
FO l-1-A-FL-094





SECOND INTERNATIONAL

PROTEA RESEARCH SYMPOSIUM

San Diego, California, USA

March 7-8, 1989

Editor

Dr. Richard A. Criley

Convener

Dr. Philip E. Parvin

Section for Ornamental Plants

Protea Working Group



Editor
Dr. Richard A. Criley
Honolulu, Hawaii, U.S.A.

ISBN 90 6605 164 7

Price for non-members of ISHS: Dfl. 47,-

Secretary-General of rSHS: Ir. H.H. van der Borg
Dreijenplein 4, 6703 HE Wageningen, Netherlands

GDNo part of this book may be reproduced and/or published
in any forro, photoprint, microfilm or any other means without
written permission from the publ~shers.

Printed in the Nethe rl ands
Drukke r i j Mode r n , Dorpsstraat 66, 6720 AB Bennekom



CO NTENTS

Li st of Partici pants

Alp habetical list of Authors

Preface

~~~e~§~~~~~_E~e~~~

Root s t ock production research in Leucospermum and
Protea : l. Techniques.
G.J. Brits, Republic of South Africa.

Root s t oc k production research in Leucosp ermum and
Pro tea: 11. Gene sources.
G.J. Bri t s , Republic of South Africa.

A technique to l mprove the propagatlon by stem cutti ngs of
Pro t e a obtusi f o l ia buek ex Meisn.
J.A. Rodríguez Pérez, Tenerife, Spaln.

Micr opr opaga t i on of Leucospermum.
John T. Kun i sakl , U. S .A .

Clonal selection and micropropagation of Waratah.
C.A . Offord , P .B. Goo dwi n and P. Nixon, Australia.

Tech niques f or maxima l seed ge rmi na t i on of six commercial
Leucospermum R. Br. species.
G.J . Brits , Repub l ic of South Afr i ca .

~~~~ ~~!~§~-~!_ ~ ! ~~~~~~~

Fl owe r development in Leucospermum cordifolium 'Vlam'.
R.A . Cril ey, P .E . Parvin an d S. Le kawa t a na , U. S . A.

Fl owe r i nitiation i n Protea and Telopea.
S.A. Dupee and P.O. Goodwin, Australia.

Ef f ec t of temperature , daylength and growth regulators on
flowerl ng in Protea, Telopea, and Leucospermum.
S .A. Dupee and P.B. Goodwin, Australia.

Fl ower structure and thp influence of daylength on flower
lnltiation of Serruria florida Knlght (Proteaceae).
D.G. Malan and G.J. Brits, Republic of South Africa.

~~~~~~~~~~~_~~~~~~!~~l

Protea postharvest black leaf A problem in search of a
solution.
R.E. Paull and J.W. Dai, U.S.A.

Acta Hor ticulturae 264, 1990
Protea Research

Page

5

6

7

9

27

4 1

45

49

53

6 1

71

79

87

93

3



Carbohydrate stress causes leaf blackening in proteas.
J.P. Newman, W. van Doorn and M.S. Reid, U.S.A.

Post-harvest water relations of Leucadendron cv.
Silvan Red.
K.A. Street and R.H. Sedgley, Australia.

Plant Pathology---------------

103

109

. .

Evaluation of the ·resistance of pincushion (Leucospermum
spp.) breeding lines to root rot caused by Phytophthora 115
cinnamomi.
S.L. von Broembsen, U.S.A. and G.J. Brits, Republic of South
Africa.

The effect of amendment of soil with organic matter, a 123
herbicide and a fungicide on the mortality of seedlings of
two species of Banksia inoculated with Phytophthora cinnamomi.
K.W. Dixon, K. Frost and K. Sivasithamparam, Australia.

Canker and die-back of cut-flower proteas ' caused by 133
Botryosphaeria dothiadea: epidemiology and control.
(Abstract)
S.L. von Broembsen, U.S.A. and M.A. van der Merwe, Republic of
South Africa.

4



LIST OF PARTICIPANTS

Aus t r ali a
Dixon , Ki ng s l ey , Kings Park a nd Botanic Gardens, West Perth, W.A. 6005.
Dup e e , Steven, P.O. Box 462, Crows Nest, NSW 2065.
Sedgl ey , R.H., 11 Kingston St., Nedlands, W.A. 6009.
Turnbull , L.V., Department of Agriculture, University of Queensland,

St o Lucia , Br isbane, Qld. 4067 .

Portugal
Blandy, Adam, P.O. Box 408, Punchal, Madeira.

South Africa
Brits, G.J., Tygerhoek Experimental Farm, P.O. Box 25, Riviersonderend,

Cape 7250.

Spai n
Rodriquez Perez, Juan A., Jardin Botanico Orotava, e/Retama, 2, Puerto

de l a Cruz , Tene r i f e 38400.

U.S . A.
Armstrong, Robert, Longwood Gardens, Kennett Square, PA 19348.
Cr il ey , Ri ch a r d A. , Department of Horticulture, University of Hawaii,

3190 Ma il e Way, Room 102, Ho nolulu, HI 96822.
Ku ni s a ki , John, Department of Horticulture, University of Hawaii, 3190

Maile Way, Room 102, Honolulu, HI 96822.
Parvi n , Phili p E. , Un i ve r s i t y of Hawaii, Experimental Station, P.O. Box

269 , Kula , HI 96790.
Pau l l, Robe r t , Department of Plant Physiology, University of Hawaii,

3 190 Maile Way, Room 503 , Honolulu, HI 06822.
Perry , Denni s , Perry's Panorama, P.O. Box 540, Som i s , CA 930 66-054 0.
Reid , M.S . , Departme nt of Environmenta l Horticulture, Un i ve r s i t y of

Cal i forn ia, Davis, CA 95616.
Vo n Br oembs en , Sharon, Department of Plant Pathology, Oklahoma State

University , St il l wa t e r , OK 74078.
Young , Brian , 8561 Cha r l Lan e , Los Angeles, CA 9004 6 .

Acta Horticulturae 264, 1990
Protea Research 5



6

Alphabetical list of Authors Page

Brits, G.J. 9, 27, 53, 87, 115
Broembsen" S.L. von 115, 133
Criley, R.A. 61
Da1, J.W. 93
D1xon, K.W. 123
Doorn, W. van 103
Dupee, S.A. 71 , 79
Frost, K. 123
Goodw1n, P.B. 49, 71 , 79
Kunisaki, J.T. 45
Lekawatana, S. 61
Malan, D.G. 87
Merwe, J.A. van der 133
Newman, J.P. 103
Nixon, P. 49
Offord, C.A. 49
Parvin, P.E. 61
Paull , R.E. 93
Reid, M.S. 103
Rodríguez-Pérez, J.A. 41
Sedgl ey , R.H. 109
Sivasithamparam, K. 123
Street, K.A. 109



PREFACE

The Second International Protea Research Symposium was
organized in San Diego, California, USA, to coincide with the
5th International Protea Conference of the International
Protea Association. The gathering of growers and scientists
proved to be an excellent opportunity for the exchange of
ideas, and it set the stage for- future joint meetings.

The publication of these papers in this volume of Acta
Horticulturae was made possible by a generous contribution
from the organizers of the IPA Conference and a grant from
the Fred C. Gloeckner Foundation of New York City, NY.

As convenor of the research symposium, I wish to thank Mr.
Dennis Perry, President of IPA and Chairman of the protea
conference; Mr. Brian Young, Consul (Agricultural Affairs),
South African Consulate-General, Los Angeles, who took on the
responsibility for organizing and staging the poster
presentations; and Dr. Richard A. criley of the Horticulture
Department of the University of Hawaii, who not only was of
great assistance in organizing the symposium, but agreed to
take on the task of editing these proceedings.

It is with sorrow that we note that Dr. Tok Furuta,
University of California, Riverside, who had begun the
organizing of the symposium, passed away after a short
illness soon thereafter.

To Mr. Gert Brits who succeeds me as Chair of the Protea
Working Group of the International Society for Horticultural
Science, I extend best wishes as he leads the activities of
the working group during the next quadrennium.

Philip E. Parvin
Convenor

Acta Horticulturae 264, 1990
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ROOTSTOCK PRODUCTION RESEARCH IN LEUCOSPERMUM AND PROTEA: l.
TECHNIQUES

G.J. Brits
Vegetable and Ornamental Plant Research Institute
Box 25, Riviersonderend, 7250
Republic of South Africa

Abstract

The problems of ineffective conventional grafting and
budding techniques were studied. Wedge grafting wi th elastic
PVC tape gave the best results in uniting and securing the
scion to the rootstock, respectively. Controlling graft
scion desiccation by reducing scion size to two buds,
subtended by 1/2 cm2 leaf sections, eliminated the need for
an intermittent misting system required by the conventional
method. This allowed the development of new handling methods
of rootstocks viz. cutting grafting, grafting of
containerised rootstocks under 50% shade, and topworking of
young rootstock plants in the field. A modified chip budding
technique was successfully tested. Autumn is the best season
for grafting to effectively produce new scion growth prior to
establishment in the field. These methods, sui table for
rapid large-scale cornmercial production of grafted/budded
proteas on clonal rootstocks, compare favourably with the
rooting of cuttings in many cases.

1. Introduction

Historically the economic growth of pincushion
(Leucospermum R.Br.) and Protea L. cut flowers has been
curtailed by severe restrictions in their cultivation
potential. Their strict nutritional requirements are, for
example, well-known: low pH-soils, very low conductivity of
the soil solution (Vogts, 1980), low levels of certain
elements eg. K and especially P and, in many species, a
strong preference for NH4 over N03 ni trogen (Claassens, 1986).
The ideal soils for these proteas are comparatively rareo
Thus fixed adaptations to the narrow nutritional amplitude of
the plants in nature severely limits their cultivation
outside their natural habitat.

The grafting of proteas on lime-tolerant rootstocks is
regarded as economically feasible in Israel. . A research
prograrnme has resently been launched to develop protea
rootstocks for its predominantly calcareous soils (J. Ben­
Jaacov, personal cornmunication).

Both pincushions and Protea are relatively difficult to
propagate by vegetative means. Rooting of the woody cuttings

Acta Horticulturae 264, 1990
Pro tea Research
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of Protea are especially problematical, many species yielding
low r oo t i ng percentages even after extended periods in the
mist propagation frame (Gouws, 1978; Brits, unpublished
data) . Thus the most promising cultivars can often be
multiplied only at a very slow rate, restricting their
cultivation and marketing potential.

The grafting of superior cultivars of woody plants which
are difficult-to-root on easily produced rootstocks is a
standard practice in cornmercial horticul ture (Hartmann &
Kester, 1983). Budding, which makes more economical use of
propagating material than grafting, could especially be
effective in the multiplication of difficult-to-root and
slow-growing cultivars of Protea (eg. Harrington, 1988).

Soil-borne pests and diseases present cri tically important
problems to protea growing in many production regions. The
genus Leucospermum is extremely susceptible to root rot
caused by Phytophthora cinnamomi Rands. Average losses in
affected pincushion "orchards" in South Africa can amount to
more than 25% p. a., even on well-drained si tes, forcing
premature abandonment of such plantings (Von Broembsen &
Bri ts, 1985). In sorne areas of both South Africa and
Australia P. cinnamomi is naturally distributed in the
i nd i g e no us vegetation (Von Broembsen, 1983; Von Broembsen &
Kruger, 1984; Cho, 1983) which presents a source of
continuous infestation to cultivated proteas. Nematode attack
is another serious problem of cultivated Protea and
Leucospermum species, especially in the U. S . A. (Rohrbach,
198 3) . Thus in many areas the unusual disease risks involved
i n protea production discourage industrial growth.

Considerable research inputs have been made recently in
Australia to develop Banksia (Proteaceae) rootstocks tolerant
t o Phytophthora cinnamomi (McCredie et al, 1985). Many of
the cornmercially produced Banksia species are, as in the case
of Leucospermum, extremely susceptible to Phytophthora root
rot (Cho, 1981). A slight degree of genetic tolerance
against Phytophthora is apparently present in cut flower
p incushions, as well as in the genus Leucospermum as a whole .
Selection and deve lopment of relatively tolerant rootstocks
wi t h i n the genus Leucospermum is therefore indicated as a
promis ing short and medium term approach to the root rot
problem.

A host of cultivation problems are clearly associated with
the specialized root systems of proteas. This si tuation
i n v i t e s the commercial introduction o f grafted proteas on
s u pe r i o r rootstocks as is the c a s e with almost all
horticultural crops with a similar growth habito

Graf ti ng t e chnigue

An impo r t a n t i mpe diment in t he development o f a roo t stock
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production system for proteas is the lack of commerc ially
s uitable graf t ing a nd budding tecniques. The standard method
for grafting is wedge grafting of semi-hardwood shoot
s ect ions on seedling rootstocks whilst reta ining complete
leaves on the sc ion. Grafting consequently demands an
in t e rmi t t e n t misting system for wound heal i ng (Rousseau,
1966; Vogts & Rousseau, 1976). This production system is
relatively cost ineffective and consequently a need exists
for rapid g ra fting techniques of selected, vegetatively
multiplied rootstocks. The revaluation of techniques in
conj unct ion wi th the development and release of special
rootstock cultivars are therefore indicated .

2. Ma terials and me t hod s

Approximately 4O grafting and budd ing experiments wi th
Leucosper mum and Protea were conducted between 1976 and 1980.
Aspec ts : nv e s t i ga t ed included improved production and
handling methods of rootstocks, grafting and budding
t e c hniqu e s , the role of season of the year and evaluation of
t he r e l at ive effectiveness of grafting. Treatments were
repeated and combined in different experiments. These were
furth e r repeated in different seasons of the year. üf t he
variables investigated and rootstocks tested only the most
i mporta n t are surnmarized below. Sorne of the e xperiments
illus trat ing pertinent procedures are described in de tail.

2 . 1 . P~~~~_c_~~9E-_~~~__~~~~l-_~~~LE1_~t~9§_~_~!__~~~~_s_t:.~~~~_

The g ra fting and budding of cuttings of selected
roots tock clones were compar ed wi th the standard use of
seedling rootstocks (Vogts & Rousseau, 1976). Time required
to produce the rootstock, uniformity of material and
cons istency of results were considered.

Three methods of handling the rootstock were developed
for both grafting and budding. The improved techniques for
graft ing and budding, referred to below, were used in these
experiments.

- As a control, 6-12 month old rooted, containerised
rootstock cuttings were grafted and budded in a lathe house
nursery (50% shade) without using a misting system.

- Cutting grafting (Hartmann & Kester, 1983). Proteas were
grafted/budded on unrooted rootstock cuttings of selected
clones whilst being rooted in a standard rooting frame for
proteas (Jacobs & Steenkamp, 1976) at the same time. This
technique was used successfully for rhododendrons
(Eichelser, 1967) and can result in greatly reduced time
and space needed to produce grafted/budded plants.

- Topworking . In a t h i r d treatment established rooted
rootstocks were graf t ed and budded in si tu (Hartmann &
Kester, 1983). These rootstocks were always chosen young

1 1



i. e. plants were topworked wi thin two years of
establishment and within 30 - 45 cm from ground level.

Several grafting techniques and variations of the
standard wedge grafting technique were tested.

2.2.1. Reducing desiccation of the scion.

Elimination of an intermittent misting system for
large-scale cornmercial grafting requires a much smaller total
leaf area of the scion than in conventional grafting. Two
procedures were tested to achieve this: a) reducing the
number of buds on the scion, and thus the number of .l e a v e s ,
and b) reducing the size of the subtending leaf of each bud.

Addi tional methods tested to reduce desiccation of
the scion under lathe house and field conditions involved
the inclusion of the scion i n a) transparent polyethylene
plastic, b) blue (infra-red absorbing) polyethylene plastic
of the "banana sleeve" type and c) spraying the scion with
anti-transpirants.

2.2 .2. Securing the scion to the rootstock

Different methods of securing the scion and rootstock
were compared. These included a) covering the union with
hot grafting wax and b) the use of various types of graft
wrapping materials. The main objective of these tests were
to reduce the aftercare required of successfully grafted
plants.

The usefulness of "Steri-crepe'·', an elastic, adhesive
crepe rubber tape was tested extensively for this purpose
since it decomposes naturally and slowly. This could
possibly elimin a te the need for unwrapping the scion
following wound healing and growth resumption. Test results
indicated that "Steri-crepe" decomposed too r a p i d l y for use
on proteas. Painting th,e "Steri-crepe" with wound sealant
was consequently tested in an attempt to slow down the rate
of perishing of the rubber.

The following experiment illustrates the comparison
of four methods of securing the scion and rootstock and
reducing desiccation of the scion. 237 scions of 18 L.
cordifolium clones selected from the same genetic stock were
wedge grafted on unrooted L. patersonii stem cuttings in
autumn . The four treatments were:

1. Wrapping the graft union with standard e lastic PVC
grafting tape, scion left open ("control");
2. P. V. c . graft ing tape used, scion covered wi th closely
fitting blue (banana sleeve type) polyethylene plastic;
3. Wrapping the g r a f t union with "Steri-crepe", both scion

12



and graft union covered with blue plastic;
4. Wrapping the graft union with "Steri-crepe" followed by
painting the rubber wrapping wi th blue PVC-based ' wound
sealant.

Grafted rootstock cuttings were terminal shoot
sections of the current season's growth, 25-30 cm in length
and of the semi-hardwood type. Scions were cut with two buds
and each subtending leaf was reduced to 0,5 cm2 area. Scions
were secured with elastic PVC tape. Leaves were retained on
8-10 cm of the rootstock cutting below the graft. Leaves
were stripped below this area and, following grafting, the
cutting was given a fresh cut 8-10 cm below its leafy
section, followed by basal dips in 0,5% IBA solution and a
fungicidal powder (Brits, 1986). Cuttings were planted in a
standard rooting mixture for proteas in plastic propagating
trays and placed in a bottom heated rooting frame (23°C) in
a lathe house under 50% shade (Brits, 1986). Newly grafted
scions were sprayed with a mixture of benomyl andocaptab and
allowed to dry; a programme of weekly sprays of exposed
scions was maintained until the first signs of new scion
growth appeared.

Since the clonal scion population was genetically
relatively uniform and a single rootstock was used, one half
of the clones was allocated to treatments 1 and 2 and the
other half to treatments 3 and 4. Treatments were completely
randomized using 7 replications for treatments 1,2 and 11
replications for treatments 3,4. Propagating trays were
rerandomized on a daily basis to minimize the effect of
uneven heating. Cuttings were scored for adventitious root
development and the survival of scions observed, at 6 and 12
weeks. Rooting scores were bas ed on an ordered scale
(Snedecor & Cochran, 1967) of 2 = transplantable (Jacobs &
Steenkamp, 1976); 1 = roots present but not transplantable;
O = no roots. The sum 'o f 6 and 12 week scores were expressed
as a percentage of the potential maximum score. The results
were analysed as attribute data (Snedecor & Cochran, 1967).

Transplantable cuttings were immediately lifted and
planted in 21 containers in a lathe house nursery providing
50% shade. Survival and resumption of growth of scions on
transplanted cuttings were observed during the ensuing spring
at six months from rooting date.

2.2.3. Uniting the scion and rootstock.

Wedge, whip, root and approach grafting (Hartmann &
Kes~er, 1983) were evaluated. The following factorial
experiment illustrates the comparison of approach and wedge
grafting using four rootstocks. The main objective was to
test approach grafting as a method to a) reduce the high
percentage losses found in grafted Protea due to wound
blackening in both the scion and rootstock and b) increase
the efficiency of propagating both Protea and Leucospermum

13



clones which are difficult to root. Approach grafting is
commonly used to successfully unite plants which are
difficult to graft together · o t h e r wi s e (Hartmann & Kester,
1983). P. magnifica is known to root with relative
difficulty and its leaves blacken easily whilst L.
cordifolium cv. Vlam gives a relatively low rooting
percentage (Brits, 1986). Rootstocks were selected for a)
vigour, b) rootability and c) compatibility with scions.

The experiment was repeated over two years¡ only the
results of the second year are · presented. Unrooted
rootstock cuttings were grafted in autumn and the success of
the two cutting grafting procedures were compared with the
rooting performance of cuttings of the four ungrafted
rootstocks as well as the four scion selections. The four
treatments were · thus:

1. Rootstock cuttings approach grafted by the tongued method
(Hartmann & Kester, 1983);
2. Rootstocks wedge grafted;
3. Non-grafted rootstock c uttings;
4. Cuttings of scion selections.

Four scion-rootstock c ombinat ions,
Leucospermum and Protea, were used:

two each of

Scion:
L. cordifolium "Vlam"

4. P. eximia Rootstock 78/18

Rootstock:
1 . Leucospermum tottum

x L. formosum (F,) (T7S 11 02)
2. L. patersonii x L. cordifolium L. cordifolium

( F,) (T76 01 09) "Yellow Bird"
3. Protea eximia Rootstock 78/19 P. magnifica - Koo

variant
P. aristata
(T74 12 05)

Grafted rootstock cuttings were of the same type and
length as described aboye (2.2.2). Non-grafted rootstock
and scion cutt ings were 18-20 cm terminal shoot sections.
Scions were cut with two buds and each subtending leaf was
reduced to 0,5 cm2 a rea. Sc ions were secured with elastic
PVC tape. Leaves were retained on 8-10 cm of the rootstock
cutt ing below t he wedge graft or on the upper section of
a ppro a c h grafted and non-grafted cuttings. Cuttings were
s t ripped of leaves on t heir lower half and treated basally
with IBA and f ungic idal powder; all cuttings were planted in
a standard rooting mixture for proteas as before (2.2.2).
Five cuttings were used per replicate with four replicates
per treatment. Treatments were completely randomized.
Roo t s t o c k cuttings were scored for adventitious root
d evelo pme n t and surviving scions at 6 and 12 weeks (3 months)
f o r Leucospermum, and 12 and 22 weeks (5 months) for Protea.
Rooting scores were calculated as aboye (see 2.2.2. ) .
Treatments were compared by means of Fisher's protected LSD
test.
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The standard budding techniques (Rousseau, 1966; Vogts
& Rousseau, 1976) were refined and tested under lathe house
and field conditions.

Grafting and budding experiments were conducted in all
seasons of the year. Average success rates of experiments
were compared to establish if strong seasonal influences
could be discerned.

The efficiency was evaluated of propagating cultivars
by means of grafting as opposed to the rooting of cuttings.
This was done with respect to a) the percentage success of
scions taken vs. cuttings rooted, b) early survival rates of
established grafted and rooted cutting plants, and c) the
cost effectiveness of the two propagation methods.
a) Percentage success. An experiment comparing
percentage rooting of cuttings of the scion cultivar
percentage grafting success as well as rooting of
rootstock is presented in 2.2.3.
b) Early survival rates of established plants. In a further
study the early survival rates of established grafted and
cutting Leucospermum plants were compared. In this study
unrooted cut tings of Leucospermum patersonii and a L. tottum
x L. formosum F,-hybrid (T75 11 02) were wedge grafted in
autumn wi th three L. cordifoli um selections as described
2.2.2. The three selections, "Vlam", "Mars" and T75 11 03
were also rooted from terminal cu t t i ~g s as described aboye.
Rooted transplan~able rootstock cuttings with live scions,
and rooted cutt ings of the three scion selections, were
lifted from the rooting frame at 12 weeks and transplanted
directly to the field in mid-winter. Variable numbers of the
plants were established at Tygerhoek Experimental Farm,
Riviersonderend on a deep alluvial Table Mountain Group
sandstone soil. One each of the six entries were planted
together per replicate plot. The plants were mulched with
black polyethylene film (1 m x 40pm) to control weeds and
improve the soil moisture status. At eight months from
planting, in autumn, survival of grafted plants (both the
rootstock and scion alive) and rooted cuttings were recorded
and the scores were analyzed according to the methods for
attribute data (Snedecor & Cochran, 1967).

3. Results and discussion

3 . 1. ~E.9_<:!.~~.tj._~~_~.!1_<!_~~.!1_<!~i!13__~~.!:~_~~~_.?_~_~95~_t:.=!.?_c:~=

Rooted cuttings of both Leucospermum and Protea were
found to be superior to the seedling rootstocks previously

15



recornmended (Vogts & Rousseau, 1976). This is due to a) the
ability to rapidly produce cutting rootstocks of the desired
thickness (3-6 months) as opposed to seedlings (15-18
months), b) the greater uniformity obtainable with cutting
rootstock material and c) the fact that clones of superior
genetic constitution can be selected and produced true-to­
type as rootstocks from cuttings.

Good and comparable success was attained with all three
handling me t hods , This appLf. és to both Leucospermum and
Protea (table 1). It is thus possible to graft or bud
containerised rootstocks under semi-shade in the nursery,

-unr oo t e d cuttings (cutting grafting) or established plants
~n the field (topworking) with comparable efficiency.

Table 1 - Sample average percentages take after three
months, of grafted and budded Protea and
Leucospermum, using three methods of handling
the rootstock.

Genus

Rooted
rootstocks
grafted or
budded under
50% shade
in nursery

Rootstock ~

cuttings ...,,~ : ( ~ .

grafted oz.
budded, then
rooted (cut=
ting grafting)

Growing plants
grafted or
budded on the
land(topworking)

Protea 92 (graft)
L e uc o -
spermum 65 (graft)

92 (graft)

93 (bud)

72 (graft)

99 (bud)

3.2.1. Reducing desiccation.of the scion

I t was found that scion size could be limited to only
one or two prominent axillary buds plus a small piece of
their subtending leaf, approximately 0,5 cm2 in size. This
scion size effectively controls desiccation, obviating the
need for a misting system. Grafting can thus be performed
effectively under standard lathe house conditions with this
me t hod (figure 1).

Inclusion of the scion in a snugly fitted blue plastic
(banana sleeve type) bag was the most effective method to
further restrict moisture 1055 of the scion in Leucospermum.
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scrON

ROOTSTOCK

staple
( Blue plastic

bag (banana
sleeve plas­
tic)

Figure 1 - Cornmercial wedge grafting in proteas. The use
of blue plastic is not essential. Spraying with
fungicide is desirable before using plastic.

This method was particularly useful for grafting
Leucospermum under field conditions. It is however important
to use disease-free scion material which should in addition
be sprayed with benomyl and left to dry before covering with
plastic (figure 1).

3.2.2. Securing the scion to the rootstock

The results with four methods to sécure scion and
rootstock and controlling scion desiccation are given in
figure 2. Standard grafting wi th PVC-tape combined wi th
covering the scion with a blue plastic sleeve gave the
highest overall success. The 75% scions found growing on
rooted cuttings after six months represent a very
satisfactory success rate compared with the rooting
percentage of this rootstock (figure 2) or of cuttings of
most Leucospermum cultivars (Brits, 1986).
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Figure 2 - Cutting grafting of 18 L. cordi folium clonal
selections on L. patersonii 'i n a'u t umn using 4
methods to tie the scion and reduce scion
desiccation: average rooting percentage of
rootstock (condition of scion ignored)¡ per­
centage scions alive on rooted cuttings at
transplantation; cumulative percentage scions
growing (.. ) and alive but not growing (top
part of bars) on transplanted cuttings 6
months after rooting¡ and overall success at 6
months (scions growing on rooted transplanted
cuttings of total grafted)¡ lines on bars
represent standard deviations. Treatments:
1 - wedge g rafted wi th PVC tape ¡ 2 - PVC tape,
scion covered with blue plastic sleeve¡ 3 ­
wedge grafted with "Steri-crepe", graft union
and scion covered with blue plastic¡ 4 ­
"Steri-crepe" only, crepe painted with blue
PVC wound sealant after wrapping.

Although grafting with PVC tape ' alone (treatment 1)
was alsoassociated with both a high rooting percentage of
the rootstock and high percentage of scions alive at lifting,
the resumption of growth of scions at six months was
significantly lower than in the case of scions covered with
blue polye thyl e ne plastic (P<O,OS). It i s not clear wh y blue
plastic d i d n o t favour scion survival and g r owth when scions
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were secured with Steri-crepe (treatment 3).
The use of Steri-crepe apparently suppressed rooting
percentage of the rootstock as well (figure 2).

3.2.3. Uniting the scion and rootstock

In Leucospermum approach grafting of cuttings was very
successful but not significantly better than wedge grafting
(P>O,S) (figure 3). Wedge grafting is, however, more cost­
effective than the latter method because of the more
intensive aftercare required by approach grafting. This
includes the gradual severing of the parts aboye and below
the union, of the rootstock and scion plants respectively
(Hartmann & Kester, 1983) . . In the case of L. cordifolium
"Vlam" both methods gave a significantly higher percentage
of scions taken on rooted rootstock cuttings compared with
the rooting of cuttings of the scion cul tivar (approach:
P<O,01¡ wedge: P<O,02). This was, however, not the case with
the easily rooted L. cordifolium "Yellow Bird".

In Protea approach grafting of cuttings was a total
failure. The resul ts wi th wedge grafting were not very
satisfactory either because no significant improvement was
obtained over the rooting of Protea scions alone (P>O,S and
P=O,07 in the case of P. magnifica and P. aristata
respectively). The fact that non-grafted Protea rootstock
cuttings rooted significantly better than scion cuttings
(P<O,01) suggests, however, that grafting can potentially
increase the efficiency of vegetative propagation in Protea.
The results also suggest that wedge grafting could be more
effective than the rooting of cuttings if the grafting
technique can be improved. This relates especially to the
method of securing the scion a~d rootstock.

The poor grafting performance of Pro tea in comparison
with Leucospermum (figure 3) is not ascribed to
incompatibility of scions and rootstocks. Low grafting
percentage is rather correlated wi th the well-known
difficulty of Protea to root. Furthermore the propensity of
both the rootstock and scion cut surfaces to blacken
excessively is probably a major factor in the low grafting
success rate obtained. It is therefore necessary to develop
Protea rootstocks which a) root easily and b) especially do
not blacken excessively.

In Protea grafting it is also important to minimize
a) the period of exposure to the air of cut surfaces i.e. of
time spent to graft the scion, b) any stress on the scion,
especially water stress and c) contamina tion. Covering the
scion wi th a blue plastic sleeve did not give the same
consistently good results found in Leucospermum. An
approach worth investigating is the pre-treatment of Protea
scion material.
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Wedge Rootstock
TREATMENTS

1 234
Scion

F i g u r e 3 - Mean percentage success of combined scions
taken and cuttings rooted using two cutting
grafting methods, and rooting percentages of
non-grafted rootstock and scion cuttings, of
Leucospermum after 3 months and Pro tea after 5
months: Cv. Vlam (1) on L . tottum x L.
f ormosum ( V:/ d)¡ Cv. Yellow Bird (2) on L.
patersonii x L. cordifolium (E::::::I)¡ P.
ma gnifica (3) on P. eximia Rootstock 78/19
( ~)¡ P. aristata (4) on P. eximia Rootstock
78/18 ("'). Lines on bars represent standard
errors .

Preliminary results indicate that cut buds of Protea
"Andrea" (P. magnifica x P. compacta) pre-treated by washing,
12 h soaking i n a weak sucrose solution and followed by a
brief washing and drying until damp under clean conditions,
can give a h igher take when budded on P. eximia than cut buds
rinsed only wi t h water and budded directly. The effects of
polyethylene g lycol and ascorbic acid used in addition to
sucrose could b e investigated.

A modified c h i p budding method was tested successfully
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under both lathe house and field conditions (figure 4).
Chip budding is best sui ted for proteas because the bark
often does not "slip" readily. The budding of unrooted
rootstock cuttings appears to be the most suitable method for
effective large-scale cornmercial budding of pro teas (compare
cutting grafting in 2.1. and table 1). The bud should be
inserted at a position approximately 2/3 up the cutting i.e.
a number of leaves must be retained distally to the bud. The
rootstock should be cut above ' the bud only after a) the
cutting has rooted up to the transplantable stage¡ b) the bud
union has healed and e) the vegetative growth season (spring)
has begun.

make cut to
size 01 shield

or~~~:'J I

area :
> :.

I
I,

ROOTSTOCK

cut away top
hall - place
shield in
position

" " remove
leal,
retain
~ cmz

Figure 4 - Schematic representation of modified chip
budding in proteas.
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Grafting and budding can be carried out successfully
from autumn to spring (table 2). Autumn to late winter is
probably the best period considering the time required f~r
wound healing prior to the resumption of shoot growth an
spring.

Shoot growth, which occurs seasonally in flushes, must
first resume before grafted plants can be established in the
field (see for example results in 3.5 b). Scions on plants
which are grafted/budded too late or have poor vigour tend to
remain dormant until the following shoot growth periodo

An effective schedule is, therefore, to cutting
graft/bud in autumn, allow wound healing and rooting through
winter followed by transplantation in containers and growth
resumption in spring / summer, and establishment of strong
plants in the following autumn/winter. Autumn to early
winter would be best for cutting grafting considering both
t he healing period required and that this is also the most
favourable season for rooting semi-hardwood cuttings (Jacobs
& Steenkamp, 19 7 6 ) . Cutting grafting at an even earlier
date, in late summer, will have an added benefi t due to
associated lower levels of disease int"estation on current
season 's growth (Brits, 1986). ~

Vigorous p lants (eg. Leucospermum interspecies
F, hybrids) can be grafted/budded in early spring, followed
by growth resumption in early summer. Alternatively vigorous
plants can be cutting grafted in autumn and growing scions on
rooted cuttings ma y be transplanted directly to the field in
late spring. Special care must then be taken to minimize
mo i s t u r e stress i n the new plants by means of addi tional
irrigation.

Table 2 - Sample average percentage take of grafted and
budded Protea and Leucospermum in autumn,
winter and spring, after three months.

Genus Autumn Winter Spring

Pro tea 92 (graft '77) 72 (graft '77)

Leuco­
spermum
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75 (graft ' 7 7 ) 92 (bud '77)
93 (bud 178)
92 (graft '78)
92 (graft '79)

99 (bud '77)
80 (bud '77)
85 (graft '77)
98 (graft ' 78 )
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a) Percentage success. A comparison of the percentage
Leucospermum and Protea selections successfully wedge grafted
and rooted from cuttings was made in 2.2.3. (figure 3). The
results clearly indicate that difficult-to-root and disease­
prone cultivars may be propagated and produced more
effectively on a good rootstock than on their own root
systems.

b) Early survival rates. The early survival rates of
established Leucospermum plants were variable (table 3).
"Vlam" which roots with more difficulty than the
other two selections, also gave a lower survival score.
Apparently proteas that root and establish with difficulty
from cuttings will also propagate with relative difficulty
when grafted. The low percentage successful cutting grafts
of "Vlam" is ascribed mainly to the fact that grafted plants
were taken to the field at an early stage before sprouting of
the scions had begun. Subsequent work confirmed the
importance of allowing the scion to first produce shoots of
at least 5 cm long in the nursery before attempting to
establish grafted plants in the field.

c) Cost effectiveness. Although the new grafting and
budding methods are two or three times more costly than the
rooting of cuttings, this method of propagation is
nevertheless very economical relative to overall production
costs. The use of grafting and budding on a commercial scale
is therefore justifiable.

Ta b l e 3 - Average percentage rooted cuttings and wedge
grafted rootstocks, ± standard deviation,
surviving 8 months after establishment using
three Leucospermum cordifolium selections.
The same rootstock were used for grafting
of the three selections.

Selection

"Vla m"
T73 09 04 "Mars"
T75 11 03

Rooted cuttings

63 ± 6
90 ± 4
79 ± 11

Cutting grafts

33 ± 8
92 ± 8
92 ± 5
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1. ,c s t o c s p r o d u c e d from cuttings of selected clones are
ger a

l
. - 1 l .y supe r i o r to, and can be produced more effectively

th ~ ·r.¡l i n :; :r:oo t s t o c k s .

2 . . ~ ei3. a nd Leucospermum can be grafted/budded on
cont e : -,e r i s e d rootstocks under semi-shade without the use of
an i n t e r mi t t e n t misting system, on unrooted cuttings, or on
esta t l ~ ~hed young plants in the field, with comparable
e f f í.r i e v y .

3. . ...ere quisite for grafting is a minimal scion size
conc 1s t i ng of two buds subtended by 0,5 cm2 leaf sections.

4. We d g e g r a f t i ng and a modified chip budding method in which
the s c i on is secured with elastic PVC tape give the most
consi ~ ten t results.

5. Sc ion s must resume growth in the nursery before
grafted /budded plants can be established in the field.

6. Cut t i ng graf ting/budding should be carried out in autumn;
early g r a f t i ng / bu d d i n g can ensure relatively low levels of
diseas e inf e s t a t i o n . Grafting and budding of vigorous plants
using c o n t a i n e r i s e d or field-grown rootstocks can be done in
late wi n t e r / e a r l y spring; re s u Lt.Lnq in growth resumption
durin g t h e same vegetative season.

7. Th e e f f i c i e n c y of propagation by means of grafting and
budd i ng is often equivalent to or better than that obtained
b y t h e rooting of cuttings. Many of the problems associated
wi t h t h e root s ystems of proteas can therefore be overcome by
c omme r cial grafting and budding of proteas.
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ROOTSTOCK PRODUCTION RESEARCH IN LEUCOSPERMUM AND PROTEA:
11. GENE SOURCES

G.J. Brits
Vegetable and Ornamental Plant Research Institute
Box 25, Riviersonderend, 7250
Republic of South Africa

Abstract

Candidate Leucospermum and Pro tea rootstocks for cut
flower cultivation were generally evaluated for vigour,
rootability, scion compatibility and long term field
performance when grafted. Special attention was given to
adaptibility to soils with relatively high pH values and salt
contento Leucospermum was also evaluated for tolerance to
Phytophthora root roto No single · s p e c i e s of Leucospermum
could be identified as a satisfactory rootstock and the
limited available tolerance to Phytophthora must be exploited
further. Protea eximia, P. obtusifolia, P. mundii, P.
lanceolata and lime-tolerant ecotypes of P. repens are
potentially useful rootstocks for most commercial Protea
species. Interspecific hybridization in both Leucospermum
and Pro tea holds promise to combine useful parental
characteristics and utilize hybrid vigour. Successful
rootstocks must be developed and tested on a regional basis.

1. Introduction

Limitations aye often e ncountered in cultivating cut
flower pincushion (Leucospermum R.Br.) and Protea L. plants
on their own root systems (Brits, 1989). Similar limitations
are routinely overcome in horticulture by cultivating plants
on suitable rootstocks (Hartmann & Kester, 1983). Suitable
rootstocks should have a series of generally useful
characters ego compatibility, vigour.

Limited but meaningful genetic variation in tolerance to
Phytophthora root rot is apparently present within the genus
Leucospermum (Von Broembsen & Brits, 1985). Essentially the
same si tuation applies to tolerance to relatively high pH
values and concentrations of certain salts of the soil
solution, in both Protea and Leucospermum. Unlike the case
with Phytophthora tolerance, however, the latter gene sources
are better identified and reside within entire species, sub­
species or ecotypes growing on substrates of known
composition.

Mimetes Salisb., Orothamnus Pappe and Serruria Salisb.
can be grafted successfully on Leucospermum (Van der Merwe,
1985). The development of succesful Leucopermum rootstocks

Acta Horticulturae 264, 1990
Protea Research
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could therefore also increase the cultivation potential of
these genera.

This paper reports attempts to identify and · evaluate
suitable rootstock types for a series of commercial
Leucospermum and Protea species (table 1).

2. Materials and methods

General rootstock requirements in Protea and Leucospermum
were:
- grafting compatibility;

rooting ability for rapid production of clonal
rootstocks;
growth vigour for both high cut flower yield in grafted
plants and high production on rootstock mother plants of
cuttings of a suitable length, thickness and constitution
(not too woody);
mature main stem diameter suitable to accommodate thick
scion stems;
rootstock longevity >10 yrs;
drought tolerance «500 mm rain p.a.)
cold tolerance (-2 tO _6°C)
tolerance of periodically wet/waterlogged conditions.

Special attention was given to nutritional stress factors:

- tolerance to pH (H20 ) values in the range 6,5 - 8,5;
- general tolerance to relatively high salt content of the

soil solution and specifically high P, K, Ca and N03 ;

Table 1 - Cornmercial species of Leucospermum and Pro tea
for which rootstocks were evaluated.
Classification and nomenclature ex Rourke (1972;
1980; unpublished).

Genus

Leuqospermum
R.Br.

Protea L.
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Taxonomic section

Brevifilamentum Rourke

Speciosae Stapf .

Ligulatae Stapf

Melliferae Stapf

Species

L. cordifolium
L. lineare
L. tottum
L. vestitum

P. grandiceps
P. magnifica
P. neriifolia
P. spec.íosa
P. stokoei
P. compacta
P. eximia
P. obtusifolia
P . repens
P. aristata



Rootstocks compatible with ·c omme r c i a l species were sought
on the basis of taxonomic relationships. Comparative
analyses were made of native soil types and ecological
jclimatical data (Rourke, 1972; 1980).

Nutri tional data on selected species were collated and
were correlated wi th tolerance factors such as abili ty to
grow on calcareous soils (eg. Claassens, 1986). A group of
19 species within each genus which satisfied at least sorne
of the requirements were provisionally listed and their
cultivation from rooted cuttings studied. Graft and budding
studies were then performed on selected groups of these
species. Compatibili ty wi th Leueospermum and Protea cut
flower cultivars and long term field performance of grafted
plants were evaluated.

AII experiments were established on acidic, Table Mountain
Sandstone Group derived soils at Riviersonderend, Cape
Province, South Africa unless otherwise specified. Plants
were established with 1,4 m spacing across in double rows and
mulched with 1m x 40 pm black polyethylene f ilm to control
weeds and improve soil moisture status. Micro-jet irrigation
was applied supplementary to natural winter rainfall at 3­
weekly intervals .

Tolerance to Phytoph thora root rot in Leueospermum. A
long-term survival study was conducted of grafted rootstocks
on Phytophthora einnamomi infested soil.

3. Results and d iscussion

3.1 Usefulness of chemical analysis of natural substrate---------------------------------------------------------------
Claassens (1986; unpublished) found a positive

relationship between natural substrate composition and the
ability of Protea and Leueospermum plants to negotiate higher
salt concentrations in artificial nutrient solutions. Rooted
cuttings of the Durbanville ecotype of L. eonoearpodendron
ssp. viridum for example tolerated significantly higher
concentrations of both N03 and P in pots than i ts close
relative, the Oudebosch ecotype. The former grows on loam
overlying heavy clay (table 5) and the . latter on Table
Mountain Sandstone Group sand overlying quartzi te. Soil
analysis (table 2) shows that the respective native soils
differ markedly in fertility.

Claassens (1986) also compared rooted cuttings in pot
experiments of L. patersonii with its vicariad species L.
eordifolium, as well as the Pearly Beach ecotype of Protea
repens with the Oudebosch ecotype. Cutting plants
originating from both the former populations, which grow on
calcareous soils (tables 3 and 5) tolerated significantly
higher concentrations of N03 , NH4 and total
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Tabl e 2 - Analysis of native soils of two ecotypes of
Leucospermum conocarpodendron ssp. viridum

Ecotype

Factor

P, ppm
K, ppm
pH (H20)
Resistance, ohm

Durbanville

25
56
6,35

1214

Oudebosch

5
33
5,5

2609

salts than their relatives originating from typical sandstone
soils. These species and ecotypes of calcareous origin can
in addition tolerate alkaline as well as acidic soils, in
contrast with their relatives which are strongly dependent
on acidic soils for normal growth (Vogts, 1980).

Claassens (unpublished resul ts) concluded that information
on the natural substrate of a species population can provide
clues to its adaptibility under specific cultural conditions.

Species that meet general rootstock requirements in
Protea are given in table 3.

The genus Protea is slow to root (Jacobs, 1982) which
suggests that prolific rooting ability in clonal Protea
rootstocks is a very important character (Brits, 1989). The
rooting abili ty was tested of two series of 25 randomly
chosen clones of P. eximia and P. repenso In both species
realised rooting percentages of clones were highly variable
which concur with other results for P. repens (Jacobs, 1982).
This suggests that rapid progress could be made by means of
genotype selection. For example, P. eximia clone 78/19
selected for ease of rooting gave 78% rooting after three
months in a separate grafting trial (Brits, 1989).

The nine most promising species (table 3) were evaluated
for compatibility and field performance in grafting studies.

Grafting compatibility in P. magnifica grafted on P.
eximia rootstock was, for example, tested by wedge grafting
50 two-node semi-hardwood shoot sections of P. magnifica on
actively growing shoots of established three year-old P.
eximia plants in spring. As a control treatment P. eximia
was grafted on itself.
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Table 3 - General characteristics of 19 Protea species
with rootstock potential for commercial species
of the sections Speciosae Stapf, Ligulatae
Stapf and Melliferae Stapf*¡ determined from
hort i c ul t u r a l data or deduced from ecological data
(ex Rourke, 1980)¡ real or e xpected compatibility
i s based on grafting resul ts wi th 9 exceptional
candidates and on taxonomic relationships (Rourke,
u np ubli s h e d ) respectively A - e xcellent¡ B - good¡
C - average/normal¡ D - unsatisfactory ¡ relat ive to
commercial species of the Section Speciosae ego P.
n er i i f oli a

(Horticult­
ural data)

Tolerances
(Ecological)

00
...-!.,..,
o
00

;; 1 m
ClI>, ¡"' +-J
+-J+-J :l ¡::
u·,.., >, e C\l .........
Cl..I--1 +-J ca-; ClI • ce
c..,...¡ ...... ' '''; o, N E >, ..c:
><-=l .-1 > .,..; C\l +-J I ce
ClI·....;·... ce oo· .... ''''; .,... +-J

'-"+-J ~ ..= ¡:: ~ > Atypical lf"l ... ...
<, C\l ro +-J ' '''; +-J ClI ~ ce
,....... e, .¡,J ~ +-J ¡:: E ce habita t -D ::: -e

Species ~§ g 8~ ~ ~ § features ~ 8 '6 ~
- - - ----- -- -- -~~_:_-~~-~-~~------ ----- --- ----~-~- -~--~ -~
P. a urea B B A
P . burchel lii( A) C B
P. compac t a A B B
P. coronata (A) C C

P. e x imia A B B
( Swartb e r g)
P. lacticolor(B) C A
P . lanceolata*C B B

P. la uri folia A D D

P. lepidocar-(A) C B
podendron

P. lorifol ia (B) D D
P. mundii B B A
P. neriifolia A C C
P. nitida(types)CD D
P. obtusifoliaA C B
P. punctata (B) C B

P. repens*: C B C
(Pearly beach, etc.)
P . roupelliae(A) D C
ssp.roupelliae
- variants
P . rubropi losa(C)D D
P . subvestita(B) e B

P. susannae (A) B B

B D Moist soi ls C
D C Clayey soil B
C D Coastal areas C
C C Heavy clay, moistB

on granite/shale
C B Dry, subalpine C

areas
B C Moist soi l,shale C
C e Coast: calcareousA

sand/clayey grave l
B B Quartz ite /grani teB

/shale¡ dry areas
C C Sand on clay¡ C

coastal
C B Dry sand on shaleC
A A Moist soils C
C C C
A A Granite/shale C
B B Coastal limestoneA
C C High altitude¡ C

dry areas
D C Calcareous sand A

(exception:shale)
A A Sandy loam on do-B

lorite/basalt/
lime¡high altitude

A A Quartzitic¡ high C
B A Basalt/dolorite C

high altitude
C C Calcareous sand A

C
B
C
B

B

B
B

B

B

B
B
B
B
B
C

B

B

B
B

B

D
D
D
D

B

D
B

A

D

A
D
C
A
C
B

C

C

C
C

e

C B
D C
D B
D A

B C

B B
D C

B C

D B

B D
C A
C C
B C
D C
B D

C C

A C

A C
A C

D e
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Pe r c e n t a ge take was determined at six months from
gra~ ling: P. magnifica/P. eximia: 73±7%¡ P. eximia/
P . i mi a : 59±8% (P>0,25) which indicated that the short­
term compa t i b i l i ty of P. magnifi,ca (Section Speciosae) and
P. e x imia (Section Ligulatae) is good. This is exemplary of
the g e ne r a l l y good compatibility found between members of
thes two sections and with P. eximia rootstocks in
part i cular.

Long t e r m general compatibility and longevity in grafted
rootstocks were studied. Containerised 18 month-old
seedlings of four rootstock species were wedge grafted with
variable numbers of 14 Protea species and hybrids covering
7 taxonomic sections. The plants were established in a non­
statistical trial on an acidic, shallow, gravelly sand
overlying decomposed granite under dryland conditions at
Stellenbosch, Cape Province. Survival, vigour (approximating
yield) and graft union quality were judged in 7-10 year-old
plants over the last four yea~s of the e xperimento
Vigour/yield was evaluated visually by comparing grafted
plants with cutting and seedling raised plants.

The results (table 4) show that a wide range of useful
compatibilities exist between species and sections, for
e xa mp l e P. aristata on P. compacta and P. magnifica on P.
eximi a .

The poor survival of grafted P. aurea was probably due
t o its naturally short lifespan and poor adaptibi lity to dry
soil conditions (table 3¡ Rourke, 1980). One case of delayed
incompatibility was found (P. cynaroides on P. aurea) and a
f e w cases of relatively thick scion species overgrowing their
t h i nn e r rootstocks (eg. P. magnifica on P . compacta).

Th e species in this experiment can be divided i n t o three
groups based on rootstock requirements: those in the sections
Speciosae/Ligulatae/(Exertae), Melliferae, and Protea
(P.cynaroides). The data in tables 3 and 4 suggest that P.
eximia and P. obtusifolia (Ligulatae) or their hybr ids should
serve well as rootstocks for the f irst group. P . .obtusifolia
apparently adapts normally to shallow (30-45 cm) acidic to
neutral decomposed shale with a relatively high total
nutrient status , on shale or clay, in the Cape as well as in
California (Brits, personalobservations). A highly vigorous
F, P. eximia x P. susannae was found with superior rootability
i nd i c a t i ng t hat hybrids could be exceptionally useful as
r oo t s t o c k s . P. lanceolata and P. repens from calcareous
habitats (and their hybrids) are indicated as rootstocks for
P . repens and P. aristata. Species of the s ections Exertae,
Cr a t e r i f l o r ae a nd Pinifoliae can apparent ly b e accommodated
on Exertae species, ego P. mundii (table 3).
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Table 4 - Field performance of four Pro tea rootstocks
tested over 7-10 years under dryland conditions
on an acidic gravelly Cape soil: average
survival rate, vigour (yield) and graft union
quality of 14 scion species and hybrids. .
Vigour/yield was scored visually as excellent,
normal, reasonable or poor. Taxonomic sections
according to J.P. Rourke (unpublished).

-------------------------------~----------------------- - - -
Rootstock Scion

Species Taxono­
(+no.of mic
grafts) Section Species Section

%
Sur-
vi- Vigour Graft
val /yield union

----------------------------------------------------------
P. au- Exertae P. aurea Exertae 26 Normal Good
rea P. canalicu- Pinifoliae Normal Good
( 19 ) lata

P. compacta Ligulatae Good
P. cynaroidesProtea Poor Poor
P. effusa Crateriflorae Normal Good
P. grandicepsSpeciosae Normal Good
P. magnifica Speciosae Normal Good
P. magnifica Reason.Good
x P. neriifolia Speciosae

P. com- Ligu- P. aristata Melliferae 52 Normal Good
pacta latae P. grandiceps Reason(Root-

(21 ) P. magnifica Normal stock
P. magnifica x Excell.often

P. burchelliiLigulatae too
P. magnifica x thin)

P. compacta
P. pudens Ligulatae Excell.Good

P. ex- Ligu- P. grandiceps 60 Excell.Good
imia latae P. magnifica Normal Good
( 44) P. eximia Ligulatae Normal Good

-hybrids
P. lan- Melli- P. venusta Exertae 100 Reason.Good
ceolata ferae P. sulphurea Crateriflorae Excell.Good
( 4 ) x P. canaliculata

General rootstock requirements for Leucospermum could
be met collectively by the species listed in table 5. The
six most promising candidates were tested for compatibili­
ty and performance under field condi tions (table 5). L.
pluridens was found to root poorly and L. reflexum to have
only reasonable rootability, poor compatibility and to
produce thin shoots which are difficult to graft. L.
conocarpodendron (both subspecies) produce relatively short,
thick shoots and do not root on a par with most members of
the Secion Brevifilamentum (eg. L. patersonii
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Tal. .e 5 - General characteristics of 19 Leucospermum
species with rootstock potential for species
of the section Brevifilamentum Rourke,
determined from horticultural da~a or deduced from
ecological data (ex Rourke, 1972)¡ real or expected
compatibility is based on grafting results with 6
exceptional candidates and on taxonomic
relationships respectively. A - excellent¡ B­
good¡ C average/normal¡ D unsatisfactory¡
relative to L. cordifolium. Rooting values (except
those in parentheses) ex Jacobs, 1982.
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- table 5). The latter two rootstock species appeared to
have outstanding general characteristics and were tested
extensively in early experiments.

The relative efficiency of rootstock cultivation of L.
cordifolium was evaluated. Production of Leucospermum plants
raised from seedlings, rooted cuttings and grafted rootstocks
has not yet been compared. Terminal shoot sections of L.
conocarpodendron ssp. viridum - Durbanville ecotype (table
5) were wedge grafted with L. cordifolium clone 75/7 and
rooted¡ concurrently terminal cuttings of the scion clone
were grafted wi th i tself and rooted (Bri ts, 1989). 33
growing rooted and grafted cuttings as well as one year-old
seedlings of clone 75/7 obtained from open-pollinated seed
were established in spring on acidic, deep alluvial sand at
Riviersonderend. The trial was planted as 11 replicate plots
with one each of the three entries per replicate. Survival
was recorded and vigour (yield) of the plants judged in the
5th year from planting. Although the survival rate of
rootstock cultivated plants was higher than either that of
scion cuttings or seedling plants (table 6) the differences
were not statistically significant. Likewise average growth
vigour did not differ. The results indicate that L.
cordifolium can survive and produce normally on L.
conocarpodendron rootstock.

The relative vigour of Leucospermum cultivars produced
on rootstocks was compared with that of rooted cuttings on
a sandy loam with relatively high total nutrient status and
pH (H20 ) 5,5 in the summer rainfall region of Transvaal.
Non-grafted rootstocks were included in the experimento
Groups o ~ five plants p~r entry were r a nd o mi z e d within each
of five replicate blocks. The vigour of plants was judged
visually after two years.

The results (table 7) show clearly that L. cordifolium
cultivars as a group are not well adapted on this soil type
compared with the three rootstocks (P<O,01).

Table 6 - Survival rate and average vigour (yield) of
L. cordifolium clone 75/7 grafted on rootstock
L. conocarpodendron ssp. viridum (burbanville
ecotype), on itself or grown from seedlings, 5
years after establishment on acidic sandy Cape
soil. Vigour/yield was scored visually as good
= 3, ~easonable = 2, and poor = 1.

Survival %
Vigour/yield

Rootstock

73
3,0

Self

45
3,0

Seedling

55
2,8

p

>0,25
N.S.
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Tab ".e 7 - Average growth vigour of L. eordifolium
cultivars cutting grafted on rootstocks or
grown from rooted cuttings, and of non-grafted
rootstocks two years after establishment under
irrigation on a sandy loam in the Pretoria dis­
trict, Transvaal. Vigour was scored visually:
excellent = 3,5, good = 3, reasonable = 2 and
poor = 1; scores were transformed to percentage
values of the average score of 3,5 for non­
grafted rootstock T75 11 02

---- - - - ---------------------------------------------------
cutting s % Grafted % Rootstocks %
----------------------------------------------------------
Firedance 54 Firedance 80 T75 11 02 (L. for- 100

T75 11 02 mosum x L. tottum)
Yellow 60 Yellow B. 66 T76 01 09 (L. eordif. 66
Bird T76 01 09 x L. patersonii)
Flamespike 46 L. patersonii 80
Pink star 49

Average 52 73 82

Howe ve r when grafted the growth of "Firedance" improved
significantly (P<O,05). Both grafted cultivars performed on
a par with their non-grafted rootstocks. Rootstock T75 11 02
is clearly superior to T76 01 09 under these condi tions
(P<O,05) (table 7). The poor adaptibility and vigour (yield)
of L. eordifolium on certain soils can thus be improved by
me a n s o f correct rootstock choice.

L e ue o s p e r mum species (Von Broembsen & Brits, 1985) and
clonal selections (Von Broembsen & Brits, 1989) were
evaluat ed for tolerance to root rot caused by Phytophthora
einnamomi (P.c.). In these studies ungrafted plants raised
from cuttings were grown in pots and in the field
respectively.

The performance of grafted plants under field conditions
of high natural P. e. inoculum levels has not yet been
studied. A comb ined long term grafting and cut flower yield
trial was conducted at Riviersonderend on acidic, alluvial
sand with poor drainage and high natural P.c. levels. Two
L. eordifolium selections and cultivars were grafted onto
three rootstocks or rooted as cuttings. Each entry was
replicated in 3-6 randomized blocks with 5 plants per entry.
Six years after e s t a b l i s hme n t survival under field conditions
was recorded. The rootstocks were the previously promising
L. eonoearpodendron ssp. viridum (Durbanville ecotype) and
L. pa tersonii ( t able 5), as well as a L. to ttum x L. formosum
selection (table 7).
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Table 8 - Average survival of two L. cordifolium selec­
t ions six years after establishment at Tygerhoek
Exper i mental Farm on a soil with high Phytoph­
thora cinnamomi levels, either as roo ted cut­
tings or grafted on three rootstocks. Valuesa

do not differ significantly
- -- - --- -- -- - -- - - - - - - -- -- -- - -- - - - - - - - - --- --- - - -- - -- - - - -- - -

Cuttings/
Selection rootstock

Survival%--------------p---------
--------------------------------------- - ------- --------- --
T77 10 07 cuttings 86

L. conocarpodendron ssp. 46
v iridum (Durbanville)

<0,05

I Vlam ' cuttings
L . patersonii
L. formosum x L. tottum
(T75 11 02)

<0,05
<0,05

Table 9 - Compa rat ive percentages mortal ity found in thr ee
t r i a l s , of sorne species, subspecies and F 1 inter­
s pecies hybrids with good general rootstock
qualities: 1) pot trial artif icially inoculated
with Phytophthora cinnamomi (P.c.) (Von
Broembsen & Brits, 1985); or grown f rom 2) un­
grafted cut tings (Von Broembs en & Brits, 19 89 )
and 3) grafted. r ootstocks (table 8) i n si tes
wi t h high natural P.c. levels a nd soil factors
favouring d isease . Casualties i n 1) and 2)
were positively identified for P.c . in fect ion.

% Mortality
Species/
selection Pots Ung rafted Grafted

L . conocarpodendron 62
ssp. viridum ( Du r b a n v i l l e )
L. cono. ssp. vir idum - other ° 46
L. cono . ssp. viridum x 16

L. cuneiforme (T75 1 1 24)
L. cuneiforme 40 41
L. formosum °L. formosum x L. tottum 21

(T75 1 1 02)
L. patersonii 100 76
L. reflexum ° 33

54

.1 4

80

The results (table 8) show significant differences in
survival between a) cutting raised and grafted plants and b)
rootstocks - L. formosum x L. tottum seems to be the
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only promising candidate. Both clones survived comparatively
well on their own root systems. Cv. Vlam has been observed
to perform well under soil conditions conducive to P.c. root
rot at Riviersonderend. L. conocarpodendron and L.
patersonii which have good general rootstock qualities (table
5), failed as grafted rootstocks under field condi tions.
Yield of grafted plants was unaffected compared with rooted
cuttings (results not presented).

The question arises if any species or clonal selections
with consistently better P.c. tolerance can be identified
from available data. Collated data of three independent
trials to test tolerance of selected Leucospermum species,
subspecies and hybrids to P.c. root rot show that
outstandingly poor and good performers were L. patersonii and
two hybrids respectively (table 9). T75 11 24 roots poorly
(Brits, 1986) whilst T75 11 02 roots exceptionally well
(Brits, 1989). L. formosum the one parental species of the
latter hybrid, and L. reflexum appear to be the only species
relatively tolerant to P.c. root roto The data illustrates
significant variability within Leucospermum as well as
consistency in relative performance of sorne iterns.

40 Conclusions

Tables 3 and 5 show that a numbe r . of generally useful
Protea and Leucospermum rootstock qualities are d istributed
amongst the members of these groupso However
t hey are no t combined in a single specieso This i mp l i e s
t hat interspecific hybridization, backcrossing and selection
within segregating progenies would have to be conducted to
develop highly favourable combinations of characters. Protea
a nd Leucospermum species hybridize comparatively easily and
t he hybrids show strong heterosis (Brits, 1983). The
performance of selections T75 11 02 and T75 11 24 (table 9)
show that the use of hybrids could be effective. Heterotic
r oo t s t o c k s would also be required to accomrnodate extremely
vigorous scion cultivars ego "Andrea" (P. magnifica x P.
compacta) o

Th e g reat variety of " a t ypical" soil types occurring
within regions otherwise fav r-Jrable for protea cultivation
suggests that rootstocks must be developed and tested on a
regional basis prior to commercial introduction . The
differential reactions of rootstocks to a relatively rich
soil type (table 7) supports this conclusion. Quali ties
required for a ny region must be combined if a rootstock is
to succeed, eg o nematode resistance and Phytophthora root rot
tolerance i n Hawa i i (Rohrbach, 1983).

A study o f differential tolerance to, and chemical control
of, Phytoph t hora cinnammomi i n Banksia species and Protea
cynaroides s howed that soil s atur a t i on with metalaxyl can
provide ef fe c tive control of Phytophthora root rot (Cho,
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1981 ) . I t would appear tha t grafted roots tocks wi th a
reasonable degree of tolerance under field conditions,
combined with chemical soil treatment, could be the most
effective short term solution to the Phytophthora problem of
p i nc us h i on s .
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A TECHNIQUE TO IMPROVE THE PROPAGATION BY STEM CUTTINGS OF PROTEA
OBTUSIFOLIA BUEK EX MEISN.

J.A. Rodríguez pérez
Ja r dí n de Aclirnatación de la Orotava
Centro de Investigación y T. Agraria
38400 Puerto de la Cruz, Tenerife
Spain

Abstract
The rooting percentage of stern cuttings of Protea obtusifolia Buek

ex Meisn., following the standard technique, is usually low.
Longitudinal cuts rnade in the bark of the cutting base, perrnited to
increase such percentage up to over 60%.

Introduction
South African pro teas are norrnally propagated by seeds or by stem

cuttings (Meynhardt, 1974; Jacobs and Steenkarnp, 1975 and 1976); Jacobs,
1983). Protea obtusifolia Buek ex Meisn. is a native species of the
southern Cape Coast, where it grows in alkaline soils, with high values
of pH (above 8), although it can be successfully cultivated in acid and
alkaline soils (Vogts, 1982; Rourke, 1982). For this reason we have
recornrnended it for the coastal areas of the north side of Tenerife,
where banana is the rnain crop, which is actually suffering a bad crisis
due to the entrance of the Canaries into the European Econornic
Cornrnunity. The soils of these areas have a pH in the range of 6.5 or
higher and an electrical conductivity in the range of 1.0-2.0 dS/rn, or
higher.

The P. obtusifolia plants, currently in the cornrnercial plantations
of proteas in Tenerife, have been grown frorn seeds imported frorn South
Africa and for this reason there is a great variety arnongst thern. The
plants differenciate in the colour ar.d size of flower, the growth rate,
adaptation to the ecological conditions, etc. There are plants with
healthy and vigorous growth, whilst others grow with difficulty showing
symptorns of chlorosis and other nutritional disorders. It is therefor
necessary to rnake a selection of the rnost appropriate plants and
propagate thern vegetatively, thereby irnproving the existing
plantations, obtaining a higher quality and uniforrnity for future
plants.

The results obtained in our propagation unit, in the rnultiplication
of P. obtusifolia by rneans of stern cuttings, following the standard
technique (Jacobs and Steenkarnp, 1975), were disappointing, the
percentage of rooting was low. In order to irnprove on these results,
bearing in mind that in certain woody species, such as juniper and
azalea, wounding the base of the cuttings is favourable for rooting
(Hartrnan and Kester, 1974), longitudinal cuts were rnade in the base of
sorne cuttings, which resulted in root development at a rnuch faster rate
with a considerably higher percentage.

The purpose of the present study was to investigate the effects of
these cuts in the rooting of cuttings frorn P. obtusifolia.

Acta Horticulturae 264, 1990
Pro tea Research
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Material and methods
Terminal semi-hardwood cuttings, 15 cm long, were prepared from

shoots of the current season's growth taken froro numerous healthy and
vigorous P. obtusifolia plants, approximately two and a half years old,
grown in a commercial plantation in Los Realejos (Tenerife).

A randomized block design was employed with two treatments (A and S)
and three replications. The experimental unit consisted of 20 cuttings.
The total number of cuttings was 120.

In treatment A (control), cuttings prepared according to the
standard technique were used. In , treatment S, the same type of cuttings
were employed, but in addition, four longitudinal cuts of 2 cm long,
equally spaced, were made in the bark of their bases.

Cuttings were stripped of leaves on their basal half and a fresh cut
was made at the base of each cutting, befare dipping the basal 2 mm

- 'i n t o a 50% ethanol solution of ISA (4 gIl) for five seconds, followed
by a dip i~ "bencap" fungicidal powder (Srits, 1986). Then, they were
planted in a mixt u r e of polysterene foam pellets and peat moss (1:1
v/v) in plastic propagating trays, which were placed on a bed with
bottom heat (25 ± 2°C) in a well ventilated greenhouse (polyethylene
roof and plast ic netting walls) at a 60% reduction of natural light.
Mi s t irrigatio n was supplied by misting noz zles, at 50 l/h for 36
seconds, every 30 mi nut es between 09 . 00 and 17.00 h.

At 12, 16, 2 0 and 24 weeks fro m planting, cuttings were scored for
adventi tious r oot development. The following scale was used: 2 = trans­
plantablej 1 = roots present but not transplantablej O = no roots
(Sr its , 1986). The resu l ts were subject~d ' to analysis of variance and
t o the Duncan test.

Res ul t s a nd discussion
Nine weeks a f t e r the start of the experiment, it was observed that

callus had appeared on the cuttings where longitudinal cuts had been
made (treatment S), and some had roots or were starting to show them,
whe r e as t he ma jority of those used under the control treatment (treat­
ment A) had no sign of callus formation. It proves therefor, that the
cuts made are favourable in respect of t he formation of callus and the
cons equent growth of roots.

As can be seen in fi gure 1, at 12 weeks from planting the overall
percentage of rooting of cuttings with treatment S was 50%, against
only 6.7% of those with treatment A. At 16 weeks the percentages were
5 5% and 11.7% respectively. Thi s latter percentage, referring to
cuttings with treatment A, was maintained throughout the experiment,
whi lst the perce ntage with treatment S increased to 58.3% at 20 weeks
and 63.3% at 24 weeks, the duration of the experimento

During the experiment the percentage of dead cuttings where treat­
ment A was applied, increased from 0% at 12 weeks to 3.3% at 24 weeks,
whilst the percentage with treatment S was 1.7% and 8.3% respectively.
At the end of the experiment, the percentage of stem cuttings showing
r oot s , but which were not transplantable was 3.3% with treatment A and
1.7% with treatment S.

At 24 wee ks there was a significant difference in the overall per­
centages of rooti ng in treatment A and B, at a level of 1%. The
t echni que used in treatment S, increased the roo ting percentage to
almost 5~ times mor e t han t hat of treat rnent A.
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Concl us ions
The results obtained confirm that the propagation of Prot ea obtusi­

folia by stem cuttings, following the standard technique, can be im­
pr ov ed upon, when pr i or to hormone treatment, 4 longitudinal cuts, 2 c m
long, equally spaced, are ma de in the bark of the cutting base .
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Figure Effect of basal longitudinal
Protea obtusifolia cuttings.
wi th cuts.

cuts on rooting percentage
A = control; B = cut tings
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MICROPROPAGATI ON OF LEUCOSPERMUM

J . T. Kunisaki
Depa r tmen t o f Hor t icu lture
Un i v e r s i t y o f Hawa i i
31 90 Mai l e Wa y
Hono l u l u , HI 968 22
U. S .A .

Abs t rac t

When axillary bud explants of Leucospermum conocarpodendron X
L. c une iforme 'Hawaii Gold' were cultured in liquid medium of
mod i f ied 1/ 2 MS inorganic salts, vitamins (0.25 mg/l each of
py r i doxi n e ' HCl and nicotinic acid and 0.2 mg/l thiamine'HC1),
0. 2 mg/l BA and 2% sucrose, they developed proliferative bodies.
Whe n placed bn f i l t e r paper bridges in shoot differentiation medium,
t hese proliferations developed shoots which were then further
e longa t e d on agar medium. Microcuttings rooted i n vitro were
es tabli she d un de r gre enhouse conditions.

l . l n troduct ion

Mi cro p ro pagat i o n o f cut-flower protea was investigated becaus e,
i n Hawa ii , large quantities o f vegetativel y propagated plants are
nee de d to upgrade existíng fields with super ior cultívars (Parvín,
1985).

Micro pr o paga t í o n h a s be en successful f o r the follow ing prote ac e ou s
pla n ts : Gre v i l l e a r o s marinifolia (Ben-Jaacov e t al., 1981),
Grevillea hy brids ( Gorst e t al . , 19 78) and Telopea speciosissima
( Se e l y e et al . , 1986) . Othe r prot e as have b é e n es t a blished
successfully in vitro bu t r oot íng and e s tab lishmen t under i n vivo
condí ti ons were n o t re ported ( Ben-Jaacov e t al . , 198 6 ; Se e l e y et al . ,
1986 ) .

2 . Mat e r í a l s and Methods

Dís infestatíon procedure; inítiation of culture, and culture
conditions have been described prevíously (Kunísaki, 1989). For
índ u c tio n of shoot formation, prolíferatíve bod ies were placed on
f í l te r paper bridges in 1iquid media for shoot dífferentiation
( Tab1e 1) or modi fied 1/2 MS (Murashige et al., 1962) in which
potass ium and arnmonium nitrates were 'reduced to half strength. Both
media were supp1emented with 0.2 mg/1 benzy1adeníne (HA).

For root induction, microcuttings were dipped in 150 mg/1 IBA
solution for la minutes and transferred to rooting medíum (Tab1e 1)
solidi fied with 7 gIl agar. Rooted cuttings were transplanted to
potting mixture o f 2 perlite:2 peat moss:l soil and misted for high
humidity.

Acta Horticulturae 26~, 1990
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3. Resu1ts and Discussion

Axi11ary bud exp1ants deve10ped into green, round, pro1iferative
bodies (Figure 1) in r otating liquid medium . These bodies can be
increased through monthly transfer to fresh medium. None of the
other researchers successful in micropropagating proteas have reported
on the deve10pment of proliferative bodies in their c u l t u r e s .

Pro1iferative bodies did not survive when transferred from 1iquid
to agar medium even though agar concentration wa s reduced to 4 g/l.
However, when pro1iferations were transferred to fi1ter paper bridges,
they survived and devel oped shoots . Comparison of nutrient media of
modified 1/2 MS and shoot differentiation (Tab1e 1), .b o t h supp1emented
with 0 .2 mg/1 BA, showed that pro1iferations grew with greater vigor

·a nd 1ess necrosi s in shoot differentiation medium . After 3-4 months
on filter paper bridges, proliferations with shoots could be trans­
ferred to agar medium of same composition. Pro10nged culture on
fi lter paper bridges resulted in more shoots becoming vitrified.

Shoots elongated when c1umps of shoots were trans ferred to a gar
n u t r i e n t medium of lower BA concentrat ion ; 0 .05 mg/l . In medium of
shoo t di ffer ent iation nutrients, · basal l e aves of s h oots d id not die
as the y d i d i n modified 1/2 MS nutrients.

The procedur e fo r rooting o f mic r ocut tings ha s been mod ified
since the pr e v i ou s report ( Kun i s aki , 1989) . The immersion period
o f cuttings in I BA solution has been r educed from 4 days to 10 minutes
with the us e of higher IBA concentration, 150 mg/1. Al s o , rooting
medi um ( Table 1) is now being u sed instea~ o f modi f i ed 1/ 2 MS .
Compa r ison of med ia s howed that roots were longer a nd top gr owt h
was mor e vigorous in our med ium.

Cut ti ng s roo t ed in v itr o we r e establ ished under g reenh ous e
e nviroment . Cutt ings mu s t be maintained under high humid ity un t il
r oot s are estab1ished in the po t t i n g med ium. In an attempt to
i nc r e a se the survival rate of transplanted plant1ets, i n vi t r o
roo t ing i n o ther physical supports besides aga r is being inv e s t iga ted .
Of the supports being tested, perlite seems to be most promising .
Unlike a gar, roots i n perlite develop branches a n d root hairs and do
not b r e a k o f f fr om cu t t i ngs in the process of r e moval from containers.
Whethe r greater survival can be obtained with plantlets rooted in
perlite when transplanted to greenhouse enviroment is being
determined.
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Tab1e 1 - Composition of basal med ia for shoot different iation
and rooting.

Medium

Constit uent s

Shoot
differentiation
(mg z' L)

Rooting

(rng ZL)

NH
4

N0
3

825 619

KNO 475 356
3

KCl 150 113

KH 2
P0 4 170 12 8

Ca C1
2"2

H
2O

880 128

HgS0
4

' 7H
2

O 740 555

NaH
2

P0
4

"H
2

O 12 8

FeNaEDTA 36 .7 36.7

MS microsa1ts I X conc. 1X conc.

Sucrose 20 000 20 000

Thiamine·HC1 0.4

Nicotin ic acid 0.5

Pyridoxine·HC1 0.5

--------------------------------­~-------------------------------
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Figu re 1 - P~ olife ra t iv e bod i es initiat ed fr om axi l la ry bud e x p l a n t .
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CLONAL SELECTION AND MICROPROPAGATION OF WARATAH

C. A. Offord , P. B. Go odwin and P. Nixon

Department of Horticul ture
Scho ol of Crop Sciences
Univcrsity ofSydney
Sydney , N.5.W. 20 06
A ustralia

ABSTRACT

Clonal selections of waratah were initiated into tissue culture. The success of initiation
and establishment of cultures was dependant on the maintcnancc of stockplants under protectcd
cu1tivation for several months prior to explanting. Adcquatc multiplication was achieved
using a modified Murashigc and Skoog (1962) medium. Adventitious roots could be initiated on
microshoots in vitro or in vivo. Acclimatisation of in vitro rooted shoots was not achieved.
Direct rooting of shoots of several genotypes was achieved using rooting powder (Seradixf
N°2) and maintaining the shoots under high humidity in a fog regime (95-98%) until shoot
growth recommenced.

INTROOUCTION

The N.5.W. waratah (Te1opea speciosissima) is endemic to a lirnited area on the
eastern seaboard of Australia. This area is under increasing pressure from urban and rural
activity. Coupled with this, blooms have been harvested for sale as cut flowers, thus seed
reserves have been further depleted.

Plantation cultivation is possible, but cultural problems have arisen. Waratahs are
easily grown from seed but variability with respect to bloom quality and disease resistance
preclude the use of seedlings for the production of a uniform, reliable producto

The University of Sydney has a large germplasm collection of waratahs taken from
natural populations and from commercial growers. Vegetative propagation by euttings presents
no problems (Ellyard and ButIer, 1985; Nixon, 1987). The availability of suitable material is
limited however (Mullins, 1987).

Selection of superior clones of waratahs from the germplasm colIection has been
carried out using field trials, vase-life studies and subjective assessment based on consurner
preference. ConcurrentIy, a system for the micropropagation of waratah has been devclopcd
and has been used as a further selection criterion.

MATERIALS AND METHOOS

Initiation and establishment of cultures
Vegetatively propagated stockplants of 5 selected waratah clones were maintained

under protected cultivation in agrowth room. Nodal segments of the terminal growth of these
plants were excised and shaken in 1% sodium hypochlorite for ten minutes and rinsed three
times in sterile distilled water. Single axillary nodes were transferred to a double strength
iron Murashige and Skoog (1962) medium without the addition of a plant growth regulator.
All cultures were incubated at 25°C ± 1°C with a 16 hour photoperiod and a photon flux
density of 100 umol m-2 s-l. After bud burst, explants were transferrcd to the same medium with
the addition of 1.25 J,.LM benzyl adenine (BA) (Seelye, 1984).

Acta Horticulturae 264, 1990
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Rooting and Acclimatisation
(i) Rooting in vitro Microshoots (15-35 mm) harvested from the fifth subculture of clone R 2/2
were placed into agar, crushed quartz or filter paper bridges in vitro with varying
concentrations of IBA and incubated at 120 umol m-2 5-1 until root development was observed.
Rooted microshoots were transferred to a high humidity chamber (RH 90-95%) or to a fog
house. The humidity was reduced over a four week periodo

(ii)Direct rooting The bases of microshoots of clone R 2/2 (as aboye) were dipped in various
eoncentrations of rooting powder (IBA 1, 3, 8 g kg-1) (Seradix~ , May and Baker, Australia),
placed into a peat / perlite mix (1:2) and maintained under a fog humidity regime.

Microshoots of five selected clones were direct rooted using Seradix~ powder N° 2 (3 g
kg -1) placed in a peat / perlite mix (1:1) and maintained under either a fog or mist humidity
regime.

RESULTS

Initiation and establishment of cultures
Rates of successful initiation into culture varied between 10% (white flowering clone)

and 75% (clones 63 and R 2/2). Although a11 clones were successfu11y initiated to sorne degree, a
decline over several subcultures occurred with sorne clones. This could not be overeo me by
va riations to the gro wth medium, growth regulator status or ineubation conditions, nor was it
found to be associated with microbial contamination.

Rooting and Aeclimatisation
(i) Rooting in vi tro Whilst adventitious roots could be produced in vitro , the plantlets did not
survive accl ima tisa tion to glasshouse conditions under 'any of a variety of humidity regimes
trialled .

(ii)Direct rootin& The optimal eoncentration of IBA for direct rooting of microshoots under fog
wa s 3 g kg-t (Seradixf N02 powder) (Fig. 1). Fog was found to be superior to mist for four out of
the five clones under consid eration (Fig . 2). The plantlets required 6-8 weeks under high
hu mid ity before they could be transferred to glasshouse' conditions.

DISCUSSION ANO CONCLUSIONS

Although initiation and establishment of in vitro cultures of adult clones of waratah
was achieved for all genotypes in this study, the multiplication rate was dependant on the
genotype and the plant growth regulator status of the nutrient medium. This observation is
similar to that of Seelye (1984), who found that there was a differential genotype res ponse of
ad ult wara tah cultures in uitro,

Direct rooting of microshoots is becoming an increasingly popular altemative to rooting
of sho ots in uiiro. The advan tages over in vitro rooting are manifold and include a reduction in
labour eosts and the early acclimatisation of plantlets. In the current work, acclimatisation of
sh oo ts rooted in vit ro wa s not achieved, even with careful manipulation and monitoring of
plant s. This may be a consequenee of a variety of physiological and anatomical abnonnalities,
often found to be associated with plantlets produced under in nitro conditions (Pierek, 1988).

The technique of d irect rooting of waratah microshoots developed in this study gives
promise that further refinement and assessment of genotype x treatment interactions could
yield a cornmercially applicable system of producing selected clones of waratah.
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TECHNIQUES FOR MAXIMAL SEED GERMINATI ON OF S I X COMME RCIA L LEUCOSPERMUM
R.B R. SPECIES

G. J . Bri ts
Ve g e t a b l e an d Ornamental Plant Re s e arch I n s t i tu t e
P .O . Box 2 5, Ri v i ers onde rend , 7 250
So uth Af rica

Abs t rac t

Oxyg en incuba t ion, presoaking in "Promal in" (GA + GA
7

+ benzyl­
aden ine ) and sulphuric acid scarification pre-trea~ment were appl i ed as
a cumulat ive series o f t reatments to freshly harvested intact Leuco­
spermum achenes. Ac henes were incubated under an alternating t empera­
t u r e r eg i me op t i mal f or L.cordifo Lium , which was used as a c ontrol
sp e c ies . Th e o ther s p e cies , or i g i nating f rom wi d e ly d i f f erent fy nbos
hab i t ats , were L. cuneiforme , L. erubescens , L. g Labrum , L. refLexum
an d L. ves t i t um. Trea tm ent effects on g e r mina t ion perce n t age we re
c umulative i n most s peci es and also resul Tad i n similar germi na t ion
r a t e pa t t erns, sug g es t i ng c ommon physiologi c a l mechanisms fo r germ i­
na t ion . Th e promotive e f f ec t i ndicated for " Promal in" on L. refLexum
a n d L. er ubescens g e rmi nati on sugg ests that these spec i es were i n c u­
ba t ed u nde r a non- optimal t e mperature reg i me. Acid scar ification
c ombi ned with t he other treatments gave max imal g ermina t i on p e rc e nta g es
a n d rates a nd s t i mul a t ed a significant propor t i on o f s ubv i ab l e a chenes
t o g e r mi nate , a s was r e fl ec t ed by t etrazol ium v iabi l i t y test r esul t s .
See d c oa t quali t i e s of the r ece n tly domestic a t ed L. cordifoLium , t h e
" wil d" s peci es wi t h highly v i abl e s e eds a nd spe c i e s i n wh i c h s e e ds
were harv e s t e d p r ema turely ( wi t h low s inker perce n t a g e s ) are di scus s e d.

] . I ntr o duc ti o n

The ge r mi na t ion of hybr id " s e e ds" (achenes) ob t a i n e d in a Leuco­
spermum interspeci es c ros s i ng programme is a cr i t ica l prob lem. I n
a dd i t i on t o t he effe cts o f seve ral do r ma ncy f ac t ors, a s i gn ifi c a n t
p roportion of emb r yos in see d b a tch es is normaly underd e ve l oped 01'

aborted . This p roport ion can b e especi a ll y h igh in hyb r i d s e eds of
poor l y c ompat ib l e p a renta l speci es. I t is there fo re i mpe r a t i ve t o
fi nd metho d s for max im al ge rmi na tion of Leucospermum s eeds.

In t act Leucospe rmum cordi f o Li um (Salisb. ex Knight). Fourcade achenes
r e qui r e o xygenation (Van Staden & Brown, 1973; Brits,1986a) and
a l t e r nati ng temperatures of 8°C and 24°C for germination (Brits 1986b) ..
I ncubation of another species with nut-like fruits, Leucadendron
daphnoi des (Thunb.) Meisn., in oxygen under alternating temperatures
of 10°C x 20°C leads to increased endogenous hormonal promoter levels
of gibberellin and cytokinin which is followed by germination (Brown
& Van St a den, 1975) . Soaking L. cordi foL ium s eeds in a solution of
" Pr oma l i n" , c ontaining GA

4
, GA

7
and benzyladenine can significantly

i nc reas e t h e germinat ion percentage of intact seeds ( Br own et al 1986).
Percentag e g e rmination i n L. cord i f'o l i um can also b e strongly increased
by sulphuric acid scarification (Brits & Van Niekerk, 1976). Scarifi­
cation c a n i mp r ove the seed coat permeability to oxygen and also
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r e l ieve the constraining influence of the hard seed coat.

Low winter temperature and oxygenation by means of H2~ pre­
tre a tment act cumulatively in promoting L. cordifol ium seed germination
in s e e d beds (Brits & Van Niekerk, 1986). In the laboratory the com­
bina tion of seed disinfection, optimal temperature regime, acid
scarification, pre-soaking in Promalin, and oxygen gas incubation
max i mized seed germination percentage and germination rate in L. cor­
di f o l i um as was shown in comparison with tetrazolium viability test
results (Brits,unpublished data). Acid scarification, Promalin treat­
~ent and oxygen incubation, used in a factorial design, acted cumu­
latively in maximizing germination response.

Species of Proteaceae with nut-like fruits have similar germination
- mechanisms (Brits 1986b). However, they have narrow ecological

amplitudes - for "e x a mp l e L. cordifolium and Serruria flor ida Knight
have different optimal germination temperature regimes, correlated
with the general temperature regimes of their habitats (Brits,1986b).
Leucospermum species from different habitats could therefore be
expected to have temperature requirements 'different from the op t im a l
r eg i me for L. cordi f olium.

The speci es used in t he present s tudy a l l ori g i nate f rom widely
different habitats. Limited resources precluded the use of all
comb i nati ons in a f a ctorial trial wi t h six speci es. Consequen tly the
hypo thesis was tes t e d that oxygen inc ub a t i on , Promalin s oak ing a n d ac id
scarification will act cumulatively where s e eds are incuba t ed under an
a s sumed non-optimal t e mpe ratur e r e g i me.

2. Material s and me thods

The spec i e s used a r e given i n f i gure l. L. cordifolium , of whi c h
t he tempe r ature requ iremen t s are known , was i ncluded as a c on trol
species.

Th e s eeds of L. cuneiforme a nd L. vestitum wer e harves t ed f r om
unknown sourc ( ~ un d e r non-controll ed conditions and donated for
research purposes. The other species were grown at Ty gerhoek Experi­
me ntal Fa rm , and h a rves t e d under c ontrol1 ed c ondi ti ons after n a t u r a l
r e lease in December.

Fresh , h and sort ed in t a ct seeds of six Leucospermum spec i es we re
scar i fied i n ( c) H S04 at 22°C for 8 minutes and wa s h e d (Bri ts & Van
Ni e k e r k , 1976 ). T~ese as well as untreated s eeds were disinfected in
hot water at 50°C for 30 minutes (Benic, 1986). Seeds were then
soaked f o r 24 h i n e i t h e r a 200 mg 1- "Promalin" solution ( Br own et
al, 1986 ) or i n dis t illed water. Fo l l owi ng soaking all seeds were
cl eaned by rubbing off the remains of the soft, gelatinous "outer
pericarp" a n d by wash i ng briefly in running water ( Br its & Van Ni e kerk ,
1 9 76 ) . Seeds we r e a l l owed to dr~ off until t h e s e ed coat con tained no
f r ee wa t er an d t hen shaken up with thiram (75% a.i.) w.p. at a con­
cen tration of 0 , 0 5g t h i ram p o wde r per 100 s e e ds ( Ben ic, 198 6 ). Se eds
were placed on a s i ngle l aye r o f damp fi l t er pap e r on a 10 mm ster il ­
i z e d sand b e d wi t h in 1 ~ f l a sks . Seeds were incub a t e d either in air
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or in me d i c a l grade oxygen (Van St aden & Brown , 1 973 ) un de r the opti­
mum t e mperature r e g i me f o r L. cordifo Li um (B rits, 1986b) . Co n t ro l
fl asks ( a i r ) were c o ve r e d with loose glass lids whilst oxygen r ece i v i ng
f l a s ks wer e closed airtight with s c r e w- o n lids seal ed with petroleum
j e l l y ; flasks were flush ed with oxygen twice per week . The cumulative
ser i e s o f trea t me nts were thus :

1) Co n t r o l: incub a t i on in ai r
2) Incubat ion i n oxy gen
3) Oxygen p lus Promali n presoa k i ng
4) üxyge n p lus Proma l in plus ac id scar ifica t i on

Six r eplications of 2 5 s e e ds per s pe c i es p e r treatment were use d in
a c ompletely r a n domi z e d experimental design o Germination was r e cor de d
~eek ly as the number of s e e ds with newly e merged radi cles, for 20
weeks . Germination p e rce n t a g e s and r a t e s we r e cal culated , the latter
by means of the f ormula of Heydecker (1973 ):

Rate of germination

k

Lni
i =l . 100
k
L DLni
i =l

where k final week of g ermination
Di we ek of recording
ni = number of seeds g erminate d in we e k Di

i week 1 to we ek k

The r esults were subjected t o analysis of v a r i a n c e.

Tetrazolium s e e d v iability tests were conduc ted on 6 r eplicates of
25 emb r yos per s p e c i e s (Brits, unpublished data) .

The perc entage seeds was determined o f sampl es of 200 seeds per
s pecies s inking in water following s ulphuri c a cid s carification and
washing.

3 . Results

In most of the 18 c ases coveri ng s i x speci es cumulat i v e treatments
gave s tep-wise increases i n g erminati on percentage ( fi g u re 1 ). I n the
three exceptions the d i ffe r e n c e b e t we e n trea tm ents were s mal l and not
s tat is t ica l ly s i g n i f ica n t.

Germina tion r a t e g ave a charac teristic response pattern to treat­
men t s ( f igu r e 1 ). I n t rea tm ents 2 and 3 the rates were slightly lower
than the c o n t r ol treatment for most of the species. In the case of
t rea t ment 4, how eve r, a significant i nc r e a s e in germination rate was
f ound i n a ll s ix s pec ies.

Anal ys is o f v a r i a nce o f g ermi nat i on p e rcentage gave a h i ghly s ig­
nificant interact ion (P <O,OOl) for t reatments x s pec ies. Thi s can b e
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seen , f or e xample , in t h e d iffer ent r esponse pat~erns of L. cune i forme
and L. ref~exum (figure 1 ). I n spect i on o f data revea l e d thre e patter n s
o f r eaction of ge r mi n a t ion perce n t age t o t rea tm en t s :

A: L. cordifo ~ium . Re lat ive ly ver y h i g h c ontro l value and v e r y
high maxima l germination val ue wi th r el a t ively li t tl e diff e r e nc e
be twe e n t rea t me n t s .

B : L. cun ei f orme , L. veet it.um , ¡'ío derate l y high contr ol values a nd
r e latively l ow maxima l v a lues wi ~h l it t le d i f f e r e nce b e t we e n t reatme n t s .
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C: L. epubescens , L. glabp~~ , L. peflex~ . Relatively very low
contro l and o xygen treatment effects coupled wi th subs t a ntial reaction
to Promalin and with relatively very high maximal values i.e. with
ver y s t rong r eaction t o acid s carification.

4 . Discussi on

Th e fac t t h a t oxygen alone and in combination with Promalin tended
to give a l ower germination rate than "controls in most cases cannot be
explained. Especially since in treatment 4, in which the s eed coat
permeability to oxygen was strongly increased by scarification,
embr y o s would have been subjected to a higher oxygen partial pressure
than in the case of treatments 2 and 3.

The germination percentage patterns, in which germination percent­
age increased with cumulative treatments, as well as the similar
ger mi n a t i o n rate patterns sugg est that similar physiol ogical processes
are involved i n the s eed germination of different Leucospepm~ species.
Treatment 4 thus apparently provides a max imal s e ed germination tech­
nique for Leucospepm~. That maximal g ermination was i ndeed reali z ed
is supported by the close correlation between viability e s timates ,
percentage sinker s eeds and treatment 4 values (tabl e 1).

Tabl e 1 - Average p ercen t age s e ed g ermination f ollowi ng tre atment
with 4 methods, for 3 Leucospepm~ groups; probab il ity
values (p) are given for comparisons of a d jace nt trea t me nt
means, using one-tail ed t-tests . Se ed vi ability was
estimated by means of a t etrazolium t es t; sinker s e eds
denotes percentage sinking in water (se e Material s and
Methods) .

Treatmen ts

Gr o u p Sp eci es
Co n trol
% P

Oxygen
% P

O2 +
Proma lin
% P

~ + Prom.
+ H2 SO4
%

Vi abi
-l i t Y

Sink
- ers

A L.copdi
-foli~

73.6 84.7
0.08 >0.5

80.8 92.7
<0.001

94 90

B L. cunei
-fopme,
L.ves- 45.7 53.8 59.3 65.2 "
tit~ 0.02 0.08 0.07

56 55

e L.epub-
escens,
L.gla­
bp~,

L.pe­
f-¿ex~

12.4
1.0

12.4
<0.001

24.2
<0.001

77.8 82 84

57



In f reshly harvested seed batches the viability and sinker percent­
ag e of s eeds are a pparently closely correlated (table 1 ).

The high t r e a tm en t s x s pecies interaction can possibly b e explained
by var i able seed coat permeabilit ies to oxygen i n d lffere n t groups
(tab le 1 ):

A: In L. cordifo Lium the seed coat would have been fully developed
as wa s i nd i cated by both the high viability and percentage sinker
e s tima tes as we l l a s by the maximal germination ob ta inéd of a lmost
93% (table 1). The present 'L. cordif oLi um population is s emi­
dome s t i c ate d i. e. it has b een artificially raised f r o m seed for more
t han 10 gene r a t i on s . Since seed dormancy usually is genetically
vari~ble (Roberts, 1972 ) artificial selection for a mor e permeable
s eed coat cou ld have occurred. This could e xplain the high germination
per c e n t age i n control seeds. A high control germinat ion percentage for
t hi s s e e d source, harves t ed in a different year, was a l s o found in an
earl i er experiment (Br i ts, unpublished data).

In addition i ncubat i on of L. cordi foLium see ds unde r i t s optimum
germination temperature r egime wou ld h ave con t r ibut ed to a relatively
h i gh control value .

B: L. cun eiforme , L. ves t i t um . A s i milar re s p onse pattern a s wa s
f ound in L. cordif oLium , b u t a t a lower l eve l (ta ble 1) likewise
suggests relatively permeab le s e e d c oat s for. ;t hese c omme r c i a l l y
harvested s pe c i e s. The l ow ave r ag e v iabil ity a nd especially low per­
c entage sinker e stimates s uggest that t he see d s of t h e se t wo s p e c i es
wer e prematurely harvested . Thi s c onclus ion is s u pp o r t ed by t h e
r e l a t i v e ly l ow maximal germination va lue obtained . Pre mat ure comme r ­
cial harvesting of Leucospermum seed i s a common practice. Premature l y
harvested seeds c an r e sult i n i ncomple t ely developed, more oxygen
perme able s e e d coats whi ch dete rm i nes both a r e latively h i gh c o n tro l
value and a poor respons e t o oxyge nat i on ( Brits & Va n Niekerk, 1986 ) .
The latter r e a c t i ons are a l so give n by f loat er s eeds (wi th poorly
deve loped embryos) as opposed t o s i nker s e eds (Va n Staden & Brown, 1 97 3 ) .

c : L. erubescens , L. gLabrznn , L. refLexum: s e eds of these s pecies,
harvested u n der cont r ol led conditions, g a ve a h i gh averag e maxima l
g ermination percentage , v i a b il i ty esti mate and p ercentag e s inke r s, as
i n L. cordifo Lium (tab l e 1). The ve r y l ow cont rol g ermi nation per­
c entage however suggests t hat ei ther a non- op tima l t e mpe r a t ure regime
could have con tributed to low control value s , or that s e ed coa ts were
mu c h l e ss p ermeab le to oxygen than in L. cordifo Liv~ . Surprisingly
i nc ub a t i on i n oxygen a l one (treatmen t 2) did not increas e germi nation
percentage . Oxygen coul d no t h ave b e en inhi b i t o r y to t he se s e e ds as
was suggested f or Leucadendr on tinctum Will iams (Brown & Di x, 1 985)
since trea tm ent 4, in which presu mably t he highes t oxygen part ial
pressure was realised , gave maximal g e r mi nat ion v a l ues approaching
viabi lity e s timates . The r esul ts therefore sugges t that non- d ome s t i ­
cated Leucospermum s peci es hav e h ighly i mperme ab l e s ee d c oats in
intact mature s eeds .
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5 . Conc lusion s

The f ollow i ng roles a re pro posed for each in a s e r i es o f cumu l a tive
t r e a t me n t s r e qu ire d to maximize g ermination percenta g e i n Leucospe~mum :

1 ) Oxy gen incuba tion inc r e a ses t h e oxy g e n part ial pressure r equi r ed
zor germi n ation of see d s with i ntac t seed coa ts; oxy g e n incubat ion
enhan ces g ermi nat i on also in ac id scarified s e eds, a s wa s found in
L. cordifoLium ( Bri t s , unpub li shed data ). Thus scarifica t i on c a nno t
subs ti tu te for oxyg en incubation in realizing maximal germination
r e sponse.

2) PromaJin pre-soaking provides essential hormone(s ) which act as
pr omo t e r s o f ge r mi nat i o n . Thus the level(s) of e n dog e nous hormones
a r e i nc r e ased/comp l e men t ed by appli ed h ormones, especially where
s ub- op t i ma l e nv i r onme n t a l factors prevent synthesis/interconversion o f
endog e n o us hormones. Th is may be the c ase where seeds are incubated at
no n- op t im a l low a nd high temperatures.

I n L. co~difo Lium , which was incubated under an optima l alternating
t e mperature r egime , Pr omal i n trea t me n t g ave no s ignif ican t response
( t a b l e 1 ) . L. ~efLexum i n nature, however, germina t es at substa ntial ly
h i ghe r altitude s t han L. co~difo L ium (Rourke,1 972 ) i. e. a t lower
e nv i r on me n t a l temperat u r e . Its seeds would therefor e require a
r e lat i vel y c ool g erminat ion temperature regime (Brits,1986b). L. eru­
bescens on t h e other han d, grows on hot, dry, north fa c ing slopes
(Rou r ke , 1972 ) i. e. i t ge r mi na tes at h igher average temperatu r e in
nature tha n L. co~difoLium . Bo th L. ~efLexum a nd L. e~ubescens gav e
s ubs t a n t i ally inc rased g ermina t ion percen tage wi th added Pr oma l i n
compare d to oxyge n i n c u bat i on alone.

3) Sc arif i c ation aug ments g ermina t ion by a) i ncre asing t es t a pe r ­
mea b i l i t y to oxygen, espe c ially in the case of wild spec ies and b )
r educ ing mec hanical constraint o f t he hard seed coa t, t h e r eby
fa c i l i t a t i ng g e rminati on of embryos with a l ow vi ab i l i ty (B r its ,
unpub l i s h e d da t a ) .

Dormancy f ac t ors ( e .g . high temperature requiremen t ) a re appare n tly
variabl e in their expression in seed populations. For example, a
s e ed population do es not require one threshold low t e mperature level or
duration of temperature for the breaking of low temperature dormancy
of all s eeds (Brits & Van Niekerk,1986). Rather sorne moistened seeds
will germinate even under constant high temperature, with increasing
numbers responding to progressively lower temperature (Brits & Van
Niekerk, 1986; Brits, 1986b). This could explain why the progressive
fulfilment of environmental requirements give step-wise increases in
germination percentage.
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Abstract

Flower buds of Leucospermum cordifolium 'Vlam' were sampled at 2 week
intervals from 1 October 1988 through 9 January 1989, and the development of
florets was studied in paraffin sections. For the periodoof flower head devel­
opment, heat units were accumulated from a base of 6 e, and solar radiation was
also accumulated. At a bud size of 7 mm, only involucral bracts were found, but
floret development began in mid-October as the bud length reached 10 mm. Floret
development proceeded slowly through December and more rafidly in January until
flower anthesís was attained in February. Approximately 1/4 o the heat units
and 1/3 of the solar radiation units were accumulated during the last month of
the 3-1/ 2 month development periodo

1. Intro duction

Flowering in Leucospermum has been studied with the goals of being able to
predict and control it for commercial flower producers. To this end, a model
utilizing heat unit accumulation was developed using the date of primary flower
rernoval as a starting point for the development of a secondary inflorescence
(Jacobs and Honeyborne, 1979). A linear relationship between mean daily tempera­
ture and rate of development was found, and there was little variation in the
hea t unit accumul ation to the maturation point of 90% of the flowers. Sgcondary
flowers of the ev. Golden Star required about 925 heat units aboye a 5.8 e base
tempera ture to mature 90% of the flowers, but fewer days were required when
prirnary inflorescence removal occurred in late spring than in early spring.
This could be attributed to a greater heat unit sum per day, @ 8.5 early on to @
20 by mid-summe r.

Light intensity has also been implicated in the control of flowering in
Lcucospennutn, While the reduced quality response to low light intensities is
similar to that of other flower crops (Jacobs and Minnar, 1980), a quantitative
response has been proposed (Jacobs, 1983). Heavy shading during summer prevented
flower initiation while factors leading to flower imtiation were suggested to
be prevalent at high light intensities. Flowers were initiated only on shoots
which had stopped elongation growth, a factor brought on by stress, unfavorable
shoot/root ratio, or plant maturation (Jacobs, 1985). Napier (1985) found that
shading plants at the onset of the induced state led to reduced carbohydrate in
the leaves and a loss of the induced state.

After shoot growth stops, the upper axillary buds enlarge, producing bracts
without floret initials. These bracts make up the involucre bracts which cover
the peduncle. Floret initials begin to develop under the influence of short
daylengths and high light intensities at about the same time each year (Jacobs,
Napier, and Malan, 1986; Malan and Jacobs, 1987). Night interruption with a
light intensity of at least 3.7 uE prevented induction (Malan and Jacobs, 1987).

Acta Ho r ti cu l tu r ae 264, 1990
Pr o t ea Res ea r ch
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Floret differentiation is normally completed by early winter, and a rapid
enlargement phase follows leading to anthesis in late winter or early spring.

According to Jacobs (1980), the change from vegetative to reproductive growth
takes places during a relatively short period for long shoots. Deheaded plants
lose their capacity to re-initiate an inflorescence during winter, a condition
which may be more related to light energy relationships than photoperiod, but
little inflorescence development occurred on these shoots if deheaded as days
were lengthening in summer.

Differences in response to shading, shoot length, and deheading have been
shown between L. cordifolium x t: tottum 'Golden Star' and L. cordifolium x
L. lineare 'Red Sunset' (Jacobs, 1983; 1985).

In South Africa flowering occurs chiefly between September and early November
while in California, the flowering period for Leucospermum is offset by 6
months. In Hawaii, Leucospermum selections be~in to flower in late January and
continue into March or early A¡:>ril. South Afncan growers desire to delay
flowering to bring a crop in during the winter holiday season of the northern
hemisphere while in Hawaii, growers would like to advance flowering for the same
reason. Deheading has been successful in delaying flowering in South Africa
(Brits, 1986; Jacobs and Honey-borne, 1978), but an understanding of flower
induction, initiation, and development is still necessary to determine if
advanced flowering can be achieved.

These stud ies were undertaken with the cv. Vlam because it is now a widely
grown selection of Leucospermum with desirable red flowers. The objective of
this work is 10 provide baseline values for heat unit and solar unit
accumulations and the timeframe in which these act during the development of the
inflorescence to anthesis.

2. Materials and Methods

Ten enlarging buds were collected biweekly from 7 year old plants of
Leucospermum C\ . Vlam growing in open fields at the Maui Agricultural Research
Station, Kula, Hawaii, and preserved in a formalin-aceto-alcohol solution
(Johansen, 1940). Followin~ measurement of their lengths and diameters, the
buds were prepared for sectioníng and staining (tannic acid-ferric chloride and
safranin) to examine the extent of floret initiation and development. The first
buds were sampled October 1, 1988, when they were about 7 x 5 mm in size. The
last buds were collected January 9, 1989 and measured about 25 x 15 mm,
including the elongating stalk. Field measurements continued until about 50% of
the flower buds present had begun anthesis, approximately mid-February.

Maximum and minimum temperatures and solar radiance (Ml/day) were recorded by
a Campbell Scientific Micrologger (Model CR-21). The daily mean temperature

(Tmean) was calculated as (Tmax + Tmin)/2. A base temperature of 6 C was used

for heat unit accumulations over a time span beginning with 1 September 1988:

SUM T 1 10 n = (Tmean - 6)day 1 + ... (Tmean - 6) day n' The summation periods

corresponded to the sampling dat es.
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3. Results

Table 1 shows the avera!?e values by month for maxi~um, minimum! and mean daily
air temperature and solar integral. The weather conditions were considered
normal for the site, neither exceptionally cold nor warm through January, 1989.
During February, two periods of cloudy weather reduced the solar integral
average.

Table 1. Monthly mean values for daily maximum, minimum, and mean
air temperatures, daily solar integral, and photoperiod
at the Maui Agricultural Research Station, Kula, Maui,
HawaiL

Month Sep Oct Nov Dec Jan Feb
-------------------------_.-----------------------------------------------------
Me an max~C 25.0 24.4 23.3 21.5 21.1 20.6
Mean min ~ 15.3 15.4 15.0 13.8 13.1 13.4
Daily mean C 19.4 19.0 18.4 16.9 16.3 16.2
Solar integral (MJ) 17.1 14.5 12.5 11.7 13.6 11.8

Sunshine duration (rnin)
Longest 753 717 682 658 673 703
Shortest 719 683 658 652 653 673

zCalculated as the average of hourly temperature readings.

Heat unit accumulation (base temperature = 60C) at each bud sampling date
showed a gradual decrease from about 14 units/day in the fall months to about 10
units during December. The tot al number of he at units accumulated frorn 1
Septernber unt il 50% flowering in February was 2408.

The daily solar integral showed a simila r decrease, ranging frorn a maximum of
26 Ml Zday in September to about 7 Ml /day during cloudy periods in December and
February. Approxirnately 2200 MJ were accumulated frorn 1 September to 50%
flowering in rnid-February. Accumulated heat and solar units showed a relatively
straight line increase during the observation period (Figure 1). Had the daily
mean temperature been calculated from hourly readings instead of the max-min
average, the degree day sum would have been about 400 units less, an important
factor to keep in rnind if attempts to repeat these observations are made.

3.2. f12~~EJ~.!!~L~~~~I_'!E~_~g~

The rate of flower bud length increase was gradual until mid-Decernber. Bud
diameter tended to increase gradually untilLZ - 15 mm was reached, which was
about the same time as the flower stalk began to elongate. During January, the
flower stalk elongated to about 1/3 the overall inflorescence length, reaching
1/2 in rnid-February when 50% bloom was determined (Figure 2). Diameter increase
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was slow until January when it doubled and doubled again just before bud opening
(Figure 2).

While the first buds sampled October 1 showed prominent bract developrnent,
floret primordia had not be~n to develop and the apex diameter was less than 100
microns (Figure 3A). The first meristematic activity leading to floral primordia
appeared in mid-October and the apex had broadened to 130 microns diameter (Figure
3B,3C). By mid-November, 3 or 4 cycles of florets had developed (Figure 3D), and
by late November the perianth and stamens were initiated (Figure 3E) and stylar
elements were detected on the most advanced florets (Figure 3F). Stamen and pistil­
late elongation proceeded through December and January Figure 3G, 3H), with one
stamen adnate to the perianth and three free. There were 5 to 7 cycles of florets
developed by the time buds reached a length of 15 mm by 12 mm wide and 8 to 10 cycles
of2 spirals on a 25 mm bud in mid January (Figure 4).

During flower stalk lengthening in late December, there seemed to be a
slowing m the development of organ primordia on recent florets. However, the
sample was small, and the large buds were difficult to section. Tbe relationship
between floret size and flower bud length is shown in Figure 5.

3.3. ~~l~~~(LI!~h!.p_~E~~~_t:~_~~'!~~<.?R~_é.:!!.~_~!!.~U~~J2~:E~_tE!~_~Q~Lh~~!_

unit accumulation

Plots of bud length and width were made against heat unit accumulation and
sola r unit accumula tion (Figures 6 and 7). The sigmoid nature of the growth curve
is evide nt to the peak where harvesting would occur. A plot of log-length
flattened the curves and a regression of log-length on heat and solar unit
accumulation showed a nearly linear relationship (Figures 6 and 7). Totals of 1536
heat units and 1162 solar units were accumulated from floret initiation until50%
bloom was achieved. Twenty-five percent of the heat units and 32 percent of the
solar units were accumulated during the last month of development.

4. D iscussion

Comparison with Jacobs and Honeyborne's 925 heat units (base = 5.89 C) to
mature 90% of flowers of 'Golden Star' shows 'Vlam' to be a slower cultivar, by
about 3 weeks or an additional 240 heat units. It is probably more like 'Red
Sunset,' which requires a month more than 'Golden Star' in terms of its
development. Since the 'Vlam' flower bud was already initiated October 1 but
floret primordia were not visibly active until almost 3 weeks later, an estimate
of about 120 days for flower development also compares well with the development
period of about 100 days for Jacobs and Honeyborne's (1978, 1979) secondary
flower heads of 'Golden Star' when stimulated into development by removal of the
primary inflorescence in mid-winter.

The average daily heat unit accumulation for 'Golden Star' ranged from about
8.4 with early deheading to 11.1 with late deheading. During the developmental
pe riod of 'Vlam' about 12.8 heat units/day were recorded from the beginning of
flor et initiation to 50 percent flowering in the field. In South Africa, the
attempt to delay flowering benefits from the higher temperature and light levels
after the deheading period as development is even faster the later deheading
takes place. It could be difficult to bring flowering forwa rd in Hawaii,
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especially if a greater heat unit accumulation would be necessary.

Given the assumJ?tion that flower initiation in Leucospermum occurs in response
10 high light intensities during short days, it would seem that growing are as
which provide high solar integrals during the short photoperiod portion of the
vear may be favored with more rapid development if temperature is not lirniting.
Ít would be desirable to compare development of flower buds of this cultivar in
several different locations to determine the relative influences of the solar
integral and temperature. The marked sensitivity of both initiation and
development of Leucospetmum inflorescences to reduced light intensity suggests
that attention be given to this factor in attempting to modify the season of
flowering.
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Figure 1. Accumulation of heat units (oC) aboye a base of 60C and of daily
solar radiation (MJ) from September 1, 1988, through February 15, 1989
at Kula (Maui), Hawaii. October 1 represents the first sample date and
February 15 the date for which an estimated 50% harvest was attained.
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Figure 2. Dimensions of the flower bud of Leucospermum cordifolium 'V1am' from
the first sample, October 1, 1988 to Feburary 15, 1989 (a ready-to­
flower bud). Each point is a mean of 10 buds.
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F lower tnir ia t ion and deve loprnent
Leu cospcrmum co rdifo liu m 'Vlam'
Wint er 1988 -19 89. Har" 10 um .
P " pe r iant h; PS 8 pis t il; S " s t arnen;
A e a nthe r ; ST e s tyt e ; SI. " s t igrnaric lobe s.

A. A pex of bud lacking reprodu ctive s tructures. Oct. l.
B. Ape x of bud showing eu r ly merist em a tic act ívtty

larrow) leading ro a x í llary flora l pr lmordia. Oct. 17.
C. Me r is te ma l ic act ívu y (arrow ) leading ro flo ral

prlmord ia in br ac t axrls. Oct . 17.
D. Series ofaxillnr y floral primordia. Nov. 14.
E. Fl oral pr imord lum with pe rt anth, srarnen , and pistillate

de vel opm ent ,
F. Fl o ral pri rnord ium with per ia nth, st a rnen and prst ílta te

de ve top ment : a bo u l 2 weeks older rh an E.
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Figure 3 (continued)

G. Early stages of anther and
pistil development.
Bar = 50 um.
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H. Anther and pistil development
at 4 - 5 weeks before floret
opening. Bar = 50 um.



Fig ure 4. Inflaresc e nce 4 - 5 weeks 4
befare first flarets would apeno
j anuary 9. Bar = 10 mm .
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Figure 5. Dimensions of floret, stamen, and style length versus flower bud
length from primordium development until 1 month before flowering.
The timeframe represented is approximately 3 months.
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Figure 8' Dirnensions of the flower bud plotted against degree day accumulation
( C) over a base of 6oC. September 1 represents the zero point at
which accumulation began while 2400 umts were accumulated by
February 15. The regression plot of bud length on degree day accumu-
lation is is nearly linear. . . .

SOLAR RADIATION ACCUMULATION (MJ)

Figure 7. Dimensions of the flower bud plotted against daily solar radiation
accumul ation (MJ). September 1 represents the zero point at which
accumulation begain while 2225 MJ were accumulated by February 15.
The regress ion plot of bud length on solar radiation accumulation

. is nearly linear.
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FLOWER I NITIATION I N PROTEA AND TELOPEA

S . A. Dup ee a n d P.B. Goodwin
Sc hoo l of e r op Sc ience s
r n i v e r s i t y of Sydney
Sydn e y , N. S . W. 2006
AUSTRALI A

Abs t rac t

Growt h measurements of Protea neriifolia 'Salmon Pink' and Protea
cyn a r o i d e s 'Long Leaf' after flowering indicate multiple flushes of
g r owt h . Flo r al i nitiat ion occurs in f. nerii folia after the fir st
s p r i n g flu sh . f. c ynaroides may initiate flower head s only during
two s hort periods after the two flushes each y ear . Floral primo r d i a
of Te lopea speciosissima were e xamined using dissection and scanning
ele c t ron mic r o s c op e techniques.

l . Introduc tion

Pro te a n eriifolia and Protea cynaroides seedl ings flower only
a f t e r pa s s i n g t hrough a juvenile phase. As seedlings grow through
che juvenile ph a s e, bra nc h ing occurs and stems t hichen, g i ven go od
gr owi n g condi tions . Root growth mus t occur r ap id l y t o s up port b o th
the s hoot and fu t ure inflo r e s c enc e deve l opment. A s e e d l i n g o f Prot ea
ne r i i f o l i a wi ll produc e i t s f i r s t f l owe r s usually two or three years
f r om planting . The Lon g Le af variety o f Protea cyna r oide s of ten
produces one inflorescence t hre e y ear s f r om p l a nt i ng, al though flower ­
i n g occasionally occur s i n t wo y e a r s . Pla n ts of f . n e r i i f o l i a gro~

f r om cuttings may flower as rOQted .c u t t i n g s i.f ~~ tu r e ~ood i s prese n t o

The Pro t e a cut f lower indus try mu s t depend on a su f f icie nt supp l y
o f flowers with goo d quali ty b l ooms. Th e current ma rke t s u pply fo r
~any Proteaceous species va rie s c on s ide r ab l y during t h e y e a r with
s ho r t a ge s of f l owe r s at sorn e periods a nd a g lu t a t o the rs . As pa r t
o f un der s t and ing t he control of flowering it is important to
es tablish when flower i nitiation occurs in the annual cyc le f o r
eac h s pecie s .

Th e cur r e n t wo rk i nv e s t i ga t e s t he initiation of flowering in
Pro tea neriifolia 'Salmon Pink', Protea cynaroides 'Long Leaf' and
Te l o pe a speciosissima. This has been done by dissection studies
and e lectron microscopy.

2 . Materials and Methods

Both v e ge t a t i v e and reproductive shoot tips of Pro tea neriifol ia
' Salmon Pink' and the Long Leaf varieant of Pro tea cynaroides have
been dissected. The 'Salmon Pink' selection has inflorescences which
grow aboye the terminal l e a v e s . and medium sized flowers. The color
o f the outer bracts is a soft pastel pink. The flowers show very
l ittle bract burning or curling. The clone originated in Victoria,
whe r e it fl owe r s from April to November.

Ac t a Horti c ulturae 26 4, 1990
Protea Research
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Shoot and flower tips were collected from 2 year old Pro tea
neriifolia 'Salmon Pink' and Pro tea cynaroides and 4 year old
Telopea speciosissima gro~~ in the field at a plantation near Peats
Ridge, Ne w South Wales. After the autumn flowering season in 1988,
five shoots on each of 20 Pro tea neriifolia 'Salmon Pink' and Pro tea
cynaroides were labelled in ~1ay. During the middle of each month
vegetative growth on each branch was recorded. Inflorescence bud
development was noted on all plants. Floral buds collected from
!. speciosissima shoots were dissected and all bracts removed. Resin
moulds of the shoot tips were made by impressions using Spurr's
resino The floral apices were coated with platinum or gold and then
examined under the scanning electron microscope.

3. Results

Both Pro tea showed a spring growth flush, with other flushes during
the year (Figs. 1, 2). ~ neriifolia 'Salmon Pink' grew with success­
ive flushes during the surnmer, while ~. cynaroides showed a significant
reduction in growth during December (surnmer). Flower buds of P.
nerii f olia 'Salmon Pink' were found to be initiated from late October
t o early Nov emb e r at Pe ats Ridge. A receptacle begins t o develop
on the e nd o f terminal shoots (Figs. 3, 4) whic h then dev elo p s into
determi nate flowers. Ea r l y during initiation a few fl owe r buds abort
wi t h no f lowe r . These shoots were observ ed not to deve l op further.
By ear l y December the flower buds had completed initiation a n d "bypass"
o r l at eral shoots be gan to develop. In Feb~uarysúme . early fl owe r s
had black f ur tips on t he ou ~ e r bracts. . .

Matu r e plants of ~. c ynaroides 'Long Le af' developed f lowe r buds
during May wi t h another initiation period in December. Du r ing both
t hese times sorne bracts appeared to be remnants of floral buds which
grew i nto vegetativ e shoots. A receptacle develops under t he a p i ca l
merist e m as the stem widens. Bract development, flower head enlarge­
ment a nd elongation occurred over a 5-6 month periodo

Shoot tips collected from Telopea speciosissima showed the first
evidence of initiation in mid December (Figs. 5, 6). Floral buds
developed more r apidly on older shoots as compared to the current
season's growt h. Floral primordia emerged from mid January to
February. Pairs of florets differentiated as a new floral cone
developed (Figs. 7, 8).

4. Discussion

Pro tea neriifolia 'Salmon Pink' has a definite cycle of growth
and fl owering. Flowe r initiation occurs just after the f irst main
flush of gr owt h i n spring. Two further flushes of side shoots or
s ma l l s tems will occur given adequate moisture. The a b o r t i on of
flower hea ds oc c u r s only within a limited time, perhaps due to higher
tha n no r mal t empe rature s or moisture relat ions at that time. Du r ing
winter , s hoo ts grow very l i ttle and flowering of the previous year ' s
buds c o n tinue s a t a slow rateo

The i nit i ation o f f lowe r heads in Pro tea c ynaroides ' Lon g Leaf '
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seems to occur for short per i ods t wice ayear .
has the abili ty to set quickly o r to r evert t o
Further research is warranted to determine how
l t is n ot uncornmon to find inflorescences with
a s bracts .

The apical meristem
v egetative growt~.

and why this occurs .
leaves which appear

Te lo pea specios issima has a primary flush o f growth f r om Novemb e r
t o January . Floral primordia initiate over a 6- 8 week period a fter
which there may be another vegetative - flush of growth on the plants .
A few p lants flower in March and April which may mean that flowerin g
may be changed given a certain s tage of growth or conditions .

Ac knowl e d ge me n t s

This work wa s funded b y t h e Rural Cr e d i t Development Fund. Plants
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Figure 1 - Total amount of vegetative growth of Protea neriifolia
'Salmon Pink' on 20 two year old clonal plants.

Growth (cm)

9

8

7

6

5

4

3

2

1

J J A s O N
Time (months)

D J F

Figure 2 - Total amount of vegetative growth of Pro tea cynaro ides
'Long Leaf ' on 20 two year old seedlings at Peats Ridge.
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Figure 3 - Flower head of Protea cynaroides 'Long Leaf' variant
with developing flowers on r eceptacle.

Figure 4 - Close up (left) and comparison of Pro tea neriifolia
'Salmon Pink' floral and vegetative shoots in early
November at Peats Ridge, New South Wales.
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Figure 5 - Scanning electron micrograph of the apical meristem of
f loral primo r d i a of Telopea speciosissima.

Figu r e 6 - Scanning electron micrograph of differentiating bracts
and flo re t s of T . speciosissima.
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Figu r e 7 - Scanning electron micrograph of individual flowers
developing in Fe b rua ry on T. spe ciosissima apical meristem .

Figu r e 8 - Scan n ing e lectron micrograph of l. speciosiss ima floral
head showing developing paired flowers .
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EFFECT OF TEMPERATURE, DAYLENGTH AND GROWTH REGULATORS ON FLOWERING
IN PROTEA, TELOPEA AND LEUCOSPERMUM

S.A. Dupee and P.B. Goodwin
School o f Crop Sciences
University of Sydney
Sydney, N.S.W. 2006
AUSTRALIA

Abstract

Flowering of 27 clonal plants of Pro tea neriifolia 'Salmon Pink'
was recorded at each of four Pro tea plantations in southeastern
Australia. Significant differences have been found in both period of
f l owering and numbers of blooms. Flowering of Telopea speciosissima
was r e corded on t agged plants at five field sites. A warm winter
advanced and enhance d f l ower i ng more so in cooler areas. Treatments
with gibberellic acid and cytokinins applied in July promoted early
flowering in Leucospe rmum cordifolium. Disbudding delayed flowering
by two to three weeks.

l . Introduction

Plants gr ow and f lower at different periods of time in response to
the en v ironment in f i eld produced Protea. The research described
in t hi s paper aims to establish a flowering date base for four locations
and t o det ermi ne wha t environmental factors determine the time of
flowe r ing i n Prot ea ne r i ifol i a 'Salmon Pink', Telopea speciosissima
and t he Long Leaf va r i an t of Protea cynaroides.

A separa te experiment has been conducted to test the effects of
disbudding and growth regulators on the flowering of Leucospermum
co rd i f olium. Other r esearchers have found that flowering in other
Leu cos pe r mum can be del ay ed by deheading (Jacobs and Hone yborne, 1978
and Bri t s , 198 6) or by using ethephon and that growth regulators can
a l te r flowe r i ng (Jacobs, Napier and Malan, 1986 and Halevy, 1983).
The f l owering of secondary inflorescences of Leucospermum was found
to depend on the mean daily temperature (Jacobs and Honeyborne, 1979).

2. Materials and Me t hods

The experiments were conducted at five separate commercial Pro tea
plantations in coastal New South Wales and southeastern Queensland.
The geographical and soil data are given in Table l. All the areas
receive surnmer rainfall with spring being the driest period of the
year. The maximum and minimum daily temperatures and precipitation
recorded at each site.

Acta Horticulturae 264, 1990
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During April, 1987, 27 one year old clonal plants of Pro tea

neriifolia 'Salmon Pink' were planted at each plantation except site
No. 2 in a complete random designo All plants were watered after
planting and thereafter received only natural precipitation. Weedmat
or mulch is used to control weeds. One year after planting, selec­
tive pruning of weak or low branches was carried out so that each
plant had 12 to 22 branches at least 20 cm long. The flowering date
of each inflorescence was recorded as the time when the inner bracts
of each flower head began to separate at the top of the inflorescence.
After flowering each inflorescence was pruned, removing as little
of the stem as possible.

Table 1 - Location and Soil Type of Five Protea Plantations in
Southeastern Australia

Ko. 1
Characteristic Springbrook

Queensland

Plantation
No. 2 No. 3
Taree, Peats Ridge
K.S.W. N.S.W.

No. 4
Kurrajong
N. S . \v.

No. 5
Robertson
N.S.W.

La t i t u d e

Longitude

Altitude (m)

Aspect

Soil Type

Soil pH

610

southeast

reddish
silty clay
loam

5.0

152°28'E

170

north

brown
sandy clay
loam

4.7

151 015'E

280

northeast

yellow
sandy
loam

5.2

580

east

dark
silty clay
loam

4.8

34°35'5

740

east

reddish
sandy
clay loam

4.8

2.2 Telopea Phen o logy

Healthy 3-5 year old seedling Telopea speciosissima were chosen
in April, 1987 to record flowring using metal labels. Plants were
selected at random at all five plantations and observations of flower­
ing were made during spring 1988. Each inflorescence was considered
to be flowering when the first sty1e was released on the f10wer head.
Some dates were estimated due to -t i me and distance factors. Th e
inf10rescences were picked by growers and stems cut back severely
~n each mother planto
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2.3 Growth re gulator treatments

Ten flower buds on each of four plants of Leucospermum cordifolium
were sp rayed with a number of growth regulator treatments on 25 July
1 988 be twe e n lOam and lpm. Al l plants were at plantat ion No. 4 near
Ku r r a j ong Heights, New South Wales. Shoots with single dominant
fl owe r buds were treated at random on each planto

The treatment s consisted of: 1) a free flowering control 2) 250 mg/l
of Grocel GA

3
(active ingredient: 100g/kg Gibberellic acid 3) 1.25 ml/l

of Cytokin (GA + ) 4) 0.025 g/l of benzyl aminopurine (BA) 5) disbud
the terminal bud o~ fhe shoot 6) l25ml/l of Bonzi (active ingredient:
4g / l Paclobutrazol) 7) 200 ml/lOOl of Pro-Gibb (active ingredient:
100g/1 Gibberellic acid and 8) disbud the terminal bud and spray with
Cy t ok i n (1.25 ml/l). Dates of flowering were recorded as the first
sty l e was released on e ach inflorescence.

3. Results

Th e f l owe r ing o f Protea neriifolia 'Salmon Pink' is surnrnari zed
in Figure l. The f i rst flower opened at Peat s Ridge in March, 1988.
The last flowe r t o b l oom was at Rob ertson dur i ng mi d October.

Pl a n t s at Springbroo k produced t he most fl owe rs as s hown i n Table 2.
The average flower s per p l ant a t Springbrook wa s 4 . 3 compared to 1.0
flower per pl a nt a t Robe r tson .

~loom pe riods fo r the Te lopea s peciosiss i ma p lan t s a re giv e n in
Figure 2 . Fi rs t f lowers o ccurred i n Springbrook where plants had the
g r e a t e s t numb er o f b l o oms per planto Table 3 ind icates that a n
unev en n umber of plants were observed at each site.

Th e flowering of each plant of Leucospermum cordifolium is
shown in Table 4. The control flowered under natural conditions.
In contrast, shoots with Grocel, Pro-Gibb and Bonzi partly became
vegetat ive during November or ceased development. Disbudding the
primary bud resulted in the most consistent delay in flowering.

4. Discussion

The flowering o f Pro tea neriifolia 'Salmon Pink' shows highly
signific~nt differences in flowering between four cornmercial plantations
in te rm s of number o f blooms and the period of flowering. This clone
generally flowers in autumn but due to cool winter temperatures
flower rate o f development slows considerably until September. It may
be possible to alter flowering by either pruning or chemical means.
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Fu r t he r f10wering data is required for Te10pea speciosissima to de­
ter mine the effects of c1imate from one year to another. The species
pro uc e s many f10wers within a very short periodo This wi11 cause more
dif f icu1ty in attempts to extend the f10wering periodo However, some
p1an ts f10wer in autumn. The 1988 season was wet which increased bud
rot i n both p1antations 1 and 2. The warm winter advanced f10wering
more in the southern districts. Inf10rescence deve10pment shou1d not be
re1ated to day1ength whereas f10wer initiation may be.

Leucospermum cordifo1ium f10wer buds do respond to sorne growth regu­
1ators by promoting or de1aying f1owe~ing. Both c ytokinins and ProGibb
app1ied to f10wer buds advanced f10wering by one to three weeks.
Disbudding may be used to de1ay f10wering by two to three weeks but is
1ess effective as the spring temperatures increase.
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Figure l . The flowering of Protea nerii folia 'Sa l mon Pink'
at four protea p lantations during 198 8.
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Table 2 - Data ~nalysis of Protea neriifolia 'Salmon Pink'
flowering for 1988.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Mean in S . E . mean Number of Flower <\bortion s

Site Julian D. Flowers size(mm)

- - - - - - - - - - - - - - -

1 124 3 . 2 1 1 12 ·12 4 2

3 1 13 4.30 68 116 3

4 132 2.78 90 12 1 2

5 232 5 . 8 1 26 108 5

·T o t a l 296 12

Ta b le 3 - Comp arison of Flowering of Tel opea spec ios issim a
a t fi v e s ites in southeastern ~ u s t r a li a

- - - - - - - - - - - - - - - - - - - - - - - - - - - -

Mean ~n S.E mean Number of Number of
Site Jul ían D. Plants Flowers F Value

- - - - - - - - - - - - - - - -

1 250 6.77 25 249 15.45

. 2 268 9.30 24 133 16.8 4

3 257 5.25 57 249 5. 12

4 266 4.89 48 249 14.69

5 2 6 8 4.88 57 268 6.97

Grand Flow e ri n g Mean: 263
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Figure 2. The rate of f10wering of Telopea speciosissima
at five protea p1antations during 1988.
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Table 4 - Th e effect of growth regulators on floweri ng of
Leucospermum cord ifolium.

- - - - - - - - - - - - - - - - - - - - - - - - - - -

Days o f Flower of all Plants S . E •

Plant Number

- - - - - - - - - - - - - - - - -

Treatment 1 2 3 4

- - - - - - - - - - - - - -

2 '7 2 304 298 2 9 1 2. 9 5

2 280 298 300 293 3.77

3 2 8 5 2 90 28 5 2 8 8 3.70

4 28 7 29 8 2 8 7 284 3 . 45

5 303 301 308 305 3.42

6 2 9 6 30 I 2 9 8 266 4. 0 2

7 29 2 2 8 9 28 I 2 8 5 3 . 73

8 29 0 2 9 3 2 8 7 2 82 3 .66
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FLOWER STRUCTURE AND
FLOWER INITITATION
(PROTEACEAE)

THE
OF

INFLUENCE
SERRURIA

OF DAYLENGTH ON
FLORIDA KNIGHT

D.G. Malan and G.J. Brits
Vegetable and Ornamental Plant Research Institute,
P/Bag X293,
0001, Pretoria
South Africa

Abstract

Reproductive development of Serruria florida cornmences
during March with the terminal inflorescence slowly
increasing in weight while the apical meristem is
producing peduncular bracts (pb). Following pb
initiation the growth rate increases, the apical
meristem enlarges and produces 30-40 bracts of which 10­
15 abort shortly afterward. Incandescent light applied
from 5 March 1988 from 6 pm to 8 am prevented flower
formation indicating that the natural short days of
winter are required for flowering.

Introduetion

Serruria florida is commercially grown as cut flower
under winter rainfall conditions in the Republie of
South Africa. The maj or problem in marketing the erop
is a very short flowering period. The development of
the genus Serruria as flowering pot plants is also
hindered by an inability to control its flowering time.
The plants grow vegetat.ively duri'ng spring and summer.
Reproductive development commences during autumn after
extention growth has terminated, and flowers open during
July and August.
The purpose of this study was to investigate the
morphological development of the conflorescence and the
role of photoperiod in induetion of flowering.

Materials and methods

Plant material. Serruria florida plants grown in a
eommereial plantation were used. The plants were 4
years old and were p ropagated from seed. The plants
were elean eultivated and not irrigated or fertilized.
The mean annual rainfall for the area is 600-700 mm.
The plants were interplanted between Protea ev. Carnival
and spaeed 1,5 m in the row and 3,5 meters between rows.

Confloreseenee strueture. Twenty shoots were randomly
seleeted on 13 July and the following determined: the

Acta Horticul turae 26lj, , 990
Pro tea Research
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number of inflorescencesjshoot, the position of the
inflorescences on the shoot, shoot diameter, the length
of the peduncle, the number of peduncular bracts and the
number of florets of the terminal inflorescence from
each shoot.

Inflorescence development. The developing terminal bud
of 60 randomly selected shoots (30-S0 cm long) was
collected every fortnight from 21 March to 5 July. The
fresh weight of each bud was determined and the 10 buds
best representing the mean fresh weight were used for a
SEM investigation. The remaining SO buds were randomly
devided into S groups with 10 budsjgroup, dried for 7
days at 80·C and their dry weight determined. The buds
used for the SEM investigation were prepared and
photographed as described by Malan(l)

Effect of photoperiod on floral initiation. Two
incandescent light bulbs (100 Watt)' with reflectors were
suspended 80 cm apart 30 cm aboye each of 6 plants. The
light intensity me a s u r e d wi t h a light meter (Lambda
Instruments Corp Ph o t ome t e r with a PAR sensor) was lS . ~
mol m- 2s-1 60 c m from the light source. The lights were
on from 6 pm to 8 am from .S March. On S March, 22
March and 19 Ap r i l 12 shoots were decapitated by S cm.
Shoots decap i t ated on t he s ame dates on plants grown
under natural conditions served as controls. Th e number
of shoots f o rming an Ln f Lo r e s c e nce wa s counted on 13
July. Light s were s witched off aboye 2 individual
plants on 3 May and 30 May.

Results and d iscussions

The conflore s cences of ~. florida (Fig. 1) consisted of
1-11 capitu l a (Fig. 2) borne distally on the shoot on 3­
4 cm peduncles. The number of capitula on a shoot is
dependent on shoot diameter with thicker shoots bearing
more inflorescences. The lower probability of
inflorescences occurring at node no. 2 and 3 is possibly
due to co r relative inhibition by the terminal
inflorescence.

The development of the inflorescences were initiated
during early March. The dry weight of the terminal
inflorescence initially increased slowly but after 19
April the dry weight increased rapidly (Fig. 3). The
terminal inflorescences reached anthesis on
approximately S July followed by the axillary
inf lorescenc es which reached ant h e s i s approximately
simultaneous ly.



During the slow early development of the bud bract
primordia were initiated (Fig. 4A) . Approximately
the first la primordia developed into peduncular
bracts (Fig. 2). Peduncular bract initiation was
followed by a flattening of the apical meristem and the
rapid initiation of 30 to 40 bract and floret primordia
(Fig. 4B and 4C). Approximately 15 of the distal
florets aborted at a very early stage with only
approximately 25 florets developing to anthesis.

Floret initiation was completed and perianth initials
could be distinguished on the florets by 4 May (Fig.
4D). Hairlike structures which developed on the
perianth and bracts obscured the florets (Fig. 4D)
preventing a continuation of the SEM investigation.

Vegetative development of completely inhibited buds
after shoot decapitation on all shoots exposed to
continuous light (LD) while those on control plants
developed reproductively confirms the role of short days
in induction of flowering of Serruria florida.

Flower development was normal on the plant above which
artificial LD were discontinued on 3 May and terminal
flowers reached anthesis by mid-September. Axillary
flowers reached anthesis 2-3 weeks latero On the plant
above which LD was discontinued on 3 O May peduncular
bracts were green and forked like foliage leaves, the
involucral bracts were green and the flowers were not
marketable.
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fi g. 4: Development of the terminal inflorescence of Serruria florida (SEM, bar::: 100 urn). A. Apical meristem
(on 3/2) inltlatlng involucral bracts. B and C. Apical meristem (on 4/7 and 4/19 respectively) initiating bract and
Ilore t pr imordia. D. Inflorescence (on 5/4). floret initiation completed. Perianth initials visible on f1orets. Haír­
like s t ruc tures on bracts and perianth obscure basal fIorets.



PROTEA POSTHARVEST BLACK LEAF A PROBLEM IN SEARCH OF A
SOLUTION .

Robert E. Paull and Jing Wei Dai

Department of PIant Molecular Physiology
College of Tropical Agriculture and Human Resources
University of Hawaii at Manoa
Honolulu, HI 96822

Abstract
It has been proposed that postharvest blackening of protea (Protea

neriifolias leaves is caused by water stress and/or insufficient carbohydrate supply.
The following research was undertaken to determine the relative contribution of
each to leaf blackening. The rate of deveIopment of leaf blackening varied with
clonaI source, season, and developed sooner in flowers harvested at the closed
bud stage, with the slowest rate occurring in flowers harvested when the flower
bracts had just started to unfold. Leaves were slower to blacken if harvested
in the afternoon than in early morning. The immediate removal of field heat
from flowers was only worthwhile if low temperature was maintained to the
wholesale or retail level. High light intensities postharvest, solutions containing
sugar, flower girdling and removal, significantly delayed the onset of leaf
bIackening. Water uptake by flowers rapidly declined after harvest with the
commercial preservative solutions delaying the rate of decline in uptake. The
decline in water uptake paralleled the loss in flower fresh weight. Preharvest
irrigation regime did not significantly influence postharvest Ieaf blackening rateo
The effect of flower carbohydrate suppIy on leaf blackening was felt to be
modified by flower stem water uptake ability.

1. In trod uction
Leaf blackening or browning of Protea flower, especially Protea eximia and

P. neriifolia, is a serious problem postharvest (Ireland el al., 1967). The leaf
blackening leads to loss of decorative value, loss of market value and possible
rejection of the consignment. A solution to this problem has not yet be en
achieved. Leaf rernoval is difficult without inflicting considerable damage to the
stem because of the sessile nature of the leaves (Paull et al., 1980).

The symptoms of this leaf disorder have been described many times (De
Swardt el al., 1987; Paull el al., 1980; Brink and De Swardt, 1986; Ferreira, 1983;
Haasbrock el al., 1973). Leaf blackening have been divided into four types (De
Swardt el al., 1987) based upon the first appearance of the discoloration. The
blackening probably occurs because of oxidation of phenols (Van Rheede van
Oudtshoorn, 1963) and leuco-anthocyanins (Elsworth and Martin, 1971), that are
found in protea leaves. The lack of relationship between these substrates,
polyphenoloxidase and rate of leaf blackening (Ferreira, 1983) is not surprising
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sin ce the concentrations and activities are very high. The intensity and rate of
syr to ms development varies from year to year (De Swardt el al., 1987), within
a season and between different clones of one species (Akamine el al., 1979;
Pau \ el al. 1980).

Knowing what causes the blackening and regarding it as an abnormal
sen scence phenomenon have not enabled researchers to determine the trigger.
Two major hypotheses are in vogue. One regards the leaf's water status as the
trigge (Pau11 el at., 1980; Ferreira, 1983; Mulder, 1977), with the other possible
trigger being depletion of intrace11ular reserves possibly sugars (Brink and De
Swardt, 1986). The relative importance of each may depend upon the actual
circumstances.

Protea have been grown in Hawaii for sorne years (Parvin el al., 1973).
The postharvest handling system in Hawaii of protea places additional constraints
on alternatives. Flowers are normally picked in the morning and packed either
that day or within 24 hours in cardboard boxes. The boxes are a11 shipped by
air without refrigeration. Hence, a solution in which refrigeration is not part of
the handling systern is desirable. The following work was undertaken to define
the preharvest factors that lead to more rapid leaf blackening, then to attempt
to reduce the rate of blackening by altering the rate of water loss and by
providing sugars.

2. Material and Methods
Terminal shoots with flower buds of Protea netiijolia were either cut from

several clones at the Maui Agricultural Research Center at Kula, Maui or
obtained from a single cornrnercial grower in the Kula area of Maui. The
flowers were immediately boxed and air shipped to Honolulu where the
investigations were carries out. The elaps ed time from picking to initiation of
an experiment was about 8 hours.

At least five stems were used for each treatment and a11 tests were
repeated at least twice. Evaluation of the rate of leaf blackening was based
upon the rela tive area of leaves with darkened surface as a percentage of total
leaf surface area. Observation were recorded every two days until all the leaves
were black. The time from harvest to 50% leaf blackening was used to calculate
vase life. Observation on the center bracts of the flower were made for wilting
and blackening. Vase life was evaluated under the foIlowing conditions: 200 to
25°C, 60 to 80% relative humidity, 10 hours fluorescent light (1 watt
m-2 day"), A11 solutions were prepared in deionized water. Stems were recut
following simulated shipping and prior to placement in solution.

3. Results and Discussion

3.1 Preharvest
Cultivar differences in rate 0"[ leaf blackening were reported for Protea

exim ia (Pa ull el al., 1980), the differen ces being more pronounced when the
flowers were he ld in commercial preservative solution. T here was a three-fold
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difference in the rate of leaf blackening between different clonal selections of P.
neriifolia (Table 1). This clonal difference was not apparently associated with
the di~ferent seasonal pattern of bush flowering. The Pink Splash clone peak
flowen ng occurred between October through December, with Rose Mink in the
Novernber to January period and Pink Mink between July to November. E arly
season harvested flowers tended to be more prone to leaf blackening (Table 2).
At the September-October period of the year the weather tended to be hotter
and drier than later in the season.

Stage of flower opening at harvest significantly influenced days to 50 %
leaf blackening and days to moderate bract curling (Table 3). Leaves of flowers
harvested in the closed bud stage blackened more rapidly than those harvested
when the bracts were just unfolding or at a later stage. The optimum stage of
harvest was when the bracts had just started to unfold as these flowers had
longe r total life than flowers picked at other stages.

Flowers harvested from part of a field of Pink Minks that had been
irrigated at three week intervals did not show any significance in days to 50%
leaf blackening and modera te bract curling from another part of the field
receiving regular weekly irrigation. Flowers harvested in the early morning (8
am) had a shorter period to 50% leaf blackening than those harvested a t 2 pm.
Ferreira (1986) reporting the works of Muller (1977) indi cates that an excessive
loss of water wa s needed to initiate leaf browning. The aboye results do not
fully support this conclu sion .

3.2 'Vater Relations
The loss of water occurs both from the tlower head and the leaves (Paull

el al., 1980). Water loss from the flower varied from 25 to 50% of the total.
Removal of the flower head delayed leaf blackening (Table 4) as had been
previously reported (Pa ull el al., 1980). Girdling of stem ju st below the flower
he ad also del ayed leaf blackening to the same extent. This girdling result
suggested that the effect of water loss from the head was not always the major
factor initi ating leaf black ening. The possibility of something being transferred
fro m the flower head to leaves cannot be discounted.

Coating the Ieaves with various antitranspirants (Table 5) deIayed leaf
blackening though, the effect was not as marked, as the effect of flower head
removal. The deIay caused by antitranspirants was significant and repeatable.

Water uptake rate declined from ca. 150 mI day", after recutting
following 2 days packing, to 12 ml day? 6 days later. The rate of decline was
Iess in flowers held in FIorever (20 g 1-1) , the uptake rate being 36 mI day' 6
days after recutting following 2 day pack. This agrees with our previously
reported resuIts (PaulI el al., 1980). De Swardt el al., (1987) have suggested
that a moisture loss of only 1% may be sufficient to initiate browning. It is
unclear how this 1% loss relates to leaf water status. Akamine el al. (1979) only
found a limited correlation between leaf dry weight and rate of leaf darkening,
while Ferreira (1983) did find a significant relationship. Relative water content
declines as leaf blackening increases (Figure 1). The reIationship between
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relative water content and leaf blackening did not answer the question as to
whether water status was the trigger. Florever (20 g 1-1) delayed the decline in
relative water content and rate of leaf blackening. These preliminary results
have to be repeated.

3.3 Carbohydrate Relations
Use of preservatives in the vase solution reduced the rate of leaf

browning, with sucrose being the most effective component (Akamine el al.,
1979; Brink and De Swardt, 1986). Exposure of flowers to high temperatures
would stimulate respiration (Ferreira, 1986) and therefore deplete carbohydrate
reserves, though water loss from these flower would be difficult to control.
Pulsing of P. neriifolia flowers with greater than 7.5% sucrose was harmful and

- accelerated leaf browning. Brink and De Swardt (1986) indicated that a
concentration higher than 1% was harmful yet a summary of Brink's PhD thesis
(Brinks, 1987) stated 10%. The reason for the discrepancy is unclear. Our
results support the 10% figure, however we were not able to greatly delay leaf
blackening by pulsing with 10% w/v sucrose for 24 hours followed by 2 days
pack.

Exposure of flower to high light had a significant effect in delaying leaf
blackening (Table 6). Fluorescent light exposure (9 mE m-2 sec) was found to
be inadequate in delaying leaf blackening. Increasing the period in simulated
packing to 3 or more days significantly reduced the time to 50% leaf blackening
(Table 7). These results suggest a significant role for light.

Brink's (1987) data is very useful in ascertaining where vase supplied
carbohydrate end up in the cut flower. The results indicate that with longer
periods (18 hours) of sucrose exposure, the flower head is the preferred sink
(Brink and De Swardt, 1986). Leaves do receive significant amount of sucrose
if the pulses are less than 12 hours (Brinks, 1986). He recommended a 12 hour
pulse. Attempts to pulse flowers with sucrose concentration from 2.5% to 20%
have not be.. . grea tly encouraging, Concentration of 10% and greater have lead
to Ieaf injury within 24 hours. The injury has taken the form of a marginal leaf
water soak tissue appearance and premature leaf blackening. Lower
concentration did marginalIy reduced the rate of browning. The significant
difference from Brink's (1987) research method was that we subjected the
flowers to a 2 days simulated packing.

4. Conclusion
The darkening of Protea neriifolia can be apparently triggered both by

water stress and possibly a carbohydrate or other reserve shortage in the leaves.
However, the role of the flower head in leaf blackening did not appear to be
solely because of its role as a sink. H ead removal and flower head girdling gave
a similar delay in leaf blackening. It is possible that the head may contribute
directly to initiation of leaf blackening.

Th ese two tr iggers of Ieaf darkening might operate by their effect on
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cellul ar rnernbranes as sugges ted by Ferreira (1983). Atternpts to rneasure this
change would be difficult because of the high concentration of ph enols present
in th e leaves that would be released during analysis.

The difference in rate of leaf blackening of flowers subjected and not
subjected to a sirnulated packing period rnakes interpretation of sorne published
da ta difficult. It would be worthwhile to know the underlying init iation factor
in leaf blackening, but this should take into account cornrnercial handling
con ditions.

The long terrn so lution to this problern is to select clones that show less
leaf blackening. Short terrn solutions are needed and these require an
understanding of the preharvest factors that predispose sorne harvests to more
rapid leaf blackening. The types of browning may be different with th e tip ,
marginal and spot browning being one type and the wet stearny black leaf
cond itio ns found for so rne flowers on unpacking another.
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Table 1 Cultivar differenee in nurnber of days to 50% leaf blaekening and to
rnoderate flower b ract eurling for P. neriifolia flowers preconditioned
overnight in Florever (20 g 1-1) , paeked dry for 3 days at 22°C and
evalua ted in Florever.

Clone

Pink Splash
Rose Mink
Satin Mink
Pink Mink

Days to 50%
Leaf Blaekening

10 e
24 b
26 ab
30 a

D ays to Moderate
Braet Curling

8 e
35 a

16 b
32 a

* Means in eaeh column followed by the sa me letter do not differ statistically
(P=0.05 D uncan/Waller M ult iple range test).

Table 2 Seasonal cha nges in number of days to 50% leaf blaekening and to
rnoderate bract curling of P. neriifolia clone Pink Mink flowe rs
preconditio ..ed overnight in Florever (20 g 1-1) , paeked for 2 days at
22°C and evaluated in Florever.

Date of H arvest

Sept. 22nd

Oct. 12th

Nov. }St

Days to 50%
Leaf Blaekening

17 e
34 a
28 b

Days to Moderate
Braet Curling

12 e
22 a
18 b

* Means in each eolumn followed by the same letter do not differ statistieally
(P=0.05, Duncan/Waller Multiple range test) .
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Table 3 Effect of stage of Pink Mink flower opening on days to 50% leaf
blackening and modera te bract curling. Flowers were preconditioned in
water overnight, packed for 3 days at 22°C and evaluated in deionized
water.

Stage of
Flower Opening

Closed Bud Stage
Bracts Just Unfolding
Cylindrical Shape
Conical Shape

Days to 50%
Leaf Blackening

6 e
8a
9 a
8 a

Days Bract
Curling

14 e
18 a
15 b
14 e

* Means in each column folIowed by the same letter do not differ statisticalIy
(P=0.05, Duncan/WalIer Multiple range test).

Table 4 E ffect of flower removal and girdling the stern just below the flower on
days to 50% leaf blackening of flowers held continuously in Florever (20
g 1-1) .

Treatment

Control
Flower Removal
Flower Girdle

Days to 50%
Leaf Blackening

18 b
24 a

24 a

* Means in each column followed by the same letter do not differ
statistically (P=0.05, Duncan/Waller Multiple range test).
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T ;J- e 5 Effeet of antitranspirants on days to 50% leaf blaekening of Pink Mink
flowers preeonditioned overnight in water after antitranspirant
applieation, paeked for 3 days at 22°C, and evaluated in water.

Treatment

No Treatment
Spray ABA 500ppm
FMC-819 2% w/v
Folieote 5% vlv
Polytrap 1% v/v
Exhalt 20% v/v
Wilt Pruf 20% v/v
Semperfresh 2% v/v

Days to 50%
Leaf Blaekening

10 ed
11 be
8 e

12 ab
11 be
12 a
11 be
9 de

* Means in eaeh eolumn followed by the same letter do not differ statistieally
(P =O.OS, Duncan/Walier Mul tiple range test).

Table 6 Effe et of holding Pink Mink flowers eontinuously in light or darkness
on rate of leaf blaekening and to moderate flower braet eurling. Flowers
were held in deionized water.

Treatment

Dark
Light (26 mE M-2 Sec")

Days to 50%
Leaf Blaekening

10 b
16 a

Days to Moderate
Braet Curling

11
11

--------------------------------
* Means in ea eh eolumn followed by the same letter do not differ statistieally
(P = 0.05, Duncan/Waller Multiple range test).
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Tabl e 7 Flowers were he Id for 24 hours in Floralife packed dry for various
length of time then evaluated in water for days to 50% leaf blackening.

Period of Packing
(days)

1
2
3
4

Days to Le af
Blackening

9b
11a
8 e
6 d

* Means in each column followed by the same letter do not differ statisticalIy
(P = 0.05, Duncan/Waller Multiple range test).
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Figure 1 Postharvest changes in leaf relative water content and leaf
blackening of Protea neriifolia cv Pink Mink. e e
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CARBOHYDRATE STRESS CAUSES LEAF BLACKENING IN PROTEAS

Julie P. Newman, Wouter van Doorn, and Michael S. Reid
Department of Environmental Horticulture
Universitv of California Davis, California 95616 U.S.A.

Abstraet

Leaf blackening in cut flowers of Protea eximta was not retarded by
modifying the vase solution to ensure adequate water uptake (addition of a
biocide), by preventing ethylene action (pulsing with STS), by preventing
oxidation of phenolics in the vase solution (use of bisulfite), or by reducing
transpiration (covering the cut flowers with polyethylene bags). At moderate
concentrations, addition of sucrose to the vase solution substantialIy delayed the
onset of leaf blackening, but higher concentrations accelerated the appearance
of the disorder. The symptoms were more rapidly expressed when the flowers
were he Id in the dark at room temperature. Removal of the inflorescence,
placing the flowers in high light conditions, or girdling the stem immediately
below the inflarescence delayed or eliminated leaf blackening. These data
suggest that competition for carbohydrate, rather than water stress, is a major
cause of leaf blackening in cut stems of Protea species. Leaves on cut stems of
P. cynaroides, P. repens, P. punctata; and Leucodendron sp. similarly blackened
much more quickly in the dark than in high-light conditions, indicating that the
leaf blackening disorder is a common response of proteaceous plants to
carbohydrate stress. Practical measures for reducing the occurrence of leaf
blackening in harvested proteas are discussed.

1. Introduction

An important postharvest problem with certain species of Protea, particularly
P. neriifolia and P. eximia, is premature blackening of the foliage (Ferreira,
1983). Workers in South Africa and Hawaii have studied the nature of the
blackening, which results from polyrnerization of phenols and tannins
(Whitehead and de Swardt, 1982), and its causes (Paull et al., 1980). These
workers suggest that water stress is a primary cause of the disorder. An
intriguing aspect of the disorder is that it can be eliminated by removal of the
flower head (Paull et al., 1980), a response which was suggested to be largely
due to the reduced water demand of the headless branches. In many flowers,
however, water loss from the flowers or inflorescence makes only a minar
contribution to overall water loss (Halevy and Mayak, 1979). Because flowers
have high rates of respiration and growth, they are major sinks for
carbohydrate. We recently reported data which are consistent with a role for
carbohydrate stress in the development of leaf blackening in proteas (Reid et
al., 1989). In the present study we examine this hypothesis further, and extend
our findings to a wider range of proteaceous plants.
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2. Materials and Metbods

2.1. Plant material

Flowers of Protea eximia, P. cynaroides, P. repens, P. punetata, Leueospennum
cordifolium and a Leueodendron sp. were harvested frorn mature plantings in
the Santa Barbara area of California. The flowers were harvested at normal
cornmercial maturity, and either used immediately in experiments in Santa
Barbara, or cooled and transported to Davis, and used within 24 hours of
harvest.

2.2. Vase-life evaluation

Harvested flowers were norrnaIly placed individuaIly in water containing 50
ppm hypoehlorite, and their vase life tested in standard vase-life conditions
(20°C, 60% R.H., 12 hr eool-white light, 18 JLmol PAR each day). In sorne
treatments fiowers were placed in the dark at 20°C, in a sunny window, or in
a -greenhouse where the temperature was maintained at 20°C during the day
and 18°C at night. Flowers in the greenhouse were placed under 1 layer of
cheesecIoth (20% shade). In sorne treatments fiowers were gird led, by
re moving a 5 mm strip of cortex and phloem just below the infioreseenee, to
restriet movement of earbohydrate between the infiorescence and the leaves.

The effeet of the different treatments on leaf blackening was monitored by
recording the pereentage of the leaf surfaee that had blackened, or by counting
leaves that were more than 10% blaek.

3. Results

. 3.1. Effects of different manipulations on development of leaf blackening

Leaf blaekening in cut fiowers of P. eximia was not signifieantly delayed by
eovering them wíth plastic bags to reduce water loss (Table 1), but was
accelerated when the heads were placed in the dark. Removal of the heads,
girdling the stem just below the heads, or holding the flowers in high light
substantially de layed the appearanee of blackening symptorns, whereas holding
the flowers in complete darkness accelerated it.

3.2. Effects of STS pretreatment and vase solution additives

Leaf blackening in fiower s of P. eximia was not affeeted by pretreating the
fiowers with 4 mM STS, by adding 50 ppm hypochlorite to the vase solution,
or by inc1uding 1 mM sodium bisulfite in the vase solution (Table 2) in an
attempt to reduce the oxidat ion of polyphenols which darken the vase water in
stems whose leaves are blackening. Jn contrast, addition of 0.5% sucrose (plus
hypochlorite) considerably delayed the appearance of leaf blackening (Table 2).
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Table 1 - Effect of different postharvest manipulations on leaf blackening in
Protea eximia. Mean days to 50% blackening of the leaves. The experiment
was concluded after 16 days. Values with no subscript letter in common are
significantly different (P = 0.01).

Treatment

Control
Polybag covered
Head removed
Girdled
High light
Dark

Vase life

9Anc
lOAn
16.0A
16.0A
15.0A
7.3c

Table 2 - Effect of chemical pre-treatment and vase solution additives on
development of leaf blackening in P. eximia. Mean days to 50% leaf
blackening. Means with no subscript letter in common are significantly
different (P = .01).

Treatment

Control
4 mM STS pre-treatment
50 ppm hypochlorite
1 mM NaHS03
0.5% sucrose

3.3. Effect of sucrose concentration

Vase life

9Anc
8.2BC
8.3nc
7.2c

16.0A

The development of leaf blackening in leaves of P. eximia was markedly
delayed by including sucrose in the vase solution (Figure 1). At 1% and higher
concentrations of sugar, the quality of the flowers was marred by the
development of black spots on the leaves, which were less than the 50% scored
in the experiment, but were nevertheless unsightly.

304. Effect of light regime on blackening in different cut protea flowers

Loss in leaf quality of all the protea species tested was much more rapid
when they were held in the dark at 20°C than when they were placed in the
greenhouse (data not shown). Quality loss was intermediate in the relatively
Iow-light vase-life evaluation conditions. Leaves of P. cynaroides and P. repens
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never blackened on the flowers held in the greenhouse. Flowers and leaves of
the Leucodendron species tested were both affected by the light conditions in
the postharvest environment, Although leaves of cut flowers of Leucospennum
cordifolium did not blacken under any of the environmental conditions tested,
they did dry out in the low light regimes.
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Figure 1 - Effect of different concentrations of sucrose in the vase soIution
on the time to 50% blackening of leaves on cut inflorescences of P. eximia. AH
vase soIutions contained 50 ppm hypochlorite as biocide. Data represent the
means of 10 replications. Data points with no Ietter in cornmon are
significantly different (p =0.1).

4. Discussion

Leaf blackening is a cornmon symptom of stress in Protea leaves, occurring
in response to insect or pathogen attack and to severe desiccation. The data
reported here show that postharvest blackening of leaves of cut protea
inflorescences is not delayed by using hypochlorite in vase solutions which has
been reported to improve water relations in these flowers (Faragher, pers.
cornm.). The fact that drastically reducing water loss by covering the cut
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flowers with po lyethylene bags did not alleviate the blackening problem
suggested anothe r cau se for this disorder under normal vase life condi tions.

Other workers (PauIl , 1980) had reported that removal of the inflorescence
reduced blacke ning, and attr íbuted this response to reduced wat er loss. In our
expe riments, the reduct ion of water loss by the removal of the inflorescence
was only modest (dat a not shown), despite its dramatic effect on leaf
blac kening. Because the inflorescence comprises many rap idly developing
flowers, it seems possible that it is a strong sink for carbohydrate; its removal
would therefore greatly reduce carbohydrate demands on the leaves.
Furthermore, it is known that the inflorescence has a high respiration rate
(Ferreira, 1986). \Ve re asoned that the blackening might be a response to
excessive demands for carbohydrates, and our further experiments tested this
hypo thesis.

Girdling the flower just below the inflorescence, which had no effect on
water use, but presumably completely disrupted sugar transport between the
leaves and the inflorescence, also greatly reduced the incidence of leaf
blackening. This finding strongly supports the hypothesis that the blackening
is the result of carbohydra te demand by the inflorescence. There remains,
howeve r, the alt ernat ive possibility that a phloem translocated toxin from the
inflorescence cau ses blackening of the leaves. If this were the case, it seems
unlikely that blackening would be delayed by adding low concentrations of
sugar to the vase soluti on (Table 1). The importance of carbohydrate balance
to leaf blackening was further tested by placing flowers under different light
regimes. U nder dark conditions, blackening occurred more rapidly than in
contro l flowe rs he ld in the moderate light con ditions of the vase life room.
Flowers placed in the stressful conditions of the greenhouse (where they used
much more water than in the vase life room) suffered very little from leaf
blacke ning. In the greenhouse, presumably, photosynthesis supplies sufficient
carbohydr ate to me et the demands of the inflorescence. These data also
indicat e that carbohydr ate demands from the inflorescence are responsible for
the blackening of leaves of suscept ible Protea species under normal vase Jife
condit ions.

Our data susaest that vase solu tions containing carbohydrate rnight be usedco ..
practically to prevent leaf blackening in proteas. Although sugar-contammg
vase solutions sometimes do alleviate the disorder (Brink and de Swardt, 1986;
Fig 1), it is apparent that proteas are also sensitive to sugar. Concentrations
higher than 0.5-1% rnay result in accelerated leaf blackening. Such findings
perhaps explain the conclusion of other workers that the leaf blackening is the
result of water stress rather than carbohydrate demando

The pract ical implications of our findings for producers of proteas that are
sensitive to leaf blackeninz are several. Firstly, it is clear that almost aIl
proteas are sensitive, to soome extent, to the carbohydrate stress induced by
holding the cut flowers in warm and low light conditions. Flowe~s s~ould be
cooled as rapidly as possible after harvest to r~du~e respiranon a~d
development of the inflorescence. In retail and dornestíc display, these species
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sbould be beld in bigb ligbt conditions, if possible. Tbe fact tbat blackening is
substantially accelerated in the dark indicates a means by which growers or
breeders could select cultivars of species such as P. eximia and P. neriifolia that
are less affected by the problem. Many seedlings could easily and rapidly be
screened by placing their cut flowers in a warm, dark environment for a few
days. Lastly, the possibility that leaf blackening could be delayed by barvesting
flowers in the afternoon, wben their carbohydrate status is greatest, warrants
examination.
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POST-HARVEST WATER RELATIONS OF LE UCADENDRON CV. SILVAN RED

K.A . Street and R.H. Sed gley
Crop and Pa sture Science Group
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Nedlands, WA, Aus trali a 6009

Ab straer

Vase life of mature stems of Leucadendron cv . Silvan Red (Ld. laureolum x Ld.
salignum) fell from six to four and a half weeks, after exposure to a transient water srress,
in the fo rm of stro ng drying conditions for 30 hr, during which leaf water potential s fell to
-3200 kPa.

Vase life was identified by the appearance of loc alised desiccation of leaves, starting
from the tips and extending towards the leaf-base. Ion leakage from the leaves, as a
whole, was not detected , but localised leakage of solutes within leaves may have occurred
and not been detected. Le af water relations, were similar for both treatrnents, wi th turgor
declining fro m 1300 kPa, initially, to zero by about day 37, and solute potential increasing
from - 1450 kPa, in itially, to - 1150 kPa by day 37, indicating loss of solutes. The latter
was consisten t wi th los s of dry we ight. Transpiration of stre ssed stems fluctuated in the
experiment but fell to a level , similar to the controls and after 45 da ys had fallen steadily to
one fifth of the initial value. Leaf turgor in cv . Silvan Red can be expected to respond to
various treatments e.g . p ulsing solutions, to improve fo od supply, but it is not known
whet her such treatments will alleviate the effect s of severe transient stresses on va se life.

1. Tntroduction

Vase life of C UL flowers depends on cell turgor , i.e . plant cell water rel ations. Yet,
measuremen ts o f pla nt water rel ations ar e sel dom reponed in studies of post -h arvest
treatme nts de signed to prolong vase-life of flowers. In the present stud y we studied the
effect of a water stress on Leu cadendron cv. Silvan Red, which is widely grown as a
commercial cul-tivar in Au stral ia; cv . Silv an Red was ch osen for its reputedly lo ng vase
life.

2. Method s and Materials

2.1. Conditions. Mature stems (80) of cv. Silvan Red were harvested to a length of
about 40 cm, held in de-ionised boiled water and taken to the laboratory. Lower parts of
stems were then strippéd of leaves, recut under water, and put in lots of nine stems per 1
litre plastic beaker, into a weak bromine solution (0.01 g available bromine per litre), for
the experimento To minimise plugging due to micro-organisms, 1 cm of stem was cut off
every 5 days and vase solution changed every 2 days.

Stems were exposed to a constant temperature of 20 oC, and to light from a bank of
Sylvania 'GROW-LUX' fluorescent tubes, which provided, over a 12 hr period each day,
ISO micro-Einsteins m- 2 s-1 of radiation (measured at half-stern height) , which was
predominantIy in the blue and red bands of the spectrum.
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2.2. \Va!eLslr~sli lr~alm~n!. On the day of harvesting, one half the number of stems was
taken out of water and exp osed to a forced draught of air under continuous light for 30 hr.

At the end of this period leaf water potentials varied between -2800 and -3200 kPa. By
day 25, no evidence of stress was visible, and so the stress treatment was repeated.

2.3. Meªs1!.r~m~nls . Ion leaka ge acrass the plasmalemma was measured on single
leav es, 4-8 cm below the involucral bracts, initially every 4 days until day 8, and
thereafter every 8 days. The method involved cutting leaves into thin slices, and used a
stand ardized pra ce dure, involving successive rinsings. Finally, the preparation was
incubated with gentle agitation for 130 minutes, rinsed, and electrical conductivity of the
solution measured after 15 minutes with a PT-18 ACTIVON digital conductivity meter.
Th is procedure was des igned to confine ion leakage, during measurement, te ions
originating from the symplast. This was indicated by a steady state conductivity
response, which followed an initial rapid increase in conductivity of the osmoticum,
interpreted as resulting frorn an initial flush of readily diffusing ions frorn the apoplast.
Leakage was expressed as a percentage of the total conductivity, determined as aboye, on
solution left to equ ilib rate for 48 hr at 20 oC, after cell disruption by two cycles of snap
freezing in liquid N. .

Leaf water potential ('VI), solute potential ('Vs) and relative water content (R\VC) were
determined at 4-7 day intervals, on leaves (6 replicares) taken frorn 4-8 cm below the
involucre, prior to the onse t of the light cyc1e. 'VI was determined by pressure bomb

(Scholander et al , (196 5 ), 'Vs, on expressed sap, by thermocouple psychrometer, and

RWC by the method of Barrs (1968). Leaf turgor was calculated using the relation ship 'Vi
= 'Vs + \1ft, where \1ft is the leaf turgor potential and usuall y takes pos itive values; 'Vs,
the solute potential is always negative and has the same va lue, but opposite sign te the
osmotic pressure of the cell sapo

Transpirat ion, absorption of water, and fresh weight were determined frorn records of
weight changes of vase solution and single stems (4 replicates) sealed into a conical flask
and exposed ro the same cond itions as for the main experiment. Leaf diffusion
conductances were determ ined (10 replicates) by porametry ar mid-day every 4- 8 days on
the abaxial side of leaves 4-8 cm below the involucre. Bracts on treatmen t stems exhibited
signs of des iccation after the second stress cycle and so it wa s decided to repeat
measurements being made on lower leaves on the bract tissue for both treatments on days
37 and 46. Drying rates of initially turgid, detached leaves and bracts (4 replicares) of both
treatrnen ts, were determined under pre vailing light condition s, at 0.5 to 2 hour intervals
over a 12 hour period at the beginni ng and the end of the experiment.

Pressure-volume ,PV) curves were determined on leaves (4-6 cm below the involucre)
of freshly harvested sterns taken thraugh a drying cycle, using the method of Wilson et al
(1979), excepting that holding time s were greater, varying from 20 minutes, for pressures
<1500 kPa, to 30 minutes for pressures >1500 kPa. Leaves were wrapped in plastic film
and left overnight in water to become fully turgid. Only leave s with an initial bal ance
pressure of <100 kPa were used and their fresh weight taken as the fully turgid wei ght for
R\VC determinatio ns. The inverse balance pressure was plotted again st corresponding
R\VC and the data from 4 replicates pooled for curve fitting. Wilting point was esti rnated
as thc negativo of the balance pressure at the iuiersection of curves fiued to the linear and
curvilinear parts of the plot,
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3. Results

A t day 27 no physical di fferences in the stern s could be de tected between treatments.
By day 15 up ro 60 per cent of ste ms in both treatrnents had initia ted two small lateral
shoots arising from the below the inv olucre. By day 46 these had trebled in size.

Dur ing the second st ress cycle starting at d ay 27, 15 per cent of stressed ste ms had
syrnptorns of irreversible desiccation localized at the tip s of the bract leaves. Up to 40 per
cent of the brac ts from eac h stem we re affec ted ; d ryin g progressed from the tip
downwards, for a d is tance of abou t 5 mm. This condition worsened as the stems aged.
By day 46, 77 per cent of the stressed stems showed varying levels of dessication (Tabl e
1). The severity of the desiccation varied from 3-4 bract s affected per stem to all the brac ts
being totall y dry and the involucre dead . By contrast only 8 per cent of the control stern s
had bracts, which were beginning to dry out. In both tre atments des sication was confin ed
to the bract or the cone.

Table 1 - S tern condition at the en d of the experi ment.

Number of stems wi th symptoms of ag ing

Observation

Cone dead or dying
Bracts drying
Bract and lo wer leaves drying
Con e and bracts dry ing
Totally dry
Lateral shoots

Contro l

o
4
O
O
O
28

Stressed

5
15
1
7
3
25

Ion leak age stayed esse ntia lly consta nt, for bracts and leaves of the two treatrnen ts,
throughou t the experiment, at approx irnately 7 per ce nt of total conductivity.

S tornata stayed open during the light period as indicated by leaf con duc tances, which
were similar for both treatments. Also drying curves for leaves and bracts, under standard
drying conditions, wcre the same after 46 days. Th ese data d id not correla te at all with
tran spir ation , whic h in the control, declined steadily over the 45 day pe riod to on e fifth of
the initial val ue. Stressed stern s' tran spi ration rate was initially 40 per cent of the control
rising to 100 pe r cent at day 14 and thereafter declining rapidly ov er a 10 day period to
reach a simil ar level to the controls. The initial rapid rise in water usage in the stressed
ste ms, was not observed after the second stress cycle.

Absorption of w ater was essentially the same as transpiration for both treatments
throughout the experiment , but this was not reflected in stem fresh weights, which stayed
fairl y constant at about 100 per ce nt of initia1 fresh weight until day 24, but thereafter
declined steadily to 94 per cent in both treannents. Weight of dry matter also declined, by
about 14 per cent in both tre atments, indicating a net loss of water and of solutes .

Leaf water re la tio ns, as indicated by water potentials, were similar for both treatments
but varied over the experiment (Figure 1). Turgor was estimated by difference between

the '1'1 and 'lis and declined from 1300 kPa, initially, to zero by about day 37. Solute

potential increased from -1450 kPa initially to -1150 kPa. The rise in 'lis is interpreted as
a loss of solu te s, and is consistent with the decline in dry matter referred to above. Since
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the decline in 'Viwas much greater than could be accounted for by a los s of solutes, it
represents an increasing water deficit in the leaves. This was probably due to increasing

hydraulic resistance, in the stem conducting vessels, which may have accompanied
shrinkage of stern tissue as its water content declined. Since 'Vs was determined at the end
of the dark period, the evidence of a water deficit also ind icates that transpiration was
taking place during the dark period, i.e. that the stomata were staying open.

The critical leaf wate r poten tial ('Vcrit) (Cowan, 1965), Le. the value of 'Vi when turgor

pressure ('1'0 = 0, at which pronounced wilting occurs, was estimated from the plot of
l/\jIi v. R\VC (Figure 2), as approximately -18 kPa. This value relates to fresh unstressed

material at the start of the experiment and compares with a 'VI of approximately -30 kPa, in
the stressed material , also at the beginning of the experiment.

4. Discussion

Vase life of c.v. Silv an Red was of the ord er of 6 weeks. The experiment failed to
detect any generalloss of membrane integrity as would be indicated by solute leakage from
cell s. However the imposed water stres s reduced vase life by at leas t 10 days, the end of
which was identified by the appearance of localised desiccation of leaves, starting from the
tips and extending towards the leaf base. These observations appear to be similar in kind,
and probably have a similar ori gin to the phenornenonof leaf browning commonly
observed in Protea spp. (eg. Ferreira, 1986) . However they are far milder in intensity
and this may be due ro a number of factor s, including differences in the rel ative sizes of
assirnilate sinks and sources in the flow er head, and leav es and bracts, respectively, as
wel! as in the abundance of specific compounds, ego phenolics, in the leaves .

The experiment indicates that when bacterial plugging of xylem vessels is not a serious
factor limiting thc water supply, vase life of ev. Silvan Red wil! tend to be correlated with
a decline in leaf and bract turgor, caused by reduced osmotic pressure of the cel! sapo The
data also show that asevere transient water stress may still over-ride, and shorten, any
slower, longer terrn decline, and as a result, reduce the vase-life of the stressed stems.
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Ph ytophtho ra root rot is a limiting factor in the production of
cut fl ower pincushions worldwide, but especially in South Afr ica.
Inv es tigations were i n i t i a t e d to identify root rot resistance within
the g e nu s Leucospermum that might be utilized for the development of
res is t ant cultivars or rootstocks. Three different methods were
us ed to assess the r esistance of Leucospermum hybrids and species
s elec t ions. Fi rstly, shoot cuttings were wound i n oc u l a t e d with P.
c inn amomi mycelium u n der controlled, laboratory conditions. Lengths
o f l es i ons which d ev elop ed from the inoculations were used to
e stimate re la t i v e resi stanc e. This detached shoot assay proved too
unreliable t o b e u s e d for assessment . Secondly, one-year-old rooted
cut t i n g s were i nocu l a t e d by a pplying zoospores of Ph y tophthora
c i n n amomi to the so i l mix of individual pots i n a tr ial con ducted i n
a s h a d e house . All o f the lines tested were found to be suscept ible
to i n f ect ion , bu t s o rne line s were tolerant to infect ion . Th irdly ,
f i e ld evaluati ons of r e sistance were carried out for t h r e e years at
a s i t e with high natural i n oc u lum levels and o ther soi l fac tors
favoring d i s eas e . Goo d level s of tol e r dn ce ~~re obse r v ed for
s ev era l h ybr i ds and s p e cies selections . Use ful differences in
t o le rance we r e al s o r ecorded a mong breed ing lines within species .
The most to le r ant l i n es a re being fur ther e v aluated.

l . In troduction

Losses due to Phytophthora root rot are a limiting factor in the
production of cut-flowers by pincushions (Leucospermum spp.) in
major growing regions such as South Africa, Australia and Hawaii
(Von Broembsen ando Brits, 1985; Von Broembsen and Brits, 1986; Von
Broembsen, 1989a). In South Africa, the situation is very difficult
because Phytophthora c innamomi occurs on a wide range of indigenous
plants in native forests and shrublands (Von Broembsen, 1984a; Von
Broembsen and Kruger, 1985; Von Broembsen et al., 1986) and appears
to be . indigenous to t his region (Von Broembsen and Kruger, 1985; Von
Broembsen. 1989b). Most pincushions are grown on agricu1tural lands
cleared from or adjacent to native vegetation . They are often
irrigated from streams originating in native vegetation and
containing high leve1s of P . cinnamomi (Von Broembsen. 1984b).
Fungic idal control i s difficult with such high inoculum pressure and
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lines of L. conocarpodendron (lines 3, 1 and 2) grouped together and
showed modera te to highly susceptible reactions. However, one of
t h e three L. cordifolium lines (line 8) was considerably more
resistant than the other two lines (lines 18 and 9). A hybrid
between L . conocarpodendron and L. cuneiforme (line 5) was more
resistant than lines of the parent spp. (lines 17 and lines 3, 1 and
2) alone .

4. Discussion

Although Dixon et al. (1984) found that a wound inoculation
me t h o d satisfactorily discriminated between levels of tolerance for
Banksia spp. , the method evaluated here did not give useful results.
This may indicate that the range of tolerance within Leucospermum is
narrower or that the technique they used is more sénsitive. Also,
t h e shoots of the Leucospermum lines tested varied considerably in
diameter and bark thickness, and this may have confounded the lesion
l e n g th data.

Th e pot t r ia l demons trated that all the lines we r e suscep tible
us ing h igh inoc ulum levels and conditions that favored infection,
i. e. fl oodi ng and optimum dayj night temperatures. Cer ta in lines
could c lear l y be i den t i f i e d as being highly susceptible to both
inf ect ion and d isease development . This method could therefore be
us ed t o el i mi n a te t h e more susceptible candidates before taking
thes e i n t o the field for testing. However, some of the lines
d i s p l a y i n g inte rmedi a t e tolerance under the artificial conditions of
t he p o t t ri al dem ons t r a t e d better levels of tolerance under natural
field conditions.

The fiel d tr i al results showed t h a t good levels of t ole r a n c e to
Phy t ophthor a roo t rot are available. Sorne of the tolerance
ide nt ified was in lines that could be used directly as cultivars,
b u t most o f t h e t o l era n c e would require further breeding to
i n corpora te lt into horticulturally acceptable cultivars. In
a dd i t i on , s ev e r al of the most tolerant lines are good candidates as
r oo t s t o c k s (Brits, unpublished data). The differences in resistance
de tected among L . cordifolium lines indicate that variation within a
spec i es will have t o be evaluated carefully. There is a lso sorne
ind icat ion tha t hyb r i d s may have increased tolerance cornpared with
their p arent s pp.
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EVALUATI ON OF THE RESISTANCE OF PI NCUSHION (LEUCOSPERMUH SPP.)
BREEDING LI NES TO ROOT ROT CAUSED BY PHYTOPHTHORA CI NNAHOHI

S . L. van Br oembsen
Departmen t o f Plan t Pa thology
Oklahoma S t a te Un i v ersi ty
Sti llwater, Ok l ah oma 7407 8
U. S. A.

Abstrac t

G.J. Brits
Vegetable a nd Orna mental Plant
Research Institute
Riviersonderend
South Africa

Ph y toph t h o r a r oot rot is a limiting factor in t h e production of
cut flower p i ncushions worldwide, but especially in South Africa.
I nve s t iga t i on s we r e initiated to identify root rot resistance within
t h e genus Leucospermum that might be utilized for the development of
re s is tant cultivars or rootstocks. Three different me thods were
u s ed to a s se s s the resistance of Leucospermum hybrids and species
se lect ions . Firs t l y , shoot cu t tings were wound inocula t ed with P.
cinnamomi myce lium un der controlled, labora tory conditions. Lengths
o f l es i on s wh i ch deve l ope d from the i noculations were used to
e s t i ma t e relat i v e resis tance. This detached shoot a s say proved too
unreliable to be used for assessment. Secondly, one-year-old rooted
cut ting s we r e i noculated by applying z o o s p o r e s of Ph ytophthora
cinnamomi to t h e soi l mi x of individual pots in a tr ial conducted in
a shade h ou se . Al l o f t h e lin es tes ted we re found t o b e susc e p tible
to infection , but s orne lines we r e to l e r ant to i n f ection. Thi r d l y,
fi eld evaluati on s o f r e s istance we re carried ou t f o r t hre e y ea r s at
a si te with high na t u ral inoculum l evels and oth er soil fac tors
f avor i n g dis eas e . Goo d leve l s of to l erdnce ~ere ob s e rved for
s ev era l h yb r i ds and s p e cies s elec t ions. Usefu l d iffe r ences i n
tolerance were al s o r ec o r ded among b r e ed i ng lin es with in species.
The most tolerant l i n e s are b e i n g further evalua ted .

l . In t r o duct ion

Losses due to Phytophthora root rot are a limiting factor in the
production of cut-flowers by pincushions (Leucospermum spp.) in
major g rowing regions such as South Africa , Australia and Hawaii
(Von Broe mbsen ando Brits, 1985 ; Von Broembsen and Brits, 1986; Von
Broembsen, 1989a). In South Africa, the situation is very difficu1t
because Phytophthora cinnamomi occurs on a wide range of indigenous
p1ants in native forests and shrub1ands (Von Broembsen, 1984a; Van
Broembsen and Kruger, 1 9 8 5 ; Von Broembsen et al. , 1986) and appears
t o be indigenous to th is region (Van Broembsen and Kruger, 1985 ; Von
Broembsen, 1989b) . Most pincushions are grown on agricultura1 1ands
c1eared from or adjacent to native vegetation. They are often
irrigated from streams originating in native vegetation and
containing high 1eve1s of P. cinnamomi (Von Broembsen, 1984b).
Fungicida1 control is difficult with such high inocu1um pressure and

Acta Hort i cultura e 264 , 1990
Pro tea Re s e a rc h

115



with the marked susceptibility of the pincushion varieties currently
being cultivated.

Identification of resistance which could be incorporated into
cultivars or rootstocks would clearly be an important step towards
improved control of this disease. Although the most cornmonly
cultivated pincushions appear to be highly susceptible to
Phytophthora root rot, sorne of the less cultivated species have
shown sorne field resistance. Furthermore, little attention has been
given to the possible resistance of species which are not
horticulturally suitable without further"breeding and selection .

In an earlier pot inoculation study (Von Broembsen and Brits,
1985), five Leucospermum spp. which were not considered commercially

" important showed ~ome resistance . However, only one genetic source
o f each of these species was evaluated in this expe~iment. More
recently, differences in field susceptibility have been observed
among vegetatively propagated lines from the same species in
breeding trials, suggesting that variation in resistance to root rot
mi gh t occur wi t h in species.

A program was t h erefo r e initiated to identify and evaluate the
resistance to Phy tophthora root rot availablé within the genus
Leuc o s p e r mum. Bre eding lines were selected from the pincushion
breeding program of the Vegetable and Ornamental Plant Research
Institute for evaluation in a fie ld trial. These included lin e s
f r om sources which apparently exhibited sorne resistance in the field
a s well as a known highly susceptible L . patersonii lineo Two
methods uti1izing artific i.al inoculation of either detached shoots
or rooted cuttings were a 1so tested as possible methods o ~ screening
larger volurnes of material mo r e rapidly than field trials.

2. Mat e ria l s a nd methods

2 .1 Detached s hoot assay

Six Leucosp ermum spp. (table 1) were evaluated using a detached
shoot assay i n wh i c h shoot cuttings were wound inoculated with
myc e l i um of P. c innamomi. The assay method was similar to that
r e p o r t e d by Jeffers et al. (1981) except that ten cuttings 20 cm in
l ength were us ed in each beaker and the PCMAA mediurn was inoculated
with P. cinnamomi isolate Cll. Each ten shoot treatment block was
replicated twice. After 10 days, the bark was removed and the
l esions which h ad developed were measured using calipers. The
e xperiment was r e peated three times.

2 .2 Pot tri al

Zoospore inoculurn of P. cinnamomi isolate Cll was produced
a xenically using t he met h od of Chen and Zentmyer (1970). Ten mI of
an aqueous susp ension conta ining approximately 100 zoospores per mI
( 1000 z oo spo re s t otal ) wa s a pp l i e d to the flooded soi l o f each two~
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liter pot containing a one-year-old rooted cutting of one of the 14
lines being evaluated (table 2). Twenty replicates of each line
were inoculated on 5 December 1983. Control plants were not
inoculated, but were otherwise treated similarly. All plants were
he ld in a s h a d e house at ambient weather conditions during sumrner at
S t ellenbosch , Cape Province and watered daily. Dead plants were
removed weekly and isolations were made from their roots to recover
P. cinnamomi using previously described methods (von Broembsen,
1984a). The trial was terminated at the end of sixteen weeks when
the roots of all the surviving plants in the trial were tested for
the pathogen .

2.3 Field trial

Eighteen vegetatively propagated breeding lines (table 2) were
tra n s p l a n t e d during spring (September) 1983 to a site at the
Tygerhoek Experimental Farm which had a previous history of severe
los ses of pincush ions to Phytophthora root rot o Single plants of
e ach line were distributed randomly within each of sixty blocks.
De ad plants were removed weekly and their roots were tested for P.
c i nnamomi as described above. The trial was terminated after three
yea r s .

3. Re sul t s

3.1 Deta ched shoo t a s s ax

The results from one detached shoot experiment (table 1) showed
t hat the v a r iabil ity within and between replicates did not allow
discrimi nation b e t we en lev e ls of resistance except i n extreme c ases ,
s u c h as shown with L . refl e x um. Th e data fro m the other t wo
e xperiments was even les s significant and therefore is not
r ep roduced .

3 .2 Po t t r ia l

All fourteen lines were found to be susceptible to infection
using this artificial inoculation technique. However, lines
differed in their ability to tolerate infection (figure 1) as shown
b y the time required for each line to reach 50% mortality (LTso) .
Four lines (16, 10 , 13 and 14) were very intolerant to infection.
However, four other lines (1, 3, 17 and 18) had not reach the LTso
level by sixteen weeks after inoculation when the experiment was
terminated. The remaining lines showed intermediate tolerance.

3 .3 Field trial

The P. patersonií line (line 16) which was included as a
susceptible marker was the most susceptible of all the lines (figure
2). In all, six of the eighteen lines in the field trial proved to
be highly susceptible (lines 16, 14, 13, 10, 15 and 2). The other
twe1ve 1ines showed good to moderate fie1d resistance. The three
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lines of L. conocarpodendron (lines 3, 1 and 2) grouped together and
showed modera te to highly susceptible reactions . However, one of
t h e three L . cordífo1ium lines (line 8) was considerably more
resistant than the other two lines (lines 18 and 9). A hybrid
between L. conocarpodendron and L. cuneiforme (line 5) was more
resistant than lines of the parent spp. (lines 17 and lines 3, 1 and
2) alone .

4. Discuss i on

Although Dixon et al. (1984) found that a wound inoculation
method satisfactorily discriminated between levels of tolerance for
Banksia spp. I the method evaluated here did not give useful results.
This may indicate that the range of tolerance within Leucospermum is
narrower or that the technique they used is more sénsitive. Also,
the shoots of the Leucospermum lines tested varied considerably in
d iameter a nd bark thickness. and this may have confounded the lesion
leng th data.

The po t tr ial demonstrated that all the lines were susceptible
usin g high i n oculum l evels and conditions tha t f av o r e d infection ,
i. e. fl ooding and op timum day/ night t empe r atu res . Ce rtain lines
could c lear l y be i dent i f i e d as being highly susceptible to both
i nfection and d isease development. This method could therefore be
used t o el i mi n a te t h e more susceptible candidates before taking
the se i n t o the fie l d for testing. However. some of the l ines
di s p l aying intermediate tolerance under the artificial condi tions of
the p ot t r i a l de mon strated better levels of tolerance under natural
f i e l d c ondit i on s .

Th e f ield tri a l results showed that good levels of tolerance to
Phytophthora r oot rot are available. Sorne of the tolerance
i de n ti f i e d was in lines that could be used directly as cultivars,
but mos t o f the tolerance would require further breeding to
i ncorporate i t into horticulturally acceptable cultivars. I n
a d d i t i on. several of the mos t to1erant 1 ines are good candidates as
r o o t stocks (Br i ts. unpublished data). The differences in resistance
detected among L . cordifo1ium lines indicate that variation within a
species will have to be evaluated careful1y . There is a1so some
i ndica t i on tha t hyb r i ds may have increased tolerance compared with
their paren t s pp.
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Tab l e 1 - Detached shoot inocu1ation data.

L e u c o s p e r mum spp. Avg 1esion 1enghth (cm) SE

L . e rub e s c en s 7.65 1. 27
L. patersonii 7.35 2.32
L. f o r mo s um X tottum 7.10 2.61
L. cordiEolium 5.30 2.66
L. utriculosum 5.70 1.54
L. reElexum 1. 35 1.18

Tab1e 2 - Leucospermum breeding lines eva1uated in the pot
inoculation tria1 and in the fie1d trial. Lines 2, 6, 12 and 15
were not inc1uded in the pot trial.

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

10.
1lo
12.
13.
14.
15.
16.
17.
18.
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150/76/1
150/77/2
151/73/1
T75/11/02
T75/11/24
T80/06/04
187/ 73/ 1
153/77/4
153/78/1
175/77/1
155/74/1
180/73/1
192/77/4
T80/06/03
161/77/1
173/78/1
T75/11/29
'GOLO DUST'

L . conocarpodendron - Llundudno
L . conocarpodendron - Durbanvil1e
L. conocarpodendron ssp. viridum
L. tottum X Eormosum
L. conocarpodendron X cuneiEorme
L. tottum X vestitum
L. tottum
L. cordiEolium - Houhoek
L. cordiEolium - High1ands
L. pluridens
L. erubescens
L. reElexum
L. vestitum
L. vestitum X tottum
L. grandiflorum
L. patersonii
L. cuneiEorme
L . cordiEol ium cv 'Gold Dust'
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Figur e 1 - Number o f wee ks required to r ea c h 5 0% mor tali t y due to
infection by Phytophthora c i n namomi of fou rteen Leucospermum
breeding lin es .
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THE EFFECT OF AME NDMENT OF SOIL WITH ORGANIC MATTER, A HERBICIDE AND A
FUNGICIDE ON THE MORTALITY OF SEEDLINGS OF TWO SPECIES OF BANKSIA
INOCU LA TED WI TH PHYTOPHTHO RA CINNAMOMI

K. W. Dixon
Ki ngs Park and Botani c Gardens
Perth 6000 W.A.
Australia

K. Frost and K. Sivasithamparam
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University of Western Australia
Nedlands 6009 W.A.
Australia

Summary
This study investigated the benefits of integrated control of the

disease caused by the soil borne fungus, Phytophthora cinnamomi on two
species of Banksia. To date no single method has been found to have
universa l app licat ion for con trol of P. cinnamomi in the family
Proteaceae. Expe ri ments were undertaken using the Western Australian
species Ba n k sia att e n ua t a and B. occidental is grown in sand mixed with
two t ypes of or ga n ic mul c h (composted litter from a natural habitat and
from an avocado orchard) a fungicide (proth iocarb) and a herbicide
(ch lorthal dimethyl) singly and in combination. Results show that the
type of organi c mu l ch may affect disease express ion in the two host
ba n ks ias a nd t hat c ombi na t i on of organic mulch, herbicide and fungicide
were re l a t ive l y t he mos t successful treatments. In tegrated control may
the re for e hold sorne promi s e f or t he control of P. cinnamomi in
Banks ia .

I nt r od uction
Row crops of Banks i a spec ies and other members of Proteaceae in

Weste r n Aus tralia ar e cons tantl y t hreatened by Phytoph t hora species
(Sivasithamparam , 1985 ) whi ch may or i ginate fro m production nurseries
(Hardy and Sivasi th~ wparam , 1988) or are resident at the sites used to
esta bli sh wi l df lower farms . Membe r s of Proteaceae are frequently sens i­
ti ve to f ungi c ides much as metalaxyl making it difficult and expensive
to use s uch f ungi cides on a large scale to disinfect sites or to
pr ev ent new or r e-infection .

Inco r porat ion of organic matter in the form of mulc hes have shown
considerab le pr omi se in r educing root-rot in avocado (Pe gg et al.,
1982). The investigation reported here was conducted to examine whether
an integrated control of Phytophthora root rot in banksias could be
achieved by co mbined use of organic matter with a fungicide not
phytotoxic to banksias and a herbicide reported to suppress P.
cinnamomi Rands in- nurseries (Kassaby, . 1985). Two types of organic
mulches, one collected around artificially mulched avocado trees and
the other from l itter collected from natural vegetation at Kings Park
at Perth were used.

Materials and methods

~~e~~~~~~~~~_~~~~~~

An experiment was carried out in a glasshouse, on two species of
Banksia , using a split plot experimental designo Two types of organic
matter amendments forroed the main treatments and there were three sub
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treatments of a herbicide, a fungicide and herbicide plus fungicide.

Banksia spee i e s---------------
Banksia at tenuata R.Br. and B. occidental is R.Br. were used as

bioassay plants. The former is known to be moderately susceptible to P.
cinnamomi Rands while the latter is highly susceptible (McCredie, Dixon
and Sivasithamparam, 1985).

~~§~~~5:_~~~!=::

Two types of organic mulches were used. One was mulched collected
from beneth avocado trees at an orchard at Wanneroo, W.A. This was a
decomposed mixture of oaten hay and chichen manure. Such mulches are
co mmonly used by avocado growers in Western Australia. The other mulch

- cons isted of litter of native vegetation from Kings Park, Perth.
Both types of organic matter were ground and passed through a 5 mm

mesh sieve to obtain an amendment of uniform size. The avocado planta­
tion organic matter was mixed with white organic-free siliceous sand at
a ratio of 1:3 (V:V) while the Kings Park organic matter was mixed with
the same sand at a ratio of 1:1 (V:V). A lower level of the avocado
plantation orga nic matter wa s used because it was anticipated that this
organic matter cou l d adversely affect t he Banks ia seedlings due to high
leve l s o f phosphorus. Each mi xt u r e ~as placed i n t o t en seed trays
contain ing 48 indi vi dua l po ts. Five trays of each organic ma t t e r
mixtur e was sown with one s pecies. Two seeds were sown into each
i ndividual pot in th e s eed tray to ens ure good ge rmina t i on . In addition
seeds of each speci es we re sown into two separate seed trays,
cont a ini ng on l y s a nd, which were t o act as controls for t he experimento

~~~~~=~~~ 5:=_~~_~==~!~~§~
Following s eedi ng the s eed trays were placed on stands in the glass­

house and mai nta ined at 20-2 5C under natural light. Plants were watered
every third da y . The first se eds germinated twenty five days after
sowing. In cases whe r e bo th seeds in a seedling pot germinated, the
l a s t seedli n¿ to ge r mi na t e was removed. In general, the seeds planted
in the Ki ngs Park organic matter ger mi na t ed more reliably than those in
the avocado plantation organic matter.

Chemical treatments

The three chemical trea t ments used in this experiment were a
fungicide, a herbicide and combi na t i on of fungicide plus herbicide. The
fungicide chosen was prithiocarb (Previcur ,Schering Pty Ltd.), while
the herbicide us ed was chlorthal dimethyl (Dacthal W75 ,Agchem).
There were 100 (one month old) plants of each species of Banksia in
each organic matter type. Therefore each chemical treatment was applied
t o a gr oup of 25 plan ts of each species growing in each type of organic
matte r , leaving 25 pla n t s wi t hout a chemical treatment. The control for
each treatment ha d a mi nimum of ten seedlings. Remaining seedlings were
used as uninocu l a t ed co ntrols to ~ee if the chemicals or organic
ame ndme nt s were phy t o t oxic t o the test Banksias.

The herbici de treatme nt was applied at the time of sepa r ating the
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plants i n t o t r ea tment gr oups and approximate ly one mont h prior to
inoculation wi th P. cinnamomi. Dacthal was used at the recommended rate
of 9kg a . i . /h a (Kassaby and Hepworth) and was applied earlier t han
Previcur to en courage st imulat ion of soil microflora an d mic r of a una
(Ka t an and Es he l, 1973) . -1 .
_2Prev icur was applied at the recommended rate of 3 ml.2L of water

m . Dactha l was also reapplied at this time and both che micals were
reapplied at 4 week interva ls throughout the running of the experiment
to co unter t he effect of leaching.

Inoculum Prepara tion--------------------
The i s ol a t e of P. c innamomi used to prepare the inoculum for the

experiment was isolated from the base of a dead B. grandis tree near
Armadale (15 km south east of Perth) on the 14th January 1985.

To pr oduc e i nocul um of P. c i nnamomi autoclaved mille t seed
( Penni s etum miliac eum L.) was sp read evenl y over full petri dish
cul t ur es of P. c i nnamomi on PDA. The plates were incubated for 2 weeks
at 25C t o allow the fun gal mycelia to colonize the seeds.

Vi abili t y of t he mi ll e t seed i nocul um was tested by taking a rando m
samp le of 10 seeds f r oro t he i nocu l um preparation plates . The se were
plated onto water agar plates, incubated at 25C and after 24 hours
hyphae t ypical of the pathogen was observed growing uniformly from all
mi l l e t seed s .

Inoculation procedure---------------------
Al l pl a nt s to be inoculated with P. cinnamomi were placed on a tray

which had been l i ned with heavy duty plastic sheet i ng to prevent t he
sprea d of P. c innamomi in leachates. Plants were inocul a ted by plac ing
eight i n fested millet seeds in four holes around the stem base of each
seedling ( c ompa r a bl e to l eve l s used by McCredie et al., 1985). The
hol es were positioned a~proximate ly 1 cm from the s te m ba se of th e
seedling and were about 1 cm de ep . After i noculation a l l pl a nts were
wate red thor oughly .

Di s eas e rating

Plan t s were observed daily for symptoms of P. cinnamomi infection.
Infection was considered to be maximum when the hypocotyl was totally
necrotized and blackened. the first plant deaths were recorded ten days
after i nocu lation . The experiment was stopped when the inoculated
control plants, i n sand had reached 100% mortality .

.
~~:~~~~~~~~~-~~-~~~~~ª~~
All dead seedlings were tested for presence of P. cinnamomi by

plating sections of the hypocotyl onto P 10 VP agar. P. cinnamomi was
isolated from all dead seedlings in the study.

Res ul t s and discussion
The organic mulches were variable in their disease reduction effect

on the two hosts; the Kings Park mulch mix reducing the disease in B.
occidental is with the avocado mulch mix being effective only on B.
attentua ta (Table 1). A repeat of this test however indicated that the
unamended avocado mulch mix was effective in reducing disease in B.
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o c~~ d : n talis as well (K.W. Dixon, unpublished). Further work clearly
nec di t o be done t.o investigate the possible existence of host
spee ' s - s pec i f i c suppression i n different mulc h types . I t i s possible
tha t ~h i zosphe re effect of the two hosts may dif fe~ in di f f e r e nt sub­
s t r-a t es . The fie ld resistance of Eucalyptus calophylla Lindley to P.
ci n n amomi (causa l organism of die-back disease i n j a r r a h , E. marginata
Dono e x Smith) is considered to result from the activity of specific
rhi zos phere organisms (Malajczuk, 1979). This resistance was lost when
tes t s wer e conducted in sterile soil.

Th e is a clear indication that in using organic mulches for
dis ea . e amelioration, there is a need for screening the type of organic
ma tt er Ln relation to the host it i s used foro

The di s ea s e reduction effect of the fungicide was evident only with
B. occ~ den t al i s growing in the Kings Park mulch mix. This result is not
surpris i ng as earlier work (K. Sivasithamparam, unpublished) showed
t ha t pr othiocrab was not as effective as metalaxyl when used as a soil
treatment to control P. cinnamomi. This fungicide was included as a
trea t me nt as it was the l ea s t phytotoxic of the fun gicides screened in
a prel i minary s t udy. It was hoped t hat t he effecti veness of fungicide
would be enhanced by t he background effect of the orga ni c ma tte r . It is
not ewor t hy tha t comb i ned with the herb icide the fung ic i de was effective
in reduci ng morta l i t y of B. occJden tali s in avo cado mulch mi x . The
f ailu re of t he herbi c i de t o provide the l ev el of s uppress ion obs e rve d
by Kassaby ( 1985 ) may be re lated to th e di fferences i n pot ti ng mixes
and expe rimental methods used. The combination of the t hree amendments
was effect i ve in 3 out of the ~ organic mul ch x hos t s pecies
cornbination s (Tabl e 1) . I ntegr a t ed cont r ol appears t o hold sorne promise
a s a co ntrol s t ra tegy fo r Phytophth ora root ro ts of pro teaceous plants
and requires fu rther investigat ion.

The f inal mortality values i n Ta bl e 1 does not provide a compl ete
pictu r e of t he treatme nt effects. Figur e s 1 -~ i nd i cate that sever al
treatments with s i mi lar f i na l morta lity l e vels ha d noti ceab ly di f f e r e nt
dea t h progression curves. These di fferences rnay be s ign i f icant i n the
fi el d where th e inoculum .l eve l s ma y be much lower than t hose used i n
th i s investigation .
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Table 1. The effect of amendmcnt of soil with mulches from a natural habitar (Kings Park) and an avocado
orchard, Dacthal (a herbicide) and prothiocarb (fungicide) on mortality of Banksia attenuata and B.
occidentalis inoculated with Phytophthora cinnamomi

Chemicals

Kings Park B. attenuatañ

Nil

76

Prothiocarb

60

Chlorthal
dimethyl

96

prothiocarb + chlorthal
dimethyI

76

B. occidentalisv 52* 60* 84 40*

Avocado
orchard

B. attenuata 44* 48 56 48*

B. :occidentalis 96 84 92 60*

a 100% mortality oí both species in the abscncc of organic rnulch

....
ro • significantly less than control (P<O.OS)
--.¡
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CANKER ANO DIE-BACK OF CUT-FLOWER PROTEAS CAUSED BY BOTRYO­
SPHAERIA DOTHIDEA: EPIDEMIOLOGY AND CONTROL.

S. L. Von Broembsen
Dept. Plant Pathology
University of Oklahoma
stillwater, OK

ABSTRACT

J. A. Van der Merwe
Plant Protection Research Inst.
Private Bag X5017
Stellenbosch 7600, South Africa

stem canker and die-back caused by Botryosphaeria dothidea
result in considerable losses in the prdouction of cut-flower
proteas in South Africa. Field and laboratory studies were
carried out to investigate conditions favouring the disease
and methods of control. The seasonal pattern of B. dothidea
sporulation in a naturally infected planting of Protea
grandiceps was determined by weekly trapping and counting of
conidia for one year. Climatological data such as tempera­
ture, rainfall, and relative humidity were recorded through­
out the trial. Sporulation occurred from spring to late
summer following rain. Sporulation was negligible during
winter months despite abundant rainfall. The most signifi­
cant factors affecting sporulation were average daily temper­
atures above 20 C and rainfall. The optimum temperature for
radial growth of B. dothidea on malt agar plates was 25 C.
Conidial production on malt agar and germination in distilled
water were greatest at 20-25 C. Infection studies using
potted seedlings of P. grandiceps and P. cynaroides in
controlled environment cabinettes showed that wounding was
necessary for infection and that infection was greatest at
25-30 C.

The effects of three fungicides (benomyl, captab, and
mancozeb) and six fungicidal wound sealants on mycelial
growth, conidial production and conidial germination by ~.

dothidea were examined in the laboratory. Benomyl added to
media at 1000 ppm completely inhibited all three processes,
and Hostaseal gave the best inhibition of the wound sealants.
However, benomyl applied as a spray following pruning gave
better field control of the infection of pruning wounds than
Hostaseal. In a field trial combining several different
control strategies, monthly spray applications of the pesti­
cides, chlorophy~iphos and dimethoate, in combination with
benomyl and captab gave better control than the two fungi­
cides alone. This supports field observations that cankers
are often associated with insect wounds. However, this trial
also showed that the single most effective control measure
was regular removal and destruction of all dead and dying
plant parts. Control of Botryosphaeria canker can thus be
brought about by preventing unnecessary wounding of plants,
by treating harvesting and pruning wounds with a fungicidal
spray of benomyl, and by regular sanitation of plantings.

Ac ta Horticul turae 26 4, , 990
Pro tea Research
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