.

Some clones of Protea are bi-annual croppers. producing a large crop one vear
and a much smaller one the following year. This is particularly so in those that
preduce very long siems as these are usually the result of two years growth on
each stem before the flower bud sets. With most Leucadendrons excessive and
late spring pruning will result in a greatly increased number of growths inidating
=f which only a relatively small percentage will develop to produce a full bract
-2 following vear. Thinning these out will increase the number which will reach
~maturity. Late spring pruning of anv plants increases the risk of fungz! invasion
tarough the wounds and in Proteas orten results in die-back which can be quite
severe on some varieties if there is a verv active sap fiow.

13:11 CARE AND MAINTENANCE — ;
SUBSEQUENT PRODUCTIVE YEARS

By the time plants have reached the age of their first production ther will have
tecome well-established in their site. have formed their ulimate structural
shape and become acclimatised to the rhythm of the local weather sattem of
rainfall. temperature. light and air movement. [f the piants were weil chosen in
relation to the soil and climate of the plantation. survival to this point will
probably be in excess of 85%. :

The continued survival and procucivity of the plant will deperz on two
aspects. that of maintenance and manipuladon and that of the life e~pectancy
of the species and varieties that have been planted. The mainterznce and
manipulation of the plants is 2 continuzation of those practices carried .t during
the development years. As the plants age they may need more wzzer durng
some seasons to develop their larger canopy to its full potential as a czmmercial
crop and as they use up the resources present in the soil they will nz2d added
ferdlity in the form of NPK and often some trace elements such as xon. zinc.
magnesium etc. As these needs vary greatly from place to place locz_ practices
should be followed. It is possible to “read” many deficiencies in the ieaves of
the plants and this is outlined in Section 16.

The productive expectancy of plants varies greatly but in general terrns Leuca-
dendron production wanes in stem length and numbers after about five to
seven years, Proteas should produce well until they are twelve years old and
will then tend to become short stemmed, Leucospermums are at their peak
until 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 to
still be productive after thirty years. There are exceptions to all of these with
varieties that have a lignotuber giving much longer service.

An annual pruning following harvest is necessary to help in restructuring the
plant for the successive years and to remove any branches which magy break oft
back to the main stem. With some varieties, particularly those with the hairy
leaves, it is necessary to carry out some foliage thinning especially near



level to assist in air movement. The foliage of vareties such as Lsp. cordifolium
and Pr. magnifica become so dense at this level that in areas where there is
high humidity and/or warm summer rains there will be problems with fungi.

As an experiment we once removed all the lower branches of some eight year
old Lsp. cordifolium cv.”Harry Chittick™ so that they were on trunks for the first
30cm to 40cm and we left some still growing to the ground naturally. Those that
were trimmed to a clear space between the soil surface and foliage improved
greatly 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 temperature with levels of th/c95
(th/f140) and more, attention should be given to encouraging air movement at
ground level particularly with varieties that have soft hairy leaves. There is
evidence that dense foliage at the lower levels act as a link for fungi invasion
into the plants from the soil and grasses. Many of the fungi that affect Pro-
teaceae are hosted by grasses.

The continued successful production of a viable crop is a combination of having
selected the right plantation site, the right plants for that site (and the market),
common sense in the maintenance of the plantation and a lot of work. The rest
is easy.
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SECTION FOURTEEN

Pre-Harvest — Harvest —
Post-Harvest Procedures

14:1 OVERVIEW

Whilst much of the vase life of a flower is controlled by the genetic make -up of
the plant that produces it. the methods and procedures followed leading up to
harvesting and the immediate post-harvest handling of the crop will also play a
significant role in the over all result.

There are some varieties of Proteaceae particularly Proteas that will only give
three or four days vase life. No matter how they are handled their degeneration
can not be delaved. It is also a fact that there are big variables in the vase life of
different clones of a single variety. If we are to take Pr. neriifolia as an example.
some clones will withstand seven days in transit and stll give two or more
weeks vase life while others will not even survive three days travel or vase life
without degenerating to an un-usable state. The importance of selecting and
planting stock that is known to be capable of producing a viable flower was
outlined in Section 10 and is summarized in Section 15. If an error of judgment
has been made in the clones/vanants selected and planted the problem of poor
flower types will now become evident. A flower is at its peak of perfection at the
time of harvest and from that momert on it will degenerate. Good pre-harvest
preparation and post-harvest procedures will slow down the degeneration and
enable flowers from good genetic materal to give a satisfactory vase life. It will
however do little to help flowers from poor genetic material other than perhaps
prolong the vase life one extra day.

14:2 PRE-HARVEST PROCEDURES

There are three principal pre-harvest causes of leaf blackening and rapid flower
degeneration> o _
i. undetected dehydration within the plant at the time of harvest, -
ii. the plant experiencing a sudden surge of sap, (caused by the plant bein
dry and then suddenly receiving water or altemnatively a sudden rise of
temperature in the very early spring),
ii. the effects of chemical reaction from the application of insecticides.

Of the three main species, Proteas are by far 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 of harvest Extensive observations on a number of selected
clones indicate that there is only a fine line between a deficiency in soil
moisture level that would cause the problem and that which would not These
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investigations have also shown that eacn clone has different tolerance leveis to
all of the above causes.

When a flower is harvested from a mature plant that is under stress from
dehydration. the flower and foliage are already partially dehydrated although it
is not possibie to see or detect this in any way. When the stem is severed from
the plant the flower and foliage are already short of moisture within the cells
and in some cases flowers and foliage will go black within minutes even if they
are placed in water immediately. This is because when a Proteaceae plant goes
into a state of shock through dehydration it will take up to 72 hours for a full
reversal to take place. A flowering stem responds in exactly the same way. It is
just not capable of taking up water quickly enough even if it is available.

The second cause. that of a sudden rush of sap within a plant is normaily only a
problem of short duration but occasionally extends over several weeks and is
confined to the autumn to early winter pericd although a similar phenomena
sometimes occurs in the late winter when an un-seasonally warm week is
experienced. In this case the surge of sap flow is caused by an out-of-season
rise in temperature and not through the sudden availability of water.

It has been established that when a plant has been under swess fom cehvdra-
tion caused by a lack of adequate soil moisture and it is then supplied with
water, it will become fully turgid again within 72 hours. As a resuit of the period
of stress from dehydration it goes into a state of bud inidaton which it may or
may not contnue to develop into full growths. When this happens the flowers.
foliage and growth buds all become highly stimulated and go through @ chemi-
cal change which when the flowers/foliage are harvested cause them to
blacken. This problem has often been observed in non-imigated piantadons
when following a dry period there is significant rainfall which simulates an
out-of-season sap flow in the plants. If flowers are harvesied from atout the
third to the seventh day following rain, they and the foliage will oiten go black.
This explains why blackening occurs when previously that particular clone has
been clear of the problem. This syndrome usually disappears after about a
week but if the plant is so stimulated that it goes into.a vegetative growth run it
will continue for some time. Qutward signs of this wilkprobably be in the form of
by-pass growths from behind the flower heads or in a lesser degree as slightly
enlarged terminal tips which are usually an emerald green colour. In such
“instances the problem will continue for several weeks until the sap flow slows
down again and growth ceases. Because of these two causes of blackening. it is
necessary to ensure that the plants have sufficient constant soil moisture to
eliminate the possibility of this occurring during the harvest period. Good irriga-
tion practices minimise the risk of these problems occurring.

The third cause, that of chemical reaction from insectjcides is probably caused
by the emulsifying agents rather than the active ingredient as the same result
has been experienced when an excessive amounts of wetting agent has been
used just prior to the harvest of cuttings. The effects can be quite severe if the
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chemicals are applied within three davs of harvest especially if it is bright sunny
summer weather.

A final pre-harvest check should be made to ensure that the material is as free
of fungi and pests as is practical. Once the flowers and foliage are harvested and
placed in a confined area in close proximity to each other, it is a haven for the
rapid development of fungi. which transmits from one to the other by contact or
air-bome spores. In the case of insects. particularly those that cause the
dehydration of plant tissue. (mites. thrips etc.) these will greatly affect the vase
life of the flowers. Pack- house control will do nothing to improve the situation
as the harm has already been done.

14:3 HARVESTING

Flowers are best if harvested in the mornings when it is cooler and before the
effects of the rising temperature and the suns rays have increased the transpira-
tion rate within the plant. For the best possible vase life they should be recut
and placed in water as soon as possible following harvest.

Research and observations show that the degeneration of material is accei-
erated at temperatures above 20°C and very greatly so at 25°C and over. The
acceptable time lag from the moment of harvest to being placed in water is on 2
graduated scale in accord with the temperature at the time of harvest. Below
12°C there will be verv few probiems but it should still be piaced in water as
soon as practical. From 12°C to 20°C the maximum time should not exceed 45
minutes. from 20°C to 25°C 30 minutes and for 25°C to 30°C an absoiute
maximum of 15 minutes. All times should be shortened appreciably when
there are conditions of high dehydradon such as hot ary winds. When tempera-
tures are 30°C and over. especially if coupled to humidity of less than 30%.
inconsistent vase life of flowers will be experienced even if the material does
appear to be in good condition at the time of harvest and it is placed in water
within minutes of harvest. It is under such conditions that clones that have been
selected as having superior vase life will show their ability to perform.

When harvesting it is usual practice to cut so as to give the longest 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 bruised
foliage will 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 the suns rays on the back of their leaves. a few
minutes can cause some to dehydrate and go black. Cut material should not be
heaped up or when placed in buckets of water it should not be jamfned in tight
This is because once harvested, all material will go through a period when its
temperature will rise, (usually about 2°C within two to three hours of harvest).
and if it is left tight even if it is in buckets of water and not controlled by
refrigeration it will continue to heat up which causes it to degene}'ate more

rapidly. _
Harvesting is an operation which should be caried out during periods when
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there is the least dehydration. when the flower is at its optimum condition in
relation to the market it will be sold in and handled 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 harvest. the plant has done its part. the rest
is in the hands of the grower.

14:4 POST-HARVEST PROCEDURES

This is the final act in the chain from the initation of the plant right through its
development to producing a flower which has just been harvested. Good post-
harvest handling will ensure that the flower gives its best possitie value to the
end consumer. poor or a total lack of post- harvest handling can destroy the
flower well before its due time.

There have been a number of papers written on post-harvest handling of
flowers in general and a certain amount of work has been done and written on
the handling of Proteaceae in particular. Unfortunately some of this work has
been carried out with material harvested from seedling siock and because of
the highly variable product that seedlings produce the findings are not nec-
essarily conclusive for that particular variety. To eliminate the possibilities of
discrepancies. all research work [ have done has been carried out on material
from identified clones.

It has been established that dehydration is the greatest facior influencing the
degeneration of the flower. While there are other factors such as exposure to
ethylene gas, chemical reaction to sprays etc. dehydraton is sill the main
problem. There are many things that can cause it such as those outlined above
in the pre-harvest file, but following harvest the principal causes are high tem-
peratures and/or very dry air which is not necessarily hot air. Cold air can be
very dry and can cause severe dehudration in flowers.

For effective post-harvest handling of Proteaceae a chiller is a necessity. The
standing of flowers in water is not sufficient on its own to ensure that they will
give the best possible results. With Leucadendrons, -which in actual fact are
foliage and not flowers, it is possible to process n}’ény varietes through the
winter months with acceptable results without refrigeration but with Proteas,
Leucospermums and Telopea it is virtually impossible to do full justice to them
without refrigeration of some kind.

The quality of water is important as poor water with a high pH. or canrying water
bome fungi can cause rapid break down of plant tissue causing blackening of
the leaves and flowers. Water with a high pH. from a mains supply which has
been chlorinated can be disastrous to Protea flowers and is probably the reason
why occasionally a shipment goes wrong as some mains supplies can vary
somewhat in pH. and chlorine content. As water is the ;tommon denominator in
post-harvest procedures it is also the vehicle by which contamination can be
passed from one baich to another and for this reason it is important that fresh
water is always used for each batch that comes into the pack-house and that the
containers are cleaned frequently.
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How the material is handled once it arrives in the pack-house does vary from
one grower to another and the system used is usually designed to fit in with the
pack-house practices. Some growers stand their flowers in buckets of water
then immediately place them in the chiller. while others may strip the leaves
before standing in water and placing them in the chiller. Some will use other
variables. The important thing is that the field heat and that which generates
within the plant tissue following harvest must be brought down to around 4C. as
rapidly as possible. Once it has reached this temperature dehydration and
degeneration slow down to near zero and ihe aging process is almost halted.

The re-cutting of the stems just prior to standing them in water ensures that
they have a fresh start. The capillaries on some variedes seal off very quickly in
the air. there-by effectively stopping the siem from drawing up water as it
should. A recut will minimise this problem.

The use of preservatives. (as distinct from the use of sugar for pulsing). does not
appear to give any consistent results and it is doubtful if they have a great deal
of influence on vase life. As all Proteaceae are woodv plants it is much more
difficult to get preservatives into them than say carnations. chrysanthemum etc.
which are soft stemmed. With Proteaceae the uptake of water which would be
the vehicle by which preservatives would translocate into the siems. is strongly
influenced by the maturity of the flowering stem and also the environment
conditions of temperature and relative humicity in which they stand in the
water.

During tests on the flowers of many varezes it has been shown thar the inclu-
sion of the fungicide Thiram and to a lesser degree Captan in the water will
improve the traveling performance of some flowers. In pardcular Pr. cynaroides
responded well as-also did Lsp. reflexum. In one case. stems of Ld. cv. “Red
Gem™™ were treated and remained usabie as a fresh cut flower for FOUR

YEARS!

The use of a 2% sugar solution as a pulsing medium has been tested on a
number of varieties. Its greatest use is in restoring Leucospermum flowers if
they dehydrate during transit. If the stems are recut just as they are stood in the

‘solution it will restore the flowers to a fully turgid state and usually heightens the

colour. When using this solution it is important not to splash or spill it on any part
of 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 kind. Common sources of ethylene are from cut and
bruised foliage and tomn stems caused during the stripping of leaves or the
removal of by:passes, petrol and diesel exhaust fumes. smoke from tobacco
and ripening fruit. Precautions to avoid the exposure of flowers to these sourc:
should be taken at all times. :

Good post-hafvest procedures are really just good common sense.



SECTION FIFTEEN

Clone Selection for Cut Flower
Production

15:1 OVERVIEW

The present standing and future of Proteaceae as an internatonally recognised
cut flower is and will continue to be closely linked to the ability of the growers to
supply a consistently high quality product. that is of uniform type and form, to
the intemnational floricultural markets. The ability of growers to do this. irre-
spective of where the plantation is situated, is a direct result oi what they plant
and no amount of careful attention during production and 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 olcest and most
established one being the mass utility outlets such as those which have been
selling themn for over twenty years in Europe (which up until now has principally
been supplied by material harvested from natural stands in South Africa). The
others are the developing world wide “top shelf™ design florists and retail out-
lets. These are very discerning markets which expect top line material every
time, not just sometimes. It is a fact that much of the material that has been
offered to them in the past few years has done little to gain their confidence as it
has been more suited to the mass utility area of trade.

If growers intend to supply and are expecting the financial retumns frocm the “top
shelf” markets. then they must plant clones that will consisiently produce a
product that is acceptable in those markets. It is a proven fact that the careful
selection of the right clones, grown in a specific climate suited to those clones.
will result in the production of top quality material. The points that must be
considered to do this have been dealt with in Section Ten. On the other hand if
seedling based material or vegetatively propagated plants from unproven stock
is used to plant plantations, the resultant crops will be much the same type and
quality as that “harvested wild”. Growers of this type of flower will not be able
to capilalise on the higher priced markets and attempts to market this inferior
material in the astute areas will continue undermining the confidence of the
design and up-market florists in Proteas.

This section summarizes the result of eight years of personal involvement in the
screening and selection of Proteaceae varieties in thHe search for clones suited
to cut flower production. This work is and will continue to be an on-going
programme and what is published here is intended as a guide to protea growers
on what to look for and how to go about the initial screening of plants to identify
those that have merit Because of ‘their constant contact with the plants,

AN

WWWMWWf-:MW-»-rr.rr:r:;'v?.«‘.-l-‘r RRPTs L RO U RV A

growers are the ones who have the greatest capability to make these initial
observatons and selections. Every reader of this book has the ability to find a
real “gem". - ’

15:2 THE SETTING OF SELECTION PARAMETERS

The criteria 1 set following investigations into the prospectve markets of
Europe and North America in 1979 was:-"IF IT WON'T TRAVEL [T IS NO
USE PLANTING T

With no internationally estabiished bench mark of standards and no blue print
to work to, it was necessary to determine a number of factors before any
progress could be made in selecting clones for cut flower production. Twenty
years of handling Proteaceze plants. had shown that not only was each clone
different within a varety but also that each particular clone could give quite
variable performances when grown in the diverse climates found throughout
New Zealand. As it was considered probable that these differences would also
show in the flowers’ post-harvest performance. it was decided that clones being
reviewed should not only be screened for the vase life of their flowers but that a
comprehensive programme be adopted to cover all aspects from plantation
establishment through to the vase life of the flower following transit from New
Zealand to New York. An extension to this was to have plants of each clone
under review established in various locations throughcut New Zealand for ob-
servation.

Initially the selection process was divided into two areas of investigation. that of
a general observation of the plant and the flower it produced, and secondly the
post-harvest performance of that flower. Minimum parameters were set which
were related to what a flower would experience from the bush to the end
consumer and what that consumer would expect of it.

In the materal sense these covered:

a. stem length and straightness of stem,

b. leaf configuration especially those near the base of the flower,

c. "the flower's ability to mature and open following harvest (very important in
Leucospermums and Pr. cynaroides),

d. -flower colour and its ability to retain its lustre after five days in darkness, (in a
carton), :

e. flower conformity (shape and size).

In the post-harvest area it evaluated not only vase life but also the flower's
ability to travel and still give satisfactory value to the end user. Eary experi-
ments had shown that a flower that had a good vase life was not necessarily a
good traveller. - '

The check sheets since developed and published with this Section are the
result of seven years of testing, screening and evaluation. They were de-in

veloped for New Zealand locations to record plant and flower s
relation to given climatic conditions. The final assessment, (sheet 4) gives two
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ratings. that of the flower oniy. and secondiv the overall score of plant and
flower related to the climatic conditions it has been produced in. The parts per
hundreds (%) allocated to each specific section of the overall 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. climatic variations etc.

15:3 PRE-TESTING EVALUATION OF PLANT AND FLOWER

Over the past eight 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 climate. This saves a lot of unnecessary work and can speed up
the trial period and final assessment. The following is a summary of the main
points recorded in relation to the plants genetic make up.

1. Foliage should be free from serious fungal invasion and disorders. This
has been found to be the most important aspect in initial evaluaton as
in 2ll species and varieties. if a plant does not have “clean foliage ™ it is
rare for it to have top quality flowers or bracts that will give satisfactory
travelling ability and vase life.

2. Stems should be long and straight with the flower well set. and without
too many leaves near the head. There should be and a minimum of
by-passing.

3. Leaf colcur (in Pr. neriifolia in particular and in others to some degree).

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 also perform much better where there are high
light levels.
Bud scorch of Proteas that is associated with high light leveis should be
noted. Some clones suffer serious bud damage when light levels ex-
ceed 80,000 ju, [ref. 2:3]. This damage affects the transit and vase life
performance of the flower. Where this is a problem, the clone should
be tested in an area that experiences summer afternoon cloud cover as
it may perform very well under such conditions.

5. Frost hardiness should be noted of plant and flower. Some plants will
tolerate -5°C but will have their buds/flowers damaged at -2°C.

6. Differing seasonal rainfall patterns from one location to another will
influence a plant in relation to health and seasonal growth structure.
Problems caused by this are usually related to fungal invasion and if
this is a problem during the flowering season it will influence the post-
harvest performance of flowers and leaves. In growth structure, ex-
cessive rainfall during the plants rest period often causes by-passing
and/or pendulous growths, even in a clone that has been selected fo
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Impact resistance of leucospermum heads from becoming detached
from the stem during handling and transit should be measured. Lsp
glatrum and its hybrids have given problems. .

8. Flowering season related to market demand. This is important where
freicht may exceed the value at low demand periods. _
9. Maie leucadendrons generally do not travel satisfactorily at their fully
marure stage. They should be saleable before that stage of maturity.
10. Teicpea eveluation. Over the past four years | have caried out pre-

liminary screening on the flowers of some sixty clones of Telopea
flowers. During this work several aspects have been identified which
when applied give a near infallible instant evaluation of a clones tr=vel-
ing and vase life expectations. These findings have been corelzted
against the performance of these sixty odd clones and have been
founrd to be constant in every instance to date. These are:-

i The more intense red the flower is, the poorer is its performance. This
is particularly so when the intense colour runs right to the ends of the
flower styles.

ii. The higher the dome is. the poorer the vase life performance is.

iii. If the ends of the flower sivles are tending to be pink rather than white.
their vase life performance is always good.

iv. The flowers that have the best vase life are those that have a definec
pink end to the styles.
V. If the flower has 2 combination of being crimson (not mauve) with 2

rour:ded dome that has defined pink ends to the styles it will ravel well
and then give good vase life. | have one with this comtination which
lasts for thirty four days in a vase.

15:4 PRODUCTION OF MATERIAL FOR SCREENING
AND EVAL UATION

The following points should be considered when making provision for a supply
of material for evaluation.

1. Planzation 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-
vestng material from for testing. A single plant can give misleading
results.

3. Controlled irrigation in relation to seasonal growth pattemns can play a

significant role in the stem length achieved in some clones. Those with
marginal length stems (less than 45cm) should not be discarded until
grown with imigation.

4. If nitrogen is available to the plant especially during the spring growth it

will lengthen stem length. On the other hand if it is available in mid-
summer it may also cause severe problems with bent stems and by-
passing in the midsummer - autumn growths.
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15:5 FLOWER EVALUATION

There are many aspects which may influence the post-harvest performance of
a flower/foliage. The condition of the plant. the climatic 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 first fifteen to
thirty minutes after harvest have all been found to influence the post-harvest
performance of the flower. If these are not taken into account when harvesting.
testing and assessing, some misleading results can be recorded in the flower’s
abilitv to travel and subsequent vase life. Because of this, persons carrying out
this work should standardize their pre- and post-harvest procedures and use the
same format with every clone every time. These procedures should be of a
practical nature that can easily be duplicated under pack-house conditions. It is
only by doing this that reliable data will be gathered which can then be used in
a practical situation.

In pre-harvest procedures the following should be noted:-

i. Age of plant. Proteas and Leucospermums should be at least four
years old before being used for observations. By this time they will
have adopted their adult cropping pattern. Leucadendrons should be
three years old. Growers should not condemn a‘ promising plant or
plants of a clone for poor performance in their particular climate untl it
has flowered for three years as flowers from young plants often give
poor travelling performance and improve as the plants get older. The
reason for this is that plants of less than three or four vears old are
almost continuously vegetatively active which may give results similar
to those experienced when an adult plant experiences a surge of sap
flow. [Ref 14:2 & iii. below].

ii. Material under stress from dehydration must not be used for testing. It
should be noted that dehydration can be caused not only from dry
ground cconditions but also by dry winds {hot or coid) and frost.

iii. If 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 sudden 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
transit. ’

iv. Some insecticides if applied within four days of harvest may affect the
post harvest performance. Problems have only 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 cause. Spraying a week prior to harvest will minimise the
possibility of inconsistent results from this. ¢

In the post harvest procedures the following should be noted:-.

V. Time of day of harvest. For consistent results only harvest early in the
day especially when temperatures are going to exceed 18°C. Acceler-
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ated degeneration has been observed above this temperature.

vi A time span not exceeding thirty minutes from harvest to water should
be adhered to. Even if this time factor is achieved the combination of
temperature above 18°C and material cut from a plant under stress
from dehydration will often give inconsistent results. Trials have shown
that -most material degenerates rapidly, ofien beyond recovery, after
45 minutes at +18°C.

vil. Stipping of leaves. In some clones this results in damage to the flower
stern which causes poor vase life owing to the production of ethylene
gas and the invasion of fungi. This has been the reason for discarding
some promising clones under observation. When a clone is being
tested and this is a problem, cutting the leaves will reduce the stem
damage but may not be cost efficient in production.

Viii. Removal of by-pass growths will cause the same problems as stripping
leaves. By-passes should be removed in the field at least a week prior
to harvest.

ix. Flower preservatives. Trials with-these have not shown any consistent

results. However the use of certain fungicides in the holding water has
shown benefits to some clones. It is thought that the influence of both
preservatives and fungicides is closely linked to the flower foliage
ability to take up the solution in the immediate post harvest period. lf
flowers/foliage are stood in water at room temperature their uptake wiil
be considerably more than if they are in a chiller unless the chiiler
humidity is very low.

X Density that material is packed in the carton has a bearing on its sur-
vival and eventual vase life. Cartons undcer trial must be packed at the
same density as they wouid be in normal transit.

Xi. Each clone should be tested three times during the flowering period.
early. flush and late. Varying results will be obtained especially in some
Pr. neriifolia clones over these periods.

Vase life must be tested after simulated travel or actual transit. Some

xii.
clones that have been investigated have had a good static vase life and
a poor record of transit. Some have had a good transit record followed
by a poor vase life when re-exposed to the air.

15:6 TESTING SUMMARY

The only way to get reliable results is to grow the crop for testing in a production
environment, harvest the flowers from mature plants that are not under stress,
preferably early in the day and place in water within 30 minutes of harvest The
material must suffer the minimum of damage during processing, be packed at
normal density in cartons and then tested for travelling performance. Only after
it survives this, should it be tested for vase life. Static vase life means nothing if a
product has to travel for three or more days.
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15:7 CLIMATIC INFLUENCES

Observations made and data accumulated during the development of the
selection programme show quite clearly that climatic variations have a great
bearing on whether or not a paricular 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 productve. 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. rainfall — the seasonal variations rather than the actual amount.

b. air movement — influences plant health especially those with hairy
leaves. It is also important in high light/temperature areas.

c minimum temperature — below minus 3°C puts great restrictions on
what flowers can be viably produced. Most plants will survive -5°C.

d. maximum temperature tolerance — is closely related to a2 combination
of temperature x air movement x light intensity.

e. light intensity — is a complex ingredient of seasonal climatic variation.

It influences most cutflower varieties in both plant heaith and flower
quality. Seasonal light rhythms are believed to be the main factor
influencing production and flower quality especially in Protea.

15:8 FUTURE SELECTION PROGRAMMES

It is at this point our investigations move from pure clonal selection matched to
a particular climate, to a combination of selection X climate plus plantation
management. To further the investigations into these fields it is intended to
install a climate moniioring station linked to a computer to record accurate data
on light radiation, humidity, air movement, rainfall, air and ground tempera-
tures while at the same time making detailed observations on some 15 to 20
selected clones in a field plantation. The basis of thesg observations will be on
the effects of irrigation, the application of nutrients, plant management and
their relationship to the local seasonal climate. These field trals will be long
term covering the period from plantation establishment through to the post
harvest performance and profitability of the crop for a period of at least four to
six years.

Ideally several such trials should be set up in various climatic locations/
countries, all 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 successful cultivation of Proteaceae. ¢

As we move further into understanding what influences Proteaceae it will be
possible to manipulate them to produce a more valuable crop. This manipula-
tion falls into two areas, initially that of the careful selection of cutting material
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from the stock plants of the selected clones [ref. 17:4] and secondly the edu-
cated uses of irmigation and ferilizer application at specific growth periods. {not
just when they look as if they need it). seasonal control of light. temperature, air
movement, and in the case of some clones of some species. specific pruning
techniques.

Success will only be achieved if the plantation has been established with selec-
ted clones with 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 of flowering, 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 consumer.

The ultimate target for research in selecion and the matching of those selec-
tions to a particular climate will be to populate our plantations with plants that
will produce to specific pre-determined levels of quality. stem length. flower
type. travelling ability. vase life. producivity and profitability.

167



SHEET ONE — INSTRUCTIONS FOR EVALUATION

To achieve uniform assessments it is important for each individual researcher to
follow an identical pattemn for investigation on each and every clone under
review for a given climatic location. The following are the procedures adopted
in screening and evaluation to gather information for recording data on sheets.
two, three and four. :

Seedling plants are only to be used where a new subject is under initial invest-
igation. Cutting grown plants are to be used in all instances for final evaluation.
Protea and Leucospermum plants should be four years old before use as the
source of material for final testing and Leucadendrons should be three years
old. All plants must be grown in a production plantation environment. Material
must only be harvested from plants in a fully turgid condition. Material must be
harvested at the same time of day each time testing is being carried out. It is
preferable that harvesting is carried out in the early moming. Material must be
recut and placed in water within 30 minutes of harvest. Material under test must
be handled and treated in accordance with good pack-house practices with the
minimum of tissue damage and kept as cool as possible during handling. All
material shall be chilled for a minimum of 12 hours to 4°C before packing into
cartons for transit testing. Material shall be packed at normal density in
the cartons for transit testing, (either simulated or real). Use small cartons for
small quantities. Do not make up space with paper packing. Vase life must be
assessed after transit Flower life is judged ended when cegeneration is
obvious when viewed from 2 metres at 32{t/c. which is equivalent to the aver-
age light in the living area of most homes. Frost tolerance of plant and
flower should be monitored over a period of at least one full calendar year, two
if possible. Light 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 light factors in other seasons.

Minimum stem length has been set at 45cm. Transit period has been set at five
days. Minimum acceptable vase life has been set at 15 days. There are many
factors such as colour, flower lustre, flower shape, leaf configuration etc which
are impossible to measure. These must be assessed with the view that the
flower must be competitive with similar products in the market For this reason
it is essential that the researcher has a knowledge of what is being traded in the
market place.
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SHEET THREE

PLANTS FIELD PERFORMANCE

Has the plant shown any phosphate toxidity problems? Yes No
Has the plant shown any establishment problems? Y N
If yes to above state — ° ) o
Tolerance to -3C after 3 years ( /10) afterSyeaS( ........... / 10)
Tol i r
erance to light above 60,000 units per day (see note page 1 ch/sh) ( /10)

Tolerance to +28C in full summer sun { /10)

Toler. i
! anc(e to less than 25mm rain per month in summer (nil irrigation)

anuary
Janears /10)  February ( /10)  March ( /10)  April ( /10)
- (ce to over 400mm rain per quarter (nil irrigation)

pring :

/10)  Summer ( /10}  Autumn ( /10)  Winter ( /10)

£
Effects of over 400m rain per quarter. State —

— ] 1 an 23mm ram r summ. mon? nil Iirr tnon sla(e —_
r'leC;S Of less t :
pers er r tn. l[ irnga

Resistance to: botrytis

{ /10)
dresular ({ /10)
phytophthora c. ( © /10)
other fungii ( a'. /10)

Are th i
€re any particular fungal problems with this clone. State —
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SHEET FOUR

FLLOWERS FIELD PERFORMANCE

Tolerance to -3C frost { /10) to -5C frost ( /10)
Maximum frost buds will tolerate with damage? ( degrees °C
Bud tolerance to light over 60.00 uni:s per day. ( /10)
Tolerance to rain ( 10). Effects state —
Is by passing a problem? State —

( 110

Leucospermums only. Impact resis:ance of heads.

Are there any problems associated in the procuction of this fower. State —

FLOWERS PERFORMANCE AS A CUTFLOWER

Ability to mature lollowing harvest. ( /10)
Ability to withstand five days in transit. ({ /10)
Vase life following 5 days in transit. ( days)
Domestic vase life nil transit. ( days)
PRODUCTION DATA

At year 3 ( ' salable stems)

At year 4 ( salable stems) assessed on ( cm length)
At mafurity ( salabe stems)
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SHEET FIVE

OVERALL RATINGS

Flower post harvest and physical rating

Part/100
Ability to mature following harvest. *10
Ability to withstand five days transit. *30
Vase life following transit. *20
Stem length. *20
General presentation to end consumer. s
Flowering period related to market demand. *15

Flower rating

Combined plant production and flower rating

Part/100
Flowers ability to travel. *20
V'ase life following travel. *10
Stemn length. *10
Flowering period related to market demand. *10
Flowers general appearance to consumer. *05
Flowers tolerance to -3C. *05
Flowers tolerance to_ +28C and full sun. ,*05
Flower/plant tolerance + 60,000 light unit/day. 7 *05
Plant resistance to fungal invasion. < *10
Plants general health. *10
Plants production ability. *10

Overall rating, plant and flower. .

4
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SECTION SIXTEEN

Problems — Reasons
— Reémedies

This section is designed as a quick reference check list. It will help vou to
determine what are the reasons for problems which will be encountered from
time to time. It must be regarded as a first check only and where serious
problems occur expert advice should be sought.

The listing of problems is divided into sections and are filed under the heading
where they are most likely to occur. A system of referrals [ref.”*] the same as
that used throughout the book is used to direct the reader to the file containing
the information on the subject under review. In most instances this will teil how
to avoid or remedy the problem. If there is not a referral 2 suggested cure is
listed.

16:1 VEGETATIVE PROPACATION
16.1.1 Cutting material goes tlack within hours of harvest.
Material was harvesied when:

i. It was under stress from dehydration [ref. 3:7]. :

ii. Air temperatures were above 28°C and the material then rose to
+30°C [ref. 4:2 & 4:3]

ili. The stock plant had a dry root zone and had then received water
or rain within 72 hours prior to the material being harvested [ref.
3:3) :

iv. . Material was too immature to handle [ref. 3:7 to 3:12]

v. Stock plant had been treated with sprays containing excessive
quantities of wetting agent or insecticides [ref. 3:1]

16.1.2 Cuttings go black within 36 hours of setting.

A canry over of the reasons above

Hormone strength was too high [ref. 2:15]

Excessive amount of alkcohol was used when mixing hormone
(ref. 2:15] (in the hormone not the grower)

Too much time lag from hormone treatment to setting [ref.5:7]
Insufficient overhead watering in relation to the maturity of the
material and atmospheric conditions (low humidity etc.).

Eip -
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16.1.3

16.1.4

16.1.5

16.1.6

iil.

Direct sunlight was permitted to shine on the materal at some
point of handling [ref. 4:3]

Cuttings gradually take on a dehydrated appearance one to two
weeks following setting.

Insufficient overhead water being applied for prevailing con-
ditions of temperature and air movement. [f the problem is only
near the perimeter of the propagation area check for wind drift.
Too much light for variety [ref. 6:3]

Leaf tissue begins to deteriorate ten days following setting par-
ticularly with grey and hairy leaf varieties. fungicides are not ef-
fective in control.

Insufficient light for variety being handled [ref. 6:3]
Difficult to control fungi [ref.9:12 to 9:19]
Result of stem damage from too much hormone (ref, 2:15]

Scme cuttings rot below medium suriace between fifth and
twentieth days.

Material was too soft at harvest [ref. 3.7 to 3:12]
Medium is not draining sufficiently [ref. 2:14]
Delayed result from hormone damage (ref. 2:13]
Fungi was present in the material at harvest {ref. 3.3]

Cuttings take on a water stained appegrance, firstly in the leaves
and later in the stemns. Often first shows in the centre of a tray or
bed of cuttings. Can occur at any time during rooting but is more
likely 15 to 20 days after setting or during cloudy weather.

Cuttings have been set too close to each other causing in-
sufficient light and air movement within the canopy of leaves in
the tray/bed [ref. 5:4]

Insufficient light in the propagation area for the varieties affected.
It will affect grey and hairy-leaf varieties first then the red foliage
leucadendrons [ref. 6:3 & 9:19] t

Note;- This should not be confused with similar symptoms that
show on leaves following frost. Unless very severe this will dis-
appear of its own accord by the fourth day.
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Cuttings callous heavily but will not root even after an extended
period.

Some varieties are prone to this problem especially Proteas.
Material was too mature when harvested and set [ref. 3:7]
Hormone was too strong and although it did not destroy the
cuttings tissue it caused scar tissue to form [ref. 2:3]

Bottom heat was applied too soon after setting or it was set too
high [ref. 2:10]

16.1.7
i.
it
iit.
iv.

16.1.8
i.
ii.
iii.
iv.

16.1.9
i.
ii.
il

16.1.10

L
fi.
fii.
iv.
V.

Cuttings will not root. Base of cutting does not callous or change
in any way from the day it is set except take on an appearance
like crepe paper.

Material was too immature at harvest and a heel.was not retained
at the base [ref. 5:8 to 3:10]

Hormone strength was too low for par“cular variety [ref.2:15]
Cuttings were allowed to dehydrate on the bench during prepar-
ation [ref. 5:6 & 5:7]

Cuttings were inserted into dry medium causing them to de-
hydrate at the base [ref. 3:1]

Cuttings start vegetative growth but do not root and eventually
abort and become inert.

Material was harvesied and set too late in spring {ref.3:7 to 3:12]
Material had initiated growth too far aiter seasonal manipulation
{ref. 3:4]

With leucadendrons it can be caused by dipping dehydrated cut-
tings into hormone which burns the base and stimulates vegeta-
tive growth [ref. 2:15 & 5:7]

Entire batch of cuttings go yellow by about the fifth day then start
dropping their leaves and die.

Medium or water supply contaminated with herbicide or hor-
mone.

Water contaminated with high salts, [ref 4:2.]

Water has very high phosphate content. [ref 4:2]

Material was harvested from plants infected with Rhizoctonia or
Fusarium (ref. 9.11].

Material was put under great stress following harvest from heat
and dry [ref. section 4).
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16:2 PLANTATION HEALTH

Much can be read of plant health by observation of the leaves. Whilst this is in
no way a positive identification of plant deficiencies or excesses. it can be used
as a field guide to determining the probable reasons for a plants condidon.

In carrying out observations of this 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 Proteaceae are photo-sensitive and a particular
chemical condition often also affects their light tolerance as a side effect.

The following is an outline of leaf conditions that are likely to be encountered in
the cultivation of Proteaceae and should be regarded as a guideline to deter-
mining the cause. Positive identification takes laboratory analysis.

16.2.1 Leaves have a horny texture. usually crinkled with high colour on
edges and pale on the upper surfaces exposed to the sunlight.
Advanced symptoms are dead tissue around the edges of the
leaves and general dehydration of foliage and flowers.

i. Too much sunlight for the varety planted.
ii. Probably aggravated by high pH. and phosphate levels.

Remedy. Avoid plandng varieties that are sensitive to high light levels

where they will face the sun all day. These varetes should al--

ways be planted on slopes facing away from the sun.

16.2.2 Leaves pale between leaf ribs with ribs highlighted green. Leaf
shows chlorosis towards the tip and in some cases tip bumn.

i. Lack of magnesium.
ii. [f there is tip bum there is also a deficiency of iron.

Remedy. Apply magnesium (epsom salts). 1000 ppm. and iron (iron che-

late), 500 ppm. as a drench spray. Repeat as necessary.

Note: This problem is usually of a seasonal (\;;ture linked to the spring
growth period.

16.2.3 Leaves pale between ribs with burning at the tips progressing to
: severe tip bum and a mottling effect of the foliage.

High phosphate levels present probably aggravated by,
ii. High pH. and or dry soil conditions.

It is difficult to bring the phosphate level down. Apply sulphate of
ammonia as a drench at 2000 ppm and also as a ground dressing.
Keeping the soil moisture up during dry conditions will often
help.

=

Remedy.
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16.2.4 Leaves begin a pale blotching as light and temperatures rise
during progress into summer. Leaves eventually go almost white
and roll back at the edges and show bum along the edges. There
may be a slight pinkish appearance on some varieties.

i. Very high nitrate nitrogen levels. Proteas in particular will be
- affected.

This is difficult to control. Fortunately it is usually only of a few
months duration and is caused by the breaking down of humus at
high temperatures such as under weed matting (ref. App?ndxx
Three]. Heavy flushing with irrigation does help to reduce it but
will not help the plants much that are affected. A delay of six
months from the laying of matting or the rotary hoeing qf her-
bage into the ground to planting will reduce the risk of this pro-
blem.

Remedy.

16.2.5 Leaves are small and show tip burn during hot weather. other-
wise O.K

i. Shortage of potash.

Usually a short duration prodlem. Keep moisture levels up for the
remainder of the summer. Apply potash prudently in the follcfuf-
ing early spring to avoid a recurrence the foilowing year. High
levels of potash will cause chlorosis.

Remedv.

16.2.6 Plant has rosette leaves with growth tips sometimes arranged in a
whorl. Leaves may have a “bird beak™ (twisted) tip.

i. Principal cause is zinc deficiency. probably associated with iron
and magnesium shortages.

Apply sulphate of zinc at 500 ppm. as a drench several times. Pay

Remedy.
_attention to iron and magnesium also, see 16.2.3.

i i it how
16.2.7 Foliage of plant is paler than it should be but leaves do not s
: veining as for magnesium deficiency. Growths are shorter than
expected. ' '
. . . her
i Shortage of nitrogen, usually shows fonoMng spring growth a
about the third or fourth year from planting if no supplementary
supplies have been applied -
Apply sulphate of ammonia either as a dressing or_thmugh irriga-
tigr?. yRefer to 13:4 for information on the role of nitrogen in plant
growth. )

Remedy.




16.2.8

Remedy.

16.2.9

Remedy.

16.2.10

Remedy.

A cream coloured variegation shows on lower leaves and ;Sro-
gresses up t}*le plant. intensifying as it progresses. For a start it
may only affect one side of the plant. :

Nmmt certai_nly_ the result of a herbicide containing Symizine
being used m_thm the root zone of the plant.
In low doses it may only show as a faint margined yellowing of
leaves that were developing at the time of being affected or the
leaves may be slightly stunted and margined.

Refrain from using this type of chemical within the root zone of
plants. [ref. 13:8]. Plants will usually survive one or two annual
accidents but no more.

Plan§ take on a slightly stunted and lacklustre appearance. The
margins of leaves will often take on a dark appearance and Leu-
c;dendrons set bracts earlier than usual. Foliage may take on a
slightly pink appearance and stems become slightly dehydrate
and brittle. . .

lants are affected by Round Up either by diract contact (if the
symptoms develop rapidly) or by transiocation through the roots
from the fleshy roots of sprayed weeds if the orogre;s of symp-
toms of poisoning are slow to develop. .

T}}ere is nothing th.at can be done to improve the plant. Once
affected the plant will either eventually die or may malinger on as
an unproductive plant for several years. ’

Avoid using th.is or any other chemical that wansiccates in the
root zone of piants especially if there are any weeds with fleshy
roots present, [ref 13:8].

-

New growths all over the plant goes sligﬁt]y pink edged silver and

foliage is small and slightly twisted. i
be twisted. ghtly Last few cm. of terminals may

Plant has been affected by hormone drift. possibly from a great

- distance away. Proteaceae are very sensitive when making their

spring growths.

Check d.memical store for leaking containers as these chemicals
are volatile and the vapors can drift to affect plants. If symptoms
are only on the lower foliage of large plants or all over only small
plants, the problem may have originated from the use of weed
control prills/granules. Some of these give off gas when first
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16.2.11 Foliage of new growths show buming then go grey after a few
days and is confined to one side of the plant.

i Almost certain to be salt bum from dry winds. May otcur up to
40km (25 miles) inland. Usually follows a swong wind which is not
followed by rain.

Remedy. Move further inland! Trim off foliage that is showing severe bum
as it may later be host to fungi.

16.2.12 Sudden appearance of random black patches on the younger
leaves and temporary tip wilt during the heat of the day.

i Plant has been temporarily short of soil moisture and/or over
heated through the lack of air movement [ref.10:5 & 10:6].

Remedy. Increase soil moisture, [ref. 12:2] and air movement
16:2:13 Plant fails to establish well. Shows stress from dehydration and
light even at low levels of exposure. Plant often fails second
summer.
i lant has poor primary root development caused by the con-
tainer mediurn being incompatible with the plantation soil type.
[ref 8:5 to 8:71.
ii. Plant root system is affected by nematodes [9:21].
i Plant has suffered some physical root damage from ground insect
populations [9:22].
Note:- The condition may oe compounded by more than a single
cause.
16.3 DISEASES
This section deals with symptoms of diseases. Early detection of diseases is

often difficult to detect as the first symptoms are sometimes similar to those
caused by deficiencies and excesses of minerals.

16.3.1

Remedy.

Plant shows general yellowing of the lower foliage and stems with
tip wilt in the upper part of the plant.

Plant is almost certainly affected by Phytophthora Cinnamomi.
[ref.9:10]. .
There is none, remove the plant, it is a danger to replant in the
same site.
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16.3.2

Remedy.

16.3.3

Remedy.

16.3.4

Remedy:.

16.3.5

Remedy.

16.3.6

Part of a mature plant suddenly
' y goes yellow and drops s
leaves and later shows tip dieback. Rest of plant is O.K.p o

Avoid large wounds especi i
: : pecially to the main stems infec-
tion and treat with fungicides. - Cutoutintee

The lower leaves show sudden -
: ; ellowing and becom
there is no tip wilt. Roots are sulliealthy.g nd become brown.

Plant s i . . . .
" :{1 91:51 11n].fected with Rhizoctonia or Fusarium or possibly both,

Problem is usually only seen in plants under two years old but

sometimes carries through to the plantati :
i . ation from ear )
tion practices. P earlier propaga

Tbtir‘e 1s(r310 cure. once infected the plant will eventually die from

wcxi in. c?o'd drainage and attention to air movement and

?hée?r:x?;? hgnt_fa_t ground level during propagation will minimise
idence if infection. The problem originate

s at gro -

face level. not beiow. ° R

Whole plant goes vellow durin i i
b t 4 .
o g we penods and improves dunng

Rising water table during wet periods.

Low level infection of Ph i
: vtophthora Cinnamomi in i
semi resistant to it. i ARt

lmprpve drainage. Treat with Ridomil or Alliette. ref. 9:10.

X

h p

Plant is infected with Botrytis or some similar fungi. {ref.9:13].
Improve air movement, spray with Captan or similar chemical.

Leavles of l._eucospermums get a tan Spot which develops a
purple margin and progresses to a large lesion with dead tissue in

the mi s
ofe Pr:;?g:e;te .wxll infect all leaves and can spread to other species

180

o
%
=
¥
EN
3
&/

Remedy.

16.3.7

Remedy.

16.3.8

Remedy.

16.3.9

Remedy.

16.3.10

Plants are infected with Drechslera. Infection usually develops in
early autumn and continues into winter. (ref.9:15].

There is virtually no total cure. Control by constant application of
fungicides [ref 9:15]. Note: the practice of using young plants in
nursery production beds as a source of cutting material does
carry some risks in its spread as it is difficult to detect this fungi
visually in the early stages of infection.

Leaves become almost covered by pale orange pin head size
spots staring down low and progressing up the stems. usually on
Leucospermums but sometmes on others.

This is Septoria which is often accompanied by other fungi. [ref.
9:17). Develops about the same time as Drechslera and the two
are often seen together.

The damage to current growth can not be eradicated. Preventa-
tive control by chemicals.

Young plants. especieily those with hairy leaves develop decay in
the terminal tips and or young soft leaves. There is a rapid devel-
opment down the leai or main stem and plant dies. Infected
leaves have a very dark margin on the stem side of the infection.

This is Pestalotia and is always associated with low light levels and
moist conditions [ref. 9:14]. It is often encountered during the
winter in both propagation and plantation situatons.

Increase light and air movernent {ref.8:2 & 8:4j. Treat with
chemicals as per 9:14.

Leaves develop a silvery appearance all over. This may affect
.the whole plant or only one ot two branches.

Plant is infected with Silver blight. [ref. 9:16).

Once well established it is almost impossible to eradicate. Re-
move affected branches or plants. Avoid large cuts to plants es-
pecially late spring. If possible remove known host plants.

Large water soaked spots appear on leaves which affect sur-
rounding foliage.

This initiates as a physical disorder but may become invaded by
fungi. as yet unidentified. It is always induced by low ight and
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high moisture levels. It is usually confined to the propagaiion
phase but can occur in plantations. [ref 9:19].

Remeduv. Increase light and air movement which will help to decrease
moisture levels. Don't crowd plants unnecessarily.
16.4 PESTS

Early detection of pest infestation will make control much easier. A close watch
should be kept during periods when it is known that there can be a rapid build
up in populatdons.

16.4.1 Plant takes on a patchy silver appearance and upper surface of
lower leaves and get a black smut on them.
Note:- not to be confused with 16.3.9 — silver blight.
Plant is infected with thrips, mites, red spider. These are very
small and 10X magnification is needed to detect.

Remedy. Treat as required. 9:26].

16.4.2 Leaves of plants have numerous holes in them. especially at the
tips of Leucadendrons.
There have been leaf roller caterpillars present in the terminal of
new seasons growths. These are there well before growth
begins. [ref 9:25].
Remedy. Prevent invasion by early and regular spraying with
systemnic insecticides. Spray or remove host trees.

16.4.3 White, black or brown scales on the under sides of the leaves.
Usually first show during late summer to peak by early winter.

' &
Remedy. Control as per 9:27. Remove known host plants.
16.5 PRODUCTION

Early idet?tiﬁcation of the reasons for less than expected performance of plants
in producing good quality material is important. Procedures must be carried out
up to a year ahead to correct problems.

16.5.1

i

Flowering stems are shorter than they $hould be for that par-
ticular clone.

Plant was short of soil moisture in the latter part of its vegetative
growth run, ref. 12:3
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16.5.2

16.5.3

v 16.5.4

16.5.5

16.5.6

iii.

Existing nutrient levels too low to sustain growth. [ref 13:9].
There were too many stems initiated for the plant to sustain [ref.
13:10]. ;

Flowering stems are bent or growth is pendant.

~Poor stock was planted. ref. Section 15.

Plant was supplied with an excess of nitrogen. [ref. 13.9].

Plant was supplied with an excess of soil moisture in relation to its
seasonal growth pattemn, [ref. 12.4].

Flower buds suffer scorch.

Too much light for that particular variety/clone in relation to plan-
tation site, {ref. Secon 10}.

Plant was temporally short of soil moisture [ref. 12:4].

Plant was exposed to unusual weather conditions. hot wind. very
high temperature for short period. frost. [ref. Section 10].
Possible salt bum. It can occur well inland following a big wind
which is not followed by rain.

1ii.

Flower buds abort

Bud was exposed to very high temperatures or a frost [ref. 10:6].
Terminal tip carrying bud has been infected by Botrytis or a
similar fungi. [ref. 9:13].

Physical damage caused by impact or by insects. caterpillars etc.
[ref. 9:23 & 9:24].

Ei

Plants won't set buds as they should.

Lack of sufficient light. Plants are probably being shaded too
*much by hedges or have been planted too close to each other.
With young plants, soil is too rich and causes the plants to grow
vegetative rather than flowering wood.

Some varieties take up to five years to flower, [ref.13:4].

Ei

Flower heads develop numerous bypass growths. '

Plants have gone through a dry period and then received excess
water to their seasonal requirements, [ref. 12:3].

Nitrogen has been supplied to plants during their normal rest
period in the summer, [ref. 13:9]. '

Poor genetic material has been planted, [ref. Section 15].
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16.5.7 Plants are seriously damaged by frost.

i g}lantation site not suited to Proteaceae.
ii. ants were irrigated too much in the auty i i

late growth. [ref, 12.4 & 12.7]. n which stmulated &
iii. Plants i i i i
| [reafl_'\]339‘j{ere supplied with nitrogen during the summer,
iv. Hedge rows have become excessively high or thick and are re-

stricting - ai s 2
10:6]?9 air movement. thereby creating “fost pockets™. [ref.

16:6 POST HARVEST

By the time a flower has bee
treatment there is little else w
Where probl
rected.

16.6.1 =

hr'x l_i:arvesl;eddand gone through its post harvest
1€ can be done to improve their performance
ems are encountered the causes should be identified and cor-

owers and foliage goes black within hours of harvest.

i Plants were under stress from deh '
i ' ydration, [ref. 14:2].
ii. Flowers and foliage had been frosted recently. |

il.  Day ten i :
14:3:/3 g{mlptle:rlia]t-ure was too high for that varery to be handled, (ref.

16.6.2 Foliage and flowers go black within two or three days following

harvest.

Do e e (e Seson15)
i I?dlc:e;?a?l::ags' [ref. 114;31. arvest 1o being put into water
[ref. 14:3]. poorly handled and suffered.-crushing and bmi§ing.
v Materl has been exposed to ethyiene g, [re. 14:4]
flower head and os:a ﬂ:‘,fyohl:;? F::?g 2°6f].thnps and mites in the
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SECTION SEVENTEEN

Facts and Fancies

17-1 OVERVIEW

In thirty vears of involvement with any occupation you will from time to time
have thoughts of the past and future. As well as this you will come across
various situations and events for which it is difficult to pinpoint the reasons. This
section notes some thoughts. experiences and observations | have made that
have not been dealt with in other sections of this book.

17:2 MICRO-PROPAGATION — (TISSUE CULTURE).
(Factand fancy).

Although there have been a number of projects run in various research and
commercial laboratores to invesiigaie micro-propagation of Proteaceze. tc
date there has been little success apart from with Telopea in New Zezalancd.
With thesz there has been some success in multiplication but very little progress
has been made in defining a susiem to transfer from the flask to a successiui
plant at least on a commercial basis.

[t is known that work is progressing in several labs. and eventually a svsiem will
be worked out that will have some success. Meantime it is back to the knife.
cuttings and trays of medium.

17:3 THE ROLE OF MICRO-ORGANISMS IN PROTEACEAE.

(Fancy or fact)?

There are many indications that micro-organisms play a prominent part in all
phases of Proteaceae production. right from 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 | may never see. | recently
spoke of this to a scientist friend. He told me that you could look down the tube
of a microscope for 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. |
have seen a number of facets that support the theory that micro-organisms do
play a significant role. This assessment 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 locations.
This is that Proteaceae always establish and grow very well in land where there
is or has been upland femn (bracken) and/or the dry land grass-like rushes
(Juncus) growing. This observation has been irrespective of which country it
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rAE
was sée'fn in with the best production plantations always being in "bracken
country”. It can of course be argued that this parallel is because Proteaceae and

these plants all like well drained soil. the same pH.. similar climatic conditons

and nutrient levels. 2 AL

In the propagation .phase' there '¥ar-e indications of * iy R 3
y AR iy are. of “friendly”greebies™ influ-
encing the initiation of rooting of a number of Varieties. It isy"’t}gxzught that tl:le

presence or absence of micro-organisms in the rooting’ medium may play a -

significant role in whether and how well cuttings root.

Many years 2go an old nurseryman told me that if [ wanted to be succéssful
growing South African ericas that [ must get some “erica dint” from under a
growing plant and mix it with the potting medium. About the same time [ was
told by a succgssful gardener that if you want to grow a Telopea. that you had to
find one growing and get some dirt.from around it and put it in the hole where
you were going to plant your new. plant. These suggestions do have a lot of
g?itslz otrl:]em as 1tfxs really inoculating the soil with micro-organisms, a practice
thaLs g thr;?hr; ;nﬁ r(;:‘zstry when land is being put to the use of growing seedling

During Propagation there are several things that have been noticed that occur
on a fairly reqular basis. When propagating varieties with a lignotubér it has
been noted that they often develop a mass of tiny white dots which are .usuallv
accompamgd by a white’grey mildew appearance on the part of the stern
below mgdlum surface just before they produce visible roots. If a seed of prairie
grass accidentally gets in amongst the cuttings and germinates and is not re-
moved. the cuttings closest to it will always root quicker than those not within
the grass root zone. The same will happen if barley germinates and grows
amongst the cuttings. If cuttings of an easy fast rootir;g variety and some of a
slow difficult one are set into the same tray. the cuttings of the slow difficult one
adijacent to the easy ones will almost always root well before those that are
furt'her away. The same thing can happen if difficult ones are put around the
perimeter of a pot and a few easy to root ones are put in the middle of the same
m e\élclzl.:}tla th; possible influence of auxins can not_be ruled out. there is

: titis elthér these or miqo-?rgapstfxf whu:h cause these things to

A

In ﬂ'le“g!‘OM- ing-on phas}e tests-:aré being run'.tci.i-- i e the 'posiﬁ sible effects .
et X €, run to investigate the le .
of micro-organisms on plant health and gmwth ..']fh ad been noted on a'nt l'mi- ber :

of occasions that when plants (following their first fubing up) were stocd cutin =~

. the growing-on area with some on a bed of '
left standing in their tubes in wooden trays, the

onto the sawdust out-performed their counterparts in growth and health. twas

i

also noted that those that were stood on sawdust d »d their pt oots”
et ke laset il ey yoacbed BAghis e s oL St wbin . 4 8
they then slowed down. As there are significantlevels of micro-organisms pre- -

sent during the degeneration process of
that these may be influencing the plants’ development and health. .~

st 'some on sand and some

-

matter such a5 sawdust it was assumed -

g
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" "indeed the result of micro-o
* “ the sawdust which is influencing the health of these plants, the results to date

+;--Taking into consideration the observations and facts

——— T
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A trial has since-been implemented and is still under observaton. In this trial.

seedlings of Protea: magnifica (Cedarberg variant) have been used as the' test

plants.- The variety‘was_chosen because it does sometimes give problems -

_above and below the ground owing to periods of high humidity in my location.

" The plants have been moved on from the Scm tube Stage in a standard soil
based mix to a more advanced plantin a 10cm. {47) pot using three different

media; - = =

The media are:-
" i. Loam top soil 50% + pumice 50%. _
ii. Loam top soil 33% + pumice 33% + one year old sawdust 33%.
iii. Loam top soil 33% + pumice 33% + fresh sawdust 33%.

The sawdust used is Pinus radiata which is readily available and always of a
consistent type and texture.

Fifty plants were transferred from Scm. tubes to 10cm. pots into each of the
media one month after the longest day and were then stood in wooden trays to
eliminate any possibility of them being influenced by other materials. ie. saw-
dust. sand. soils etc. in the growing on beds. As it was intended that nothing
should influence the plants other than the medias. no fertilizers were incor-
porated at potting or used subsequently. All plants have been maintained with
a regular application of fungicide matched to the climatic demands.

After 150 days the following is the current situation:-

Media i. Deaths 16%, health of surviving plants is average but there has been
some fungal infection on a further 38% at some stage. Growth of surviving
plants has been average. Root development is satisfactory with a good primary

system established.

Media ii. Deaths nil%, health of surviving plants is good with only superficial
fungal invasion (12% of plants affected). Growth has been satisfactory but
plants have a slight “hungry” look. This is no doubt due to a shortage of
nitrogen which will have been depleted by the breaking down process of the
" sawdust. Root development is similar to that of i -

: Media ii. Deaths nil%, health of plants is excellent with no fungal invasion on
any plants at’any time. Growth has been satisfactory but these also have a
“hungry” appearance. Root development is similar to L and ii.

U Whilst it 1 <fll much too early to. make positive assessments.on whether it is :
rganisms being generated by the breaking down of

*can not be ignored. Extensive testing on a number of varigties to gather more
tnformation and improve procedures will be carried out in the future. -

? Taking into that have been outlined in

" this file. .}t seems probable that many of the problems encountered in the

' propagation and production of Proteaceae may be able to be controlled or.
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minimised bu the encouragement of micro-orgasisms in our mediums and
plantation sites. However this mav still be @ number of yvears away.

17:4 GROWTH HABIT — IS IT INFLUENCED BY SELECTION
OF MATERIAL? (Fact).

Proteaceae come in all shapes. sizes and growth habits. Even within a single

variety. seediing plants of some varieties vary greatly. If we ake a batch of
seedling Protea neriifolia as an example. it will be seen that they will varv in
their growth habit even if the seed is all collected from one stand of plants
growing wild in South Africa with some being upright and some pendulous.

When a single plant is selected from a host of seedlings because it has superior
characteristics suited to cut flower production. one of the reasons for selecting it
will be because it has an upright growth habit and produces long straight stems
in that particular climate. In theory every plant produced from that parent plant
by vegetative means should be exactly the same with the same upright growth
habit and long straight stems provided it is grown in that same climate or one
very similar. This however is not always so and there is now evidence to show
that the type of material and where it comes from the parent plant does influ-

ence the growth characteristcs of the resulting plants (but not the flowers) and-

in extreme cases if the wrong material has been used an upright plant may
produce progeny with predominantly pendulous growths.

Although this must have been a fact since Proteaceae were first propagated
vegetatively. it would have been of litle consequence as long as the plants
were only for landscape use. However as the cut flower trace has develor 4
and “Proteas™ are now gaining a foothold in the “top shelf” area where th
are ever increasing demands for long straight stemns. it is now of consicerz
importance to ensure that desirable characteristics that a clone has been
chosen for are retzined so that the grower can procuce leng saight stems.

For many years | observed that even although plants had been vegetatively
propagated from a single stock plant there were variations in growth habit
between plants of ‘the same batch but not in the flowers or bracts. This was
particularly evident in one particular clone of Pr. neriifolia and in a wide range
of Leucadendron varieties. Initially this was thought to be the result of nutri-
tional excesses in the containers as this will cause pendulous growths [ref.
13:9]. However this is always of a temporary seasonal nature where-as when
these plants were planted in plantations the growth habits of each plant re-
mained constant with some being upright and some pendulous. Because of this
it was obvious that growth habit was being influenced by the type of material
that had been used as cuttings. This same phenomenon is common in the
propagation of conifers and to some extent in camellias.

Selective harvesting of cutting material was begun six years ago on some
dones. 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-
cessive generation the same type of material has been used and in the case of
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some Leucadendrons under trial only from those plants that
ma;ked improvement from the previous generation.

had shown a

After four generations there has been a marked change in th ' i
.thesg;varieﬁes with one Leucadendron in paricular chgnging gogr;Oaw Igutl ?:;:ag-f
ing fomj to an upright stance. The practice of selective harvesting has been
?pphed.toall pf our propagation for the past two years with the result that there
is now a noticeable uniformity in growth habit of each variety that was not
ewdgnt before. When applying this practice it should be borne in mind. that if
the plant is of a prostrate form and it is supposed to be that form then low
prostrate material should be used in propagation. but if it is uprjght‘ with lon
straight sterns then material should only be harvested from long upright stemsg

Irespective of these precautions th i
ere will always be the i
Fom the intondog forrs \ occasional departure

It is pro!)able that every variety of every species can be influenced in this
manner in varying degrees by careful selection, initially of the parent plant
then of the material that is harvested from that plant and finall frors the
subsequen} generations. It is known that the growth habit can beyinﬂuenced
and_there Is some evidence to show that by only using the strongest growths as
cutting material from successive generations, it may also be pos<ib|-e to produce
a plant that consistently has longer stems than the original parer;t Fu"hper work
is needed to verify this and determine which varieties will respoﬁd o )

17:5A.B.C. PROPAGATION. (Fact and Fancy)
What is A B.C propagation? -

It is:-

Asexual (without sex — [vegetative]),

Biogenesis (the derivation of living things from living things),
Culture (the state of being cultivated).

In practice it is a term that I have applied to the proliferation of plants by
vegetative means which are a departure from normal propagation practices, ie.
the use of parts of plants rather than a full cutting,

In the absence of any consistent success in the m?éro—propagation of Pro-
teaceag,-_-{i?ere is a great need to be able to bulk-up stocks of selected clones by
mgch ’xqmgker means than that of normal cuttings. In an attempt to achieve
qmcke;xgulhplicahon. it was decided to begin investigations into propagation
ing various approtaches to bud culture. This involves severing the growth

bud apdiuacioompanying le§f from the stem and setting it to root (figure 62). If
ocms?fﬂ‘ Jwé{gzves a potential of producing a new plant from every leaf on a
“many times that of conventional stem propagation. Whilst this is

IS new as it has been done for many years with Rhododendrons and
lzave been carrigd out in Australia and News Zealand with Telopea,
ften, occur following rooting in getting the bud to initiate growth. It
ant for many months and in Proteaceae are often perman-

: LTI
by no mea
is known

sl
5
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A start was made to research this three years ago by running Preliminan: ex-
periments to determine whether it was possible to root dssue other than stems
of a number of Proteaceae varieties. ie. leaves and buds. The reason for s.erting
leaves was to determine if it was possible to initiate rooting even although they
would never grow and produce a plant as it was thought that if roots could be
produced on leaves it would warrant further research to try to break the bud
dormancy problems being experenced. All of the early experiments were
carried out in"a standard outdoor propagation area under automatic mis; and
set in a standard propagation medium.

The first experiments were instigatecd in the spring using buds that were initat-
ing in the natural course of their spring growth and mature leaves of the pre-
vious years growth. These were not successiul nor was current years material
set to root four months later in midsummer. A third test was run using summer
grown material, set to root at the beginning of winter. From this. initiation of
roots on leaves without any stem tissue was achieved in Pr. neriifolia (figure 63)
and cynaroides, Leucospermum corcifolium and cuneiforme. Leucadendron
salignum (figure 64) and Serruria floride. Leaf buds of Pr. cynaroides and
Telopea speciosissima were also set many of which rooted to some degree.

Problems encountered were:-

The spring batch ail turmed black within fourteen days of setting. This was due
to the fact that growth had already commenced and with the sap flowing it was
impossible to sustain them.

With the midsummer batch. although some did survive ior a number of weeks
and did callous. they eventually ail tecame infected with fungi due to the high
temperatures and the amount of water that had to be applied to prevent de-
hydration. Because almost 50% of a bud cutting surface area is cut surface.
more water than normal is necessary to prevent dehydration. Fungal infection
mosty entered through the cut suriaces.

With the early winter batch few problems were encountered apart from the fact
that it was difficult to hold the leaves 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 actually produced roots. The exception was Pr.cynaroides which
all rooted. Of the leaf buds set almost all did eventually root but the eye of the
bud either died or was permanently dormant. None of this batch actually came
into vegetative growth. _

The following year. the terminal tips on some Pr. cynaroides and T. speciosis-
sima plants were removed in late autumn. This caused the top three to five .
buds on each growth to initiate. These were then taken and set to root again in
early winter. Almost all of these rooted by spring in an outdoor situation and of
those that did root some 30% came into vegetative growth in the spring with a
further 20% by midsummer. The remaining 50% remained alive but were
permanently dormant for a further year and were eventually discarded. The
resultant plant from one bud that did initiate grow is pictured eighteen months
later in Figure 65. -
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Since that time work has continued using variations of manipulating material to
encourage bud initiation as well as varying the conditions they are set in. Some
marked improvements in results are being achieved and at this time it is known
that the principle is workable at least with some varieties although not yet on a
fully commercial scale. It also seems probable that some 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.

17:6 ALLERGIES TO OTHER SPECIES OF PLANTS. (Fact)

Proteaceae have likes and dislikes. It is unfortunate that when they show a
dislike 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 toxic to them and it is seldom that Proteaceae 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. With Pinus a similar situation exists and the effects of this may be
seen in South Africa where pines are encroaching through stands of Pro-
teaceae. 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 omamental Pinus, Cupressus or Thuja. On the other hand the oldest Protea
that | have is a cynaroides which is three meters high (10 feet). 34 years old and
is growing quite happily up through a Juniper Squamata Meyerii of the same
age and it still produces its twenty odd flowers each spring.

17:7 TO WHAT AGE WILL A PROTEA LIVE? (Fact)

The oldest plant that | have seen was a Protea compacta growing near Sale in
Victoria, Australia. When seen in 1978 this tree was known to be 74 years old
and was some 10 meters high and 13 meters wide (30X40 feet) and still
flowering. | have a Protea cynaroides 34 years old, a Leucospermum of 30 and
a Pr. neriifolia of 25. [ know of a small plantation in the Banks Peninsular region
of New Zealand where most of the plants are around 25 years old and there are
a few Leucospermum conocarpodendron in the westem part of the North
Island that are over 30. There are plantations in the Mt Dandenong area of
Wictoria that were around 25 years old when | saw them in 1978. It is believed
that some plants of Pr. laurifolia growing in their natural environment in South
Africa are more than 70 years old. ;

it s probable that all of these long lived plants originated from seed. However
the Pr. neriifolia which | have that is now 25 was grown from a cutting and this is
the oldest cutting grown plant that | know of. -
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There is some 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 from 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 this period which would shorten its life expectancy.
These are outlined throughout the sections on vegetative propagation.

17:8 THE PRESENT — WHERE ARE WE? (Fact)

Proteaceae are now well established as a landscape plant in a number of areas
throughout the world where conditions are suited to their cultivation. lt 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 for
some 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 acceptable to the end consumer at a
price that they are prepared to pav. The consumer always has the final say.
Therefore, for a plantation to be successful. that price must be at a level 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 some North American regions. Ot
recent times they are being discovered by Japan and to a lesser degree in
some 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 this 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 which was not possible
when “harvesting wild™.

The mass market trade of Proteaceae floral material is well established in
Europe and to' some degree in North America 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 fashion and quality. These
markets will no doubt remain an excellent steady market for those countries so
geographically situated that they have access to cost-efficient airfreight and a
production cost structure that enables them to supply at the price that the
market will pay.

There is a grow'ing awareness of Proteaceae flowers and foliage in the more
disceming “top shelf™" markets of Europe. Japan, North America and to a lesser
degree in the Middle East. At present the limiting factor in supplying these
more lucrative markets is a lack of a constant supply of sufficiently hjgh quality
product which these consumers demand. Japan has and always will demand
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very high quality material and the demands for that same high quality and
presentation is increasing in the “top shelf” markets of Europe and North
America as the overall presentation of all types of flowers improves and com-
petition in the market 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 with 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 seedling grown plants
have been planted in the hope that the production from them can be sold into
the “top shelf " markets but results 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 growing in the
wild and there is no difference between a flower of poor genetic quality that is
harvested from a plantation and a flower with poor genetic quality harvested
from the wild. other than the fact that the one from the wild has cost nothing to
produce and can be sold for a much lower price than its cultivated counterpart.
Consistent supply of quality means everything for the disceming markets and 1
believe that this is the market where cultivated Proteas belong. Every effort
should be made by propagators and growers to achieve this level of excellence.
There is always sufficient second run material available from even the best
selected clones for the mass markets without deliberately setting out to produce
it by planting anything that looks like a “Protea”.

17:9 THE FUTURE — THE FINAL ANALYSIS — AFINAL PLEA

Itis possible to produce top quality flowers and foliage in almost any area where
Proteaceae will grow. However it is not always possible to produce every
variety to that level in any one place and the importance of selecting the right
plants for a given climatic location was outlined in Section Ten.

In supplying the “top shelf” market there are two problems facing the inter-
national Protea industry. First, that of determining w&t will grow to the neces-
sary levels of quality in a given climate, and second, having sufficient numbers
of plants of a known performance to populate the plantations. To solve either
one of these we cumrently lack the skilled human resources and the inter-
national co-ordination that is necessary to do the research to resolve the prob-
lems (including micro-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 carried out into some aspects,
but this (including my own efforts) has been done in isolation rather than as an
over-all approach. ’

In the last ten years | have read every piece of information on Proteaceae
production that has been available to me. The papers read cover many aspects
from propagation, through production to post-harvest handling. In all 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 say a Pr. neriifolia or a Lsp. cordifolium ete.
Whilst in the past this may have been sufficient. as we now move further into
the selection of superior clones and the professional production of these crops
with the associated financial commitment by growers. future research must be
more defined and specific. As | have moved from a very basic core of know-
ledge of thesé plants thirty-four year ago to a reasonably proficient operation
to-day. | have increasingly noted that in a truly professional sense it is just not
possible to generalize about any variety of this genus of plants.

To say that Pr. neriifolia has post-harvest problems with leaf blackening is not
always correct. nor is it always true to say that Pr. repens is much easier to root
than Pr. neriifolia or that Pr. neriifolia is much more susceptible to Phytophthora
than say Pr. eximia. There are Pr. neriifolia clones that are virtually totally
resistant to leaf blackening, that are much easier and quicker to root than some
Pr. repens and that are just as resistant to Phutophthora as some Pr. eximia are.
When growers are making what at times are considerable’ financial commit-
ments they are increasingly demanding much more accurate information than
that which has previously been available. It is up to those of us involved in the
development of these crops to see that this information is forthcoming.

The answer seems to lie in planned research on a world wide basis with each
researcher, whether they be a grower or scientist, all working within the same
parameters. wherever possible with the same clones, recording their findings
and climatic conditions to the same format and finally pooling their knowledge
for the benefit of all “‘Protea Growers™. It's a nice thought, can we make it

happen?
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SECTION EIGHTEEN

Proteas in Gardens and
Landscape

18:1 OVERVIEW

This section is devoted to the culture of Proteaceae in home garcen and land-
scape. There are a number of differences between these and production
plantations. Ten years ago | believed that if a certain variety could be grown in a
home garden in a particular climate and location then it would be possible to
successfully grow a commercial crop of that variety in that area. This is not so as
most gardens have micro-climates created by trees. buildings and contour. In
addition to this each plant tends to get more personal attention and because of
this it is often possible to grow varieties in a garden that are not successful in a
plantation environment. The following files outline the siting. cuidvation. care
and uses of Proteaceae in non-commercial uses. In deing so it summarises the
contents of the previous seventeen sections of that applving to the home
grower. Where applicable. references to other secions are made. For ease of
reference in this section the family of Proteaceae is referred to as Protea.
Where a pariicular species is being discussed it is quoted as [Leucacendron etc.
This method of reference only applies to this section. all other sections use the
formal format of reference. :

18:2 CONSIDERATIONS IN SITE SELECTION

There are four basic principals to apply when selecting sites to plant Proteas. It
must have good soil drainage. good air drainage. the correct light levels for the
warieties being planted and finally it must not be unduly crowded by other
piants. ) _a' ; -
Most sandy, sandy loam, gravel, decomposed granite and conglomerates of
volcanic origin are satisfactory for Proteas. Those that are not suited are heavy
. days, fine wet silts and any area where the water table ever comes within a
metre of the surface (40 inches). Whilst it is possible to grow under adverse soil
conditions by mounding up the sites, it is seldom that Proteas ever live to
maturity in such locations. If the land has an incline of one in twenty or more it
will help with surface drainage but a high water table even for short periods is
very damaging to the root system. [Ref to 10:2 for a full outline on soils and
drainage.] .

Air drainage is essential for several reasons. Where Proteas grow naturally in
South Africa it is a constant 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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levels. It stops the leaf area from overheating during very hot periods and it also
helps in keeping frosts to lower levels. In general the varieties with hairv leaves
must have a more constant air movement than those with the smooth leaves.
Many garden situations have small areas where there are humidity traps caused
by buildings or large trees stopping adequate air movement and it is difficult to
maintain healthy plants in such places. The greatest problem that this will cause
is fungal invdsion.

Proteas are very sensitive to high levels of light radiation especially untl they
are four years old and this is one of the reasons why they fail in some areas.
Those with blue. blue'grey. or hairy leaves will take more light than their
smooth green leaved counterparts. Generally all varieties are much beter if
they are sited so that they are facing away from the afternoon sun. [Ref t0 1:2
and 10:3 for further information]. The temptation to protect them from after-
noon radiation by siting them close in on the east side of a large tree should be
avoided.

Whilst Proteas do grow in nature in dense stands they do this with their own
kind and are not found intermingled with other genera of trees. The same
applies in gardens. they don’t mind being crowded by their own types but they
do resent being crowded by other trees, especially many of the conifers [ref
17:6]. It has also been noted that they resent being in strong competition with
deciduous trees. A final point to remember when choosing a site to plant a
Protea is that some of them do get BIG and they certainly need more than the
three to five feet that is often allocated to them in a home garden.

A brief summary of siting is:-
Soil must be free draining
Air movement must be adequate to maintain health.
Frost levels should not exceed -5°C. preferably only -3°C _
Rainfall shouid be adequate to sustain the nlant or water should be avail-
able.
Sloping ground is better than flat ground. Avoid local depressions as
drainage of water and air are often poor and it is usually a "frost pocket™.
Ground facing away from the sun especially in the afternoon is much
preferred to that facing sun all day.

18:3 WHEN TO PLANT %

The usual seasons of planting are autumnn and spring. Extensive trials show
quite clearly that plants don't establish as well if they are planted out when or.
just immediately prior to it being in very active vegetative growth. Proteas are
rhythm plants and go through phases of growth cycles when they are, growing
vegetatively, growing roots or they are growing nothing and resting. They don’t
grow roots and leaves at the same time and it is almost impossible to break
them from their rest period which is usually in the mid to late summer. To
establish well, plants must be at the phase when they .are about to make
primary root growth. The period when they do this is from early autumn to mid
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winter and again following' the”'s'fjri'ng ‘x}'égetative growth flush until about the

longest day. The plant should be developing primary not proteoid roots when it

s planted. The presence or development of proteoid roots does little in the
establishment of the plant. as they provide food, not a sustaining supply of

moisture to the plant. The best times.to plant as far as root development is
concerned is ‘entering winter and again following the spring vegetative growth
flush. There is also a:small time slot just as spring is breaking. several weeks

. before the spring flush. = =, B )
. These are the best times to plant but with care they can be planted at other

times. Avoid exposing a plant unnecessarily to adverse winter conditions. You
are better to wait until spring. [Ref. 11:6 for further information].

18:4 COMPATIBILITY OF CONTAINER MEDIUMS

Many plants fail by the second or third summer after planting. This is more so in
certain §01l types and when plants are not regularly irrigated. While there may
be mul_hple reasons for these failures, the one that constantly shows as being
the .pnncipal contributing factor is incompatibility between the container
mediumn that the plant has been grown in during the nursery production phase.
and the soil type of its final site. The problem is wide-spread and in some soil
and climate combinations losses are known to be as high as 70% by the end of
the second summer. [Ref. 8:5 to 8:7 and Appendix One for further informa-
tion]. Proteas are the most affected by this syndrome followed by Leuco-
spermums and then Leucadendrons. If establishment and survival to maturity
are not up to expectations there must be some principal cause and this is the
most likely. =

18:5 SIZE AND AGE OF PLANT

With Proteas the best size plant to plant is the smallest one that you can
adequately look'after_. _both in the phuysical sense of keeping it clear of weeds,
diseases, pests, (including cats. dogs and humans) and climatically so that it can

establish without being unduly affected by frost, dry or very wet conditions, -

high light, temperatures and winds. $

. hhas beeﬁ_fomdthatoneyear_qidiﬂantsﬁﬂxaébod.ﬁﬁmrymdtsystem give

the most consistent results in survival and development. Plants of this age are
past their juvenile phase and are at the stage of development where they are
ry root system which will be followed

For general home garden uses; planis younger than six months old should not
“beatt _mﬂessﬁaeyy_eina'%mﬂihnﬁmandcanbewencaredfor

 dont ‘have the resistance to adverse
fungal invasion that the year old ones
al site al the year old stage almost invari-
and out live any other aged plant.

e
K

18:6 SITE PREPARATION AND PLANTING

_If the soil type and structure are suited to the growing of Proteas there is litle

need to do much other than to dig a hole and put the plant in it. In doing so the
hole should be a minimum of three times and preferably 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 get their
primary roots into it. Plants should always be planted slightly deeper than they
were in the container. They should never ever be left planted high as the base
core of the roots will dry out and the plant will fail. This is a very vulnerable part
of any Protea plant. The soil should be only packed around the roots firmly and
not pounded down hard as the roots must have oxygen to develop properly.
For the same reason they should not be watered heavily and if there is
adequate soil moisture they often do not need watering for weeks or months

after planting.
If they do need watering as soon as they are planted.

i, the soil was too dry to be planting into.

i the climatic conditions are causing excessive dehydration and planting
should be delayed.

ii. the plant was poorly prepared and is too “soft” to plant.

iv. the plant has been grown in the wrong container medium.

[n a soil tvpe or structure that is marginal for the growing of Proteas it may be
necessary to take steps to improve drainage or to cpen up the texture of the
soil. Improving drainage on sloping ground is much 2asier to accompiish than it
is on flat land. On flat land litle can be done except to raise the soil level into
mounds or ridges to create a drier patch. On sloping land it is possible to dig
drainage away from the planting site. Soil can be opened up by the additon of
porous rock material. humus etc. Don't use peat moss as although the plants
will inidally establish they usually fail in the second or third year. Soil tvpes that
are marginal will give marginal results.

18:7 MAINTENANCE WATERING

Once established most varieties only need very low levels of soil moisture to
survive but to grow and flower satisfactorily they do need access to water. In
many instances Proteas are given too much water when they are resting and
this can cause diseases in the root system. out of character growth patterns and
expose them to the risk of severe frost damage. Their soil moisture require-
ments are in a pattern of seasonal thythm and readers should refer to Section
Twelve for a full understanding. The one cardinal rule when applying water is
that when they do need water, give them plenty and then let themn rest. don't
imitate them by splashing a little around on the surface every day.

18:8 SHAPING, STAKING AND TYING

Most Proteas are very rapid growers and it is during their first two years follow-
ing planting out that they should be trained to full-fll their ultimate shape- All
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young Protea plants have one thing in commor in their growths. Until they start
setting flowers or bracts each terminal growth will run. then rest. then run again
from the terminal and will not branch laterally unil the first flowers set. With
many varieties if this is left unchecked the plants tend to become very leggy
and or outgrow the strength of the [ower branches which either break 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 it mind what the ultimate shape should be. If itis intended
to be on a trunk shape it that wav. if it should be rounced and resting on its
lower branches let it do so and if it should be prostrate leave it that wav.

In windy locadons those that are to be on trunks may need restraining from
wind-rock by staking and tying. Don’t use wooden siakes that have recently
been treated with wood preservative as the chemical will probably kill the
plants. When tying use two ties as this is many times more effective than a
single tie. Much of the necessity to stake and tie plants will be eliminated if small
plants are planted and they are shaped right from the start. Such plants grow in
balance to their environment. The use of large rocks placec on the scil surface
close to the plants helps to stabilize the soil and roots as weil as acting as a
mulch that wiil retain moisture during dry periods.

18:9 CULTIVATION AND WEED CONTROL

Protea plants co not like heavy cultivation or chemical weed control within their
rcot zone especially during the period when the preiecic roots are active.
Proteoid rocts which are present and active from mid-autumn through to late
spring are very sensitve to damage from disturbance or chemicas and either of
these will cause serious disorders or the death of the plant. For this reason only
hand or very shallcw (lem = 1/2 inch) cuitivation should be camied out during
this period. The use of any herbicide or hormone must be recarced as putting
the plant at some risk. [Ref. 13:5 to 13:8 for more information on weed con-
troi]. . :

18:10 FERTILIZERS AND PH LEVELS

The pH level of the scil is a significant factor affecting the plants’ health and
performance. Almost all varieties prefer soil that has a pH of 5.0 or less and in
practice if it were possible to get and hold the pH level down as low as 4.0 there
would be very few problems in plant performance or health. When the pH is
down to this level it locks up the phosphate which is so damaging to most
varieties. There is also some evidence to show that very low pH levels either
increase the plants’ resistance to soil-bormme fungi or creates an environment
through the fostering of high populations of micro-organisms so that fungi such
as Phytophthora are no longer active in the soil.

In other than very poor soils the addition of fertilizers is usually not necessary at
least within the first two or three years after planting. Much of a plants needs
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and excesses of nutrients can be read from the leaves and a guide to these is
listed in 16:2. It is probable that niirogen will be the element that will be
required to maintain satisfactory growth. iRef. to 13:9 for furher informatien].

18:11 DISEASES AND PESTS _

The diversity of these is so great that it is impossible 1o list the problems and the
controls of those problems here. Best control is prevention and when siting
plants always keep an eye to encouraging air movement o minimise fungal
invasion and avoid planting close to known host plants of pests. A f‘uil general
outline is given in Section 9 on diseases and pests and in 16:3 2nd 16:4 mav ke
found a quick reference to the most common probiems.

18:12 FROST TOLERANCE AND DAMAGE

In many areas the amount of frost that is experienced is the controlling fact'or_of
whether Proteas can be grown successiully. It is possible to grow many varietes
in a garden environment that would be impossible in a planiaton in the same
location. This is because gardens are fuil of little micro-climates: because of t.he
influences of buildings or large trees. gardens have pockets where the min-
imum temperature is two to three degrees above that whi.ch would be ex-
perienced out in a plantation. well away ‘rom trees and builcings.

Once again it is air movement which will make the cifierence in marginal
situationds as this slows down the freezing process of the plant tissue..x\ever
plant in sheltered pockets as on & caim coid night thes2 can oe three degrees
colder than the rest of the garden. There is a fine line benween survival and
disaster. Most varieties will take -3°C with no protlems. some -4°C. a few -5°C
but very few -6°C or more. [Ref. 10:6 for further in‘ormaton].

When plants do get severely damaged by frost it is imperatve that tbe dam-
aged tissue is cut away as if it is left on. decay will concque to travel down .xhe
inner pith of the branches and can cause damage weil bevond the original
frosted area. It is also advisable to apply a fungicide such as Captan as some
fungi can become established in the damaged leaf dssue.

18:13 THE‘END USES OF PLANT AND FLOWERS

Usually plants are initially chosen to enhance the garden. As a by-proc.iuct
almost every South African Proteaceae variety also produces a flower or foliage
that can be used in the home or for recreational activities such as Floral Art and

Ikebana.

The harvesting of flowers and foliage will do much of the necessary trimming
and pruning U%at is necessary to keep the plants compact and tidy. Provided Ino;
more than 50% of the leaf area is harvested in any one year the rernov‘;ﬂg
flowers will benefit the plants by encouraging them to produce new gro P
Some varieties will only give three or four days vase life while others _wxll last gc
three or more weeks. Whilst these variables are the result of differing gene
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makg-up. the vase life of any material is strongly influenced by the hanaling at
and immediately following harvest. ’

Dehyc_iraﬁon is the greatest contributing factor in the degeneration of plant
material and every precaution should be taken to avoid this. Harvesting in the
early momning will assist greatly and the placing of the cut material in water in a
cool p_lace preferably within minutes of harvest will usually ensure a satisfactory
vase life for the 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
handling of material.
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APPENDIX ONE

-Compatibility of Mediums in the

Production of Proteaceae

ABSTRACT

[t is a widely accepted fact. that in the transition of Proteaceae plants from the
nursery production phase to successful field plantation or home garden es-
tablishment. there can be marked inconsistences showing in:-

a. percentage of final survival of plants to the number set out.

b. health and subsequent development of surviving plants.

It has been my long held view that contact with certain meaterials that are
sometimes used during the nurserv production phase of Proteaceae plants.
influences their survival rate and development once they have been planted in
their final site.

[t has been observed over a period of 30 years that this problem is particularly
evident when mediums containing peat and more recently pinebark have been
used during the nursery production phase.

[t should be noted that this probiem was virtually unknown in New Zealand until
the early 1980s but has become a frequent occurrence in commercial plantings
and home garcens since that time. Up until six vears ago. almest all Proteaceae
were nursery grown under an “open ground systemn of production and in most
instances were not in contact with materials other than soils during production.
In the last six years there has been a widespread shift to container producton of
all genera of nursery stock including Proteaceae and a very high percentage 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 importance to determine if. which.
and to what extent any medium is incompatible to these plants in the transition
from the nursery to the final setting.

To determine this. a trial was implemented in 1983 using five different varieties
of Proteaceae in five different mediums under controlled conditions to assess
the affects by comparison of medias on:-

a. the survival 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 mediums, and were then planted out in a
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fivld| production site unf:ier standard establishment procedures for observation
and comparison in survivel and health performance.

Alter two summers in the field plantation site. there were disturbing indications
ol a correlation betwgen_ medium and failure to survive in the field. Plants
grown in the peat and pinebark mediums had markedly inferior survival and
development of plants grown in the soil based medium,

The findings are based on the soil type present in the field used and are
consistent with earlier observations as well as a number of reports from com-
mercial cutflower growers and home gardeners in various locations throughout
New Zealand.

i1 should be noted that these .tria]s were designed to determine the survival and
petlormance of plants following setting in their final production site and were
not intended to measure growth rates during the nursery container phase.

TRIAL PARAMETERS AND PROCEDURES
Varicties of plants used and reasons.

Leucadendron Safari Sunset. Has economic importance as a cut flower.
It should not however be regarded as a bench mark for all Leucadendrons as
results with this clone are not consistent with all varieties.

Telopea Speciosissima (ex seed) Used because of its economic import-
ance as a cut flower and also because it is an Australian Proteaceae which may
have given differing results to those from South Africa. Seedlings were used
pevause at that time it was the principal method of stocking plantations.

Leucospern?-um cordifolium cv.“Harry Chittick”. Has economic im-
portance and is one of the best proven clones of Leucospermums in the cut-
flower trade.

Protea neriifolia cv."Big Mink". Is an average type neriifolia which is not
alfected by frost. _Nenlfol}a types have strong economic imporance as a main-
stw cutflower in intemnational trade. .

Protea magnifica, Cec!arb‘?rg variant, (ex seed). Has econorﬁic im-
portance as a cutflower. This variety is known to be difficult to establish in some
arcas. Seedlings were used because it is the principal source of stocking -plant-

atons.
Bise materals used in mediums.

Pine bark: commercial grade as used extensively in the New Zealand nursery -

trade. .
Peat: first grade Hauraki peat.

Pumice: standard horticultural grade. .

Loam: local alluvial brown loam topsoil.

Mushroom [itter: ex Wanganui mushroom factory. Decomposed for one
[V
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Composition of mediums used and reasons.

A 50% pinebark / 50% pumice
An approximation of a widely used medium in New Zealand.
B. 50% peat / 50% pumice.

An approximation of a widely used medium including some Govern-
ment Departments.

C. 42% loam / 42% pumice / 16% peat
Used as a comparison bench mark to measure differences between
standard peat'pumice (B. above) and loam pumice (D. below)

D. 50% loam / 50% pumice
Used by Riverlea Nurseries and some other Proteaceae producers in
New Zealand with long term experience.

E 33% loam / 33% pumice : 33% decomposed mushroom litter.
Used as a comparison. A similar mix has been offered by at least one
potting medium producer as a “"Protea mix .

Trial period. Trial to run for two summers after plantng out or until 50 deaths
had occurred in a least two mediums.

Containers used. S5cm square liners at the growing-on stage. 400 cc square hard
plastic pots at the holding stage. 2t square hard plasiic pots at nursery produc-
tion stage.

Nurserv producton site. Standard production beds with overnead watering. As
temperatures of -6°C can be experienced during the winter plants were cove-
red on demand by 48% cloth as a frost protecton.

Sequenice of production. (nursery phase). Even grades of plants were selected
from S5cm GOL liners during September - November 1983.

As thev became available they were potted on into 400cc pots using a holding

medium of 50% sand and 50% perlite. This medium was used as a holding

material for two reasons:-

(i) itis inert and would have no influence on the piants but would encourage
root development

(i) it was intended to bare root the plant prior to their final potting and this
medium was known to shake free from the roots without causing damage.

On the 20 January 1984 eleven plants of each variety were potted on into 2it
pots into each of the five mediums and set in standard productions beds.
From 20/1/84 to 29/9/84 plants were left untouched except for hand weeding
and protection from frosts when necessary. ‘
During this period all plants made satisfactory growth above ground level with
the exception of those in medium E. (mushroom litter).

It was noted that the plants in medium B. and to a lesser degree
suffer some superficial damage at -6°C even under protection,
in A., C.. and D. did not

those in E. did
whereas those
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E'Z}g ;Sltaarz:; r:/irs:tcg;:zz out on the 29 9 84. Site was a well drained sandy
H

igi the material used in mediums C. and D.). Sail
loar.n. i ;22;:;?;:2221: eztsablishment without irrigation. Plants_, were plantfd
monstu(;edw holes. Average day temperature was 16°C with maximum of 20°C
R hanb tl}J\g n‘ma' and proteoid were well developed in all mediums v{xth the
i - ? E (rxynushroom littler). In this development was poor m_th the
L of Sa-fari Sunset which was marginal. It was noted tha't proteoid root’
excephonot in all varieties was more pronounced in med:urp B.. (peat’
deve}opmﬁn lan of the others. The best ten plants of each varety in each
Fr)r:xerg':ﬁfr)\ th?e plgnted. The remaining plants were destroyed as no replace-

ments were to be made.

: ring establishment. . o .
;!axn‘t”aensa:‘fgt?;low% between rows and hand weeded within rows. No chemical
ite

i til termination of the trial on the
-eedi e at any stage from planting un : ’
:ge’Z(.j’glég “[iﬁ)s ?r?igation was used at any time from planting on the 29:9 34 to

rermination on 28/2 '86. This is normal procedure in this location and climate.
emin .00,

i ing trial period. _
i;: %%e(gzzo;sed;r;?gusmg ?’nedium E. (mushroom liter) was abandoned

i cepti f v."Safari
lants with the exception ot L. cv.”S
A almost total losses of p ), | -
L;“:;%t't'o [ntermittent observations were made on the remaining plants as fol
>u .

iows:
25:10/84 All plants O.K.

15/4/ i inebark) 88% alive. health fair.

Zg meccilxlﬁrrg g ((El:aet) 92%, alive. health fair.
Medium C. (15% peat) 92% alive, health fair to good.
MZdium D. (loam) 100% alive. health fair to good.

~1 8/85 Medium A. 78% alive. health fair to poor

i 72% alive. health fair.
?22313?& ?:'. 86% alive, health good.
Medium D. 100% alive,_hﬁealth good.
110/85 All surviving plants were cut back to promote branching. No

change on records for 21/8/85.
i 60% alive, health fair to good.
13712785 Medium A

i 60% alive, health fair.
mﬁuﬁ g 76% alive, health fair to poor.
Medium D. 94% alive, health good.
2/86 i 42% alive, health fair to poor.
= | nm g 48% alive, health fair.
Medium C. 20% alive, health fair to poor.
Medium D. 92% alive, health good.

As losses exceeding 50% in two mediums had been recorded the trial was

206

terminated on the 28/2/86. Measurements of stem diameters and root weights
were recorded on the 1/3/86.

Summary of observations made during the field development phase.
A. Pinebark.

Plants had a tendency to fall over and needed staking. This was not because of
a light stem but a weakness in the root systemn at ground level. Proteas showed
dehydration stress in summer unless there was regular rainfall. High losses
were recorded entering the second summer stress period.

B. Peat.

After initial establishment all varieties showed stress at high temperatures even
with adequate soil moisture. Health showed some improvement as tempera-
tures fell in the autumn but the problem reappeared early the following
summer. All varieties showed chlorosis in the leaves by December 1985 (one
year after planting), which became severe by February 1986. Leucospermums
and P. magnifica suffered frost damage whereas they did not in other mediums.
High losses were recorded entering the second summer stress period.

C. 15% Peat.

Plants established well and showed few losses in first summer. Health was good
through to spring (12 months after planting) but deteriorated after that. Frem
November 1985 to termination all varieties showed chlorosis of the leaves
which was severe by termination (28,2 36).

D. Loam.

Initial growth above ground was slower than other mediums but swonger.
Plants did not show stress from dehvdration or develop chlorosis in the leaves.

Establishment was considered excellent with the exception of P. Big Mink
which was below expectations.

TERMINAL ASSESSMENT PROCEDURES

Each variety in each medium was assessed on four factors:-

i) diameter of stem at first root level. _
(i) maximum length of roots (except fine hair roots). -
(iii) gross weight of roots cut off at first root level R«

(iv) percentage still alive at termination. 5 WS
Each varieties performance below ground level was assessed bymed
measuring: : ’ % ':- 3 < e
a. the two most average surviving plants of each vanety = 2
b. the best surviving plant of each variety in each medium. .

All plants were dug 30cm from the base of the plant-and 30cm .
Weight was measured wet immediately after digging- : ;
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The graph shows the percentage still alive at termination,.
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Graph showing percentage of living plants in each medium at the termination
of the trial 28 February 1986.

CONCLUSIONS

The results recorded show that in every i i : i
:  every instance with eath variety tested. th
gch had been nursery grown in mediums that contained pet:t f)sr ;inebziﬁ
'2:1 r;:,oo_}‘h pedorrgiance rating when compared with those grown in soil-based
medium. The medium containing 15% peat showed results approxi
! tel
mdicam%e bt;.'htween the 50% peat medium (B.) and the 50% loam Enfdiﬁn":a(lfe)s)’
ng that the effect peat has on Proteaceae plants is in relationship to the

Continuing observations indicate that if -
0 ' plants have been nursery i
ﬁ:&? Eet(l!:eu:‘ éza? c;;:ntam;r size n:cti exceeding 500ml (1/2 pin?)r:::g tll?e:
e and provided with imriqati basis
problem is to some degree minimised at leastlflxgs?)n?: s%?l (ay;g:xlar i

APPENDIX TWO
Delayed Propagation Technique

ABSTRACT

In the vegetative propagation of Proteaceae by cuttings rooted under automatic
mist. there is often inconsistency even within a single clone in:-

a. the percentage that root.
b. the vigour of the root sysiem of those that do root.

Preliminary investgations into these inconsistencies indicated that they were
due to the variable condition of the material when it was harvested from the
stock plant particularly in respect to:-

i the level of dehydration within the material at harvest.

ii. the amount of dehydration that continued after harvest,
fii. the general physical condition of the harvested material.

Early tests showed that percentages rooted and the type of roots produced
could be improved by delaying the final preparation and setting of the harves-
ted material for periods of up to several days following harvest provided it was
heid under specific conditions.

The conditions that the materal must be held under are:-
1. 1009 moisture on the leaves at ail times
2. it must not be heaped up deeply but must be spread out not more than

two or three cuttings deep.
direct sunlight must never shine on it after harvest
light levels must be maintained at between 2500 and 3300 foot

candles during daylight hours
some gentle air movement should be present at least during daylight

hours.

To determine if or what time lapse from harvest to setting gave the best results
a trial was run in January to March 1986.

O s w

TRIAL PROCEDURE

Variety used and reason.
Leucospermum cordifolium cv.“Riverlea™.
Has economic value as a cut flower. Is known to be inconsistent in rooting. - -

Methods used.
At 6.30 am on the 15th January 1986, 340 cuttings were harvested from one

stock plant. The cuttings were damp with dew, the temperature was 12°C.
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Cuttings were immediately divided four ways into lots of 85 and placed under

automalic mist as outlined above.

At 10.30am on days 1.3.5 and 7 one batch of 85 cuttings were processed and
set to root in a medium of 45 sand.40 perlite. 10 peat and 10 regrind poly-

styrene. They were then placed in the propagation area under automatic mist.
L B.A. hormone at 2000 ppm was used.

On the 28th February {day 44) the trays were removed from the misting area
and were placed on a capillary bed to harden off.

On 6th March (day 50) all frays were processed and the rooted cuttings were
potted up into Scm tubes.

Results were recorded in two fields. percentages rooted and root formation.
The root formation was assessed on a one to ten factor with ten being the best.

Day % well rooted.  Total rooted. Deaths %.  Root formation
1 70.58% 87 % 13 % 6

3 89.41% 92.94% 7 % 9.5

5 76.47% 95.29% 4.5% 8

7 60 % 77.64% 22.5% 6

Note:- The column recording deaths also includes those that had not rooted.

% Rooted
day 50 |
Root 6
" mass
ob‘
% X 1!
| I, | I .l_____z_____x
Day 1 Day 3 Day 5 Day 7
Graph showing:

Percentage rooted at day 50
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CONCLUSIONS | |

the best overall results. The five day delay
B g‘ergihzagesdtetlztyalr;;?cr(ej:tdage but roots were not as good as 'for the thre_e_
:ieco;)atch A rapid decline is indicated at day seven. _Subsequent trals show this
tc? ie conéistent with varieties that have grey and ham,{lleave.s.s'fhese results are
in line with several other trials run subsequently on ail species.

. , . ;

It is concluded that a delay between the time 'of 'narwlzst.an?qiemrr\ogbtak;)elea:;nar:ga

to root stabilizes the sap within the plant tissues. lt is also P able ther 2
ical reaction within the material takes place thereby cau_smg it less swess

c:lf:xlct?\e leaves are stripped and the stem is recut 25 well as making it M

\

receptive to hormone freatment.
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APPENDIX THREE

The Effects of Weed Matti
Plant Establishment Heen

ABSTRACT

The use of weed ing i
matting in the establish i
and the g Nment of plantations is now wi
re have been mixed repors of its advantages and disadva\n:angciesspread

To determine th
e advantages and disadva inj

: ntages in its use during : i
L ( e du t -
Coenr:t pe;jnod.of Pr.oteaceae in a plantation environment, it wasngg ‘he Froioh
eaChp;é; fzz)nsrxtve mc?lf.{ In August 1985 a trial block was ;et out usiC

utteen ditterent cut flower varietios j

: 2ties in each of five dif

of establishment. The methods of establishment were:- e diff

ng five plants
rent methods

(a) planted directly j
ctly into the ground (no irriqati
irectly | irmigation. n
((Cb)) pllame(cji gxrectly into the ground with su?face im‘goa;gzer).
-Planted directly into the i irigation «
| Plented { ground with deep imgation 40cm below the
gc)) planted through weed mat — no irgation
e planted through weed mat — with im’gatio.n
It wa i -
s intended to run the trial for four years but OWING to a severe frost in the

WITHOUT WEED MAT
Best survival rate i irigat -
surface rrigmtion (;«)/.as with the deep irmigation (c). Besbt_- growth rate was with

ll;roblems encountered were:-
Ow a. (non imigated) experi
_ perienced problems with ¢ i i
s :
Pl:mr:Zg;}o-{iglsc I\:::Z mg_stlnonceahble in Protea magnifica ar%ntzs; Iz‘ss:;lgetg?'eleait:
- neri S. lelopea showed dehydration t i
period in rows (a) and (b) but not in (c) — deep im%\:;;c:‘s,the ek ey

Beneficial results were:-

In rows (b) and (c) all varieties showed strong well balanced growth patterns

with (c) being about a month behind (b) in development,

Ther i
e was almost no difference between performance in any of these three

Tows in the survival, 2
dendrons trialed. growth and development in any of the four Leuca-
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WITH WEED MAT

Best survival and growth rate was with irrigation.

Problems encountered were:-

Poor survival and initial growth rate in row (d). This appeared to be caused
through the weed mat shielding the root zone from other than very heawy rain.
It was noticeable that light showers did not penetrate through to ground level.
Atleast 10mrn. (1 2 inch) in a single fall is necessary 1o penetrate and uniformly

wet the area under the mating.

All varieties showed a tendency to have pendulous rather than upright crowths.
This was very evident in Ld. laureolum and Lsp. cordifolium and the same
syndrome has been noticed in plantations in New Zealand and other counties
when they are planted through weed matting.

All clones of Pr. neriifolia laurifolia trialed showed severe cnlorosis afer 120
davs from planting. The cause of this was eventually traced to excessivelv high
nitrate nitrogen levels in the root zone. In two.instances this was recorded at
230ppm and in seven samples was never below 160ppm at which level it
almost invariable caused the death of the plants. This prcblem appeared to
peak at around the 100 to 130 day mark following the laying of the maiting. It is
thought that it was caused by the break down of the herbage and rooss of the
grasses and clovers which were prasent when the maning wes laid. It should be
noted that it is not only associated with pasture that has recently been retdred
from grazing as tests in an area that had not been grazad for six years gave the
same result. It does however appear to be aggravated where there has been a
strong sward of clover prior to planting and covering. Because of the effects
from the high nitrate nitrogen levels. many of the Proteas in the weec matting
were regarded as being non-viable by late autumn. It shouid be noted that
there was no sign of any chlorosis in the rows not covered by weed maring only
two meters away. Similar symptoms were observed in Hawaii in late 1987
where a number of varietes had been planted through weed matting.

Plants of all varieties under trial which survived in the weed matting through to
April then strengthened and improved in health through Mav.

The frosts in mid~June caused severe damage to all plants in the weed matting
except Ld. cv. "Safar Sunset” and a salignum clone. All Pr. neriifolia clones
and Leucospermums died and Pr. cynaroides and magnifica although damaged
did survive. Telopea specioissima was not affected. This frost was recorded at
-6.5°C. and lay for ten to twelve hours. Damage to the plants not in weed
matting was severe but rarely caused death. The control row (a) which had not

been irrigated suffered only superficial damage.

SUMMARY

Weed matting appears to be very satisfactory for Leucadendrons in all locat.ions
researched and observed. It also gives satisfactory results with all species /
varieties of Proteaceae in higher summer rainfall areas but has given prpblems
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with Protea varieties i
ties in lower rainfall i
with Protea varleties . all areas. Without irrigation pr
e Summerxp&e;:;dartlt(l)oca:on; that do not hgave hergxi?lsgzingoig
e om 1oem C v to what had been anticipated. m ist: i
of soil under the weed matting withgut ir.ﬁgaorilgtr:r\i;eaddm'gs
;ere drier

than in the row wi
ithout matting or irrigati
: r irrigation.
matting were constantly higher than \sithout [i)t.ay temperatures under the weed

Some growers hav .
: e experienced Ph
unde : ophthora :
r high rainfall/temperature conditions whenp{gglgr?;egdl_;:(r:t?spemlhu
ng. is is

probably due t i
y o the higher ground temperature that the matting maintains near

the surface. Soil tem

- perature at 50m 2

under the cloth than bare ground dun'r:?; azliznz?iggnigeraged 4°C higher
s.

The results sh
ow that the use of

damage at least i he use of weed matting creates a high risk of
into the winte uetoa combination of growth bei - )
\he woed manri;hns)tugh 'the influence of the higher r%ot zonzetlgisnmulated late
frost. Note:- the?e izpp]mg the flow of warmth arising from the e:rf;aéure.s‘ and
there is a perma-frost aS\?I;ﬁzrsggglwam{h fising from the soil surfacinzilte:i
beds of ericas - ems were recorded in the wi ;
. minimum [hgi?:ct)iietthrough plastic mulch. [n this instanceea\g::;egfof 1?84 in
plastic than ov ers regularly recorded two degrees m e

er grass or bare ground walk ways between th?ari f(rjOSt over the

eds.

Further trals are needed to d i

el needed etermine whether the layin ‘ 5

i andaih:;}lqlere!é?:lnate _lhe nirate nitrogen psr]obglecr)xi [zirfr;cg);ht;??iral

e ot betore .the 03:‘ spring p_lantmgs will help in the estabiisnment erK

et 6o set of winter, thus avoiding the frost probi cl) .
is a little more than you would expect Proteai to tir:\-/e tnis

There is no doub
t that the use of .
during the establi ise of weed matting reduces the mai .
ishment period once it has been laid and in a:Z?‘tte:ance o
st some crops

in some areas g‘ives a
N greater growt : .
and costing information. | g h rate than without it. [Ref. to 13:7 for dme

lOll m [ f eed

the plants move dee i
per and wid :
has fittle or no further effect on the; g;::t.the influences of the matting, then it
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