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PREFACE

The compilation of th is Acta Horticulturae has once aga in been a marathon event, 100kinQ
for papers, editing, re-editing and fitting all this in between the necessities of researcb,
However, it has also been fun and hopefully the final documents will provide information for
all until the next gathering of minds.

The emphasis in this compilation is somevvhat different frorn previous publications o í"
Intemational Protea Working Group Symposia. The organizing committee in Israel felt that
the subject should be broadened to include other plant famil ies from the Southem
Hernisphere, therefore the inclusion of papers on plants such as Geraldton Wax. Also, during
the conference no distinction was made between presentations made by IPWG members and
IPA members. This has resulted in a good mix in the papers included for publication and will
make far more interesting reading.

A vote of thanks is extended to all persons (too many to name) assisting in the running of
the conference and with the editing and compilation of this Acta: you all did a sterling jobo
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SESSION A:
'SAFARI SUNSET' AND OTHERLEUCADEIVDRONS
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"CUTTING GRAFTS" FOR LEUCOSPERJIUllJ AND LEUCADENDRON - A
METHOD FOR QUICK PROPAGATION BY SIMULTANEOUS ROOTING AND
GRAFTING

A. Aekennan, S. Gilad, B. Meehnik, Y. Shehori ánd J. Ben-Jaaeov
A.R.O. The Volcani Center
P.O.Box 6, Bet Dagan
50-250 Israel.

Abstraet

The use of grafting onto lime-resistant Leucospermum and Leucadendron rootstoeks has
become a successful cornmercial practice in Israel and, folJowing the perfection of methods
for rooting and grafting, it has been shown that simultaneous rooting and grafting is
cornmercially feasible.
A method was developed for quick propagation of these plants under eonditions prevailing
in Israel, based on grafting desirable cultivars (scions) onto unrooted cuttings (rootstocks) in
one operation. Formation of the graft union and of adventitious roots oceurred concurrently
in a mist propagation unit, resulting in a complete plant in 7-8 weeks .
Using this technique, it is possible to prepare small grafted plants , ready for planting , in 4
months. Since we developed this technology (1992) about 10 ha of "Safari Sunset' on ' Orot'
have been planted in Israel. These plants have developed much more rapidl y and better than
ungrafted plants.

l . Imroduction

The problems encountered with growing proteas differ in different parts of the world, and
so do the solutions required to facilitare cornmercial production (Ben-Jaacov. 1986: Harre.
1988: Brits, 1990 a.b; Ackerman, el al.. 1995a),

Cultivation of the usual. cornmercial proteaceous cultivars in Israel is limited by high­
pH. alkaline soil. high nutrient levels. root diseases and nematodes (Ben-Jaacov. el al..1992
a.b: Ackerman, el al.. 1994). To overcorne these problems. we selected highly tolerant and
vigorous rootstocks (Ben -Jaacov, el al.. 1991: Ac kerman, el ul. . 1995c). since the
development of plants grafted onto these rootstocks fonn s the key fo r successful protea
cultivation on a large cornmercial scale in Israel (Ben-Jaacov. el al .. 1991 a.b ; 1992; 1994;
Ackerman, el al., 1994: Ackerman, el al., 1995 b,c).

The problems and effectiveness of conventional grafting techniques in protea were
studied by Brits, 1990a Experiments with wedge grafting of eontainerized rootstocks with
semi-hardwood scions gave good results with Leucospermum and Protea (Brits, 1990a,b;
Tumbull and Moffatt 1994, Ackennan, el al., 1995b). Table grafting onto pot-grown
rootstocks is more widely used for woody ornamenta1s than for unrooted cutting grafts
(Hartman, el al., 1990).

The cutting-grafting technique is based on grafting scions onto unrooted rootstocks: they
are tied together and placed into a mist propagation that stimulates concurrent, quick rooting
of the rootstock and a union of the scion and the rootstock to produce new grafted planto
This technique is not new (Bailey, 1896); it has been used successfully in Rhododendron
(Eichelser, 1967), Grevillea (Burke, 1989; Gibian and Gibian, 1989), Rose (van de Poi and
Breukelaar, 1982), Protea, and Leucospermum (Jacobs, 1981; Brits, 1990a; Tumbull and
Moffatt, 1994; Moffatt and Tumbull, 1994).

The objectives of the present study were: an improvement of the cutting-graft technique
and its adaptation for year-round cornrnercial use" for quick propagation of Leucadendron
and Leucospermum cultivars grafted on rootstocks tolerant to calcareous soils.

Proc, Founh lnt . Prorea Symp.
Eds . G.M. Liulejohn, H. Henasch
Acta Hort, ~S3. ISHS 1997 IS



"t he ::,l i ' i"' i. maten ., -vas obtained from plants grO\\-TI at the Depanment of Ornamental
Hom cui': ).' t:. A.R.O , . re Volcani Center, Bet Dagan.
The roúl!.1: ,:-b,: T1t:: .me-tolerant Leucospermum rootstocks, 'Nemastrong' and 'Carmeli'
(Ad!~;;rma:.;. ' - ~;- al., i 79 5c) and Leucadendron rootstock, 'Orot' (Ben-Jaacov, el al., 1991;
1992a,b: 1c.: .i4 ). were . 'sed.
The CU) l:i ~s~~.!: The k 'lowing Leucospermum cultivars were used as scions: 'Ballerina',
'Carolinc", 'Vlarn", 'High Gold', 'Yellow Bird', 'Sunrise", and the Leucadendron. 'Safari
Suneet •.

2.2. G:zfting proce?ure

Thc "..edge-grafting technique was carried out for the closestpossible match between
camt.iu ,n tissues ofthe scions and rootstocks. The bound scion-rootstock combinations, 15­
20 cm j" : ler.gth were treated as conventional cunings.
Scicr'__;';'~~;2ration : 1O-lS-cm-Iong semi-hardwood terminal shoots were used. They were cut
into ~ or 3 scion units lS cm each). Leaves were removed from the base of each scion.
leaving : - 4 leaves at the topo Two sloping cuts, about 2 cm long we re made to fonn a
wedce ( Ii ~ure 4. A l.
RO(',~.5 · ' ~L'p-reparali on : Serni-hardwood stern sections , 10-15 cm long. from the current
seascn 5 g.owth , were used. Several leaves from the top and the base of the cunings were
removed. lcaving a few leaves (3 leaves on Leucospermum and 4-6 on Leuca dendron¡ on
the cer.iral section of the cutt ing-rootstock (figure 4. B). Vertical cuts we re made and after
match.r: the graft (fig ure 4. C). rying was done with P.V.c. elastic grafting tape or 10-crn­
lon. . ;~ ..oratory parafilim strips (" ~ 1" parafiiirn (TM) man ufactured by American National
Can) tha: decompose naturally after 3-4 mo nths.

2.3 . ';'reatmem of cutting-graft

The hase ofthe unrooted cutting-grafts were dipped into a 4.000-ppm solution oflBA for
1O ~ : . a: ~ s usual with conventional cunings.

>L Kooting medium

Well aerated rooting medium comprising of 40% peat with 60% polystyrene was placed
in multi-hole plastic propagating trays (51 or 99 holes). and the bases of cuning-grafts were
insen ed to a depth of 2 cm.

2.:'·. Rooting conditions

Rooting was generally done under standard controlled mist-bed conditions. \\ben rooting
was done during the surnmer months ventilation and shading (40%) were necessary to
prevent excessive heat in the greenhouse,

The cutti ng-graft trays were placed in a mist propagation unit with a bottorn temperature
of :1 -22 OC. The successfully rooted and sprouted plants were poned in 6.5 x 6.5 x 7.5-cm
plastic pots and were ready for planting 4 months after the cuning-grafts had been made.
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2.6. Time of cutting-grafts

Grafting experiments with Leucospermum were conducted during the summer and
. autumn, Cutting-graft experiments with Leucadendron were conducted in a commercial
protea nursery in the summer,autumn and winter.

. : '2.7. Effeetiveness ofgrafting

The pereentages of sueeessful grafts of Leucospermum and Leucadendron eulti vars were
"evaluated after 2 and 3 months, respectively.

3. Results

3.1. Take percen tage of cutting-grafts of 6 ·Leucosp ermum cultivars onto 'Nemastrong
and ' Carmeli' roo tstocks. .

The grafting and rooting success rates in Leucospermum are presented as percentages in
table 1~ they are affected by three main factors: The rootstock (fig. 1), the cultivar (fig. 2).
and the season (fig. 3).

Figure 1 shows that the overall eutt ing-graft take percentage of 6 Leucosperm um cvs.
grafted onto 'Nernastrong' and ' Carrneli' rootstocks were 71 and 72%. respe ctively.

Figure 2 shows that the cutting-graft take percentages of 6 Leucospermum evs . graft ed on
the two rootstoeks were between 63 and 79%. The highest graft take pereentages were of
' Sunrise ' , 'Vlam' and 'High Gold' , and the lowest pereentage was of ' Caroline' .

Figure 3. Here we can see that the best overall graft-take percentages of six
Leucospermum cultivars grafted on the two roo tstocks were for those grafted at the end of
surnmer and in autumn.

3.2. Take percentages of eutting-grafts of Le ucadendron "Safari Sunset onto "Orot
rootstock.

The eutting-grafts were made and data was colle eted at the Polak eomm ereial nurseries in
sumrner, autumn and winter. The final evaluation was made 90 day s after grañing (table 21.
and the curting-graft take pereentage was 72- 88%). Part (66%) of the "Safari Sunset' curting­
grafts were ready for poni ng 60 days after grafting.

4. Diseussion

Many of the problems associated with the protea root system can be overeome by
grafting conunercial cultivars onto tolerant rootstocks.

In proteas the problems and efficieney of the eonventional technique of grafting on
containerized rootstocks were studied by Ben-Jaacov, el al. (1991 ~ 1992~ 1994), Brits
(1990a,b), Tumbull and Moffatt (1994) and Ackerman, el al. (1995b), but that technique
takes more time than the cutting-graft method, is more expensive (fig. 5), and was
unsuccessful during the swnmer (unpublished data).

The method for quick propagation by simultaneous rooting and grafting is not new and
indeed has been used by many researchers on an experimental scale. This method is being
used conunercially for roses in the Netherlands and in Israel. "

Perfection of the technology of cutting-grafts has been followed by the successful large­
scale use of this method in the commercial propagation of Leucadendron cultivars in Israel.
With this method it is possible to produce complete grafted plants in 4-8 weeks for
Leucospermum (figs. 6 and 7) and 6-8 weeks for Leucadendron (fig. 9) .

Enhancement of the conunercial use of cutting-graft in Leucospermum was possible after
the development of the 'Carmeli' and 'Nemastrong' fast-rooting rootstocks (figs. 6,7,8 and
10).
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-; h e .vwantages of cutting-grafts are:

C. . .ivars zrafted onto tolerant rootstocks gave more vigorous growth, higher
pi~: ~ :l:: í. ion-and better quality of flowers. .

2 . C :ning-graft is a quick propagation technique that can be applied year-round and is
sur able for rapid large-scale commercial production.

a) Fonnation ofthe graft union and ofadventitious roots occurred concurrently
under mist, resulting in a complete grafted plant in 4-8 weeks,

b) Those plants transplanted into small containers were ready for field planting
in 3-4 months.

3. Thi s technique results in greatly reduced time, growing-space requirernents and costo
for the production of small grafted plants.

5. Cunclusions

Since we developed this technology in 1992, about 10 hectares of 'Safari Sunset' on
;Orot' have bee n planted in Israel. These plants have developed much more rapidly and
be rtcr than ungraft ed plants. The method is also ready for large-scale. commercial
prod ucti on of Leucospermum. Presen tly . we are testing the possib ility 1hat young plants
produced by cu tting-grafts are 01' high er quality than those grafted on comainerized
rootstocks \since iess root-bounding oc curs in cutting-graft plants ,.
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Tabk 1. Cu tti ng -grart take percentages of Leucospermum cultivars on two lime-tolerant
rootstocks: ·):emastrong. · and "Carmeli"

Scion Date of grafting

6/94 7/94 8/94 10/94 11194

Rootstock

Nern . Carm. Nem. Carm. Nem. Carm. Nem Carm. Nem. Carm.

Ballerina 45 40 30 35 86 78 89 92 96 90

High Gold 70 85 24 71 97 66 95 71 72 85

Yellow Bird 69 74 43 74 88 65 67 38 67 86

Caroline 71 75 46 50 66 38 72 74 68 67

Sunrise 86 88 69 74 84 67 91 91 86 77

' Ylam 67 69 56 77 95 92 62 93 89 71

• Results of ISOscion-rootstock combination at each date (A.R.O., Bet Oagan ).



Table 2. Cutting-graft take percentage of Leucadendron 'Safari Sunset' on 'Orot ' rootstock"

Days after Date of grafting

grafting 17/5/95 15/6/95 15n/95 17/8/95 20/9/95 . 3/10/95 5111 /95

60 56 58 77 63 73 69 75

90 -., 78 84 74 80 79 881-

·The results 0000 cuning-grafts on each date were collected at Polak Nursenes.

The effect of rootstock
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Fig. l . Cuning-graft take pereentage of six Leucospermum cultivars grafted on two
rootstocks.
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Fig. ..., Cuning-graft take pereentage of six Leucospermum cul tivars grafted on two
rootstocks (' ~emastrong ' and "Carmeli)

The effect of season
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Fig. 3. Cuning-graft take pereentage of six Leucospermum eultivars grafted on two
rootstocks grafted ardifferent times.

21



~ (¡
\ .\ -\ l ' ; /177
\ \ .' ,'/ /

", -. :; '/
~'. i , /

" I .~

~ /

"""'" ] / r¡:-¡;'\ , \ , , . .
~ \ I V /
\ \ \! ~, ~

~' , ' /\' (/o' V\ ,

f 1

B U e ~
FIlI· . , Com....",ial top -.clge llraltJng ....lt>odlunrooced cuttJng llraft)

-\. p""tTd tonoa11 ... f"d1ff'ni 8 . """PI""'" ,...... Il.c••~~"teal

111'~1if.1('.1

c. (_pl<n.-d 1'"" ••'CiH'd.-4
l.-d rtr.t~ ~ l.,.

Fig, 4. Comrnercial top wedge grafting method (unrooted curting graft )
A. Prepared scion (1) wedge cut
B. Pepared rootsrock (unrooted cunings)
C. Completed graft matched and tied firmly by tape
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Figure 5. Diagram of basie produetion systems of desirable plants top-wedge grafted onto

pot-grown and unrooted rootstocks.
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Fig. 6. Complete grafted plant, 1 month old of 'Ballerina' grafted onto 'Carmeli ' rootstock.
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Fig. 7. 'High Gold' grafted anta 'Nemastrong' rootstock, 8 weeks old.
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Fig . 8. Fast-rooting cuning of 'Carmeli' rootstock after 1 month in the propagation unit.
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LEUCADENDRON
· Sa lan Sunser" x -Oror"

Two month old
SIMULTANEOUS ROOnNG

AND GRAFTlNG
PhOlo: FRbruary 1996

Fig.9. Complete grafted plant, 2 months old. of "Safari Sunset grafted onto ' Orot'
rootstock .
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Fig. 10. Four month old ' Ballerina ' plant grafted onto 'Carmeli' rootstock by curting-graft.
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INFLUENCE OF CUTTING POSITION, \VO UNDING Al"iD IBA ON THE
ROOTING OF LE UCADENDRON DISCOLOR STEM ClTTTINGS

lA. Rodríguez Pérez, A.M. de León Hernández,
M.C.Vera Batista and M.C. Hoyos Rodríguez
Departrnent of Ciencias Agrarias
University ofLa Laguna
Tenerife,
Spain.

Abstract

Leucadendron discolor was introduced in Tenerife in 1988 by the cooperative Florican.
Rooted cuttings were imponed from Israel and a small plantation was set in Los Rodeos (La
Laguna) at 600 m.a.s.l. ~

The attempts to propagate L. discolor by stem cuttings us ing the standard technique in the
Florican nursery pro ved to present sorne difficulties , with rooting percentage not satisfactory
from the cornmercial point of view (about 50%).
With the purpose of observing if the basal wounding technique (two shallow and opposite
incisions) combined with different IBA concentrations, could improve the results of the
rooting process, an experiment was carried out in which terminal and basal cuttings were
rooted in winter-spring with bottom heat (25 ± 2 OC) and microjet irrigation.
A randomized block design was used with five treatrnents and four replications. The number
of cuttinzs for each treatment was 10. The total number of curtinzs was 200. The treatments
used we;e the following: A ) wounded terminal cunings tremed "\vith -+000 ppm 01' IBA: B
and D) wounded and no wounded basal cunings treated with 2000 ppm of IBA.
respect ively; e and E) wounded and non wounded basal curtincs treated with -+000 ppm of
IBA. res pectively .
At the end of the trial (20 weeks) treatment A showed the higher percentage of
transplantable cuttings (85%). followed by treatments e (52.5%), B (25%). E (15%) and D
(5%). The rooting process was much faster and the cuttings developed a more vigorous root
svstern in treatrnent A . whi ch was siznificantlv different from the other four treatrnents.
In wounded cuttings rwo ranks of callus nodÚles appeared along the edges 01' each incision.
Roots emerged associated with the ranks of callus nodules.

l . Introduction

The cultivation of Leucadendron discolor L. was introduced in Tenerife in 1988 bv the
cooperative Florican, which imported rooted cuttings forrn Israel and se! a small plantation
in Los Rodeos (La Laguna) at 600 m above sea level. A nursery to provide protea plants to
the growers was established a few years latero

Terminal and subterminal stem cuttings are commonly used in the propagation of
Leucadendron spp. (Jacobs and Steenkamp, 1975; Malan, 1992). As there is a cluster of
nodes at the base of the cuttings that favours the rooting process, the utilization of basal
cuttings hasbeen recommended (Harré, 1988) .

As in other protea species, great differences in the rooting abiliry of stem cuttings exist
among L. discolor clones. Rooting percentages of 5%, 50% and 80% (Brits, el al., 1992)
and of O- 77% (Epstein and Ackerman, 1993) have been reported.

The basal wounding tec hni que alone or combined with other treatments (IBA) has been
used to stirnulate root formation in sorne plant species (Edwards and Thomas, 1979 ;
Pontikis, el al., 1984; Howard, el al., 1984b; Howard. el .al., 1984a). The technique has been
used successfully for propagation of · Protea obtusifolia (Rodríguez P érez, 1990) and
Leucadendron 'Safari Sunset' (Rodriguez P érez, el al .; 1993).

Proc, Founh Inr, Protea Sym p.
Eds . o.v, Littlejohn, H. Hettasch
Acta Hon. 453. ISHS 1997



Th e .iommercial propagation of L. discolor by terminal cuttings gave unsatisfactory
resc.i; 1,1the Florican nursery, with rooting percentages around 50%.

In a ,1)" ;' vious trial , it was found that wounded terminal cunings treated with 4 000 ppm of
IBA rootcd better and faster than unwounded ones.

J11 o rdcr to study the influence of cuning position (terminal and basal), wounding and
IBA concentration on the rooting of L. discolor stem cuttings, the present study was carried
out.

2. 1\ 1~ri al and me thods

Serni-hardwood cunings of L. discolor, 17 cm long, from current seasons growth, were
taken in January. Mo ther plants were approximately four and a half years old. Terminal
curtings were from sterns over 30 cm long, taken from 6 plants. Basal cuttings, from shorter
stems were collected frorn 14 p1ants.

A ran dornized block design v.i th five treatments (10 cunings per treatment) and four
replica rions was used . The total number of cuttings was 200.

The treatm ents used were the foll owing:

A . wounded
B . wounded
e, wo unded
D, ur.wounded
E. unwounded

terminal cuttings treated with 4 000 ppm of IBA.
basal cuttings treated with :2 abo ppm of IBA.
basal cuui ngs treated with 4 000 ppm of IB .-\.
basal cuninus treated with : 000 DDm of 18 .-\.
basal cuuing s treated with 4 000 ppm of IB.-\.

The so lution of IBA was in 50% ethanol. In wounded cunings. two shallow and opposite
incisions were made with a sharp blade in the basal· rark, penetrating as far as the outer
cortex and extending upwards for about .2 cm .

Cunincs were strined of leaves on thei r basal ha!f a:'. : a fresh cut .2 cm 10m: 'l."as made al
th e base of each cut .inu. Th e curtincs vvere then. wound. d or not, accordinc 10-the treatrnent.
dip ped on the horm ona l solution to : nun depth, for five seconds . fo11o\\'ed by a dip in tale
containing benornyl and captan, both at 5~ó of a.m. concentration. before planting thern in a
mixture of polysterene grains and peat moss (6:4 in volurne) in plastic propagating trays .
Th e trays were placed on a bed with bottorn heat (25 ± 2 CC ) in a we.i ventilated
gree nh ouse, with 60% reduction of natural light. Irrigation was by microj ets. al 50 lb for 10
.. 20 secon ds, depending on the weather. every half hour, between 9:00 and 16:00 h.

Curtings were sprayed we ekly with a mixture of benornyl, captan, ch lortalonil or
iprodione. and diazinon or metomilo to control pests and diseases.

At 2. -t 6, 8. 10. 12, 14, 16, 18 and 20 weeks from planting, cuttings were scored as
fo llows: .

a = de ad cuttinzs .
b = curtings without' callus o
e = curtings with callus.
d = rooted cunings but no t transplantable.
e = transplantable cuttings.

Resul ts as pereentage of transplantable cunings were subjected to analysis of variance,
us ing the arcsin transformation, and to the Duncan test. Chi square tests for independence
were performed when necessary,
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3, Results and discuss ion

The development of the cuttings throughout the experiment can be seen in figure l .
Wounding accelerated the fonnation of roots in . basal cuttings. At 2 weeks from planting
treatrnents B and e (woun ded) sho wed 25% and 27.5% of cuttings with roots but not
transplantable, whilst treatments o and E (unwounded) showed 0% and 7.5 %, respective ly.
However, treatrnent A (terminal, wounded) showed the highest percentage of cuttings ofthis
rype (30%). These results are in accordance with those obtained by Pontikis, et al. ( 1984) in
M27 apple; Howard, et al. (1984a) in Simmondsia chinensis; Howard, et al. (1984b) in M26
apple; Rodríguez-Pérez (1990) in Protea obtusifolia, and Rodríguez-Pérez, et al . (1993 ) in
Leucadendron ' Safari Sunset'.

Increas ing IB A concentration favoured root fonnation in unwound ed basal curtings.
After 4 we eks from planting, treatment E (4 000 ppm of IB A) showed 80% of cuttings with
roots but not transplantable compared with 50% of tre atment O (2 000 ppm of IBA ).
\Vounded basal cutt inzs showed the sarne behaviour, but the effec t was not so clear, as
treatment C (4 000 ppm o f IBA) showed 85% of rooted cuttings co mpare d with 72.5% of
treatment B (2 000 ppm of IBA). These results agree wi th tho se obtained by Howard, el al.
(l984b) in M .26 ap ple . .

The first tran splantable cutt ings of treatments A an d C appeared at 4 and 8 weeks.
respectively, while those of treatrn ents B, O and E appeared at the end of the trial (at 20
weeks). The rooting process was much faste r an d the cuttings developed a more vigo rous
root svstern in treatment A than in the other treatrnents .

In ~\'ounded curtings, both termina l and basal. rwo ranks of callus nodules appeared along
the edges of eac h incision. Roots emerged associated with the rank s of callus nod ules. Split
base wounded winter curtings of M.26 apple rcotstock had showed the same behaviour
(Howard, el al., 1984b: 1\ lackenzie. el al., 1986 ).

At the end of the experirncnt treatrnent A showed the hig hest percentage 01' transplantable
curtings (85%). foll owed by treatrne nts C (52.5° ó). B (25 %). E ( 15%). and O (5% ). Th~
ana lvs is of variance and the Duncan test indicated that treatrnent A was siunificantlv
different from the other tour treatments. at the level of 5% (Table 1), Although between
treatrn ents C and B there were not siznificant diffe rences. the fo rmer was siunificantlv
di ffere nt from treatrnents O and E. Ho\\'ever. when treatrnent B wa s cornpared \vitÍ1
treat rnen t C in a Chi square test for inde pende nce in a 2 X :2 conti ngency table. there was .1

significant di ffe rence at th e 5% level between both treatrn ents ( Z - = 6,37 J.
In conclusi ón. the use o f wounded terminal cunings treated with -+ 000 ppm of IBA. is

recomrn ended tor the pro pagation of L. discolor by stern cuttings , The same treatrnents are
also recornmended if basal curtings we re used .
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Table 1 - Influence of cutting position, wounding and IBA on the rooting of Leucadendron
discolor stem cuttings.

Treatrnents

.-\ \T. W. .; 000 ppm IBA)
B (B. W, : 000 ppm IBA)
e (B . \\'. .; 000 ppm IBA)
D (8 . l~, 2000 ppm IB A)
E fE. D, 4 000 ppm IB A)

Rootinc nercentaze

85.0 a'
2.5 .0 be
52.5 b

5.0 d
15.0 cd

Z Mean separation by the Duncan test, 5% level , perfonned on arcsin transfonned data .
T=term inal: B=basal: \\ '=wounded ; U=unwounded.
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Figure 1 - Influence of cutting position, wounding and IBA on the rooting of Leucadendron
discolor stern cuttings.
a =dead cuttings; b =cuttings without callus; e =cuttings with callus
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Figure 1 - lnfluence of cutting position, wo und ing and IBA on the rooting of Leucadendron
discolor stem cuttinas.
d = rooted cuttings but not transplantab le; e = transp lantable cuttings.
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EFFECTS OF PHOSPHORUS AND NITROGEN CONCENTRATION ON
LEUCADENDRON'SAFAJUSUNSET'DEVELOPMENT
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Azricultural Research Organization
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Israel

Abstract
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Volcani Center
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Israel -
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A gree nhouse ex perirnent : was conducted te establish the optimal fertilization
management for Leucadendron ' Safari Sunset'. Adding fertilizers or raising phosphorus
concentration increased yie ld and improved plant growth, Root wei ght increased as
nutrient leve ls ros e. Clusters of proteo id roots were present all along the root systern of
tap-water- irrigated plants, only few proteoid roots developed on plants irrigated with
complete nutrient solutio n when only P was ornitted, and none were dev eloped in any of
the othe r treatrnents.
Elevatinz the total nutrients or P concentrations increased N and P conce ntrations in the
plants. The calculated N and P concentrations in mature leaves requ ired to achieve
maxirnal shoot weight were 33.1 and 10.7 g kg' dry manero respectively.
The present study de rnonstra tes that as long as sufficient amounts of micronutrients are
provided through the irrigation sol utio n, addition of 20 mg r' P improves ' Safari Sunset
gro wth without indi cation of toxic syrnptorns tha t could be att ributed ro an excess of P.

l. Introduction

The Proteaceae familv oriainated in Australia and Sou th Africa. whe re most of the
cultiva ted speci es grow e n acrdic . was hed soils . which are poor in nu trie nts. Th e general
belief is that the plants belonging to this tamily are unrespo nsiv e to fertiliza tion (Buining
and Cresswell, 1993 ). and sensi tive to high phosphorus co ncentrat ion (N icho ls. e l al ..
1979). To xic ity symptoms such as growt h reduction and lea f necrosis in the presence of
high P concentration . have been described in many Proteaceae plants (Goodwin. 1983 ).
Despite the proper climate, grov....i ng Proteaceae plants in Israel is problematic becau se 01'
soil limiting fa cto rs, such as basic pH and high free lime content. Leucadendron 'Safari
Sunset' is the sole cornmercially product of Proteaceae species in Israel (Ben-Jaacov,
1986). Israeli growers attributed various growth disorders of plants to high soil P content
and therefore their cultivation was restricted to soils having low P concenrration.

To avoid soil restrictions, 'Safari Sunset' is grown in Israel in tuff at the immediate
root system. Tuff is a volcanic material, characterized by high porosity and high saturated
hydraulic conductivity. Therefore, tuff enables frequent irrigation without fear of air
deficiencv.

The objective of this research was to study the response to the nutrient concentration of
Leucadendron "Safari Sunset' plants grown in ruff. A special atternpt was made to
determine the role of P in the growth and development of these plants in order to establish
the optimal management of fertigation.

2. Materials and methods

The experirnent was conducted in a screen-house at Bet Dagan, Israel (3soE, 31°N, 50
m alt.) irradiated by natural sunlight (1400-1600 urnol" m-PPF) at a ternperature range
between 12 and 35 oc. Two-rnonth-old Leucadendron ' Safari Sunset' plants were planted
Proc , Fourth Int, Prorea Sym p.
Eds . G.~. Littlejohn. H. Hettasch
Acta Hort . ~53 . ISHS 1997



in 10 1 V r:. (. '.~ / : ",",U , 0-8 mm tuff, two plants per pat. The experiment started in May,
19S'2, ar,;~ . . f :L!; r:a C!í : .1 December 1992. The plants were irrigated daily with 1 l of the
experi rrvcr» ¡ nurrieut <olutions . The experiment consisted of six treatrnents in a non­
+. t . -. ' ~ - , : .. . ', ' .. \· 1 . )lac on ... . .,:: .. ..., : . .·.., ./.. ;. .

Ten :;! ,. ~ ; ~. V)¡ f ::.¡:'·;cates were arranged in a completely randomized designo Control
container-i wi thoct :h nts were fertilized identically to the experimental treatrnents in
arder 10 : : o:: 7~r:nin~~ nutri ent retention by the tuff. Leachates were collected weekly into
cont:__.~m-: ;; ; r' l~< '-', i ~_ ".:!.er the pots, sampled, and analyzed for pH, EC and nutrient
conccnuv .i (.; :~.. -¿Iemt::nl concentrations were determined as follows: Na and K bv EEL
flamc p~ ;¡<'.. rr.:zter, total N and P by Technicon Autoanalyzer, Ca and Mg by Pe rkin'Elmer

. 460 " ~(; j :. i·: adsorption spectrophotometer, and Cl by Buchler Cotlove chloridometer
autornatir. titrator. Water uptake by plants was calculated from the difference between
volume 'ir leachate collected from pots with plants and from control pots without planto

Duri r.g the experi rnent, stem diarneter of all plants was measured five times at the
_same l-~ '.:' :) ::-:... At the end of the experiment the plants were divided into roots, stems ,

rnarur -. 1:"x·,:::.:: and young leaves. Fresh and dry (after dry ing at 60 OC) wei ghts ofthe plant
organs ·..· t ~ r ! :: determi ned. Dry plant material was ground to pass 'a 20-m esh sieve. One
hundrec i n ~ samples were wet ashed wi th H2S0 4 - H20 2 for analysis of N a, K, to tal N and
P, an d HCI0 4 for Ca and Mg. Chloride was extracted with deionized water by shaking and
filterinc , ':le solution for 30 mino -

DaLa \\ ere subjecred to analysis of variance (AN6VA) using the GLM procedure of
SAS (S A ~ ; . Carv, NCI. Different lerters in tables or figures indicate si anificant difference
al the p ~ 0.05 fe\'el. The 0iLI~ or the orthogonal analysis (using the slepwise regressiorn
procederes of SA.S ¡ SAS. Cary. ~C) were used to estima re coefficients in var ious
equations used from the pertinent ex perimental da ta.

3, Re su lt:: :.:md discussion

3,1. Yield and plant developm ent

Ad di. fertilizer to the irrigation water resulted in increasing fresh matter production
cornpared .vith tap -water-irrigated plants (Fig. 1); 580 g plant' was obtained at the highest
nutrient level (treatrnent V) vs. 52 g plant' in the tap-water-irrigated plants (treatment 1).
Increasi nc .he P concentration improved plant growth significantly (Fig. 1) and could be
desc ribcd l'y a linear equation (Fig. 2).

T he culiivar ' Safari Sunset ' was not sensitive to a high P level in the nutrient solutio n
(at th e per. nent exp erimental conditions appl ied in this study). During the experiment
there wa s ' . J indication of toxic symptoms that could be attributed to an excess of P. On
the COI ,' í ' .~ rv. it could be seen that at low available P, growth was inhibited. These results
are in ag. ·'~ment with those of Prasad 'and Denni s (19 86) for 'Safari Sunset butcontradict
the ger.»: í.l view tha t specie s of the Proteaceae fam ily are very sensitive to P
concentrar-on. Growt h reduction at high P levels was reported for Proteaceae plants by
Nichols, e: al (I979) and Thomas (1974) bUI these workers used extrernely high soluble P
levels (:=.r:() and 177 mg 1-1, respectively) ,

3.2. Ro ot morphology and development

The nutritional treatments affected the development of proteoid roots. Clusters of
proteoid roots were present along the entire root system of tap-water-irrigated plants. Few
proteoid roots developed on plants irrigated with nutrient solution when P was ornitted,
and none developed in any of the other treatments. Lamont (1986) showed that proteoid
roots developed only when N and P were omitted from the nutrient so lutio n of Banksia
and Hakea plants grown in sand culture, according to him the abundance of proteoid roots
is a sign of health in Proteaceae p lants. However, in the present study proteoid roots were
abunda nt onl y in undeveloped plants, exposed to a poor nu trient solution (tap water al'
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absence of P) , whereas they were absent in deve loped plants provided with su fficient
nutrients. .

Total root weight rose as nutritional level increased. A significant correlation was
obtained using a second-degree polynomal, between total fresh weight of shoot and root
(Fig, 3) , as described previously for Hakea plants (Proteaceae famil y) by Lamont (1972).

3.3. Stem width

At planting, the stem width was about 4 mm and it expanded during the experirnent in
correlation with nutritional treatments.

(Fig. 4) . The correlation berween stem width (DI; mm) and the time elapse from planting
(t; days) could be described by a linear equation:

A and b are empirical constants and t refers to treatments. AH the relevant parameters are
presented in Tab . 2.

The lowest stem width was obtained in tap water irrigated plants after 180 days of (5.7
mm). Nutrient application without P increased stern width by two folds (10.7 mm ) and
add ition of P caused a further increase (Fig. 4).

3.4. Water uptake

Water uptake by plants was affec ted by the applied nutrien t so lut ions (Fig. 5). The
differences berween the treatments became significant 70 days after plan ting. By prese nting
water uptake as affected by the treatments. three groups, each with similar water
consurnption could be distinguished, Thus, might explain the lirniting factor: ( i) lack of
nutrient ( ta p water irrigated plants): (ii) lack of P (treat. II and IlI ): and (iii) lack of water
(treat. IV . V and VI). The cor relationbetween stern wi dth and the water uptake could be
described by a linear eq uation (lig. 6).

3.5. ~utrient content in plant organs

Nitrogen concentrations increased as a result of increased nut rient levels (Table 3).
Stepwise regression was conducted on the effect of ~ and P concentrations in the mature
leaves on shoot we ight in two gro ups of treatments: increasing nutrient levels (treatments 1.
III and V) and increasing P levels (treatments IL III and IV) (Table 4). N itrogen (C~-max)

and P (C j-max) concentrations required to achieve maxirnal shoot weight were calculated
(from the derivations of the second order equations presented in Tables 4 and 5. According
to these calculations), ,c:,¡-max and Cs-max are 33 ,1 and 10.7 g kg" dry matter, respectively
(Fig. 7). The N and P concentrations measured in the mature leaves in all the treatments
were lower than the calculated Cs-max and Cs-max, except for the N concentration in the
high NH~ ratio. From the above calculations it could be deduced that N and P concentrations
in the irrigation water lirnited plant growth. Increasing N and P concentrations above 100
and 20 mg.l", respective ly, rnight produce higher yields.

By the sarne analysis for P levels , the calculated P concentration required to achieve
maxirnal shoot wei ght (C P2-max) was 9.05 g.kg' dry maner (Table 5). Phosphorus
conceritration measured in treat, IV was higher than the calculated CP2-max (Tab. 5).
N itrogen concentration in treatrnents II III and IV was only 50 g.l" , which probably
inhibited plant development, as shown for the first series.

Potassium content in the 'Safari Sunset' plant organs was very low compared with other
ornamental plants (Benton Jones, 1991) . Potassium content in the tap-water-irrigated plants
(treat, 1) was higher than in the nutrient-amended plants, probably as a result of dilution.
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4 . _c nclusions

~ de trimenta l effcct on plants was observed even at the highest level of nutrients
ad de . The present study demonstrated that as long as a sufficient amount of
mier nu trients is supplied via the irrigation solution, addition of 20 mg P 1-1 improves
"Saf ri Sunset' growth.

N o re lationship was found between added K in the nutrient solution and K content in
plant organs. Potassiurn content in the plant organs was very 10w in comparison with
other pl an ts or co rnpared with Na, but without 30)' visible signs of damage.
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Table l. Concentration of elernents (mg 1"1) added to the irri gation water .

FERTlLIZER LEVELS

Treat. N-NH~ N-NO) Total-N P K pH EC Micro-
No. dS m' elernents

I O O O O O 7.9 1.0 O
III 25 25 50 10 50 6.6 1.4 I
V 50 50 100 20 100 6.3 1.8 II

P LEVELS

Treat. N-);H~ N-NO) I Total-N P K pH EC Micro-
No. dS m" elements

II 25 .,- 50 O 50 6.6 1.4 1-)

III .., - ., - 50 10 50 6.6 1.4 I-) -)

I IV 25 25 50 20 50 6.4 l A I

I Treat. I ~-:\HJ I N-?':03 I Totai-~

I
P

1
K pH EC M icro-

I 0:0 . I dS n1"1 elernents
,

I I
1 I II III 25 . ., ~ 50 10 I 50 6.6 1.4 1

I

VI -+0 I 10 50 10. 50 6.5 1.6 1; 1

\ licro-elem ent co nce ntrations : 1 - Fe - 2 rng 1- 1 as EDDH.-\-Fe (Seques tren e) in addition to
EDT.-\-based: Fe - 0.69. Mn - 0.3..1. l n - 0.1":" . Cu - 0.0 : 5. \ 10 - 0.019 and B .. 0.25 mg 1- ' .11­
double the 1 concentrat ions , Th e nutrient soluuons were prepared using commerc ia l fertilize rs
and tap water consist ing of appro xirnately: ~OJ - 10. P - O.-L K .. 6. Ca- 50. Mg - 20, Na - 100
and el- ¡'¡Omg 1- 1

• •

Table 2. Treatrnent effects on stem width at the end of the experirnent. A and b are
emperical constants for stem width dependence on time from planting (days).

.,.*. **. - significant at pS 0.05, 0.0 l , and O.OO=> , respectively;

Treatment Stem Width A b R2 F SSE
(mm)

1 5.7 e 4.3-- 0.007-- 0.99 4394--- 0.12
II 10.7 b 4.2- 0.038-· 0.99 2464*** 0.24
III 12.7 a 3.9* 0.050· 0.99 893*** 0.45
IV 13.5 a 4 ... - 0.054- 0.99 1107**- 0.44.~

V 14.1 a 4.4- 0.054** 0.99 1617--· 0.36
VI 12.9 a 4.1-· 0.052*· 0.99 4419·*· 0.21

-
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Tab lc .J . Treatment effects on element concentrations (g kg" dry maner) in different
organs of .Safari Sunset' plants.

~-

N P K Na

Younz Leaves

1 11 .0 1.4 9.8 8.9
II 31.1 1.8 7.4 6.3
III 30.1 4.8 8.8 8.9
IV 28.7 7.5 8.4 10.5
V 34.6 7.9 9.3 11.0
VI 37.0 .. .. 8.1 7.3.) ..)

Mature Leaves

1 9.6 1.9 1'1.5 6.0
II 28.2 1.6 8.1 1.9
III 25.4 5.1 9.1 1O . ~

IV 23.6 9.8 7.8 1: .1 IV 28.4 8.5 8.3 11.9
VI 34.9 3.9 8.5 9.3 I

I Stems .
1 3.6 1.5 11.9 .:; "\- .-
H 9.9 0.9 12.1 : .9
III 11.1 2.9 10.6 3.5
IV 13.0 4.6 9.5 4.0
V 15.6 4.4 1004 3.5
VI 13.8 2.1 1004 :.9

Roots

1 5.5 1.5 704 5.6
H 17.2 " 1.6 6.8 ~ .8

1II 19.9 3.1 5.7 4.9
IV 22.7 4.5 404 5.6
V 26.8 4.7 5.3 5.5
VI 19.3 2.8 5.6 4.8

F-test
Treatment 285*** 327*** 14*** 73***

Organ 525*** 143*** 117*** 818***
Trea to x Org. 16*** 18*** 2.7*** 30***

LSD o.05
Treatrnent 1.1 0.3 0.6 0.3

Orean 0.9 0.3 0.5 0.3
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~. ::", : _. -l . Orthogonal analysis ofthe dependence between N (C~) and P (Cs)
concentrations in rnature leaves and shoot fresh weight (SH; g plant' )
(of .Safari Sunse t' plants. Three levels of nutrients added (treat . 1, III and V).

*. • • , ••• - significant differences berween means at p $ 0.0:>, 0.01, and 0.005,
respectively; n.s. - non-signiñcant: Cp-max , CN-max - P and N concentrationsin
mature leaves. respectively, required to achi eve rnaximal shoot weight.

R~ F-test
First order equation

SH = 3o+a, x CN 0.75 50.9***
30 = -116.2 n.s.
a, = 19.2**

SH = ao":"'a , x CN+a~ x C,
30 = -103 .5 n.s . 0.82 36.6***
a¡=12. 1***
a, = 25 .9*-

Second order equations
I

SH = a¡+a l x Cp+a~ x C/
,

ao = -164.1* 0.83 40***
al = 126.9** *
a, = -5.9**·
Cp-max= 10.7

I
I SH = a¡+a, x Cs+a~ x C:-/

I
a¡ = -369.5**

i a l = "¡'9.6** 0.81 3"¡' .7* **
a, = -0.75*
Cs-max = 33. 1

II

I

Sf-! = a¡+a l x C:-l+a~ x Cp+aJ x
Cp- ,
ao = -170.4* 0.86 29.6***
al = 6.7 n.s.
a2 = 87.3*
a) = -3.9 n.s.
Cs-max = 11.1

Sfi, = 3o+a• x Cp+a2 x CS+a3 x
C •

N
30=-317.1* 0.86 31.5***
a =..,.,..,*I -_.-

a, = 38.4*·
a; = -0.62·
CN-max = 30.97

-
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Table 5 Orthogonal analysis of the dependence between P concentration (C n ) in mature
leaves and shoot fresh weight (SH 2; g plant") of ' Safari Sunset' plants. Three
levels of P added (treat, Il, III and IV)

R2 F

First order equation
SH2= ~+al x C, .0.57 23.9* **
~ = 240.1 *
a l =.15.8*·*

Second order equation .
SH2= ~+al x Cp+a3x C/
~= 178** 0.69 . 19.3***
a, = 46 .9** .
a3= -2.6*
CP2-max = 9.05

.
" , ** . • • ~ - s ignificant differences between rneans at p $. 0 .05 . 0.01. and 0.005 .
respective lv: n.s , - non-sign ificant: C p- rnax • C\:-m ax - P and \: concen trat ions in
mat ure leav es. respec tive ly, required 10 achieve max irnal shoot \\ e ight.
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Figure l . Total fresh weight (g plant') ~f ' Safari Sunset ' p1ants as a function of nutri ent
solution. Different lerters indicate significant difference at the p ~ 0.05 level,
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Figure. 2. Total fresh weigh t (SH; Q. plant' ) of 'Safa ri Sunset ' plants as a funct ion of P
concentrat ion (Cp; rng 1:' ) in the nutrient solution. The line was calculated
acco rding to a first-order equation: pararneters were significant at pSO.OS.

600-- SH = -59 .6+S.&xRT-0.0 17xR
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Figure 3. Shoot fresh weight ~SH) as a function of root fresh weight (SH and RT,

respectively; g plant' ). The line was calculated according to a second-order
equation and the experimental points; parameters were significant at p ~ 0.05.
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were calculated acc ord ing to eq. [1] andothe experime ntal points. (AH the
parameters are pre sented in Tab . 1.)
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Figure 5. Water uptake by plants as a function oftime (days) after planting .
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Figure 6. Stern width (D : mm) as a function of daily water up take (\VLJ : mm plan t"
da y" ), The line was calculated according to a first-order equation and the
experimental points . Param eters were significant at p ~ 0.05 .
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according to second-order equations (Table 4) and the experimental points in
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EFFECT OF pH ON THE DEVELOPMENT OF LEUCADENDRON
'SAFARI SUNSET'
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Israel

Abstract
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Proteaceous plants grow naturally on acidic washed soils in Australia and South-Africa,
there fore their cut flo wer production is difficult in Israel.. where soils are mostly basic and
calcareous. An ex pe riment was conducted in an aerohydroponic systern to establish the
effect of pH on th e deve lopment and growth of Leucadendron ' Safari Sunset' . Total fresh
weight, root fresh weight percentage and N and P where concentrations decreased
signi ficantl y in plants grown in high pH (7.0) solutions compared to plants grown in low
pH solutions (5.5) . The high pH inhibited root growth and subsequent shoot growt h. A
marked effect of th e pH on th e proliferation of root hairs was demonstrated by us ing a
scanni ng electron microscope. In roo ts of plants grO\\TI at hi gh pH . root hair development
was arrested, th us dec reas ing the potential surface area, which ma y decrease in plant
nutrient uptake. L. ' Safari Sun ser' required low pH in its rhi zosphere for adequate growth,
as root hairs deve loped only at pH lower than 6.

l.Introduction

Protea ceae fa m ilv orizinated from Australia and South África. where most of the
species grow on ac¡"d washed soil s. poor in nu trient s . M ost of the species in the fami ly
have a double roo t systern: proteoid an d normal root sy stems. Much attention has been
directed to the role of pro teoid roo ts in the growth and development of plants (Lamont.
1972). Proteoid. short life. roots. are regarded as an alternat ive systern for enhanc ing
nutrient uptake in poor so ils (Lamo nt, el al .. 1984: Lamont. 198 6). They increase root
surface thus increas inz the absorbi nz and exudi nz area of the root sv ste rn. Proteoid roots
forrn ati on is suppressed by high nutrien t availaoiliry. Roots hai rs, althoug h diffe r in their
developme ntal origin , can be compared to proteoid roots in the ir life length and
contribution to the root surface area (Hofer. 1995 ). Root hair size and development is
influenced by environmental factors such as pH (Ewens and Leigh, 1984) and ion
concentration (Marschner and Romhed, 1995). PH has a direet effect on growth and root
elongation, as was doeumented by Tan. el al . (1993) and Yan el al. (1991)

In Israel, an effort was made in the last deeade to cultivate Proteaceae species for cut
flowers (Ben-Jaacov, 1986; Ben-Jaacov, el al, 1989). Although the clirnate is suitable, the
soils are mostly calcareous, with high pH. The commercial cultivation raised the question
if low pH in the rhizosphere is neeessary for plant development.

The purpose of the experiment was to establish the effect of pH on the deveIopment and
growth of Leucadendron 'Safari Sunset' .

2. Materials and methods

The experiment was conducted in a screen house in Bet Dagan, Israel (35°E. 31"N, 50 m
altitude) irradiated by natural sunlight (1400-1600 umol m" PPF) at a temperature range
berween 12-35°C.

Two months old Leucadendron 'Safari Sunset' plants were transplanted on 6 June 1993
into an aerohydroponic systern (Feigin. el al., 1984), consisting of two separate 50 cm x 29
cm x 20 cm deep polystyrene boxed mounted on a 140 1 container (1 plot). Roots were
Proc. Fourth lnt , Protea Symp.
Eds. G.:'vt. L ittlejohn, H. Het tasch
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exposed eontinuously to the nutrient sol~tion whieh ~as circU:1ated by means ?f a plastic
tube svstem with small holes through which the solution was ejected . The solution leached
to the "honom of the container and recirculated eontinuously. The experiment was arranged
in randomized blocks with 5 replieates each block had 12 plants.

The experimem consisted of six treannents in a non factori al des ign (Table 1): two levels
ofP (7 and 20 mg/l), rwo NOi!'.TH4 ratios (40 /60 and 60/40) and rwo pH levels (5.5.and 7.0).

Micro nutrients and Fe were: Mn, 0.234; Cu 0.025; Zn.0.18; Mo, 0.02, B, 0.2) and Fe,
0.67 mgll as EDTA chelate and 2.0 mgl1 Fe as Sequestrin. The nutrient solutions we~e

prepared with cornrnerciaI fertilizers: ~03' (NH4)SO.4' NH4N93, KC1, KH 2P0 4' Koratin
and Sequestrin added to tap wate r consisnng of approxirnate ly Na, 100; P, 004 , N 0 3. 10; Ca,
50 ' Mg, 20 and el. 140 mgll . The pH was monitored daily. To maintain low and high pl-í,
H2S04

and NaOH was added respectively. The eleetric conductivity was 2 ddS /m and did
not change significantly by adding H2S04 or NaOH.

The solutions were renewed weekly and daily loss of water was retumed.
At the end of the experiment, 25 August, 1993 plants were removed and divided into root

and shoot, fresh and dry weight were detennined in the plant organs.
Scanning electron rnicroscopy pictures were taken from roots of'plants grown in nutrient

solution. at the two pH treatments.
Data were subj ected to anaIysis of variance (AN OVA) using the GLM procedure of SAS

(SAS, 1985 ) Different lerters in table indicate signifi cant differenee at the p<0.05 level.

3. Resuhs and discL:ss ion

3.1. Yield

Plant total fresh weight. roo t fres h weight and pereentage of root weig ht of total
weight. of L. ' Safari Sunset' as affected by pH. P eoneentrati on and ~H/~03 ratio are
pre sented in Tabk 2.

The maximum fresh matter production (74 .23 gpl) was obtai ned in tre atrnent I (pH­
5.5, P-7 mg /l and 0iH4'~O :; ratio of 60/40 ), while the min imum fresh matter prcduction
(26.98 g pl ) was obtained in treatment V (pH-7.5 , P-20 rng/l and NH~ . }; O:; ratio of60/40 ).
Thus. growth response was about threefold greater comparing both tre atrnents . Total fresh
we ight, and root fresh weight of pl ants grown in high pH (7) solutions were signifieant ly
low compared to plants grO\\TI in low pH solutions (5.5). The high pH inhibi ted primarily
root growth and subsequently shoo t growth.

Decreasing the NH/N03ratio from 60/40 (treatrnents I and IV ) to 40 /60 (treatments III
and VI) deereased the yield from 74.23 g/pl to 59.38 g/pl in the presence of low pH. The
preferenee for high N H/N0 3 rati o in the so lut ion was also reponed by Heinson and
Paramenter (1985) for Leucadendron salignum Berg grown in water culture. Increasing P
concentration in the nutr ient so luti on from 7 rng/l to 20 mg/l resulted in a decrease oftotal
and rcot fresh weight. The effect was stronger in the plants grown ir) low pH.

Percentage of roo t weight from total plant weight was lower in the treatments with
high pH (1 8.5-23.0) compared to tre atments with low ph. treatrnents (22.4-29.6). The
inh ibi ted root probably affected pl ant development.

3 ...... . Root mornho lo2"

3.2.1 . Root systern morphology

The effect of pH on root development is presented in Plate l. The root development of
plants grown at high pH is res tricted beeause of poor branching and dead roots (black
roots). No proteoid roots, which develop for improvi ng nutrient uptake were observed
sinee the ion eomposition and concentration were not limiting factors . In the presenee of
sufficient ion concentration no proteoid rood developed as v..·as reponed for 1. 'Safari
sunset (Silber, ct al , 1996) and for other species (Lamont, 1982 ; Rac ette, el al. 1990 ).
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3.2 .2. Development of root hairs

The effect of pH on the de velopment of root epidermal cells and root hairs using a
scanning electron microscope is presente din Plate 2. Root hair development was inhibited
in plants grown at high pH. This decreased the potcntial surface area, which may lead to
the decrease in plant mineral uptake (direct effect of pH) or exuding of organic acids to
the rhizosphere (indirect effect of pH).

3.2.3. Cell elongation

High pH affected root length probably by inhibiting cell elongation . Cells were
measured for length and wi dth at 1 mm distance from the root tip oThe low pH root ce lls
were longer (30-40 um) compared to high pH root cells (20 -32 urn ) but there width was
similar (6- 8 urn).

The reduction of ' safari sunset' root growth at pH of 7.0 could be attributed to
inhibition of cell elongation without affecting cell division, as was also reported for lupi ne
roots (White, 1990 ; Tang, el al. , 1993). The meclianism by which high pH impairs cell
elonzation and restriction of root hair formation is unknown. Cell wall acidification.
caus ing loosening of cellulose microfibril s in the walls is suggested to be the cause of
optimal cell growth (Taiz, 1984).

4. Conclusions

Poor growth of L. 'Safari sunser' on alkalin e soils has been reported but there are no
previous studies on the sp ecific effec t of high pH . The present study shows that high pH
inhibited root growth and decreased shoo t plant weight. L. 'Safari sunset' required low pH
in its rhizosphere for adequate growth, as roo t hairs de ve loped only at pH lower than 6.
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Table l . Concentr ati on of mai n nutrients (rng /l) in the nutrient sol ution.

Trectment p pH

1 50 7 15 35 5.5
JI 50 20 15 35 :-.)
III 50 7 35 15 5.5
I\' 50 7 is ~.:; 7
v 50 20 IS ,", 7
\"1 50 7 35 15 7

Mic ro -e lements concentrat ion added: Fe". as EDDHA.-Fe (sequestrine) in addition to the EDTA­
based: Fe -0 .69, Mn -0.34 . Zn-0. 17, Cu-0 .025. Mo-0 .019 and 8-0.25 mg/l.
The nurrient solution were prepared by using commercial fertilizers and tap water consisting of
approxirn ate ly: ~O · - l O, P-OA, Ca-50. )'lg-20, N a-lOOand CI-140 m g/l .

Table 2. Total and roo! fres h weight (g/plant) and percentage of root of total fr esh weight
01' ' Safari Sunset ' plan ts grown in an aerohydroponi c system, as affeeted by pH
(S.5-L 1I, and 1II; 7.0-IV . V and VI ), P concentrat ion (7mg/l-I , III. IV and VI: 20
rng/l- II and V) and NH/~O" rat io 60/40- 1, 1I. IV and V ; 40/60- II and VI ).

Treatrn en t pH N03 xn, P Total fresh weight RoO! fre sh wei ght
mc'l ~':olant

1 5.5 15 35 7 67 .2 a 21.7 a
1I 5.5 15 ... - 20 51.5 ab 13.0 be.: )

m · 5.5 35 1S 7 58 .6 ab 20. 3 ab
IV 7 15 35 7 34 .3 be 7.9 e
V 7 15 ... - 20 23.8 e 5. 7 e_.... ;:)

\' I 7 35 15 7 24 .5 be 8..+ e

F test 66 *** 8.1::!· **
LSOO.OS 20. 1 7.3
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Plate 1. Effect of the pH of the nutrient solution on the development of L. 'Safari Sunset'
plants, after rwo months in the experimental condition. A-pH 5.5. B-pH 7.0. 1­
whole plant, 2-root system.

- ..-----....1JI. ' -'- .
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Plan. J . Scanning electron microphotographs of the effect of the nutrient solution pH on
rhe developrn ént of root epidermal cells and root hairs of L. ' Safari Sunset'
;' ants , 1.5 mm distance frorn the root tipo A-pH 5.5, B-pH 7.0. 1- x 35 (13 mm =
5"' 0 J-l), 2-x100 (8 mm = l00J-l), 3-x200 (16 mm = IOOJ-l) and 4-xl000 (8 mm =
j ou),
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EVALUATION OF LE UCADENDRON SELECTIONS AS SING LE STEM CUT
FLO\VERS
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.-\bstract

In South Africa, the dioecious genus Leucadendron has largely been ignored as a source of
single stern cut flowers . Hybridization between species is relative ly successful in this genus,
prorn ising an excellent return on the investrnent of time and effort in breeding. However.
newlv bred hvbrids need to be selected and the zreater the numbers to choose frorn, the
mor e' stringent the selection process must be . Characterization and evaluation of clones
provide tools for comparing traits of importance to breeders and to cornrnercial growers.
The results of characterization and yiel d evaluation of clo nes grown at EIsenburg
Experime ntal Farm in South Africa are presented. highlighting differences berween
individual clon es, as well as types of clones.

l . Introduction

The dioecious zenus Leucadendron of the Proteaceae farnilv has larcelv bee n ianored as
3. cut flowe r produ ct in South Africa, even though many interspeci fic hybrids have been
produced by countries such as New Zealand (Bell. 1988). This is most likely due te the
abundance of sorne Leucadendron species growing wi ld in South Africa and harvested from
the wild as well as to the use of brcadcast SO\\11 stands for fresh and dried material. Ne ither
of these types of material can supply good quality. fresh. single-stern cut flowers of
Leucadendron .

Van de n Be rg and Brits (1995) reported on the results of preliminar:' hybridization and
evaluat ion of Leucadendron. indicating vast potential for hybridizati on in cornparison to
other genera of the Pro teaceae . The abil ity to produce larger numbers of hybrid progeny
implies that greater stringency can and must be applied te the selection of worthy hybrid
genorypes. This enables quicker progress towards the breeding aims of high yield of
marketable stems per plan t, long marketing period, early plant maturity and aesthetic
qualities including appearance, shelf and vase life.

The evaluation method reported on in this paper describes the app lication of an
evalua tion system for single-stern cut flowers of Leucadendron, aimed at providing tools to
compare clones and types of hybrids, assess the genetic variability between clones and
obtain an indicatio n ofthe cornmercial potential ofthe clones.

2. Materials and methods

Thirty four entrie s in the field genebank of four different rypes of Leucadendron clo~e.
i.e. L. laureolum types (7 entries), L. salignum ( 15 entries), L. sal ignum / L. discolor hybrids
(5 entries) and L. salignum / L. laureolum hybrids (7 entries), were planted during Octo~
199 1 in a randomized block on a south west facing slope on Hutton soil. The plant spacmg
was 1 m in the ro ws, 3 m between rows. Between 10 and fifty plants of each clone were
planted. Characteristics marginally affected by the environment, such as th~ bush
characteris tics, leaf shape, size and color, and flower shape and size were determined by
visual inspection during 1995. These are cal1ed characterization data. Four plants of each
clone were randomly chosen for the yield evaluation. These young plants were pnmed back
Proc , Founh Int, Prorea Symp.
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during 1992. The first harvest was started during February 1993, harvesting all hardened
flowers from the plants until flowering time. The plants were pruned back without cleaning
out all soft shoots after the end of flowering time. This was repeated during 1994 and 1995.
lnsect and disease control during the three year period was on an as necessary basis, using
chemicals registered for use on ornamental plants. The stems harvested during 1994 and
1995 were classes as single-flower or multi-flower and then further subdivided into length
classes of 40 to 55 cm, 56 to 70 cm, 71 to 85 cm and aboye 85 cm. All comparisons between
clones and statistical analyses were based on the mean yield per plant per year.

3. Results

3.1. Bush characteristics

The pruning regime followed tended to keep the bushes smaller than if the y had not been
pruned. The growth habit of the different clones differed within groups as well as between
groups. The greatest variation in bush growth habit was observed in the L. salignum group,
ranging from erect to spreading and variations in-between. The L. salignum / L. discolor and
the L. salign um / L. laureolum hybrids all had a semi erect to erect growth habit,

3.2. Leaf characte: .stics

The leaf characteri st ics within the L. laurcolum and L. salignum groups varied lirt le . The
leaf characteristics of the hybrid clones differed in shape, size and art itude on the stern .

3.3. Flower characteristics

The flowering times of the different clones were spread over the winte r (southe m
hernisphere) period June to Septe mber. Flowering times varied in length (3 to 12 weeks) and
the momh(s) in which flowering occurred. Greatest variation for flowering time was
observed \\';' hin the L. salignum group. The flowering time of the L. salignum I L. discolor
clones differed little, as did those of the L. laureo/um clones. The flowerinz duration of the
L. salignum / L. laureolum hybrids differed between clones. -

The flower size varie d more berween groups than within, with L. salignum bearing small
flowers, the L. salignum / L. discolor clones gene rally medium sized, and the L. laureolum
and L. salignum / L. laureolum clones bearing large flowers.

The onset of flowering was generally preceded by a color change in the flower, however
the L. salignum / L. discolor clones underwe nt several coJor changes during the year. The
majority of the clones were female. The maJe clones are generalJy discarded due to poor
sheJf life and an extrernely short marketing periodo .

3.4. Post flow ering characteristics

Male flowers are not usable after flowering while the femaJe flowers either become a
tight bud around the cone or open up to expose a mature cone. The female is thus
aesthetically pJeasing before, during and after flowering extending the harvesting period of
femaJe clo nes. The usefulness of the plant after flowering depends on whether new growth
begins soon after the cessation of flowering and whether the plant will recover suffic iently
from late pruning to produce an acceptable harvest in the following year. Great variation
was observed for the latter two characteristics both withi n and between groups.

3.5. Yie1d evaluation

During 1993, 28 of the 34 clones produced a harvest of straight stems exceeding 40 cm
in length, the average stem yieJd per plant was 8.5 (± 1.4). During 1994, 34 clones produced
a harvest of straight stems over 40 cm in length, the average stem yield per plant was 16.4
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1= 1.9). The 34 clones produced on average -+ 1.3 (= 3.4) marketable sterns per plant during
1995.

Compari son of the types 01' clone indicated non-significant differences betwe en the
average total stem yie ld of the four types of clone. When th is same comparison is made for
the numbers of sing le sterns, the L. salignum clones showed significantly lower sin gle stem
yields, compared to the other three groups. These significant differenc es betwe en the groups
were observed for the 1994 and the 1995 harvest indicating that the pro duc tion of single
sterns is not only influenced by external factors, but is an inherent characteristic of the plant
that needs to be stringentl y selected for. In this trial this characteristic could be measured
early in the production life of the bush.

Compari sons wi thin the groups indicated 1arge differences between clones for total stem
yield per plant, in particular within the L. salignum group, wh ere large variation \vas
observed for total stem yield as well as for the munbers of single stems produced per plant
(Figure 1), The classification of the stern harvest according to stem length also discriminated
berween clones which produced a large proportion of stern s in the 40cm to 55cm class, such
as the cultivar ' Red Ge rn", cornpared to clones which produced higher prop ortions of longer
stems, suc h as the cultivar ' Rising Sun ' and ' Safari Sunset' (F igure 2).

-t. Discussion

While an erect or sern i-e rect bush is generally easier to harvest, prune and con trol insects
and diseases. in this tri al there was no corre lation between marketable vield and bush
characteristics. The leaf characteristics influenced the perceptio n of aes thetic excellence.
The relationship between leaf size, shape and artitude compared to flowe r size and shape
intluenced the perception of aesthetic excellance more than the actual measurements of the
leave s, Actual flowering time of the clones was im portant if this coincided with the only
enance in colour. such as in the cultivar ' Inca Gold. where it is marketed in the vellow
st3ge~observed only during flowering. The L. salign um / L. laureolum and L. sal ignu m / L.
disco/O!' clones could be harvested at anv time of the vear if the leaf tissue was sufficientl v
hardened so that blackeninz would not occur. This chárac terist i::: allows a zreater tlexibilit~·
in the decision of the zrower as to when to harvest. The lar ze differences iñ total stern vield
per plant , the differ~nces in production of single sterns and of stern length classes.
underscore the importance of testing simi lar- looking clones on site before deciding on rnass
planti ngs . The large d ifferences within the specie L. salignum, de tected in this srudy.
ernphas ize the necessity of stringently selecting parental clones for use as parents in the
productio n of hybrids.

The evaluatio n and characterization procedure followed provided too ls to compare
clo nes, assess the genet ic variability between clones and obtain an ind ication of the
conunercia1 potential ofthe clones.
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W~~X FLOWER AND OTHER lltI YR TA CEAE
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In earlier studie s, wax flower (Chamelaucium uncinatum Schauer ) was identified as a
short-day plant (Shillo, el al. , 1985). Under optimal temperature conditions and short
days, sorne cu ltivars reaeh flo wering within four months. Ho we ver, under field eonditions
flowering time vari es cons ide rabl y between years" and cultivars, and the period ro
tlowering may inc rease to 5-7 months. In order to obtain early flowering under field
conditio ns and a steady supply of cut flowers for the European market during the October­
\ [ay export season, three ye ars of experiments on advancing of flowering by shortening
.ae days were earried out at the Besor Experimental Station, in the southem regió n of
Israel. It was found that under prevailing field conditions the flowering times of both the
natura l and the foreed plants changed from year to year and were affeeted by the ambient
ternperatures . A better response to short-day treatment occurred when night tem peratures
did not exceed 17-1SOC during the induction and initiat ion peri odo Earl ier flowe ring
occurred when the tern perature did not fall below 12- 14°C during the flowe r development
periodo The late cultivars ' Snow Flake ' and 'Wendy ' did not respond to the short-day
treatrnent and presumably they initiate flowers when temperatures drop to about 14cC.

Choosing responsive CUltiv2IS and suitable cli mati c niches with cool nights during late
surnrner is the \vay to advance flowering by sho rt-day treatment and to improve
.iistribution 01' flowering throughout the winter.

1. Int roduction

Wax flower is considered to be the largest outdoor flowering crop in Israel ; but
production peaked in 1993 /94 and currently appears to be declining (Fig. 1). Natural
blooming occurs in winter to late spring, peaking in March (Fig. 2). However, the
European market demands a continuous supply of flowering branches from October to
May. A number of cultivars with different flowering times and a variery of color shades

. (white, pink and purplejhave been introduced from Australia. From these introductions,
Israel has selected and bred new cultivars that are better suited to' meet the European
demando The current assortment of Israeli and Australian cultivars consists of earlv­
flowering, mid-season and late-flowering types. The early cultivars start to bloom in
December, the mid-season cultivars in January-February and the late cultivars in March­
April.

In controlled environments with temperature regimes of 16-18/25-30°C (night/day)
early and mid-season cultivars appear in October-Novernber and are induced by
prevailing conditions. In mid-season cultivars, bud appearance occurs in December and
they are presumably induced by the ambient environment of late auturnn, i.e ., short days
and mild temperatures.

Even though the short daylength is the major factor, temperature also affects both the
transition from vegetative to reproductive phase and the development of flowers up the
anthesis (Shillo, 1985, Shillo. el al., 1985; Dawson and King, 1993). As a result,
blooming time varíes considerably among cultivars and between years. For instance it is
Proc, Founh InI. Protea Symp,
Eds. G.M. Linlej ohn. H. Hertasch
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well .known in Israel that an early cold winter wi ll postpone floweri ng to late spr ing,
which results in a flooding of the market with unsold flowers.

The obiective of our research for the past three years has be en to advance flo wer
initiation ahead of the natural season by using black plastic curtains to shorten the day­
length. This technology enables early flower development before a sign ificant drop of
ternperature can occur. Advancernent of the initiation time by shortening the days with
black plastic eurtains. and thus facilitating fast flower development before temperatures
drop was thus the goal of our three year study in the western N egev of Israel.

2. Materials and methods

Experiments over three years were carried out at the Besor Experimental Station
loeated in the middle of 150-hectare wax flo wer produetion area of the westem Negev.
Each year the most popular cultivar 'Purple Pride' was included. In the second and third
years, other eultivars such as ' N ir", "Orchid", hybrids of C. megalopetall um x C.
uncinat um and C. floriferum x c. uncinatum were also studied.

Rooted cuttings obtained from N ir Nursery , Israel were used throughout the studies. In
the first year, rooted cunings that had been planted directly into th e sandy so il, one and a
half years previously were used. In the following years, rooted cunings that had been
planted in 10-1 buckets containing 0-8 mm scoria-gravel , 3 -~ months previously were
used. The plants were placed in the open field for developrnent, Irrigation, ferti lization
and pest control we re carried out as practiced in cornmerci al Israelí enierprises .

The cornrnon trea trnent 10 the cultivars in all three ycars w as shoriening of day-l cn gth
10 10 h (16:00 - 6 :(; ') ) by using tunnels (20 x 3 x 2.5m ) wi th b lack curtains on roll ers .
Plants not exposed te' the tunnel enclosures served as the control tre atrn ent.

The experimcnts were designed 10 answer the following questions : 1) On what
calendar da te short-day treatrnent should be started to give the earliest flowering. 2) For
how lon g sho uld the short-day treatrn ent be given, 3) What was the timi ng performance of
the cultivar ' Purp le Pride ' in the differ ent years under normal -day an d short-day
co nditio ns.

In th e first year, five plants were used for each trcatment. In the fol lowing years, ten
plants were used per treatment,

3. Res ults

The main results o f the cultivar' Purple Pr ide' are presented .

3.1. F irst year ( 199 2/93)

One-and half-year-old plants were grown in sandy soil beds in the open field . The short
dav treatment bezan on 30 Auaust 1992 an d cont inued un til 5 December 1992 at whi ch
time the short-day plants we re in fu ll bloom. The sho rt day caused the earlier appearance,
by 25 days , of flowering buds and advanced flowering and harvesting by 100 days (Table
1). No reductíon in branch weight was found in the treatcd plants even th ou gh their
de velopment period had been dr as tically shortened.

3.2. Second year (1993 /94)

3.2. 1. Effect of date of short-day initiation

Rooted cunings that had been planted in April 1993 in 10 1 buckets were placed in the
open field. On dates during August and September, 20 days apart starting August 5, a
group of ten plants. at each date , were moved to a tunnel for short-day treatm ent for a
period of 62 to 67 da ys . Thereafter buds appeared and treatrnents were terrninated.
Relative to control pl ants, short-day treatments advanced bud appearance from one to one
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and a half months , depending on dat e of short-day initiation. Bud opening and harvesting
.: .l [;: S were bo th advanced by up to two months (Table 2). The three different starting
JJ.tcS did not differ s ignifican tly from one another.

3.2.2 . Effect of length of sh ort-day treatment

There were three treatrnent len gths: 3,5 and 7 weeks imposed on two dates of short-day
treatme nt initiation, Augus t 5 and September 15. Relative to the control plants, short-day
initia tion on Au gust 5 advanced bud appearance and harvesting by up to 40 and 46 days
for treatment lengths of 5 and 7 weeks , respectively (Table 3). but by onl y 24 days and 12
J3YS, respectively, for the 3-wee k short -day treatment gave similar resu lts at each da te of
short-day treatrnent initiation, the 3-week period w as not long enou gh for the August 5
date te significantly advance bud initiation and developrnen t. For the September 15
initiation date, the 3 week treatme nt did advance bud initiation and development. Fo r the
Septernber 15 initiation date, the 3 other two treatment lengths (Table 3) .

3.3. Third year (1994/95)

3.3.1. Effect of short-day initiation date

Using the same technology as in the sec ond ye ar, roo ted cu ttin gs were planted on 19
\ by 1994. In the third year only a 5-week short-day length was studied. but at three
short-day initiation dates, August 15, Septernber 1 and September 15.

Rel ative to the control plants, short-day treated plants exhibited advanced flower
initiation and development by 22 days only (range 2-22 days), The earlier the date of
short-day initiation, the sm al1er the effe ct (Table 4). Short-day treatrnent reduced the
number of flowering branches per plant due te the reduced time for overall plant
deve lopment.

..l . Discussion

Durina three vears of studvinz the effect of short-dav treatrnent on C. uncinatum
.Purp le Pride' under field condit ions . di fferent timing patterns of bud initiation and bud
.icvclopment ro anthcsis were observed oy e, :~e years for na tura lly flowering plants
\ r i~.3). This findi nc is in azreement with our ear lier observati ons on ou tdoo r tl owerinc 01'
\\ o.x flower (Shil1o.- e l al.. 1985). Even more pro no unced varia tio ns wi thin yea rs (Tables
2. 3 and 4) and between years (Fig . 3 ) resulted frorn short-day tre atrnents. From these
results, it can be postulated that in addition to the primary ind uctive effect of short-day
treatment. temperature. in particular during the ni ght, also signi ficantly infl uences all
phases of flower initi ation and development. High temperatures (ov er 19°C at night) in
autumn delayed flower initiation and bud appearance. Thus, the high temperatures of the
late surnmer are the rriain limiting factor for starting short-day treatment early than
September 1 in the Besor region. .

Flower deve lopment to an thesis was extended with the lowering of temperatures
during the late faII (N ovember) and winter; thus anthesis of plants forc ed by short-day
treatment could be delayed by several months in colder early winters than in comparison
with mild winters. These effects are clearly depicted in Fig.3. Flowering development to
anthesis was extended with the lowering of temperatures during the late [al! and winter
and be cause of this anthesis could be delayed by several months in co lder vs. normal
wi nters, In order to induce early flowering under field conditions, short days should be
started wh en night temperatures are approxirnately 18°C but not higher than :W°c.

Finally, selecting early and mid-season flowering cultivars, which we have found to be
most responsive to short-day treatrnents within mildenvironmental niches such as Israels
Ne gev Highlands in A ugust-October, should give the maxirnum advancement of
blooming, because these cul tivars wiII flower before temperatures drop be low 12-14°C at
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night.
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Table 1 - Effeet of short days on flowering ofwax flower ev . ' Purple Pride' (92/3)

Normal days Short days Advancernent
of' flo we rinz (dav s)

Bud appearance Nov. 8 , OCL 13 25
Harves ting da te Mar. 1 Nov . ~ O 100

I 0:0. of flowe ring branches / plant 99.3 i 10.8 :

Branch length (cm) 6'2.7:: 1.2 63.4 =0.6 ¡

Branch we ight (g) 55.0 ± 6.0 63.0 == 6.6
I

l'o. of flowers / term inal 10 cm '29.0 ± 3.2 27.3 =1.6

Table 2 - Effect of the date of start ing short-day treatrnent on bud ap pearance and
developrnent of wax flower cv ' Purple Pride (1993/4)

Starting Bud appearance Start ofbud Harvest Advancernent
!short-day date date ' opening date' date:': of flowering

(da vs) :

Aug 5 OeL 18 ± 4.3 Dec. 12 ± 4.3 Oec. 20 :: 4.3 65 !
AUl! 25 OeL 23 ± 1.2 Oee. 10 ± 2.4 Oec. 25 =2.5 60
Sept 15 OeL 26 ± 3.3 Oee. 9 ± 2.9 Dec. 25 :: 3.0 60
Normal days Nov. 28 ± 3.7 .Feb. 2 ± 3.5 Feb. 23 ± 3.3 -
(cont.)

, ± Davs
2 30% 'of buds are open
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· .
Table 3. Effect of s~ort-day p':r~od (3.5 and 7 weeks) for two dates of starting shortenin~ (Aug "

and Sept 1)) on flow cring of cv .Purple Pride ' ( 1993 /4) - - -

Short-day treatment
(weeks)

Bud appearance Bud opening
date date

Harvesting
da te

Advancement of
flowering (days)

Short-day started on Aug 5
3 Nov. 4=:2.2 Dec. 27:::3.6 Feb. 12::: 1.9 12
5 Oet. 19=:2.6 Dec. 3 :::2.4 Jan. 9:::6.4 46
7 Oct. 19:2.5 Dee. 4 ::: 2.1 Jan. 9:::5.2 46
Normal days
(cont rol) Nov. 28±3.7 Feb.9:3.5 Feb. 24 ::: 2.9

Short-day started on Sept 15
3 Del. 24±O.8 Dee. 17:::2.3 Jan. 21:8.6 34
5 Oct. 27 =: 1.5 Dec. 17 : 2.1 Jan. 13::: 43 42
7 Oct. 26: 1,4 Dec. 27::43 Jan. 21:::5.6 34
Normal days Nov. 28:::3.7 Feb.9 :::3.5 Feb. 24:::2.9

Table -+ - Effect 01' the date 01' starting short-day treatrnent (5 weeks) on bud appearance and
developrnent in cv . ' Purp le Pride ' (1994/5 )

Starting Bud Start H arvest Advance- No. of 0 0. of
short-day appearance oC date mc nt of Ilowering flowers,'
da te dat e op ening flowcring brmches/ branch

O:H::: (days) plant

Aug.15
Sept . 1
Sept 15
Norm al
days

!'ov.24 =:2. Feb . 26 =:4.4
Nov. 7:::2.4 Jan. 19:::5.8
Nov. 10:1.2 Feb.1O =:1.3
Nov. 2S:::1.0 .Mar. 4±13

Mar. 18:d.3
:-'tar. 2 =: 2.1
Feb. :s=: 1.0
Mar. 20:::1.2

2
18
22

16.0
20.2
16.0
23.8

67.9 ::: 9.4
83.2:::8.9
67.9 :: 9.4
62.7 = 11.0
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Table 5 - Minimum-rnaximum temperatures in summer-aurumn 1993. Under the black
plast ic the minimum temperature was O.6°C higher.

Month Period

(10 days) Outdoors Tunnel

Aug 2 203 21.0 33.1
3 203 20.9 30.0

Sept 1 18.1 18.8 31.0
2 18.8 19.6 31.8
3 . 16.6 173 29.7

Oct 1 15.8 16.2 285
2 18.8 18.8 32.2
3 16.9 17.2 315

Nov 1 13.7 14.0 26.7
2 9.1 9.9 22.1
3 11.8 12.6 23.8

o

so

40 ~

: 0

~415 ~ 5 i6 8(, ,7 ~718 ~8'9 89190 'XV I 9 112 921;' 9 ;.14 '1 ~ I~

i o 0: w a x-ficwers br an ches z tc rai cut :~ G ·, ·:ers .. r

i l.- -- 3.1 ";.! 3.6 :0. 1 -:-.; ..e 7 .7 S , ~ 1'.1I - .
o.

I m 2)
....

O [':-00 uc tion \1000 .'
! a~ea

OI

~ C'. cf '::- ~a :-. : :-, es expon edI . .... -0-. ....

I
.'

! ~ -

]
.1

..---
.0 .__.....

.......
...<)

J
....

.'
O'

;

../ .....

./ .---, .0 .._ ;,.'
..' '-.

.' .' " - " '0
r--

0 .... ............0 ..

..--- r-

..' .' -..'
O" ..---

In, ,u

..:qo

Year

Fig 1. Facts about Isra eli w ax flower production. Reconstruction from annual diaries
(1985-1995) of Israel associatíon of commercial flower zrowers and the
production and marketing board for orname ntal plants. -

66



-o-- 93/-1

30

.., -

.:. ,)

-s..- 20-x
---'

:Il

~
15'..J

.-
-::: 10--
Z

5

O

q ...
".

•.•....
-,

.•...
....

...._. -0 ...._. 9-1/5

......~-,

\.'\ ....\ '<:,

. .

Oct N ov Dec Jan Feb

M o n th

Mar Apr May Jun Jul

Fig. 2. Seasonal distribution of wax flowe rs exponed from Israel In 19931l99..j. and
199..j./1995 .

A pr 1

~ l a r 1

Feb l

[an 1

oee i

Nov 1

Oct I

~p l

NO SO
9213

NO SO
93/4

ND SD
94/5

o Time lo bud appearance

e3 Tune lo bud open ing

O Time lo harvesl30% of flowers opened

Fig. 3. Effeet of short days (SD) on three years of flowering of wax flower ev. Purple
Pride. SD started on September 1 (ND = normal days) .

67



~ .... ".....r- - - - - - - - - - - - - - - - - - - -

--o- Max Besa r

3[-

25 -1

~ 20

15

10

• Min Bes ar

5 I
,iul

¡

Ser
I

o«

Mon th

I
Jan Feb :-'1ar Apr

Fig.4 , Multi-Year average minimum-maximum ternperarures at Besar experimental
station.

68



LlKELY TRENDS L~ THE PRODUCTION OF WAXFLOWER AND OTHER
Jf r RTACEAE IN \VESTERt~ AUSTRALIA

M.G. Webb
A!!riculture Westem Australia
Albany WA 6330,
Australia

:\ bstract

D.1. Growns
Agriculture Westem Australia
Geraldton, WA 6149
Australia

J.A. Considine
University Westem Australia
Nedlands, WA 6008
Austral ia

The Australian export cut flower industry based on Myrtaceous species will face many
cha llenges and oppo rtuni ties in the next 10-15 years. There will be increased competit ion
from other southem hemisphere producers and any downward pres sure on prices will
require efficiencies and innovation in all aspects of production and marketing.
If the industry is to continue past export growth, it will need to be at the forefront 01'
developing new selections of various Myrtaceous spec ies.

1. Introduction

Australia contains over 1500 species in the Myrtaceae famil y (Westem Australian
Department of Conservation and Land Management, personal cornmunication) , with about
-l7% of these found only in Westem Australia. The development of Myrtaceous species for
cutfl ower or foliage production has been dominated by Chamelauc ium (waxflowe r).
fo l1owed by Agonis lti tree ), Eucalyptus and other miscellaneous genera.

Export 01' waxflower became important from Australia in the ear ly to mid 1980"s. The
number of waxflowe r ste rns exponed was 6.5 million sterns in 1992, down from 11 .7
miliion stems in 1991 (The Flower Export Council of Australia - FECA. perso nal
communication). Sorne other My rtaceous species harv ested from \Vestem Australia in 1993
are indicated in Table 1.

The Australian plant (wildfl ower) industry in Western Australia has two sectors: fresh
and dried / processed . The fresh flower indu stry has recorded the greates t increase in
production.. from less than AS1 mill ion in 1981182 to over AS IO miIlion in 199 1.'92
(Austra lian Bureau 01' Statistics , J992). Approximately 76% of the fresh flowers are
intensively cultivated . The dried and processed flower industry has grown from less than
AS 1 million in 1981 /82 to about A55.4 million in 1991/92. In contrast to fresh flowers , only
about 30% ofthe dried and processed flowers are cultivated, with the majority coming from
crown land and remnant bush stands on farms.

This paper will examine likely changes in the fresh wildflower industry based on species
in the Myrtaceae fami1y, with a special emphasis on waxflower production.

In analyzing the Australian wildflower industry, a major impediment is the lack of up to
date and reliable information on production and the domestic market. Although export data
is more reliable, it also suffers from sorne significant errors in flower categories. As
indicated by Karingal Consultants (1994), industry needs to address as a high priority the
requirement for better production and market data for wildflowers.

2. Domestic market

Information on the consumption of wildflowers in the domestic market is very lirnited. A
survey by Karingal Consultants (1994) estimates that wildflowers have a la to 15% share in
a domestic flower market valued at A5142 million, Analysis of market surnmaries suggests
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that wildflower market share has increased from almost nothing four years ago to its present
level . Most of this increase is from bouquet sales though supermarkets.

There is a capacity for the wildflower industry to increase its share of the domestic
market above its current level, w,th impulse buying at supermarkets and other convenient
locations likely to increase in importance. Depending on the outcome of a propasal currentIy
before government for a domestic flower levy, it could be expected that targeted promotion
and advertising ....,11 increase domestic consumption of wrildflowers, both in real terms and at
the expense of lexotic ' flowers (camations, roses etc.). Karingal Consultants (1994) suggest
consumption of wildflowers in the Australian domestic market will increase by 2% per
annum.

3. World cutflower market

The world cutflower market is growing at 6 to 9% per annum (Karingal Consultants,
1994). Most of the consumption is centered on the European Union, North America and
Japan. Australia is a ruche supplier of cutf1owers, supplying less than 1% of the world
cutflower market.

lt is likely that sorne wildflower products e.g. waxflower mal' move from becoming a
niche product to a 'rn ainline' product, albeit still at a low level. For waxflower, continuiry of
supply is critical to maintain its position on world mark ets.

For m ost other products. targeting a nic he in the market place will require changes in
product ': pe and color. and ha ving a wid e rang e of different pro ducts avai lable . FECA ' s
polic y o;' targe ting auction rnarkets. who lesalers and the major florist chain (JFTD ; in Japa n
through prornot ions an d di splays is an important pan of developing new markets, and
maint aining or increasing market share. The color and uniqueness of other suitab le
Mynaceae like Vcrticordia \ViII be important in accessing these niche markets .

Increasingly. the world cutflower markets appears to be concentrati ng into vertical
corridors of trade (Hayler. person al cornmunication). Within the constrain ts of dernand and
return s, this may mean that Austra lia will increasingly focus on exports into Asia. espe cially
Japan . The Japanese Cu tflower Importers Association has forecast that imports of
wildflowers into Japan can increase from AS12 million in 1993/94 te /\S; 75 million by 200 0
(FECA, personal communication ).

4 . Expol1 consi derations

W ith an emphasis on expon, the ind ustry needs to be focused on factors th at affect this
trade. Exporters surveyed by Karingal Consultants (1994) considered the major
impediments to expon gro wth was not demand, but airfr eight supply and cost, quarantine
issues and product quality . International factors affecting expon growth include the AS
exchange rate and competition from other countries, especially those in the southem
hemisphere.

In general , export to markets like the USA and Japan become more difficult when the AS;
increases aboye US S 0.75 and ~ 80 (FECA, personal communication).

FE CA is working with the Air Freight Expon Council (AFEC) to resolve sorne asp ects
like quarantine and airfre ight supply. The feasibility of a south east Asian transpon hub for
perishable products at Bali in Indonesia is being examined. This hub would assist in
inc reas ing the amount of airfreight available in the region. AFEe has also proposed methods
to strearnline demands and 'bids' for airfreight space. The possibility of comrnitted freighter
aircraft is not consi dered to be a viable option at this time (AF Ee , personal communication).
Karingal Consultants (1994) estímate that flower export growth will be limited to lOto 20%
per annurn .

G rowers and exp orters in Westem.. Austral ia and South Australia may become
disadvantaged in that Brisbane (Q ueensl and) and Sydne y (New South Wales) in eastem
Aus tra lia have been designated by the air1ines as major expon transshiprnent points. This is
especially irnportant given the focus of Westem Australia growers on expon with over 57%
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of'wildflower exports corning frorn this state (FECA. personal cornmunication ). In addition.
airfreight costs are higher frorn Western Australia. with less space also avai lable, than from
Svdnev or Brisbane. Currentlv, the cost of airfreizht from Western Australia to northem
hemisphere markets is AS3 .50Ík.gcornpared to AS2~501kg frorn Brisbane. Strategic planning
by airlines in Australia is dictated by passeríger rather than airfreight considerations
(Karingal Consultants, 1994) with an apparently ad hoc and uncoordinated approach to
meeting the needs of airfreight users.

The cost of airfreight is a lirniting factor, and increases in cost have a major and negative
impact on grower returns. In 1995 , the average cost of airfreighting cu tflo wers to Japan and
western USA from Westem Australia was AS3 per kg (FECA, personal cornmunicati on).
High value lobster exports to Japan frorn Westem Australia seriously affect the cost and
availability of airfreight to other users from November to March. According to Karingal
Consultants (1994), an increase of SI per kg . in airfreight is worth about ASO.03 to A SO.04
per stem for waxflower. .

Sea freight trials on waxflower from Western Australia to Japan have been do ne (Clarke.
el al 1992), but the prospects appear limited due to other factors like the effect on price of
large consigrunent of a limited product ran ge arriving in one shipment at a single
destination. ~

Various oncosts including des infestation at sorne destinations, and ine fficient internal
transport systems. especially in Japan can have serious and negative irnpact on product
quality and grower profi tabiliry , In the medium to lon g term , it is expected that sorne of
these issues wi ll be addressed . Thi s will be done either by exporters bypassing these
impediments where possible e.g. dealing dir ect with wholesalers and retailers in Japan, or
minimizing costly overseas fumi gation by considering the placement 01' quarantine officers
from the impo rting countrie s in Australia during the busiest periods.

5. Competition

The main competition to Austra lian wi ldflower exports in the medium to long term wi ll
come frorn other southem hernisphere coun tries in so uthem Africa and so uthem Am érica.
These co untries are lower cost producers than Austral ia and tari ff preferences in rnany
rnarkets are provided to .erne rging countries . Variable quality fro rn sorne of these countries
will provide only a short term buffer. Industry sources indicare that a irt rei ght rates fr orn
southern Am érica are l Oto 30°,'0 higher to Europe than Australi a. and even hig he r into Asia.
provi ding an estimated ASO.l O per stem bu ffer in Australia' s favo r (Karingal Consultants,
1994).

Overlap in waxflower production by northern and southem herni sphere countries is
currently minimal and rnainly at the rnargins, when supply is usually short, This may have a
long term effect of modifying high prices received early and late in the season, Provided no
significant breakthroughs in cost effective flowering manipulation are achieved, or out of
season seIections developed, it is likely that the complementary production from northem
and southern hemisphere countries wiIl continue in the medium termo

The world wide production shifts by other countries like Holland. USA and Israel to
lower wage cost countries suggests that for Australia to rernain competitive, any advantages
in qua1ity, continuity of supply, diversity or uniqueness of product must be exploited and
further developed.

6. Diversitv of production

The Australian wildflower fresh cutflower industrv relies on only a few products in the
volume export market, including waxflower, banksia and kangaroo paws (Anon, 1995). This
is a potential disadvantage and leaves the industry vulnerable to aggressive competition in
these products from other countries. There are large areas of natural stands of sorne
Myrtaceae like Agonis parviceps in Western Australia which can be managed at very low
cost, and which provide sorne protection against competition. However, the very nature of
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these natural bush stands makes production of high quality and uniform bunches difficult.
Most of thc material from crown land or remnant bush on fanns is harvested for the dried
and proccssed market, although there is signi~cant capacity for them to be. SI:0wn for fre.sh
flowers. In the long term , the harvest ofmatenal from bush arcas may be lirnitedas quality
concerns become more important, or where the relevant species can be grown economically
under cultivation (Sprigg .and Webb, 1994). In addition, there is increasing pressure,
especially in Westem Australia. to limit the arnount and range of material taken from the
bush where the harvesting process is having a negative effect on species maintenance and
regeneration. .

There are a number of species being targeted in Westem Australia as part of a rigorous
selection programo It can be expected that over the next few years the results ofthis program
will make new plant types and forms available to the local industry. This will fulfill pan of
the obligation of a ruche marketer to constantly supply new products to the market.

Australia has a major advantage in having a range of latitudinal climatic zones, and the
subsequent variation in flowering times for sorne wildflowers that can be achieved (Webb,
1994). However, these differences can be affected by climatic variations as in Westem
Australia in 1995 when early and rnid season waxflower varieties were 4 to 6 weeks late in
northem areas. Instead of a 16 to 18 week supply period from Australia. this was
compressed to only about 12 weeks with problems with both freight space and market
oversupply. The University of Westem Australia and Agriculrure We stern Australia are
currently testing new waxflowe r genotypes in a range of environments in Australia and
overseas to determ ine the effec t of locat ion on the flowering of difieren: genorypes. and to
provide important infonnation for a waxflower breeding progra;n .

7. Selection and breed ing

The future for the Australian wildflower industrv is in beinc al ':he forefro nt of selectinc
and breed ing its unique flora. Israel. Germany. Hólland . Japan and New Zealand have aU
been active in examininz Australian wildflowers, and in sorne cases. nvbridizinz material
and selling it back to Australian produce rs. · " -

The Australian and state governments, and to sorne extent the industry have been
generally slow in promoting development of the flora, and rnay have bee n sidetracked by
the wealth of endemic genetic resources. That position is changing quickly. There is now a
national focus OD -he developme nt of selec ted wildflower species supponed by the Rural
Industries Research and Development Corporation . The establishment of the Center for
Australian Plants in 1995, and the recent appointrnent in Western Australia of 1\.\'0

wildflower plant breeders should pro vide for the ongoing release of new varieties. Genera
being targeted are those in the Chamelaucium alliance, including Chamelaucium.
Verticordia, Darwin ia, and the Scholtzia group . It is expected that whi le interspecific and
intraspecifi c varieties will dominate, there is considerable capacity for intergeneric
hybridization . There is a capacity for Australian institutions and industry to form
collaborative breeding activ ities with other countries where the benefit back to Australia can
be dernonstrated. Internationalization of the Australian flora, backed by natio nal and
international plant breeders rights presents exciting challenges and opportunities to the
Australian industry.

Currently, mos t of the activity is directed towards cutflower production. However, in the
short term, that focus will be broadened to include the opportunities for various species and
forms for the potplant market,

For waxflower, producers in Western Australia are targeting earl ier selections that flower
in June and July, There is also sorne interest in ' bud' lines, especially hybrids of C.
uncinatum x C. megalopetalum. and varieties with terminal flowers. Purples and deep pinks
are the most desired colors, with industry looking for varieties to fill in gap s in supply.
Interestingly, these colors are the rarest in nature.

For other Myrtaceous species, various forms and varieties are being targeted that flow er
in seasons other than spring.
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As mo st Australian M yrtaceae target the . filler' market, it is likely that variations in
::I.)wer size will also become important. The development in the 1980's of small flowering
wax hybrids by Greg Lamont of New South Wales has provided an example of the
variations that can occur. Not only will hybridization provide different colors and forms, for
waxflower it can also result in increases in vase life greater than the combined vase life of
the open pollinated parents.

As new selections and hybrids become available, it can be expected that the cornrnercial
life of plants in the ground will reduce, and growers will constantly replace sec tions of their
plantings on an annual basis.

In the long term, the natural movement of producers to the most economic locations may
.nean that the capacity of the Australian industry to grow a particular line ma y be limited.
¡ ~owever, if that line has been part of a local selection and breeding pro gram, on going
benefi ts in terms ofroyalty payments may provide sorne benefit to industry.

There are attempts being made by some state governrnents in Australia to pro vide for
potential royal ty payments on w ildflower material taken for selection and breeding. This has
followed from the Rio Conference on the Worlds Environment and the subsequ ent
Convent ion on Biological Di versity (UNEP, 1992) ánd ma y have sorne impact on future
breeding program s.

So Qualit'v·

In the past, there has been criticism of the general qual ity of Australian wildflowers . This
detracts fro m the excellent qu ality product presented by many growers and exporters. There
are currently no agreed standards for Austra lian wildflowers on the domestic or export
markets,

FECA and the Rural Industries Research and De ve lopment Corpor ation are currently
working with Standards Australia to develop quali ry guide lines. It is likely that the
Austral ian industry wil l develo p an Industry Cede of Practice. which mayoeventually lead to
a quality assurance scherne. o

There has been sorne co ncem by industry at the cost of introducing and cornplying with
': quirements of the International Standards Organization. 11' quality assurance is ro be
.dopted by ind ust ry, there will have to be de rnon strate d be nefits of participating, and costs
.vill have to be reas on ab le. SQF 2000 . a lower cost quality assurance scherne developed in
"Oestem Austral ia. and beinz examined in the eas tern sta tes of Australia . and New Zealand
is suitable for this purpose . -

90 Organizational structure

There is a considerable lack of unity in purpose and vision in the Ausrralian wildflower
industry at a policy and organizational level. The distances berween production areas
presents a real challenge in unifying industry. There are numerous regional groups servicing
the industry, but only three truly national bodies, namely the Flower Industry Association of
Australia which is a peak flower body, the Australian Protea Growers Association, and
FECA. However, not a11 industry members or associations belong to these groups.

To provide a better focus for activities like promotion, quality assurance schemes and
policy de velopment, there will have to be a cornmitrnent by all participants to develop the
industry in a structured way, and to provide for regional differences. It is likely there will be
a greater emphasis on product specific associations operating both informally and formally.

10. Conclusion

Over the next ten to rwenty years, the Australian cutflower industry, including that sector
based on Myrtaceous species will face many challenges and opportunities. It is expected that
prices received by growers wiIl be under constant pressure and product quality will have to
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con tantl y improve, and innovations in production and marketing become a priority. The
regular ' troduction ofnew varieties will become a feature ofthe industry.

ere will be increased competition from other countries, especially in the southem
hemisphere. The extent to which local producers are able to meet this competition will
depe d n continued development of the industry and the impact of outside factors like
curr cy fl uctuations and airfreight cost and availability.

1 ia, any significant new plantings are likely to occur in those regions that have
som timing advantage, or that are close to major airfreight transshiprnent centers,
especially i Queensland.
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Table 1. Sorne Myrtaceous species harvested from Western Australia in 1993.

Species

Agonis parviceps

Agon is sp. ' Coarse '

Beaufort ia sparsa

Sch oltzia involucrara

Vertico rdia eriocep hala

Agonis lin earfol ía

Verticordia nitens

Eucalyptus tetragona

Nurnber of sterns
(rnillions)

3.47

.1.52

0.64

0.30

0.23

0.17

0.16

0.14

Sources: Spri gg and \\'ebb (1994) and Karingal Consultants (1994).
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:'E\V BANKS/A CULTIVARS FOR CUT FLO\VER PRODUCTION

:\1. Sedgley
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'.bstract

Selection and breeding of new Banksia cultivars concentrates on the cut flower species B.
coccinea, B. menzies ii, B. hookeriana and B. prionotes. Selection criteria inc1ude number
of blooms per plant, time of flowering, stem length, intlorescence size , color and shape ,
rooting ability and tolerance to the root rot fungus Phytophthora cinnamomi.
Selection for bloom color is important for B. coccinea and B. menziesii. The predominant
bloom color for B. cocc inea is scarlet. but yellow, pink, orange and dark red variants have
potential as new cultivars. For B. menziesii, the predominant color is pink, with yellow,
apricot, red and bronze variants. Color stability is a problem with sorne B. menz iesii
..ariants, and only stable genotypes are inc1uded in the selection prograrnme.
Fechn iques have been developed for root induction. and for screening roots for tolerance
ro Phytophtora infection . Future work will address grafting of banksias and the
development of root rot tolerant rootstocks. Three cultivars have been registered from the
prograrnme so far. Wai te Orange is a vigo rous natural interspecific hybrid between B.
hookeriana and B, priono tes . Waite Crirnson and Waite Flame are both B. coccinea
selections. with Waite Cr irnson a mid season dark red variant and Waite Flame an orance
red early season cult ivar. -

\ . ¡ntroduction

A Banksia sele etion and breeding prograrnrne has been underwa y at the University of
.vdelaide for approxirn arely eight years . The main aims of the programme are LO deve lop
irnproved cultivars for the cut flower industry. Th is review will cover three rnain aspects
01 the work. emphasizing the areas of selection. propagation and hybridization.

2. Selection

The first stage of the prograrnme is to select superior types from the genetic variability
currently available. Allexisting plantings of Banksia cut flower species are seed-derived.
with the inherent genetic variation expected in an outcrossing planto This variability is a
disadvantage to the grower, as it causes lack of uniformity in the crop, but is an advantage
to the breeder as it provides material for selection of important characteristics. To date we
have concentrated on four cut flower species B. coccinea. B. menziesii. B. hookeriana and
B. prionotes. The selection criteria inc1ude yield, size of blooms. color of bloorns, stem
length . time of flowering , length of flowering period and foliage characteristics. Selection
for bloom color is important for B. coccinea and B. menziesii. The predominant bloom
color for B. coccinea is scarlet, but yellow, pink, orange and dark red variants have
potential as new cultivars. For B. menziesii, the predominant color is pink, with yellow,
apricot, red and bronze variants. Anthocyanins are responsible for the pink and red tones
of the blooms of B. menziesii, and care must be taken in the time of year when selection
assessments are made. In sorne genotypes the red.ness of the blooms increases as the
temperature decreases (Bickford and Sedgley, 1994). and only color stable genotypes are
inc1uded in the selection prograrnme. It is important to select color stable cultivars. so the
Proc. Founh Int. Protca Syrnp ,
Eds. G.~t. Linlcjo hn. H, Heuasch
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el :-.., ·....il: not chan ge depending on the environment in whieh the cultivar is grown.
l .:e~ selections have now been registered from the prograrnme. These are Waite

Or: ",," a natural intcrspecifie hybrid between B. hookeriana and B. prionotes, Waite
Cri.n. , :1. a mid-season dark red selection of B. coccinea and Waite Flame an early-season
orangc ; ~d seleetion of B. coccinea . All have been registered with the Australian Plant
Br cdc , : Rights Offiee (Sedgley, 1991; 1995a; 1995b).

.¡ ~. l ; '. ve not so far addressed the important aspeet of rootstoek selection, although this
is ~ rj ~:' ..riry of the next stage of the projeet. Seleetion eriteria will incJude soil type,
sal iniry. pH and disease tolerance, graft compatibility with the seion selections and
roo ii ng ability .

R seareh so far has coneentrated on the produetion of rooted eunings of tbe scion
cultivars, Banksia coccinea shows a trend toward increased rooting as the índole butyric
acid co ncentration is 'increased to 10 000 ppm, and most suceess js achieved in the cooler
months of the year. Up to 80% rooting suceess is achieved with B. coccinea, B.
hookericna and B. prionotes, although sorne genotypes will not root. Success is much
lower with B. menziesii, and more research is required to address this problem. In vitro
propagation has been investigated, 'w ith shoot and root proliferation of juvenile B.
coccineu tis sue . but no success in hardening off plantlet s for de flasking. Further research
is needed in this area. in addi tion to app lication of the techniques to mature tissue .

Work has cornmenced on grafting of banksias, as roo tstock de ve loprnent is an
important part of hort icu ltural production. The maj or problern is that the scion speeies are
intolerant of variati on in soil rype, salinit y, pH and disease to lerance. and interspeci fic
grafting is required to extend the planting areas available for Banksia cultivation. Previous
work has shown variability in gran cornpatibility between the species. an d more work is
requi red to clarify these problem s. The main disease which threatens banksias is
Phytop lithora cinnamomi, and selec tion methods have been developed to screen potemial
rootstocks for tolerance to this fungus.

4. H\"bridization

Interspecific hybridization is important in the development of most ho n icultural erops.
an d this has alreadv been demonstrated in Banksia bv the cultivar Waite Oranze. We have
developed hybridizati on methods fo r banksias, and -have made arti ficial cross es berween
the parental species of Wai te Orange , B. hookeriana and B. prionotes . Hybrids were
produced only when B. hookeriana was used as the rnother, and a11 hybrids were
intermediare between the parents in morphological and mo lecular characte risties
(Maguire, et al., 1994). Success ful interspecific po llen tube growt h has also been
observ ed in the species B. prionotes and B. menziesii (Sedg ley. e l al.. 199 4), and
interspecific hybridization involving the most popular cut flower species. B. coccinea is
currentlv underwav.

An important aspect of hybn c ization work is the investigation of breed ing systerns, so
these can be cxp loited for optimum hybrid produetion . Our researeh has sho wn that
banksias are protandrous and show partial self incompatibility, and this knowled ge has
been incorporated into the hybridization method.

5. Concludin Q. remarks

There are three major achievem ents of the Banksia selection prograrnme so far. The
first is the seleetion of three superiorcul tivars wi th characterist ics for the cu t flower
industry. The second is the development of vegetative propagation techniques via the
production of rooted eunings. The third is the development of hybridization methods for
tbe production of new nove l cultivars. Further work remains to be condueted in a11 of
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: : ~ :: se areas, in additi on to the development of rootstock cu ltivars. and on int erspecific
c:rafting. One possibil iry to overcome the current graft incornpatibil ity problerns, may be
lOinvestigate interspecific rootstocks as well as interspecific scions.
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.-\bstract

The uniqueness of the Fynbos Genebank lies in its aim to conserve the genetic diversity 01'
fynbos plants with floricultural meritoThe fynbos is a unique plant ecosystem found only
within the worlds smallest floral kingdom. the Flora Capensis. This plant ecosystem has
been reported to be more threatened by mans actiyit ies and interference than even the
rainforests. The aims ofthe Fynbos genebank are the following:

l . collection and acquisition of new samples,
"') regeneration and multi plication of samples.
3. maintenance of the genetic integrity of samples,
-L documentation and exchange of information on the samples maintained.
:;. research on the most app ropriate methods of conse rvation of the samples. and
6. controlled exchange 01' sampl es.

The problems facing the maintenance of this genebank center around sufficient funds te
not only maintain ir. but to improve the operations of the genebank te meet international
stan dards.

l . Imroduction

A genebank is a center which maintains coll ections of plant material with the aim 01'
keeping thern alive and preserving their characteristics for the present and furure benefit
01' mankind (Painting. el al .. 1993). Many types of genebanks exist in the world. many 01'
them large intemational concerns conserving the genetic resources of important
eommercial erops such as maize and wheat.

The uniqueness of the Fynbos Genebank lies in its aim to conserve the genetic
diversity of fynbos plants with floricultura! merito The fynbos is a unique plant ecosystem
found only within the world's smallest floral kingdom, the Flora Capensis . While
ecosystems such as the rainforests receive much anention from genetic resource
conservators, Wood (1992) emphasizes that priority should be given to strategies which
protect, manage and increase the diversity of species with potential agricultura! value. The
fynbos is not only unique because it is horne to over 8500 species of plants (Huntley,
1994), but 135 floriculture products are marketed from this ecosystem. many of them still
harvested from wild stands. This unique plant ecosystem. the fynbos, has been reported te
be more threatened by man' s activities and interference than even the rainforests (Rebelo,
1992). The greatest threats come from the infestation of vast tracts ofland by alíen shrubs.
While the imrnediate destruction of pristine fynbos by agricultura! and urban expansion or
tires is very obvious the insidious encroachment of land by alíen plants often goes
unnoticed until ir is too late. Rehabilitation of land by removing alien plants can rc:su1t in
the rehabilitation of the natural fynbos (Richardson, el al., 1992), which is not possible on
agricultura! land.
Proc, Fourth Int, Protea Symp .
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With over 8500 flowering plant species growing within the fynbos one could argue
that each specie must be represented within the genebank. This is neither feasible no r
necessarv, Mountain fynbos ecosystem and the specie diversity within this ecosystern is
being fairly adequately conserved, except for very rare species growing in threatened
localities (Rebelo. 1992). Genetic variability within species, especially those species with
a wide habitat ranze and the lowland species that have been destroyed by expansion of
agriculture , desperately need to be conserved. The conservation of the genetic variability
can be justified purely on the grounds of conservation and preservation of biodiversity,
but from an economic perspective this genetic diversity provides the raw rnaterials for
breeding and cornm erci al crop developrnent (MOS5. 1994) .

Floricultural plants of the fynbos and other similar ecosysterns have dernonstrated that
individual plants within a specie will be more arnenable to cultivation practices and
therefore superior for cornmercial production (Sedgeley, 1995, Littlejohn, el al. , 1995).
The breeding of hybrids, between and within species has been and will be the future
pathway of development of floriculture crops from wi ld species, thereby attaining greater
plant vigor and productivity under cultivation (Ford-Lloyd. 1990]. The flowering plants
of the fynbos which ha ve featured most prominently in cultivation within the last 50 years
are members of the Proteaceae family . Despite the richness o f the Flora Capens is in the
genetic diversity of these endernic plants, initial cu ltivation and breeding res earch on
these plants was m ore adv anced and progress ive in 'other countries, su ch as Austral ia.
which have similar soil and cl im atic conditions . The steps towards the creation of a
genebank for the conservation of the unique and valuab le genetic resources 01' the
Proteaceae during the 1960s were progressive. The vast surveys undertaken by persons
such as the lecendarv Dr. 1\ 1arie VOQts led to a collection of not onlv a lame number of
species, but also genetic variants w ithin the species (Vogts. 1982). 'This collecting was
continued into the earlv 1980' s. but in the case of Proteaceae has had to be scaled down
due to fin ancial constraints . Cu rrent collectinz efforts concentrare on woodv fvnbos nlants
other than Proteaceae . which are st ill harvested in large quantities from 'natural stands.
This includes spec ies from the Bruniaceae. Rharnnaceae and Ericaceae fa rniiie s .

The Fynbos Genebank is rnaintained as an active (Tao and Engels. 1994). field
(Painting. el al .. 1993) genebank. This means that each plant type representing a unique
genetic variant is maintained as liv ing plants in a planta tion. The collection of plants is
active in the sense that the evaluation of the plants for characteristics of irnportance for
flo ricult ural use and hybridization is done on the genebank plants. The evaluation
procedure inv olves an accurate description of flowering time, aesthetic characteristics of
foliage and flowe r. stern leng th , v igo r after pruning and va se life of the flowers , Ideally a
base collect ion maintained only for genebank purposes should be kept either as a fie ld
genebank and in sorne cases as seed, but constraints are both financial and practical. Little
is currently known about storage requkernents of prot ea seed. and even less about other
wocdy fynbos plants .

Whil e the bu lk of the plants conserved in the genebank are species and variants within
species. many unique interspecific hybrids, in many cases already released as superior
cultivars. are maintained. Cultivars developed in other protea producing countries are also
rnaintained. The ernphasis on both col1ecti on and maintenance of plants is on those with
flo ricultural worth, but rnany rare or endangered species are collected and propagated .
These inelude the rnarsh rose, Orothamnus zeyheri and si lver flam e bush, Mimetes
argenteus.

The aims of the Fynbos genebank are th e fo llowing:

• col1ection and acquisition of ne w accessions,
• regeneration and multiplication of ac cessions.
• maintenance 01' aenetic intezritv of accessions,
• documentation and exchanae of information on the acces sions rnaintained,
• research on the mo st appropriate methods of conservation of the accessions. and
• con trolled exchange of access ions.
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: . Objectives ofthe fvnbos 2enebank

A po liey statem ent and progress report in eaeh of these areas is presented.

2. 1. Colleetion and aequisition of new samples

Deeisions to co lleet ne w plant material are based on the following eriteria:

• The species or vari ants have floricultural potential as cut flower or potplant, based
on own opinion or eolleetivel y from the indigenous plant industry .

• The plant specie is endan gered or rare or th e habitat is threatened.

2.2. Regeneration and multiplieati on of samples

The genebank accessions fo r eaeh of the Proteac eae genera are:

Prot ea

Leucosp ermum

Leucaden dron

Serruria

23 species represented by 42 5 aecessions
186 hybrid aceessions

26 species represen ted by 130 accessions
190 hybrid aecessions

52 species represented by 493 accessions
181 hybrid aecessions

4 spec ies
60 hybrid acce ssions

Regen erat ion of sarnpl es o f woody plants is via clonal vegetative reproduetion us ing
sern i-hardwood cuttings. Seed samples are no t cu rre nt ly kep t.

The wc ody fynbos co llec tio n includes:

Bruniaceae

Brunia
Berzelia
Nebelia
Raspa/ia
Staav ia

Rharnnaceae
Phylica

Eric aeeae
Erica

Species

6
5
3
1
1

20

41

Foreign woody plants \vith floricu1tural potential include: Chamelaucium (Geraldton
Wax) of whi eh 23 aeeessions are presently kept.

2.3. Main tenan ee of genetic integrity of samples

Clonal multiplication circurnvents the problem of maintenance of genetic integrity.
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2.4. Documentation and exchange of infonnation

The resu lts of evaluation, origin and any cultivation .practices conceming tbe samples
maintained is available from tbe researchers involved in tbe genebank acti vities. Popular
and scientific publications are made from time to time. r

2.5. Res earch on most appropriate conservation methods of samples

This is an area which needs to be expanded so that more cost effective conservation
tban field maintenance of all clones can be achieved. Rare species tbat are not of
immediate use in tbe breeding prograrnme due to failure of hybridization or sorne
deleterious characteristic could be conserved as seed. This aspect requires more research
on the success of self pollination of the plants, appropriate seed harvest methods, seed
storage and seed gerrnination methods.

2.6. Exchange of samples

Release of genebank material is only tbrough licence agreement to not cornmercially
propagare nor multiply the material v ía seed or vegetativel y. Th e material is supplied as
rooted or unrooted cuttinas. The maintenance of a core col1ection (Haman, el al .. 1995).
based on seed. of each ofthe cornmerc iallv used aenera woui d facilitare the exchance of
material. Funding f.:..!:, this collection and the aquisition of materia l -fr orn this collection
would be necessary .

3. Conclusions

The fynbos genebank conserves thre e types of material :

• species selections with unique genorypes,
• rare and endangered species, and
• cul tivars.

The prob lems facing the maintenance of this genebank center around sufficient funds,
to not only maintain il. but to irnprove the operations of the Fynbos Genebank 10 meet
intemational standards. It is a Catch 22 situation in which funds are required to get the
genebank to operate in an intemationally recognized rnanner, with the maintenance of
long term storage of germplasm and duplicate collections, but without these op erations
already in place the standing of the , genebank is low and will have trouble .anracting
international fundi ng . According to Article 2 1 of the Rio Convention on Biodiversity the
conservation of genetic resources is a government of the da y responsibility, both
financiall y and operationally (Moss, 1994), however as a developing country South Africa
lacks funds to plough into conservation of genetic resources. Blixt (1994) contends that
the terms of the Rio Co nvention impl y tbat developed countries sho uld financially support
the development and maintenance of germplasm in developing countries, and especially
support the ongoing conservation efrorts of genebanks . Wh ile in situ conservation of the
fynbos will conserve much of the specie diversity and hopefully most of the diversity in
ecosystems present in tbe fynbos biome, the ex situ conservation of the genetic diversity
within species is necessary to preserve the biodiversity of the Fynbos and to provide a
base collection from whi ch cornrn ercial produc ts for flor icul turi sts of today and tornorrow
can be developed.
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Abstract

The main aim of this study was to understand the cuning position effect on the rooting
and the future devel opment of genus Profea plants. Cuttings from P. eximia / P, susannae
cv, 'Sylvia' and cv . ' Cardinal' were carried out from Auturnn 1994 to Spring 1995 . An
important vari ation of rooting ability depending on stern development state and cu tting
position was revealed. The best results were achieved fo r me dian posit ions on flo we r bud
stems. In the same way, the effects of different growt h regulator concentration s and
dipping times were explore d, Increased IBA concentration improved the rooting
perce ntag e, whereas the inc rease of dipping time had litt le effect on the auxi n absorption
rare. The ob servation of the rooted curtings development showed us that the branching
ratio is espec iall y affec ted by cutting vigor, i.e. the diarneter and weight. A berter cho ice
of propagation mater ial according to plant phys io logy and the control of cultivat ion
corid,irions should conciliate growers ' requirements with hard to root and to cultivate
species .

U ntroduc tion

The big demand for exotic flowers on the European rnarket as well as the fac t that
Mediterranean climatic conditions are very simi lar to those prevail ing where the y grow
naturallv. have led zrowers in the South of Frunce to cultivare Proteaceae alone the
French \ lediterraneañ coast, The low \vinte r ternperature and the calcareous soils rnean s
growing Protea under shelter and in soilless conditions. so as to obtain optimum growing
cond itions. .

The first trials enabled us to define the branching and flowering processes of di ffer ent
species and to deduce which growing techniques were best adapted to the characteristics
of each (Allemand, Le Bris, Montarone, 1993). The results of these trials led to fertigation
adapted to the specific requirements of these plants. However, as seedlings give a
heterogeneous production and as it is important to produce flowers quickly, we chose
vegetative propagation i.e. by cuttings. In the case of most perennial woody plants,
rooting is heterogeneous and depends on the position of the cutting on the rnother-stem,
probably owing to the age of the stem tissue.

During our study, we first determined the effect of the cutting's position on its
rhizogenesis as well as its interaction with various morphophysiological factors. \Ve then
observed the effect ofthe cuttings position on morphogenesis of the plant itself as well as
the possible links between rooting and branch development. Margara (1982) pointed out
that further research into rhizogenesis was necessary in order to improve vegetative
propagation techniques. .

According to Chadwick in Jacobs (1990) "the successful vegetative propagation by
cuttings depends on internal, anatomica1 and physiological factors as well as externa! and
environmental factors". Leaves and buds play an important role. Favre (1977) noted that
the stimulus originating from leaves or buds increased the number of rooted cunings. It
has long been known that there are big differences in rooting capacity between species.
Proc. Founh Int . Protea Symp .
Eds , G.M. Littlejohn, H. Het tasc h
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cultivars and clones. even though the physiological explanation has not been ~stablishe~L
For example in his work on L.eucospeIlml;m" Brits, (1986) dt?monstrated a difference m
rooting of 28 % between 2 cultivars .C~oh.ne and VJam o. Fm~ly Jac~bs (1981) proved
there was a high degree of heterogeneity m the rootmg capacity of dl.f~erent clones of
Protea repensoThis may be linked to the age ofthe mother plant, the posinon ofthe stems
or cunings on the mother plant. to the type of cutting taken, to hormone treatment, to the
substrate, the clirnatic conditions, to damaging of plants or to phytosanitary problems.

2. Material and methods

To carrv out our trials we used the following mother plants : Pro/ea eximia produced
from seeds, P. eximia x P. susannae cvs "Sylvia' and •Cardinal , from cunings. The P.
eximia plants were 5 years old, the ' Cardinal' cv 4 years old and 'Sylvia' cv 2 years old.

2.1. Containers and substrate

The 'Cardinal' and 'Sylvia' mother plants were grown on volcanic lava in plastic
containers measurinz 55 liters for •Cardinal' and 4 liters for .S\"1via'. The P. eximia
mother plants were g-rown on Estere! porphyry in pol ypropylene benches measuri ng 470 1
with a density of 2.2 plants per m-o

2.2 . Feeding

Earl ier research had led 10 the defining of a nutrient sol ution adapted to Proteaceae
composed as follows: 1 me.l' of nitrogen, (NO; = 0_6 me, ?"H~ = 0.-+ me), 0 .1 me.l' of
phosphorus, 1 rne.l' of potassium. 1 rne.l" of calcium, 1 me.l " magnes ium: These last
two elernents were supplied by deion ized wat er. Iron was obtained as che late al a
concentration of sao Ilg.l-I

. Oligo-elernents were added °by means of a comrnercial
solu tion.

2.3 . Cu ttings

Cuttinzs were taken from flora l stems for tri al 1 and from floral and vezetative stems
for trial 2~ The cutting is a flush. The cutting technique used is slightly different from the
traditional one as the base of the cuttinz is beveled,

About 5 of the basal leaves were taken off to avoid rot and necros is : then the cuttinzs
were dipped for 30 . ec. in an alcoholic solution of IBA (2000 pprn ). washe d for 1 minute
with deionized water and dipped in a fungicide (Benomyl 2g.l-I

) before p lanting in a
humidified mixture composed of peat and pol ystyrene balls ir! a ratio of 50/50 (in
volume). A relatively high mo isture level for the leaves and subs trate was rnaintained by
means of a mist svstern.

The c1imate inside the gree nhouse was managed by a computer. In the propagation
gree nhouse, day and night ground temperatures were 20°C, up to a maxi murn of 25°C
during the whole rooting periodo

When the roots reached 3 to 4 cm, the rooted cuttings were placed in 4-litre plastic pots
containing volcanic lava (pouzzolane). Such plants require 3 days acclimatization in the
propagation greenhouse before being moved to their cultivation greenhouse ; then the pots
were placed on tables and fed the same nutrient solution as the mother plants by means of
2 drips de livering 2 liters/hour. For this greenhouse, the temperature was maintained
between SOC and 23 oc.
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Three types o f tes ts were carried out on Protea curtings :

• Test no 1 .: the effeet of the flush 's position on its rhizogenesis capaeity as well as
on branchmg, from stems taken at similar physiological stages, for P. eximia (in
aurumn).

• Test no 2 : the effeet of the flush 's position on its rhizogenesis capaci ty as well as
on bran ching for P. eximia and P. eximia x P. susannae ev. 'Sylvia' (spring).

• Test no 3 : the effec t of the cuttings ' position and hormonal treatment on its
rhizogenesis and branching for P. eximia x P. susannae ev . 'Cardinal' (spring) .

2.4 . Records of experimental observations

2.4.1. Vegetative material

As mentioned above the eutting is a flush , each stern consists of a series of flushes
numbered from 1 to X frorn the floral bud , i.e. lJC 1, UC2, UC3, ete. For nonfloral stem s.
the flushes were called VC1 *, UC2*, UC3*, as it is impossible to know if UC1 '" will in
faet produce a flower. (F ig. 1).

• Test no 1 : For P. eximia : pos ition ' s effeet on rooting potential of the stem flushes
in autumn.

• Test no 2 : For P. eximia and cv ' Sylvia' : ro show the effeet of cuning's position on
its rhizogenesis in spring.

• Test no 3 : we tested thr ee concentrations of LB.A. i.e. 500, 1000 and 2000 ppm and
2 dipping times, 30 and 60 seconds on cv. .Cardinal' .

2..+.2. Observations made before rooting

• Physiological stage and wei ght of floral bud if any
• Position ofthe curting on the stem and the plant
• Nurnber of leaves left on the curtin z
• Diam eter and weight -

The root ing was observed every two weeks. onee roots began to appear. Observations
of curting s root systerns made befo re plant ing were as fol lows :

• Nwnber ofroots
• Length of root system
• Estimation of the eallus on a scale from O to 5 (O is a total absenee of callus and 5

means the scar area is covered).

As soon as the cutting has enough roots, it is.placed in pots full of lava (Tuff),

2.4.3. Observations made during development

• Nwnber ofbranching every two weeks perplant
• Nwnber of flushes per new branch
• Length of fully grown flush
• Diameter growth of each flush

2.5. Statistical data-processing

The data collected were analyzed by the Statview software according to the following
statistical methods.
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Tn e 1..2 test
1, Variance an alvsis

Compari son of means by Scheffes test
Correlations and regressions

1. al! the histograms shown, 2 different letters correspond to significant di fferences
wi P< 0,05. The abbreviations used are as follow : me = m illi-equivalent, T = total , UC
= Flush or growth unit, ppm = part per million.

3. Results and disc ussion : rhizoQenesis

A curting's quality is defined in terms of its rooting capaci ty. Cuttings remained
do rmant for differing lengths of time. This length of time is a second criterion taken into
account in j udging cutting quality.

3.1. Cutting' s rooting capaciry and ori gin

The rooting cap aci ty of the cutting was measured in terms of its origin (m other plant )
and its position OI: the stem. .

3.1 .1. In fluen ce of the mother stern

Fig.2 shows the infl uence 0:' the mo ther plant, whethe r frorn seedlings or cuttings. For
P. ex imia. "Cardinal and "Sylvia. the intluence of the mother plan t on rooting capacity
was observed to be ver)" significant at al! stages of development. Two reasons m ay be
proposed:

• Th e genetie fac tor which plays an important role in some P. exi mia species, clo nes
and culti var : Brits ( 1986'1 also observed a great vari ability in roo ting cap acity
am ena Leucosoermum cultivars ,

• The effect en ihe mother-plant of growth, c1imatic and feeding co nditions.

It has often been observed that a cutting's rooting capaci ty is influ enc ed by
environmental conditions (Andersen, 1994) and Ni trogen-rich nutrition (Lemaire. 198 9)
on the mother-plant

3.1.2 . Influence of the development stage of the mother stem when the cutting is taken.

In tests 2 and 3, in which we took both floral and ve zetative cuttincs. the rootinz
capacity was seen to be significan tly two or three times greater for floral- sterns ; this is
due 10 the fact that the tissues of the veuetative stems were insufficientlv mature .

At al! development stages of the mother plant, the rooting potentiality of the species
studied can be classified as follows : P. eximia > ' Sv lvia' > 'Cardinal'.
It is however important 10 bear in mind the fact that the cutting s of this species and its two
hybrids were not taken in exactly the same cl imatic condit ions.

3 .1.3. Influence of the cutting ' s position

In the case of vegetative sterns, the ex tre rnity corresponding to UC 1* never produced
roots ; in the case of other positi ons, there was a positive acropetal rooting gradient
whatever the cutt ing period, as shown in FigA. The total failure of the growing flu sh to
produce roo ts confirms the theory that _thi s tis sue was sti 11 immature (herbaceous) . The
full -grown flushes were su ffici ently mature to allow rh izogenesis : therefore, the best
rooting can be expected frorn a cuning taken just be low the growing f1ush, as we may
presume that its cambium is suffic iently mature to allow rooting. In the case of mature
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fl oral sterns, roo ting in terms of position appears to varyaccording to the cu tting period as
suggested in Fig. 5.

• For a cutting taken in March there was a clear positiv e acropetal gradient for
"Sylvia ' but not for P. eximia ; on the other hand. for April cuttings. this grad ie nt
was only observed for positions 2, 3, 4 and the rooting percentage of the extrem ity
was siznific antlv lower than for flush 2.

• For autumn cuttings , the gradient showed increased rooting for the lowest flush.

3.2. Rooting capacity and hormonal treatment

Both concentration and dipping time were taken into account.

3.2.1. Concentration

A st ronger IBA so lution improved rooting capacity si gnificantly . There is a positi ve
gradient for rooting capacity for doses from 500 ppm to 2000 ppm as shown in Fig. 6.

. ~

3.2.2. Dipping time

Th e dipping time had no signi ficant effect on rooti ng whatever the concentration used :
however it appear ed te have more effect when the IB A solution was weaker. For example
increasing the dipping time by 30 seconds irnproved rooting by 7 % for 500 ppm. by -l %
for 1000 ppm and by only 2 % for 2000 ppm. Prolonging the dipping time results in quick
absorption of aux in by stern tissues as observed by Jacob (1990). There is however a limit
to th is increased rooting, as after a short pe riod of time aux in absorption by the cu ning
wou ld be very low. Thus it is mo re judicious ro rep rese nt the results obtained in terrns of
concentration x time. \Ve obtained a curve o f points similar te those describing the
variat ion o f enzyrnatic react ion speed. or the absorption of a dissolved substance. The
rooti ng percentage ap pears to level off when the concentration x time = 2000 ppm rr.in.
The refore if C x t = -l000 pp mlmin or mo re the rooti ng is no better , This co nfirms the
iheory that aboy e a certain quantity of auxin, the conc entr ati on has no effeet on rooting. In
other words. the tissue maturity of the cutt ing se erns to be the rnain limiting faetor for
rooting.

3.3. Influence of cuttings morphologieal fearures

Eac h cu tting also has vary ing quantitative characteristics which may have an effeet on
roo ting .

3.3. 1. Number of leaves per cutting

Rooting versus the number of leaves indicated that number of leaves had a positive
effect but there could also be the influence of solar radiation linked to the leaf area.

3.3.2. Diarneter and weight

The diagrams drawn plotting rooting against the cutting ' s diametcr were similar to
more or les s syrnmetrical Gaussian curves, the top of the curve indicating the diarneter
va lue for rnaximum rooting. This value vari es according to the species, in the. case of
woody cuttings , weight has the sarne intluence as diarneter. Figures 8 and 9 illustrate
these results for 'Cardinal' ; P. eximia and ' Sylvia' show the sarne variations.

91



3.4. Latency

This was observed in trials 2 and 3 in which rooting was measured in terms of time.
Rooting was measured every two weeks

3.4.1. Influence of cutting's position on average latency

In test 2 no sianificant difference in latencv was observed. It was between 80 and 90
davs for all positions with a minimum of 70'days for position 2. Test 3 carried out on
'Cardinal' showed a much shorter latency in the case of DC2. 3 and 4 : about 60 days.
compared with UCI which had an average rooting time of 85 days for all positions. As in
the case of rooting capacity in the sarne position, latency seems to vary according to the
cutting periodo

3.4.2. Influence ofposition on earliness ofrooting

In all trials LTC2 was seen to be the earliest to develop rooting. Two of the 3 diagrarns
indicate the rap id growth of the percentage of cuttings rooted during the first month after
the first roots appeared. In the case of P. eximia and "Cardinal ' rooting leveled out in Jun e
and increased again at the beginning of July. For cultivar' SYlv ia. Fig .1O sh ows a regular
incre ase in rooti ng pe rcentage.

..L Re su lts and discussions : branchin2. development

4.1 . Influence of position

-:\0 link was o userved between pos ition and the appearance of axil lary buds, whic h
startcd to swell after 40 days for a11 pos itions and spe cies. There was a negative
correlation between bud swelling and root length when me cuning was .plamed for
' Cardinal' . This relation can be expressed as fol lows : Y = - 3,17 x ..,... 55.3 (R- = 0,45 ). lt
is however important to bear in mind that these measurernents may vary according to the
seasons and the substrate used. Furtherrnore. sizns of stress rnav be observed and van'
according to the type of plant. . - . .

4 .2. Branching flu sh

Axillary budding is produced by flushes in the sarne way as on the mother plant (Fig .
11) . The branching is obtained on tite topmost part of the cuning as seen in Leuwenberg s
model (Le Bris, 1993 ). From O to 20 % of cuttings produced delayed budding but the last
branch always appeared on the cutting within 2 weeks after the firs t bud. The cuning
position did not have a significant effect on branching potentiality, which was 3 or 4
branches per cutting. The strength of the cuttings was measured by its diarneter and its
weight when it was taken. There was a positive correlation berween the diarneter, the
weight and number of branches growing in me case of 'Sylvia' UC2. UC3, UC4 ; the
correlations obtained are as fo11ows :
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N um ber ofbranchings and diarneter

Diameter and weight

UC 2 Y = 0.69X - 2.36R2 = 0.68
UC 3 y = 1.26X - 7.72R2 = 0.69
UC 4 y = 0.21X + 1.29R2 = 0.82

UC 1 y = 3.09X - 4.96R2 = 0.68
UC 2 y = 4.23X - 15.44R2 = 0.89
UC 3 y = 5.06X - 29 .57R2 = 0.90
UC 4 y = 3.24X .. 14.42R2 = 0.82



Bran chin g and weight UC 2 Y=0.16 3X +0.22 R2 = 0.75
UC 3 y = 0.30 X +- 0.0 15 R2 = 0.65
UC 4 Y=0.068X +2.19 R2= 0.94

For UC 1 no correlation was established ; sim ilarly for P. eximia and ' Cardinal', there
was no relationship be tween diameter and number of branchings on the one han d. and
weight and number of branchings on the other. In view of the fact that 'Sylvia ' cuttings
were taken from branching orders 1 and 2 on plants :2 years old, whereas for ' Card ina l'
and P. exim ia, they were tak en from branching order 4 and 5 on plants 5 years old. it
could be supposed th at the branch ing strength o f the cutt ing was proport ional to the age 01'
the mother plant. Thus, w hen the mother plant is young, its cuttings pro duce vigorous
branchi ng s, whereas cuttings taken from older p lants. produce unpredictabl e branchings
(strength no longer pl ays any part ).

Several irnportant cri teria for roo ting cuttings of Protea are deri ved fro m the results 01'
this study, for the future appl ication in soilless condi tions in the South of France :

• the mo ther plants rnus t be young
• the sterns chosen for cu ttin zs should be flo ral
• UC2, UC3 an d UC4 give ti1e best rooting and branching

References

Andersen, A. S, 1992. Ph ysio logical basis fo r stock plant s effec ts on cutting s and post
propagat ion growt h of propagules. Acta Horticulturae 3 14 (199 2) . P 28 3 - p 289.

Barthe lerny. D.. 1988 . Architecture et sexual ité chez quelques p lantes tropicales : le
concept de floraison autornatique. Thése de do ctoral. Univ . Sci. et Tech o Languedoc .
Institut de bo tanique. 262 pp .

Brits . G.l .. 1986. The infl uence 01' genotype. terminality an d auxin formulation on the
rooting of Leucospe rm um cuttings. Acta Horticulturae 185 (1986) . P 23 - p 30.

Crabbe. J.. 1987 . Aspects part iculiers de la morphogenése caul inaire des v ég étaux ligneux
et introduction a leur étude q uantitative. I.R .S .I.A .. Bruxe lles. 116 pp .

Cuthbertso n. D. YL. 1991. An investication 01' facto rs invo lved in the forrnation o f
prote cid roots , Th ése de docto rar (r¿sLlll,¿ 1. Lniversity of Adclaidc. Dcpartruents L1 !
soil and plam sciences, 12 pp .

Edelin. c.. 1984. L 'arch itecture monopodi ale : lexarnpl e de que lques arb res dAsie
tropicale . These de doctorat, Univ. Sci . e t TechoLan guedoc , Ins t itut de botaniqu e, 258
pp . .

Favre, 1.M., 1977. Formation et entrée en croissance des racines adventives. Co rnpte
rendu des séminaires du groupe d' étude des racines, tome 5 (I-iere partie), p 1 - P 45.

Halle, F. and Oldemán, R.A.A., 1970. Essai sur l'architecrure et la dynamique de
croissance des arbres tropicaux. ed. Masson and Cie, Paris, 192 pp.

Jacobs, G. , 1981 - Vegetative propagation of proteas, recem developments. Growing and
marketing of proteas, ed Peter Marthews, p 7 - P 18.

Jacobs, G., G., Gouws L. and Strydorn D.K., 1990. Factors affecting rooting and auxin
absorption in stem cuttings of protea. Joumal of Horticultural Science (1990), 65 ( 1), P
59 - p 63.

Lamont, B.B., 1986. The significánce of proteoíd roots in proteas. Acta Horticulturae 185
(1986), p 163 - p 169.

Le Bris, M., 1993. Modélisation architecturale de Pro tea neriifolia et influence de la
fertirrigation sur son expression. Mémoire de fin d'études, fNRA.-URlH, Sophia­
Antipolis, 43 pp.

Lemaire, F., Dartigues, A., Rivi ére, L.~·L and Charpentier S ., 1989. Cultures en pots et
conteneurs. Principes agronorniques et applications. INRi\. éditions , París. 179 pp.

Margara, J. , 1982. Bases de la multiplication vég étative. INRA édition s. Pa.r:is, 262 pp.
Montarone, M. , Brun, R ., Allernand. P., Tentative of a nutrient solution fitted for

93



Proteaceae grown soilless under shelter. IPWG . 3 rd Inter. Protea Product. Research
Symp. Harare.11-15 October.9 pp.

Smith, R.E. and Higgins. K.B.,1990. The root systems of three species of Proteo shrubs in
the Jonke rshoek Valley, Cape Province. South-Afr. Tydskr. Plant Grond 1990,7 (4), P
238-p 240. .

94



P o . ,tia"' .

ue,-

u C Z O

Fig. 1: Positions of the curtings on the floral stern , and on vegetative stem

1m
8~

:o

~ ~""'
... ':"''''1:
~

' ''J. v ic

~

¡C

~ r:
-(-/ -

l e'-- >-- -
V'

,
::":

'-- ,..-. - h ': ,~i:I l:0l--- o-- '-----i>" '---¡ .~ , .->

95

Fi,;_:: : Rooting vari ab ility according ro the rnother-plant : ex. P. ex imia

Fig. 3 : Effect of the physiological stage of the mother stern
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BREEDI~G ü F A.YIGOZ-tN THOS j}L4N GLES Il

Y. Shchori , M. Ko chba, A. Barzilay, L. Afgin
Departrnent of Ornamental Horticluture
ARO Bet Dazan 50150
Israel -

Abstrac t

In a bre edi ng programme of Anigozanthos manglesii the first step was selection for parent
plan ts with good horticultural traits. The parents we re crossed ro obtain experime ntal
hybrids. Four of the hybrids have been propagated and released as new varieties, In the next
step sel ect ion for seed ge rmi na tion of hybrids should be done for produc ing seed -propagated
varieties,

l . Introdu ction

Haernodoraceae is a plant family of the southe rn hemisphere of which Anigozanthos is
the most well k.nO \\TI co rnmon genus. Anigozanthos is an endemic genus of South We st
Australia that includes 11 species . It has horticultural irnportance as a garden plant, pot -p lan t
and cut-flower plant. Seiected interspecific hybrids of Anigozanthos are available as
cultivars, as well as sel ec tions fro m natural po pulations. Plan t multiplicati on is generally by
tissue cu lture. .Anigozanthos is bird (open) pillinated in its natural hábitat and a rich variety
01' exotic forrns an d co lors are found within the species.

.Anicozanthos has be en !::rO\\TI in Israel for 1-+ vears. Since winter is the rnain flower
expon season tr orn Israel. e:u-Iy variet ies are wanted by the gro wers . The majar cu t tlo-ver
varietv has for manv vears been an ,« . mcngles i! I ..J. , hum ilis hv brid . wh ile the A, manclesii
sel ections we re not popular as they flower to o late. ' -

Considering the horticultural poten tial of ..J. . manglesii. a breeding programme was
estao lished . looking init ial ly for early flowering plants. with the fina l goal bei ng seed
rnultipl ied hyb rid \ arieties t Shchori. ct al.. 19S-1 ).

.., . \-lateri:ll and methods

Early fiowering plants were selected from a seed populati on obtained from the wi ld .
These we re crossed with se lected plants from other commercial vari eties, The orfspring
were intercrossed or backcrossed to the parents. Several good qualiry early flowering plants
were selected and used' as parents for a further round of production of experimenta! hybrids,
From these hybrids selections were made and released as cultivars. Additional series of
experimental hybrids were produced for the purpose of testing seed set and seed
germination.

3. Results and discussion

Four good qual iry and early flowering hybrids were selected and released as cultivars:
Fira Vol. , Ohir Vol., Shani Vol. and Chen Vol. from the offspring populations developed by
intercrossing early hybrids. .

Seed set and seed germination rates differed berween di fferent crosses produced to test
these parameters (Shchori, el al., 1995).

Inclusion of the seed vield and zerm inario n rate as selection pararneters in addition to the
desirable ornamental ch~cteristics of the hybrids should result in the production o f seed­
prop .igated F 1 hybrids in the near future.
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SEED GER\lI:"iATIO~ or SPOl\TA~EOVS HYB RIDS or LEUCOSPERJIU:lI
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A.R.O., The Volcani Cerner
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Abstract

In hybridization of Leuc ospermum patersonii x L. conocarpodendron the hybrids obtained
were resistant to hi gh pH soils. Additi onal resistant hybrids were sought by screening
spontaneous hybrids of di fferent varieties. In the first step. germination rate 01' the seeds
obtai ned by open poili nation of different varieties was measured. Potential hybrids were
screened among the seedlings.

l . Introduction

Leucospermum species introduced to Israel were found sensiti ve to the high pH of Israelí
soils. Only L. patersonii was found to be tolerant to these soil conditi ons . A breedi ng
program for res istant cu ltivars and rootstocks of L¿lIcOSper11l1l11l is in pro gres s at Bet-Dagan .

...,. \ob terials and merhods

In the breeding a cro ss of L. pcnersoni i witn the pH sen sm ve but vigor ous L.
conocarpodendron gave Fl hybrids complete ly resistant to the adver se soil condi tions. Five
plants of the F l hybrid population were se lected. Four of the rn ~ "Udi. ' Shai' . ' ~ í r ' and
·0.1irian1·) as flowering cultivars and e ne (" Carm eli' ) as a root stock (Shchori. el al.. 1995 1.
In addit ion spontaneous hybridization occurred in the experimental plaruation at Bet Dagan.
in which diffe rent Leucospermum spec ies are flowering clase tú one another, There is a
good chance that in ters pecifi c hybrid s co uld be fOU:1d among the orf spring.

T he perce ntage ge rmi nation of seed s fr orn d irfe rent rnother plants in the Be t Dagan
plan tation was testee . Seeds we re treated acc ordi ng :0 Br its (1980 !.

3. Results and discussio n

Seed gennination rate is presented in Tables 1 and 2.

It was noted that a hig h germination rate appeared in seeds taken from one L. patersonii x
L. conocarp odendron hybrid.
Other hybrids and cultivars showed lower gennination rates.

Seedlings are be ing tested now for soil adaptability and horticultura! traits .
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Table 1: Gennination rates of seeds collected from hybrids of L. patersonii x L.
conocarpodendron at Bet Dagan.

Hybrid Parent Seed Gennination
Plant No. rate (%)

7.''2 91 64., ....
130 311/ .;)

6:'3 130 .., -
... )

6/4 13 23
7/1 48 2 1
1/4 320 18
7/4 156 14
9/3 78 14

8112 65 12
1/1 195 11

sn 154 5
9 '1'2 65 5

1 '3 78 .:;

9 11 66 O
8 13 7S O

Tab le 2: Germination rates of seeds collected from different cultivars al Bet Dagan.

Parent Plan t Seed p;o Germ inati on rate
. (%)

Tango 2 290 35
Tango 78 28
L. Patersonii S.K 65 .., -

- )

Spider 2 11 18 2 1
L. patersonii 26 19
Spider 65 18
L. patersonii 208 15
Helderfontein 39 15
SW1rÍse 143 13
Ballerina no 4
Setaria 300 4
Ballerina 780 4
Setari a 300 4
TP 52 40 3
Tomer 202

..,
-

Lfulgens 55
..,
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DEVELOPI:'iG YIELD EV.-\LUATION PROCEDL'RES FOR LEl:COSPER.,l,JGM
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7607 Soüth Africa

Abstract

A blo ck of 50 Leucospermum accessions in the fyn bo s field genebank, plan ted in a
randornized block were harvested for three consecutive seasons . from rwo vears of aze .
Signifi cant variatio n for total stern yield only became ap parent at four years of age. There
were no signi ficant diffe rences between the means of the L. cordifolium accessions, the L.
cordifolium hybrids and the multiple head types. The L. lineare hybrids as a group gave
signifi can tly hig her marke tab le yields in the third harvesting season. L. ref lexum
consistently performed well over the three seasons. The perc entage of 1st grade sterns
produced duri ng the second harvesting season was correlated with the percentage praduced
in the th ird harvesting perio do The yield of the accessi ons was not corre lated with the
duration of flowering. The majority of accessions showed an increase in total stern yield
over the three seasons. but exce ptions which did not rec over well fro m pruning were
observed.

l . lntrod uc tion

The Fvnoos Genebank curr entlv rnaintains 123 specres accessio ns and 197 hybrid
access ions o f Leucospermum , 1'vlan:" of these accessions were orig inal lv selected on the
bas is of spec ific characte ris tics such as flow er color. flowering time-or purported abi liry to
grow on ary pical soils or under aty pical condi tions . These accession s need te be careful ly
assessed befo re use in a contro lled breed ing prograrnrne. T wo criteria need to be estab lished,
i.e. the heritabilitv of the characteristic for whi ch thev we re orizinallv selected and the ir
perfo rman ce against other accessions under eq uival ent co nd itions.. Armed with ans we rs 10

these rwo questions hybridization pra gram s can be planned te co mbi ne the best
characteristics of the parental lines. While adaptabi liry of the acc essions cannot be ass essed
by plan tin g only at one local iry, preliminary yield and aspects of yield can by analyzed. .
Total flowering stern yield of Leucospermum cultivars have been reported (Ackerm an.. el
al.. 1995; Brits 1986<1, b), but an assessment of traits contributing to yield has not been
reported. This paper deals with the yield evaluation and comparison of rypes of
Leucospermum accessions in the field genebank under standardized conditions.

2. Material and methods

Fifty accessions, ten rooted cuttings of each, were planted on a south east facing slope on
Hutton soil at the Eisenburg Experimental Farm. Westem Cape. South Africa during 199! .
The plan ts were es tablishecL 1m within rows and 3m berween rows, using black plastic
mulch and were irrigated regularly during the dry summer months. Cornmercially registered
insecticides and fungicides were used as necessary to control insect and disease darnage. At
ayear old (1992) the plants were pruned back without harvesting flowering sterns. At ~o.
three and four years after planting the of flowering sterns were harvested over the durauon
01' the flowering periodo The harvest of 1994 was divided into 1st grade and unrnarketable
sterns. 1st grade sterns were defined as longer than 30 cm. straight sterns with the
inflorescence straizh t on the end of the stern. The 1995 harvest was subdivided into 1st
grade as in 1994 -and 2nd grade which consisted of longer than 30 cm stems but the

Proc, Founh lnt . Pro tea Syrnp.
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in fl r .scence or !Í1e sicm was not perfectly straight. The sterns that were too crooked or
sh ort vere c1asseJ as unrnarketable.

111t: data was subiect to standard techniques applicable to continuous scale scores
meas ired on an inie rval scale (mean, variances, analysis of variance) after careful scrutiny
for normality . The yield data was grouped according to rype of accessions for the statistical
analvses. i.e . L cordifolium accessions (15 accessions), L cordifolium hybrids (14),
múltip le head types (9), L lineare hybrids (10) and L. reflexum accessions (2).

3. Results and di s::ussi <m

T he parameter total stem yield per plant, could be interpreted as normally distributed
based on the normal probability plot, residual plot and fit of a normal CUI"\'e 10 the frequency
histogram ofthe y ield data. Analysis ofthe data revealed the following:

• Significant differences between the total stem yields of the four accession rypes was only
observed for the 1994 and 1995 harvests. The proportion ~%) of 1st grade stems
harvested in 1994 w as correlated (Corre1ation coefficient = 0.79, R5 = 63 %) with the
proportion of 1st grade stems harvested in 1995. In the first harvest no significant
di fferences be rween rypes of accession were ob served and the 1st grade fir st year harvest
w as poo rly co rrelat ed wi th second and third year 1st grade harvests.

• Nei ther the total stern vield of 1994 . nor that of 199~ was closelv correlated with the total
stern yi eld 01' ;99': tcorreiaticn coefficient = O, ~ 6 and O.:' : respecuveiy l. indicating that
the stern yieic ,:, f youn]; piants is not a good indication of mature plan t rlower yield .

• ~a siunifican: d iffer enc es for 1st crade stem vield were obse rvcd berwecn the four
accession types for ihe 199-+ . nor the-1995 harvest .

• Second grad e si em harves t for 1995 showed significant diffe rences be tween gro ups. with
the L. lineare hybrids pro duci ng a hi gh average number of second grade sierns, and the
mu1t iple head group and L. rctiexum. few.

• 1"0 correlation bctwee n l st an.i 2nd crade sterns was observed for lile J C) 9 ~ harvest, nor
between Jst or :ad grade sterns and total yield. This ind ica res th at che prac tice of
counting the tot al number of bl ooms and using it as a prediction of stern harves t wo uld
hav c been inaccurate in th is tria !'

• A1though onl y two ent ries of L. rcflexum were grown in the trial , these accessions
consistent ly performed well. The proportions of 1st grade sterns was also con sistently
hi zh.

• T11e L. cordi folium hybrids as a gr oup did not outperform the L. cordifolium spec ie
acce ssions as a group. The L. cordifo 'iuni sp ecie accessions sh owed large vari ation
be tw een geno types. with two o f th e acccss ions not producing an y rnarketable yield until
the third harvest, There was less variation between the L. cordi folium hvbri ds and no
significant di fferences for stern yield between th e L. lineare hyb rid acces sions.

• The L. lineare hybrids as a group ga ve the significantl y hi gh est marketable yields ( l st-:­
2nd zrade ste m s).

• The e arl iest flowerinc accession w as in earlv Auzust. the latest flowered in N ove mber.
Flowering pericds ,':'aried wi thin groups ánd between groups. The L. cordifoliwn
acces sions took from t\\'o to 1..+ weeks to complete flowering, the L. cordifoliul11 hybri ds
from on e to ten weeks. the L . lin eare lwbrids from tbree to 15 weeks. th e L. reflexwn JI
weeks and the others vaned from three ío eigh t weeks . . -
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THE ECOLOGY .~'lD DEVELOPMENT OF CONOSPER1HUM

K.A. Seaton
Agriculture We stem Australia
Baron Hay Court
South Perth, W A 6151
Australia

Abstract

M.G. Webb
Agriculture Westem Australia
Albany, WA 6330
Australia

The genus Conospermum is a member of the Proteaceae famil y. They are restricted to
Australia and comprises over 36 species ofwhich 29 occur in Westem Australia. Flowers
of several Conospermum spp. are presentIy picked from natural populations and exported
fresh and dried to Japan, Europe and the USA. However, most species, especially those
with horticultural potential, have proved difficult to propagate and cultivate.
The plants. cornmonly called 'smokebush', occur as small shrubs (0.5 m) to large bushes
(2m to 3 'm) in sandy heath woodland on soils with a pH ranging from 4.5 -5 .5 (1:5,
CaCI!). They natural1y colonize disturbed ground and sorne species regenerare from seed
while others re-sprout from substantial tubers. Flower color included white, cream, pink,
and blue . Flowers were either arranged in c1usters as in C. eatoniae (blue smokebush),
panicles as in C. triplinervium (tree smokebush) and C. incurvum (p lume smokebush) or
corymbs as in C. crassinervium (tassel smokebush).
From natural populations in Western Australia, genorypes of Conospermum spp. were
se lected which exhibit desirable horticultural characteristics includinz lon g sterns,
different flower colors and a range of flowering times. Various techniques were used to
propa gate di fferent Conospermum spp . incl uding vegetative, tissue culture and
zermination from seed.
C. eatoniae was planted in No vember 1994 at Perth, Western Australia and at Mt Barker,
350 km south east of Perth. and have responded positively at both sites to intensive
management and applied irrigation. The plants flowered from July to September 1995 and
produced a mean of fifteen marketable stems per plant.

l . !ntroduction

The Aus tral ian cut fl owe r industry, based on indigenous plants, is currentl y worth 525
million (An on, 1995 ). The industry is based on cu ltivating and selling Geraldton
waxflower (Myrtaceae, Chamelaucium spp. Schaer), ban.ksia (Proteaceae, Banksia spp .)
and Kan garoo Paw (Haemodoraceae, Anigozanthos spp. ) (Anon, 1994).

Tbe genus Conospermum (Proteaceae) is restricted to Australia and comprises 36
spec ies of whic h 29 occur in Westem Australia (Wrigley and Fagg, 1992). Selections
from this genus are be ing de ve loped in Westem Australia as a poten tial new cut flower
(Seaton, 1995).

Tbe airo of this study was to evaluate the cut flower potential of Conospermum. This
involved the se lec tion of suitable plant forros and determining suitab le prop agation,
establishment and cul tivatio n techniques. .

2. Material and methods

2.1. Field surveys and plant selection

Plants were surveyed in natural populations over a distanc e of 800 km in Southem
Westem Australia from 35° lato S to 27° latoS, from north of Kalbarri to Es perance in the
south-east, Tbe so il type, topographical conditions, plant growth habit and flowering time
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were noted. Su itable plants with desirable cut flower characteristics were selected for
cultivation trials. Species were propagated by tissue culture or cuttings using IBA 3 rng/l
as a liquid and propagated in peat: sand (coarse): perl ite as 1:2:4 or peat: sand (course).
Cuttings were placed in a high hurnidity propagation house, with a temperature ran ge of
15 -28 "C and a bed heating temperature of20 "C. .

2.2 . Cultivation tri als

Plantings of C. eatoniae were made in November 1994 at Medina, 50 km south of
Perth with rainfall (880 mm) mainly in winte r and yearly mean maximurn/minimurn
temperature range of 23/1 3 "C, and at Mount Barker, 350 km south of Perth wi th annual
rainfal1 of 651 mm and a mean temperature range of 20 /1O. "C. The species C.
crassinervium, C. floribundum and C. triplenervium were planted in 1994 and C.
incurvu m at both sites. C. crassinervium was planted in 1995 but only at Medina. Plants
were spaced in rows 3 m apart and 2 m between plants in a row. Each plant was supplied
dail y with water via 4 IIh pressure compensated drippers (Netafim®). Prior to flowering ,
ste rns of C. eatoniae were trained through 900 mm wide ' camátion mesh' (Cyclone®)
with a grid size of 150 mm square, and Iocated 300 mm aboye the ground. M easurements
were made of plant he ight and width, nurnber of sterns and appearance of first and last
flowers and when flowers were 50% open. Following flowering ste rns were cut back to
200 mm above the ground surface.

3. Res ults

3.1. Potential Conospe rmum spp. cut flower types

Smokebushes occur in sandy heath .voodland in deep sand or sand ayer laterite or
lirnesto ne and in so ils with pH ranging 4. 5 to 5.5 ( 1:5. CaCI ~ ) . They occur in rainfall
isohyets frorn 200 to 900 mm . Sorne are low shrubs. 450 mm high while others are small
trees 2- 3 m high. Five Conosp ermum spp. were identified for th eir cut flower potential in
terms of flower color. stem length. flo wer display and tim e of flowering (Ta ble 1.). Th ose
sne cies evaluated were C. eatoniae . C. crassinervium , C. floribundum, C. incurvum and
C-. sriplinervium. Flower color of C. eatoniae is blue, C. floribundum blue/white and
white for the oth er species. Stem product ion of C. floribundum and C. triplinerv íum and
C. triplinervium were highe st of al l species with stems of C. flo rib undum short compared
to other species. C. eaio niae and C. incurvum stern production was me dium with stern
length of C. eatoniae longer than for C. incurvu m.

3.2 . Performance of Con ospermum spp. in cult ivation..
3.2.1. Growth

Growth of stems of C. eatoniae was rapid over the summer months and reached a
máximum length of 48 .2 ± 4.2 cm in August at Me dina and -+ 1.6 ± 6.4 cm in June at Mt
Barker. Stems of C. eatoniae reached 70 cm 7 months after planting. Stems of C.
trip linervi um elongated rapidly after June to nearly 60 cm by Septernber, while stem
elongation of C. floribundum was low with sterns reaching near ly 40 cm by Novernber.
Stem multiplicat ion of C. eatoniae and C. triplinervíum was low wi th 15 and 11 stems
respectively, while stern multiplication of C. floribundum was high producing 30 stems
by October. Following flowering and cutting back plants in August plants of C. eatoniae
recovered quickly with rapid elongation of stems to 50 cm within 3 months. Following
cuning back, stem elon gation of C. tr ipl ínervíum and C. florib undum \vas less than for C.
emon~~ -
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3.2 .2. Flowering

C. eatoniae grown at Medina flowered in spring (early August) in their first year
(Table 2), while flowering occurred approxirnately 1-2 weeks earl ier at Mt Barker. C.
jloribundum and C. incurvum flo wered in September and C. tr iplinervium flowered in
earlv October at Medina. The estimate of the flowerinz time of C. incurvum was made
fro~ field observations of natural population as plantin gs 01' this species were made after
spring 1995. C. cassinervium flowered in February.

3.2.3 . Trellising

C. eatoniae stems became quite heavy with flowers and we re not sufficiently strong to
maintain an upright position. P lan t left without support were found to be damaged by
wind. which twisted the plants causing the plants to be pulled out of the ground. Wire
trellis or 'carnation mesh ' was necessary to train the plants at an early stage (i.e . when
plants were 15-20 cm high or 2-3 months afte r planring). Th e square mesh anchored the
plant by the lateral branches of the new ste rns which pushed against the mesh and
encouraged the development of straight sterns. \

.¡. Discussion

With the large variation in the genus Conospermum in flower color. flowering time.
and stern formo there is considerable potential to de velop fres h and dried cut flowers for
the exp ort industry. There are many unknowns in the cul tiva tion of this plant and
propagatio n for many spec ies is extrernely difficult. Gi ven the earl y results of th is project
it appears possib le to successful ly cultivate C. eatoniae. Fie ld eva luation trials are
continuing to de fine the full cut flower potent ial of th is and other Co nospermum spp.
Plant s aocea red to urow best under warrner condition ( 19-30°C dav and 10-19 ce nizht
ternperatures) , in sandy so ils with slightly acid pH and grown using 'trickle irrigation. The
Conospermum sp p. studi ed exhibi r the abiliry to respond to increased ternperaturc and
ligh t in sp ring , which pr ometes rapid stem elongation. For C. eatoniae the stern
rrarnework for flower produc tion is prod uced severa! rnonths before flowering, while for
C. triplinervium flowerin g shoots rapidly elongated approx irnately one month before
rlowe ring . C. florib undu m appears to cont inua lly produc e flowering sterns over the year
with litt le rapid e longat ion of sterns at flowering .

Management practices such a the use of "carnation mesh" appear necessary to support
and produce straight sterns in C. eatoniae .

Ackno\vledgmems

This research was done with the support of Rural Industries Research and Developm ent
Corporation and Agricul ture WA. The technical assistance of Mr. J. Be rston is
acknowledged.

References

Anon. (1994). Wil dfl ower and Native Plants Prograrn Baseline Study. Rural and
Industri es Research and Development Corporation. April 1994 .

Ano n. (1995). Austral ian Bureau of Statistics. Hannonized Export Commodity
Classification 1994/95.

Seaton, K. A. (1995). Introduction of new wildflowers into cultivation. J. West. Aust.
Wildflower Producers Assoc. Sept. 1995 p8.

Wrigley and Fagg, (1988). Austral ian Narive Plants: A Manual for their Propagation.
Cultivat ion and use in Landscaping'. Collins: Sydney.

109



o

Tablc 1 - Cut llowcr charactcristics of CmIOSpCn/Ill f11 Spp. from survcys of scvcral unturally occui riug populations for each spccics.

Spccics Flowcr co lou r ,\ verano stc m

pruductiun per plant *

C. catoniae bluc mcdium

C. floribun dum blue/while high

C. incurvum while III cdiUllI

C. uiptinoviwu whitc high

C. crassincrvlum whitc low

• Low < 25 stcms, mediulll 25 - 5Ustcms Clnd high > 50 stcms per planl.

Tablc 2 - Time of 50% Ilowcring of CO tlVJpCl11l111/1 spp. at Mcdina.

Hange uf ~ II' III Icngfhs Growth habit Flowering lime
(n n)

50-GO sprcading July lo Scptcmbcr

7-15 upright July lo Octobcr

20·J5 upright July lo Octobcr

20·50 upright Junc lo Novembcr

80·()O uprigh] Dcccmbcr lo Fcbruary

Spccics

Time of Ilowcring

C. eatoniac

carly August

c. flotilnuu111m

late Scplcmbcr

C. incurvum

mili Scptcmbcr

C. uiplincrviutn

carly Octobcr

C. crassinervium

mid Fcbruary



SOME ~L-\.¡~AGE;\1ENT STRATEGIES FOR GRO\\'1NG BAN KSIA B~'(TERI

CJ . Robinson, M.G. Webb
Agriculture Western Austral ia
Albany, WA 63 30
Australi a

R.S. Smith
Departrnent of CAL M
Bun bury , WA 6230
Australia

A.L. Morgan , A.F . Fuss
Aariculture Western Austral ia
South Perth. WA 6258
Australia

I

I
i,,
I
I

\

I

I
\
I

Abstract

Banksia baxteri blooms have been commerciall v harvested for over twen tv vears from
unmanaged bush stands east of A' ' any on the south coast o f Western Australia:Oecl ine of
natura l bush and a trend toward .anaged stands has required landholders to investigare
management strateg ies to irnpr ov yield and qual ity. of flowers of selected species. In thi s
expe riment, the effects of pruning old B. baxteri plan ts and of transplanting and ferti lizing
postfire bush seedIings were examined.
Light prunin g of eleven year old plants. cut back from the stem tip down to a stem diameter
of 7-10 mm produced an incre ase in total bloom production and a significant incre ase in the
percentage of cornrnercial blooms when com pared with unpruned plants in the secon d year
after pruni ng. Me dium and heavy pruning of stems back to a diameter of 14 - 30 mm (or
greater) resulted in a 70 % death rateo
Postfi re seedlings transp lanted from natural bush into cleared open ground produced on
average 34 .3 times more leaves than those plant s remaining in bush after two years.
Applicat ion of fert il iser was found to further enhance the adv an tage of the tran sp lante d
seedl ings. A rate of 8.33 gm of NP K fertili ser (15 :2.2 :16.6) ap plied every six months near
the base of the plant was optimal in increas ing pl.int growth,

l . Introduction

Banksia baxteri oc curs naturally in san dy soi ls suppo rting scrub heath over J ran ge of
250 km east o f Al banv alo na the south coas t of We stern Au stral ia, For alrnost 20 vears B.
baxteri blooms have b~en commerc ially harvested from wi ld populations on both cro wn and
private land. The flowers have been sold dornest ically, but most are exponed wi th a total of
560,000 stem s exponed in 199 I (Robinson, 1991). B. baxteri flowers frorn late Jan uary to
mid April.

Serio us decl ine of the rernnan t stands due to increased commercial and recreational
exploitation of co astal reserves, compounded by fungal disease, has resulted in all B. baxter i
flowe rs now being picked from private land. Picking of B. baxteri on crown land was
banned in 1992, resulting in a greater interest in better management of B. baxteri on privare
land.

In the past there have been large natural populations on private land which have been of
suitable age and plant structure to faciIitate flower picking. These were pIants from five to
ten years old which had germinated following wildfires . Fire triggers the irnmediate release
of canopy sto red 'seed (i.e. serotiny) Lamont (199 1) which germinates in the next rains.
Flowers may be harvested from plants about 1 m tall in the fourth or fifth year after fire
depending on the variability of the intervening growing seasons. The plants continue to
grow and around ten or eleven years will reach about 3 m tall and 3-4 m across the dense
prickly canopy. At this stage plants are difficult for pickers to harvest and flower stems
become shorter and more curved than on younger plants. Many of the previously harvested
wild populations have now reached this relativel y non commercial mature stage and
landholders are faced with the pro spect of having to rejuvenate them by burning. It would
then take at leas t fíve years for plants in these locations to become produc tive again.
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Asbanksias normal ly produce vigorous .new shoots just below the cut made taking the
previous year's bloom , a trial was established to test the practicality of pruning large old
pla 1tS as an alternai ive to burning. ~s was done t~ de~ermine, if the plants .C<?~ld be
rejuvenated to produce more comrnercial flowers whilst irnproving the accessibility by
canopy reduction. RoW. et al ( 1994) found that B, baxteri produced half its blooms on two
year old shoots and half on three year old shoots and consequently a pruning exercise would
lose at least one season' s flowerinz.

As an alternative to pruning old plants the possibility of accelerating the postfire growth
by translocation of seedlings into more accessible rows on cleared. unirrigated land was
investigat ed. The applicati on of feniliser to translocated seedlings was also tested.

2, Material and me thods

2. 1. Pruning trial

Thirty even sized plants were selected from an extensive bush stand of eleven year old
Banksia baxteri at Wellstead (80 km east of Albany) that had previously been heavily
picked. These plants were considered by the pickers to have reached an unmanageable size
with few flower stems of commercial length. Pruning treatrnents by cutting back from the
stem tip into eithe r 1-2 year old wood (light prune), 4-6 year old wood leav ing eight leaves
(medium prun e) or 4-6 year old wo od leaving four leaves (heavy prun e) were conducted on
ten randomly selected plants per treatment in June 1993 .

In June 1995 the t0t31 nurnber of 1995 flowers (i.e. first flowe ring for pruned plants) per
pruned plant and on ten unpruned plants was recorded and the nu rnber of commercial sterns
(>300 mm and straight) rn easured, The qual ity of the inflorescence formation was no:
assessed as this is determ ined by weather conditions at and just prior to flowering and not b:
severity ofpruni ng. The diameters of ten cut sterns per pruned plant were also recorded.

2 .2, Seedling trial

An area of oider B. baxteri plants gro wing on a low sand rise (p l-I 4.2 in CaCI~ ; P < ~

ppm in HC03: K 26 ppm in HCOJ was bumt in March 1993 . Seedlings germinated from
the subsequent sced release were transplanted in .Tune 1993 into rows (3 m berween plant s
and 5 m between rows) adj acent to the bumt bush block on the same sand ridge that had
previo usly been cleared, Fifty transplanted seedlings were randornly selec ted and NPK (15:
2.2: 16.6) fertiliser was applied rwic e per year at rates of zero. 4 .2 gTI1, 8.3 gm and 16.7 gm
and ferrous sulphate was applied at 6.3 gm twice per year . Growth rates were measure d by
counting the number of leaves and branches of transplanted seedlings and com pared with
leaf counts made on seedlings remaining in the remnant bush.

3. Result s

3.1. Pruning trial

Although the pruning treatrnents were intended to be of substantially different stem
thickness, there was actua lly lin le difference in the average thi ckness of pruned sterns
be tween the heavy (20.2 1 mm) and medium (19.23) prun ing treatm ents. Only 6 of the 20
plants in these pruning categories surviv- d, and only 3 produced flowers. Severa! of the
heavy to medium pruned plants produce _ coppiced shoots on the main trunks but no shoots
imrnediately bclow the pruned cut. Many of these shoots eventual ly died . The relativel y few
flowers produced on the rnedium pruned plants were all of co rnm ercial stern length. All
plants lightly prun ed (average cut diarneter 8.3 mm) survived, produced shoots immediately
below the cut and produced more flowers per plant with a greater percentage of cornrnercial
length stems than the unpruned controls, -
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Table l . Effeet of pruning on flower produetio n of B. baxteri

Treatment Heavy prune Medium -prun e Light prune Unpruned

Mean diameter 20.2 (se 1.6) 19.2 (se 1.5) 8.4 (se 0.3) not applicable
of cut (mm and
ran ge)

Number of plant 8 6 O O
deaths

Total blooms O 36 307 209

Tota l O 36 187 10 1
cornmerci al
blooms

3.2 . Seedling trial

Thirty postfire seedlings remaining in unfertil ized bush had produeed an average of 8.2
(± 0.6) leaves per plant, with a range of -+ to 19 leaves. No branching was observed .
Transplan ted seedl ing s (Table 2.) performed 34 times better than bu sh seed lings without
fertiliser and 55 tim es berter with 8.33 gro of N PK fertili ser. Five of the 10 seedlings
rece iving the higher rate of 16.67 gm NPK per plant died. Application of ferrous sulphate to
transplanted see d1ings dec reased average leaf production relative to unfenilized transplants.

Average branch counts on the live transplants were 11.9 (FeSOJ. 14 .6 (ze ro fertili ser).
16.7 (-+ .17 gm NPK), 23.6 (8. 33 gm 0:PK) and 18.2 (16.7 gm NPK). Th is included primar:'.
secondary and tert iary branches.

-+ , Dis cussion

Pruning of old Banksia baxteri plants dO\\TI to 7 to 10 mm diarnere r wood (1 -2 year s old)
prov ided an advantage in total flower production and enc ourag ed the growth of longer
flo wer sterns. relat ive to the older unpruned contro ls. The loss of one season' s flowers in
199-+ from the lightly pruned plants ,was almost cornpensated for in the first harvest in 199 5
by the inereas e in average number of commerc ial length stems to 18.7 relative to the
unpruned average of 10.1 commercial flowers per plant. It is expected , as per Rohl. el al.
(1993), that the pruned plants will produce a similar number of flowers in 1996 on the three
year old wood, as on two year old wood in 1995 . The loss is of one harvest \\i11 be more
than compensated, with the added convenience of more easil y reached blooms and a lower
harvest cost per stern.

P1ants pruned down to 4-6 year old wood of 14.1 to 30.4 mm diameter were pruned too
hard as expressed in their high death rate and poor flower production. This high death rate in
the hardest pruned plants may have been exacerbated by the weather conditions whi eh have
effected this trial since its beginning. Immediate1y following the pruning event the area
adjaeent was flooded by unseasonably heavy rains, which seve rely stressed many plants.
This was followed by a very dry year with rainfall to September 1994 only 40% of the 40
year average (Agriculture WA, unpublished data). It is suggested that in a more normal
season pruning back to more than 10 mm stem diameter into 2-4 year old wood may also
stimulate successful rejuvenation of the old B. baxteri plant ....i thout plant death.

Transplanting of seedlings of Banksia baxteri from bumt bush into a cleared area of the
sarne soil type proved to be suceessful without fert iliser and even more suceessful with
application of low and medium rates of NPK. The higher rate of fertil iser appeared
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r- " i.:;) :.';·.S : : '. - ':1 ':' C; 1/ ~ :: ..::.:¡ rate in the ten transplants treated. Although, the high rate of
i:x :! ; ~..-: .....O-,! ¡ Le :: ;) ;;~ . i l:;:¡ lIy blamed for the deaths due to a small sample size, it is likely
t.!¡" ': : ' : '" .' :'. ,~..,:.' , ', D .'. r.;' plant death.

u " .' i ' ;¡c :.':,-;r> ...... · ." ,·. r ~ching in the absence of competition when transplanted, and
fl;::í¡1 t..: :'; L: ··· :' ·.I1 :·· :~·.r1 : ' . ~~·:: i · ! ¡ ser should ensure significantly increased flower production,
severa! yc;~, ·- r..: ! . ... ' ," , . -clants remaining in the bush. Planting out of the bush situation in
rO\\'3 \\' i!¡ r;-;;'.h: r-..: .~ i ,.(, ;~ ) : ;: gement practices such as irrigation, pruning, spraying with
fung~ (; ; c:. r. 2; 1(; . in: ' ":". ¡,-"..: rr.ore 'practica~le, which will further inerease the productivity
relative te. U:s bi.~'~ t; >:r:J..,,:d Banksia baxteri.

This rcsearch was ~;. . ¡'·I ¡Jorte,1 by funding provided by Rural Industries Researeh and
Development Corporation. Greg and Jenny North, and Robert and Caroline Davy
generou 1)' allowed unlimited aecess to Banksia baxteri stands on their properties at
Wellste. d. Ma'X Crowhurst and John Gladman provided technical assistance.
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Table 2. Leaf count of B. baxteri seedlings

Ferti lizer treatrnent

6.25 g.plant FeSO~

Zero fert ilizer

4.17 g/plant NPK

8.33 g/plant ?\TPK

16.67 g/plant 1'PK
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Total number of
leaves

1380

2434

2671

3604

1446

Live average

112.5

281.6

333 .9

450.5

289.2

Stan dard error

50.9

38.9

70.8

74,9

79.9
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Abstract

Protea ex imia plants grown from seed were grown under soilless cultivation in a greenhouse
for cutflower production. The vegetative pattern and flower production were studied over
six years.
Using different methods to pinch and prune the plants, the evolution of various parameters
was followed : vegetative and flower production peñods, ratio ofb ranc hing and floribundiry
01' the different orders of branches, the num ber of growth units, and the length, diameter and
straightness ofthe flower stem.
"Ole main results show that the vegetative and floral rhythms are not affe cted by the pruning
and pinching systern used. but the earliness 01' the first flowerings and the ratio of branching
of the young plants are intluenced by this. Consequently. the potentials of the further yields
are significantly differem. The number of growth un its (flushes'i. and co nsequemly the
length of the flowering sterns. are also influenced by the different treatments of pinching and
pruning. whereas the stem diameter is not altered significantly.
Finally. the pruning of the weakest branches during the vegetative period doe s not modi ry
the de zr ee o f straichtness of the flowerinu stem s obtained.
The results of this srudy enable us to suggest. for the proteas species and varieties with
simi lar develo prnent to P. eximia (i.e. proteas with sub terminal branching), a developrnent
and zrowth svstern for me soilless cultivation under srreenhouse. This svstern should lead ro
the production 01' berte r yields. and to an increase orO me cornmercial quality in the flower
stems. (i.e . length and stra ightness) .

\ . Introduction

The growth of Proteaceae for cut flower production in the French Mediterranean area is
possible onl y in a greenhouse and under soilless conditions on account of low winter
temperatures and calcareous clay composition ofthe great majoriry ofFrench Mediterranean
soils.

The main aim of me first trials was the adjustment of the nutrient solutions suitable for
the particular needs of the major species grown for cut flowers. The trials studied the
inf1uence of this mode of cultivation on the growth and the morphogenesis of several
spec ies with acrotonic branching which is the main t:-pe 01' growth of the majority of protea
spec ies grown for cut flower production.

Concurrent to these morphogenetie studies, the floral production was studied over a six
year periodo observing the vegetative and reproductive rhythm sand, the quantítative
measures of quality resulting from various types oftraining and pruning ofthe plants.

For the growth, it is difficult to separate the vegetative and floral aspects, the first leading
to the second. So we will speak about the floral aspects aeeording to the vegetative aspects
which lead to them.
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2. Maten :ll and methods

2.1. Material

The species used for this study was Protea eximia. It was multiplied in January by
sowing seeds from South Africa in a temperate greenhouse (lS°C). The seedlings were
transplanted as to 3 weeks to 1 month into small pots (diameter : 8 cm), then installed in a
greenhouse at the beginning of June. The greenhouse plantation was established in
polypropylene trenches of 20 cm of depth, with a density of 2.2 planrs/rrr grown, in a
substrate made of porphyry of Esterel Mountains (Rhyolitic stone) with a granulornetry
varyin g berween S and 8 mm. The nutritive solution was supplied by dripper :2 or 3 times
a day varying with the seasons, and the amount supplied was 0.5 liter/plant/watering. 115
basic composition is indicated in Table 1. Calcium and magnesium were used as found in
the water supplied by the city. Micro nutrients come from a commercial solution and iron
from chelating agents.

. The temperature was regulated to a minimum of +SOC duringthe winter and the day
ventilation was regulated at +20 oe.

2.2. Methods
,

Plants of P. eximia were arranged into 12 blocks, according to Fisher. with 6 plant s per
block . There were 3 trea trnents : T I = the plants have only on e ax is (orde r 1) unti l the first
flo w ering afte r wh ich they are pruned at the top of the 5th growth uni t (GU ) or flush : T2
= the p lanis are pinched on the axis of the 1st ord er afte r the .3 rd GU : T3 = the plants are
pinehed 0:1 the axis of the 1st order after the 5th GU (Figure 1). For T2 and T3, the axis of
~nd order obtained by pinching the 1st order were disbudded when nec essary. The plants
of treatrnent 1 could be corn pared to those of treatme nt 3 on the ir branchin g potentialiti es
when, aft er flowering of the main ax is (a rder 1), they we re pruned back on the top of the
fifth flush. The treatrne nt 3 was pruned at the autumn of the fourth year for
ho mozenization afte r measures of water sta tus and drv matter. Lastlv, durina the last time
of production (autumn of ye ar 5 to spring of year 6), 'th e weakest sterns of hal f the plants
of each plot were taken out to determine the influence of thi s pruning on the straightness
of the floral stems .

2.3 . Measures

The ve zetative and floral rh vthrns were observed simultaneouslv over the 4 first vears .
The number ofaxes of the different orders, the number of flushes'completely developed,
the number of flowcrs from the emergence to the full flowerin g, (after which they are
harvested), were recorded each rnonth. .

From the 4th year, the number of harvested flowers and their len gth and pos ition on the
branching were recorded . Lastly. during the last pe riod of flower production (autumn of
year 5 10 spring of year 6), the diameter, str aightness and tot al number of growt h un its of
the ax is on which the flower developed were also recorded .

3. Results

3 .1. Vegetative aspects

Tne vegetative activity is condition ed by season (light and temperature) and endogenous
rhythms of the plant. Th e growth of axes of Protea eximia is rhythmic and proceeds from
successive growth units separated by a break time , more or less important according to the
seasons. Th ese vegetative rhy'thms were eharaeterized by means of 3 differ ent criteri a to
determ ine the most representat ive:
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• the pe rce ntage of plants in active growth, i.e. the plants which have one vegetative
ax is (this data is represe nted by PL),

• the number of growing axes per plant (this data is represented by A..-X),
• the number of growth units per plant fully 'develope d during the last month (this data

is represented by GU).

Figure 2, uses treatment 3 as an example to sho w, the relative monthl y variation 01' these
3 eriteria over the first four years. The pereentage of vegetative plants (PL) is the ene
sho wing the greatest range of seasonal variation but it does not show, as the two othe rs (1\..'(
end GU) , the quantitative evolution ofthe plant acti viry over time. The number of vegetative
axes (AX) and the number of fully developed growth units per plant (GU) have a simi lar
variation, but with larger ran ge for AX . This criterion (.-\ X) is important for the comparison
of vegetative and reproducti ve rhythm s,

Figure 2 shows that under these conditions of cultivation, the plants have the main
vege tative growth during the hotter months, from April to Oc tober. (N Hemisphere)

If we cons ider now the potential of branehing of the plan ts aecording to the treatrnents,
potential which can have an influence on the further floribundiry of the plan t, we see (Figure
3) that the treatrnents have an influenee more or less important on branching according to
the eonsidered order of branching. For example, if the branching eoe ffic ient of the main axis
(order 1) showed the tre nd T l>T3>T2 , for the second order we have T2>T3>Tl and
T3>T2>Tl for the third order,

3.2. Ve getative and genera tive rhythrns

Figure 4 shows the behavior of the plants over me first 4 years followi ng the 3
treatments. In eac h case the minimum vezetative activirv is 1 to 2 mo nths before floral
produc tion . In the same way, the má ximum vegetative activity is 3 to ~ rnc nths later than
the máximum 01' floral production. We note tha t the mor e spread the period 01' flowering is.
the smoother the peak of vegetative activiry beeo mes. Fo r instance. in the 3rd year. the
treatrnent 1 which is flowering from February to August. shows a curve 01' growth activiry
smoother than that of treatment 3 which has the rnain floweri nc berween Februarv and Mav.
Treatrnent 2 sh ows behavior intermediare to the other ~ treatrnents. . .

3.3. Floral aspects

The floral production changed quantitatively in a similar way between each of the three
treatrnents .(F igure 5.a). For the cumulative annual production (Figure 5.b ), the treatment 3
yield is significantly greater than treatment 1 for years 3. 4 and 6, and than treatment 2 for
the years 4 and 6 ; Yield ofTI is significantly greater than TI in year 4 only. The very low
production of T3 in yeár 5 could be from the pruning for homogenization of the plants of
this treatment in September of the year 4. While TI gave a weak floral production in the
second year of cultivation, its total production over the whole cultivation period is lower
than either of the other two treatments.

On the influence on the floral stem, we noted:

• there was a significant difference between the treatments in the number of growth
units till the order 3. From the order 4 the treatments gave the same results. On other
hand, taking the treatrnents separately, we noted a significant decrease in the munber
of flushes according to the order, but this decrease was not characteristic for the
treatment 3 (Table 2). .

• the length of the growth units was significantly different berween the treatrnents for
the order 2 on1y. In addition, there was an increase in the length ofthe flush according
to the order but with different levels of significance (Table 3).
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the lcncth of stem was different between the 3 treaunents for the 2nd order only. In
order 3' the trend was Tl=T2>T3. From the 4th order, there was no significant
d ifference. Into each treaunent the differences followed the same variation as the
iushes (Table 4).

• the diameter o f floral stems showed significant differences according to the order or
the treatrnent (Table 5).

• las tly, after the pruning of the weak branches, we noted an influence of this pruning
on the straightness ofthe floral stems (Table 6). However, ifwe study the evolution of
this straightness over all the cropping period, we note (Figure 6) that the percentage of
straight floral stems decreased progressively till the end of the cropping periodo For
instance, if at the beginning of the cropping period we had 100% of straight stems,
this value fel! down 40% for the last harvests (mean value ofthe 3 treatrnents).

4. Discussion

4.1. "Building" of the plant

The different types of pinching or pruning applied to a seedling showed that the later the
pinching or pruning was done. the more branches the seedling produced on the main axi s.
Th e num ber of stru crural branc hes (arder 2) being more important. we would can th ink that
the potential of further floral production would be increas ed. But during the following
ve getative periodot;¡C branches of 2nd ord er w ere more ram ified if the seedling was pinched
at a vo ung stage (3 fl ushes). The following year. for the 3rc order. the rnid dle treatrnent (T :3 )
uave the best brancninc coefficient .
- However. the tota l-number of branches per plant (until order 4) was: T I : 10.75. T2 :
14.8 7 and T3 : 18.í ': . The total number ofbranches produced is greatly affected by the stage
of vigor and development and the regulariry of growth: if at the be ginn ing we cau se an
important branchin g for the planto it produc es less afterwards (T I) . whereas if we cause ti

low branching at an ear ly stage 01' the plant, it pro duces an important branching for the 2nd
order and for the following orders we note an irnportant decrease of branching (T2). For a
bette r flora l productivity for a long time , the best solution is the pinch ing of the seedling on
the 5th crowt h un it because it leads to a luxuriant and regular branchin z durina all the
growth o-f the plan to - - -

4 .2 . Development and flowering rhythms

The initial treatrnents of training the pl ants did not seem to have an influence on the
vegetative and floral stages since in each case the behavior of the plants.was similar. The
noted decrease 01' vezetat ive activitv frorn Jul v carne from the fonnation of flower buds
which wi ll flower the next spring. The contour of the graph 01' the vegetative stage . seerns
linked to the spread of the crop. For instance, in the Figure 4. the con tours of the vegetative
activity of the 2nd year are more and more pronounced from TI to T3 . If the annual
productivity increases from TI to T3 , the time of cropping decreases from TI to T3 on the
contrary : TI is flowering from January to August (8 months), T2 mainly from January to
June (6 months) and T3 mainly from February to May (4 months). The vegetative contour
could be an indicator of the length of the cropping periodo

4.3 . Productivity and quality

The pinching of seedlings on the 5th growth unit gave plants with a floral production
alwavs hiaher than the two other treatments . This fol lows the same trend as the ve zetative
activity, añd seerns to be the best me thod of training for quantitative aspects. -

On the qual itative aspects, and specially on the length of floral stems. the tre atme nt 3
gave shorter stems than the two others treatments, at least for the 2nd and 3rd order. wh ile
from the 4th ord er there was no significant difference between the 3 treatm ents. These short
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stems decrease the qualiry of the cropp ing on ly the two first years since . from the 4th order.
the freak disappears. On the other hand, this freak seems to appear onl y on the plants from
seeds, and this multiplication is less and less used for a cultivation of qu al ity.

At least, the pruning of the weak sterns do not lead to a berter straightness of floral ste ms .
So it is not necessary to propose this practice in the cultivation.
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Table 1 - Composition of the nutritive solution

Coneentratio n (m~1.1 · 1 ) 0 .6

P

0.1

K

0.-+

Ca

2.9 1.9

Table 2 - Mean number of zrowth units of the floral sterns accordi nc to the orders
of branehing - -

1reatrnents O rder 1 arder 2 Order 3 Order ..¡

T 1 10 .00 d 6.67 e 5,44 f 5. 14 f
a b NS

T2 7.25 d 6 .33 e 5.11 f
a a NS

T3 5.20 d 4.28 e 5.04 d
b e NS

arder 5

4.79 f
N S
4. 67 ed
N S

Table 3 - Mean of the length of growth units of the floral stems aecording to the
orders of branching

Treatments Order 1 Order :2 Order 3 Order 4

T 1 11.5 ef 13.3 df 13.7 d 14.5 d
a NS NS

T2 10.3 f 13.1 e 14.8 d
b N S N S

T3 11.0 e 12.4 e 15.0 d
b ~S N S

Order 5

14.9 d
N S
15.3 d
NS
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Table 4 - Mean ofthe length ofthe floral stems according to the orders ofbranching

Treatrnents Order 1 Order 2 Order 3 Order 4 Order 5

T I 58.0 NS 68.0 NS 60.3 NS 5 7.5 NS
a a N S

T2 54.1 e 67.4 d 60 .9 e 56 .6 e
b a N S NS

T3 33.7 e 41.0 e 60.4 d 56.0 d
e b !'S NS

Table 5 - Mean of diameter ofthe floral stems according to the orders ofbranching

Treatrnents Order 3 Order4

TI 8.84 NS 9.38 NS
NS

T2 8.84 NS
NS

T 3 9.06 NS
NS

Order 5

9.1 3 N S
~S

9.08 ~S
AS

Table 6 - Percentage of straightness of the floral stems

Treatrnerns

T3

Order 3

65.8 ~S

Ord er 4

80.9 NS
NS
71.5 NS
NS
75 .8 NS
N S

Ord er 5

89.7 NS
);S
75.3 NS
NS

The numbers fol lowed by a same letter are significantly different at 95% (Sch éffé
Test) ; on the right of the number, analysis according 10 the treatrnents ; und er the
number, analysis according to the orders ; NS= No Significant
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Figure 1 - Pinching and pruning according to the treatrnents
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PRUNING P RO T EA C l :LTI VAR CAR"iIVAL FOR BIENNI AL CROPS O F
IMPROVED YIELD AND Q UALITY

H.B . Hettaseh A.1. Gerber. K .1. Theron
Molteno Brothers
Glen Elgin
P.O. Box 128
Elgin 7180
South Afriea

Abstraet

G . Jaeobs
Dept. of Horticu lrural Scienee
Univers irv of Stellenboseh
Pri vate Bal! xl
Matieland 7602
South Afriea

Plants of Pro tea cv. Carni val (a natural hybrid. possib ly berween P. neriifolia and P.
compacta) were pruned at rwo different times of the year. over a five year periodoPruning in
Spring indueed a biennial bearing pattern. whi le pruning in Auturnn. indue ed an annual
bearing parte rn . The biennial harvest of 1993 averaged 54.7 salable blooms per bush. 82%
more than the curnulative annual harvests of 1992 and 1993. The stem len zth of 89% of the
flowers from th e bienn ial harvest was lonzer th an 50 cm. whi le onlv 6% ofthe flow ers from
the annual harvests had stems lon ger than 50 cm. The bienn ial harvests reached picki ng
ma ruriry pred orninantly in February (southe m he rnisphere), two months earlier than the
ann ual harvests. Mature bushes harvested and pruned for the annual cycle. can be induced
into the biennial cyc le of beari ng by speeifie pruning techniques. A model for prun ing new
planti ngs into the biennial cycle of productia n. for improved yie ld and quality, is also
pro posed.

l . Introduction

In cuttl owe r produetion. not only is the nurnber of flowers produced per hectare or pe:'
squ are meter important. but also the qual ity 01 the flowe rs and the time of harvest . Stcm
length is an irn portant quality crite rion in cutflowers. with higher price s be ing pa id to r
flowers with lon ger sterns. T ime of harvest is irnportant. as there are certain times \\ hen
speciri c products are in 10 \ \ " supply while the de rnand is hi gh. and times when the suppiy of
the product is high or cornpet itio n frorn other products rnak es that product less attracti ve to
the buyer. In the case 01 proteas produced for the European rnark et, competition from
European surnmer flower produetion is high during May to August and thus proteas
eornmand lower priees. Ouring the European winter months proteas are in high dem and. ·
Supply is generally low in January and February.

Protea cv. Carnival ~a natural hybrid, possibly between P. neriifolia and P. compacta)
ini tiates flowers on the spring flush or the first swnmer flush, but not on the seeond surnmer
flush or the autumn flush tGreenfield, et al. , 1994). Flower initiation takes place when
terminal shoot growth eeases and the apieal bud becomes reproductive, The period during
which this transition ean take plaee is the flower initiation window. Protea ev. Carnival thus
has a flower initiation window between late spring and early sumrner. Greenfield, et al.
(1994) also report that a minimum requirement of at least rwo flushes is needed befare the
shoot ean initiate a flower. De Swardt (1989) found that the length and thiekness of stems of
Protea ev. Carnival eontribute significantly to the abiliry of the stem to produce a flower.
Gerber et. al (1995), showed that with speeifie pruning praetiees, plants af Protea cv.
Carnival produeed shoots in one year and flowers in the following year. resulting in gre ater
reproduetive biomass produetion. In this paper we show how the knowledge of a specific
flower initiation window can be used eommercially \..ith eertain pruning practiees to attain
higher yields and better quality in both existing plantations and new establishrnents.
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2. M :-: 'c rial and metbods

Mature plants and young plants of Protea cv. Carnival grown in a comrnercial plantation
undcr drv- land conditions near Stellenbosch, Cape Province, South Africa (33°54'5, altitude
250m) \\'ere used. The area has a Med.iterranean climate with a mean annual rainfall of 600­
700 mm.

2.1. Annual bearing cycle

In 1992 and 1993 plants were pruned in Autumn, after harvest, leaving 10-15 cm bearers
from flowering and thick non-flowering shoots, and rernoving all other shoots with thinning
cuts. In 1994 flowers were harvested with thinning cuts and a11 other shoots were left on the
plant.

2 .2. Biennial bearing cycle

In 1991 shoots were cut to 15 cm bearers in spring. No flowerS were produced in 1992
and plants were not pruned. Flowers were harvested in January and February of 1993 and
pruned in ear ly March. Flowers were harvested leaving 15 cm bearers, and pruning entailed
cuninz back thick non-flowerinz shoots and rernovina.thin shoots with thinninz cuts .

In 1 99-+ flowers were harves ted wi th thinning cuts and all non-flowering shoots were
retained .

2.3. Young plants

Th e number of shoot s on two and four year old unmanipulated plants were counted and
catczorized as flowe rinz shoots and non-flowerinc shoots , Th eoretical models we re
proposed to predict the potent ial crop over time using cornbinations of pruning cycles at
different degrees of cornplexity .

3. Re sults

3 .1. Yield and quality improve rnent

Plants in the annual bearing cycle were pruned in Auturnn each year and produced 13 and
17 marketable flowers per plant in 1992 and 1993 respect ively. Plants in the biennial
bearing cycle were prun ed in the Spring of 1991 only and produced no flowers in 1992 and
54 .7 marketable flowers per plant in 1993. The yield of the bienn ia11y bearing plants in one
year, 1993. was thus 82% higher than the cumulative yield of the annual bearing plants over
two years. 1992 and 1993.

Plants in the annual bearin g cycle, produced 13, 17 and 11 flowers pe r plant in the years
1992, 1993 and 1994 respective ly. The 1994 harvest from these plants was cropped using
thinning cuts and a11 non-flowering shoots were retained . Th e 1995 harvest from these
plants produced an average of 54 flowers per plant.

In the annual harves s of 1992 and 1993 the stem lenzth of 46% and 6% of the flowers
respectively was longer than 50 cm . In the biennial harvest of 1993, 89% of the flowers had
stems longer than 50 cm. Figure 1 shows the stem length distribution of the 199 3 harvests
from the plants in the annual bearing cycle compared to the plants in the biennial bearing
cvcle.
. When plants in the annual bearing cyc le were pruned to induce the biennial cycle of

bearing. the stem length distribution shifted towards longer stems. Of the 1995 harvest from
plants previously in the annual bearing cycle, 94.5% of blooms were longer than 50 cm. The
stem length distribution of the plants previously in the annual bearing cycle, induced into
the bie nnial bearing cycle and the plants originally in the biennial bearing cycle was ver)'
sim ilar in the 1995 harvest (fig ure 2).
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3.2. Harvest time

The distribution of harvesting time in 1993 -(figure 3) shows that the harvest from the
plants in the annual bearing eycle is predominantly in March and April. with 58% of flowers
being harvested in April. The harvest from the plants in the biennial bearing eycle peaked in
February with 61% ofthe erop being produeed in this month.

When plants in the annual eycle of bearing are pruned to ehange to the biennial bearing
eycle, the harvest is earlier. In the 1995 harvest from plants previously in the annual eycle o f
bearing, 96% of the erop was harvested by the end of February. In the case of the plants in
the biennial eycle of bearing, 92% of the erop had been harvested by the end of February in
the 1995 harv est (figure 4).

3.3 . Young plan ts

Unmanipulated plants in the annual bearing eycle reaehed fu11 produetion of 18 flowers
per plan t in year five after planting. According to 1he model, the sarne plants induced into
the biennial cycle of beari ng in the ir fourth year, \"i11 produce 18 flowers per plant two years
latero but continue to increase to fuI! produc tion of 43 flowers in year nine. Plants with a
higher de gree of cornplexiry ear ly pruned in the biennial cycl e. produce 8 flowers per plan t
in year 3 and reach 55 flowers per plant in year 5. (Table 1).

.l . Discussion

Presentlv Protea cv. Carnival flowers are harvested leavi nz bearers, and al! non­
ñowerinz shoots are cut back after harvest. als o leavinz bearers. E\'er; vear, manv shoots
are produced. but only a fe w initiate flowers . At harve st al! shoots áré cut back. Young
plan ts rnust be pinched to increase cornplexiry early. or harvested wi th the ann ual pruning
cyc le unt il complexo befare indu cing the biennial pruning cycle.

4.1 . Prunin g of matur e plants

To prevent flower ini tiat ion in the first yecr of shoot growth. plants rnust be pruned in
spring. The shoots do not rnee t the requirements for fl owe r initia tio n du rin g the flower
init iat ion windo w between late spring to earíy surnrner. Shoots grow onl y vegetatively and
no crop is produced. By the second spring, most shoots can initiate fl owers ear ly in the
flower initiation window. many flowers are produced and the harvest is earl y. In this
scenario, plants wi11 produce no erop in the one year and a large erop in the fol!owing year,
thus a biennial crop.

To achieve the abóve, plants must be re-pruned in spring. The crop of the preceding
auturnn must be harvested leaving long bearers, about 20cm in length. In spring, these
bearers are cut back to 15 cm, thereby removing any new growth. Shoots from these bearers
start growing in spring and only initiate flowers in the fol!owing spring. The biennial crop is
harvested leaving long bearers, whieh are then re-cut in spring.

The disadvantazes of this svstern are that bearers have to be re-CUL increasing labor input
and de ple ting the plants of energy. The altemative systern described below, does not require
recurting and in addition to the large biennial harvest also produces a small harvest in the m­
berween years. This model also provides a smooth transition from the annual cycle without
any loss in produetion. This method is referred to as biennial pruning.

Flowers from plants in the annua! cycle of bearing are harvested with thinning cuts and
al! non-flowering shoots are retained on the plant, During the subsequent spring, flowers ar:e
init iated on these shoots and a large crop can be harvested early in the seeond year. This
crop is harvested leaving 15 cm bearers and non-flowering shoots are removed. Of the
shoots tha t grow from these bearers, a few will flower in the following year and be
harvested with thinning cuts. The rnajoriry \'.i11 flower in the year after that.
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Harvesting the small harvest in the first year of the biennial pruning cycle with thinning
cuts, allows rnaximizing of the stem length. The flowers in the second year of the biennial
pruning cyc1e, have longer stems and these flowers can be harvested leaving a 15cm bearer,
without compromising marketability. At the end of the cycle, plants consist of bearers only,
fully exposing the lateral buds to sunlight for development.

Harvesting using thinning cuts takes place in one year and harvesting leaving bearers,
and pruning, in the following year, thus the biennial pruning cycle .

4.2. Pruning of new establishments

The more complex the plant is in its structure, the higher the potential crop, increases to a
certain point. In the biennial pruning cyc1e, the complexity of the plants can only be
increased every second year, when flowers are harvested leaving bearers. The slow increase
in compIexity Ieads to a slow increase in a potential crop, and a long time before plants
reach full production. High complexity in new establishments is thus a prerequisite before
plants are induced ínter the biennial pruning cycle. A combination of high cornplexity early
in the plant' s life and the application of the biennial pruning cyéle, lead to a favo rable
potential crop.

If young plants are not manípulated after planting, complexity increases slowly, initially
by natural branching, and later through harvesting. If young plants are pinched after each
flush of growth , by rernov ing the shoot tip, cornplexiry ean be inereased rapidly. The
optimurn deg ree of cornp lexiry for plants at different stages of marurity has not yet been
established.

4.3. Othe r cultivars

Pro tea cultivars with Protea comp acta parentage can possibly be manipulated in similar
wavs. It is not knO\\TI. however, whether flowe r initiation of hvbrids such as Prot ea C\ ' . Pink
lee' (P. compacta x P. susannae) and Protea cv. Brenda (P. ~compac{Q x P. burchellii) , as
influenced by the othe r parent, P. susannae and P. burchellii respec tive ly. Observations of
growth vigor and time of flower initiation of hybrids under local conditi ons wil l indicate the
appl icability of the pruning methods described.
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Tab le 1. Predicted potential crop over time. using cornbinations of bearing cycles a t
di fferent degrees ol' complexity.

Year Month Shoots / Shoots / Shoots /
Flowers Flowers Flowers

..,
Feb.)

April 6/4 6 /4 3 /8
4 Feb

April 18 /6 18 /6* 96 / 1S*
5 Feb 12 / 10 78 /55

April 54/ 18
6 Feb

April 18 36 /12 * 18*
7 Feb 24 /20 55

April 18
8 Feb

A pri l 18 T2 / 18* 18*
9 Feb 54 /43 55

April 18

'" Harvest with thinni ng cut. reta in non-fl owerin g shoots.
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\ VATER AN D MIN E R -\L ABSORPTION FOR TWO PROTEA SPECIES (P.
eximia and P. cynaroides y ACCORDING TO THEIR DEVELOP:\lENT STAGE

Maryse Montarone and Michel Ziegler
Institut National de la Recherches Agronomique
Unité de Recherches Intézrées en Horticulture
Route des Colles ~
06410 Biot,
France

Abstraet

Basic soilless nutritional needs of most speeies of the Pro/ea genus have been shown to
be much lower than those of cornrnon ornamental plants from the northern hemisphere.
The prese nt work investigates in more details the ,..ariability of mineral intakes of two
species, P eximia and P. cynaroides , having ver)' di fferent growth kinetics. The results
globally show that growth rates mainly affeet the volume of intakes and not its relative
eomposition. However , there is a difference in Mg requirements of the two species, and a
specific drop of P and K requirements in the second pan of the vegetative cycle of P.
cynaro ides . Keeping soilless nutrition at the optimum therefore requires a careful
monitoring of dra inage rates and mineral dri fts in the leachates of each species.

1. Introduetion

Cultivation of Proteaceae in the South of France was ehosen. because the clim atic
eonditions are similar to those prevailing where the y grow narurally. Studying their
nutritional and climatic requirernents entail growing them in a gree nhouse and under
soilless eonditions.

A nutrient sol ution was established by Montarone ( 1993). This solution enabled us to
grow many speeies and varieties without being sure that this solutio n was entirely adapted
to speeific requirernents. According to Lernai re. et a!. (1989) there are a certain num ber 01
constraints involved in cult ivation usinz containers as there is onl v a limited volume
available for the root svstern to cro w in. Soilless eonditions are S!enera llv favorable to
produetion potential (Montarone -19.89, 1991). 1t is necessary to provid e the roots with
water and minerals so as to balance supply and demando The quantities of elem ents
absorbed by a plant increase during its vegetative cycle, and vary not only according to
the plants development stage, but a1so depending on the species and the required growth
form (cutflowers, mother plants or pot plants).

Furtherrnore it is well known that there is a close link between the amount of water and
minerals absorbed by a plantoThe dry-rnatter produced has a relatively constant mineral
concentration. Numerous authors have underlined the difficulties encountered in
Proteaceae cultivation as far as minerals are concerned, Classens (1980), Tibbits, el a!.
(1981), Brits (1984) and Voster (1984), pointed out that the needs are not well
established, but that most of these authors draw anention to the fact that these plants are
sensitive to high levels of phosphorus, nitrogen and potassium.

The cultivation of Proteaceae in Sophia Antipolis (South France) has aIready
demonstrated the inf1uence of chemical content of the substrate and the importance of
irrigation frequency in sorne growing conditions. However the airo of this study is to
establish clearly the '....ater and mineral requirements of these plants experimentally by
analyzing nutrient samples regularly so as to establish absorption kinetics.

Proc, Fourth Int. Protea Symp.
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') aterial and methC' ds

2.1. Plant material

Th e srudy was carried out on rwo morphologically different species of Protea : P.
exim ia and P. cynaroides. The plants used were nine month old seedlings. The plants
were pinched aboye the second flush so as to obtain more rapid branching.

2.2. Experime ntal design

Tne trial was carried out in a closed cvcle waterinz svstern in whi ch th e nutri en t
so lution was recycled (Fig. 1). The set-up consisted of fi;e units of four two-liter pots for
each species, Each unit was linked to a container of nutrient solution. The nutrient
solution was pumped into the pots at regular intervals. A tirning system was used to
ensure a regular ebb and flow of nutrient solution. The concentration of minerals per liter
were as follows : 1.7 me of nitrogen (NO; + NH4) , 0.1 me of .phosphorus, 1.0 me of
potassiurn, 1.6 me of calcium and 1.3 me of magnesium. The growing substrate was
sil iceous sand of a diameter berween 2 and 3 mm.

The minimum temperature maintained in th e greenhouse was 8 "C.

2.3. Measurernents taken

2.3 .1. Plants

The dry we ight of st ems . leaves and ro ot s, as we ll as the m ineral content of the plants
was determ ined for each un it. using a complete plant. Me asuremems were taken after six
and 12 mo nths and will be taken aaain after 18 and ·2..+ .rnonths. therebv measurinc the
absorp tion of rninerais by the plant dÜring its development. . -

Th e following measurernents were taken for eaeh plant : nurn ber of leaves. number of
branches and dry weight of ste ms. leaves. roots and flowers twhen present ).

2 .3.2. Nutrient solution

Monthly measuring of wa ter and mineral absorption was don e by preci se weighing of
volumes and by mineral analysis of nutrient so lution remaining in the co ntainer.

3. Result s

3.1. Nutrient solution

The absorption of water and minerals was calculated as follows :

• rValer

Initial volume - Final volu m e = Water abs or bed

This is established by we ighing

• Minerals

At the start (TO) :

Initial volume x Initial concentration = Quantity of minerals available Q1
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Second measuring :

T I : Final volume x Final concentration = Quantity of minerals remaining Q2

Quantity absorbed =Ql - Q2

For both species, the results were obtained for the fol!owing minerals: N, P, K, Ca. Mg
and expressed in milligram s absorbed, and the volume of water in liters. The absorption
kinetics for minerals concemed are given in Fig. 2, 3, 5, 4.

3.1.1. Curve analysis

For both specie s, al! the curves obtained sho wed a period of low absorption
corresponding partly to the settling down of the plant as we ll as to a period of low
seas onal act ivity (little light and heat). From the beginning of Ap ril. the curves for P.
cynaroides showed much higher minera l requirements than P. eximia except for
magnesium. The requirements for P. cynaroides were four times higher for phosphorus
five times higher for nitrogen , three time s higher for pot assium and 2.5 times higher for
calcium.

3.1.2. Analysis of absorption periods

In the case of P. eximia absorption of potassium was low until May, where after it
increased steadily and began to level out in Septernber in spite of the presence of flower
buds. .

In the case of P. cynaroides , K absorption was highe r than for P. eximia frorn April on.
It leveled out only in December perhaps as a result 01' a cold. rainy periodo Nitrogen
requirements did not seern to be very high for P. eximia. The absorption was low unt il
Augus t and increased whe n axillary budding appeared : for P. cynaroides absorption was
rnoderate un til July, the second pan of the curve seems to correspond with the formati on
of the lignotuber. The amount of phosphorus in the nutrient solution was very low and
hence its absorption was more difficult to evaluare.

The amount 01' calcium absorbed by P. cynaroides increased rapidl y from Apri l and
only levele d out in Dec ernber. During its senling do wn phase, this species devel oped a
number of lateral branches before prcducing buds at its base at the end of Spring . 1n the
case of P. eximia after the settling down phase there was a sharp increase in calc ium
abso rption followed by a level ing out and a new increase in Septernber when lateral buds
appeared on the floral stems. Absorption of magnesium was seen to be regular for both
species after the settling dov..n phase .

3.1.3. Water absorptio n

After the settling down period, the curve of water absorption was regular. The P.
cynaroides water requirement was 2.5 times greater than that of P. eximia.

3.2. Vegetal

Table 1 sho ws the de veloprnent results obtained in the first year. The results are
expressed in terms of the number of leaves and the total dry matter which was produced.
For both species the number of leaves was about the same, 227 for P. ex imia and 218 for
P. cynaroides, but there is a big difTerence between the rwo species in terms of the dry
leaf weight : 160 mg for P. eximia with an area of 16,5 cm! and 605 mg for P. cynaroides
with an area of 35 crrr'. For the two species the stem dry weight is almost the same, but
the roots and trunk we re respectively 2,5 and 3 times heavier in P. cynaroides .
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4. Discussion

Taking into account all the results obtained on nutrient solution as well as those linked
to h u development of the two species , we were able to evaluate the minerals used by the
plant to produce one gram of dry matter. This calculation was established for the
following growth periods : Period A from 15 December 1994 to 1 June 1995 and Period B
fro m 1 June 1995 to 1 December 1995.

F r both species phase A includes the senling down and vegetative development
period ; phase B corresponds to the end of the vegetative period and the beginning of
floral initiation. The results are shown in Fig. 7. During phase A the mineral .quantities
used to produce one gram of (ir)' maner were similar for both species in the case of N, K,
Ca. However P. eximia during this period requires quantities of phosphorus and
magnesium two or three times greater than P. cynaroides. In the second period, the
mineral requirements are greater for P. eximia except phosphorus. P. cynaroides seemed
to req uire more nitrogen. These results showed a great difference in needs between the
two species. · . .

The results can be also expressed in terms of absorption concentration of each element
and are shown in Fig. 8. The curves obtained confirm the existence of 1'.'.10 distinct
periods, the first corresponding to a growing period with relatively high absorption
concentration and the second being a pre-flowering per iod during whi ch absorption
concentration are lower. These results enabled us to establ ished the N. P. K ferti lization
balance as well 2.5 the K. Ca, Mg proportions for each species and each periodo

N P K

Period A : P. eximia 1 0.36 2.25
Period A : P. cvnaroides 1 0.:17 1.74
Period B : P. eximia 1 0.25 2.58
Period B : P. cvnaroides 1 0.15 1.24
Nut r ient solut ion 1 O. lO 2.18

These results clearly show a gre at difference in the fertilization balance requirements
of the two species. Their potassium requ irements are similar but P. eximia requires twice
as much phosphorus. In fact to be really preci se, the amounts of these minerals suppli ed
woul d have to be modulated. Th e resuIts also indicated that our nutrient solution does not
really correspond to the requirern ents of the plants.

For the proportions of K, Ca, Mg, the resu lts were as follows :

K %. C a% Mg%

Perio d A : P. eximia 40 31 29
Per iod A : P. cvnaroides 52 36 12
Period B : P. e'ximia 36 ... ., 32.) -

Period B : P. cvnaroides 46 35 19
Nutrient sol ut ion -, 32 31;) I

These resuIts confirmed those obtained previously for the species requirements,
especially for magnesium ; the nutrient so lution used would be satisfactory for P. eximia
but not suitable for the low rnagne sium requirements of P. cynaroides.

In view of the number of species and va rieti es a single solution cannot be att ributed to
a single species. Care must be taken to avoid the limiting factors wh ich are very often
linked to fertirrigation frequencie s in soilless cultivation,
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Table 1 : Development of P. eximia and P. cynaroides (Leafnumber and Dry Matter)

Leaves n" Leaves : DM Stems : DM Trunk :DM Flowcrs: DM ROOLS : D~l

s g ~ ~ ~

Eximia-O 42,2 0.75 0.32 0.28
Eximia-6 78.8 10.72 4,27 2.27
Eximia-12 227 36.38 20.68 4.84 4.85 9.62
Cynaroides-O 31,4 4.82 1.51 1,61
Cynaroides-6 62,4 28.84 11.05 12,2 8.24
Cvnaroides-12 218 .0 132.06 27 .20 10.84 1.98 31.56
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Figure 1.
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SWOT Al'lALYSIS OF THE FYNBOS INDUSTRY IN SOUTH AFRICA WITH
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Abs tract

The indigenous flower industry is a small , but in tegral, part of agricul ture in the Western
Cape region of So uth Africa. The flower industry uses a natural resource and turns it into
valuable foreign curren cy as well as directly employing more than 4 000 people. Th e
monetary value of the industry is approximately R81.7 million, of which the dried flower
component is app roxirnate ly R37.22 million. During 1995 , 2 861 21 2 kg of fresh flowers
were exponed, a 15.5% increase on the previous year , The industry sh ows promising signs
of growth potential , but certain aspects need considerab le artention for this growth to be
realized. The practice of harv es ting in the wild, for the fresh flower trade, wil l have to be
phased out and rep laced w ith cultivated plantations, While the ran ge of prod ucts curre ntly
marketed from South Africa is large, the qu ality o f the products wil l have to be upgraded
through greater use of cultivars. The use of econornically viable cultivation pract ices, such
as pruning, manipulation of flowering time and the use 01' fertilization \\; 11 keep South
African producers cornpetitive with other protea growing count ries. Phytosanit ary problems
wit h exported Proteaceae, Ericaceae and other indigenous fres h flowers exported need
addressing. These problcrns are being addressed by the Agriculrural Research Council
Fynbos Unit research projects. Successful implementation of the research results \\; 11 ensure
the continued erowth of the fvnbos cut flower industrv, both for establishe d and new fvnbos
farmers. _. . .

l . Introduction

The indi genous floricultural indusíry in South Africa's Western Cape province had its
origin in the wild harvesting and marketing of floral material of the plant kingdom "Flora
Capensis" . The initial success of the industry was based mainly on the un ique novelty value
of the products. Proteas, and other fynbos products infiltrated the "niche market" of the
exotic floral products. In the sixties and seventies, flowers were marketed mainly on their
exotic character. The flower industry developed into an important ernployment provider, in
especially the rural areas (Coetzee and Linlejohn, 1995).

The indigenous flower industry in South Africa maintained its market segment during the
years of political and economic isolation. Export figures indicate no or limited growth
during this period of isolation.

During these years, however the opportunity arose for countries such as Australia. New
Zealand and Zimbabwe to initiate the cultivation of indizenous nora of South Africa and
annex a part of the international protea flower market. -In the nineties, with a changed
political climate in South Africa, the indigenous floral industry finds itself in a position
where the demand for high quality flowers exceeds the supply. The danger for South
African producers is that the local producers will lose their market share permanently to
their cornpetitors, ifthe international market demand can not be successfully maintained. As
the flower ind ustry, in mainly the Western Cape Province of South Africa, is a small but
Proc . Founh Int. Protea Symp.
Eds. G.M. Linlejohn. H. Hettasch
Acta Han. ~53 . ISH S 1997 145



Trade na me

int , pan of the agricultural sector, the loss of markets wiIl negatively influence the
eco iom v ofthe area.

If lé indigenous flower industry in South Africa foIlows the correet strategy with regard
to deve lopment and marketing, the industry wiIl maintain and even increase it's market
seg cm.

2. Floral products of the indigenous flower industrv in South Africa

Thc indigenous floral products marketed by South Africa, originare from the "Flora
Capens is", a unique plant kingdom found in a small area on the southem tip of Africa. It is
also in thi s area where more than 90% of the floral products are cultivared or harvested from
their natural habitat. The industry comprises rwo components, namely the dry floral industry
and the fresh flower industry, The dry flower industry markets about 64 products - the most
important products are indicated in Table 1. These products are harvested mainly in their

- natural habitat (veld). The turnover ofthis industry is calculated to be in the order ofR37.2
million (US $9.67 milfion). •

The fresh flow er industry markets 137 species or cultivars divided into the following
main groups: Protea, Leucospermum, Leucadendron, Erica, "Cape greens", ferns, reeds and
grasses. A list 01' the most important products is given in Table 1. The fresh flower industry
still uses sorne products that are harvested from the wild, but the cultivation of flowers in
plan tations is rapidly increasing. The fresh flower exports concentrate rnainly on the
Euro pean market. although American and Far East markets are also loo ked al. The foreign
currency eamed ay the fresh flower industry is estimated a l R6..L5 m illion (US S6.75
mi llion).

Table 1 - Dried floral pro ducts harvested from natural stands in South Africa

I Botanical name

146

A ristea macrocarpa
Cannomo is virgata
C. virgata
Protea compacta
P. compacta

: P. magnifica

1

, P. neriifolia
P. ner iifolia

, P. ob tusifolia
P. repens
P. repens
P. repens
P. repens
P. rep ens
P. susannae
Leu cadendron coniferum
L. muirii
L nervosum
L. platyspermum
L rubrum
L xanthocomus
L. xanthocomus
Syncarpha ves tita
Thamnochortus insignis

Ari stea
Assegaai
Bellreed
Compacta flower
Compacta rosette
Barbigera flower
N eriifolia bud
Neriifolia rosette "Curly Top"
Obtusifolia flow er
Repens flower cream
Repens flower red
Repens rosette small
Repens rosette medium
Repens rosette "super cut"
Susannae
Sabulosum
Muirii
Nervosum
Platyspermum
Plumosum
Salignum branch with foliage

- Salignum branch
Capblumen
Thatchreed



Table 2 - A botanical list ofthe most important indigenous fresh-flower products cultivated
or harv ested from natural stands in South Africa

Botanical name

Protea
P. compacta
P. compacta x P. eximia
P. compacta x P. magnifica
P. compacta X P. susannae
P. cynaroides
P. eximia
P. eximia x P. susannae
P. eximia x P. susannae
P. grandiceps
P. lacticolor

P. magnifica
P. magnifica
P. magnifica x P. burchellii
P. magnifica x P. susannae
P. mundii
P. neriifolia
P. obtusi folia
P. pity phylla
P. repens
P. repens
P. scolymocephala

Leucadendron

L. argenteu m
L. coniferum
L. coniferum x L. flo ridum
L. discolor
L. discolor
L. discolor
L.j/oridum
L galpinii
L laureolum
L laureolum .
L. laureolum x L salignum
L linifolium
L linifolium
Llaxum
L meridianum
L muirii
L nervosum
L nervosum
L platyspermum
L platyspermum
L. salignum
L sa/ignum
L salignum
L rubrum

Trade or cultivar na me

Compacta
Pink Duke
Lady Di
Pink Ice
King Protea
Eximia
Card inal
Sylvia
Grandiceps
Ivy

Sederberg Barbigera
Botrivier Barbigera
Shei la
Susara
Mundii
Neriifolia
Obtusifol ia
Pityph ylla
Red Repens
\Vbite Repens
Scoly

Silver tree
Sabulosum
Pisa
Green Discolor
Red Disco lor
Yellow Discolor
Florida.

Decorum Star
Leureolum male
Safari Sunset
Tortum female
Tortum male
Smartrose

Nervosum female
Nervosum male
Platy male
Platystar
Blush/CandlesILong Toro
Red Adscendens
WinterRed
Rubrum female
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L rubrum
L salicifolium
L tinctum
L xanthoconus

Leucospermum
L.conocarpodendron
L. cordifolium
L. cordifolium
L. cordifolium
L. cordifolium
L. tottum x 1. g/abrum
L cordifo/ium x L lineare
1. cordifo/ium x 1. lineare
L. cordifo/ium x 1. lineare

1. cordifo/ium x 1. patersonii
L. cordifolium xL. patersonii
1. cuneiforme
L. erubescens
L. glabrum
L. glabrum x L. con ocarpodendron
L. patersonii
L. r eflexum
L. re flexu m
L. truncatulum

Cape greens
Agathosma spp.
Anthospermum acthiopicum
Asp alathus spp.
A ulax umbellata
Berzelia abrotanoides
B. alopercuroides
B. alopercuroides
B. galpinii
B. lanuginosa
B. squarrosa
Blaeria ericoides
Brunia albiflora
B.laevis
B. nodiflora
Diosma
Eriocephalus racemosus
Lanaria lanata
Metalasia
Mimetes hirtus
Ne belia paleacea
Phaenocoma prolifera
Phvlica ericoides
P. "¡asiocarpa
p. p inea
P. pubescens
Rhctzia capensis
Serruria spp.
S. florida
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Rubrum male
Strictum
Lollipop
Salignum

Vlam
Flamespike
Yellow Bird
Scarlet Ribbon
Red Sunset
Sue Ellen
Succession 1
Succession II

HighGold
Sunrise

Veldfire

Luteum
Oranue Reflexum
Buxifolia

Buchu
New look

Abrotan
Strawberry Berzelia
\Vhite Berzelia
Baubles

Paleacea

Albiflora
Silver Brun ia
Spray Brunia
Buchu
White cotton
Lambtails

Red everl asting
\\!hite Phyl ica
Snowtops
Pinea
Green Phylica

Blusing Bride



Staavia radiata
Stoebe plumosa

Ferns
Blechnum punctu/atum
Gleichenia po/ypodioides
Rumohra adiantiformis
Todea barbara

Reeds and grasses
Aristea confusa
Calopsis paniculata
Cannomois virgata
Ceratocaryum argenteum
Ficinea
Ischyrolepsis hystrix
Rhodocoma giganrea
R. giganrea
R. giganrea
Tetrar ia secans
Thamnochortus insignis
T sp icigerus

Erica
E. baccans
E. bicolor
E. borboniifolia
E. campanularis
E. •.ioccinea
E. corifolia
E. cub ica
E. cya thifo rmis
E. crenata
E. daphniflora
E. deliciosa
E. fastigiata
E. filipendula
E. imbricata
E. irregularis
E. leucanthera
E. patersonia
E. perspicua
E. plukenetii
E. ovina
E. sessiliflora

Glass-eyes

Sword fem
Coral fem
Knysnafem
Fem

Seed Koala
Rekoala
Elephant Quills
Braids .
Virginia reeds
Ko~afem
Mikado stems
Mikado tufts
Steppen grass
Dekreed female
Dekreed male
Mountain heather

Mountain heather

Four sisters
Elim heather
Salt and pepper

Prince ofWales

Lemon Pluk.enetii
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3. SWOT analvsis of the Fvnbos industry

3.1. Strengths

A dernand for high quality indigenous South African flowers exists on the international
markets. In contrast with the general decline of flower prices on the international markets
over the last few years, the price for South African indigenous floral products remained
constant and in sorne cases even indicated an increase. This economic tendency indi cates a
growth potential for the indigenous flower industry of South Africa.
. The biodiversity ofthe floral material available in South Africa forms a base from which

to market a large variety of flower products.
There are certain fynbos species that need specific clirnatic and soil conditions, requiring

cultivation of these floral products in their natural habitat. The environmental requirements
are adhered to when cultivating in the Western Cape.

The \\Testero Cape' s infrastructure supporting the export of agricultural products, is good.
This infrastructure be ñefits producers giving them an advantage above producers in the rest
~~~ .

The Fynbos Industry in South Africa is supported by a non-government industry
organization; namely the South African Protea Producers and Exporters Association
(SAPPEX). Research is conducted by the Agricultural Research Council (ARC: Fynbos).
These orzanizations address the need ofthe industrv,

Wo rk- opporrunities. especially suitable for wom en are available in the indigenous
flori cultural indu stry. and will increase if the industry grows.

3.2. Weaknesses

Floral products picked in the wild do no! always adhe re to international standards. The
marketing of low qua lity products has a negative effect on the pricestrucrure and results in a
bu yer reluctanc e aga inst the product.

As flower product s are cultivated in their natural habitat. the flowers are exposed to their
natural enemies such as insects and fun gal diseases . This forces producers to follow
expensive control pro grams with a steep increase in production costs . The insect and disease
symptoms . make it difficult for flower products to satis fy intemational phytosanitary
req uirernents,

Proteas and other fynbos products are often produced by rural farmers (small-scale
producers), who do not always have the necessary infrastructure such as packaging and
cooling units. This limitation may lead to lower quality flowers reaching the market.

303. Opportunities

By means of cultivation of fynbos and appl ying appropriate cultivation practices, South
African producers can improve the quality to successfully serve existing markets and
develop new markets.

N ew products, improved cultivars and plants flowering in the appropriate season can be
produced by using the available, large and diverse genetic resources.

The Fynbos Industry in South Africa is one of the agricultural businesses that is suitable
for new fanners. The industry makes it possible for rural communities, that at present pick
flowers in the wild to be introduced to the formal agricultural sector by establishing
cul tiv ation in plantations.

3.4. Threats

The indi genous flower industry is gradually losing its diverse genetic source, including
the natural habitat where certain products are harvested as a result of:
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• Agricultural and industrial development
• Invasive alien plants
• Uncontrolled fires

Suitable agricultura! land to cultivate fynbos is limited. especially in the Westem Cape .
High-quality agricultural land with irrigation is a relatively expensive component for fynbos
production.

Competition from countries, c1assified as developing countries and therefore not paying
import taxes in Europe, negatively influences the profitabiliry of South African producers.

Due to the scaling dOVv11 of go vernrnent support for research, South Africa could lose its
leading po sition in this research field, which in the long tenn will influence the industry in a
negative way.

Uncontrolled expansion of the industry in South Africa can place pressure on the existing
infrastructure, for instance air space. This will threaten marketing with serious
consequences.

As Proteas and other fynbos products lose their exotic value, they will compete directly
with the tradition al cut flowers on the market. To maintain the exotic market segrnent, well
planned promotion strategies are needed.

4. Research on indi!lenous flowe rs

The indigenous flower industry in South Africa is supported by various research
organizations such as universities and governrnental instances. The research goal of the
Fynbos Unit of the parastatal Ag ricultural Research Council is to convert the ind igenous
fresh-flower industrv from a wild-based industrv to an industrv where flowers are
cornmerciallv cultiva'ted. . .

The fynbos research programme ofthe ARC is cornpi led in cooperation with the industry
and focuses on the following:

• Preserving genetic material with floricu!tu ral value:
• Breeding and selection of new cultivars and products:
• Crop science aspects such as propagation. pruning. mani pulation of flowering time

and irri zation,
• Plant protection concentrating on the pest and disease spectrum.

The genebank col lection contains plant species with floricultural potential. This
collection is used as a base for the breeding, selection and evaluation project. Producers also
provide natural hybrids for evaluation to the genebank. Thirty five cultivars have already
been released from research work undertaken in this project (Coetzee and Brits, 1991). In
1995 the following cultiyars were released:

• Sheila* (P magnifica x P burchelliy
- showing good yield and vigor, flowering May to July. Registered by Mr. KIaasie

Strauss.
• Lady Di (P magnifica x P compacta)

- vigorous with long stems, little secondary growth.. flowering May. June. Developed
by Protea Heights.

• Sue ElIen (Leucospermum lineare hybrid)
- good yield of long straight stems, flowering September. Developed by Protea

Heights.
• Memory (Leucospermum cordifolium selection)

more adaptable to heavy soils, flowering September to October. Developed by
ARe: Fynbos Unit.
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" Magenta Sunset (Leucadendron salignum xL. /aureo/um)
- excellent vigor and yield, harvestable from February to August, Developed by

ARC: Fynbos Unit. .
• Rosette 1 and II' (Leucadendron laureolum xL. elimense)

- vigorous, erect producing long straight stems, green - February to May; yellow ­
June to August, green with red cone - September. Developed by ARC: Fynbos
Uni~ .

<" Indicates plant brecders rights).

The potential and cultivation protocol of products such as Brunia, Erica. and Phylica are
investigated and released to the industry (Rugge, personal cornm.).

Basic research is undertaken on seed germination (Brits, 1995) and flower initiation
(Malan, 1994). lnterspecific incompatibility studies are undertaken (Van der Walt, 1995) to
solve problems in developing new cultivars. . .

__ Plant protection is seen as an important problem in the industry, To determine the insect
and disease component is important to develop an integrated pest management strategy
(Wright and Saunderson, 1995). If the protection prograrnme is successful it will allow
fanners in the position to deliver environmentally friendly products to the market.

5. Conclusion

If the indigenous flower industry uses its opporrunities and addresses its threats. the
indusiry has the potentia l to keep and increase its mark et share. This industry growt h wil l
expand the essential Job opportun ities needed for women in South Africa. The expon
product that can be produced won ' t compete with producers in Europe, as Europe cannot
cultivare fynbos on a large scale. \Vith the correct strategic approach, the fynbos industry
can accornmodate new farrners in floriculture and ·informal pick ers from the wild can
become pan of the formal agricultural sector.
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Metho ds for improved vegetative propagation of Protea obtusifolia were exami ned.
Different hormone treatments, seasons, mother plant treatments, and curtings in di fferent
physiological age were tested. The results showed that the use of semi hardwc od cuttin gs
and treating them with IBA 2000 ppm gave the hi ghest rooting percen tage. Growing
mother plants under 30-50% shading net improved rootin g percentage. Rooting of
cuttings was improved grea tly by repeated rooting for 3 generations. Cun ings take n from
the last generation of plants rooted at 75% compared to 37% when euttings were taken
from matured field grO\\TI plants.
Using these methods, we got high rooting pere entage of 75% in a period of 10 wee ks.

l . Introduction

It is difficult to zrow Proteas in Israel. The climate. the soil and the water are not ideal
for successful cornmercial production of Proteas as cut flowe rs. Prorea obtusifolia is one
of the spec ies whi ch is very tolerant to alkaline soil and grows in lirnestone soils in
nature. This fact makes it so important for the introduction of Proteas as cut flowers in
Israel (Ben-Jaacov 1986). Protea obtusifolia is compatible graft on many other Protea
species, thus. it can be used as a rootstock for those species (Brits 1990a. Brits 1990b.
Maffort and Turnbull 199-l-). In the last 20 years there have been several arternpts to grow
Prorea ob tusifo lia in Israe l. but most of the plants were raised fr orn seeds. showed high
zene tic variabi litv and therefo re were of low commercial valu é. The hichest rootinz
percenta ge of P. obtusifol ia obtained by Perez (1992) was 10% after -l-Oweeks . In order to
propagate P. obtusifolia as cut flpwers or as rootstocks it is important to impro ve
vegetati ve propagation.

In this study we tested severa! methods, the most suecessful are presented in this paper.

2. Material and methods

2.1. P1ant material

The first generation of cuttings were collected from 8 years old clonal mother plants
grown at the Volcani Center at Bet Dagan. A1l plants were grown under the same
environmental conditions unless it was the factor investigated. "

2.2. Growth regulators

Cuttings were treated with IBA as powder or liquid, and with an experimental auxin
conjugate.

Proc , Founh Int, Protea Symp.
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~ ...;. Rooting conditions

: nt ings were p1aced in rooting tables heated in winter to 28°C in medium of coconut
ti lystyrene 1:1 (V:V), in a g:reenhouse equipped with evaporative coo1ing system.

R) ting was done under mist conditions of 10-20 seconds everv 10-15 minutes. The mist
itío were changed according to the climatic conditions. .

3.1. G owth regulators

Aftcr few expe riments with different concentrations of growth regulators we found that
IBA . ~ powder in concentration of 0.4%, and as 1iquid at 2000 ppm gave the highest rooting
percentage (Table 1). IBA at 300 ppm (data not shown) and the auxin conjugate produced

-' poor results. . .

3.2. Cutting' s age and physiological condition.

3.2.1. Cuttings in 3 growth stages were tested:

Herbaceous, semi hardwood and hardwoo d. The semi hardwood curtincs rooted at the
highest percentage (Table 2). -

3.2.2. Cunings were taken frorn mother plan ts in rwo phy sio iogical age s:

Juvenile (one year old) and marure (8 years old). Cunings that were tak en from the
juvenile pl:L'11S rooted at higher percentage (Table 3). .

3.: .3. Curtings were taken from 3 gene rations of P. obtusifolia plants.

Genera tion II was raised vezetativelv from cuninas taken from ceneration L and
generation III plants were raised from cuttings taken from generation 11. Cunings from
generations II and III (Table 4) rooted at higher percentage than those taken frorn generation

. 1. The differenee berween generation II and 1 was greater than the difference berween
generation II and IIl .

3.3. Mother plants treatment

Mother plants with actively growing shoots were covered with shading nets of 30% or
50% shade.

The euttings from shaded plants rooted at a higher percentage than sun grown plants
(Tab le 5). Cunings grown under 50% shade showed higher percentage of rooting than
cunings produced under 30% shade , but both rooted bener than the control unshaded
cuttings.

3.4 . Rooting season

Cuttings frorn 2 clon es of P. obutsifolia were taken during the year , on the 15th of
every month. The results (Table 6) show that in the hot season (in Israel), June-October,
the rooting pereentage was low , Rooting was improved in the fa ll and winter and the best
rooting was achieved in the spring (April).
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4. Discussion

This study demonstrated that severa! factors in.f1uence rooting: proper treatments of the
stock plants and the cuttings lead to rapid rooting with high percentage of success.

l . Mother plants: First generation ofcuttings taken from matured (8 years old) plants rooted
poorly (40%). Cuttings taken from the second generation of mother plants, grown under
partial shade (best at 50% shade) rooted better and faster. Cuttings taken from the third
generation rooted best and fastest (80% in 10 weeks).

2. Best time for sticking the cuttings was in the spring and the best hormonal treatment was
a ten second dip ofthe bases ofthe cuttings in 2000 ppm IBA.

Tab le l. Influence of growth regulators as powder or as liquid in various concentrations, on
rooting of P. obt usifolia cuttings.

Treatment Control IBA (Powder) IBA (Liquid) Auxin Conjugate

Rooting % 30 c·
0.8%
43 b

0.4%
66 a

4000ppm
48 b

2000ppm (Powder) 0.2%
72 a 8 d

• Diff erent letters represent significant difference berween treatrnents .

Table 2. Int1uence of growth stage of the plant material on the rooting of P. obtusifolia
cuttings . The curtings were treated with IBA 4000 ppm .

Cunings = growth stage Rooting llo'o

Herbaceous 5 c·
Serni-hardwood 78 a
Hardwood 43 b

* Different lerters represent significant differenc e berween treatrnents.

Table 3. lnfluence ofthe physiolo~icaI age on rooting of P. obtusifolia cuttings.
The cunings were treated with IBA 2000 ppm.

PhysioIogical age Rooting %

JuveniIe (1 year oId) 60 a*
Mature (8 years oId)
"Red" 13 b
"Pink" 1Ob

• Different letters represent significant difference between treatments,
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Ta 4: Rooting of cuttings from 2 clones of P. obtusifolia and Pink Ice taken from 3
consecutive generations. The cuttings were treated with IBA 2000 ppm. Data
collected 10 weeks after the cuttings were stuck.

Plant Rooting %

i Generation I Generation 11 Ge neration III
I

Pink Ice 43 .2 b- 75.0 ah 87.5 a

Clone C-82 37.5 b 68.7 ah 81 .2 a
Clone LK-1 37 .5 b 62.5 ab 75.0 a

- Different leners represent significant difference between treatments.

Table 5: Rooting of P. obtusifolia cuttings taken from mother plants grown un der 30% or
50% shadir.g nets, after 6 and 10 weeks, all -cunings we re treated with IBA 2000
pprn.

Treatment of mother plants
I
I

Rootinc ~ él afte r
6 weeks 10 weeks

30% shadinz
50% shadinz
Control non -shaded

40
55
10

70
SO
:3 0

Table 6: Influence of the season on rooting of P. obtusifolia cuttings . Curtings were
treated with IBA 200 0 ppm. Cutti ngs were taken on 15th of every month.

Rooting %
Clone

Month LK-1 C-82

Jan 60 58
Feb 70 70
Mar 68 78
Apr 78 80
May 58 63
Jun 40 49
Jul 28 25
Aug 23 20
Sep 25 28
Oct 38 40
Nov 55 55
Dec 60 63

156



References

Brits, G.J. (1990a). Rootstock Production Research in Leucospermum and Protea: 1.
Techniques. Acta Hort .264: 9-25. .

Brits, G.J. (1990b). Rootstock Production Research in Leucospermum and Protea: II.
Gene Sources. Acta Hort. 264 : 27-40.

Maffott Judit and Turbull Lois . (1994). Grafting Proteas. Published and avai1able from
Judit Maffott. Nanju Protea Nursery Mail Center, 582 Toowoomba Queensland, 4352.
Australia.

Ben-Jaacov, J. (1986). Protea Production in Israel. Acta Hort. 185: 101-110.
Perez, J.A.R. (1992). Propagation by leaf bud cuttings of Leucadendron ' Safari Sunset'

Leucospermum cordifolium, Leucospermum Patersonii and Pro/ea obtusifolia. Acta
Hort. 316: 35-45.

\57



.~

Acta Horticulturae

Acta Hort iculturae is used tor publishing research and review articles.
Research reports of an oral or poster presentation should contain a commentary on a
fin~shed research project. A review article deals with knowledge obtained about a certain
subject. Abstracts ot copies ot posters are not .published.

As decided by the Council of ISHS, the proceedings of ISHS-symposia are published in a
volume of Acta Horticulturae. The regulations for the publication of the proceedings are
mentioned in a special agreement, to be signed by the organizer of a symposium, by the
ir stitution involved and the Executive Director of ISHS. The ISHS secretar iat takes care of
¡:: -tnting and publication.

Reprints

An orderform for reprints is enclosed with the autho rs' instructions. The order of a minimum
of 100 reprints can be forwarded to the ISHS secre tariat . An invo ice for the repr ints will be
sent to the author.

Other ISHS publications

• Chronica Horticulturae, the magazine of the Society which keeps members of ISHS
informed of its activities and about other matters related to the objective of the Society.

• Horticultural Research International, the fifth edition which appeared in 1993, conta ins
information on horticultural research in 74 count ries, research institutes (some 2500),
research workers (about 18.000), main fields of interest, and an alphabetical list of
research workers and places.

• Proceedings of the International Horticultural Congress, published by ISHS in Acta
Horticulturae and obtained from the ISHS Secretariat.

• Scientia Horticulturae, published by Elsevier Science and sponsored by ISHS wh ich has
a co-responsability for the appo intment of the editor ial board.

• Elseviers Horticultural Dictionary, a directory in 10 languages compiled by ISHS and
published in close cooperation with Elsevier Science.



ISHS and Membership

•

•

The objeetive of the Society is the advancement of hort iculture through improvement of
intemational cooperation in science and technology. Besides through its members other
means available to the Society for the achievement of the objeetive are :
• the holding of Intemational Horticultural Congresses at least every 4 years.

the setting up of :
• Sections dealing with groups of horticultural plants
• Commissions engaged in various scientific and technical aspects of

horticulture
Working Groups having interest in special horticultural science areas or
aetivities within the the Sections and Commissions

the organizing of symposia on specific topies for scientists and other specialists
the publ ishing of the proceedings of such symposia and other relevant publications

The ISHS distinguishes three kinds of members ,
• Individual members being individual persons engaged or interested in horticultural

science or technology
• Member organizations being societies, associations, ministries, institutes, agencies.

firms or seetions of any of these concerned with the advancement of horticulture
• Country members being countries from where the annual dues for the country

membership are paid and who nominate up to 2 ind ividual meml:5ers as members of the
Council , representing the scientific horticulture in the country concerned.

Advantages for members are:
• a reduced fee at each symposium organized by ISHS for each individual membe r and for

two representatives of a member organization
• the privilege to organize ISHS symposia or other scientific meetings (for organ ization

members only )
• a free volume of Chronica Hort iculturae per annum, containing 4 issues
• a discount on the price of all publications of Acta Horticulturae (20% for individual

members, 30% for member organizations)
• a discount of 10% on the price of Horticultural Research lnternational, HRI
• a special subscription price on Scientia Horticulturae (for individual members only) .
• a free copy of the list of members and of the directory of members of Sectlons.

Commissions and Working Groups
• a reduced subscription fee for other ISHS publications.

The Society has 6 Seetions, 12 Commissions and 89 Working Gr~ups. .

Members of Sections and Commissions are nominated by the natlonal Council mem~er~.
. d b th bers of Seetions and CommlSSlons.

Members of Working Groups are norninate y e mem

Sectlon Commission

Fruit
Vegetables
Ornamental Plants
Medicinal and Aromatic Plants
Root and Tubercrops
Vlticulture

Engineering Education and Training
Plant Protection Economics and Management
Plant Substrates .Nomenclature and Registration
Urban Horticulture Tropical and Subtropical
Protected Cultivation Horticulture
post 'Harvest Biotechnology

Plant Genetic Resources


	020000041A
	020000042A
	020000043A
	020000044A
	020000044B
	020000046A
	020000046B
	020000047A
	020000047B
	020000048A
	020000048B
	020000049A
	020000050A
	020000051A
	020000052A
	020000052B
	020000053A
	020000053B
	020000054A
	020000054B
	020000055A
	020000055B
	020000056A
	020000056B
	020000057A
	020000057B
	020000058A
	020000059A
	020000059B
	020000060A
	020000060B
	020000061A
	020000061B
	020000062A
	020000062B
	020000063A
	020000063B
	020000064A
	020000064B
	020000065A
	020000065B
	020000066A
	020000066B
	020000067A
	020000067B
	020000068A
	020000068B
	020000069A
	020000069B
	020000070A
	020000070B
	020000071A
	020000071B
	020000072A
	020000072B
	020000073A
	020000074A
	020000075A
	020000075B
	020000076A
	020000076B
	020000077A
	020000077B
	020000078A
	020000078B
	020000079A
	020000079B
	020000080A
	020000080B
	020000081A
	020000081B
	020000082A
	020000083A
	020000083B
	020000084A
	020000085A
	020000085B
	020000086A
	020000086B
	020000087A
	020000088A
	020000088B
	020000089A
	020000089B
	020000090A
	020000090B
	020000091A
	020000091B
	020000092A
	020000092B
	020000093A
	020000093B
	020000094A
	020000094B
	020000095A
	020000095B
	020000096A
	020000096B
	020000097A
	020000098A
	020000098B
	020000099A
	020000099B
	020000100A
	020000100B
	020000101A
	020000101B
	020000102A
	020000102B
	020000103A
	020000103B
	020000104A
	020000104B
	020000105A
	020000105B
	020000106A
	020000106B
	020000107A
	020000108A
	020000108B
	020000109A
	020000109B
	020000110A
	020000110B
	020000111A
	020000112A
	020000112B
	020000113A
	020000113B
	020000114A
	020000114B
	020000115A
	020000115B
	020000116A
	020000116B
	020000117A
	020000117B
	020000118A
	020000118B
	020000119A
	020000119B
	020000120A
	020000120B
	020000121A
	020000121B
	020000123A
	020000123B
	020000124A
	020000124B
	020000125A

