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PREFACE

The fa mi l y Proteaeeae comprises of 62 genera and
app r ox i ma t e l y 1 499 speeies. The largest variety oC
Proteaeeae oceur in Australia where approximately 213
genera and 769 speeies are indigenous. However, the 4130
Sou t h Afriean members of the Proteaceae family are as a
grou p t he most attractive with an outstanding potential as
cut flowers.

I t is therefore appropriate that the first Interna t i on al
Pr o t e a Research Symposium was held in South Alriea. Th is
meeting was combined with the 3rd rnternational Pro tea
ConCerence. The Symposium was organised under the
aus p i c e s of the rnternational Society for Horticultura1
Sci ence and the Conferenee under the auspiees of the
I nte rnational Protea Association.

Th i s first Pro tea Research Symposium was the Qut come of
the work of the Pro tea Research Working Group whieh was
f or med under the Ornamentals Section of the ISHS in March
19 84 . The main emphasis of the Symposium was plaeed on
Cormal sientifie meetings at which papers were presented
o n a variety of the most ' r e e e n t research aspeets o f protea
growi ng , from breeding and propagation to post-harvest
han d li ng . These papers are compiled in this vol ume of
Ac ta Horticu1turae . Several techn ica l excursions we r e
oCfe r ed to all ow partic ipant s to acq ua i n t themse l ve s wi th
p ro tea growing in South Afri ca.

The combination of growers and scienti sts at th e ~ame

mee t ing l ed to very fru itful discuss ions and exeell ent
co-operation in future is envisaged.

I have to thank all the people, scientific, tech n i c a l,
administrat ive and growers who have devoted time and
energ y to this Symposium ~nd Conference and thu s
c ont ri bu t e d to an even greater success than was expected .
The 1513 participants from nine countries around th e world
made full use of the opportunity to communieate and 1
tr u l y believe that the foundation was laid for i ncrea sed
acti v it y in pro tea growing and research.

The generous finane ial support oE th e Departme nt o f
Agr i c u1ture and Water Supply is reeognised with th a nks.

Dr D I FERREI RA
Co- cha irman , Org a ni s i ng Commi t t ee

14 Ac la lIo rti cultu r a e 18 5 , 1986
Prolea 15
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RESE/.RCII PLANNING ANO I NTERPRETATION

J ohn G. Seeley
Oepa rtment of Floriculture and Ornamental Horticulture
Cornell Univers ity
Itha ca, New York 1485] U.S.A.

Abs t r a c t- ---
Res earch may be defined as a critical and exhaust ive i nves tigat ion

o r e xperimentation ha vi ng as its aim the r~vis i on of accept ed
eoncl usi un3 l n light o f n~wl y dIscovert d fa ct ~ .

Or we ma y shorten it to say that r ese a r ch 15 the aequl d ng oC fa c t s
\i n"" .1 " " ,,,... ,,r ..11.)' " ,,, .. J' I ' : ~" r1 "1.1"" 11II"" tll u. u! I"'J(' \: ( Ln t e rp r e t a u Iou
of research data. University, college, exp erlment stat ion, and
industry researchers may conduct studies at va rious levels of
sophistication with a proper balance between t he so - ca l l ed "a ppl i ed "
and "bas ic" research.

An e xperimental outline, and sorne example s o f i n t e r pre tat ion a r e
pre s ented.

1< 1< '1< '1< '1<

l. Experimental outline

Before one starts an experiment, a detailed r esea re h outl i ne must
be developed, as ~ugge st ed i n the following:

1. I. Title

The title should be a concise heading but ine l ude i nf ormat i on
so t he r eader can t eJ l what the research is to be .

This describes why che research is to be cond uc t ed , If the
researeh r elate s t u s peci f i c hortieultura f e r ops , one ma y wish t o
give information about the monetary value of the c rop , and pot en t i a l
fin anc i a l benefit o f the research.

Be fore preparing one' s own outline of researeh methods and
techniques, it is essential to review previous literature on t he
particular subjeet in order to benefit from observat i ons In pr ev i ous
research as well as to preven t costly dupli cat ion of re search
e f fo r ts .

Outline the methoda snd teehniques to be employed in conduetin g
t he re search. Inelude mate r í a l s , equi pment , and labo r t ha.{: wi 11 be
r eq ui' red. If eondu ct ed in a glasshous e, or eontrolled env i ronment

1F. Act a 1I0rt iculturae 185 , 1986
Pro tea
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chambers, thes e facili ties must be included.

An 'e s t Imar e of the duration of the experiment along ví t h the
previous listing of materials, equipment, labor, glasshouse or .
controlled environment space and other costs such as computer time,
etc. provides the basis for determining the potential cost of the
research project. These data help in determining the so urce of
s upporting funds su ch .as university, college, government; and outside
grants .

2. In t e rp~~~~~ of research r esults, and conclusions

The conc lusion s must be based on specific re search da ta. In
interpretation of data, one must be aware of potential limitations of
the experimen to Seldom is it possible to study a s ingie factor in an
experiment so one must be aware of potential interactions as one
dev elops the ex periment and interprets the results.

3. Sorne examples o_~.re se?rch planning and in t erpretat ion

Some re searche r s assume that the environment and growing
condi t i ons are uniform throughout a glasshouse but this i s not so.
Bec ause o f var iat i ons of light and temperature in various l ocat i ons
of t he glass house, plants and plots must be randomly located
according to goo d s t at ist i ca l designo Even in the co ntrol l ed
envi ronmen t room, on l y a relatively small area in th e centra l par t
has uniform envirQnment.

In fi eld res ea r ch, experiment desi gn and ~lot layout a r e very
cr itical because o f potential variations i n soil structure and
drainage , na t ura l fe r t i l i ty , and soil mo is ture. This ·i s very
i mportant i f one is studying the growth and flowering of y a rious
cult iva rs under f ie l d conditions. -.

I f t he r esearch i s a nutrit ion study, it is de s irable t o
s upplemen t t he f i eld r esearch with alli ed experiments hav ing plan t s
in con tainers of a standard substrate with controlled nutri ent and
mo i s t ur e su ppl i es .

3. 2. Ef fec t of cul ti va r-- - - - . . _.. - - _.
Resu l ts ob t n í ned wí t h 1 cult ivar or s pec i e s ca nnot be as s unu-d

t o ap ply t o all othe r ,spec i e s or cult iva r s o f a pa r ti cu la r sp ecies .
Consider concl uc ti ng t he research on more t han one spec l es or cul t í va r ,

An e xt reme l y important factor 15 the t est planto Ca t hey a nd
Stuart (19 61) found marked differences among 55 genera Ilnd s pec ies l n
respon se t o t he growt h retardants Amo-1618, phosfon, and CCC.

A marked effec t of cultivar on resu lts of researc h on t he

18

phytotoxiclty of aome palnt volatl1ea to e h r y s a n t h e m u m
m o r i f o 1 1 u DI was reported by Seeley (1919), vho obfterved
se ve re axillary bud abortion of 'Wlld Honey' while 'Yellow Paragon'
had none. 'Brlght Golden Anne' and 'Yellow Mandalay' were
intermediate ln response. If the research had been conducted with
onl y 'Wlld Honey', conclualons vould have been oppoalte to those vlth
'Yellow Paragon' as the test planto

Hany experiments on plant response to photoperiod and
t emperature have been conducted with natural photoperiods, but th ere
must be an awarenéss of the effect of weather, espec ial1 y c lose t o t he
perlod of ~ritl~al photoperiod.

For lnstance, flowers of E u p h o r b i a
pul che r r i DI a lnitiate when the dark perlod is gre a te r th an
1 2~ hours at temperatures from 15 to 210C, with sorne variatlon due to
cultivar. At a latltude of 350N, the critlcal photoperiod fo r
poinsettia occurred ln late September (L~rson et al, 1918).
Patronella (1916) observed that flower bud lnltlation of 'Annet t e Hegg
Da r k Red', 'Annette Hegg Diva', 'Annette Hegg Supreme', and 'Mi kkel
Super Rochford' grovn with 8i r temperatures of 15 to 110C' in
glasshouses in Columbus, Oh10 (latltude of 400N) occurred be t ween
September 26 and 30 in 1915. Starting September 18, plant s of each
cultiva~ had been placed in long photoperlods and at 3 to 4 day
lntervals, some plants were moved to natural photoperiods unt il
flowe ring.

There ls a hazard t o man y e xpe r í me nt s condu c t ed ví t h n n t ura l
pho to pe r i ods . It must be recognized th at rainy and c l olldy wp. ;lt he r
na t ur a l l y reduces the photoperlod nnd , if t h í s occur s ne a r t he t í me
of critlcal photoperlod, flower bud lnit i8 tion occurs earll e r t han
if the days were clear.

In Ithaca, New York, in 1977, there were 17 ra iny and c lo ucl y
days and only 4 clear days between September 16 and October 6. Thus
many of these days were short photoperl ods for t he pol nsettia , and
fl owe r ing occurred earlier than In other yea r s .

In addltlon, in research on flowering of photoperiodl ca ll y
s ens i t i ve planta, the effects on flower bud lnitiation ~ISt be
di f fe r en t l a t ed from those on flower bud development. Often
exp e r i men t s have been conducted without definitlon of t he ef fect of
f llct ors on th ese two staRes of plant growth.

Tempe r a t ur e ia another factor that must be well controll ed in .
ex pe r i men t s . It may be satisfactory in controlled envlronment rooms,
but th ere the 11ght intenslty usually 15 not equlvalent to tll at o f a
glasshous e .

In the glasshouse, temperatures fl llctuate quite a bit even wlth
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the mo s t 50phistlcated controla. Temperature must be measu red in
clase proxlmlty to the plants, not at a senslng element a mete r or so
above t he plants, and not shlelded froll the sun. Results of some
re sear ch make lt appear that plant l l sBue tempe rature msy be mo re
l~p ~ r r an t l han the ambi ent alr temperature.

l ile i llterre1a lionahip between the effect of temperatures i n t he
da rk pe riod and the light period must be considered in relation t o
r es ul t s o~ta ined with constant te mperatures durlng the 24-hour day .

In studies with E u p h o r b 1 a p'u 1 e, he r r i m a,
Langhans and Hiller "( 1960) found that as constant day and nlght
gl asshuuse ai r te mperdtures Increascd from 10 't o 270C, shorter
pho t ope r Lods were r eq ut r ed for flowering . Also, t he re~uI red numbe r
o f shoe t phutoperlods increased .

Subseque nt l y , with 'Barba ra Ecke Supreme' poinsettia , Langhan s
and Lar son (1960) observed sIm i la r in teract I ons of photoper l od and
t emperatu re, as well as in teractions between day and night
t emperature. With 4 t emperatures (10,16,21, and 270C) and 2
d ay l~ ~ g t hs (na t ural and 9-hour), the warmer the day t emperat ur e wl t h
¿¡lI Y J n í gh t t empe rature , t he sooner the plants fl owered In t he
g Iass house , Wlth increas ing night tempe ratures up to 210C , t he f as t e r
t he c r up raat ured, Wlth 27°C, hoveve r , plants dld not flow e r IoIhen
g rovn v í t h the na tural daylength o f rthaca, New Yo rk , but d í d f l ower
",1 t h d ~-hour ph o t ope rl od ,

La rs on an d Langhans (1963) deteriDined t ha t fo r t he poinset t l a
cul t i va r, Bar ba ra 'Ecke Supreme, the crIti cal "pho t ope r í od fl?r f Love r
bud inltiat i on va r i ed ",ith t empe r a t ure i n the ~lasshouse. At 18 and
2 1°(; , t he critl cal pho t ope r Lod was 12 1/2 to 12 3/ 4 hours , wherea s a e
16° C, th~ cr i t ica l "'a s 13 hours, which ls appr oxl mate l y Septembe r 23
in L t haca , Ne", York (lat itude 42°N). '~

"

These r es éarch reports empha s í ze the í mporr ance of r ecogni z l ng
the inte raction of t emperatu re an d plwt ope r i od a s one conduc ts and
inte r pre t s research on the growt h and flow ering of pho toperiodica ll y
r esponslve plan t s.

Often lt Is not easy to study a s i ngle e leme nt i n pl an t
1I11 t r l t tOn relJea r ch becau s e o f t he potential e f fe s:t o f one element on
another . In research on magneaium nu trition of poinset t i a, CO K Bnd
See l ey (1980) found tha t t he amount of potas s l um (K) in a nut r Jen t
s olu t l on had a ve r y i mportant effec t on t he e xpre ss í cn of ma gne slum
( Mg) de fi c1ency s ympt oms when the supply 'o f magn e sium was 101.1.

W1th 235 par ts per mil110n (ppm) of K and 5 ppm of Hg. no
de f i cl ency sympt oms appea r ed . But with 420 ppm o f K and 5 ppm u f Hg ,
de f i cl ency s ympt oms appe ared on lower l eaves, ind icating a decrease
o f Hg In t he plant by the h í gher v Ie ve I of K. Th í s was conf i r med by
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tissue analyses. Thus in conduct ing and i nte r pr e t i ng nutri tion
res earch , lt is essential t hat the i nfl uence of con centrat i on of on e
element upon t he ac tiv i t y of another element be r ecogni zed.

Often resea rch i s conducted to dete r mi ne t he s peci f l c ca us e o f
a pro blem so pr ope r alte rn ate cul tural practices can be devel oped .

St uar t (19 49) a nd Seeley ( 1949) desc r i bed a leaf burn 'or l ea f
sco r ch of L 1 1 1 u m Ion g i f 1 o r u ~ 'eroft ', which was a
phys iological di so rd er caus i ng death of ce l i s at the apex of a lea f
res ulti ng i n a dark br own necro t lc tip, o r in so rne cases, semi
circula r areas a long the ma rg in o f t he l ea f.

lt was found that, i n commerclal product l on o f Easter l i l i es ,
th e l ea f burn problem could be preven t ed by uslng a root medi um wit h
a r e l a t lvel y low level of phosphorus (very little s uperphosphatc) ,
high pH and ade qua t e calc i um f r om ground limestone, an d a steady
supply o f nitrogen by fe r t i l izat ion wi th calcium nitra t e an d po t as s l um
ni trate . Howeve r, t he basi c cause of the t roubl e was unknown.

About 20 years l at er, Conover and Pool e ( 1971) repor ted t he
ind uction of foliar necros i s of several fo l i age plants by fluoe i de
fro m severa l so urces su ch as single sup e r phos pha t e and German pea t
mass , both of which conta íned f l uor i de , as well a s irrigation wate r
wlllc h some t i mes cont a l ned fl uoride. Shor t l y th ereafter, Harousky and
Wolt z (19 75) shove'd t hat t he l eaf scorch o f Eas t e r 111y was the r e s ul.t
o f t oo hi gh a conce nt ra t i on of f l uori ce I n t he plant o Wi th t hi s
r es ea rch i nfo rmation , i t was pos s ib le to dev elop recommendations to
preven t l eaf scorch i n commerc i al prod uct i on.

A simila r scenario occ urred i n t he case of chlo ro s is , leaf
cupping , l eaf burn, and loss o f lower leaves of po í ns e t t í a s The bas í c
ca use was no t known unt il t he research re po r t of Ju ngk et al (1970) .
The physiologi cal di so rd e r was due to molybden um deficiency . With
th i s knowledge, recornmenda tions were deve Loped easily t o el1mi nate
the prob l em i n commercia l poinsettia produc t i on.

Al t ho ugh th ere a re many ki nds of res ea r ch includi ng field ,
gl asshouse , con trol l ed envl r onment chamber , and l abora to ry, these few
e xamples emphasize the need fo r careful planning, and hones t
I nte rp r e ta t i on based on properly accumulated da t a .
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TIlE INFLUENCE 01'" GENOTYPE, TERM IrlALITY ArlO AUXW F r) p "~" l ."T Hlrl ON
T1IE ROOTlNG OF L E U C O S P E R M U M CUTTlNGS.

G.J. Brits
Hor t i cul t ur a l Research Institute
Private Bag X293,OOOl PRETORIA,
South Africa

Abs tract •
Terminal and subterminal semi-harrlwood cutt ings of s ix clones
of L e u e o s p e r m u m e o r d i f o 1 i u m and so rne
L e u e o g p e r m u m hybrids were rooted in Autumn, wi th
and without bottom heat and mist irrigation, at 23, 0 ~ 0,8
oc and 12,7 : 2,0 ·C respectively. IBA in four formulations
was applied a_, a basal dip at concentrations of 5 g el solution
or 10 g kg powder. Genotype and temperature i nfl uenced
rooting percentage the strongest and interacted strong ly with
each other as well. Rooting temperature also interacted with
the other two factors. Terminal cuttings rooted consls tent l y
better at the hlgher but not at the lower tempernture . Auxlns hnd
11ttle effect on rooting percentages at the hlgher, but influenced
rootlng strong~1 at the' lower temperature. At the lower tempera-
ture 10 g kg IBA powder lncreaaed mean rooting percentage
significantly aboye 5 g el IBA In ~ ethanol alone or combined
with NA~ and ethephon . It was concluded that a knowledge
of . the temperature requirements of individual L e u e o s
p e r m u m cu1 ti vars is required when lislng unhea t ed rootina
frames . Economi~ing applications are discuased.

"
l. Introduct10n

The develpoment of commerclal cul ti vara of Proteaceae of South
African orig1n ls a relat1vely new, but v1gorously growing
i nt er na tiona l industry (Brits, 1985). Many of the new cultivars
orlginate from L e u e o s p e r m u III (plncushion) specles
and thelr hybrids (Mstthews & Car.ter, 1983). Theae cultivare
are propagated almoat exclusively from Btem cuttinga. A number of
factors lnfluenc1ng the rooting of L e u e o B p e r m u m
cuttlngs have been lnvestigated, lncluding cutt1ng maturity and
length, co11ect10n time, compos1tlon of rooting medlum and auxin
concentratlon (Rousseau, 1967; Vogts &. Roaseau , 1976; Jacobs snd
Steenksmp, 1976a,b). NAA and ethephon promoted the rooting of
Pro t e a cuttings (Rousaeau 1967; CrUey & Porv ln, 1978).
IBA In combinatlon with NAA led to higher rooting pcrc t'ntagea in
P e r s o '0 n 1 a (Proteaceae) cuttlnga thsn IBA alone (El1yard,
1982). The use of terminal L e u e o s p e r m u m cuttinga
i s r ecommended by Jacobs & Steenkamp (1976b) .

. ot·

Al though the optimum t e "'p ~ rA ture f or the rooting of cu tt l ngs í s
gcne r a l1 y accepted to be in the r ange of 20 to 25 · C (El lyar d
1982), little quantitative evidence is availabl e to s l/bstantla t~
thl s in t he case of L e u c o s p e r '" U m. Pub l I .. h .. c1 ¡nfnl-mAt io n

,'elll Hor t í cul t ur-ae 185, 1911 6
Pro tea
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Ü." .rl~<: r.,e l;ior. o í f a c l;or s , s l a e ki ng . 1 ",0 pres ent probl ems
of c on.mer c i a l L e u c o 9 p e r m u m eutting propaga t i on a r e
a) t he poor- root i ng of certa i n s peci es an d c l ones, and b) the
compa r a t i vely p oo r- economi cs of r ooting cuttings i n he a t e d
mi s t be ds . The pres ent work was undert aken t o s tudy s ome o f these
aspects.
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t...: t. " t: e~ b.f.C. 1.~ wt:el'. ~t.cr ·es wt:re "\:.Y.J.jrt:&&ec as éi p er-ce rrtage of "tr-,e
po t en tia1 maxi mum score and t ransformed t o arcsin percen t age values
(Sne decor & Cochran , 1967) . The results were s ubj ected to
analys i s of variance and to statistlcal an alysi s by the LSD method .

3 . Results and discussion

Tab le 1 - Ef fect o f t wo t emper a tures on mean percentage rooting
( a r cs in) of six L e u c o s p e r m u m clones

The di f f er enc e of 10 ,3 ·C between amblent and ar t i f i c i al tem pe r atu
r e t reatment resulted in a large av erage d i fferen ce of 31 . 1%
in rooting r espo ns e (Table 1) . Root for matlon was ob served to be
very slow at l ow tem perature .

I
Clonal dl f f erences had un extreme e f'f'ec t : on r oo t i ng pe rcentage
on d l nteracted strongly wl th temperature (Table 1) . The lati tude
in root i ng response was 45% al 23 ,0 oC and 38,4% at 12,7 oC.
Cv. Gol d Dus t root ed well at both h i gh and l ow t empera ture but
ev. Carollne only a t h i gh tempe ra ture .

58 ,4
27 , 3

LSD Me an
P<.05

60,7 9,2
50 , 7 4, 7

Go l d
Dus t

T 75 11
24

29,8
12, 3

65 , 8
13 ,2

T 74 10
11

74,8
29,6

Carol
i ne

71,9
36, 4

46,9
21 ,5

Vlam Tot-
sie ns

% Roo t ing

23 , 0 · C
12 , 7 oC

Tempera ture

Terminal c u tt i ngs rooted modera t ely an d , cons i s t en t ly better a t
23 , 0 oC, by 16 ,9% on average, than subtermi na l cut tl ngs (fi gure 1 ).
At t hc lowcr tcmperaturc, however , sub terminal cu t ting s r oo t ed
be t ter in cvs , Totsiens, Carol1ne and T 74 10 11, r eali z ing a
s l ight l y h igher mean rooting percentage (3,4%) in sub t e rmi na l t nan
i n term inal c u t t l ngs. The results suggest that sub terminal
c u t t i ngs roo t reasonably , wel l. However, i n l<trge-scal e
commerc ial operat i ons t he signifi c ant interactions o f geno type and
t crminality s hould be t a ken into account. Genotype al s o ln t e r aeted
wi th c utting te r minality ln commer c i a l 1y pr opagote d G r e v il l 
e a (Gr oesbeck & Rau ch , 1985 ).

At 23 oC the appli cations óf auxi ns ha d very li ttle effect (3,5%
average improvement } on rooting percentag~ (Figure 2). At ,12 , 7 oC, ,
howev er, au xin trea t ed cuttings rooted much be t ter t-ha n controls .

~,: j /. : . " u e o s p e r m u m clones cultlvated at Tygerhoek
::"V:l'1:ne n t a l Farra near Ri vlersonderend, Cape Provlnce, were used in
this exper llOent:
( 1) L . e a r d i f o 1 i u In "Vl a lO" ¡ (li ) L. 1 i n e a r e X L.
t o t l \1 I~ "Totsiellli"¡ ( 11 i ) L. e o r d i f o 1 1 u m X L. t o l
t u m "Ca r ol i ne " ¡ ( iv) L. c o r d 1 f o 1 i u m X L. t o t t u m
"T '14 10 l1" i (v) L. e o n o e a r p o den d ron X L. c u n e
1 f o r m e "T 75 11 24"; ' and (vi) L. cv o r d 1 t . o 1 i
u m " Gold Dus t!" , Vl am, Caroline and Gold Dust are 'commerc i al1y
grovn cul ti var-s . Term inal shoot seetions , , 300 mm long, of the
curr cnt s ea son'a growth were cut and d ivided into halves on Apr il
15, 1977 . The resul ting terminal and subtermlnal cut t í ugs we r e
str i ppe d of leaves on their basal half, taking c are nat to damage
the phloem excesslvely. A frllsh cut was made at the base of each
cutt l ng befor e dipp ing the basal 2 mm for three seconds in one o f
tb.. followi ng pr-epar -a t í .ons r (1) control, 50% ethanol¡ (11) 50%
e thanoi I'ollowed bt

l
a dip in "benka_1\ 10% funglcidal powder mí xe d

w~Íh lilA a t 10 g kg (l%!i(lil) 5 g t IBA in ~2% ethanol; ( iv) 5 g
( l ilA plus 0,5 g t NAA plua 0,5 g ( ethephon i n 50%
ethan o i ( c ocktail). AH cuttings dlpped in l1quid were subsequen t
l y d l pped in "benkap 10%", conslstlng of tal e with ' benomyl at 5%
a.}. and k:lp tab at 5" a. L concr.n tration ,

Cutti ngs were p lantad ln a mixture of 50% (en vol~me ba éí s ) of
pe l Ie t í ne d po lYb tyrl:ne foam a nd peat moSl (pH (I Olof 5, 2) i n pl a s ti c
VI'0lull&nllnll t r ye. The l" were placed on ~ 118nd bed ln well
v. nU htcrl hut wl.nd-pr o l echd la th house I t r uc tures under 50%uhude .
In nn" lu l h houae hol l em heat WIUI provI de d at 23,O! 0,8 ·C, · ,by an
e l.ec t rl c " "bJ'J bur-í.ed ln lhc s and bed¡ mis t irrigation was supplie d
by mi lit i r,,: IIv7.:.:1es, a t 30 (/h fo r 20 s of every 10 minutes betwe e n
08 hOO and 16 hao. In ano th"r l a t h hOU91l an unheated Bond be d was
\ltlold; l llt' uv .. r l\~tl " ' lO'l1l1'l tCPIlJllro tlll'l.' WAlI hlCll\ltll rod at 12 ."
~ ~ , l) . ~ . Cuttl.n¡ 1 1n lhe latter bc d rec e í ved i r r igati on v í a
mi croje t s, at 30 Uh for four minutes every 2 h during the s a me
daUy pe riod 88 ' a ppl ied ' ' i n t he mist bed, . thus equall ing tlle
amount 0 1' irr lgat ion .

Tr eatme n t s (clones, cutt lng t e nn l na l1 ty, aux in formul a t i on )
were c ompl e tely randomised wi th in the two rooting beds ( two t empe r 
atu r cs). Two replica t lons of six c u t t l ngs per treutment were us ed .
Propag a t l ng trays ,.wer e r erandomised on .8 , daily , basis. Cutti ng s
were scored for ' adventltious root deve10pment at 6 a nd 12
weeks. Scorel were based on an ordered rooting scsI e (Snedecor &
Cochran, 1967) of 2 .. transplantable (Jacobs & Steenkamp, 1976a ) ;
1 .. r oo ts present but not transplantable ¡ O .. no roots. The t otal
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Fi gure 1 - Interactions of geno type (clones) X cu tt i ng type
(t+ a terminal, t- " subterminal) at two tcmper 
atures.

Figure 2 - Interactions of genotype (clones) X auxin foC'mulati on Bt
two temperBtures. Al s control, A2 .. 1% IBA powder, A3
" 0,5% IBA solution. M .. 0,5% IBA + 0,05% l/AA + 0,05%
ethephon solution.
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Ta~lc 2 - Percentaqe qerminatian af Protea compacta achenes which were
' i mbl be d far 24 h in 200 mq t- 1 qibberellic acid,
benzyladenine, promalin lGA./GA7 plus benzyladenine), or a
comblnatlon oE qlbberelllc acld and benzyladenlne,
res pe c t.I ve 1Y, before OOlng incubated at 10' or 20·C.
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The results 'presented in Table 2 clearly sl~ws that an ineubati o n
t empera t ure aboye lO°C is detrimental to .t he germination af Protea
compacta aehenes. Promalin which cantains a mixture af GA./GA7 and ·
benzy1aden inc i nc r eased germlnation significantly . Even at 20°C whi eh
is det r i mental to germination promal in was stl11 effeetive. Neithe r
be nzy Lad eu t ne , yibberellic aeid nor a eombination of these two
ho rmo nes eo u1d substitute for pramaUn. rrom the avai~able evidenee i t
would appear as if the eytokinin alone eould not stimulate ge rminati on.
This can appar ent l y only be done by GA~ and GA7 as gibberellie aeid
was al so i neífe e t l ve . rroro these results i t would s eem as l f the
endo genous eytokinin changes whleh occurred in the achenes durlng
i neu bation we re related to t he res u npt i on oí growth and not to t he
br e ak i nq u f do rrna nc y , Glh and GA7 are appare nt.Ly. coneerned w1t h the
breaki ng o f do rmancy in pepper s eeds and not wlth an increase I n cel1
d lvlsion res po ns i b l e for radlele clongatlon (Watkins and Cantll f fe.
190 3). 'l'lo i s role is probably t he lIlOst l1kely one . t o be attributed t o
t he e ndclje nous eytokinlns In achenes of Pl'otea compacta. The GO da y
strat i f i cation treatment and the promalin treatment bOth i mpr oved
germlnat lon to the s ame extent, whereas benzyladenine aloñe.~as
ine f fe c t i ve . '¡'h i s Sllqges ts that lt í s the g lbberellln Ieve l s t hat are
enha nco!d .1" a r c!>u l l of s t ca tl f ica tion and i ndieates that t he
endoq enous l eve ls af these ho rmone !> req ui r e investigation.
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Shoot parts 6f Pro t e a e y n a r o i d e s,
L e u e o s p e r. mu m e o r d i f o 1 i u m x
L. 1 i n e a r e hybrid and S e r r u r i a f 1 o r i d a were
sueeessfullyestablished i n v i t r o. Seleetion of exp lant
material is very important to the sueeessful establ ishment of
Proteaeeous plants i n v i t ro. P. e y n a r o i d e s shoots
sprout ing from the lignotuber were the best souree for explant s for
this speeies. Shoots of l e u e o s p e r m u m and
P. e o m p a e t a x P . n e r i i f o 1 i a whieh were too
soft and hairy fafled to grow.

S e r r u r i a grew well on ANO, MS and WPM media.
l e u e o s p e r mu m and Pro t e a e y n a r o i d e s were
t r ied only on ANO medium and grew well . Growth was best on paper
br i dges in liquid media or on agar eontaining ehareoal.

Buds of S e r r u r i a and l e u e o s p e r m u m resumed
growt h shortly after explanting. Buds of P r o t e a
e y n a r o i d e s sprouted i n v i t r o - onI y i f t reated wi th
GA.

Au xin was not needed and inhibited t he sueeessful establi shment of
cultures . BA was not shown to be essential for the establ i shment of
the cultures but when used at 5 ppm eaused prol iferation of
S e r r u r i a shoots.

1. Introdueti on

There are 3 main reasons for growing Proteaeeous plants i n
v i t r o: rapid vegetatfve propagation, preventing spread of
disease and inseets by shipping elean plants, and the study of the
un ique nutritional requirements and growth physiology of these
plants.

Complete methods for f n v f t r o propagation have been wo r~ed

out only for G r e viII e a (Gorst et al. 1978 and Ben·Jaaeov
and Dax 1981) and fndeed these are the oñTy~roteaeeous plants at
present belng propagated eommerefally by tlssue culture (George and
Sherr ington, 1984). Qther researeh on tfssue culture of Proteas has
been earried out ma fnly by Van Staden, studyfng eallus formation fn
seedli ngs of l e u e o s p e r m u m (Van Staden and Bornman,
1976) and eallus and proteoid roots on seedlfngs of Pro t e a

* l l1i s work was supported by a grant (rom the South Afrfean
De partment of Agrieulture and Water Supply .
** On sabbatieal leave from A.R.O. Volean; Center, Bet Dagan, Israel.
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n e r i i f o 1 i a (Van Staden et al., 1981). Recently Seelye et
~ (1985) were successful in propagatTng T e 1 o p e a --
s p e C 1 O S 1 S S 1 ma i n v 1 t r o. .

Rapfd, i n v i t r o vegetative propagation may be useful for
the initial fncrease of newly developed clones of
L e u e o s p e r m u m, S e r r u r i a and sorne other easy to
root proteaceous plants. But, in sorne proteas especially the
difficult to root cultivJrs such as sorne P. n'e r i i f o 1 i a
h/ l l r i J :ó . t h i s method seems to be iodispensible.

PropJgdt ing aod sel1i ng prot ea plants in the test tube may prevent
the ddoger of spreading serious diseases and insects. New cultivars
are bei nq developed around the wor1d and vegetatively propagated
plaot s are shtpped from one place to another e , lt seems that many of
the protea diseases and certain1y the insects are sti11 restrieted
in their spread (Ben-Jaacov.".1985 and Knox-Oavies et al., '1985).
For these reasons ' limiting shipping of vegetativelY-propagated
plants to those in the test tube would prevent spread of dis eases
and insects. .

~h (: use ~f t í ssue culture wouJd help in better understanding t he
um que nutritionaJ requirements of Proteas 4S wel1 as the physiology
uf their growth pattern. The .ffect of different nutrient media
and the Jevel of phosphorus required can be studied. The mechanism
and growth substances responsible for dormancy and sprout1ng of buds
in various spec 1 '~ uf Proteaceous plants can be evaluated.

2. MJcer ial and methods

2.1 Plant mater1al- --------
Exp1ants were coJlected from plants commercially grown at Protea

Heights in tlle Stellenbosch district, Rep. of South Africa. lhe
climdt~ is Mediterranean with cool wet winters and hot dry summers.
lile annual rainfal1 t s 700 llIII. The plants were neither irrigated
nor fertilized. Insects and diseases were controJled by regular
spraying programo leaves were cut off leaving 1-2 llIII petiol es . l ile
stems were cut into 6-7 cm long pfeces and surface sterilized by
constantly stirring them in 2~ NaOCl solution containing a few drops
of Agral (a ccemerc íal surfactant) for 20 minutes. After·J
succcs s íve rinses in sterile distilled water the stems were-'c:ut in t o
segmt:nt swi th 1-2 buds each and placed on the media.

2.2 Med ia

Nutri ent media used. Anderson (ANO), Hurashige and Skoog (MS) and
Woody P1 ant Mediurn (WPH), were prepared according to Hartmann and
Kes ter (1983) with the following changes in ANO stock solut í ons to
b: : :0025 gi l CUS04 .5H20, .03 gil KI and .0025g/1 CoC1 2 .6H20.Vltamlns leve1s used as lO MS and WPM. The stock solutions were
frozen in batches of 10 m1 and used when needed. Three percent
sucrose was added to the media. Growt h regul ators used were of
enalyt ica l quel í t y cxcept "P re nal in" wh ieh contains 1 9 ~/1 of each
6·bcn!j'ladcnine afia GA4t7 and "ABG-3034 l tquid concentrate" whicll
contai ns 21 g/l 6·benzy adenine, both materials manufacured by
Abbott Laboratories .
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L e , we re incubat ed in a growth chamber lit for 12 hours
photo ~ t' r1od with cool white fluorescent tubes providi ng 60 u mol
5-110- " ': 400-700 nm) at p1ant he ight. The temperalure was kept at
25 al . 'e respecti vely for the dark and 1ight nour s .

3. 1\ ,_... : LS and Oiscussion

3.1 S e r r u r i a f 1 o r ida- - - - - - ~- - - - - - - - - - -
In J fact or i al exper iment, the effect of ex~l a n t support (agar

sol idi f ied medi um and fi1ter paper bridges in liquid medium), three
di ff erent nutrient med ia (ANO, MS and WPM) and·three levels of NAA
and BA on the growth of Serruria stem explants were eva1uated, using .
10 test.tubes with a 2-bud stem segment in each as an explant.

lhe stem segments used were 1.5 - 4 mm in diameter of partial1y
l ignif ied wood taken 10 - 15 cm below the shoot apex. Results were
taken after 37 days In culture. Contamination ranged froro 0-7 reps
per treatment. The proportion of successfully estab1 ished cultures
'i s presented in Table l. An eval uat ion of the growth of the bes t 3
reps are presented 1n Fig. 1 and 2 and in Table 2).

Growth appeared better on the 1iquid media. An interaction
between the supporting systems and the nutrient medi a was observed.
With the 10w nutrient media, ANO and WPM, growth was moderate , both
when agar or liqu id media were used. But, when.th~ h igh .nutr ~ ent,

MS med ium was used 'growth was superior on the 11qUld medIa (FIg. 1 &
2, TabIe 1). . .

Growth regul at or s were used at the rate of O, 0.1 and 0.2 ppm NAA
and O, 1 and 2 ppm BA. The addition of NAA even at 10101
concentration or in combina tion with BA, suppressed bud break and
shoot growth (Table 1 &2). lhe addition of BA had no effect on the
growth of the expl ants , When cultures started on 0, 1 or 2 ppm BA
(Fig. 3) were transfered to MS liqu id medium contain ing 5 ppm BA .
termi nal growt h eeased or died and side shoots started to grow (FIg.
4) •

It may be concluded t hat buds on shoot segmen ts place d ?n AN9 . HS
or WPM liquid media sprouted. When transferred to MS m~dl um wlth 5
ppm BA the sprouting shoots pro1iferated to form many slde shoots.

l·~ !:. ~ ~ E. E. ~ l ~ !: ~ ~ ~

On ly 1imi ted ob servations ~ere mad~ using "Red Suns e~" (a natural
hyb rid between L. c o r d I f .o 1 1 U m and L. 1 1 n e a re)
and on L. C u n e i f o r m e. "Red Sunset" i s one of the main
co~nercial cul tivars grown at Protea Heights and
L. c u n e i f o r m e represents a speci es with persistent
rootstoc k ( lignotuber).

With "Red Sunset". soft and semi-hard wood shoot segments we t e
used. With l . c u n e i f o r me only soft wood stems sprout ing
from the 1ignotuber we re used. Soft wood explants failed to grow.
Semi -hard wood "Red Sunset " explant s were es tabl is hed successl ul ly
and buds sprout ed in a number of cases (Fi9 : 5) . . .

The use uf wood which was too soft , especla 11y In very halry

4 1



speeies of t he Pro t e a e e a e (tri ed wi th P. e o m p a e t a
x P. n e r i i f o 1 i a hybrids, Mi m e t e s a r b o r e u s
and L e u e o s pe r m u m) seems to be unsueeessful. Surfaee
sterilization is diffieult in addition to whieh it appears that the
m~tted indumentum o{ crisped hairs (Rourke, 1972) caused explants to
be eovered by a layer of liquide Reducing hairiness may improve the
sueeess of culturing.

The limited work done with this genus indieates that buds of
semi-hard wood shoot segments of "Red Sunset" sprouted best when
placed on l iquid AND medium with 2 ppm BA (Fig. 5) .

l·lJ:.!:~.!!! ~l.!!!.!:~.i~!~
\

Cultures of Pro t e a c y n a r o i d e s were started from
' seeds , shoot segments and tips of one-year old seedlings and from

ten-year old matured plants growing at Protea Heights.
The fine hairs present on the seeds were removed by rubbing them

off (Van Staden et al., 1981) then the seeds were rinsed for 10
seeondsin 75% etliañOl and stirred for 20 min. in 3.5t NaOCl
solution, with a few drops of Agral, followed by 3 success ive r in ses
i n sterile di stilled water. The seeds were placed on AND l iquid
medium supported by paper bridges and incubated in growth chamber at
l ight and dark temperatures of 25- and 10- respectively for 12/12
hrs. .

Only 5t of 'the seeds sterilized germinated successfully. The faet
that Beni c et al. (1983) were able to improve germinat ion of
P. c o m p-a C-t a by hot water treatment and that NaOel did not
prevent latent contamination suggest that the seeds were internally
contaminat ed. .

The media were supplemented by 0, 1, 5 and 10 ppm BA. In the
absence of BA normal seedlings did develop, although growth was very
sl ow. With 1 and 5 ppm BA normal shoots developed but without
root s. When the medium was supplemented with 10 ppm BA the root s
did not grow as with the 1 &5 ppm BA. The shoots, however
developed in to a unique structure. The area where the coltYl edones
were at tached to the stem was much enlarged and ma ny ~ide shoots
proliferated at the axis of the cotyledones (Fig. 12). " .

One-year ol d P. c y n a r o i d e s seedl ings grown in-lhe
growth chamber were used for a preliminary factorial experiment
examining the effect of Promalin spray on the mother plant and tIJe
subsequent growth of te~inal shoot harvested from these pla nts on
diffe rent medi a in culture. The 10 - 15 cm tall plants we re cut
back to a height of 5 cm and sprayed once a week, for 6 weeks wi t h
0.1% promalin to which a few drops of Agral were added. Two months
afte r the las~ spraying, when the shoots we re harvested the sprayed
plants had many more sprouting shoots than the control pl ant s .

The te~ina l shoot s harvested were placed on AND medium ' l iquid
sup~orted by paper bridges, 0.6t agar and 0.61 agar wi th 2.51
aetlvated wood charcoal. The factorial experiment ineluded 3 level s
of BA; 1, 10 and 100 ppm and 3 levels of NAA 0.3, 3 and 30 ppm.
Al l explants pl aced on highest l evel s of BA and NAA die d. Plants
~ u rvi ve d .be t te r at t he lowest level of NAA, (0. 3 ppm) than at the
l nt ermedla te level (3ppm). There was no differenee between 1 and 10
ppm of BA.
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Considering the 3 support media, pla nts looked best on a g~r medium
eontaining activated charcoal, second on the liqu id medium, and
poorest on the agar medium (Fig. 6). No difference was noted
between terminal shoots taken from promalin treated ~lants and the
control. All the explants, even those on tñe agar wlth .the
activated charcoal, ceased to grow despite an increase ln leaf size
and healthy appearance.

Experiments with plant material harvested from 10-year old,
matured plants growing at Protea Heights fall into two categories:
experiments started in August and November 1984 using the current
year's growth of unpruned plants, and experiments started from
January to April 1985 using shoots sprouted from lignotuber of
plants pruned to ground level in November 1984.

Two experiments were done wfth plant material harvested from the
unpruned plants. The first experiment started fn August 1984 us!ng
one bud, one cm long shoot segments. The medium used was ~ MS wlth
0.61 agar with a factorial eombination of O, 1 and 1 ppm NAA and
Benzyladenosine- riboside. A callus was produced by many of the
explants, especially fn the high NAA treatments, but none of the 90
buds cultured sprouted up to the termfnatfon of the experiment six
-mont hs latero

lhe second experfment started fn November 1984 usfng restfng
terminal buds whfch were either placed dfrectly, unexposed on the
media or after most of the protectfng bud scales were removfd. lhe .
medium used was AND in factorfal combinatfon of normal and 110 •
level of phosphorus in liquid and semisolid forms, and with O and ,
0.2 ppm NAA in combination with O and 2 ppm 2 ip, .1 ml/l and 1 ml/l
promalin. The general observations in these experiments are as
follows: a. Lowering , the level of phosphorus usually redueed growth
rate and in any event did not improve growth. b. Exposed buds,
especially when placed on agar containing media, turned brown, and
in particular the tissue immersed fn the agar. [ven when exposed
buds stayed green and alive for long they ceased to grow. c. lhe
only good growth achieved in this experiment was that of the bud
surrounding the unexposed buds placed on liquid media con ~ain ing 0. 1
ml / l Promalin (approximately 2 ppm BA and 2 ppm GA4+1) , wlth O or
0.2 ppm NAA (Fig. 7). We failed to subculture the slde shoots
developed.

Experiments with shoots sprouted from lignotube~s. Previo~s

experiments indicated that with P. c y n a rOl d e s un~lk~
S e r r u r i a f 1 o r ida and L e u c o s p e r m u m l t 1S
very difficult to force the buds on the the explant to sprout.
Pinching the 10 cm sprout 2 weeks before explanting enhaneed
sprout i ng of buds in the culture but still the newly formed growth
was temporary and ceased after the expansion of the fir st few
leaves. The possibility of forcing buds to grow by GA t reatment was
te sted.

Treat ing the explant with gibberellie a ei~ is po ssi bl e in .several
ways. There are eonf,licting reports regardlng th~ d~ struetl on of r~

by high temperature : : Abdel·R ahman et.~. (1 ~81) lndleatpd that GA 3
í s deeomposed at temperature aboye -;TI C. St i l l Goussard (198")
obtai ned si gnificant effeet of GA) on V i t i s even t hollgh tne GA
he used was autoelaved with the medi a. There are th ree wa ys of
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Figure 7 · Unexposed resti ng t erminal bud cul t ured for 60 days on ] iquid
AND medium contalning 0.1 ml/l Pramalin. Note the growth of
the substaoding buds.

Figure 8 - Sprouting bud af Pro t e a c y o a r o i d e s 90 days
after placed on ao ANO liquld medium containlng 0.05 m]/]
filter sterlised. pr~nalin .

Figure 9· Sprouting bud of Pro t e a c y n a r o i d e s 90 days
after bei ng dfpped for 5 minutes in 5 m]/ l f i l ter sterlised
promalin and cultured on AND liqui d medium.

·,
1~:" ;' .~,

" ';::} ¿Y:¿;i~~i~'f~;);
Figure 6· Shoot tel~inal segments af Pro t e a c y n a r a i d e s

grawn far 60 days on AND media as affected by dif ferent
supporting systems; a. agar, b. agar and activ aled
charcaal, and c. liquid with paper br idges.
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GERMI NA'fION OF ACIIENES OF LEUCOSPERMUM CORDIFOLIUM'Ihe cfrect oí tlAA an d BA on side shoot growth (1-5 scalc,
uher-e 1 = hud i:l Lnnc t í ve , 2, 3. 4 & 5 are incressing s hoo t
crowth r~lc~) of R u r r u r i s í 1 o r i d u atem
neG~un l~ eul ti vDl ed 5 we eks on liquid MS media (mean of
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Abstract

Treatmcnts for overcoming poor germinatlon ln Leuaoapennum were
lnvestlgated. Studles on the imblbition of water by the frults showed
that water uptake i5 relatively rapid durlng the first 48 h of 1mbibi
tion and seeds wera fully imbibed within 72 h. Alternating tempera
tures of 10·e and 20·e and a constant temperatura of l5·e gave the best
germinatlon results. Samples of "medium" weight (91-110 mg) achenes
gencrally gave a highar percentage germination than samples of lighter
or heavier achenes. Treatments which gaya the most improved germina
tion were soaking ln G~ or "Promalin" (containing GA~, GA7 and
benzyladenine). Ethrel and ethylene gas ~lso improved'germinat lon in
sorne seed samples. Precondltloning achenes in polyethylene glycol
(PEG) ' solutions generally lmproved germinatlon, but r esponses Were no t
alw ays co ns i s t a nt .

l. r ntrouuctlon

Of all t he South African species of Proteaceae those belonging to
the genus Leuaospennum confront both t.'he researcher and horticulturis t
with the most serious problems with respect to germinatlon. Whlle most
of these species are currently propagated vegetatively, breeding
programmes require high rates of germination lf they are to be success
ful. For these reasons methods of overcoming peor germination ha ve
been investigated and an understanding of the underlying reasons for
l ow seed viability and seed dormancy in tha genus is being sought...

Some preliminary studies done by Van'Staden and Brown(1973)sugges ted
that the outer and inner perlcarp played a role in imposing dormancy
as their removal increased germination. High oxygen tensions signifi
cantly increased germination of intact seed, suggesting t hat t he
co vcring structurea exert their influence by acting as a barrier to
oxygen diff usion to the embryos. Brits and Van Niekerk (1976) used
hydrogen pe roxide t o impr ove the germination o f sead of Leucospermum
cOI~ifolilml and suggested t ha t . t he increas e i n germination ~as r ela t ed
to t he i mproved oxygen supply to the embryo.

As s uc cess ful a s these t r eatments are on many seed samples, o t he r
samples a r e f reque nt l y encountered whlch do not respond or respond .
onl y poor ly, s uggcs t i ng that o ther factora may be cont r ibuting to poo r
ge rmi na t i on . The a im of this project t herefore was to at t empt to
Imp ro ve gc rmi nat ion hy ! nve s tigating the ~ ffect of a ranga of seed
treatments, most of whl c h had not preví.ous I y bee n appli ed tb
Leucoepermum,

-.
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3. Resul ts and Discussion

Table 1 - The effect of temperature on t he ge r min a t ion of unsor ted
ache nes of Leucoapenmum cordifoZium. Fi gu res rcprescnt
means (.:!:. SE) of three trials of SO achenes each:

In a preliminar y experiment to investigate the effect of t emperature
o n germination , samples of achenes were incubated at 10·C, lS·C , 20·C
and alternating temperatures of lo·c for 8 h and 20·C for 16 h . The
r esu l ts i n Table 1 s how that the lS·C and 10~/20·c treatments gave the
highest percentage.germ ination . The latter t~~~!rature regime was .
t here fo re used i n all subsequent experiments. - .

2. Materia1s and me thods

The fruits of Leucospenmum cordifoZium (5a11sb. ex Knightl Four cade
used in this study were oollected froro Protea Heights expe r i ment a l
farm. Stellenbosch, Cape. The fruits are one- s eeded and termed achenes.

"The embryos are enclosed by a per1carp oons1sting of two l ayers. The
ou ter layer is thin and brittle and can easily be remo ved. The inner
pericarp layer is hard and woody and is approximately 0.5 mm thick.
While the inner pericarp shows no vi s i b l e change upon imb1bition, the
outer layer becomes 50 ft and gelatinous and apparently interferes with
gaseous exchange to the embryo . Remova l of the outer coat resu1ts in
improved, germination (Van Staden and Brown, 1973). In this study the
outer coat was removed routinely once achenes had become imbibed .
Achenes were germinated in petri dishes on Whatman No. 1 f i 1te r paper
moi s t e ned with distilled water. Unless otherwise s tated, aehenes wer e
ineubatcd under alternating temperatures of 10·e for 8 h and 20·C fo r
16 h. Li ght (11 Wm-2 ) was provided, us ing eool white ' f luoreseent
tubes, to corrcspond wi th the period ol higher temperature. Thc
splitting ol the innar pericarp and the protrusion of the radicle was
used as the c riterion of germination. Unles8 otherwise stated, therc
were five replicates of 'ten achenes (i.e. SO achenes) for each treat
ment and each trial was carried out three times. The results are
given as mean percentages of these three trials.

Percentage per cateqoryNumber of achenesMass ca t egory (mg)

41 - 50 2

]51 - 60 O

.61 - 70 2 20\ l1ght

71 - 80 6
81 - 90 lO
91 100 26 ] 54\ lIledilD

101- 110 28
111- 120 18 ] 26\ heavy
121 - 130 6

131 - 140 2

Total lOO

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

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

I n a n investigation of the relationships between achene m~ ~ s and
ge rmi na t i o n , samples of achenes of each category were germina t ed unoer
st andard conditlons. ·The results in TlIb1e 3 show thllt "med í im " and
" l1 ght " achenes gave the highest pericarp germinatlon. Th is í nd í cate s
that seed sorting treatments involv1ng flotation (Van Staden a nd
Brown 1973) are not necessarily a satisfaetory means of e1 imlnating
non-germinable seeds.

Achenes of each masS category were imbibed in distilled water and
the changa in mass monitored at regular intervals for 148 h. In a l 1
three mass categories water uptake was relatively rapid dur ing t he
f irst 48 h with no further increase in mass afte r 72 h. The ra te of
water uptake and the final percentage increase in mass was si gnificant
ly gr ea t e r in the light achenes, when compared to medium and heavy
ac he nes . This is possibly due to the fact that many of t he l i ght
ac he nes contained immature and shrivelled embryos. Results tor al 1
ac he nes also suggest that the pericarp does not hinder wat er upt.ak e
by t he achene.

Table 2 - Characterization of achenes of Leucospetmun cordi fo Zi um
in terros of achene Mass. Hean mas s per achene ~ 91. 6 rog.

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

A1t e rnating 10/202015lOTemperature (·C)

In a prel1minary characterizatlon of the achene sample in t erms of
i ndi vi dua l ac henc mass, the mags of each of lOO achen eg was dete rmined .
The resul t s i n Table 2 shows that 54\ of t he achenes f ell int o t he
category 91-100 mg; 20\ in the category <91 mg; and 26\ in t he
cat ego r y >110 mg. Achenes in these categorics were designa t cd as
"medi um" weight , " light " or "heavy", respectively.

Table 3 - The germination of sample s of "l1qht" , "medium" and "he avy"
achenes of Leuco8permum cordifoZium under a 1t e r nat i ng
temperatures of 10·C for 8 h and 20·C for 16 h . Fi gur es
represent means (~SE) of three trials oC 50 achen~ s ca cho

Germination \ 4+2 9+1 1+1

Mil5S Category

Gcr mi natio n (\)

Light
41-90 mg

8+1

rle d l\J11l
9 1- 110 mq

9+2

Ileavy
11 1-1 40 mg

4+1

Un!'orted
9 1. h mg

10' 2

.t
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t
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PRDSPECTS DF DELAYING FLOWERING TIME DF L E Ue o s P E R MU M

G. Jaeobs, D.N. Nap1er and D.G. Malan
Department of Hortfeulture
Univers1ty of Stel lenbosch
7600 Stellenboseh
Republic of South Afr1ea

Introc1uction

Acta Hort i cu l t ura e 185. 1986
Pr-o t ea

The genus L e u c o s p e r m u m (Proteaeeae) wl th i t s 47
speeies i s eonf ined to Southern Afrfea (Rourke, 1972). They are

Surranary

L e u c o s p e r m u m plants grow vegetat fvely durfng spri ng
and summer. Reproduct1ve development eomrnences in autumn after
shoot extensf on growt h has terminated and the 1nflorescenees develop
duri ng wf nt er . The in flore seences open in sprfng. Seeondary flower
buds develop below the primary inflorescence. Floret
differentiati on in these buds has progressed to the stage where the
per1anth fnftials are visible. Further development of the secondary
flower buds are inhib1ted by the prfmary 1nfloreseenee. Removal of
the primary infloreseence causes secondary flower buds to devel op
thus delaying the flowering time.

Axilla ry buds below the secondary flower buds are completely
inhibft ed. These buds can develop into infloreseences if they are
released from correlative inhfbition between Aprfl and the end of
June. Factors related to the indueed state for flower formatfon are
diseussed. "

.'

.,
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,1. Fl ower development

. Marketing prospeets of non -European cut flowers to Europe lfe
essentially in the European winter months from November to March
(Hormann, 1978). The flowering time of L e u c o s p e r m U m
e o r d i f o 1 f u m and hybrid clones of
L e u c o s p e r m u m grown commercially fs restrlcted to a shor t
perfod during spring. In the southern hemisphere (South Afrfca)
the L e u e o s p e r m u m eutflower erop t hus comes too ear ly
(September/October) while in the northern hemis phere the erop comes
too late (Mareh/April) for the perfod of peak demand in Europe. In
South Africa the overproduction of L e u e o s p e r m u m duri ng
September and October results in 10101 priees on the Euopean market.
Between November and March the supply of L e u e o s p e r m u m
does not meet the demando ,.

This paper revie ws the present knowl edge of flower i ni tiatfon and
development in l e u c o s p e r mu m and the progress made. i n
delaying flowering time. The fi rst par t of thís paper reviews t he
growth and development of the infloreseence. Subsequent sect ions
deal w1th the seeonda ry flower buds and flowe r initiation.
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evergreen woody perenni al pl ant s and most species are erec t shrubs
or small t rees (Rourke, 1972). Cu t flowers are harvested mainly
fro m L. c o r d i f o 1 i u m, L. p a ter s o n i i
L. 1 i n e·a re, L. e o n o e a r p o d en d ron and L.
ves t i t u m growing under eult ivation or i n the wild. An
inereasing number of interspeeies hybrids are grown commereia ll y

, (s uch as hybrid~ between L. e o r d i f o 1 i u m, x L.
1 i n e a r e and L. e o r d i f o 1 i u m,
L. e o n o e a r p o den d ron) as clonal sele ctions
propagated from cutti ngs (Jacobs, 1985).

The vegetati ve and reproductive growth of
L e u c.o s p e r m u m follow in sequence. The plants grow
vegetatlvely during spring and summer. Individual shoots have

\ st rong apieal dominanee. Reproduetive development commences in
autumn after shoot extens ion growth has terminated and the flower
heads develop during winter. The flowers open in spr ing (Jacobs
1980, 1983, Jaeobs et.2.!. 1979).

The growth and development of "Red Sunse t" i nfl orescences can be
divided into four stages viz. the pre-floret floret initiation
~loret d i~f~re~tiation and enlargement stages: The pre-floret phase
lS the in1tlal growth of the bud and lasts until the first week in
May. Growth is slow, the first bracts are formed without flo ret
i ni t i al s in the axils. These braets final ly make up the i nvol ucre
eovering t he pedunele. The fl ore t i ni t i ati on phase is charaeterlzed
by t he appearance of the first floret initials in the braet axils of
lat~r braets and lasts until the cessation of floret in itiation
durlng the third week of June. The drymass inerease during this
phase i~ slow. The flore~ differentfation 'phase is from the
eomplet1on of the floret lnitfation to the near eompl et ion of organ
differentiat ion of the basal florets by mid-August. The growth rate
i s slow at first but inereases rapidly as organ di fferenti at ion
advances. o T~e e~largement phase is from near eomple tion of organ
di fferen tl atlon ln t he basal florets to anthesis i n early Oetober.
The growth rate i s rapid during this phase (Napier, 1985).

oThe infloreseence is a eapitulum arising from aXi~ l ary buds
sltuated di st al ly on a shoot . They are borne solltary in ·spp.
hav ing large infloreseenees (L. e o r d 1 f o 1 1 u m,
L. 1 i n e a r e, L. e o n o e a r p o den d r o n) or in
group s of u~ to 10 in spp. having small infloreseences
(L. o 1 e 1 f o 1 i u m, L. par i 1 e) [Rcurke , 1972).

2. Seeondary f lower buds

The developing infloreseenee correl at i vely lnhlbits other axil lary
buds fromodeveloping (Jaeobs 1983, 1985). The degree of inhibit ion
o~ the aX111ary ~uds depends on its position on the shoot. The
flrst 6 to 10 aX11lary bud~ immediately below the developing
inflo~ese~nee are only partially inhibited sinee they develop to ca.
5 mm ln dlameter. Floret different iation ln these buds has
progressed to the stage where the perlanth initials are visible.
They are buds.referred to as see~ndary f l owe r buds. Buds lower down
on the flo werlng shoot show no slgns of development and are
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appa rently eompletely tnhib i te rí , When the primary infl orescrnee t s
removed one or more of the uppermost sp.condary flower buds res ume
development (Brits, 1977, Brits et ~., 1983).

Remova1 of the pri mary in fl oresee nee thus causes a seccndary
flower bud to develop which flowers latero Flowering ti me of ev.
Golden Star can effeetively be delayed untl l Deeember hy removal of
the pr1mary infloreseenee durlng the first week of October (Jae obs
et al., 1978). The developmental period of the seeondary flower
OüdS-beeomes shorter the later the prlmary lnfloreseenee l s removed
due to the rising temperatures of sprlng and summer (Jaeobs et al.,
1979) . The ev. Golden Star required ca. 920·C heat un its above~,8
base temperature to mature 90~ of the seeondary flo wer buds. These
heat units aceumulated over a period of 107 and 83 days respeetivel y
for disbudding dates of 5 August and 7 Oetober respeetively (Jaeobs
et al., 1979). Dlsbudding primary lnfloreseenees too late
1Rovember) resulted in resumption of shoot growth sine e the
seeondary flower buds have aborted (Jaeobs, 1980). The secondary
flowe r buds subsequently abseised. Delaying the flowering ti me of
L e u e o s pe r m u m by releasing 'the eorrelative inhibition of
the seeondary flower bud is therefore limited up to ca. mid OCtober
'in ev. Golden Star. Seeondary flower buds whieh reaeh anthesis
during December are of a poorer quality (Jaeobs, 1983). The dry
weight is less and there are fewer styles than in primary
infloreseenees flowering i n September/Oetober. In addition the
eolour is palero High temperature during flower development is
possibly the cause. Shading during this period was not effeetive i n
restoring the qualfty of the flowers (Jaeobs, 1983).

3. Flower initiatlon

3.1 ~c..9u.!s.!t.!o.!! ~f_t!!e_i.!!d.l!c!d_s.!a.!e

In L e u e o s p e r m u m ev. Red Sunset the indueed state for
flower initiation has been attained by the first half of Apri1
(Jacobs, 1983; Napier, 1985). This is indicated by the deve10pment
of an inflorence when shoots are cut back to a complete1y inhibited
axillary bud. Shoot growthoccurred when shoots were cut back prior
to this date. Flower .i nit ia t i on can on1y oecur after cessation of
shoot growth. Applying growth regulators (Indo1e a. e e tic
a cid, G i b b e r e 1 1 i e a cid, [t h e p h o n;
B e n z y 1 a den f n e, A b s e i s i e a cid and the growth
retardant C C C) as a single spray did not advanee or de1ay the
onset of the indueed state (Napfer, 1985). Shading during the high
light intensity period of summer redueed the pereentage shoot s
forming an inf10reseenee. Long shoots are 1ess responsfve to
inhibition at low light fntensities than short shoots (Jacobs,
1983). Long days delay the onset of the indueed state. Apparently
flower initiation in L e u e o s p e r m u m takes place in
response to high light intensities during the vegetative phase and
in conjunetion with short days. .

3.2 Loss of the indueed state- - - - - - - - - - - - - - -
L e u e o s p e r m u m ev. Red Sunset remained induced for 2 to
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3 mo'nths after which there was a gradual loss of the induced st at e.
Gibberel1 ic acid, ethephon and shade hastened the loss 'of the
induced state while the growth regulators (Benzyladen1ne, Indole
acetic acid, Abscisic acid and the growth retardant CCC) tested had
no ef fec t 0 11 lil e t ime of luss of the intluced state (Napier, 1985).

Apparent i y sl.ade and etllephon acted synergistically since the
induced state can be overcome almost immediately by a combination of
low 1ight intensity and ethephon. It ts therefore possible that the
10ss of the induced state is relatcd to the low light intenslty of
winter (Napicr , 1985).

Napler (1985) studied changes in carbohydrate levels in leavcs .and
shoot of ev. Red Sunset plants fn full sun and 80~ shade durlng
wfnter. Shading plants at the onset of the fnduced state caused a
rapfd decrease In l eaf sta -en and to a lesser extent leaf and shoot
sugar. Coneurrently shoot starch increased to double that of the
control pldnts grown in ful1 sunlight. It therefore appears that the
initial reaction of the p1ants ·to shade is to mobi1ize 1arge amounts
of carbohydrate reserve in the fOMl 'of shoot starch. Whether the
associated ehanges in leaf and shoot carbohydrates are the reason
for the loss of the indueed state is uncertain. It appears that the
capacity to form flowers is lost when leaf carbohydrate 1evels are
10w in ~~e tl Sunset " p1ants.

Flowering time fn l e u e o s p e r m u m can a1so be dclaycd by
euttlng baele. shoots to an inhibited bud. Thiseffect can be
obtained until the end of June. Inflorescences developing from
these inhiblted bud5 wil1 flower later than control shoots. A
proeedure worth testfng 15 to cut baele. shoots and 5ubsequently
remove the developfng fnfloreseence.
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m rROVIIIG STrn loEJlGTlI AND FLO'Ñrn QUALITY or lo E U e ° s P E R M U M
WITII GROWTII REGULATORS

~pier, D.R., Malan, D.G., Jacobs, G. and Bernitz, J.W.
University of Stellenbosch
76~~ Stellenbosch
SOUT!I AFRlCA

Abfl trnet

liybrida oí ~ e u e o A p e r m u m con o c a r p n d ~ n -
d ron xL. c o r d i f o l i u ro produce flow~ring stemn
whieh are too short to market. Trcating plants with gibberellie acid
stimulates shoot growth. 80th internode length end number of inter
nodes are inereased.

Flower quality oí L e u c o a p e r m u m c o r d i f o l i u m
xL. l i n e a r e cv. Red Su~eet waa improved by benzyladenine
treatment. Spraying plants during the latter halí oí March eauBed en
inerease in the number oí florete per infloreaeenee end th e dry weight
of the inflorescence.

1. In troduction

2 . Mn terinla and Hothods

The exper í men t a vere earri cd ou t i n n cornmercial l. l' 11 e o f; p e r -
m u m plan .tntion propagated by cut t í ngs and gro'oor.\ un rl er- dr y l and

condít í ons on the farm Pro t ea lIei ghts in the St eLlenbosch d i s t r i c t ,
Republie of South Afrien. The eli ma tc ia Medit erranean with cool , we t
wi nt ers and hot, dry summers. The annual r ni nf nl l i 5 betwecn G)O end
750 mm. The plants were s paced a t 0,75 ro in the row Dnd 1.75 m between
r ows, clean cultivated and not fertilized.

Short !lowering BtemB oí L e u c o s p·e r m u m con o e a r-
p o den d ron end clonal seleetiona oí . lo. c o r d i C o -
l i u m limit thcir valuo as eommercial cut Clowers. Promotion oí
shoot elongation with gibberellic Reid (GA~) has been well doeumented
(Mor t h , Audia and Hitchell, 1956; Sacha, 1956; Gray, 1957). Part of
thi a paper reportB on extending of the ahoota of a lo. c on o -
e a r p o den d ron xL. e o r d i f o l i u m hybrid
with a spray applieation of GA3•

L e u c o B p e r m u m I'L ov er-s borne on l ong t h í ck s t. ems are oC
bo t t cr quality than those on short thin atems (Jaeobs and Mi nnaar , 1980;
Jn eobs , 1983). Benzyladenine (BA) inereased the mass of earna t i on
flowerB and chrysanthemum infloreaeeneea (Jeffeoat, 1977). We report
on the i mpr ovement of inUoreacence quality oí L e u e o s p e r m u m
ev. Red Sunset (a natural hybrid between L. e o r d i í o 1 i u m
x L . l i n e a re) by spray applieation oC 6-benzyl nminopur ine
(BAP).
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Shoe t el on¡;ation
where th e ilowerhead br oadens out) Io/ere measur ed and t ite number of
fl or els/ i nfl oresccnce coun t ed ,

FlOl~e r Qual ity

The effec t s of se quent i al GA
3

applications on stem quality are pre
s en ted in Table 1. No incr ease in shoot l ength was obtain ed with up
t o 4 sprays due to the plan t s sti1l being in the reproduct ive phase at
t he t i me wh en t he chcmical was applied. Shoot lengt h'of plants r ecei
vi ng 5 al' more spray applicat ions increaaed r apidly witlt increasing
number of sprays . The GA is t hus ef fective onl y when t he plants are
in tlle vegetiltive phase ~d when conditions for shoot growth are favou
r abI e . TIle f irst application should thus be made not earlier t han
15/9 . The only noticeable eifect of the GA3 application befare 15/ 9
',las t he s t i mulation of internode lengthening between t he br ac ts a t the
base of t he s t em. Continua t ion of GA3 application after 15/9 inc~eased

t he i n ternode length , th e number oí nodes produced and th e dry we í ght
of th e shoot, but caused a reduct i on in the dry weight/cm of th e shoot
and the dry we i gltt and area of individual leaves. Shoot diameter
appeared to t he unaf fe cted bY.GA3 appl i cat i ons . Si mil ar .and con~ic

t i ng r esults hav e been found ln other plant s (Mar th , Audl a and Hltchell,
1956 ; De lIer togh and Dlakely, 1972; Greene, 1983; Abdul and Said ,
198/1 ; Artc ca , 198/1) . GA

3
at 1 000 mg/l r esulted in leaf damage dur ing

the v c~el<ll iv e phase,

3. Results and Discussion

Shoot el ongat i on

The effec t s of different GA~ concentrations ' are presented i n Tabl e
2. CA a t 750 mg/.e applied 5 times at th ree-weekly in te rvals appears
to be {he optimum for shoot el ongnt i on. GA~ concentra tions higher t han
750 mg/.e did not result in i ncreased shoot length due to th e higher
concent r a t ions destroyi ng t he shoot t ipo In addition, th e node number
decreased as a r esult of shoot t i p aborti on and the severi ty oí leaf
damuge appeared to i ncrense at concentrations higher th an 750 mg/.e.
Internorle l ength, howevcr, i ncreas ed t hroughout ,t he concentr a tion r ange.

GA
3

appl i ca t i on r esulted in an i ncr ease in shoot dry wei ght and a
decrease i n shoot diame ter, dr y weight/cm shoot Wld individual l euf
dry wei ght and arca , wherens differcnt GA3 concent r ations appear to
have no cffect on these parameters, the length of t he bas al shoot sec
tion covered with bracts wa~ not a ffec t~d by GA3 as the basal se ction
\ IaS a l ) ", ltly f ormed al t ite t í me of t he flr ::; t spr ay .

Shoot di llllleter , dry weight of the inflor escence Wld l engt h of the
peduncl e inc reased linearly with in cr eased number of BAP applica t i ons
(Table 3, Fig. 1). A single application of BAP on 29/ 3 greatl y i ncrea
se d th e number oí fl or ets . A second and third appl ica tion caused a
f ur ther but slight increase i n the fl ore t number, vh íLe a f'our th appl i
ca t i on had no effect (Fig. 1). The i ncr eas e i n inflor esc ence d~y weigh t
by DAP agr ees with work done on cltry santh emums (Je ffcoa t , 1977 ). Ilow- 
ever , J eff coa t ( 1977 ) recorded no in creus e i n floret numb~r of chrysan
llt" ffiUf!; ::; ó. f ter EAP appl i ca t i on . DA? i s thus effective in i mpr oving the
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'lL ·" " -:; t::.o.1' ol Li pl LJn t s of l.. con o cal' p o den d r o n
x. L . . e o r d i f o l i u ID were prun ed on 14/5. Pruning COll

:>l.[;l cu 0 1 r-emova.L oí all but 1'-5 shoota, wllich were cut back to <.'0 cm.
P]¡.nl J ',Icr c sprayed with a 1 boa IDg/1. GA solution prepared by dis
sol~J. I! ~: Be r eLex tub.lc t a (ac tivo ingredie~ts GA

3
1 g/10 g) in water an d

add :w g 1 tirar/.e Agral as slicker. Plunts wcre sprayed to drip-off wilh ,~
a hand- s pr ay . Un t r ea t ed planta were Le f t as controla. AlI new s hoo t s
were allowed to develop. Since the plwlts were still in the induced
~ta te for ilower formation on the date of pruning , inflorescences for med
lnstead o~ shoo~s . Th~se were removed by hand. Treatments were repli- o
cated 5 t lmes Wlth a slngle plant/replicate in a randomised block designo1

Plan t s were 5~rayed on 15/ 5 , 15/6, 15/7, 15/8,' 15/9, 15/10, ;
15/11, 15/12 and 15/1. Treatment 1 received only one application on ,
15/5 and 15/6 Bnd so on, up to treatment 9, which received nine appl i- i
cn t i ons <i n í:.ih , 15/6, 15/7, 15/8, 15/9, 15/10, 15/11, 15/12 !
and 15/ 1. Untreated plants were left as controls. Shoot elongation
',las completed by die middle of March. AlI shoots were measured on ; 0 ;
March. At the end of April representative shoots were selected f rom
each plant and the following variables measured: internode length,
length of tlle basal part 01' the shoot covered with scale leaves shoot
dillllleter at th e third fully developed l eaf frOal the distal end , 'tlle
number of nodes/shoot, lea! arca (10 representative leaves rWldomly
selected/shoot), dry weight oí the leaves and dry weight of the shoot
(dr~ ed for 7 days ~t 9~OC). Leaf dlllllage caused by the GA

3
sprays wus

r at "d f r om O to 3, l. e. O for no d~~ge and 3 for severe leaf discolou-
r ation and necr03es. . . "- - _. ' .

fo!!.c~!F~ti.o!!. .Q.A3 :. !XE.e!.i~e!!.t_2_

Similar planls t o th ose used in ExIJeriment 1 we'I-e-,pruned in mí d
August as described in Expcriment 1. Plants were sprayed at 3-weekl y
intervals on 1~9, 3/10, 24/10, 15/11 and 5/12. The GA~<~oncentrat ions
uued ver-e 250 . 500, 7'50, 1 000, 1 250 and 1 500 mg/l. Data collec tion
wa:l tlf; in E;\.!¡(!["i mc nl 1.

1101, tr q.:i.l i t y

Il,fl 0r C.3Cence dry ;;·;i r ht · (drleol at 110°C for 3 days ) , shoot di amet er
1ll1J J.t:u..ael " Longlb , from the po í n t c i shoot attaehment to the p,)Í/I t

.
Cur r-ent seaeon re shoo t a 05-45 cm long) of seven-year old Red Sunset

plants were selected in Autumn after elongation growth had stopped.
BAP solutions, prepar-ed by autoclaving commercial promalin for 20 mi
nutes at 1 atm, were 'applied to individual shoota with a paint brush.
BAP ( ?OQ m~/.e) was applied once on 29/3, twice on '29/3 and .30/4, th r ee
tilaeli 0/1 is/». 30/4 and 30/5 or four times on 29/3; 30/1. , ' 3/,5 and
30/6. Untreated shoots were left as control. Only lhe primary i nflo
rescence was allowed to develop on each .shoot.
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-----------------------------------

Table 1jCont.

-----------------------------------
Shoo t
<ii mnc ter
(cm)

Avg. l eaf
dry weight
(g)

Avg. leo2area (cm )
Node length
(cm)

Valucs within a eolumn not followed by th e same le tter diffcr signi
ficantly at the 5% level, Tukeys D-test.

-----------------------------------
Cont r ol 0.61 ae 12.45 a 0.23 a 0. 00 6.54 ab
1 0.76 ab 11.84 a 0.25 ab 0.00 5 .95 Be
2 0.87 bde 12.60 a 0.23 a 0.00 6.42 ab

3 0.65 ae 12.67 a 0.28 b 0.00 6.99 b
/, 0.56 c 11.81 a 0.22 a 0.00 6.91 b

5 0.62 a 9.61 b 0.17 c 0. 20 7. 06 b
6 0.77 a 0.2? b 0.17 c 0.40 6. /17 ab

7 0.83 bd 6.57 c 0.11 d 0./17 5.80 ae
8 0 .97 de 7.40 be 0.12 d 0./'7 5.42 a

9 1.0/+ e 7.84 be 0.11 d 0./10 5. 69 ae

No of o
appliea tions

Table 1 - The effect of aequential applications oí GA3 on shoo t cha
raeteristics of aL. con o e a r p o ~ e n d ron x
L. e o r d i f o 1 i u ro hybrid

-----------------------------------
!lo. oí Shoot length Length of Stem dry Dry 110 of

applica tions (cm) shoot base weight weight/ nades
eovered with (g) cm
bracts (cm) stem (g)

-----------------------------------
Contr ol 23;47 ab 3.58 a 2.67 ab 0./+3 a 33.30 a
1 18.79 a 4.61 a 1.56 a 0. 35 b 21. 21+ b

2 21.94 ab 5.46 ab 2.34 ab 0.31 b 28.8/. ab

3 22.04 ab 5.18 ab 2.81 ab 0.47 a 28 . 50 ab

4 26.21 bc 7.18 bd 3·05 ab 0./10 ab 32. 50 a

5 32.40 e 10.74 e 1+.13 abe 0.31 b /11.32 e

6 46.08 d 9.30 cd 5.98 be 0.31 b 50.05 d

7 47.70 d 10.40 e 5.45 be 0.21 e /16 . 62 ed

8 57.62 e 9.'56 e 5.73 be 0.20 e 50.70 d

9 ~7.97 e 9.38 e 7.23 c 0.20 c 53.44 d

-----------------------------------
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T' .-"
" . .

0.00

0.02
0.02

Significance
l evcl

0.01

, " .Óe

7.2
7.5

8.2

12.6

F. rat io

Flo re t number
Number oí applieations

Linear
Quadra tic

In í l oreseence dry we igh t
Nu mbcr oí applications

Linear

Souree

Tabl e 3 - Eífect üf repea t ed applieations of ,BAP on shoot diameter ,
i nnoreseene e dry weight, noret number and peduncle length
i n L e u e o 5 p e r m u m ev. Red Sunset. ~alysis oí ,
'varianee. ' "

- - -- -- -- - --- - -- -- -- -- -- -- - - - - - - ,,,':"""" - .--

---~--------------------------~-- ---

- -- - - - - - - - - - - - - - - - - - - - - - - - - - -- -- - -~

Peduele leng th
. Number oí applieations

Linear

Node
ienglh
(cm)

"

Tabi e 2 - 'l'he e!tect oí, ditrerent,.concentrationsot ,GA3: on shoot cha
raeteristifs 'kt"a . L; ~ '. ,c., o~ n"'~:\é ~a· ~.p : o den d r on
x~; , '.J' '., ,~.c fJjr d i ':..t.:p 1 i u m " hybr i d ' , .

~ ... ;.; ......;«c."~.,;.1;. ~ . , :.r : ~~ "';~ '" '"...., . .. . '.

tI " t i ,."
( pprn)

f ,:.:J.; t - l":/l g ~h o f SteCl d l'Y Dry tlo of
lcnglh 5hoot ba5e · .. weight we1ght/ Node
, '. cover,ed w1th , (g) , ..' , cm

:, , < ~ ,\', ~~~~:~: (c'!''> .h ·· ' : " "-.- .a ~e~. ( g ),

~---~ ~ ~~-~-~~ " ~ ~~_._----~'------------
Control 19.83 a 3.41• a 1.79 a 0.45 a 27.}6 a 0.53 a
250 35-5.5 bd 4.56 a . 3.07 b 0.22 b 39.16 b 0.89 bc
500 31. 93 b 5.08 8 2.74 ab : 0.21 be' · 34. 30 ab 0.77 b
750 46. 18 e ,5.58.8 , 3 . 6,1. b(i · O . 18.b.~· ,. 41.16 b 0.89 be
1 000 42.54.~cd.* ~.70 )lt .. .. .:<,·3.•35.b " 0 . 18 bc·...: 36. 22 b 1.02 cd
1 250 39'.:03 'bc <~ 5:'82 ' a"~: 't '3.18 b '0 . 16 bc" 31.02 ab 1.08 cd
1 500 41.29 cd 5.64 a " ;.11 b 0.16 c · . 32. 02 ab 1. 12 d

------------~----------------------

Tabl e 2!Cont;

------------------------
Cc,ncen- Avg . !.ea! Avg . lenf Shoot !.llaf

;.... tra t i e/l dry w,' ighl iU" t12 di ame ler , damage
(ppm) (6) (cm ) (mm)

'1

---- - ----------7~---------:-

Cont r ol 0 .23 a 12.01 a 6.63 a 0.07 a
"

250 0.13 b 9.55 b 7.78 b 0.33 ab
~' 500 0 .10 b 6.16 e , 5.45 c ' 0 .33 ab' . ...

750 0 . 11 b 8.00 be 4.78 e 0.17 a .
1 000 0.11 b 8.19 be 4.81 e 0.53 'ab . ' -
1 250 0. 10 b 7.55 be 4.78 e 0.83 b
1 500 0 . '1 1 b 8 .84 b 4.62 e 0.80 b

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

J

Á '
.. - .- -_ 6

/' ""0

A . . . •A pedJO:.le lenglh
A _ _~ lIorel nUlTber

0 _ _0&--1 we~th

» :----- .-./,.

1
number of BAr appícaüons

",

""O - - __ O'" . . . . ..es..,

90 13

JOO

80 11

70 11

250 , ~ 60 lO
¡;

c. .c
C1l en 30.o

~~
:J S!e goí :J

g200 1]
a.

JO

20

~O io 3
O

Fi l~ . 1
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EfI' ec L oí r e"ec.t "d s pr ays with BAr on inflore:¡,eence dry weight 1 ,number
oí florets a~d pedunele length of L e u e o s p e r m u m ev.
Red Sunse t , Val.ues are means oí f ive r-epl.Lcatca and f i ve shoots per
r epl ica t e .
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Values wi t hin a eolumn not í ollowed by the sa me le tter differ signi
f ieantly at lhe 5% l evel , Tukeys D-te st.
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SEED GEHMINAT I ON ANO SEED SF:T I N SOUTIIF. RN AFRI CAN PROT EACEAE t'
ECOLOGICAL DETERMINANTS AND 1I0 HTICULT URAL PROBLE~'S

~umrna ry

The domestication of the Proteaceae is a unique
en t e r pr i s e , in that large wild s toCKS still occur in the
countr ies of origin o Many of the horticultural p roblems
encoun t e r e d in the domestication of the Proteaceae s tem from
ecoloyical adaptations of the taxa to the ir natural
environments. This allows ' a two tier approach to
horticultural research: a predominantly phys iological
a pproach solving specific problems: and an ecological
approach in which environmental and evolutionary constrainta
are studied. The combination oi these two complementary
approaches should reduce the research time needed to resolve
specific horticultural problems. To this end an ecological
data base for the southern African Proteaceae is being
co mp i l e d . The application of the eeological approach is
d emons t r a t e d with two examples: by reviewing the l iterature
on seed germination in the southern African Proteaeeae in an
ecological context: and by comparing patterns of seed set
i n t h e diff~rent Proteaceous genera in an attempt to
expla i n why sueh a low seed set i s observed.

.;

I

·¡

A. G. · Rebe l o
Fi tzPa t ri c K Institute
Uni versity oi Cape Town
Ronde bo s ch 7700
sout h Africa

J . P . Rourk e
Compton Herbar i um
National notani c ~ l Ga r dans
Private Bag X7
Cl a remont 7735
South Af rica

-.

.,

l. I n t r od uc t i o n

The domestication of the major erop and animal speei••
occurred in prehistorie times. By contrast, the
do mest ication of the Proteaeeae i s still in its initial
sta ges, having been begun this century (parvin, 1984). Very
large natural gene pools exist in both South Africa and
We s t e r n Australia, from which selected speeies are being
grown cornmercially. As a cornmereial industry, the Proteaceae
only became important during the last 20 years (Oaviea,
1984). proteas are currently being cultivated in Hawai!,
Ca li f o r n i a , Israel, New Zealand, Zimbabwe and the Tr~nsvaal

(South Africa), in addition to those areas in which they
o r i g i na t e d (Australia and the Cape (South Afric~»(Parvin,

1984) .

Research into the horticultural problems encount ered by
t h e industry has to a considerable extent been purely
p hy sio l o g i c a l in approach. The dormaney of Proteaeeae seeda
(aehenes botanieally) was identified as a ma j or proble~

74 Acta Hort lcul t ur ae 185. 1986
Pr otea
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2. Ge nn i nat i on

.J4
e ~r1l' i n . t h e development of the industry (vogts, 1960), and 11
has :ece~ ~e d much attention. It was on1y after 20 yeara oi ~
phl'a10109~ ca l research that ecologists discovered that lIIa ny ~
of t lle pro t~aceae have aeeds which are dispersed and s tored ~
by a n t s ( S 1 ~ ngsby and Bond, 1981). Had the ecological and 1:
ph l'si o l ~g i ca l :esearch been undertaken in parallel, many ~
a p p a r c n c a nomeLí e s mal' have becn resolved earlier. In t his .'1:
c o n t e x c t.h e do rues c .i c a t í.o n of the Proteaceae o f f e r s an ~\
OPl'u l" '- '1 I~i~ y _ f~r phy s Lo Lo q .ís t s , a tudying pro~imal influences ¡:\
(e . g . . c. ~1 1~ la t 7c facta r s influencing the phyuology of flower '
~ud L u.i t.Le t í on ) , and ecologista, atudying ultimate ',
1nf ~u en ~es . (e.g. t h e po l ~ irli!, to r phe l,lOlogy and lony - t e nu1
el,lVl. ~ ("' II , ' l e/l tal fac t o r s wh7ch hl1~e 1nfluenced flower ing
t~IlIO:~) , to co-operate 1Il t.he í r research approaches. I

Comb1.ned, more progresa can be made than any research
programme undertaken in is01ation. This may become critical ~
for an understanding of some of the industry's problems, ~
such as the control of insects in the ~lower heads of t
P r ú t e a or lhe manipu1ation of f Lowe r i nq t i me in 
L e u c o a p e r m u m. . ~..,

.~
In this . paper we wi1l first review the data on s e ed ~

germination in the 1ight of the ecologica1 conatraints whi ch (
may . ~ave mou1ded the patterna evidente Second l.y. ~
utill Zln~ ecolo~ i cal ~ata current1y being ana1ysed (Rebe l o i
and Rou r kc, un~uulished data), we wi11 re~iew the obse rve d
patle rns o f aeed set in the southern African ~roteaceac anJ
h .iyhli yht areas worthy of physioloyical study. '

..
1

Th e majar ecological dichotomy in Proteaceae seed biology 1
is the storage 8trategy employed. The genera Pro t e a ~.
(moat ~outh-western Cape species), A u 1 a x and
L e u e a den u ron (in part) store their seeds in
c Loa ed h~ads in the canopy (Kruger, 1983) : " . The remai niny
genera, inc1uding sorne apecies in L e u c a d "e _n d ron,
have aeeds with an elaiosome, which results in t h e i r b e i ng :;
carr ied unde r q r o und Lnt.o ants' ncs t s (Bond and Slingsby.
19 83) . I10t h strategies (aerotiny and myrmecochory) not on1y
p rotect the nutrient-rich seeds from fire, . but also f rorn
avian and roden t predation in an .otherwise nutrient-poor
enviro nment (Rebelo, unpub1ished data).

except t o p re ven t ge r mi nat i o n in ,the un~a vou rab le war~ dry
s uw ner in the wi nter-ra in f a l 1 reg~on . Th1.S can t h e o r e tlca l 1y
be reyulated by means o f a low temperature requireme~t. ~orn
"( 1962 ) f o un d no ef fect of 10w temperature o n g e rm1. na t ~on ,
bu t ' u r own a nd van staden ( 1973 a ,b,c, 1975a) and Dea 11 a nd
Br own ( 19 81 ) f ound tha t low temperature stratifica tion
enha nced germi natio n o f viable P. c o m p a ~ t a
a nd P . m a 9 n i f i c a aeeds. Se e d s germ~nate
r up idly a nd llniform1y a ft~ r r~ins (~ri~s, . 1 980 ), with a bout
80 % o f v i able s e eds gerrn~nat~ng w1.th1.n e 1.ght weeks of t h e
ons e t of suitable c onditions ( va n S taden , 1966, Hitchell et

~. 198 5 ).

Secus not germinating in the f i r st rainy s e a s on
subseq uent to f ire wou1d probably be predated ( Brey t enbach,
1984 ) . 1 t .i s therefore unlike ly that seeds should b e í .ons 
li ve d once r e 1eased. Membrane and chromatin damage h as bee n
obs erved in harvested seeds a t or e d over re l ative ly s hort
pe r iods o f t ime (van staden ~ ~, 1975a,b , 197 ~), b~ t
pub1ishe d i nformat i on o n protea ceae seed 10ngev1.ty loS

ge ne r a lly 1acki ng .

Germinat i o n is i nfrequent ly obser ved i n l iv i ng
i nfr uct e s c enc e s , deapite thei r f i11ing up with wa t er during
the rainy season in many pro t e a s pecies (pe rs obs.).
1I0wc ver , v i able seeda germinate readily o n ce re1 eas ed .
Wh ile l ile lac k of oxygen may inhibit germination in flooded
infructescenc e s , a poss i ble f a c t o r i nhib iting germi~ation
may be the inability of t h e seed to absorb wa t e r. Unt11 t~e
seed has become detached from the involucra1 reeeptacle ~t
i a a ppare nt ly un a ble t o absor b water th r ough t h e rad i c1e
en d. The tr ichomes on pro t e a seed p~ay an
e s s e nt ia l role in ge rm i nation (Horn, 1962), po s s 1. b ly by
or i e nt at i ng t h e r adicle end t o the soil s u rf a c e f o r water
uptake, i n addition to p rotecting the aeeds f r om h eat
da ma ge o n the soi l surface, where t emperature s ,?ay e xceed
70 'C in sum mer (cowling, p e r s . comm.) • . Serot 1.noUS s e eds
gcnlli na te optimll.1ly when 1ying on the soil a ur f ace, and
may fail t o g r ow wh e n sown a t a d~p th, of 20mm ( Mey~h a rdt,
1974 ) . In seroti no us s e e d s ge rm1nat10 n commences w1 t h t he
growth o f t h e radic1e, which anchors the s e e ds t o t h e
ground, i n contrast to myrmecochorous . s e ~d s where
germ i nation eorrune nces wi th th~ s eed coat s!?11.tt1ng befare
radiele e longat i o n occu r s (Dr 1ts, 19 80, M1.tchell e t al . ,

19 85 ).

77

2.2. t!YEm~c~c~oEl'

F'a c t o r s i nf l uencing germi fld t ion a re mo re c o rnp1 ex i n t h e
Protea cea e with nu t-lik e seeds. Seed s ripen wi t hi n twO
months of f lower i ng (Vog t s, 1982), a nd are immedi~tely
r emo ve d u y a n t s t o t hei r nests , where parts o f the o ute r
pericarp are c ons umed ( Bond and s lingsby, 1983 . 19 84 a, b).
'l'he o ute r p eri carp i s not e a t en ou tside t h e nest p r esu rna b ly

"
. .

; . e
o ·

"....

t~¡.: ,
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Amony serotinous species, seeds are maintained in the .
infructes cencea on the p1ant unti1 they are re1eased by the
death of the p1ant, . ~sua11y as a r~su1t of fire (Br its
1980). Since aeeds are re1eased into a 'fire-steri l i z ed',
fertilized, unoccupied substratum, the on1y requireme nt
theoretica11y missing for germination is water. Therefore
inhibi t or s to germination are theoretica11y not require~,



,;~

i n orde r t o p revent other ants from stealing t h e seed .; """"
i mplying theit the time required to remove the elaiosome
exceeds that of carrying the seed to the nest. The removal '
of the pale, fleshy outer pericarp (which, in stored seeds '
becomes papery with age) significantly enhance s germina tio~ ,
possibly by allowing oxygen to reach the seed un impeded i
(~an Staden and Brown, 1973b). J

Germination under mature vegetation in a nutrient-poor !
environment would not favour establishment of young plants , .~
because the low dispersal distances inherent in ~

myrmecochory would result in competition between seedlings ~

a~d ad~lts (Bond and Slingsby, 1983); and, because o f the ~

h~~h r~sk of s~edling predation (Breytenbaeh, 1984), all o f '~.'.
wh~ch are cons~dered as factors influencing the e volut i on of ~

myrmeeochory (Breytenbach, 1984, Milewski and Bond 1982) ~

Seedlings apparently only appear after fire (B~nd and ~
Slingsby, 1983), with seeds germinating under optimal 1

growing conditions - in cleared, 'fertilized' soils after
fire. ~

'¡
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In contrast to canopy stored seeds, myrmecochorous seeds
are relatively safe from predation - unless the ants
themselves are major predators - because they are stored
underground (Bond and Slingsby, 1984a,b). The storage of
myr meco cho r o us , a e e d s for several fire cycles is thUB
theore t i c a l l y pOBsible. consequently, seed germinat ion may
appear low (Brits, 1980). Seeds predestined to survive for
longer periods should theoretically be larger and have a
t h icker testa than seeds that may be expected to germinate
a fter the next fire. Conflicting resultB relat ing to the
r elative short-term germination suceeas of plump-dense v~rse

s mall-1ight seeds (van Staden and lJrown, 1973a, Brown and
van Staden, 1985) may relate to long-term/short-term
s trategies of seed longlevity. No studies to date have
a ttempted to compare , the proportion of dense-plump to
small-1ight seeds in similar habitats of different ayes,
and relate these to soil nutrient status and probabil ity of
a fire in the irnmediate future.

2. 3 . other ~e!d_s!oEase_s!r~t!g!e!

There are two further categories of aeeds found in the
s ou thern African Proteaceae, both conf ined to the genus
L e u e a d e ,n d ron, whieh require mention:

2. 3.1. Nuts of L e u e a den d ron subsection Nuci f e r a

should have longevities in this range. Recent ev idence
indi ca tes that ants secrete powerful fungicid es which
inhibit pollen germination (Beattie et al., 1~84). The
effects of these chemicals on seed 10ngev1ty, seed
gprmi na t i o n or seedling survival are unknown. In addition.
d~ta on ant predation on stored aeeda aeeda ia required to
fully understand myrmecochorous aeed biology. ,

These very 1arge nut-l ike seeds have no elaio s ome and are
apparently dropped into the surface litter. I n sorne
insta ne e s they may 1ay in the litter for long peri ods, but
in L. b u r e h e 1 1 i i they are extensive1y predated
by rodents (pers. obs). This suggests that th e y may be
ca ched underground by rodents, with survivin9 seeds 1ying
dormant until the fol1owing fire . It is unlike ly 't h a t any
s e eds lying on the soil surfaee would survive the heat
genera t ed by the fire. He may therefore expect thes e aeeds
t o a pp r oa ch those of the myrmecochorous species i n thei r
ge rmina t i on behaviour.

Ext e ns i ve ' re search into ge rmination of L. d a p h 
n o i d e s has been undertaken (Brown and va n Stade n .
19 73a .b. e , 197 5b, van Staden and Br own , 1973a). Ge r mina tion
was i nc r e a s e d by 600% by h igh oxygen cOllcentratio ns. 100% by
scar ifica tion , and 50 % by chill i ng, whi ch s ug g e s t s t hat
the s e ed coat may play a role i n dormancy. In patt e r n of

'.
t ,.

...
',',

.,
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lFaetors syn~hronizing seed ge rmination to t he i rnmediate
pos t f~ re period have been elucidated by Brits (1980).
These ~nclude temperature fluctuations in devegetated soil
exposed to sunl ight and, possibly , sterilization of the soil
surface by ~ire. Two o ther factors possibly al so p l ay a
role:. t he ~mprovement of the availablity of o xygen and
espec~al ly of the oxygen to carbon dioxi de ratio in a nts
nes t s ~ n t he post fire environment, and t he drop in p!l with
t he 11k el~ lea ching of formic acid from destroyed ants
~ests , wh~ch would be coupled with the first rains. Both
~ncreased oxygen concentration and acid treatme n t ha ve be en
shown to i ncre a s e seed germina tion in' -. L ·.e u e o s p e r _
m u m ( van Staden and Brown, 1973a , Br i t s a nd va n Niekerk
19 76 ) . Howe ver , these experiments ' have us ed s hort ter~
exposure to strong acids, and the effec t of long- t erm
exposure to weak acid is unkown. Brits (pe rs. cornm.) has
show~ that L e u e o s p e r m u " ,m s eeds
ge:m1nate in cycles parallelling cool.e r p e r Lod s dur ing
wh7ch col d fro n t s brought rain. The search f or an inh i bi tor
wh~~h may b e progressively leached out of se eds, whieh ·f
dom~nated the early Proteaceae seed resea rch (va n S t aden and r
Brown, 1972, van Staden and lJrown, 1977), was .the r esu lt o í >
igno:anc~ con~erning heathland s~ed biology, in which ~
~erm~~at10n ~s , d i s t i nc t l y linked to short per iods ~
1rnmed1ate ly follow1ng fire in t he wi1d. ;

•
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.
The depth ' t o which seeds are buri e d by an ts 1'5 Jo:b t 20 . un , O WIl .

U mm 1S the deepest reeommended Bowing dep th f or
L e u c o s p e r m u m' seeds (Meynhardt. 1974). It Ls not
known f or how long seeds of myrmecochorous spec i e s can
s urvi ve in a n t nes~ s, but t his periOd may e xe e e d 15 yea r s
(Rourk e , 1 97 6). Data o n fire int e r va1 s in nu trient-poo r
environments suggest a natu r al f ire f r equeney of once in
six t o 40 years (Kruge~! 1983), suggesti ng t hat seeds
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Because, for example, L e u cad e n d 1.' o n and
Pro t e a have similar plant size ranges, , it is hard to
argue that resourees could limit seed set i n the spec~es
with hermaphroditie flowers, even though most proteaceae
r p e c i e s grow on nutrient-poor soils. On average, speciesin the f ormer genus produce ten times as many seeds as the
lat t e r ( Rebelo and Rourke, unpublished data), , a l t ho ug h ~nly
t wice a s many seeds are needed in d ioeCl OUS s ~ec~es .

1I0we ver , wh i l e thc re l ative cost of p o lle n produc t l.o n to

Seed set in southern African Proteaceae was first
illvestigated by Jordaan (1945) and lloro (1962). Most
pro t e a species were found to .b e sel f-infertile,
while s orne L e u c o s p e r m u m specie s a nd S e 1.' 

1.' U 1.' i a f 1 o r ida exhibited low levels of self
fertility (Horn, loc cit.) . Current data (Table 1) confirm
the trends observed, viz. that while species of 'most genera
h ave a l ow seed set, those of the genera A u 1 a x and
L e u cad e n d 1.' o n tend to have a high seed seto
Note t hat the figures for percentage germination reviewed in
van Staden and Brown (1977) are for hand-sorted seeds only
( Brown and van Staden, 1973, Horn, 1962, van Staden: 1966).
Thi s is not equivalent to percentage seed set, wh~ch was
calculated in this study (Table 1) as the number of seeds
with apparently viable embryos over the total numb~r of
flowers par inflorescence. The pattern of seed set.~n the
southe rn African Proteaceae (excluding B 1.' a be) u m
a nd F a u r e a) shows a clear dichotomy: species with
hermaphroditic flowers have a low seed set, while the
dioecious speeies have a very high seéd set on f~m~le
plants. A f urLher distinction is poss ible in.the rema~n~ng

genera in that species with conflorescen~es.(~nfloresc~nces
cornprised of numerous capitula) have a s~gnlh ca~ tly h:gher
seed sct than species with flowers borne ~n s~ngle
i n fl ore sce nce s (Tables 1 and 2), with the e~ception . o f
'L e u c o s p e 1.' ro u m a' (those L. specles bearlng
l il r g e, rnai n l y bird-pollinated, inflorescences).

19 84). The 'pollination limitation hypothes is' subsumes t wo
distinct hypothese~: low seed set is due to a shortage of
pollinators, 01.', ~s due to the inadequate transfe r ,o:
compatible pollen. The 'resource limitation hypothes~s

sU9ge s t s that resultant seed set may be due to spatial and
temporal shortages in total resources available to the
pl an t o The 'sexual selection hypothesis' is based on t h e
sexual d i f fcrences in resource allocation between th e two
sexual functions of the planto Male success i s usually
limited by the ability to gain access to f emale gametes,
whercas female Bucees s is limited by the pbi lity of the
plant to provide resources for ovules and ,s e e d s . F lo~ers

not developing s eeds may thus serve only a mal e funct ~ on ,

while embryos may be selectively aborted to regu late the
genetic quality of the seeds (Lloyd, 1980).
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Seed set3.

2. 4.

There a re three major sets of theories explaining tlle
low ~ (.:<: d set observed in many plant taxa (Bawa and WebLJ,

Lmpr oved .ermio.tioo, therofore, the out-like aeed s <e••..,bl.'
my rmecoohor-oua - seeds, . . although the response Ls greater. ~iN
Due to this marked response, nut-like seeds resemble
serotinous species in their germination rate under h igh'
oxygen concentrat.ions, but under 'normal' cond.i t í.ou s b ehave ~.;.
Li k e myrme ccchorous s e ed s , Until more is known about t he ."
d í sp e r s e I ar id ,;torug c mechanisms in nut-like seeda, . it i5 .~

di! f i c uI t to Lde nc I fy t,.he Lactora which may influence i$
gc n lli lluticm. Two questiod-s, hbwever , deserve attention: Why 1"0
are nut-like seeds so large?, and, In a nutrient-poor ~

environ ment, why rely on a seed predator aa a dispersal : .

:~:~:: 'l'he e o f t; obovo í d aehooe. of L e ue a O • o d r e o ,
subsection Villosa and the: triangulate winged seeds of L. \
subsection Ventricosa ~

{
Seeds in these categories . have no elaiosome and are not ;~

s t.ored in the canopy, but are liberated within five months l

of f Lowe r i nq and presumably lie in the litter layer (Rebe lo
and Rou r~e, unpu blished data). These seeds also germinate
aft.,! t i r e and are therefore expected to display many of the
featur es of myrmecochorous and nut-lite seeds. However,
thc s e seeds apparently have thin coats, more in line wi th
thos e of the serotinous L e u cad e n d ron species.
No research has yet been undertaken on the germination 01.'

ecolo~y of these aceda.

The low seed set evide~t ,in many of the Proteaceae poses
a problem for breeding programmes with sorne genera . . This is
especially evident in'hybridization experiments ' for the
production of new horticultural strains (Vogts, 1960, Dr ita,
1984) .
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~.
.fIt is surprising that so few Proteaceae which inhabit ..~

sandy h a b itats near the coast have sceds which germinate
r e e d i Ly between f ires in conslantly disturbed areas, where "'1.

condi tiCJlI S appear s u i, tabla for seedling .•.recrui tment in '.
mat ure vegetation . Interfire rccruitment has .b ee n observed '~,

among sorne species of S e 1.' r u r i a (pers . obs). :,:
The interfire gerrnination of Proteaceae seeds in disturbed
areas may be reldLively common in the Sand Plain Fynbos
( sensu Moll et al ., 1984) , where the relatively drab or
small flowered --Proteaceae have not attracted much
horti c u l t ural or ecological attention.
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4. Concluding remarks

The ecological approach to solv ing horticultura 1 problems
in the Proteaceae is not new. It has been utilized, for
example, to provide c1ues to sorne of the nutr i tiona1
problems encountered by horticulturalists (Hock ing and
Th omas, 1974, Lamont, 1985). A combined physiological and
ecolog ical approach can reduce the required research effort
by providing a use fuI framework in which results can be
interpreted, and by ' a l l owi ng a more predictive research ,
a pproach. Horticultural research in the proteaceae ?ffers an
exc e ptional opportunity to combine both ecolog1c a 1 and
phy s i o l o g i c a l atudies, because of th~ large natu~al
pop u l ations still available for field studles.

th e small surface area of the stigmatic groove. The
dyna mi cs of pollen germination on the dry, partially h i dden
st igma ti c papillae are unknown. The stigmatic groove ia
s i tuated distally to the pollen presenter on the style,
where it is exposed to wind and rain, which wash pollen off
t h e pollen presenter (pers. oba.) and presumably the stigma
as well. it is therefore possible that the small
probab il i t y of a poI len grain reaching the groove ma)
r equire a high pollen to ovule ratio. Vogts (1980" 198~
sugge s t e d that pollen had to be forced ~nt? ~he s tlgma~lc
g r oo ve to effect pollination, but th1S ~s not cer ta ln.
Me c hanical cross-pollination may result in a lower seed set
thnn observed in open pollinated flowers (Lamont, pers.

co rrun. ) .

Sinc e the position of Beoda in pro t e a
infruc tescences does not appear to be fixed, it is poss i b l e
that seeds are being seIected, perhaps on the bas e s o f
ge net i c qua1ity of the offspring.as s~gge~ted by ~I oyd
( 1980). This may require further 1nvestlgat~on, e ~ p ec l al ly
i n t h e light of the need for hybridization for hO:t l c ul tu : a1
cultiva r s . Species such as Pro t e a Ion g 1 f o 1 1 a
whi ch hybridi z e naturally with a widc rang e o f ,other
pro t e a species (Rou rke, 19 80), may be sUltab l e

s ub j ec ts.

If the low seed set observed in the Proteaceae i s due to
a hi gh poI len to ovule requirement, then hope s fo r
inc r e a sing seed set for the la rge 's c a1 e prod uc t i o n of
hybrids are misd irected . Increas ed seed produc t i o n ~y
pla nt s under conditions of add i tional nutr ien t s up p l y, 1S
there f~r e predicted to , occur by the production of mo:e
i nf10rescences, rather than by an increas ed seed set. Th1 9
p red i ct i on needs to be tested.

,
•

..
J,

'.
,
"

i

4

~

:{-
1

<,
.
"

~
~
'o '

!2'
-;
l'

,t

'"',fJ
s eed p r oduc tio n is not k nown for plants (Baw a and Be ach, ')1'

1981, Bawa and Webb , 1984), it is unlikely t o cost t e n times ',
as much as seed production. It is also unlikely that t he
ability to absorb nutr ients ultra-efficiently e vo lve d , ~ '

independently in t he t wo dioecious genera. Rath er , these ~

patt~rns sug gest that nutrients are not the limiting f a c tor ~
controlling the propor t í on of flowers that set seed. In .~~
a ddition, we r e resources to limit the proportion of s eed ~

set, then a negati ve correlation between s eed product ion p e r ~~

season a nd t he size of the seeds should b e evident be tw een ,u.
Proteaceae species. Figure 1 s hows t ha t no suc h t r end i s 5!
evident . .*

~,

TwQ other lines of evidence support t he view that ¡
nutrients are not the proximal cause of the low seed set i
observed. Firstly, in Pro t e a g r a n d ice p s
ovules s tart aborting before a nth e s i s cornmen c es (pers.
obs.), sugges ti pg that the nu mber of seeds set a r e under
genetic control, and responses to short-term or loca l
changes in nutrient levels are thus precluded. Second l y,
were a l l the flowers in the majority of genera with
h e r maphroditic f lowered s p e c i e s to s et seed, t he r e wo u l d be
insuf f icient s pace in the i n f r uctes cence to contain t h e m.
This a lso appear s to be true fo r sorne of t he Aust ral ia n
Pro t ea c e a e (Lamont, 1982). From Ta b l e 2 i t can be secn that
a large p roportion of species of the Proteaceae bea r s e cd s
in ~n inflorescence containing two or less seed a. Th i a
'clutch s ize' app e a r s to have evolved independen t l y i n
several genera. The exceptions to this c lutch siz e r ul e are
either b i r d - po l l i na t e d , or dioecious. Howe ve r , the bi r d 
pollinated Pro t e a and 'L e u c , o s ~ e r m u m a '
have l arge inflo r e s c e nc e s , and in many c ases appe a r to ben r
as many fertile seeda as the physical spa ce i n t he
infructescence allows. This suggests that t he majority o f
the flower~, which do not set seed, function only a s pol l e n
donors, ~.e. the hermaphroditic Proteaceae e xhi bi t
functional andromonoecism (Bawa and 'a e a c h , 1981
Stephenson, 1981). "--, ,

If poI len is the limiting factor influencing the s e e d set
in the hermaphroditic Proteaceae, then, because the mode of
poI len presenta t ion and reception are similar t hrough out t he
family in southern Africa, the dioecous genera, L e u c a 
den d ron and A u 1 a x, should have rat ios of mal e
to female flowers similar to those of he r ma phrod itic
genera. Prom ~able 3 it can be calculated that the
e ffective seed s~t in L. s t e 1 1 i 9 e r u m a nd L.
x a n t h o con u s is 14% and 7% of all flower s p rod uc ed ,
assuming a 100% seed set in female inflorescences. Thi s i s
no t sign i ficantly different from the r at io f or t ho s e
Pr oteac e a e with single inflorescences ( i. e. not
c onflo rescenc e s ) (Table 1).

The h igh ratio of male to female flowers may s t em f r o m. We would like to thank G.J. Brits, B. Lamont, W.R.
', ,)..1
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Table 1 - Average percentage florets setting seed in the
genera of southern African ' Proteaceae. N
species investigated per genus. , The genus
L e , u c Ó s p e r m u m is devided into 'a '
(Sect. Crassicaudex, -"-- " , Conocarpodndron,
Turnidifoliurn, Brevifilamenturn, and Cardinistyly)
and 'b' (Sect. Leucospermurn, Oiastel1oides,
Crinitinae and Harnatum). Source of information:
'Re b e l 0 and Rourke, unpublished data.

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

Ta ble 2 - Average number of seeds per inf10rescence and
distribution of specie8 according to 'c1utch Rize'
in the genera of 80uthern African Proteaceae.
Genera with inflorescences grouped into
conflorescences are indicated by asterixes. The
genus L e u c o B p e r m U m is devided into
'a' (Sect. Crassicaudex, Conocarpodndron,
Tumidifolium, Brevifilamentum, and Cardinistyly)
and 'b' (Sect. Leucospermum, Diastel1oides,
Crinitinae and Hamatum). Source of informationl
Rebelo and Rourxe, unpublished data.
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Number oí npecícs
in 'Clutch slze'
categories:

Number of N
seeds per
conflorescence
/inflorescence

Genus

v a n !~ L , t t.l e n , J . a nd nro v n , ti .l'\ .C . , 1 ':'7 1 1 • Th ..-! :' 0 1,. ( , { · h ·:!
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L e u e o s p e r m u m e o r d i f o 1 i u m
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Lipid utilization in viable and non-viable
e o m p a c t a embryos during
Z.Pflanzenphysiol. Bd. 77:113-119.

va n Staden, J., Gilliland, M.G. and Drown, N.A.C., 1975a.
Ultrastructure of dry viable and non-viable Pro t e a
e o m p a c t a embryos. Z.Pflanzenphysiol.Dd. 76:28-35.

Vogts, M., 1960. ' The South African Proteaceae: The nced for '
more research. S.Afr.J.Sci. 56:297-305.

Vogts, M.M., 1980. Adaptations in S.Afr. Proteaceae
pollination. In: The Protea familY. University of Cape
Town extramural studies. Lecture 5.

Vogts,M ., 1982. South Africa's Proteaceae. Know them and
grow them. Struik, Cape Town.
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RangeN% Seed setGenus

Mean + S.O . Mean + S.O. <1 1 2 3 4 >4
------------------------------------------------------------
Aulax 100.0 + 0.0 3 100 100
Leucadendron 77 .1 + 12 .2 87 50 - 100
Orotharnnus 50 . 0 + 0. 0 1 50
Sorocephalus 26 .0 + 10.8 11 15 - 50
Serruria 24 .2 + 13.6 46 1 - 66
Leucospermurn a 23 .5 + 10 .5 28 8 - 47
Spate11a 21.5 + 7.7 20 10 36
Mimetes 21. 3 + 8.7 12 9 .40
Paranomus 12.3 + 4.1 18 5 ra
Vexatorel1a 8.4 + 4.6 5 2 - 14
Protea 8.3 + 6.5 43 2 - 30
Leucospermurn b 6.6 + 3 .9 21 3 20
Oiastella 6.,5 + 2.1 9 4 - 10
------------------------------------------------------------
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Aulax 20.3 + 6.8 3 O O O O O 3
Orothamnus 15.0 1 O O O O O 1
Leucospermum a 13. 5 + 5 . 0 2B O O O O O 2B
Protea lB.1 + 24.3 43 O O 2 2 2 37
Leucadendron 33 .4 + 23.4 B7 O 1 O 1 O 85
Ve xatorel1a 3.0 + 1.0 5 O O 2 1 2
Lcucospermum b 2.1 + 0 .9 21 O 5 12 3 O 1
Oiastella 1. 0 + 0.0 9 O 9
Sorocephalus 10.6 + 9.0 11 1 7 2 1 *
Mimetes 68.1 + 50.1 12 1 5 6 *
Paranomus 10.5 + 5.9 18 10 8 *
Sc rruria 24.4 + 64.1 46 40 O 1 1 1 3 *
Sp atel1a 8.1 + 3.0 20 lB 2 *
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NlJTRIE NT ALLOCATION I N WINTER RAINPALL PROTEACEOUS HEATHLANDS IN
Rl::LATION TO tlUTRIENT LOSSES THROUGH WILDrLOWER PICKING AND PI RE

lo Int r oduct ion

The Pr-o t.ea ce ae have evol ved as a distinet southern famil y (Johnson
and Bri ggs , 1975), cen tres of di s t r i but i on be ing loca t ed in "'he south- ~
wes t er -n Cape , South Afriea (Goldblatt, 1978, Kruger , 1979 and Taylor,
1978), and soul h- wes t er n and south-eastern Aus t ra lia (Specht , 1979).
TIJe family r-anks pr-ominently in the two f'Loras and 320 (3 ,8%) (Bond and
GoldtJ la ll , 1984) and 384 (15, 1%) (Bear'd, 1981 and Lamont et aL, 1981.)

~ pec ies respee t ively oceur i n the heathland zones of th e Cape and south
wester-n Aus t r-aLi .a . Dis tl'i but i un of Proteaeeae i n the hea t hs of both
t IJes e r egiuns i s wi despread (George et al., 1979, Lamont et al., 1984
and Kr-uge r, 1979) a lthuugh in the Cape, fa ctor"s s uc h as hi gh a Ltitude
and seasona l watel'1ogg in g t end t o pr-ec I ude t hi s famil y ( Kruger-, 1979
an d Tayl or , 1978).

Ac t a lIorti cul cura e 185 , 1986
Pr ot ea

Summary

Recent interest in heathland nutrient cycling has under lined th e
ext r-emeLy low nutrient budgets under which these eommuni t i es exis t .
Nut r ient additions to and losses from these systems are i neomple t e l y
quanti f ied and even poorly understood . Based on the limited data
avai la ble we suggest that in tense wildflower pi cking and frequent ve l d
bur-ní ng may sev er -ely deplete community nutrient re serves.
. Data on quant ities oC wildflowers removed from spe ci Cic ar eas and
c.orrununi t í es are non-existent and therefore accurate quantification of
nut r ient l osses 1S virtually impossible . Total P~ot~a ~epen~ head con
t ri but i on t o the aer i al nutrient pool in Cape coasta l fynbos is i n t he
reg í on 0 1' 11, ,1 (N) , 12,6 (P), 10,7 (Ca), 9,6 (Mg) and 25, 2% (K) while
6allh ,~'¿a eones in Kwongan heath, Western Australia r epresent 25, 4 (N),
JO, J (P), 13,5 (Ca), 16, 5 (Mg) and 26,3% (K). Casual observations show
Lha t mod er-at e pi cking l evels of +10% per- season may r emove 4,1 (N) and
9,6% (P) fro~ individual bushes oC Bank~'¿a hooke~ana. Es timates for
nutrient r emoval from cultivated fynbos stands gi ve annual lo sses
(live eones only) of between 1,6 (P) and 2,3% (K) .

r i re-indueed nutrient changes COI' these systems a l"e also poorly
documenled a l l hough indieation~ are that non-volat i1i sable elements are
ge ne r-aLly reta ined in the ash , However concern i s expr essed at t he
fa tes of nut l"ients after f ire , particularly during th e wint er rains .

We conc1ude that urgent studies are needed ,to assess t lle effect of
wildflower picking and fire on the nutrient cap itals of heathland
cummuniti es and that th e Wildflower Industry can pl ay an extreme l y
cons t.ruc t íve role in th is regare •
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Relati ve flower ratios in two ' species of
Leucadendron grown at Kirstenbosch Naliona l
ilotanical Gardens . N i th '___________ ______ __ s e sample Skze.

---------------------~-------- ---- - - -- -- -

L. s t e ll i ge r um 1.28 Male 121. 8 + 6 3 .0 153 .6 + 26.6
Perua Le 55 .0 + 20.7 42.4 + 12. 6

L. i:= t!} ~ ~ \o c ( ) n u !.i 1. 20 Male 245.6 + 41.6 181. 5 + 71.0
Female 80.4 + 63. 7 35.3 + 3.6

------------------------------------=---------------=-------

Sex Mean number o f Mean number of
ratio i nflo r es cences flowers per
M : F per plant inf10r e sc .
(N -50 ) (N=S) ( N = S )

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

Fi yure 1 - See d volume ve r s e annual seed product i on i n
s pecies o f the s o u t he r n African Proteaceae. The
resource l i mi t a t i o n hypothesis predicts a
negati ve corre1ation between seed production per
season and lhe size oí the seeds produced. Wh i1 e
the data appears curvilinear , log transformation
of the data does not improve the correlation
(R = -0.012, P(R) - 0.836, X = .005 x X + 1.74).
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------------------------~;;-::;;---;------;------~~-----~~- ~~~~~~~~~~

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

558 2,~ ~ 0, 08 1, 10 O .~ ~ 2,0)

--~~;---~~~7---~~~;---~~5~---~ ~~~ - --~~~~-

proteoid 385
non-proteoid 648 _

~~~~~-~~;~~~-~-~-~;;---;~~9---~~;~---;~~7---~, 4 8 2,85

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

Ph tomass and major nutrient pools (g m-') from sel ~ctcd

he~thland communities in the western Cape winter ralnfall
region. Compiled from Low (1983 and unpub' ,data), Le
Maíttre (1981), Van Wilgen (1982) and Van Wllgen and Le
Haittre (19811 .

f10unta ín fynbos--- -------- ----
Zacharías hoek non-proteoíd
12 y (total aerial)

Í it te r

rabIe 1 -

Kogcl berg .
20- 22 Y
Leucadendnon
lau~eolum

Co~~~~!_~~~~~

1· ~? ? :f~·I1~'? i" /'\~-t'rot~oíd l /.oS!! 7. 67 0.73 17."7 1. 09 3.67
11 Y ( tota l a€rialJ _

(post- fi r e litter 273 1,26 0,08 1,99 0.1 6 0,18agc) _

~:~;.~--------~;.~~~~íd 6 817 20, 80 1,43 26, 59 8 .28 l~' ; j
17 Y non-proteoíd 146 1,00 0,06 1,77 o~ :~ ~ _
P~otea ~~~~~-~~~~~~---~-~~;--;~~~~---~~~~--;~~;~---~, 57 12,92
~epen~ _

'%l ive heads (~;-~~~~-~~~~)---~~5---~~7----~~9 0,7 0, 5 1,7
'/. dead heads (" 11 ") 10,8 13,4 11,7 10,0 _ :~ ~ :~~:__

% pr·oteoí d (Ó~-~Ó~:-;~;:)-97~9--9;~Z---9~~~---~~~~~~~:~~ ~ :~~~__

-----~-------~~~~~;---------~-;;;---6~57---~~;7--17,4 9 1, 36 1,37

-- ------------~---------------------------------------- - - - - -- -- ----- --

%eones 1,9
'/. proteoid 37,3
-----------------------------------------------------;~-
litter 390 2,11 0,07 0,86 0, 21 0,

--- ----------------------------------------------------------------:-
Jonkershoek proteoíd 3 240
21 Y non-proteoid 409

P~otea -t-o-t-a~-~~;~~~---;-~~~--~~~5;---~~~~---6~~~---~~ ;~---~~~;
~epe. l1-6

P. 11e.~i~- ------------------------------------------------ - --
6ol '¿a % proteoid 88,8 _

---------------~-~;~---~~;~---~~;~---;~~~---~:~~ 0,57
-------------_:~~~~~------------------------------------ ---------------
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Both regions are characterized by extremely low levels of to t a l
so í I . nutrients (Bettenay, 1984, Kruger, 1979, Low, 1980, Low, 198 1,
Low, 1984, Low and Brlstow, 1983, Low et al., 1984, Milewski, 1983
and Van Daalen, 1984) which are in marked contrast to their "nutríent
rich" winter rainfall counterparts ln California <Chaparral), Ch ile
(matorral) and the Mediterranean Basin (maquis) (Bradbury, 1977, DI!
Bano and Conrad, 1978, Di Castri, 1981, Rundel and Parsons, 1980 and
Specht, 1979). The heathland flora has developed a range of adap t a
tions to its low nutrient environme~t '(Lamont, 1983 and l ~w. 1980)
and the Proteaceae in particular are extremely ad~pt a t ex tr'ac ti ng
nutrients and moisture frorn t he so U through well deveIoped proteoíd
roo ts (Lamont , 1973, Lamont, 1981 2nd Larnont, 1983) .

Pnly recently ~47~ nutríe~t-li ~x¿ d st~é¡es t~en : :~r~ ~~ e~ : ~ :n~
Fynbos Biome (Mitchell, 1980) although focus on th is aspect was Iln d ~ r
l i ned at the 1980 Mediterranean Ecosystems Conf er ence heId i n
Stellenbosch, Cape (Day, 1983 and Kruger et al., 198J). A s tart has
been made on s imilar studies in the Kwongan hea th . (Bear d and Pate ,
1984 ) of south- west er n Aust ralia (Low and Lamont , 1985) and pl't~ li mi 
nary da t a show sorne i nt er es t i ng di f ferences in community nut.ríen t
alloca tion between sandplain hea ths here and i n the western Cape .

Our interest in the Proteaceae stems from their abi l ity t o surviv c
admirably under conditions of restricted nutrient supply and ofLen of
marked summer moi s ture stress, a t t he same t i me commanding a dominan t
position i n ma ny climax communiti es of the two subcon tínents . In
vi ew of the extremely low nutrient capital of t hese c ommuní t i es , we
are concerned about potential (irreversible) nutr ient l osses in this
group which often represents the bulk of the community mass and
nut rient pool s . In t his paper we examine t he í r- cont r i but i on t o heath
l and nutrien t pools and t he possible consequences of wil df l ower
pick ing and fire.

2. Contri bution of the Proteaceae to comnii.iilÍ ·f,y ·nuLr í en t pools

2.1 ~~~~~!_E~~~~

rabIe 1 gives aerial masses and major nut r i ent pools for
western Cape mountain and coastal fynboSj non-pro teaceous commu ni ties
are included for comparison. Dense stands of Pro t eaccae make up >80%
of the community mass with heads contribution up to >20%: Cont ribu
tion to the nutrient pool is correspondingly high. In closed cl imax
coastal fynbos, P~otea ~epen~ contains >93% of all ma jor nutri ents,
with heads making up 14,1 (N), 12,6 (P), 10,7 (Ca), 9,6 (Mg) and 25, 2%
(K). We have no like data for mountain fynbos although Leucadend~on
eones at the Kogelberg site (table 1) repr~s~nt only 1,9% of t he
aerial mass (Le Maittre, 1981) and Low (unpub. data) found a fígure
of 5,1% for a Leucadend~on ~al~gnum community in the Winterhoek
mountains near Porterville. Neither of the sites could be cons i de re d
as dense climax proteoid veld. The Australian hea th s ( table 2) s how
much lower values than Cape fynbos and in the Kwongan t hi s í s th ought
in part to be a reflection of a lower soil nutrient s ta tu s (Low and
Lamont, 1985), However, of great significance i n t he Bal11l-ll '¿a community
is that cones ma ke up a far higher proportion of t he aer i al nut r i ent
pool (25,4 (N), 30,3 (P), 13,5 (Ca), 16,5 (Mg) and 26,3% (K».
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116,9

1',

16,9 130,8

92,5 50,5 129, 4

15,7

86,8 16,1

97,9 19,3

261, 4 52,7

123,6 6,9

246,4 16,8

126,7 6,3

184,6 12,5

130,2 7,0

53

35

35

42

42

Total

Total

Total

Total

Total

3.1. 2 Ouan t it i es pi cked

Rccords o f numbers and/or kg ot stems picked per s pec i es are
documented for Wes t': l'n Au:;tralia (Bu rgman, a nd 1I0pper. 1982) but
í ess so for t he Cape (Van dar Walt et aL, 1984 and SA PPEX '

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

---------------------~---------------------- -

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

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

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

----_~_------------------------------------------

et al., 1984) , La r ge-headed Pl'oteaceae (P~otea, Leucad~nd~on or
L euco~pe.~mum) inva l'iabl y f'orm an ope n to closed c anopy 10 ma t ure
moun tai n Cynbos vner-e cond i t i on s per mít the developmen t of a t hr'ee
layered community (Kr uger, 19"9 and Taylor ~ 1978). ,In , t he Kwon¡¡¡an
(sandplain heath) of so ut h- ves t.ern Aus t ralIa, Ba n fz~{a 1s the P~ atea
"an a l ogue". al t hough V~ lJa l1dlla ( L eucOJ.>pe~mum- lik t: in lUCJk ~ ) máY also
Ci l l thi~ posi tion .

Tabl e 3 _ Dry m..s s (g ) and ma jor nut r i ent co ntent (.mg) of flow ering
stems o C p~o .t. ea (wes t e rn Ca pe) and Bank~~a (south-western
Aus t.r-a l í.a ) • Stems 30-50 cm l ong, mea n +35 cm (p~ otea I and
curren t and previous year 's growth (BanR4ial . Nutrient
concentrations from Low, Struthers and Le Maittre (a11
unpub . da t a ) , and Van Wilgen and Le Ma i ttre (19811.

-------------------------------------------------_~~_- ---------------
Mass (g) N P Ca Mg K

P~~t;~-~;~;~~-- -' ----~~~~-----~7------~5:9---;:~----~~:9---6:;--- -6;:9
(mount a in Fynbos ) L '" ves 11 60,5 2,2 /1/,. 0 5, 5 33,0

Stem 14 23,8 1,4 42,0 7,0 46,2
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0,12

1, 54
2,91

4,45

1,8')
0,60

K

34,6

4,5
21,8

1,72 0,47

1,12
2,05

1,14

3,17

0,89
0,25

?,7
13,8

Mg

1,35 · 0,11

2,95
1,54

1,02
3,30

4,32

Ca

- '--..

0,19
0,06

0,30

0,14
0,16

P

6,3 ' , 1;8
24,0 '11,7

3,63
1,65

3,69
6,49

10,18

4,2
21,2

323 ' 1, 16 0,04

675 3,94 0,07 2,95

2,2
15,1

83,7 68,8 76,0 65,7 78,0 75,9

1 476
288

40,4 36,2 46,7 23,6 54,6

745
1 100

1 845

Dry mass N

total a~rial 1 764 5,28 0,25 4,49

proteold
non-proteoid

lltter

li t t er

. . .------------------------------------------------------

~ live cenes
%dead canes

%proteoid

Enc i1 tj ~ Ja

(::;W AU:lt.I 'alia)
Banh-6ilt
allClIll(lta

B. hoctu: \tllla

B. nh~ II.:i e.~ i'¿

3. Nu t ri ent, l osses th rough wild Clower picking

Taule 2 - Phytoma~~ snd major nutrient pools (g m-') from two selec
ted heathland communities in the winter rainfa11 regi on o C
Australia. Compiled from Low et at. (1984 and unpub. data),
Low and Lamont, (1985) and Specht el ato (1958)

Nut r ient quan tities present in certain flowering stems utili 
zad by t.he Wil dflower Industl'y (WFI) i n fynbos and Kwongan heath are
slJown 10 t a bl e 3. Amounts in Bank-6ta hookellana are .clearlY hi gher
than i n Pilotea and this is 'due chiefly to 'a greater contribut i on of
cone and l ea ves to the fl owering stem coupred with hí.ghe r' .c;oncent r'a -
t i ons for ce r ca í n nutr- Lents , notably N and P. - ,

------------------------------------~-----------------

3.1 Uti liza t i on of Proteaceae in the WFI------------------------------------
3 . 1. 1 Impor-t an ce of the Prot.eacea e

i)';spi t .: t he ub i qu i Lou c occ ur-r euce o f Proteac eae in thc sou th- ·
ves t c rn Aust ralian and associa ted sc Lerophyl l, vegeta tion (George e t al.,
1979 anrl Lamont et al., 1984) l ess thar, 30%of this famUy I s spec í es
i s ut j l l zcd in the WFl, repr~senting 21~ of the total numbcr of
spec i cs t::mpl uyed i n the latter (Burgman and Hopper , 1982). For the
Cape these figu rcs are a bout 25 and 3810 respect ívely (Van cer Walt
e t al. , 1981l! .

A Iar'ge part of the WFI i s d., i i ca t ed to the marketing o f
pr-otea ceous s pec í es wi th Lar-ge , attract lve heads, most of whi ch have
t he addeu adv a ntage of be iri g ~~ita bl e i n the dr i ed state (Va n de r- Walt

%proteoid

Keith proteoid
(SE Australia) non-proteoid
15 y
Ba/lk~ ¿,~ o.t nat.I total aerial
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Recently comp i l ed data for Bank~(a IloonHana h<';'I th él l EnPél bba ,
sout h- wes t er n Austral ia (Struthers, unpub. dat a and Turn cr, 1984)
indi ca t e t ha t l ive cones from t his s pecies were removed al arate or ·
9 ,7"f,. (1984 sea son) which amounts to a 4,1 and 9,6% loss in ti an c1 P
n:,spectively per shrub. .

Picking of dead head s , includ ing Bann6(a, for dr i ed fl owcr s or
even se ed collection forms a ma jor part of the WFI in Wcs l ern
Aus tralia (Burgman and Hopper, 1982). In t he Cape WFI, of l he 50
proteaceous spec ies with large heads or cones recorded by Van de r Wal t
e. t al. (1984) (Appendix 4), 41 (82%) are use d as dried and f resh , or
sol ely as dried flowers. Dead heads make up between 9, 1 (Mg) and
23,5% (K) of the aerial nutrient pool in coastal fynbos (P Jt otea ~epen~ )

(table 1) while .dead cones compri se between 11,7 (Ca) a nd 21, ,0% (P) of
t he same fraction in Kwongan heath (Bank~ia), Regular r cmoval of
large quantities of dead heads or cones i3 thu3 l ikely to depl e t e t he
nutrient stocks in climax proteoid communities. Paral l e l wi t h this
pract i ce is the removal of seed-conta ining heads from serot inous
species and in particular where seed survival is short. Nea ¡' Kl e i n
mond, Slingsby and Bond (1980) have shown that post-fire rc~encra tion

by PJtotea c.ompacta was severely reduced where intensive pi Cking of
l ive heads had previously occurred . Under continued íntenslve
picking local populatlons of oblígate seed-regenerating spe cies would
therefore become extinct .

4. Nutrient losses through fire

fire ls an acknowledge natural factor in heathlands wh ich at the
same tlme are regarded as being fire-prone (Specht, 1979). Our con
cer n with regard to rlrc in these systems stems from poss ible net
nut r i ent losses which we believe may occur under current high fire
frequencies. The llltter are man-induced whether through present
management pelicies, accldcnt or vandalismo To date comments on lhe
subject have been rather speculative due to an extreme pauc í ty of
dat a in both subcontinents. Van Wilgen and Le Haittre (1981) est imated
post-fire nutrient releases from aerlal and litter material in moun
t a in fynbos of between 50 and 80~. Evans and Allen (1971) demonstrated
cons i derabl e nutrlent losses in Brltish Cattuna heath for N and S
which are easlly volatl1ised. They concluded that critical elementa
such as P showed little change as lhey were retained in the ash. Van
Wyk (1985) monitored nutrient in- (rain and dry depo~ition) and output
(streamflow) in a mountain fynbos catchment and even after fire,
found input to exceed output for several cations examined. N and P
were not detected but then again loss through smoke or ash was not
investigated.

We argue that hcathland systems may be partiy "leaky" due to
extremely poor colloidal statusas (e.g. low elay contents ln fynbo5
so í Ls (Lambr-echts , 1979» and that leaching of nutrlent:: llfte r (ire
and éln ensuing heavy spatc Is exacerbated. Nutrlent replen ishment
froom parent material in these sys t ems í s lnslgnificant (Runde1 e.t al .
1983) and lnput through r-aí nf'al l is cons í dered too srnall to have llny
redeemlng effect (Allen ti at., 1969, Chapman, 1967 and Gr"Ov€'3, 1981)
par t i cul a r l y where hlgher fire fr-equencies are found (Stock, 1985).
N replacement through symbiotic (Bowen, 1956 and Haxen, 1978) and
free-living (Low, 1984) N-fixation ls however likely, but i t i s the
geochemi ca l l y cycled elements, notably P, whlch cause t he greates t
concern.
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Table 4 - Estimated nutrient losses (g ha- I
) to wildfl ower pi ck ing

from cultivated proteaceous Btands in the Kleinmond
Her~nus area. Number of stems report ed for 1984-1 985.
Nut r l ent data for individual heads f rom table 3. Total
Pro teaceae data (see above) extrapola ted f rom P~otea stems
(34~) and assuming s imilar nutrient contents in Leucaden
d~on and Leuco~pe~mum (2 613 (47%) and 1 '063 (19%) stems
respectively). v,

-~-----------------ño7------------------------------------~---------

Stem wi th heads stems dry mass N P Ca
ha- I (kg ha- I ) Hg K

~~~i~~:~~~~~t;------9~;--;;~;~-----~;;~;---~~;---~;~;--~;~~--~~;~~-

------------------------~------------------------
P. ne~¿¿6ol¿a 248 8,7 30,6 1,7 18,8 4,2 32,4

---------------------------------------- -------- -
P~otea g~and¿cep~

P. tact(colo~
~~_~9~~~~~~ _
St ems without heads ------------------- -------
-------------------
Pltote.a compac.ta 160 4,0 14,3 0,6 12,4 1,7 10, /,

p~~t;~-~~~~~-------~-875--67~5------;;;~~--~~~9--~6;~8--;~~; - -;;6 ~ 5 -
___________________l~~~l ~ ~__

3.1.3 Nut r i ent losses

\ No f lower picking data are ava ilable f or Cape proteoid s t ands
although P. Sl ingsby (pers. comm.) has observed removal ra tes of 3 to
4~ per annum near Kleinmond. At the other extreme, nearly 100% r emo
val has been noticed by C. Burgers (pers. cornm.) in the Riversdale
area and th is is. probab~y due to pickers on leased land showing l ittle
c~ncern fo r the well-belng of the cornmunity (Davis , 1984). Informa
~lon gathered from producers in the Kleinmond-lIermanus area gives some
ld ea of mass removal through picking off stands of cult ivated
P:oteace~e: Dur ing the 1984-85 season sorne 5 500 stems ha- I wer e
prcked gavmg a nutrient removal rate i n the order of 2 006 (/1)
103 (P) , 1 41~ (Ca), 268 (Hg) and 1 956 (K) g ha- I (e xtrapol a t ed fr 'om
table 4). Th~s rep:esents 1,9 (N), 1,6 (P), 2,0 (Ca) , 1,9 (Hg) and
2,3% (K) of the aerlal nutrient pool in dens e P~otea growth ( table 1)
at Jonkershoek.

news l c t tc ~s ( 1976 t o 198/1). The l atter, unl í ke l ile Wes t er'n I\lJ s l r'a l i:Jn
re port , .gl ves onl y total exports with no breakdown in to spec ies or
regions. Ouantitles for annual fresh f l ower exports (Prot eaceae and
Cape greens .(chi ef l y Ericaceae, Bruniaceae and As t eraceae) r ange
between 1,4 and 1,7xl0' kg (SAPPEX newsletters 1977 t o 1984) of wh ich

, 70~ may be ascr\bed .to P~otea and Leuco~pe~mum (Davis, 1984) . During
t~e 1980-81 se ason ln Western Austral ia 13,8xl0' stems were r epor t ed
plcke~ • . Of the 2~ s pec ies most hea vi l y exploited , 7 were Pro t eaceae ,
compr-i s i ng 3, 5x10 stems or- 25 , 4% of th e t otal ( Bur gman and Hop per-
1982 ) . '



Priee F.a.B.
(U .S. cents)

Quantiti es
(000 fl overs)

Heetarage ( hectare~)

........---_.. __ .. --------_._ ------- _.- .--- ----------

82/8 3 83/84 84/8 5 82/83 83/84 84/85 82/83 83/84 84/8 5

---------- ----- --- --- -_._ .... . _.---- ._-- ----- ---- ----

Leueadendron
dise ol or 0. 5 LO 3. 5 70 BO 100 15 13 ' 13

Protca
.obtusifol í a 0.5 1.0 1.5 3 6 15 60 50 55

Ba nk si as 15.0 13.0 12.0 80 120 120 75 45 50

Leucospennum 0.5 L O 2.0 30 70 20 16 22 16

. -_ . . . . . .. . •. ----- --•....... . . . .. .. . . -. .. . -_. . _. .. .

Tota1 16. 5 16 19 183 276 255

Tabl e 3 - Protea and Banksia production i n Israel 1982 - 1985.
llec tarage. quant i t í es and priee s .
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No of cases

S A

<. 6.0

<:. 0. 2
absent

(so f t l

Water

Israel

:>7.0

>0.6
present

(hard)

Isol ated from l eaves

llc1me of fungus

<.6 :0

<.0.4

absent

S A

So il

Israel

). 7. 0

>0. 4

present

Uo of cases

pll
EC ( mullo' s • cllI- 1)

r,..:c 1 ime

Isol ated from roots

Tahle 1 • A comparfson of quality of soil and water in Israel
(coastal sandy s011 and national water pipe resp ecti vely)
and Stellenbosch. South Afrfca.

llame of fungus

Tabl e 2 • List of fungi isolated from Prot eas and Banksias i n Israel.

108

.......--....•........•. _ . ~ ~ - _ _.- _ -.

109

w

climate dia gram
a - monthly mean temperatures (CO)
b - monthly mean precipitation (mm )
c - mon thly mea n precipi t at ion above

100 mm in a scale of 1:10
d . equal 10°C and 20 mm precipitation
e • water shor t age
f • excess water ,
9 ~ rnonths when absolute minimum l ies

below O°C
110 10m S - surrrner

w . wi nte r
Tel.Aviv . locat ion of st ation
(3m) • a1t itude
19.1° • mean annual tempe ratu re (CO)
476 - mean annual prec i p ita t i ~n (rrrn)
8. 5 . mean dai ly minimum of coldest

month (e" )
-1.1 • absolute mínimum (CO)
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Figure 1 - A key to
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l. In troduction

Lca f brownlng of several Pro t e a spp , af t e r h:Jr ve ~t l n p' 15

onc of the moat important pr ob l ens in the pro tea indust ry. Aecor rling
t o De Svard t (1977), ~lulder (1977) and \/ys (1980) the tvo mn í n
fnctnrs ossociated with leaf brownin~ are the presence of flRvonoirls
s uch as pro-anthocyanidlns and the 1055 of water due to tran5piratlon.
PauLl e t al. (1980) state that vater stress in cut prot eas a Iway s
~recedes leaf brownlng. A vater stress at the eellular level leads to
a n increase In nembrane pcrmeabll1ty (BeU et al., 1971), whlch
pl a ys an important role in tissue br ovní ng (Thomas et a l , , 1973).
The r a t e of leaf browning can possibly be related to the r ate at
whi c h the membrane system collapses (HuIder, 1983).

The continued supply of nutrlenta such as suerose, to cut flovers
i 5 essential for the l'Ialntenance of membrane lntegrity (Coorta,
1973). Sucrose 15 a readi ly ass í ed Iabte substrate and can he used
effectively as a preservat í ve In a vase aolution (GIlY anrl Nlchols,
19 77). Suerosc replaces the depleted Intraeellulllr carb'lh yrlr iltea
a nd a l so r e t ards the degradation of other .orgen í c con ponent s
( Harousky , 1968).

The prcsent investi~ation vas car r í e-l out to de t ermine t he e I f ec t

TIIE F.FFECT OF SUCROSE IN A VASE SOl.trrION ON LEAF RROWNING Of P~()'fEA

NERII F0LI A R. BR.

Ahst r;\ ct

Lea f brovn í ng oC sevcra 1 Pro t e a spp. nf t cr ha r ve s t i ng 15

one oC the most lmportant problems In the pro tea lndustry.
The use of a f Iover preservatlve is essential t o r e t a r d l ea f

br ovn í ng o f proteas. The object í ve of this study vas to determine
the eCCect of sucrose In a vase s~lutlon on leaf br ovnt ng oC
ha r ve s t ed Pro t e a n e r 1 1 Colla. Sueros e í s a n ~ ;lS tl y

a s s í mí l ab l e substrate and replaces the deplcted ln tracel1 l1 l ar car bo
hydrates and also retards the degradation of other organlc
components.
. P. n e r i 1 Col i a st ens vere pl aced in a vns« so l ut í on
co nt a í.n í ng labelled 14 C- s uc r os e (U 14C) for 18 hour s , A g rea te r
amount of 14C aceumulated in the Clower he ads than ln t he l enves.
\~hen pl aced in a ' vase solution conta í ntng I~-sucrose and 1% sucrose
a s ignif l c a nt quant1ty of ICC accumu? .cd In t he f l ove r head v ithin
12 hours. A pulslng perlod of 12 hour s would thua ensu re Rn ef fici ent
."¡ : s ": r i b'st i "n of S~Kr"'5.e t h:- .:~ ~o~ ': th~ vh .,l e i r.flo-r ~s<:p. ~.~~ .

I n E' 7. l"!ri ",ents " i th onl y suc r os e In the va s e s ol ut t on :t va s
: 11tl t t " . I~ t ·, : ~""¡"!1~'~rt"'n'frf t1,r 'p"' ~~~ 1~ ~ ~Ur. ~· ·f _r9~ ~,! ~J l rl J~ :"' . -'" • " , · . • · · f1, ~ 1

th~ on~e t of l enC brownl nR o f P. n e r I 1 f o 1 1 A I nr !0 rD ~rpnce~ .

Conc e nt r a t i o ns ~reater than 1'; sucrose ve r e ha rri f u l t ~ t he l ea 'le s
a nrl enhancerl leaf brownln~.

's ,

~,'.~ .

(, j
~

/

.
.~:;') .

PllGRll-lS RESI (1280",)16,6' 912

N[W PlVI-lOUIH (d8"') 1),~'JS]8

SAN TA BARBARA ( 37m) 15,6 ' ~7 1
r

SAIH:. CRUZ (J !im ) l~l 6G2

Figure 2 - Cli matic diagrams of main Protea growing are as in South
Africa. Australia and New Zealand, California and Israel
(revised from Walter and Helmut, 1967).
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St anda rd errorRespiration rate
( cm' oxygen absorbed /kg
fre s h tissue/hou r)

Temperature
(OC)

Ta bl e 1 - Res pi r a l i on rate o f leav e s o f P. n e r i i f o 1 i a a t
d ifferent t emperature s , one day a fter harvest oC t he
i llf lor csc enc es .
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in l ea f Ll ae ken ing.
The Iea f is, however, not the only component of the pro t ea

in fl or~sc ence which depletes the food reserve. The bracts and flor e t s
al so need substrates for respiration. Horeover, the respira t i on
oC t he I e s s deve l oped f l o r e t s tunda to be h igher t han tha t of lhe
Le a ve s , brac t s a nd f ull y d e ve Iope .í Ll ore t s (L ub Ie 2 ). and vuu ld
t here t o r e dernand more substrates for respirat ion than the o l he r
c ompc ne ut s of t he i nfl o r e s c e nc e . Chin and Sacalis (1977) reported
that in r ose s these substrates "ere t r ans l ocated from the leaves
to the f l ove r t Ls s ue , The r e s pt r a t Ion rate of the florets may there
fore ha ve un í nf Iu ence on leaf blacken ing. An í nvesu í.gat Io n i nlo
the Inrl uen r e of the stnge of deve Iopment of a prot.ea inflo l'e s cence
on the I es pl r a li on ru l e of t.he f l or e t s on the peduncle, r e vea l ed
the r e su l t ,; shovn ln fig ure 3. The resp iration rate of bo th the
group oi llorets in the centre and on the periphery of the ped unc le
evinced a typical cllmacteric pattern when plotted aga inst the a tages
of deve l o pcien t c The florets in the centre of the peduncle tend to
have a h i gher respirat ion rate than t huse on the periphery of the
pedu nd e , while t.he climaeteric mlnimum and maximum oc cu rred at
La t e r s t "[l '! S o f de ve l opmeut of the inflorescences. The flor e ts in
the c e nt re were less developed than those on the perlphery of the
pedunc l e and that probably explains the difference in respira t i on
ra te pat t erns. When the inflorescences were harvested at s t.ag e 3
of the i r deve Iopmeut and kept in water for 13 deys, a differen t
pattern eme rged (figure 4). The change in the respiration rete of
t.he f Io r e t s on the peri phery corresponds well to t he resp l ra tion
pat t ern ob s e r ved i n fi gu r e 3, s t ar ti ng at s t.age 3. llowever, t he
chunge in the r e s pi r a tion ra te oE t he Clo r e ts on the cen tre oE the
pe duncle d i d not display a sharp incrense as observed i n other cases .
Th í s mí gh t; have been caused by t he samp li ng pe riods (3 days apar t )

01' be C3use of a de pl e t ion of the s ubstra tes av eilable for res pi r a t i on.
The va s e-llfe of pr otea i nfl or e s c e nc e s '1 nc l udi ng a decrea s e in

t he r a t e of l eaf blackeni ng , can be ex tended when the flowers a r e
kept in a pres crvat ive solution ' containing sucros e,
8-hyd r u xy- qu ino line s ul phate and citric acid (Ferreira, unpublished
r esu Lt s ) . [J J.$e d on t he r c s ul t s ob t aincd i n th í s ctuves t í gat í.on i t

15 sugge s t ed that, apart f r om va t e r Ioss , a n abno rmal. high r e sp i r a
tion l'ate due to high temperature can also i n i tiate leaf · bl ac ke ning
o f proceas . Fl owe r s s hould t here f or e be coo led soon a f l e r hilr ve s t
and ke pt in co l d storage, preferab ly also during the time o f trans
por t . The fl owers sh ould f urt hermor e nCl t be pac keJ i n , or .co vc rc <l
with pCl 1yc t h yI ene .

A detc n nina tion of the changes in t he s ubst r a t e s availa ble for ;/
r e spira t i on unde r condi t lons de s crl bed a boye ls ne eded to con f irm . 0.' :

the lnf 1uCIIl:e oC respl ration on l ea f bl a c ke ning. while t he deve10p- '
ment o f ~ pu l s i ng- s ol ut i on should enhance t he va se- l i fe of cu t pro t ea
flo we r s.
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Figure 1 - Change in Irem mm and percentage 01 blackening of leaves
01 P. nerllfo lia al difleren l tem peratures for vario us periods

leaves 170. 4 24.3
bra c ts 152. 6 21.2
florets :

outer 166. 4 25. 0
lO i ddle 191.3 29.4
i nne r 239.9 32.1

Tabl e 2 - Respi ra tion r'a t e oC va r í ous componento of a
P. n e r i i f o 1 i a inClorescence one da y afte r hnrv es t

126

I nf lorescence
c~mponent

______ Fresh mass al 40 Oc
0- • • -.() LW blackening al 40 Oc
____ Fresh massal 50 Oc
O--- --o Lesf blackenlng al 50 Oc
..--.. Freshmassal 65 Oc !

& • • • -ó Leafblackeníng al 65 Oc
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POST HARVEST INFORMATION FROM A PROTEA GROWER. SHlPPER
ANO IMPORTER I S VIEWPOINT

B.H. LaRue
R.L. LaRue
Sea-Bar Ranch Nursery
Hollister Ranch #71
Gaviota, California 93117
united States of America

The writers (husband and wife) own a one hundr ed acre
farm in central California adjacent to the Pacific
Ocean. In 1972, we planted ten acres of Protea includ
ing twenty different species. Since then, we have
increased our Protea plantings to approximately t hirty
acres. Our climate is frost free, but very windy . Our
so i I types are less than ideal ranging from heavy cl ay
loam to shale, a11 oi which range from PH 4 .1 to 6 .2 .
We have always marketed our own flowers direct t o whole
salers throughout the U.S.A., Hawaii and Canada. In
an effort to improve our product, we have cont i nued t o
experimcnt in growing and cultural me t hods, post harves t
procedures, and marketing. Because we have more dcmand

Abstract

This paper is written in an effort to help commercial
Protea growers to:

build each individual's reputation with their buyers
as a producer of quality cut flowers
~ustifY highe~t and best prices paid to growers
lncrease the demand for cut Protea
operate at a profit

1n the writers' opinion proper post harves t proce
dures must be adhered to in order to ensure these goals.
'Ihe .ethods and suggestions shared herein have evolved
over more than ten years of experiences and experiments
by the writers ·in a profitab1e commercial Protea growing
and marketing operation. A great de ál, oí information
has be en published on post harvest treatment of cut
flowersi however, the writers suggest that thorough
scientific investigations should be done specifically on
each aspect oí Proteas -- from the selection of proper
mature flowers, when and how to cut, post harvest treat
ments, packaging, and the care and handling by buyer s .
unti1 these studies have been comp1eted and reported, we
Protea growers will not be able to obtain the aforemen
tioned goa1s and therefore will be greatly handicapped
in the highly competitive worldwide flower mar ket s.-

l. Introduction
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2. 2 Mat!l r e f l ove r selection--------- ------ --------

iban we can supply , we started importing cu t Protea from
Austral ia and New Zealand four years ago. This import
ing , becaus e of the reverse blooming seasons, has en
abl~d us t oofurnish our buyers Proteas year-round.

We conc l uded in the early years that it made l ittl e
s en s e t o go t o t he eff or t and expense to pr oduce beauLi
f u l f l overs i r t.he y we r e to reach t he ul t i mate consumer
~n poor cúndition wi t h a short vase li fe t hereby reduc
10: g f u \:·: i: e demando We have read a11 the printed mat e
n aI we know of on post harvest treatments. From this
mater i al and from our own experiments, we be lieve the
most i mpor t ant; factors affecting cu t flowers are :
temp e r e t ure , water suppl y, food supply , e t hylene, di s 
ease, Initt ur i t y , light , handling, and packaging .

Our slide presentation wi11 il1ustrate most of the
above fa c t or s . Thes e s lides were pr epar ed by Dr. Mich
ael Reid of the Department of Envi r onment al Horticul t ur e
at the Univer s i t y of California at Davis in conjuncti on
wi t h hi s wor k on post harvest handl in9 of cut f l owers .
Hi s conclusions, we believe, are pertlnent to cu t Pro
teas. We hopefully await conclusions to future studies
which we might use to improve our methods.

Bccaus e we want each cut f l owe r to arr ive at t he
packing shed while i t i s still coo l from the night tem
per at ures and al so when the stem and hea d are sti l l fu ll
of wat er and f ood , we start cu tting 'ear Ly each day .
Star t i ng ear ly al so al lows ha rves t before t he hone y bees
begi n collecting, especial l y i n Pro tea reEens. If flowers
must be cut while wet f r om dew or raln, e s ure they are
dry be fo re cooling . . .

" "' .-_o
We cut only aft e r t he flower head has matured but

befo r e i t has had a chance t o open . Each speci es is
di f fe r ent but ther e i s an optimal t i me for each when the
br acts ar e r eady but have not yet sprung loose. Cut t i ng
at t hi s s tdge allows us to pr olong the shel f life on many
speci es up to two or three weeks longer than if we ha r
vested ope n flowers. This method can also ailow har ves t
ing if rai n is fo r ecast. Our post treatments can als o
adjust the flower opening time oí most sp ecies.

2.3 f!~~~!_~~E~_~b!! ~_ f!~!2_h~E~~~~!gg

Flower cu t ters collect inta t he i r arms a comfo r t
able carryi ng load before placing the arm load into a
cardboar d picking box (12 llx20 Ilx44 1l , 30x5lx1l2 cm) whi ch
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is always kep t out of direct sunlight. Each ha l.f hour
the flowers ar e t aken to the packing shed . Bec ause the
flower cutters are Looki.nq f or the r i ght s t age of openi ncj

. for market demands , t.he í r on1y pruning is limited t o
unsa1eab1e flower heads . Other necessar y pruning is done
at another time . Cut t er s are required to bri ng to t he
foreman I s altention unusual conditions such as i ns ec t s ,
r odent pes t s and any ch an qe i n gener al plant appear ance .

3 . Packing shed pr ocedur es

3.1 ~~EiEEigg_~~9_ ~~ 1~~~i2~

Upon arrival at t he packing shed , the fl ower s are
ca re full y placed on wor k t.ahles f or the fi rst culling
selection and stripping of l eaves on the l ower one-third
of the stem. This stripping i s done to ensure that
leaves wil1 not be cover ed by t he water soluti on . In
most species this s t rippi ng is done by hand . Sorne spe
cies r equi r e ea ch leaf to be removed to be cut by cl ipper ,
e1iminating severe damage to stems. We now know that
hand stripping does caus e damage t o stems and can resul t
in poor qual i t y market flowers . Unmarket abl e f lowers are
destroyed as we make our fi rst quali ty selection . We
consider s tem l engt h and s t r aightness, leaf condi t i on,
fl ower ma turi t y , s i ze and uni fo rmi t y f ac t or s .

3.2 ~~~~~~i~g_~~~~~

We have on1y recently begun t o recut s tems while
held under water. Recutting s t ems under water greatly
reduces t he chance of air entering t he stem water passage
ways. A gr ea t deal of work will be necessary t o i mpr ove
on speed and effici ency in our procedures . We have been
talking with other flower gr ower s and f i nd that t hey a1so
have problems in this regard . We normally cut off
approxi mate1y one inch or two and one- hal f cm. to reopen
the t r achea in the s t ems. Our ques tion , 'lI i s it best t o
make a straight cut or a diagonal cut ;" remains unan
swered .

3 .3 ~E~~~E~~~i~~~_~99_P~!~!~g

Once stems are recut, each is placed immedi ate1y
i nto a solution of warm water (9 0-100oF, 38-40C) and a
commercially prepared flower preservative (Florever
pr oduc ed by Smither-Oasis) containing ci t r i c acid, sugar
and silver thiosu1phate salt (STS) along wi th a fungi
c ide and biocide . Always use good clean water. The
containers are always cl eaned and sanitized be fo re use.
'l'he flowers ar e then left at room temperature for t wo t o
t hree nours be fo r e they are pl aced in the cold room.
This time, before coollng, is necessary so t he stems
have a chance to draw in · the warm perservative solution .
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3. 4 f219_e2~_~~2E~g~

Our cold box is kept at approxima tely 40- 50o F,
4- 6C and the cool air i s kept circulating at al l t i mes.
We al so leave the lights on to help the f lowers continue
'to open. We -had problems sorne years ago wi th l ea f
blackening or browning on P . exima and P . ner iifolia
until we began leaving the llghts on. We dO not know 1. f
the lights solved ,t he problem and, if so, how , but wc
always have plenty of light i n the cold r oom. The box
i s also kept clean and we maintai n around ninety-five
percent humidity. AH flower s are c eded overni ght
~e fore shipping.

3 .5 !~~~~~_~2n~E21

We do not have a l arge problem with i nsects,
however , when we do find any insects , t.he : fl ower s are
sprayed wi t h a commercial insecticide before cooling.
We do not export flowers but i f we did, we would beg in a
regular insect control programo

4 . Packi ng f lowers for shipment

4.1 ~2~_~2_~ ~~9

The pac kers make f inal qual ity selec t i on s ending
only t hose flowers meeting our specific requirements .
We have built our reputation with our buye rs by shipping
only first qua lity flowers cut at t he right maturi ty
stage to give the ultimate consumer the longest shelf
~ ife. We recornmend that all growers sell only top qual-
1.ty flowers. '.

Nine ty-five percent of our s hi.ppi nq: boxes are
4411x20 1lx12 11

, with five percent one-half that siZe . . They
are full telescoped where the entire t op slides all the
way down over the packed box . Depending on which flo
wers are being packed, our usual mixed box will wei gh
between thirey-five to sixty pounds (14 kg, to 24 kg).
We use strong wood cleats to hold the flowers from
slipping around while in transito The cleats are na i led

' or stappled in place before the top is put on .

We prepare our boxes before packing to ensu re
i nsul at i on and control dampness. We line each box with
dry newspapers on the bottom and sides, leaving t he side
papers so that, when the box is fully packed, the side
sheets also fold over the top of the flowe r s. Over the
newspaper, we also line each box with waxed paper for
moisture control. We pack only dry, cooled flowers.
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4. 4 Insect control while in transi t-------------------------------
We do not have insect problems. However, we do

import Protea and have worked out with our overseas
qrowers several ways to ensure that no live i nsec~s

arrive in the import boxes. The best insect con t rol lS
field spraying on a regular basis and control at all
times while preparing to ship. The New Zealand grower s
are now using a small sponge holding insec t i cide and
s everal are put throughout each box and con t i nue t o kilI
any insects as the box moves to its desti nat i on.

4.5 !~~e~E2~~E~_~2~~E21_~t!1~_i~_~E~~~!~

Most of our sh ipments are transported by r efriger 
ated trucks throughout the United states. Keeping t.h e,
flowers cool dramatically reduces respiration and aging .
If f l ower s are allowed to heat up and then be recooled ,
then heated up again, the aging process seems t o acce l er 
ate and the ethylene gas effects cause rapid decay . If
you must ship by air or non-refrigerated t ru cks, try t o
deal only with shipping agents who understand the fres h
cut flower needs and who wiH provide rapid t r ansi to

4.6 ~2112~!~g_!!2~~E_~t!e~~~~~

We have made it a hab it to follow our sh í pment.s
when we begin transporting to a new buyer in an area we
have not sh ipped to before. We try to 'be at the buye r ' s
place of business on arrival, and at any trans fer poi nt
from one truck to another, to determine if the boxes are
being handled correctly. Poor or improper handl i ng in
transit can only lead to unhappy buyers.

5 . Care and handling instructions to buyers

5.1 ~21~~~!~E~L_E~~~i!~E~_2E_~2~~~~~E~

No matter who you sell to, be sure t.ha t each
buyer, in turn, gets instructions as to how t o handle
Proteas. Instructions provided by you, the grower, are
very important to ensure reorders in the future. Make up
printed information that can be passed on expl aining to
recut the stems, to use preservatives, to allow leaves
to be covered by water, and to change the "later regu
larly. We even ex~lain that most Proteas dry easily and
how best to do drYlng.

6. Ex~eriences & problems oC imeorting Protea i ~~o.~~
üñTEe S ta tes

If growers around the world will util i ze t he in forma
tion shared herein, they shou l d have fewer pr obl ems
trying to import to the U.S .A. All imports mu st be
completel y free of disease and insects to pass U.s .
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A PH ELTMI NARY STUPY Of INTERA r TTONS BETWEEN NITROGEN, POTASSIUM
,HlIl ¡' 1I0 S r liOl< lJS Ir1 Tll i:: : I l ,. LHAL IHJ:'11 1':' ro l! or SEEDLIlIGS Of
l. E U e A li L ¡; LJ H o N S A L 1 G N U r,\ BERG. (P lí(''J'E,;CE;, t:: ) .

{Il¡:¡lril: t
- ' TI c amm íun nitI't:gUl , ni tratelamOliun nítrcgcn, p:¡t:msiu n mI l! n5r1orw
míreral rutrí t ícn of L e u ca d e n d ron s al i gnu m fug o
([) \)~) sc.-üJl irgs in I-dff culture ¡.,a'e investigate:l by nrnitcru g tbeir
fI}uAlI zrrí mtrient levels lroer VéJ'yiru a:nxntnJtims of SJ¡plitd lu Lritl lts .
fllllulÍlIO nít.rcgen 3J¡:pliro in relativcly hieJl levels P UlOtW ¡;¡u Ah,
niu :...tc niln.gul at lúgh l eve1s was todc , <ni optímrn gra.,/til onllT(l,j ¡,t'.

ínterurd iate p~illn mj 1:.h:qhxlIs a:n::wll'atims. Ilrt..o'e:"t il~ illU::rü :ticro
\-.I.1'C a lso [un! ml <lI\l di:.r.;ussaJ.

ag r i c u Lture inspections. Cornmunica tions wi t h your
bU Yt' l S rnust be s imple and unde r stood by e ach pa r Ly . "'le
have p repare d lnformational instructions (based o n
e xpe r i enc e ) which, we send to growers. These instruc
t i ons h ave kept misund e rs t and i nqs to a minimum.

l ~ '1 lJ U a r e a conune rc i a l Protca grower or if you are
one vho '.J rows Pro t.ea fo r sheer joy, you must become
~rot i c i ent; i n proper post harvest treatment of your
l~ lJl-/eJ' ~i . You mus t a lso s upport with your money addi 
~l on i! l research by the expe rt.s within the educa ti ona l

í ns t i t.u t i ons and agricultural re l at.ed Lndus t r i es Lha \:
can }Iel p s olve ou~ p roblems, increase our awareness, and
add ~o OUl' profl ts. We must combine the practi ca l
exp e r i ence and k~owledge of Pro tea growers with the
res e e r ch by t.echn í c a I experts to improve our produ c t.

", 'l . •
4;, ' "

'<: ~ '-t .

" , f

R.D. !Wrron
It.ll lL ~ l,W t¡ ,u u-e R:::J(;n¡e
I'i ]gri 1It3 Ib t
]2).1 , ~.lrt j¡ Arric:J

N.W. Pamt:!IU:r
D.pa'UlUlt of Bíolcg ical S'j tn'>~'s

üuve-s ity of tb tal
üatxn
IKXll, S:J.Jth M'rica

I~;pile Ue ¡rclimiru'y nature of tic stuJics , in viE:W of 1argc i ll (J nts of
1l"-lU:l'bl Ios t tiu'irg blcon 1 li.JTV~til'g, Un fl1tili:xJli01 of ll.l1tiv, .tol In:A.c<.r>
ís 1\. \XlI ll rJ Juj .

1. Tnlrc.d,d ícn
- '~dCllmj fu' a l'4!).lla- 3J!'P1Yof hi gtl q..¡ality p otea blcors tus reiul ted in
a du~c in ¡,(\)J x:LÜ,Jl lleUuis. llistcdcally, blccrs 1.,(,1"C lUIVIW fl an tl-c veld
tuL in n..ú!lt ytXJrs blcors have teen p-01.n:d Lnla- íntens íve w 1tivó'lim .
'lhi s , in turn, has reailted in exte1sive resea-dl m a.tltivatim ¡l"<etices , Wt
tlt,j 'e is sLil l a o -ít ical,~e of data 01 rutr Ieot reqiircrrnts .

1/1 U'Cir natural Iwita t nost puteas E'JO-I m rutriO'lt def'ícírnt :nils of
!w ~1I éJ'd tre ír axcess rruy te related t:o their ébility t:o auvíve arl cmpete
I I U CI' :uJ1 ccn íi .tícos . Iu..ever , it is possíble trat, p-otees [lEY b:refi t fiun
élH.d IJltrimts . ~brrover, i t ís l íkely that , becase of tre reroval of
1111l 'iu l13 by ulco n hawstirg , ¡:rateas lrr1o- ru1tivatim rcq.rire Certilisatim.
'U-e m ua1 yie1d (1SB4 - 193')) oC five year old Pr o t e a
n e r i i f o I i a R.&-. tusres grcw1 in U-e Eastm1 n 'éIlsvaill. , S:utll
Alhca , at a density of 100) tu:Tes la -' \-BS u.o t:.crres trcsh O' 'roo ~~ dry
~A:ight IllaLed al hir' . In o:JllXT"iscn, fo- maize in S:x.lLh Afhca in 1981 al
avo ',ce of l ~O kg hJ- 1 fertiliser ~lli q:pliai fo- al éNtre-ge yield of tw
LU JriCS tu · ' (BiUet , 1<)35) . ro- ru1tiv<Jte:1 ¡:;rateas pub:irg a símil'" yield
U~re i s ro tl ltrimt rebJrn. 1rc Q-e.tim U.u-efcr-e éJ'i ses as to ln:Lt.er'
II11Ld t:1IL n ,lUJn is rlL'CeSS<TY t:o m3intaill ¡ra h ::tiOl , ,t rre.5<.'1lt l evel s . lL is
11-0:,; iul e U ~ ,L futi1iSlt iCrl lln y evm res ,a L in incnllTIl (!)U-Al 1 <ni ¡:lu iu::ü m .

[j LLl e is ~nJ,-,l1 of trc rutricnt req.¡irmmL'i of p u tca'.i cVu t.h:n tl lilt
U,;y are :.DlJi Livc lo high 1E:'1cl s of toUI nill-ate iiU ¡lI).:j¡JU US ( Cl~,Hj,
lse l ; r~ id Dl :; , 1S81; 'kgt.s, 1~) . lhis iJlve:.t igéJtim I-ffi desi¡.ruJ as €l
~rel imiJl¿r y s tuJy into trc rutriOlt n,q./irunu ILs of ~:l1.Jte3) .

ft,cl a lIu l'li cu llu l':Je 185 , 1986
. 'rut.e;1
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2. ~htt.:d ;¡l s 'Jl I ndJnls
Slr. nmUlOTdL e u e a den d ro° n s a 1 I P, n u rn , :>'011 i r,, ~ ~/ l '"

gI"CW'l in W'I~' culllJre fa ' (ji rhys. 11-c In~31c n .rt.rimt m l lltiw i ~ p,iVfll ir;
T,tJ~e . 1. I lJtn01t. :n~lt.ims l-lTe lo:fTll al a a :nstmt mltllJ? of 10 I t-y lh~

a 1.11 t 101 of de-icnised ~ mí añzr J) eby.> , aU solutto n ~.a 'C npl .,.vll.
Ql1lvr'C 3Jlu\.ims Io.ITe rerataJ U3ir~ a lw air nw rate to minimise eolu.kn
~.u tulrr oe ;n l tU lCe rcot d ísnatxr ce. nrtriUlt OCn.:mll71tiaJ:l \-.O"'C vni nf
1I."dc¡xn:JCll tly in a kga-itl mic m-nu' , wíth U:e tmíc rm l iun ~tJlyir'{', tic
tllgl.'C~t o.oxnu attcn . To stuly Uc e ffect of nítrnte , Ur' n í trn te/ rmu n iun
r<lt lO.1-ffi vrr io f, with total N Leir'{', rrnínta íred ;t. 3 mrol s 1"'. As a (nrl.w l

t
~l1res lJ.:l ·e gro-n in de-icnised wata' cnly, 1hx l'tID::J rt:J W?I"C p'-pli catrd f1'/e

lIrCS .

:X~:l:"'i.rml~..3. loT.J ·e oor~ in a v.-cOllnr,c wiUl a nrrn VlIpT;rt.UJ 'C ;¡ rJ
rclattve hrnídí ty of a) e m.J 7'J1,. WHd wa'3 SJI1llioo m ire al electrlc fill .

~Jl ir'{',s lJJ 'e lrrvestoí at rf'gUlélT' Intervals a d dry ~p.i rJrt ..3 a rl (('fIlmt.'>
of fI (YJ eld<lll), K (atanic ~iUl) mí P (lIDlytdm..lll bl lE) ~.a 'C ~lJ:r rnirn l

~ ildi viu\ol ~"t'Plicates. IClllts ¡.,e-e exp-csse::J ~ llI:Hl relative f'}u o/ill l , lLe

(R) Ola' Ue ~'-l<X1 t.eb.l;rn ha"Vest int€rvals . nús des:ril:xlS pIart gIUo/tl l in
tam; o f U.'C lmtial éIlUl1t_of rmt€rial Jl""CWlt arl Ola' a gi vm tirr:e inlJ:r"\'<ll ,
llP.m r elaLlvc gl"Th'th lOte (R) rmy be cala.tlal:l.:d as:

R(l -2) = 1~e W (2) - lcge W ( 1)
t (2) - t (l)

\·h:!·c H = p1a lt lhy o,..eiglrt ,n I t = tille.

3. fb::ults m:J DiSCU3Sioo
Fi~ 1 illwLrates Rof L. s a 1 i g nu m ~l~s 1'7 "CM1 in dc-icn im l

~J;Jlcr' ooly. Fa- tre first :Ddays scmlirgs grcw Ul élCO.mJ1ataJ r C.Trv c:; a 'r1
o .lly UY.1l ~ro Uxr e a nrrkal d up Íll TI. I t W'lS m.'111nI lh: lt (111 Y ;1(1J'l ' ~O (by.,
(!ld .~lX(jJ lrp,~ 1:o:xJre rutrim t limito:! m:l tlxrcfa "C , effo :l..s 01' 11~ va- iom

~~~~t..'; Ul fl mi nJLriOl t <b3::rptico I-I:re o::nfinOO to U10 ':D .::" 0 1(b y rrC'oAli

. FitJ. Ire ~ illu:LraLes tre TI of xo:ll~3 in t1'C fur ex¡:.crÍl lm ts: ihTC ~m
éIl lI",:,.rca::e 111 Ii wlUl ~1rg su¡:ply of amr::n iun N (Figure ~) . 11e higlr. ::t
amulllln 11 roxx:nLrat lUl tested hffi 3 lll1Dl 3 }"1 Wt ¡rexllt stldim 3 {'1I1X;t
UJat gruoll11 r('~rls to at least 10 lllIDls 1-1 am01Íun N. _.

.H~re II I-ro :!wlial as.l:oUl nitratc arl mrrmiun , hieJl lcvd~ of nitr;;lJ:l
y~e~~o.:J l CM . ¡¡ va1u:s (Flr:J.Te Lb) . 1!!-cc of U-:e five r q>lic-rtc:; <lt U~ hip)f' :;L
ru u~;!:I.'.JmTlnJl un r¡¡tlO dial, a -d Ve fl fcr Ulis l:reltlll::.nt i3 U-r. m m of Uf:'
:l lrVl'l1t13 t\.[) p1mts . -

In Vnrnli<lle .levcls of K m::.l P g<NC lInx ill1.m ii valtrs wil1r t7'fJ..AIi ro hrLim
;:rr:,¡ cn~ <Jt U'C hlp)r.St o::nccrrtr<JtiOl fcr toUl elmmts (Fíeu 'e:> ;:1; <tll'- d) .
r l~; 1t w:l.lld Lf\X'<T UJat hi f)1 k vcls of <ITlTUÚun N o:nl.Jin:.\.I wiU¡ I rrrkl·~t.e

("/ eJ.S of K au P are optim.m fa- !!lU/th. ' -

1l "~e eb.Tl"Voj ffi ts f ~ ..- ' .
° • • • e ce o , .... eI H:nts Ol ¡rantl1 rould In vc llYJ l a a ir cct re~ Jl t

of Ve m:Jlv ldm l elUirnts cr m 'irrJircct effcet dU? to inlÍbitiOl o f 1 lJ"*..i'~ of
tl1e OUx:'I' eS'J.lltial icns . FOssible Íll>-t1= - .loO a..; l-lTe <J: iSI.-'S:'",()"J fh 10

, '0
, .
:1

. /,
l .

:.¿,
1
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(

.0. {.
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f. ...... ;

" r~
t

' " ~ .

o n :Oltl"<lU a J:l of Ur. dlffo""" l e lflTnlL"1 in Uf' pl ;"I:; ¡;'] '1-l 1 li d· , ' ; , . r "
d ifl"'Fllt tre;rtJTnl~. ti cau:ntr at.lcm Irr.r~f vi th IIlT,rr;ir l1, ~q l '¡ '" n I
runrniun ti, Wt hip)l n\lréltP. l evel s ~" ':ltm H ;h"1 '1 t .l ' ll (ti ~" , -; ~ ,; , II
11) . lhis cxll fl nffi U~t amrnhrn 11 Is tmeflc\ill ID L s a 1 1 ¡r. n UM t. I..
n ilJ oIk :1 , esp;c1aUy al:. hígh levels, 1.5 gr-o..Jth dt'trirrmt.ll. V,l yirv. ¡: ,,,j l'
level s d id rot 1nnun:e ti ct):J:11Í.IUl. f'lalt K levels lrrnrrn f IIllr1'

ll".n li tiOlS o f irrImsir~ K S'lllly (Flgtre ' la) mI, wú le vrryirg o::rr.mt r ill.irt\';
o f 10 th nmrnum N rrrí P did ro t aífect K lflt~"i<e , hif11 nlLrate Ievel s r":1IHJ:J!
in ,.,ür«1 K ctXr:fl)ti Ol (Fi gl.H! Ilb) . P ~W1y did rol Pl-reUy af l'r.v:t. pl¡d. P
" 'fV ll tl"<It. im exlY'pl, fao Ule hir1l'st lev'?1 of :'l ~pJi (rl P, al:. ~hi ct l Uy"p' ~r. ;¡
m-,kn j ilJ:I":'xp. ÍJl pi ,d. P Ixnv llll , llim ( Fig' I"C 5) . 111' r:r o~nYY' " r nt h l '

rl Ü ' im L'l Ini ro inf11TH"C 01 P Ipt;v.e .

Fu ' lnll l K arl 1', all! JC F)l hiF) r':;t. ,,1;"I1t. n tY'l' l ltl"at.j(tl'; ayl 1" 1; ,1 "'I tl rt "
o rl n rd in plrnts ¡rrcwil~ Ol Ue hip) e:'>l Il.Jlri~1t crn""'lu 'ali cl1, rJ,, ·1)¡ W" r>

:lJb..qt iITnl u rler UrrR. crrrtit. ícns . lh lcr- crnJilioJ:l of :l p rl-<lf.inn l ·'1I I'IV
1.. s a 1 1 gnu m ;:JffOTs to ;h 'lJl'b toth K a l l P In exCY':>'l 0 1" ¡'m ~l l ial ¡>

IC\l'irormts . n e :J:? 5tcnJl rtJ:.imt.'l rmy be avail ,i>le frr l;¡tI'J" Pln..t h i r 1l,.-.
:'l ~ply ~s limi tir-g. ~1 a ¡Jourrncn In'l tY.>m ÜlIrJJ:ltl ;tn' in ti .. l'
UJlrití0 1 of B a n k s i a o r n ¡¡ t a , m ft GU"rtli;n l!A,i:-:" n I 'J,.
fhJlmY<Je (~m-ey , 1'1)1) , lJ.Jt h'lS rot I:P.fOl"C tea1 r l1utnJ fa" ¡ n ~m r:
rd riLim .

~'CCi fic Lt ilisatim I<lW {U, ¡rc1oA.!J mlr. rrr m iL pl"'L nLtrio ll, (f 1I1/l1t.)

p Ul ides éI1 estirmw ol' UlC el' ficiOlCY 01' lJtilisa tio1 of a:l3:X"bo:J rll.Jtr ienl:; . U
of amr.n ÍLm N~ s li!!ttly wiUl anrrniun N ~ fP Iy (Figtre 603) . AH Uf:?
<IXTXtm N i s bciJ~ utilise::!,~"tir~ th? ~rgestim th"lt Up.~ ¡,1;n1;; i1l~ 11
limitJ:d. ~lm ti is s-fPlial as ni Lraw au '.1mm llm Urre 1m ro ('ff,=,~ L (11 U
lI ltU U:e hit'i'cst Ilitrate levcl at WÜd1 p:>int Uwm <r.tmUy lYl3<1ti vp

( Fi¡~ w~
(b). 11. is ¡rebrole tl Jat fo- tle ot1rr niLratr./ammiun tre:JtJlmt..s t} y> ['l ml..';
W':?re f'}'CWÍ. I'r, at UlC exp:n~ ol' U-:e ammilm ti <:hontrrl. Fcr" 1f' 111 f: 'Y ti l'
(Firon's &:; a rl a) UlC hi[l]l ;tx r r ¡tim tu"' ro1lml Pl':<-Ah is f1:,n ".'If'I in I«J 1I

al, hip)csllcvel s of K;nl P ~rply .

As ¡o ot of al ÍllV~t.ir,;t.i(ll inl/} UP. (\c:;ir-;j¡j I ity of Ib t .i 1i:-.irl'. inllfl';j ·;··Jj '

(,'ul tiv<Jt.a.I p "Owm , Ue re~TIl_"C of L e u e a ¡j e n d r on ::; ;, I i r. 11 1I 111

:n:dl ires to ai:la:l llI.t.riEflts 101m as l'ol1o..n: q.t illlm gI"C'vIll l ((OC' I,."I ;¡L
¡nl1l:11iun N car.o1LratiOls grmla' U¡''T] ;yd €f1oEl to 3 llln1 i :; r '. f:
er.n :;m Uoatía lS of 0,(8 - 0.31 rmols l" , ;nl P (n-cmtr;¡Li(tl.') of o.r n' l - (I. 1? ;
1I11nl s r' , Nitrate ti w::¡:¡ rot m effidcnt N ::a ro:? ;"Ir! <ll a ('(rr~lLr;¡li c l1 0 1" ;'.rJ
Ulln1 3 1"1 Wé1'5 tox ie , It i s s~.c;t..oJ th-lt Íl1tol.'liv~1 y cul ti v,!\." I r,,:1"T' '''1:/
roent rrcm fO'tíliS('!"" ;J¡p l ic;¡tiOl ;vu n.,-Un · ÍJu C';ti r,: rt;írj r; i:¡t/l l!l:

nutr 'iOl t lJ.r~~et of cultiv¡W ¡rotJ:>;¡:¡ a oe lJTlrr W'j .

I/..·l'o·(",.'''s
lííTIrt ;tC, 1% . Frrti1i:-rr cvo·ki l I. F<fTIYT ':; ~i -<:'l< l y lIni o ' 'l'}11"r :'¡I"i '

aJ. Il~plblic;n f)'eS'> , fl rlh::ll : 3) - Z?
C1 ¡n~,'nl.'J , A.S., 19)1. ~''oil ¡Tfj..-r ;¡Lir:n ,TrI f('lt i li :.-;¡t icn of rnJtp;r-: .

Fl CH ,'1'S ,n:J Ch mr.llt.-l1s , !l.]/I, ("¡J/('l1IlYllt f)' int,,-, f)~tJ:d<J.

,Jr.>fn ·cy, D,IV . , 19)1. 1lr! faTlTUcn ,.,f ¡nl},hn1v]t,p. in II <1 n k:-. i c,
o r n a t a , al J11-';\.ra l ial 1r.<Jlh plmt. (i¡¡:;t.. J . [H:.. i3: ;:-:,1 - ;. r..

lIid nls, D., l<J1!. 1l-r. ¡ln 'Th:nr. n rtri lirn of [lutf">:l.'J . In : 1l'e n'.·...., .
,1IJ r·h K,:Li re of 1'l "OtJ:><G . P'V::t"t of tlr' Fir" ~¡1 . IntF'rn; ( irml
v:n ff'l'o r.€ of Frotea Ou.-n·3. P. r'Í" ltror, (rrJivx), n T)tJ::;'lnn O;¡
Fn\r_!'Il'Í:".es (f\.y . )LLcJ. , ~t!Jtu. lne: 1)1 - 1m.

1 ' f)1 ,
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'n le Li rst lJlole&.; in lIawaii qrown fo r conrcrc íal cut flo,.,oer
product. i c.n \ ,'~ lC: pl ant ed In Kula . Few nutriLi ona1 dlsorders were
encoun t e red , '11 le so i l in the Kula series is a roeroer of an ashy,
í.scthermic fami Iy of 'l'l'pic Ent randepts . As the area for protea
pro.luc t i on expands , an increus ing variety of soil types are be inq
encount c red , and wllat allJCars to be nutrient def iciency SyrrptOl118 a re
" l'lJ0a r j n'J i 1\ C:Úl ta í11 ~[X:C i C5 . I n order l o try aro establish
nut.r í tiona 1 s t andards for pruteas in lIawa i i, a series of soil and p l ant;
tis sue sWlp ling was i nau gur ated to p rov ide base1i ne da ta fo r both
"norma l" qree n pl antn and "abnorrna.l" chl orotic plants.

Each pl.ant. \<,'<1S samp led 4 t i nes over a 12 rront h pe r iod , starting i n
J ul y, 1904. .IunevHe and reccntly matured 1eaves were ana l .yzed on an
X-Hay f luoreac ent quantaneter . Co rpa r isons were made betwee n age of
1eaf and bel;....een qreen and chlorotic I caves , So i l f ron a round each
1'1;1/11. WLl~ ana l yzed by lile Soil Tcs ting scrv íce , U.II. , us i ng the rapi d
d'<: htiút1 nct.hod , and the Pl ant Disease C1inic , U.1I . , tested add í t i onal
soí I s anp les and rco t sections for t he presence of nematodes ,

SPCciéS sanp1ed In c l uded Lcucospemllm cordifo1ium, Protea
~Y!!Qryj ·lgQ , ~~i lll i f! , !). ner i í fol ia , and P. hybr ids "Yello.v Bebe " an.1
"Hay Day " .

1. IntroJu eti on

'111c nut r ili ona l requi rement.s of specí es of Proteaceac cultiva l ed f or
conmcr c i a l cu t. f!' .I\1t: C produc t i on are ill def í ned (C1aassens, 1900)
(Croves él a l. , 1976) (Parvin et al. , 1973) ('l'ibbits et al . 1901)
(Thomas , 1979, 1900, 1981) (Voqc s , 1902). Huch at.tention has been
di recl bl to the ro le oE prot eo id roots in the g rowth and deve10¡:ment of
u . (~ k'i."I ,L I,!J. iL-" lJ ~,l) (Lano nt , 1903) (vexJls , 1982) (Vos ter , 1904).

1;

. 11

Phosphorus, with a very low concentration requirro i n LlIe 1eLlvcs of
sone specí es for maxinnm photosynthesis (Bar r ow, 1977) , has been
re[~rted as a factor i n death ra tes of Western Austral ian Banksias
(EJlyard et al. , 1970) and t o r educt íon i n yield of Leucospermum r oot s
grown i n sarxí culture (C1aas sens , 1980 ). Nicho1s el al. (1979)
r epor t.ed syrnptollls of phospho r ous toxici t y in sorne native Aus tral i an
I' ro t eacqae , anu s howed that h í qh ca1cium aqqravated t he necro t i c Lea f
!;ymplorn of h i ql: phosphorous whi l.e high nit rogen arxl potas s íum 1e ve l s
. l j h : ·¡ j. d l.- l t ~ ' '''¡; l (::i d i<J l !; et; .:11., 19D1) . Pa lvi ll ct; a l. (l Y73j rcpor t ed

1 /1~j



a dcc r easc i n calc iuru l cvoI s i n Leaf sarrp l cs conpa r inq qr cc n l Célve"
with r ed l ea ves.

As protea product io n in Hawai I oxpards f r cm l o.:uny soils to vo.lcaní c
c írd er s and ash , t he need f or estatlishing nut r i t i onal qui.del í nes as a
basis f or f ertil i zer recomre rd atí.ons is beconinq of i ncreasing
inportance.

2. Material and methods

TIlr ee canmerci all y ilTl~rtant gene ra of Prot eaccae were sclect~l :

~sia , Leucospemum and Protea. For the first s tage of the proj ec t ,
both junev ille and mature leaves were collected from each pl ant
sarrpled. "Juneville" leaves had expanded to alnos t full size, but: ....~ re

ve ry soft, aOO were collected within the apical 5 t o 8 cm of t he
stem. "Mat ur e" Ieaves were fully expanded , firm, and collected f r on
the basal port i on of t he rrost recent vegetative flush of growt h .
"Recentl y matured " Leaves is also an apt des c r i pt ion. l\ su ffici ent
nurrber oE l eaves ....'Cr e collected to yield 5 gms of oven dried ti s su e.
Leaves ..'Cre weighed, washed, patted dry with paper towels aOO placed in
a d ry i ng ove n for 20 hours at 45 C. 'lliey ....'Cre thell weighed again foc ?,

noí.s t ur e det ermination. Nurrber of leaves required t " y iel d 5 gm.-; d ry
weight va r ied fr om 3 mature leaves of Protea cyna roides to 150
j uneville l eaves of Leucospermum cordifolium. f~cept for ~cos~'null

cord i f olium , f or whi.ch only green leaves wer e sanpl.ed , both "Green" 
normal heal thy Eoliage, aro "C1llorotic" - yellow to red foliage, ~,'C re

collected f r om each species sampled. Tissue was ana ly zed on an X-f~y

fl uorescent quan tamet e r in the Plant Diagnostic Center, Ulliversi ty oí
Hawai 1.

Duplicate 0.5 liter soí l s arrpl.es were collect ed I'rom the root 7.011e
of ea ch pl ant s enp l ed , ene was analyzed f or nut rien t l evel s by t he U.
11. Soil TesUng SC rv i ce , using tile quick chemical me t:ilo<l , iln<l t lle ot iler
s imple was analyzed [or tile presence of nematode5 by t ile Plilnt Dü ;eil:;c
Clinic, U.II. .'.

Pl anls si1l1l.J.1ed wer e locatecl both on the Experimen t St a t i oll and in
ad jacent growers H elds. Where data is reported f or all e leven pl ant s
(tab l e 1 and t able 2)the first Protea cynaroides G & C, aOO the fi rst
and last Protea neriifolia G & C, are from tlle Experiment Sta t i on . 'l11e
second P. - eYria[oides and the second and third Protl@ neriifolia a re
f rcm comnercial f ields, as are the BaMsia occidentalis ' and Protea
exi mi a s anples. Where data is reported for three -s pecies (table- ), 4,
5) the sarrp les were averaged togelher, regardless o[ l ocation .

3. Resu lls

Moi s tllr e pe rccnt ages vad ed f r om a l ow of 5m. ror m..l t llre grcen
Protea neri Holia l eaves to a high oE 68% for jllnevil .le chlorotic
Protea cyna roi des l eaves.

\-lit h on.ly 4 sanplings over a 12 lTúnth pericxl~letcd , t he data 15
i nadequate t o es t ablis h nutritional standards at thi s time. Sarrpling

..

i. : ~:d lf:.'< l ll l ed l o conti nue f or 2 rmr e yea rs , a í't cr ~;IIÍ c:h s eu", ("()n~ l ll :; i OIl!1

nk1Y be drawn. In conpar ínq the t í ssue ana l ys í s of qr een <lIy1 chlo rot ic
I eaves of three genera of Proteaceae (table 1), no cons í s t ent t r eixls
are appa rent except for calcium and manganese, whicJ; aqa i 11 : ;k:~

s í qni f i cant; decrease in levels frcm green to chl.orot í c , TIl" so i l
onalys í s (table 2) dces not s how a similar decrease in cal c í um .

'n le comparison of nutrient 1eve1s in junevile and mat ur e .leaves
(twlle 3) reports data from analysis of green 1eaves, only, while tlle
compar ison of nutrient levels in green and chlorotic leaves (tanle 4)
ave r ages together the appropriate juvenile and mature 1eaE s~mpl c~ .

::",cas onal comparisons (table 5) report the averaqe values of j unev i l e
.11y1 rrature leaE samples for green 1eaves, only.

Conce rns regarding appropriate fertilizer appl í cat i ons t o ccml€ rcia l
prot ea pl an t ations have arisen as product í on areas expand byond na t i ve
hab i t a t.s , Proteas, having evolved on soils of low fertilit y, a re
un i que l y adapted to survive with little or no s upp1errenta l Feed i nq ,
!Iowever , with the extrerrely high cost of 1and in lIawaii, "surv i Vil l · í s
not enouqh , It is the goal of the ccrnnercial grower to do IYiJ,l t ever Ia
reqn i red to produce the highest quality cut flower poss ibl e , 1.orY:J
s tenc" vivid colors, good vase life, al I are essential Inqrcdi r-nt;s Ior
s u rv íva l in the highly corpet í t íve international marketplace.
!I¡~ropriate fertilizer reccmnendations nust necessarily be b3s~1 0 11 an
unde rs t.and.inq of the nutritional requi rarents of the crop , In IIn....,a i i ,
~ a re errbarked on a three year testing program to devel op s a w.
i nforlThltion on the nutritional status of the
c rops we are growing. We welcane suggestions fr orn any qua t t.e r iHyl v ílI
he pleased to discuss the possibility of cooperative pr oj ec t s on
pro!.N ls .
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' ta b l e 3 . Coml'arison of Ana l ys i s of .Juvcni l c nnd Maturc Icaves in
Three Species of Prot eac eae

IAvcr:lgc of 4 sampl ing da tes from 1 p l ant.
'Avcr:lge of 4 sampl i ng date s fro m 2 pl ants .
3Avc rage of 4 samp li ng date s f rom <1 pla nt s .

'j ,

Table 2. .So i 1 Analysi s -Root Zone of 7 Spec i es of Proteaceae
~:.

.'¡'
--- - - ,

4,
Pounds Pe r Acre ,-

SPECI ES pll "
l' K Ca J.lL _

BAN KSIA
occide nta l i s G1 6 . 2 <25 120 4800 1700 "
occident a l i s e2 7.1 <25 220 6000 2000 fLEUCOSI'ERNU~1

cor difol i um G ' 6 .47 <25 110 5250 l Ona
é

PROTF.A
cynaroides G 6.77 <25 130 5000 1250

cynaroiJes G 6.7 5 <25 140 6000 1100

cynaroi des C 6 .6 <25 165 5850 1350
. ,

eximia G 6. 45 <25 180 5850 1100
ex imí a C 6 .4 <25 112 5750 875

Na)' Da)' G 6. 8 <25 240 5800 1000

Ye l low Hcbe C 6 . 4 7 <25 120 5800 1000

neriifolia G 6. 8 7 <25 160 5500 2000
ner i ifol í a e 6 . 7 <25 150 5250 >2250

ne r i i f o l i a G 6 .75 <25 220 5900 900
neriifoli a C 6.6 <25 200 5900 1100

nc r i i fo l i a G 6 .5 7 <25 205 5700 950
nc r i i f o l i a C 6 .47 <25 80 5650 550

neri i fo l i a G 6. 55 <25 193 5833 1100
nc r i i f o l i a C 6 . 2 <32 225 6000" 1350

lGreen Leavcs: 2Chloro t ic Leavcs

,1"

L. con i fol ium' p . _ .c r~~~_idc s2_ P. ne r i i
ELEl-IENTS Juvcn ile ~13 tu r e Juvenilc Mature - JüV"CriTlc- -

-

0, N 1.10 1.27 1. 07 0 .88 1.05

0. l' 0 . 10 0 .08 0 .11 0.08 0 .10

0. K 0 . 44 0.55 0 . 44 0. 56 0 . 51

° ~lg 0.1 9 0 .24 0. 12 0 . 19 0.15
°

0, Ca 0 .38 0 .67 0 . 62 1. 05 0 .53

\ S 0 .11 0.1 6 0. 08 0 .08 0 . 08

·ó Si 0.04 0 .03 0 .01 0. 01 0 .02

"ó CI 0 . 32 0 .17 0 . 12 0 . 13 0 . 13

pr~l Al 195 186 22 56 77

PI'~1 Cu 6 6 6 6 6

PI'~I Fe 119 117 92 96 117

I'l'r·\ 1·l n 18 7 309 93 152 63

I'I'~ I Zn 35 24 18 19 20

0 .9 ·'

0.09

0 .6 3

0 . 16

0. 6.\

0 . 10

0 .02

0. 13

119

8

10(,

8 .\

1<1

,
J.
!;
r.

150 ~, J S I
' l' ;



'I'a b l c 4 . Compadson of -Ana lys Is of 1eaves f rom Green a nd Ch í o ru t í c
Pl ants of 3 Speeies of Proteaeeac

ElEHENT5
l. . co rd í f o l i um' ___~naroidesz P. nc r i i Fol i a !

- - - -- - -= (;'-~~Tfo ro tr; Grce n Ch l oro t ie ti re e n Ch l orOt1e-._- - - --- - - -
\ N 1 . . » u .9 7 1 .2 2 U.99 1. 13

!
,' ,¡. ".

"
u. 0 ~ o'~ io 0 .11 0 . 09 0. 10

. .
\ K U.4 9 U. 50 0 . 56 0 . 57 0. 6 ~

\ ~Ig O.l.! 0 .15 0. 16 0. 15 0.14

\ Ca 0 .53 0 .83 0. 42 0 . 58 0.34

\ S 0 .14 0.08 0.06 0 .09 0.08

\ Si 0 .03 0 ~0 1 0. 0 1 0.02 0.02

\ CI 0 .25 0.13 0.12 0 .13 0 .16

PPH Al 19U 39 40 98 114

PPH Cu (, lJ 8 7 8

PP~1 Fe 118 94 ll7 112 107

PP~I ~I n 248 122 48 -. 73 44

P l'~l Zn I 30 18 17 20 19

lAvc r a ¡:c of j uvcu i l e & maturc leaves on 3 snmp l Ing J ates- -l planto

2Avera ¡:e of juv cn i l e & maturc Icaves on 3 snmpl i ng J atcs-- 2 plan t s .

JAvc r .J¡: c u f j uv en i le s mat llre Icavu s on 3 sampl I ng Jatcs- ~4 ..1?l ants .

tI

15 2

' '''.~
• l ' ~....

~\~

/

Taulu 5 . Comp a r i s on u f Ana l y s i s of l eu vc s sa mp Led at ·1 s ea s ons
o f Yea r ,

SPEC [ ES Fall 1 IHntc1' 2 Sp r l ng ' Sunune r ~

- -
1.';I h,:usl' e1"lllllla t.: .,rol i f u I i um

N 1. 24 1.14 1. 20 r.os

p 0 . 12 0 .08 0. 08 0.07

K 0.48 0 .55 0 .52 0 .4 ~

~Ig 0 .16 0 .14 0.16 0 . 33

Ca 0.8 2 0.5 2 1. 09 0 .82

Pr o t ca cy na ro i dc s

N 0. 84 0. 96 1. 14 0 .95

P 0.1 2 0 .10 0.11 0. 68

K 0. 43 0.49 0 .6ll 0 .4 1

~Ig 0.1 6 0 . 18 0 .1 2 0 . 17

Ca 0 .27 0. 44 0 .66 0 . 92

Pro t ea ne r i i fo I i u

N 0 .8 1 0 . 78 1. 37 1.11

P 0.08 0 .06 0.10 0 .1 0

K 0 .56 0 . 52 0 .64 0 .59

~ I!: 0 . 06 0 . 24 0 .24 0.13

Ca 0 . 40 0.46 O.5 ú L-~ . 66

l Se p t clll bc r ; ~No\'cmb c r ; 3~la rch ; ~Junc

153



r IlQ" P IIORllS lItJrRTT10 11 OF I.F.UCI\N ':tlOI'ON " S I\, Nl 1 St ;: ;~ ET "

' , '

..'....
"

M. Prasad
¡,evi n
tlew Zea l a nd

I\bs trac t

D.J. Derin i s

Lev in
New Zea1and

1\ r a nqe of a va i l ab l e s oi l phos phor us conc€'nt.r.a t ions v a s oh' ,1i ned by
adoi ng s upe rpho s pha te to pott i ng mi xt ur es a no f i e l d so i l C' r hy t he
applicat ion of amendments to fi e ld soil .

Gr owt h was good over a r ang e of ava i 1,1h1 e pho sphoru s e-o nc on t ra t ions
s ugges t i ng that Leucaden oron was t ol eran t t o h i gh r a t e s o f apoJ i od
phospha t e . Growth was i ncrea s ed at the 10wer app1 ica t i on r a t " s i n
pot s but not in the field.

I\vailable pho sp hor u s was r e1a t ed t o app1ica tion rat e but not t o
phosphor us uptake . lImendments r educed soil 1'11 and phos!-,hor lls IIp take
bu t dio not give a yie1d response.

l . In t r od uction

lIigh soi l pho sphorus (P) has been genera 1l y ac c€'pted as detr iml' nt a1
t o Pro t eac eous p1ants (Claassens, 1981) and shown to be ha rmfu1 i n some
s itua t i ons (Thomas, 1974; Nichols et al., 1979) but no cr iti ca1 soi 1
P va lues specifically for Leucadcndron "Safar i Sunset" 'o'er e available
i n th e l iterature.

Fol10'o'ing a resurgence of interest in Pr oteaceous cut f l owe r
prodllct i on i n New Zea1and s ites previollsly used for market gardeni ng
w"re bei ng considered for t he cu1 t ivation of thes e crop s pa r ti c1l1arIy
r.I'lIca den d r on . These s ites 'o'ere h igh in soil P due to prev i ous
phospha t e fertiliser applica tions.

Consequen t l y , pot and fie l d experimen ts 'o'ere condue t ed t o de t.erm ine
t ite growth response to a range of available so i l P concen tr a tion s . In
add i t i on , plant a nd soil r es pon ses to soil amendments a imed a l.
reduc i ng P availab ility on a h igh P site 'o'ere assessed.

2. Ma ter i a I s and methods

One glassholls e and t'o'o f i elo experiments were done.

Rooted s eve n node cuttings were grown in 0.7 litre con t ai ners in
,1 f our replíc a t e randomiseil block designed experiment with s i x P r a t es ,
ilnñ two med ia.

The r a t e s of s upe r phos pha t e (9\ P) were O. 50, 300 . 4 <;0, (,00 MI"

" ,,O m'J/l . The med í a (hy vo l ume) 'o'ere (L) lIaurak l Pe <'lt 90\ <'I nd ' ;0 1 1

l O'!. ( í i ) Pumi ce 60\ and soil 40\.
Thf'! 5011 used 'o'as Levin sil t l oam whi ch hito " hi qh P r '" ('n' ¡nn

(00 \ ) a nd 10w avn l Lab Le P IR ppm). 1\ b;"se fer t i l i s e r ilpp ll r .l ' i on ( [ 'P I'

litre ) co nsis ti ng of ammonium s u1ph ... t e 2 . 0 g, pot l'l !lsi um s lll 1'Il" ' " J, 7'; 9
d o l omi t i c limestone 4.0 q , an d fr itted t r ac e el ement ,M25 5 4 0 n m'], "'itS
~rp li ed t o a11 treatments .
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Dur i nq t l .e last threo IllOnths of the experiment suppl ementary liqui d
f e r t i l i s e r o r N 200 ppm and K 150 ppm was given at f Ol>tni'1h tly
i n ce rva l s . Th e plants were grown at 160

C heat and 22 0
C ventilation

s et ¡Ñin t s . The experiment was started on 21 August 1981.

';'• ., l " '" 0 1..1 com.a í n e r -cqro .....1I p l an t,s in a peat/pumice medium
[eq ue l 1" 'JlhC ~ i ons by volume) were used in an eight P rate, three
replicate e xperiment on Levin silt 10am. The superphosphate rates of
O, 2, 4. 6 , 8. la, 13 and 16 t /lla .....ere a pp lied 12 mont.hs prior lo
p l a u t i u .j , ; "0 ' ,'; \" ," e (, II¡2 "lid cont.a i ned two equa Ll y s paccd p l au cs . t;

n i l l'V'V Il ; . ; i i I i;: " L IUs lroú...ut e 2(,-0- 0 ) was dl'1Jliec..l at a cate of 50 Y
per I' l " l a r the start of each season. Since this so í I had a
IllOd c ."Lel y hi,:! h level of exchangeable K 1220 ppm) no fertilizer K was
added.

'l'his study commenced in December 1983 and plant perfo r m.Hl;; ' :
followed f'o r two yeats. Plant analyses were done on 21 Hay 1984 and

21 Iktl c.:1I j 'j . •.• ••rau ~v jJ " "d 1'1""5 o n Ó U"c(; I,.Le c 19 f1 3 a nd 2 April 19 8 4 .

Twclve month old contailler-grown plants in the same medium as
in 2 , 2 "l ~ )vc ......!te p l antcd on :lB AULJUlit 19U;¿ into 1 m2 lilr"J Le p l "lit
pluL:. . TI .., ' " 11,,," lmcll l,, h.. J be eu unifu[m1y lIPPUCU lo lile so í l surt a c e
one n.)lI l.h b ,: I" I " p l au t Lnq , Tila lreatlllenls wenl¡ (i) su l phur 2 L/h",
II 1) l ...II " u >; ~ull'hate 5 t/ha, li 11) a COmbilldtiOll of li) and (ii),

and (ivl d non-Lruated control. A randomised lJlock de s i qn wHh eiqht
repli cdl i u lI" u l' tl'C,it r:.,mt ,; Wd S Uti(.o . The a mcnJments We['e repealed 0 11

21 .¡ulle I ') d .í .
/l o> CeeL i lizers were added during the experiment lJecause the

excha ngc.1bl cl K was hi9h 1346 ppm) and the site had ,previously bec lI in
pasture f or s o rne years.

G.-owt h was assessed in lJoth fielo eXlJerimellts by .stem wid th
rr.easure lllen t with callipers (call iper) at 1~0 IMI aLeve ground 1evel a nd
by eOlllll" ..' C shuO I p r o duc l i o n "L L••(, .- tQlill "hoots 1..' rate :> study) o r
t hose a l, l " ,, '¡L luO nOI\ in lenyth. 'l'he am<:lIom"nt litudy ,11"0 illcll1Lled
yie1 d all,) 'l"a lily measucements. ror y ie ld, floweri ng s t e ms were c ut
wh" n Lb" eOllc lihuwed at least. :15\ of i ts lt::ngth b<:yond t he illllc r
surround ot b r ac t s . First grade stems were al l edst 300 nun in lCII')L h ,
strai gh t. IIlIu l c mi s he d , uniConnly c01oun,J. with a minimum primary
• fl o wcr' d i ," llc Le c oC (,0 liU". Non-Clowerinq stems wcre llot g r ad e d .

'1'h" e :< l e ll t .md iIl C"ro:; : t y oí l cd pl YlOentation in , the sho ul t il " ;
was l .lt ., ¡¡ ( . , 1 " 1-5 s ca le .

Leal s ...r.'l' l e s w".'... t " ' .cn o C at l ealit 20 youngelit matuI'e lca ves
~n non-fl owc rin g shoot.s. 'l'hey wece dci ed, gcoua d and digested wi th
11 2S0~ "".1 s "le n i um aad an " lys (:d Cur P, N, K, C.. and 1,1<) by standa rd
me th" d s (O'l:<:ill ':lI\d Webb, 1970). Soil ana1yses were done on s alOp\ e s
dr awn Ú .. 1l1 G I <l nJom 0-150 IMI depth coces Cor eüdl plot. Al t e r l llt!
samp1e s were d r i e d and ground, P \'las extracted with s odium b icarbollate
IOlsen et a l., 1954) and d etermined colourimetrically . Methods Cor
the d e t e rm i nat i on o C s oi l K; and pll weré those given in M.A.F.
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(1 9 '/ 9) .
In t he greenl H' \I" e s tud y , s hoo t d ry wc1g h t "las d e ce r mi ncd a! t.e r

d r ying abov e - ground parts o f the plant <l t l050 e fol' 24 hours, 1'he
re l a t í o ns h ips beLwe e n dry weight product lon and both so11 avai l able P
a no l e a f P was fou nd by fitt ing a s q uare r oo t second order funct ion
,,1' t lle f o rm y ~ a + b x '1 + cx .

3 . H'~ ::; 1I 1 ts

3 . 1. Gl .. s e ho u s -:

'l'he ') t uwLh response t o ava i Labl e s oil p I f i gure 1 ) wa s simi l a r
Cor !Juth media t ho ugh t he s i ze f ino.11y ach í e v ed was grc a Lc r fo r the
peat/soi l medi!Jm. Wh i 1e the res ponse was steep for t lle 10wer vü lues it
r eached a p l a t eau at a bou t 25 ppm availab1e P. Leaf P wa s negat ively
co r r e l a t ed wi th g rowt h but on1y for the peat/soH med i urn Ir= - 0. 35)

f'or pl a nts in the pea t / s o U med i um l eaf P ranged from 0.017 t o
0 . 17 5\ dry ma tter (dIO) a nd was not significant1y rela t e d to availab le
so il P. In so i l/pwn i c c 1" " C P was r e1ated to available P Ir ; O. 36 ,
P '-0 . o 5 ) .

J . " . ~_ : ~ ~~ _ [~ = !~ _~ ~ ~~y

'l 'Ii e cu nce n t ra tions o f a va i 1a lJle s oi l P from a s amp l e take n o n
6 Ile c embet' J9 U3 ""re s í qn í t í.cen t Ly corr e Lated with t.ho s e Crum a
5.IIlI l' l e t.a ko u 2 Ap r I 1 l'J U'¡ Ir a 0.Y9, P " 0.001) and (JlI1y t.he r e s u l t s
I'nJlII t he fi rs t, Sdllll' l i uq wi11 be r e por t ed ,

'í'he r e wa s a r e l a t i o ns h i p be tveen the amount; of superphos ph a t e
app l Led f o r bo t h available soil P (r " 0.99, P = 0.001) a nd l e a f p
COllc c ll l r a t i o n ( 21 Nar 1985) the latter b e i ng negat ive (byx <O. l' = 0 .05)
l.ea C l' cOllcentr a ti o n declined between samplings.

Sillce s lem call i per and shoot numb er were higllly cor r e l a l e d
Ir = 0 .U5, P = 0 .01) onl y shoo t da ta ( t abl e 2) wi 11 b e '1i v e n. Shoot
numbers s howed no s i gnificant d i f f erences lJetween the l eve l s o f
phosl'hate a pl' 1i e d nor was there i nd i catio ns of an upwa rds 01' downward
t r e lld ili the mea n s us ing l i llear r egress i on. No symptoms suygest ive
o C P t oxi city ...,ere appJren t a t any t i me in the experimento

3. 3 . 1 . 50i l and p la n t ana lys es

Comp ,:¡ red wit.h thc cont ro l , al 1 t h ree ame nd men t Ll'e iltmcnls
si'] lIifi c .. n Ll y I' c d uc c d s o i 1 pI! o n e month after p la n t in'1 (table 3 ) .
Th e 'J l'cüt e s t [' éd uc t i u ll o ceurred wi lh l he s ulphur a n<.l fcrrous sulphale
comb i lla t ioll . This c Olnbi nati o n .....as more eC fec ti v e at l owe ri ng l he p ll ..
lI lJ Ii \' d" " " ch c UllljJo lle nt SCI''"'ca t e l y. I rruned ia lel y before r e - a pp l ica t i o n
(JI. lI,,, " llI '-'lIdmcnls, JO lIlunt h s af t er i nitia l Lr' c a tlllen t, similar c f fec "';
0 11 pl l wcre s t i 11 apparc lll ex c e pt that the [JI! under the s u lphur
tt c .lll llell t hao fall e n f ll t· t lle t' , a lld no 10ll gcr d if f c 1'(,d Crom Lhe
c u mbi lhJl iu n t l· c .Jl Jllc ll t.
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.1 \l n ~ ,

bo lh

Tlle ava ilable so i l P f o l I owi nq p l an t i.n -j d i d no t d i f I o r h(·tw(' ('n
t r ea trnen ts (table 3) bu t at t hc s e cond sampling prior, to
re-appl ication it was s igni f i cant l y highe r u ndel' both t r ea trne n t s
containing sulphul'. Fel'rous sulphate alone d id no t reduce avai l able
soil P signi f i can t l y.

.. Approximately a montll befare t he seco nd so i L s amp Li nq ( 2.1
t ab l e 3), significant reductions .in l eaf P co n t en t we r e found in
treatrnents receiving sulphur even though av ai l able soi l P wa s
increased. Ferrous sulphate did not signiflcan t l y affect tlle P
content o f the leaves.

Ther e was a highly s i gni f i ca nt r ela t i ons h i p be t wce n l c a f P a t
25 May (tabl e 3) and pH at 21 J une (r a 0.73).

3.3. 2. Growth and yield

Stem ca ll i per, shoo t c ou nt s a nd yie ld i n the f i r s t s c a!ion
revea led no signi fican t d ifferences be t ween any of t he treatrne nts .
Mea n stem call i per and shoot coun t pe r p lan t over all t r ca trnc n ts were
8.3 mm and 6.6 in OCtober, 10.3 mm and 6.0 in Dec ember and 1 5 .1 m:n
and 9.5 in April. Total flowering stem yie 1d r an ged be twcen 2 a nd
3 per pla nt.

In the fol l'owi ng seuson a s i gni f i cant y i eld dif fc r.cnce wa s
ap parent between sulphur and the combination in the non - flowering
component (table 4) . Although the mean yield o f tot a l flowc r ing
stems was higllest on the FeS04 treatrnents there WilS no s ign if i can t
dif ference be t we en treatrncnts.

There was no significant correlation betwc en l eaE P on 25 Ma y
and the number of flowering (r a 0.04) al' non-f10wcring (r = 0.05)
stems. The r ange in 1eaf P concentrations was from 0 . 0 55 t o 0 . 1~ 5\ dm.

3.3.3. Pigmentation

In bo th seasons the treatrnen t rece iving s u l phu r a l o nc r csu lt.od
in a s ignificant increase in redness of the s hoo t t í ps whc n cornpar ed
wi th t he control (table 5). Treatments contain ing f e r rous su lpha tc
were not different from the control in this feature . The t r eu tmC'nt
r eceiving s ulphur showed a significant increase i n r~dness compae ed
wi t h t he combina tion trea tment. . '. _ .

4 . Di s cus s i on

Leucad endron "Safari Sunset" grown in con t ainers wa s not ve r y
susceptible to high P uptake provided realist i c l ev e l s 'of phospha t e
were appl ied. At no time was there any i nd ication of t oxic syrnp t orns
on the foliage attributable to excess phosphate such .1S t hose repo rt cd
by Nichols et al., (1979). On the contrary, our tr i a l s s howed t.ha t .

low availab1e soil P would impede the growth of Leu caclc nd r on "Sa f ar i
Sunset". Va1ues of availab1e P of over 25 ppm we r e aclc'luil t e . In
ad d i tion the fle1d trial showed that l ea f P was no t pon i t í ve l y
correla t ed with superpho s phate r ate ov er the range us ed a nd 0 11 t:h i~

soi1 . Cons equently, i t was not po ss ible to peopos e cri tica 1 l e ólf P
val ue s f or th is crop.

These res ults con tradict t lle gener.ll y i ew th a t m" mhel' !i o f l he
Peo teaceae are ve r y s ens i t i ve to phospha te conc e n t.ra t i o n i n the so í l .
Growth r ed ue t i on at the highes t r a t e s of s uperpllo~~la te W<l !i no t ól S
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l,r r")fI',lI llr.,-. ,l ;t!1 t ho s r- f o u u d hy o t h o r au t ho r s I o r r rot p ~l (' (' a u r. pl :l.r. .. i n

C(l ll t . ¡j ll~ r s . Both Thomas (l 'JAU, 19 7<1 ) and t l i t' lIol ~ (' t a l . , (1 '11'1) \1 <;1' ,1
v(' r y h i qh rate s o f s o l uble P (JUO and 177 mg P/ I i t.r e ) a ll'l ' .h.' :;" '"u n ld
11e h i qh ev e n for the usual r an ge of con t a i ne r gro....n nur s e r y s t .oc.k "lid
¡'()t.ted p l an t s , For cx amp l e the r eeornmcn ded r e t. e s of so lubl e P ad'ied
lo mixes in Eul'ope and U. S.A. ranged bc twce n 26 anel 120 mq per l I t re
(Ilunt , 1976 ) and i n New Zca l .1nd 90 mg WilS ee cornmenrled (Pr a!iad , 19 8 1 ) .

while r educt ions i n so í l pH, brought about by t he o1 mp. ndmen ls. w('e e
a ~ soc i a ted with reduced leaf P concentrat ions no major y iel d r es ponses
a ttribut abl e to th is ch a nge i n pH occ u r r ed . Provid ing a ~i e ld

respons e was likely wi t h in t he r ange of leaf P eonee ntra tl ons fo~ n~ ,
then it i s poss ible that the sulphur amen dment i n particul a r lllhl blted
all e xpre s s i on of tltis effect. The inerease in shoot r edn e s s ( t a ~ le 5),
....Ile n i nte rpr e t ed as induced ehloros is, supports t hi s interpre tat l o n .

The application of su1phur amendments to soils of this t ype woul d
not be an app r opr i a t e steategy to adapt sites with high av a il abl e P
f o r I.eucadendr on produet ion.

,i e i nc ee a s e in s o il P ava ilabi l ity s ugge s t ed hy the I ncrca!ie i n
0 1sen P under the sulphur lIJllendments was possib ly an artefac t ')C l he
ex trac t i on mcthod.
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------ -------- ---------- ------------------- -------------- ----- --------

·L' ....L l " 1 ,- 'l'h e effeet of supezphosphace applieation rate on availablc
soíl P and leaf P concentration for Leucadéndron "S a far i
Sun!.a:t" ..

~, ~ 1" '¡ O. Ir, 1I. :17
2 20 . .¡ O. 14 O. 0 7
4 27. O O. 14 O. 06
6 34 . O O. 16 O. 06
8 40 . 9 O. 16 O. 06
10 60. 6 O. 14 O. OS
13 72. 7 O. 14 O. OS
16 83. a o. 11 O, 06
I'..::iO ( ~ l ) 9 . 3 0.053 O. eJ12

_ _ _ .• _ '4 __ ' _ _ • • • • .. . .. • ._~ _ • • • _

Plant

25 May 8 3

P
('l. )

0 . 0159S. 2

(ppm)

21 J un 8 3

O. 263. 1

P
( p pm)

¿ :, Se l' f:l 2

So il

O. 20

'l'a b l e 3 - So il a nd p l a rrt a nalyses in t he so i l ame ll¿ r.1 '~ ! ' :: s t u. ly

" li. 01 . ~ O 4. 21 55 0 . 077 8
Ft' ~J( ) 1, ·1, '.U 4S 4. U6 43 l. " '.lila
s ~ }o'c ~Útt <l . 71 4 5 4. 29 56 0 .(J7 r.n
Con t ro l S. 28 4 6 S. 18 46 O. ll ¿ ~

TI c a t.mcn c

l1.S U ( 5 't ) .

:.-:
'::
»'.'
v

I
j

L é.l f l'

21 11<11' bU5
(\ drn)

Leaf p '

¿1 May ¡ 1 9 8 4
(\ dm)

So U ¡>

6 Dee 19 83
(ppm)

r .:. t c

( l / L..)

--_._-. _-------------------------------------------------------_._-------

'r a bi e ,1 - Yi e l d of s t.e ms (eount/r;¡2) fo r thc s o I I amendmen t; study in
19 U4

N0n-Flo we rillg

Tr ca trn"nt Total Firs t Grade To t al c<:oun t /m2 )

------ ----- ------- --- ---- ---------------------------------------------
S 10. O 3. 5 6. 9

FeSO~ 15. 3 6. 9 5. 4

S + FeSO~ 9. 8 4 . 8 3. 4

COlI l ' l ' ! 13 . 6 S. 6 4. 8
--- - - -- -- - ------- -- - - - - ---- -- -- - -- - ---- - ------ - - - ---- -- - ---- -- -- - - - ---

- --_._-- - - - ----- --- -- -- - ------ - - - - - -- - -- - - - - - - -- ---- -- --_.._--- ----------
Table 2 - Eifect of supe rphospha te a pp l í cat Lon rat,e on the l 'I',)J,,<: ti 0 n

of nev shoots í '-Jr ~~:1~1~1~~ "Safdri suuse t:",

asu ( 5'1.) 11. 4 6 . 1 3. 04

----- --- --- ----------- ---------------------------------------- -----------_.- ----

Tab l e 5 - Red p lgmenta t io n on s hoot tips a t two da tes .
5 intense )

-_ .. . -- --- - - - - - - - --- -- - - - - - - - -- -- --- - - -- - -- - - - - -- - - -- - -- ---- -- - - - - -- - --
H..ll Ü ~ ! l(.A") t: nUllwers (coullt/plant)
( l / j ... ) 21 Dec 113 2 Apr 8~ 4 Mio' tJS
- - - .._-- --- -------------------- ------------------------- - ---- - --- - - -- - --
ú 1. 7 8. S 33. 8
2 1. 7 8. S 37. 3
4 1. 2 9. o 4 1. )

6 1. 8 6. ) 3~. S
8 2. 3 6. 7 3·1. .,
10 1. 7 7 . 8 3 J . a
13 2. 3 8 . 2 '14 . 5
16 lo 2 8. 2 32. 8
MSD (5\) 1. 79 4 .19 11.2 9

s
t"t.; SO't

S + F"SO~

Cont r o l

21 J un 1983

4 . 00
2. 6 3
3. 13
2 . 63

(l pa l e.
\

13 Apr 1984

3. 69
2. 6 3
2 . 89
2. 75

11:"11 ( 5 l) 0 .66U 0. 6 79

16 0 16 1



TIIE s rralI F lCANCE 01' PROTEOI D ROQTS IN PROTEAS

Figure 1. ReJationship betwoon orow th ·(dry
we lqht) of Leucadendron 'Safari Sunsct'
and avnllable Soll P for two cornpo sts.

• peat/solí

1. I ntrod uc tion

nyr on D. Lamonl
School of 81010gy
W.A. I ns l l l ul e of Technology
Perlh 6102, Auslralla

All ,pecles and plonts of proteaa In cultlvation prob ~ hl y rO ~5e 5 s

proteoId roots. Every specl ea so far exam l ned in the fol l owtng
comme rc l a l l y- gr own g~nera has proteo Id ro ots: L e u ca d e n d ron,
L e u e o s p e r m u m, H 1 m e t e s, Pro t e a, S e r r u r 1 a,
Da n k ·s i a, O r y a n d r a, G r e viII e a, I s o p o g o n and
T e 1 o p e a, and all others whl ch so f ar are only grown l n gard ens
or plck ed for the trade from the wlld (Lamont, 1982, 1983a).

2. Taxonomlc distrlbutlon

Proleoid roots are dense clusters of rootl ets l hnt are rroduc~d by
all eultivated speeles of protea. Individual proleold r ool.5 vary In
l ~ngth from a few mm to over 10 cm In lenglh and may eon sisl of
hundred s or even thousands of halry rootlets (f igure 1). The aim o f
thls paper Is to review the current s t atus of knowledge about these
pecu l ia r roots, with particular r eference to t helr r ol e in horti 
cul tu ra l practlce.

Den se cluslers of hairy rootlets, ca11~d proteold roots, are a festure
of all cultlvated specles of protea. They for~ a 2-5 cm thl c k mat at
the so11 surface and are most prollfic where there Is decomposlng
lItter. Theyare most abundant under the plant's eanopy but ca n extend
f or much greater distances. Their prime function is to enhance
nutrlent uptake but they probably have a major role In water uptake as
wel1. Their formatlon Is suppressed by hlgh nutrlent avallabl llty,
c layey soils, waterlogglng and drought and ~nhanced by organ l c mat ter ,
5011 bac t er i a (whlch do not invade t he root ) and molsture . Cr op
manag ement practlces should emphastse mtni mal r oot distu rh ance : a)
r otavating í s not recommended, b) we ed control í s ímpor t an t. , vi a
s lashl ng or contact herblcldes, c) restraint should be ~ xer ci 3 ed wlt h
a ppl l cat l ons of chemlcals, especlally f ertilizers hlgh In phosphal es ,
d ) bul1d up of a surfaee muleh dlminlshes the need for fertill zers, e)
planls In fertile soils wlll need more regular waterlng during dry
pe rlods , f) delay fertilizer-applieallon immedlately afler transp lant 
In g.

:)urnmary

•

... soiJ/pumice

•

equations of fittad curves

peatlsoil
y=-11.8 +8.63x~-0.767 x,r2 =7 7.5 %

soillpumico .
y=-25.5 +14.5x~-1.46x,r2=96.1%
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3. Occurr enc e In rool sys tem

Seed l t ngs us ua l l y possess scores of proteol~ r oot s by lhp end of
lhct r flrst growing season. By the se cond year they May acc ount for up
t o 56 ~ of lhe welght of the r oot s ys tem (Lamont , 1972b¡ Br í t s , 1983).
As th e plant ages, proteold roots ma ke up ao increas l ng proportio n of

162 f" , t;¡ Ho r t í cul t.ur-a e 185, 1986
Prot ea
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annu al ,;roll t h of the sur I'ace root 5Y5tem. They tend to be concentra t ed
; " a. 2- 5 cm t.h í ck band at the 5011 su r f'ace (Jeffrey, 1967; Lamont,
973, Lamont et al. 19811; Brlts, 1983). When decornposing litter i5

pre5ent they are even more concentrated in thi5 than in the humU5
contalnlng layer beneaLh. Prateold root5 wl11 grow up into the 11tter
und er t L C' : . d : ,. l S ¡, ,, t nc l il t.t;¡' dccoeposes , Al! sp ec í e s tend to fono a
sur r "·.:e ::; ;: ~ o ¡ I'roLc(.l t: "CHJts, tout it 15 most extensive in Bunks í as
2" ': ! . y ~ r:,ji'" ,:¡ ( Jeff r ey, 1~ (7). Proteold r-oot s can ar í se cilher from
o ngo i r,!!, gl'i"wth of the Late r al a - they have been located up to 9 m awa
from 1. S In \li de pLant s of aever-a l Banksia spec í es (Lamont et al., y
1985). Th ~y also devcl op on new 1a tc ral~ pro duced adventitiously,
orten O!:,lI ' t he base al' t.ne par en t plant ( Lamont, 1972a). Proteoi d
roots ~rt; i f; : J ~ h mo r e ccncent ru t ed under the plantls canopy than outs i de
(Lamon., 1913) , but many may be10ng to other plants.

!l. Func t 10n

The 3ur léicc ar ea to wcigilt rat i u of pro Leoid roots 15 almo5t 15x
,t hat of the parent roots in L é U e a den d ron 1 a u r e o 1 u m
(Lamont et al., 198!l). This large relative surfac~ area was early on
held responsible for up to 13x greater uptake of j2p added under
experimental conditlons (Green, 1976 in Lamont, 1982). Hore recently,
I have shown that t is i :! s t lucturc provid es grcat er access to 5011
particles and so shortens the diffusion path for nutrients (Lamont
1983bj Lcmo nt et al., 1981¡). In a series of outstandlng chemlcal '
paper~ ~ Gordner and his eolleagues have demonstrated for the legume,
L u p 1 11 U ~ . a ~ b u s, that its proteo Id roots have a strong
r ed u c l ll ~, 3Cldl fY10g anJ cl.elallng capac i ty for poor l y- sol ubl e sources

' ,of manganese , Lron and ph osp ho ru s (Gar-dner et aL, 1981, 1982a, 1983 )
_ th1s results in inereased rates of nutr l ent release, diffusion to
and exchange at th~ root surface. Proteoid roots aet llke a sponge as
well as a mat, but their undoubted role In water 'absor pt l on has '
recelved little attentlon from r eaear-cher-s , They readlly form In
locali zed wel pocke t s of 5011, even durlng summer when Lhe r est, al' t he
surface r oo L s ys Lem í s dry ( Lamon t , 1976) • ., .

. ' .

Toe number of pr -o t.eo í d r oot s I n t.he rooL sy s t.em var í es gre atly 1011 th
soll ty~e : dS t he proportlon of clay lo s and was 1ncreased, shoot
growth fel l slightly in three B a n k s 1 a species, but proteoid ro ot
produc Lion droppcd markedly - eveil to O in R. a e m u 1 a (Siddlqi and
Carolin, 19-(6). As plant growlh I ucr cas« .. i n r csp onse to í ncr-eas í ug
soil nutrlent availability, the number of proteold roots at first
increas es, Lhen it cecreaaes (figure 2). Ir the inltial levels of t he
same or c,l !.,-r n"1...1<: III. ;; ~ .l t.h e so í I o r p l ant, ar e h1.ghei-, t he on l y
r espon s e ous erv ed milY be a de c re as e lo ;, prut.co Id root pr-oduc t í ou wh clI
extra nut r i cnts are applied (also see Gardner et al., 1982b). Uhen
given oq :;;ni (: fertilizc l' 1l ~¡; 1I In ph(JSIlII"tc, 18 monlh-old plants uf
L e u e , 1 el e n d ron 1 él U r e o 1 u m 111 sand-pca L grel/ 20:1
l al .;,:r , l>II L lIlC number of ~1'OlL!old r oola fdl f r om 3')0 per g ro o t
w c! ~h L Lo iJ ( .ol .::ullt e l ,,¡ •• 198'1 ).

H a k e a pro a t r a t ~ was grown In aand culture for 6 months
at diffen :¡.t l ¿vel~ of nitrogen (/I) and phosphorus (P). Plants at higll ,

161l

I

le ve l s of nutr ic nt s l acked proteold roots and had hlgh s hooL/ ro ot
ratiu5 c OM~,¡r"d wllh lhos~ possessing proteoi d root s ( f i gur e 3) . In
thls case, abse nce of proteoi d roots i mpll e3 increased s uscept l bi l l t y
to dr ought, for a given shoot weight 15 supported by a much we aker
r oo t s y:;t em than In pl aot3 wlth proteo id roots. In G r e vi II e a
r o s m a r 1 n 1 f o 1 1 a, 11 a k e a s u a veo 1 e n s and t wo
l3 a n k s i a spe cies , plants ollly produced pro teo Id r oot s wheo ti and
p werc omiLte d fr om the outrl ent sol ut i on In san d culture, usu ally
¡, <:c o ",p;H1i e I by <JI! i ncre ase 10 r oo t gr owt h but not always u dr op In
shoo t gr-ou t h ( lI i cllo11s, Jo ne s an d Bear ds eLl , pe r s , comm, 1919 ; fa cho: s
e t al. , 1981).

ln " re I s an i nverse relaLl onsh l p between nutri enL confe nt of the
shoo ts and perccntage of the ro ot system t hat i s pro teoi d (Lamont,
1973; Ga rd ner e l a l . 1982b). Cutt1n gs of G l' e v iII e a 'P oor i nda
Fi reblrd' were grown in soll mlxe1which received 1,5 or 3.0 kg 240
day r esln- coa ted fertill zer per m or blood and bOlle at 2. 5 kg/m

3•

Pl ¡¡ nLs wh i ch aLt a i ned 10-20 g shoot weight possessed 10-20 proteoid "
r oots , while those l ess Lhan 10 g possessed only 0-3 pr oteoId roots
(f igur e qú) . TIle former results wer e ach i eved when cl ay -l o ~m soi1 was
added Lo the soil mix (1: ) - the 5011 f ixes P and buffers its
potential t oxl c effects. The poor gro wLh of th e plants in unamended
so i l was cl early due to P tox lcity, and this Is ?5soci út cd with lcw
pro t.ec í. d r ooL pr oduction (f i gur e ¡lb) .

Top- dr es s i ngs or loc~lized pockets of partly decompos lng organi c
rna l. t.e r' s t í mu l a t e r oot gli-owt h gener all y and proteo i d r oot produc tion i n
parti cula r (Lamont, 1973; Lamont and HcComb, 197!l; Lamont e t al.,
19BII) . Thí s a ppe a r s to be rel a t ed t o the extra .nut ri ent s ava ilable , as
t herc 1:; no sLi mulus when plan t nutrien t s are already Ill gh. Anothe r
rel dted caus e I s l he gre ate r mlcr obl al activl t y in these l ayer s: ther e
i:; now r easollabl e eviJence t hat ce rta ln soil bacteri a hav e all l nductive
rol e i n i ni tialion of proteoid r-oot s , lIowcver, t hese microor ganl s¡os
neve r i nvade tll e rooLs, and there i s no truth in ea rl i er Id eas tl lat
pr ot eoi d r oct s are a t ype of rnycor rh i zal s ymbi os is (Lamori t , 1972a ) .

In seasonal clima t es, pr oteold root production i s s ea sonal as it Is
t i ed to growth of the su r f'ac e paren t r oots ( Lamont , ,1976 j 1983) .
LlmiLed additi onal wate r In sumlOer can produce new shoot growth wlth
out neW l'ooLs. Gr eat er amouot s of water wll1 i nduce new root growth ,
includi ng prot eoid ro ot s , as well . Total root growth , as well as
pc rc en tage of the root system that is proteoid, Is grea t es t a t 1-2x
f i e l.d capac i t y and l eas t at permanent wiltlng polnt in Lwo JI a k e a
s pec l en (Larnont, , 190f t ). The ro ot sys tern and t otal proleoid roo t
p r oduc t i on are retard ed al even h ig her levels of wat er appli ca tlon,
although Lhe nllmber of pro t eo Id roo ts per unit we i r,ht of r oot system
ma y nc i.ua l l y í nc r eas e , Ther e 15 llmlted evid ence tnat, prunlng of young
¡JI:,nl:; Ii\;JY r educe gener'¡¡ l root g r ovth as well as t.he cont l"Íbuti on of
~ru L eo i d 1'0oLs t o thu roo t sys tem, but t hl s nceJ s 5ludy at the adult
] "v d (l.¡.;¡) unt. , 19'; 3).

6 . Hanac emcnt impli catiun s
\

Pr uteoi d 1'00l 5 , and Llleir supporLlng l aLeral ro ot s, f orm a dense ~at
at lhe soi l su rface . TIli s I s b~st de veloped under t he plant can opy but
c an extend 6x beyond the wi dth of the c anopy In ol d pl ant s. TIl i s
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s ur f'ace mal. appc ar s t o have n vita l r ol e In nut.r t cnt, and ~:l t~r Ilpt."ke
by the pl an t , es pec í al1 y dur 1ng t he growi ng s eascn . FOI ~ y. ;llnp 1e , 1'¡
we ek-old plan ts of H a k e a 1 a u r i n a gr ew 2 6 ~ Lar ger vh en t lle
proteo ld root ma t was i n the upper mos t 12 cm of th e so1 1 pro fl1c , t han
when l t was sh i f ted ar t i f lc i a l l y to a de pt h of 24-3 6 cm ( f Igur e 5) .

The mat dev el ops at t he so í I surface , whe the r lt í s hi gh In or-gan í c
matter or noto lIowever , it i s much be t te r developed in lhe pre:;cnce of
ac tivel y-de co mposi ng 1itter. Use of bl ack p1ast lc as a mul c h/ wecd
suppr es sant has the dlsadvantage that l t stops t he proteoId r oot s
growlng up l nt o t he 11tte r as lt accumulates on the sur facc . The mo re
r ecent 1y- mar ke t ed wov en ma t t l ng ha s mor e to r ecommend it In t hl s
r cgard, but t o what extent lt s trang1es ol der r oot s has not becn
t es t ed ,

These obser vat í ons i mp1y t hat r-o t avat í ng , es pec la ll y c l ose t o t he
p1anl, cou1d be l elha1 - t he mos l l mpor t ant par t of th e ro ol s ystem is
In danger of de structlon . Ot her a ppro aches to weed cont r ol mU9 t be
adopted _ post-emergence cont act herb lc i de s or mow lng ar e to be
favour ed. I t a1so follows that cont ro l of weeds ~ l mpor t ant - the l r
shallow r oot s Wlt1 acllvel y compete wl t h l he proleo l d r oot s , I f hand
pul l l ng l s unavol da b1e , t hls should be done I n suc h a way as lo
mlnlmlze r oo t damage.

The pr esence of l he ma t l mpli es that t he p l ant l s par t í cuLar I y
s ensl ti ve to chemlcal t r eatments appl l ed at the so11 s ur fac e: appl1 c
a tlons of fer t ill zers, nematocldes and f ungic i des hav e all been known
t o Induce t oxl c it y s ympt oms a t 1e ve1s recommended fo r ot he r pl ant
groups. It l s especlal1y l mportant to de1ay app11cat l ons o f the se
aft er any t ype of root dl s t ur bance , as t he damaged r ooll e t s lose
co ntrol ove r rates of uptake . Goodwl n (1 983) found l hat s ome s pec l es
prevlous1y co ns ldered phos phor us-s ens l t l ve we r e 'not ·so In hl s
experlments. lIe con s ld ered that plants only bec ame sensiti ve t o P wh en
expos ed to r oot damage , eg lhrough transp1 ant l ng; weedl ng, water
def l cl l s, fr os t , r oot pa thogen s and pes ts . Goodwi n ther efor e advocated
~asleurl za tlon of nur se ry so11 and delay i ng f ert i l l zer ' appl i cat l on
unt l 1 at leas t t wo weeks after transplantlng. Even so, l here ls muc h
to be sald fo r the sparlng use of ferl l11zer s and lhose 10w:i n ava il
ab1e P, such as hoof and horn and I sobu tylldenedl ur ea In 50 11- 1e:;5
pott lng mi xes (ll1cho1s and Deardsell, 1981). An alt ern ativ e approach
l s t o Incor pora t e material wlth high P-flxln g propertl es, s uch as
humus and cla y-10 am so11 . These shou ld a1so be valuab1 e as t op
dress i ngs for row-c r op p1ants .

Another appro ach t o avo i di ng a s udden and lethal upl ake o f nutrlenl5
in r es ponse to he avy fe rtil izing, Is to have high in i t i al l evels of
nulrl ents i n the ~oltlng mlx or fleld so 11. Th i s r educe s l he pre :;enc e
of pr ot eoId roo t s in the r oot system and buffer s the ef fe cts of a
s udden l nflu x of chemical s . Hovever , lt c ar r í es lhe r í sk o f nu t r í en t
t ox l el t y I r educt Ion I n growth and flow er 1ng and 1ncr eascd susc ept I h
ilit y to drough l , t hr ough a n l ncreased s hoot / root r all o. Ther e can be
no dcny l ng lh a t t he pr esence of abundant pr ot eo id root s ls a slgn o f a
healthy pl ant , whethe r i n a pot or in the f le l d. Iluch more a t.t ent í on
nee ds t o be given to th e lmpor tanc e of t he r oot sy s tem I n af fec ti ng
t.he welfar e o f the whole plan t o
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b ) locrense t hen de erease in produe tion of pro t eo i d r oots by 11 a k e a
p r o s t r a t a a3 n l t r ogen c a nc en t r a tion of the nutr ient s 01ut i o l1
ls inc reased in s a nd cul tur e a t 10w phosphoru s-nu t ri ent solution
(Po )' At higher leve ls of phosphorus (PI ) pr o t eo i d root produc t lo n
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H euo'e 1. ~¡¡nnlng e Lec t r on mIcrogr aph o f proteo id root s of L e u e a 
den d ro n 1 a u r e o 1 u m. a ) Pro t eo i d r ootlets jusL emerg l ng
irom P¡JI"C ll t r oo t , Se al e 0 .2 mm . b ) Yoimg proteoid r oot. Sc a l e 1 HUIl . el
Hat.ur e pr oteoid r ootlets de ns e ly cover ed i n r oo t ha í r s , Sca l e 1 mm . d ).
Pr o t eo i d r oo t.Le t s af fixed to sand grai ns and so í I f ilms vi a r oo t

ha i r s , Scal e 0. 1 mm. Fr-om Lamont e t a l. 098'1) .

Fl iJ,lI r c 3 . Shoo t and root growt h of 11 a k e a p r o 3 t. r a t a grown
III Sdlld cu l t ure a t varylng l ev el s o f nit r og cn and phospho r us in t he
nut r le n t s o l ut Io n , The curv e s c pa r a t.e s t ho so pl a nt s po s se ssihg
pro t.eo id r uo t s ( t,o t he r I gh t ) a nd t hose wll hout t ll,,:;; ( t o t.he Le f t } .
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f\p pllbl i c of South Africa

Ab ~tract

Seveloal protea s pec i es were gr O\lTl in sand cul t ur es vhe r e th c i uf l uence
of salt concentration, N, P, K and Na supply and N so ur ce on t hl' i r
growt h and nutrient uptake were studied . Nutr ients were supp l i ed by
means of a ha l f strength Hoagland nutrient solution modif i er1 t o s uppl y
ti ma i nl y as NH~. .

Spec i es differences i n response to the t r ea tmerrt s ve r e obs e rv cd and
t hese differences were also found for a single speci es from d i f f er en t

l ocalities.

lhe l argest diff ercnc es wer e obt ain ed by vnr yi nr, th e N slIppl y, Soml'
spec i es <lid not Rrnw well with NO] only "hil e a l l d i d ve l l v i t h ' ;H .
onl y. Relatively high concentratíous of NII, could be tol era t !'<l . wi t h
t he addi t i on of Na to the nutrient solution even hi gher NII ., ~ nIl C I' ll t raa

tions could be t olerated .

/111 sp ecies were sensitive to high P conc entrations. Re In t i ve l y h i gh
t otal salt concentration s could be t olerated if the P concent rarion was
wi thin acceptnble limits. Relatively l ov conc entrations o f the var i ous
nut r i ent s are required for normal growth.

Introduction
In recent years the cultivatlon of proteas for cut flow er p rn~u~t ion

has deve loped cons i de rab lv , In South ACrlca. where i t i s common
pr ac t i.ce to harves t flowers í rom the vel d , t he situatl on i s c ll¡\ll ~ in R

because of competition and quality demands frem overseas mar ke t s and
it has become neces sary to produce more and better qualit y flowers
under intens i ve cul t i va tion. 1I0wever, infonnation on the nutrient
requirements of proteas is limited. Up t o now ve ry littl e fertili 
za t i on has be en done on pro t ea s becaus e under natural con diri ons it
is observed t hat gr owt h is usual ly fa vourable on highly Il' aehed,
wel1 dr a i ned acid soils (Vogts, 1958 ; 1977a ; 1977b). Thi s ha s , in
fact, a1so been obs e rved for o t he r pl ant s of the pr ot eacenp. f amily
(J e ff r ey, 1964 ; Hoore , 1966; Hoc king and Thomas, 1974) . Al t hough
the nutr l en t demanda of the prot es pl ant s ma y be l ow eonciderable
amounts of nu t r i en t s may be r emoved by regular harvesting of flo·
wers. The que stion arises however, wherhe r continued production of
rood quality flowers can be main talned v i th out repleni sh ing these
nlltrient s.

The pr imar y objective of th i s investigatlon was t hore Ior e ro ¡':'l i n
mo r e informatlon on the nutritional requirements for the sati sfac·
t ory growth of prot ea s , with pa rticular reference to salt ennc. !'n
tration and variation in nutrlent el ement supply.

Materials and Hethods
iliTf e r ent el<periments were carried out in a gl as5 holl51' i n , ,10 ,1 t:" I 
l ure . 5 i xt c cn kg v~~hcd q t!~rtz sand was us~d in Hits c hpr l i c .' v ~ ge ·

tation vessels, with one plant per pot vh i ch WIIS s uppl i e-l v i t h n ine
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Figure q. Rel atlon shlp between occurr enc e of proteo Id r oots and a )
shoot growth and b) number of leaves s howl ng phosphoru s toxlclty, for
potted plants of G r e vil 1 e a 'Poorlnda Flreblrd'. The broken
l1nes 5eparate plants grown ln a ba rk/peat : sand mlx plus r esln-coated
fer tl11zer or blood and bone (on the l eft), and the s ame mlx wlth 25~

cl ay-loam added (on the rlght). Drawn from data ln Nlchols et al.
( 1919).

Fi gur e 5. Varl at l on ln root wel ght and numbers of pr o teo Id roo t s
t hr ough the 5011 profl1e for H a k e a 1 a u r 1 n a gr own ln
c Y l 1n~ers. ' Normal' and pr oteold roots are concentra t ed In the l nyer
hi gh ln decomposlng 11tter (hatched) In , contrast t o the r est of the
pr ofl le (y ellow s and ) lndependent of 1ts posltion ln t he pr ofile
From Lamont (1913) . o .
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In expe r i mcn t 4 t he obj e c t i v e was to dete rmi ne the arnount of nu >
t r í e u t s removed by the r egular harvesting of flowers each year by
wcighing an d analyz ing flower he ads ready f or ~arket ing .

Si gn i f ic a nce of yie lrl differences betwee n nutrien t t r eatments was
ea l cu l at.ed acc ord í ng to Uuncan' s multi pl e range te st ( St e e I lo Torcie ,
1% 0 ) .

J . Re s u l t s a nd Jis cussion
EXl'cril~~ .
Dey matle r yield o f t o p gro'Wth and n uLr 1en t leve ls are ¡;iven ill Ta =
lJle t. . 1'r e a tme n t s olle to four cva l ua t e d the t ota l sa l t e ~ f e c~ . Ivy
p l a n t s d i e d in t l.e h i ghc s t s alt treatments (T1 and 1'2) whtle the
cout ro l (1' J) gr ew fa irly normal1 y. Lower s a l t treatments (T~) re>
su l t ed in poo r grovth , Failure of gr ov t h wi th high salt s upp l y
shou l d , ho wevc r, no t ne ce ss a r i.l y be a ttribu t ed t o a hig1.1 s a l t cffect

.~!. se. In comparison wi th tre~ tment s at a lower and hi ghe r P sUP'"
l' l y TI l l an d T 1 2 ) t ha n i n the control (T J ) , th e P wa s probabl~ a t a
ha rmf u I l evel i n T1 and T2 s i nce Tr ; w1t h a low e r I'- su pp l y y í e l ded
'!le t t c r t han the control (T¡). lt s e ems tha t" the co n tro l a lso ..re a

ce i v cd a n e xc ess i ve l y hi gh P s upp l y a nd th e higher P con t e n t of (1¡
v :. Tu) confi n",; t h i :l olcJ lJc t i o n . The low er y i el d in T ~ compa red lO

{ .

. ~ ; '

salt couce u t r a t i on , nitroge n giventotal aou ree, K a nJ Na supp l y as
in T:.lLl c J .

Tab le 2 Nutrient t r ea t ment s, e xperiment 2

Trea t~
Ion concentra tion (me/dm-¡)

ruen t Ca Ng K r¡¡¡ ~ NO) H2PO~ SO~ Cl
T~~lt t'0 14---2 3 3 1 0, 25 9 , 75 1

1. 4 2 3 O 7 1 ,0 0 , 5 0 , 5
3 t, 2 3 O 7 0 , 5 0,5 1
t, 4 2 3 O 7 0, 25 0,75 1
5 4 2 3 O 7 0 ,1 0,9 1
6 4 2 3 3 4 1,0 .. 6, 0 1
7 /, 2 3 3 4 0,5 6, 5 1
8 /, 2 3 3 /, 0, 25 6,7 5 1
s 4 2 3 3 4 0,1 6, 9 1

10 t, 2 3 9 3 0 , 25 13, 75 1
11 t, 2 3 6 2 0, 25 11,75 1
12 /, 2 3 1 0, 3 0, 25 0,45 1

0, 25
1
2
1
1
1
1
1
1
1

elSO ~

3 , 625
13 , 75
38,75

8 , 75
0,75

13 , 75
15, 75
17,75
17,75
20 ,7 5

o 1 ,75 O 0,1 25
O 7 ,0 O 0, 25
O 1/, O 0 ,25
O 4 3 0, 25
° O 7 0 ,25
O 7 O 0, 25
3 7 O 0, 25
3 7 O 0,25
O 7 O 0, 25
J 7 ° 0 ,2 5

con cent ra tion (me/dm- l )Ion
K
0 , 75
3
9
3
3
1
1
3
6
6

Nutri ent treatmcnts, expe riment 3

Tr t1 a t a

ment

'f :.lble 3

Ca H¡~

- 1-- 1--0,5
2 4:011 t ru 1) /. 2

3 12 6
4 4 2
5 4 2
b 4 2
7 4 2
8 4 2
9 t. 2

10 4 2

d~ ¡ of nutrient solution. Exc es s nutrient solut ion was r e cycl ed
re gu l a r l y and 'l itt e r Io s s due r o . evapo-t t r a ns pLru t I on r e p Le u i s hed
Wi l h d~ ionised water. The nutrient solutions werc re placcd
eve r y ei gh t weeks.

As [tSl m~ e e r ia l , eoo t ed cUltings of different proLea sp eci es we r c
" ~<:Ú • •\fl.' I' al : i a i t i a l pe r i od of gl'oweh i n a modi d .,d ha l f ~ L c l: nb l h

1".... :; l ~ lh~ Ho 2 uu t r i c nc so l ut Ion (Bo nne r & Galston, 1!l52), plan ts
v e r e s e Lec t ed f o r ull i f c.rmity before app lying the tre atmen t s. 1'l a nt s
Wele harvesLed prior lo the flovering stage, four to six months a f.
te r p l uu t i ng , Dey masa (65°C) oC t op gruwlh vas recorded and th i s
"'.. :. l,o) u i cd í o r c be mi ca I a1l41y lli a .

Ca, Hg and K were determined on wct a shud liaruples by alomic ab so rb ..
t i on spe ct rophü toDlel r y ( Ct.04 pman & Pr a t t , 1961;) N, S and l' lJy a uto
ana l yze r (n a uon & Eo hmcr , 1917; Technicon Auto Analyzer 1I, 1977).

Variat ion in nutrient element supply vas baaed on modifications o f
l he lIoa g l a nd No 2 culture soludon to provide fo~ differellt t ot al
salt levels, P, K and N and NH~ va NO¡ ratioa . As a cont r ol an
a pp roximately 0,6 strength lIoagland ~olution (0,6 11) was us ed wi lh
N moJ i "ly ;1:. tllI, Lc i llg ba l auced by SO~. No ef f e c t of vary iug :iÚ~ ',

su pp l y v as expe c t.ed on t l ie bas Ls oC earl ier \lork (Hamne r , 194 0; llu l~

l i ~ U Il . I ~ !'I ; (;robl t:r , 19 76).

In e xperi men t 1 a protea hybrid kuown as Ivy (~ea longif lo r a ~

f ~:..ti c..<::lor) and I.encospermW1l co rd i fo l i um vere us ed , The ob j ec>
tive o f l h i s experiment \las to de t e r urine the iufluence of v a r i at.i ou
in tu la l Silll .:onc e n t r a tio n , P-supply and nitrogen source . The
tr e¡¡l lDt:h ts were ·replicalcd f o ur tillles snd a r e I:iv<:n in Ta lJle l.

Ta lJl e 1 Nut rie n t lrea tlDents, c xpe r i men t 1.

TI' e d t ~ Ion conccut rat i on mo/Jm-¡

~ c_a__~JL K NJI~ N
3
, OJ 11 2PO~ SO~ ~ l

I 12 6 9 9 1,5 28,5
2 8 4 6 6 2 1 19 2
3 ( cou r r o l ) t. 2 3 3 1 0,5 9,5 1
4 I 0,5 0, 75 0, 75 0,25 0,13 2,37 0, 25
5 4 2 3 7 O O, S 14 , 5 1
6 4 2 '3 6 1 0, 5 12,5 1
7 1, 2 3 5 2 0,5 10,5 1
8 .. 2 3 4 3 0,5 11 , 5 1
') 4 2 3 2 S 0,5 5,5 O

10 4 2 3 O 7 0,5 1,5 °
11 .. 2 3 3 1 0,13 9,87 1
12 4 2 3 3 1 2

10
8, O 1__

The spccies L cordifolium (locali t y, Hi ghlands) and L pa tersonii
(locali t y , ~tvoet s k l oof) \lere used in ex pe r i mc n t 2. The objective
of chis exp e r i men t; was to determine the i nfl ue nce , o f vary i ng t he r
supp l y with d iffe r e n t nitrogen s our ces and varying the total n i t r o-'
C~ 1l cu pp l y . Trcal monts ve r e repl i c3t t:J lhree times and a~ e given
i n TalJle 2 .

1:. "xl' c "iUlcn t J Pr o tea r e pe ns , trom t vo dif fe rent local í t i e s va s
us ...¿ íl' ... a rl y Ile¡¡ch óllll\ Oudeb osch). Trcatmcnt s we r e repl icaled l il r ~ e

Li D,." :l1,J lhe o bjec t i ve ·...a s l ·; de t ermine l he effec t o f varying the

..
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In this experiment ano th er spee i es ~ ~~ te!!~i~ ( loc~lit y ~ itvoet s 

kl oo f } vas eompared vi t h L eordifol i um O oc.1 1i ty lIir.hl anti$) and da
t a for yield performance a nd nut~-uptake are given i n Tahle 5.

i: patersonii shovcd no different ial " ff l'c t on y i oId or nut r i on t "p.
take due to variation in P supply and N source (T2 to T. ) , In t hi s
exp" r i ment , however, the hi ghest P level was l ower th an i n r> xpe r i 
ment 1 (lme against 2me lI¡rO,/dm-). This sp ec i es COIIJ d ,,1 50 . r on>
t ra r y to findings in expe r imenr 1, grow v i t h llO ) - N on l y j bu t t hese
pl ant s showed symptoms of ehlorosís and did not app..a r t o t1 evp lo p
as many flower buds as the plants t hat rece ived NII~ and NO ) .

bler, 1976); thia eould also explain the higher yield of Ivy with
increaaing NO) :NII~ ratios. This advantage probably count e r ac t ed tha
growth limiting eCíecta of NO] per se, as in T, and T10 where plants
died. A reduced uptake of P vith increasing NO, aupply is indieated
by a lowering of leaf valuea in T5 to T,. The real probl em with NO,
- N could not be determined from these data beeause the N cont ent
showed Httle variation and the NO] eontent (not given here) was
negligible. L eordifolium vas les s effeeted by the N sou r ce than
Ivy and h igher NO) eoncentrationa eould be tolerated.

F.xpe rime nt 2 "

Tau l e 5 Dry yield (65°C) ami nutri ent level s for .!; Et~~':!~~ and
L cordiColium (Exper iment 2).
(Heans-w1t~he same letter ar e not sign i fic~ntly diffe ren t at
the 5% level by Dunean'a multiple range test).

0 ,07
0 ,0 8
0 ,0 6
0 , 04
0, 02
0,15
0,08
0 ,0 6
0 ,0 3
O,O!!
0 ,0/,
O_!_O!, _

O, OA
0 , 29
n, 18
0 ,07
0 ,09
0 , 19
0 , 11
0 , 08
0 ,06
0 ,08
0 ,09
O,_?J _

1, 06
0 , 54
0,77
0 ,64
0, 63
0,77
0,70
1, 13
0, 78
2, 20
O, Il9
0 , 2/,

0 , 70
1, 50
1 , JO
1, 01
1, 71
0, 84
1, 12
1 , 2/,
1, 10
2, 03
1, 32
0, /,0

L pal er sonii
¡ in l ea ves (dry ma ss

Mg K
0,22 1, 41
0,24 0,92
0,32 1,19
0,29 1,11
0,31 1,13
0,27 1,37
0,22 1,12
0,24 1,29
0,23 1,10
0,13 1, 34
0,22 1,12
0, 29 1,t,9

L. co rdifoli um
0,11 1, 32
0,27 1,67
0, 29 1, 36
0,23 1, 16
0 ,33 2,02
0,13 1,27
0,14 1,11
0,15 1, 1,8
0,11 1, 10
0,1 3 1,36
0,11 1,17
0,16 1, 32

Ca
0,65
0,56
0,69
0,63
0,59
0,71
0,46
0,73
0,49
0,47
0,5 /,
0, 57

0,44
0,71
0,72
0,64
0,7 2
0,47
0,47
0,53
0,36
0,42
0, 43
0,57

Mean
yield
g/pot
122,4 abc
227,1 a
178,9 abe
105,3 e
155,4 abe
152,7 abc
220,8 ab
151,7abc
173,6 abe
130,0 abc
124,7 abe
93,8 e

144, 6 ab e
68,2 bc
69,1 be

141,8 abe
55,6 e

1/11 ,8 abe
129,i abc
142,2 abe
185,0 a
165,5 ab
187,7 a
60,0 be

1
2
3
1,

5
6
7
8
9

10
11
12

Treat u

me nt
No

1
2
3
1,

5
6
7
8
9

10
11
12

Wi t h ~ co rdi fol ium salt effect and P-supply i s apparen t ly a les ser
prob l em than wit h Ivy, although excessive P also appears to be a
prob l.em, Onl y at the highest salt eoncentration (T l ) di d th e plants
di c. At the l owes t salt level T~ yield was reduced, probably due to
N de f i ci eney as deseribed for Ivy , As with Ivy , any ha rmful e ff ee t
of hi gh sa lt coneentration eould be masked by the exe es s i vnl y hi gh
P- su pply i n TI where growth f ailed. It would appear t ha t t he c r í t I v . "
cal l eve l of P is higher for L eordifolium t han f or Ivy but in T1 2 .
the high P supply also appeared to be hannful.
I~il h regar,d to N source, (NH~ vs NO), T5 - TIO ) , exe lusion of e i t her
ion s pee i es resulted in lower yields, parti eul ar l y when NO) was t he
onl y N-souree, in whieh case growth of Ivy In i l cd and t ha t of 1. cor >
di folium was extremely poor. Yields of lvy i ne re ased as t he ratl~

of NOJ: NH ~ inereased (T5 to Te) but at high ratios (T9 and T1 0 )

gr owt h failed.

As ment i oned previously P supply was probauly t oo h i gh in th e NII .
vs NO) eomparisons and eould have masked some oC t he re a l e f fec t s
i nvo l ve d . Other workers ' a l so reported that i ncreasi ng NO) sup pl y
r edu ces the harmful effect of P (Hamne r , 1940; Mull i son, 19 /01; Gro·

the contro l is probahl y due to a l ow nutr ient s llpp ly , e s pec i a Ll y o f
·N, as ind i cated by its lower leaf N value.

Table 4 Dry yi.e ld (65OC) and nutrinnt levels for Ivy a nd .!.-~~e~
cord ifol i um (Expe r i ment ¡)
(Means with' the S3Il\e l etter are not signiCi cantl y di ffe rent a t
the 5% l evel by Duncan's multiple range test).

Treat - l vy
ment Mean % i n l eav es (dry mass ba sls)
No yi e ld Ca Mg K N P

1 O
2 O
3 60,9 ab 0,4 4 0,06 0,98 1, 1/, 0,1 4
4 18,7 dc 1,06 0,1 0,85 0, 85 0 , 03
5 45, 2 bcd 0,54 0,06 1, 02 1,7 2 0 ,2 9
6 52, 4 abc 0,47 0,07 1,13 1,15 0,2
7 71 ,8 ab 0, 48 0,07 0,88 . 1,49 0,17
8 86,9 ab 0,64 0,08 0,97 1,28 0,1
9 O

10 O
11 96,8 a 0,47 0,05 0,89 0,7 8 0, 02
12 O

Lcu cos pe rmum cordU o l i ullI
1 O
2 91,5 · a 1,13 0,23 1,85 1,38 0,19
3 95,0 a 1,05 0,2 1, 39 0, 86 0,12
4 49,9 bc 1,69 0,28 0,66 0,68 0, 04
5 90 , 9 a 0,75 0,16 1,45 1,3 0,14
6 96 ,6 a 0,96 0,19 1,36 1, 21 0,1 6
7 88,7 a 1,03 0,23 1,42 1,1 6 0 , 06
8 90 ,2 a 1,25 0 , 24 1,51 · ·· 1, 26 0, 11
9 9/,,8 a 1,25 0, 23 ·1, 4 1, 0 0, 06

10 16,8 e 1,52 0,47 1,8 5 1,56 0 ,2 3
11 79 , 8 ab 0,95 0,21 1,47 0,87 0,05
12 O ,
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site had no t, been exc eeded. This ef f eet oi Na and K on f repe~

frum Oudeuusch , must have been ind í rect s í lice no r eal <.Iii[ereu ~ ~ s

could be fo und in the plan t nutr ient l eve l5 . A pos sible exp l anaa
tion could be that t he addi tion of anothar ca t ion (s uch as Na) pr ea
vent ed Nlt- f r om be ing taken up at arate \lhieh eaus ed it to accum u»
l a t e a t hannful levels. Tllis cou l d have occur r ed shor t ly af t er re
. ", : ,1 L uf t he nu t rient so l ut i ons f;ver y e i ght w~ eks, a t vh í ch time

1I1t •• up t ake i s r ap í d , Fr om expe r ience v í t h proteas, gr ov t h no nna ll y
illllH:olle s tua rk ed l y when N i s app lied af te r a peciad úf v i t hhol d i ng
it.

1. CO I J i f olium also shewed no consistent yield response to varia ti oll
Tn P supply (T2 - T,). Excepting tor a lowering of the P con t ent of
l l¡illles wi th. r educing P supply othar nutrient elem~nt con tents \ler e
not affected.

ün .:Iv.c.lrC, yid ¿ ~ ve re h i ghe r with a combinntion ef NH~ ano NO ]
.1. '" '.<r l- :I ') J r> i!ly (1 2 - T~ vs T. - T,) . Plants r ece iv í ng NO] on l y
... 1·, ,, : . ~ I 'J \J .. J S ¡ 'U p Lu Ulll oi chloroaia and very little f love r Lud J " .: .,~

l v ¡'....I.~. T:.85e r esu l t s aga i n ..ho\led that NO] í s uo t an id eal source
d N.

YielJ oi both apecie. decreaaed vith decnuing N supply (comp ar e
1' 10. T 1 1 , 1' 1 11110 111 ia orde r of dec r ea s í ng N supply). In t he case
of ~~ :.: .':.'..!:.~!i[ o li u:¡¡ t hu l1igheu t U"suppl y dep rcs aed yield, prubab l y du a
l o l bl 1I i gh NII~ concentradon.

Tabl e 7 Dry yi~ l d (65· C) and nutr i ent l evels i or Pro t ea r epens from
Pearly Beach and Oudebo sc h (Experiment 3)--;-
(Nealls wi t h t he Si1U;C l e t t er are no t s ignif icant ly d i f fe r cn t a t
t he 5% l eve l by Dunc an I s mul t i pl e range te s t ) .

f. repell5 f rom Pearly Beach
% i n l eav es (dry bas i s)

Ca Mg K Na N l' S

0, 42 0,08 0,76 0,1 0.6 2 0,2 7 0, 03
0, 38 0,11 0,64 0 , 046 2,06 0, 18 0 ,16
0,4 2 0, 12 0, 81 0,06 2,48 0 ,35 0 , 3
0,5 0,12 1,1 5 0,06 1,96 0 ,32 0 , 09
0,67 0,15 1, 02 0,08 2,72 0,32 0, 1
0,38 0, 11 0,5 0, 08 2,02 0 , 12 0, 35
0,53 0,1 1 0, 7 0,12 2,2 8 0,16 0,1 7
0,38 0,1 0,8 0,008 2 , 1 0,14 0,14
0 ,38 0,1 0, 79 0,004 2, 44 0 ,1 4 0,2
0,27 0, 1 0 ,63 0, 009 2,17 0,09 0, 23

!. r epen s f r cm Oudebosch
0, 25 0,08 0,9 0 , 008 1,09 0,48 0,06

a 0,27 0,08 1,13 0,005 2,1 3 0, 63 0,1
ab 0,26 0,08 0,81 0,006 2, 51 0,59 {) , 16

b 0,2 3 0 ,08 0 ,52 0, 01 1, 95 0,28 0, 23
b 0,2 0 , 08 0,59 0,01 1,97 0,19 0,72
ab 0 ,16 0, 06 0, 69 0,006 . 2 , 11 0 ,2 6 0,22
ab 0, 17 0,07 0,5 9 0,01 1, 98 0, 26 0,3

99 , 7 a
87 ,5 a
88 ,5 a

108, 4 a
137, 7 a
70, 9 a
68,9 a
89 , 8 a
76, 6 a
93 , 6 a

Mean
yield
g/pot

1 53,1 ab
2 O
3 O
4 65,8
5 46,2
6 O
7 20 ,2
8 33 ,6
9 43,4

10 '11, 2

The N sourcc d i d not llave an i nfl uence on P r epens from Pear l y
lIeach , v h í I e t he y í e l d of ~ _repens f r orn Oudeb oscll-\la s depres sud
\Jhell ti was pruvided i n l he 10r lll of NO ) only (T ~ V5 T5) .

~)e r imen t 4
111 this inv estigation tll e amounts of nut rients removed by flowers,
a re calcula te<.l acco rding to av e rage yiel<.ls of dry mass , amount of
flowers harvestcu , and chelDica l analys is (Table 8) .

P nel'iifo1ia r emoves approxima t ely 5,3 kg N, 0 ,8 kg P and 4 kg K.
Tlli 5 ili a re l ative l y small aruoun t. 1I0\lever the 20 000 flow er hea,ds
as a produc tion fi gur e i5 quite conservative and hi gher yields ar e
possíbl e . In t he case uf J. co r'difo lium t he r emova l figu re i s mo re
ol' l e ss the same f o r flo\lers picked f rom the veld . Thi s figure
agreed fairl y well wi t h figures obtained i n ~ cu ltur e med i um ~ith

l uw nutrient supply wh ich gave r ela t ively 10101 dry mass production .

Treat a

ment
No

1
2
3
4
5
6
7
8
9

10

Experiment 3
Bec ause of the great difference in response to different i al nut rient
supp Iy be rvceu s pc c ies, and even within species from dif fe ren t l oca «

Li t i e s , t he be havIour of {'r a t ea repens, from t\lO lo cal it i e s (P e.. rl y
Beach ano Oudebos ch) Ililll 1nve:;tigat ;¡J in this experimento

The s audy so í 1 f r oui Pea rly lleach i s d er i .ved , f rom sands tone overly ing
a ca l c r ecc d cpos Lt , The so í l f rom Oudebosch i8 a loamy s and on
shu l e a nd qua r t e i t c , Exccp t; [or a l ove r pll( lhO) ano e l ec r i i cal r e>
s i s t a nce ac Oudebosch, t her e appears lO be little difference i n che>
mical proper t ies be t ween the two so ils.. (Table 6).

. ~

Yíeld a nd nut r í en t up t ake d a t a for t laese s pe c i es ~ re given i n Ta b l e
7 . ¡.¡ it ll !'. r c !~~ :!. [['OIr. !'ca d )' Beach no ma r ked d i f r e reuces in y í e ld
ar e ¿¡ ¡," drent zr om í nc re ased lialt l eve l of the nutrient med i um (TI 
T] ) . Even T] with a h i gh NH~ concentration (14 me/<.Im- l

) ha<.l no di f=
f ~ r l' n r jil J e If ee t ove r t l.e cont ro l (1'2) . P repens from Oudebo s ch,
11.,,,,, .,el' , s l.ove u III.u-ked l y -I c p re s s ed g r ov t.h with i ncre as í ng sa1t 1.:: =
ve i :;; cven lhe conl rol Cai l ed comp l elc ly. This de t r imental ef f ec t
could be due to a high NII_ concentration, rather t han a hi gh sall
leve1 , because growth vas better where some N wa.s ·supplied as NO j in
cont rast t o N supplied as NH_ only (T_) at the same salt lev e l.

The de t ri ment a l effect of high NH~ supply \las redueed by the a<.ldi ~

t i on uf Na for P r epens from Oude bos ch. Camparing T6 and T, no
gro\lth occured in t he absence of Na as opposed to sorne gro\lth \lith
Na. Thi s pattern was even mor e apparent at higher K and Na l eve l s
(Ta, 1 , and T1 0).

With P r epens fro'" 1'early Beach the ' e ff ec t of N was not apparent,
íl1 v i•••ll )' ¡.,!caus o.! l he cri,tica l NH~ l eve l f.)r the s l'eci es frolD th is

Table ti ::0i 1 anal YBes , from sites where plnnt material was collect ed
- --- Resis a -1' Ammoniuw acetate exl raCl ilu l e

pil(H20 ) tance llray 2
(otua) Ca Mg

(ppm) Na Kp(lm
!. r epens
(Pearly 7,15 4 450 7,5 885 29 8 9
Beach)

~ rel~~I~
(Oudet.o s c h) 5 .9 2 760 7, 5 311 96 57 J:l
- ---- ----
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\-l ltcn mo rc n u t ri e n t s \.',' re s u p p l i cd , y i e l d s i n r,- r on s c d d ra s t i ca l l y a "
well as t he nutrient content of sorne el ernent s. I his i nd i cat rd t ha t
for a high yi eld, higher nutrient levels were ne<; e r.llar y whi ch mr:lns
hi gher nutrient removal as wel1.

From this data it is obvious that proteas do not remove a very lar ge
amount of nutrients with the harvest but under certain c i r cu ms t ance s
the soil would not be able to replenish these nut rien t s, es pe cia l l y
in highly leached acid sandy soils. In thes e cases fert ili zation oí
nitrogen would certainly be beneficial for production.

Tabl e 8 Cal cula t ed nutrient removal with harvesti ng oí Pro ten íl ower
he ads

4. Concl usions
It app ea r s t ha t cons i derabl e d ifferenc~s c~ n be cxp ec ted in gro wt h
res pon se t o nut rient elements in sand culture, pnrt i culnrly N-sup 
ply, be tween pr otea species, nnd even with in t he sn me pro tea s pe -
cies co l lected f rom different si tes. '

Altho ugh s evera l specie s are usually found on hi g~ly .l eachcd so ils
under natural co ndit ions, a relativel y hi gh concent rar i on o f nu
t rients does not appear to be a probl em in cultu r e med ium. Howeve r ,
problcms may occur with a high level of a part i cul ar e l ement o

The P r equi r ement of prot eas i s l ow and this i s as soc iat ed wi t h l ov
P l eve l s in leaves whe re growth is normal. Althou gh diff erence s
occu r betwee n spec ip.s, P suppl y appears to be ha rmfui eve n a t a le 
vel of halfstrength Hoag l and s o l ut í on (0,5 me 117 PO •. /d m-). N
appca r s to be a nut r i cnr of pnr r i cu l ar irnpor tance in pr o t ea e n ) ti 
va tion . Hore favourable growth \.las always associ ated with i nc r ea
sing 11 sup pl y , particularly of NII, . The sp ec i es s tllrlied coul d a ll
use NII ••-1I even at levels vh í ch may be harmful t o ma ny o t he r pl an t s .
Al t hough sp cc i e s like ~ pate rs onni and 1: re pens I r -o rn Pea rl y llcach
cou l d us e NO) to sorne ex tent, NH, was i n mos t cases prefe r nbl e,
~h ile lvy failed to grow with NO) only.

Speci es

P ner i i ío l i a
(Unfertil i zed
veld pl ant s)

L cordifo li um
(unfert il i zed
veld plan ts)

1. cord ifolium
{ In cul t ure

Nutr ien t cona
t ent of f l o>
wer heads %
N 0,53
P 0,08
K 0,4
Ca 0,4
Mg °,04
N 0,5

. P 0,08
K 1,4
Ca 0,6
Mg 0,2
N 2,0
P 0,15
K 1,6
Ca 0,6
Hg 0 ,25

Dry mass
of flower
head (g)

SO

30

30

For a y ield
of (f l ove r s
Iha)

20 000

SO 000

SO 000

Nutrient
removal
( k g Zha )

5, 3
0 ,1l
t•• O
4 ,0
0, tI
7,5- --
1,2
2, 1
9,0
3 ,7 5

JO,(I
2,25
2 ,4

9
J , 75

NI!, uptake.

Proteos remove rellltively Imnll lUDOllnt. o f nut r i en t s v i 1h th!' hllr
vest, but these can become considerable over the ye a r s Il lld [prtil i·
zation, especially with nitrogen, vould be bene!icial.

References
Ba s so n , W.D., and Bohmer, R.C., 1977. An aut01ut ed p r oced ur e for the

determination of sulphur in plant tislua, AnalYlt 97; 266-2 70 .
Bonner, J., and Calston, A.W., 1952. Principlal of plsnt physiology

w.n. Freernan and Company, San Francisco.
Chapman, n .D., and Pratt, p.r., 1961. Hethod! of anal ys is for loils,

plants and vaters. University of California, Div. of Agric. Scicn-
ces. .

Cr oble r , o.c.s.c., 1976. Die groei en voeding van koring (Tri ti cum
aertivum ~. ~. vulgare ~cKey) onder dif!erensiele nitraal~s
faat- en sulfaatvoorsien~ng. HSc- thesis, University o f Pretoria,
South Africa.

lI:unner, C.L., 1940 . Growth r esponse s of Biloxi soybean s to v a r i a t i on i r
relative concentrationo of phosphate and nitrate i n the nllt ri ent so·
lution. Botanical Cazette, 101: 637:649.

lIocking, P.J., and Thomas, M.N., 1974. Evo l ut í on o f t he l'rorea cea e and
cultural implications. Annual J. oC the Ro yal New Zea l sn d In st. of
lIort. 2: 18-25. --- - - - ---'--- --- . ._. _. . ._. ._._._.- -

Jcffrey, O.W., 1964. The fornation o f pol yphosphate i n n.1nhia o rnn r a ,
an Australian heath pl ant. Aust. J. Biol. Sci. 17: 84 S:854.--- --

Moore , C.E.W., 1966. Nutrition of Crevillea robus ta. Aust. Pl an ts , 4:
39-47.

Mllll i son , W.R., 1941. The e ffe c t on Barley see dl in gs of sorne i n t e r r e l a 

tions of cations and anions in a three-salt nutrient so lu ti on.
Pl ant Physiology, 16: 813-820.

St ee l , R.e.D ., and Torrie, J.II., 1960. Pr i nc i pl e s and pro cr d.. r e s i n
statistics. McGrav.Hill Book Company, In e. New Yo r k .

Tec hnicon Auto 'Analyser II, 1977. Incliv id llal/ simult nneolls dor ormi na»
t ion of nitrogen and/or phosphorus in BD acid di gesto l ndlls tr inl
method No. 329-74 W/B.

Vo gts, M.M ., 1958. Proteas know them and gro w th em. Af r i kam s» I'c r s
Boekhande l , Johannesburg, South Afri ca.

Vogt s , M;M. , 1977. The Bear dcd Proteas. Farmi n¡; i n Se.. r 11 ,\f r i C: " No .
B. 8/1977. - - - - - - - - - - --. . - - - -

Vo gts, ~1977. Protea cynariodes (1.) 1.. i nt cns iv e cur f l ovc r pr o>
duction Part IL---rñññing in South ~fri ca No. B. 10/ 1977.

178

l nc l usi on of Na i n the nut rient medium app ar entl y
cer t a in sp ec ies , particularly at exccssively hi gh
may be due to Na lower ing .t he r clat ively hi gh nnd

i mp r ovcd growl h o f
NII ,-l cvel s. Thi s
ha rm í u l r a t e o I
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THE FLOI'lER PICKING nlDUSTRY IN R~:LATION TO HOUNTAIN CATCIIHF.NT
MANAGEHr; tl '!' IN '!'IIE F YNBOS

B.W. van Wilgen and A.J. Lamb
South Af r ican Forestry Research Institute
Jonkershoe k Fo r e s t ry Rc s e a r ch Cent r e
Pl'i v,t l ll Il d g X5011
5tel1enbus~ h 7600
South Af rica

Abstract

Pr i va t e land in proclaimed catc~ne nt a r e as must be
managed to ensu r e an opt imum susta ined yl eld of high
quality water tll r ougll mai nta i nance of t he vege t a t i on . Hild
flower picking Is a f orm of landuse practised in many
catchmen t areas. Curr e n t rest r ictions call for the removal
o i not more t han 50\ of Lhe b l ooms of a plan t each year,
provided tllat no picki ng i s c arried out for one year prior
to a planncd fire . Th i s paper pre s e nt s data on tlle utili
zation l cvcls of ProLeace ae on prlvate l and in the western
Cape. These levels a re often wcll aboye lhe recornmended
50% . '¡'he viability o f canopy s t o r cd seeds declines at
varyin u ra les dn pc nd i ng on t lle species. More realistic
rul e s s hou Ld pr esc r i be d Lf f e r e n t; l evels of utili zation for
diffe r ent s pe c i e s to e nsu r e susLained yields, but tlle
prohl em is c ompli ca t ed by the e f f e c Ls of s eason of f ire
which c aus e considerab le vari a tion in s ,cedling recruitment.
Unpl anne d fi r e s bu rn 60% of t he mountain a r e a s , a nd heavy
picki ng fo l lowcd by unp lan ne d fi re s can 'r e s u l t in very poer
rege ne r a t i on . The l ack o f a s ound understanding of s eed
biology ,.IIId a n Lnab LI i ty t o preven t unplanne<1 f ire s
curren t l y mak e t he picki ng o f wil<1 populat ions of serot~nous

Prote acc ac ri sk y . The practice s hollld tllerefore be dis
courag.::d in fa vou r Ol c u l l i va t i o ll .

1. Int r oduc U,on

The HOllnt a i n Ca tcllme nt Act (Act 63 o f 1970) provides for
the formal pr oc l ama t i on of prlvately owned land in recog
nised c a t c hment a re as. Proclaimed catchments must be
managed t o e ns u r e an op t i mum sus t ai ned yi eld o f high
qua Jity wa t er. Pr~c tices whi ch rc s u l t ln degradation .of
the ca t chme nt or whi ch a f fe c t wate r quality are discouraged.
Prlvatel y owne d l an d in 9 catchment a r eas in t he West ern
Cap e Fo r c s l ry He gi on amotln t Lo c . 500 000 ha ( 61% of a r e a s
l.de ll l l J: j .:,.j id, c a t chme nts ) , This l and i s rli v ided among c.
800 owne r ti, uf \o/ hullI <l llIinimll m of 11% uti li ze Lhe l and for
f lower pi cking i n uome f o rr u o r ano t he r ,

Tlle wild flo\o/er p i ck i ng indu s t ry ha s moved from i ts early
he q í nn Lnq s as a pu i e l y opportu nistic t r ade t o a r e l a tively ,
more orde r e d s t a t e t od a y , Durlng t he season o f 1980 , F;uro-'
pean trade rs spe nt a bout R3 mi l llon on fresh fynbos material,

,
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a pp r ox imately 60% of it i nfloresences o f the Pro t c ace a e .
Th e industry is, however, one where the a c t iv i ti e s of p a rt i 
c i p an ts are not readi l y a ccou n ted for, and one who se s t r uc 
t u re a llows . no e asy mean s of moni t o r i ng t he f low of p r o d u c e
(Davies 1984) .

, .

The l ong-term e f í ec t s of wil d f lower pi c k i ng a r e n o t known,
The natural fyn b o s vegetation is the most c os t -effe c tive
catchment cove r and should therefore be ma i n t a ine d (Wicht
and Kruger 1 973). Th e p o s sib l e detr i mental eEfec t s o f
flower pick ing i n natural v e getation in c atc hme n t arcas
include serious depletion of seed stores, trampl ing and
e rosion, mortality thLOUgh serious damage to ind ividual
planta, the spre ad of diseases such as Phyto phth o r a a nd a
drain on nutrient pools from the ecosystem. Fires are
c ommon in the Ca pe mo un t a i n s , and many spe c i e s o E Proteaceae
rely on canopy stored seed reserves to regenerate a ft e r f ir~

Picking i n ten s i t i e s should be at a level which will leav e
sufficient seed to provide for adequate regeneration. Pre
liminary restrictions, which call f o r the r emova l oE no t
more than 50\ of the blooms or of 50\ oE the Eoliage o f any
p lant (including members of t he Proteaceae) each year we r e
set, provided that no picking is carried out f o r one y e a r
p r ior to a p l a nne d fi re. This rule has not yet bee n criti 
cally reviewed. The s etting of meaningful rules a nd the
mon itoring o f flower p icking activities are both ma jor
probl ems f ac ing c a tchment manage rs in the fynbos.

Th is pap e r presents sorne data on the utili z a t i on le vels
oE Pro te a ceae on private land in the western Ca pe and the
d e cline in v i abil ity of canopy stored seed i n two s e l cc t e d
spec ie s . Other.avail able data on the s e e d b iol o g y o E
Pr ote ace a e are d i s cussed in rel at ion to -their va lue f o r
drawing up gu i d e li ne s for wildflower pic~i ng .

2 . Metho d s

2.1 ~~~!~~~!~D_~f_~~!!!~~~!~D_!~~~!~.
The u t ili zation of d ominant Pro t ea species fo r

fl o wer p ick ing was est imated at a number oE s i t e s. Sh ru b s
we re se lecte d using the wa nder ing quarter me thod (Ca tana
1963) at e a ch si te. On each shrub the deg r e e of ~ t l1i z a tl on

was e stima ted by counting the number of cut marks from the
cu rrent s e a "on and remaining current flowers.

Se e d s we r e t aken fro m flowerhead s oE 20 P . n ~ri ifol ~

p l ants in J\ugu s t 1982 and 25 Leucadendron x an tlJ OCOll lIS p l a n t s
in Fe bruar y 1 980. Con es and flowerheads werc og ed oc c ord i ng
to year of see d set fo r cach s pec ies. Sc c d s s et In thc
ye a r s 1978 - 1981 f or P. ner ii folia and 1976 - 19 79 f or L .
xanth o c onus were collected. In the case o f P. n cr i ifolia
only p l ump , fi l led seed were used. Five hu nd r e d seeds f r om
eac h ye ar were planted into trays and wa tered. I n t hc c a s e
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o f P . n er ii fol ia only 490 , 290 and 220 s e e d s wer~ p l ilnt ~ d

f r o m the 2, 3 and 4 year old flowe rheads re s p e c t i v e l y.
P l anting dates were Apr!l 1983 for P. neri i f o l i a a nd May
1980 f or L. xanthoconus. The trays were monitore d d a J l y fo r
ge rm i n a t i o n , until no further germinat ion oecurred.

3 . Re s u l t s

Utilization levela oE sorne Pr o t e a speci e s or 0. p r e 
s ClJted in table l. The mean percentage util i zat i on at all
s i t e s surveyed ~as 48.9%, but species sueh as P. magnifi ca
a no P. cynaroides whieh fetch good priees are of te n he avi ly
u t i l Lzed . In cases where util izat ion exceeds 70\ ( a s Eor
P . ma g n i f i c a in the Lan geberg mount a ins) ser i o u s dcpletion
oE seed reserves may lead to poor rege ne r a t i o n fol l owinq
fir e s .

Tab l e 1 - Mean number of flowers per p lant a nd perc n. n t a g e
of flowers harvested for var ious popul a t i o n s of
w!ld Prot ea spe c ies i n the w t ern Cape Prov i nc e .

-----------------------------------------------------------
Pe r c en t age

Mean number of f l owers
Catc hme n t a rc a Species flowers per plant ha r v e s t ed
-------______0______--------------------'-------------_______

Lilllg ebe rg P. magnifica 4 . 9 70. 4
Lange be r g P. holose r icea 1- 6 49. 5
J,ang e be r g P. magnifica 3. O 45. O
La ng e be r g P. magnif i ca 1- 1 23. 8
Win t e r hoe k P. magn ifica 3. 5 59. O
Wi n te r hoe k P. magnifica 5. 1 3 4 . O
\,linte r hoe k P. magnifica 5. O 56. O
IIa wequas P. repens 7. 5 32. .,
IIa wequas P. c':lnaroides 3. 6 64. 8
IIawe quas P. necii folia 32. O 5 4 . 1
-----------------------------------------------------------

Results of the germinatlon experiments are s hown ln
fi gure l. Seed viab!lity declined from 49.4\ in one-year
o l d s eed to 33 .2% for f our-year old seed of P. neriifo lia.
Va n S t ad e n (1978) showed that seed viability decl inc d fr om
86\ l n 8 month old P. neciifolia seed to 40\ in on e ye a r
o ld Beed . We did not test fresh s e ed as t he s e were no t
r í po a t the time of coll e c tion. 'rhe decline in v í nb I t t t.y
wa s f ar more marked in L. xantho conus, from 31.R' t o 3 . 2\
f u r 1 t o 3 year-old eones. L. xant h o c on us would the rp f o r e
a ppnil r to rely far more heavlly on the cu rren t s peo erap
th iln P . neriifolia for r egenera tion f oll owing f J r es .
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Figu r e 1 - Percentage germlnatlon for
seed from two species. (e)
(O) e L. xanthoconus.

'l'I.~ pr ob lem of dete r minlng t he leve l oE s e c d nec c s s a r y
t o ensure adequate regeneratlon f o l l owing f ire is comp l i ca t e d
by season of f ire e ffects . There can be mor e t han a t hr ee
fo l d 'd i f f e r e nce in t he number of viable canopy- s t ored seed
d c pc nd Lnq on t he ti me o f yea r (Coe t zee 198 4, Bond 1985) , but
L/ Il.:r e a r e o f t.e n 10 ' t ú - ., t i me s more seedlings pa r parent
l' I o n t. [o 1 1 o~1 i /1 '1 au t umn r r rc s I ...hen compared l o s pr 1ng f i re s
(Bond e e a I ; 198 4 , Va n Wilge n c e a l. 198 5) . 'I'he s e difEcren
ces result from at tri t i on of seeds followi ng r e l e ase. Fire
s eason may t he r efore have more of an effe c t on populations
o f se rotinou s Proteaceae tha n 't he l e vel of f 1 0~er pi ck i ng .
'l 'he p e r í.od of maximum s eed ava í Lab .í.Lí. t.y a nd o f ' maximum sced
l ing r e cruitment co-incides with the period when most ti res
occur (J an uary - March). , The current rule assumes t ha t wild
f l ower s prod~ce a harvcstable surp1us of seeds, but this is
lInlikel y s een in an evo l u t i ona r y context, as wild popul ations
wOllld no t gain bene fit f r om such a strategy. If the l evel
of seed availabi lity a t the time when f ires a re most l i ke l y
o l' Li mi se s s ee d l i ng rec r ui t ment , then depletion of these seeds
throllg h exc essi ve pick i ng wi11 erode popu1a t ions over a num
ber of fi re cyc lcs . Fires i n unf avour ab1e season s , f or
e xamp l c spri ng , will s i mply accel e r ate t he rate of dec r ease
ill popul u tion number s .

3 4
Seed age (yea r s )

different ages of
e P. neriifoJid,

21

e____
e ____

e

~e

% germination
:; 0-

4 0 - -,,
JO -

20 ·

10 ·

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

- - ------ - ----------------------------- --~--------------~-- -

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

9 9 8 4
2 610
9 6 14
1 656

15 70 4
7 38 1
9 9 6 ,1
9 203

10 73 0
76 8 4 6

14 108
5 285
6 93 9

23 299
40 2 6 3

8 97 0
1 5 35 6

6 444
1 7 11

1 22 3 7 5

To ta l area burnt (ha. )
Unp l ann ed fi r es Pl an ne ,l f í re s

4.3 !b~_ ! E~9~ ~ ~~~_~É_~~E!~~~~~_É!E~~

The presen t ru le requiring that only 50\ of blooms
are r emoved from a plan t each year was set as an insurance
ag ai nst accidenta l fire. It r elies heavily on the assump
tion that most fi re s will be p l an ne d . Unplanned f i re s ar e,
howeve r , a c ommon fe ature o f the Cape mount a in envi r onme nt.

Ce<lcl"uer.g
Grvüt \'I i n t e r houk
Kouebokke ve l d
Ma t r oos be r g
Il m W fjU dS

Hiv i c r s onderend
I1ot tcnto ts- lIo l land
Lall Cj cbcrg-We st
I.an gcbe r g - Ea 5t
' í'o t a 1

Ca tchment a rc a

']'db le 2 - l, r c as bu rnt in p l anne d an d unpl anne d fire s froro 1
Apri l 1 981 t o 31 March 1984 i n 9 catc hmcnt areas
i n the western Cape Province.

4.1 ~~~~_~ ~2!~~_!n_~~r2~!n2~~_E!2~~~=~~~

Se rotiny In Cape Proteaceae 18 comparltively weak and
a large prop ortl oll of the store of viable seed' i5 found i n
t he C1I1T t;l\ t (;l' OP of f Lowe r s (Bond 1985): ' 'l'he degree of
serot in y var ies between species. The longevity of viabl e
c allo py stored seed (figure 1) contributes .significantly to
the d~9ree of serotiny. Bond (19RS) showed that seeds from
earl Júr sea50ns contributed half the total viable canopy
stored seed r e s e r ve s in five out of 10 species of the genera
Protcd and t.au c a áena ron , but that this was be cween' '50 ano
25\ in t111'e e other species and less than 25\ in the remain
lng two spacies. Pr ov i de d that the current crop of flowers
are not ha rvested olle year befare a planned fire, seeo
reserves will amocnt to the whole current crop plus 50 % o[
previous years seeds (whlch will be reduced througl l 1 0 5 5 of
viabili t y). From our data, lt seems that more cones mlls t
'be lef t on L. xdnehoconu s tha" flowers on P . neri i fol i d t o
e nsure the same l evel of s eco aVdi lah il i t y f o l l owi ng fi re ,
as seed viability declines far mora r ap idlY in t he f orrncr
spec ies. populations of species which survive fire by
sproutl ng, fo r example P. cljna roides, can survive occa s i ona l

o unp Lanued f í r e s eve n if most flowers have been r emoved.
o Dif ferent p í.c k í.nq i ntensi ti e s for individual s pec í e s wou l d
~ therefore seem advlsable, out r eli aulc figures fo r thel us s

of v i a u i l ity need to be c o llected fo r various s pec i e s to
de t.e rm í uc r e a I Ls t Lc pick i ,ng i ntensities i n w í Ld popu laU ons.
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Ta bl c 2 5 11 ..." .;" da t n [ D I" I Lr c n O V 0 r 3 Y'?ilr:-; i n LIl... "''' ,,1 r - r n
Ca pe Provinee (from Departmental reeords, unpllbl i shed).
More than 60\ of t he total arca burnt Was bur~t in llnplanned
fires. · An unplanned fire following shortly after p icklng

. will mean that fresh, viable seed available f o r r e g eneratlon
will be reduced. .

Before realistic rules for flower p iekinq c an be
formulated, the degree of serotiny for e ach spec ies and t he
nu mber of seeds neeessary to replace popula t i ons ne e o " t o
be known. Data on seedl ing survival to matur i ty a nd t he
factors affecting it need ~o be collected. Th e data
currently available show that 50 to 75\ or more of a v ailah le
seed comes from the current erop of flowers, depend ing o n
the species. An unplanned fir e following heavy p icking will
r esult in low seed numbers despite sorne flowers being left
from previous jears. Better fire control to reduce the
frequency of unplanned fires will ensure that a pro tected
crop of current flowers can be hurnt in a planned fire,
thereby ensuring adequate seed levels. Until aoe quate ( ire
control is achieved, however, flower picking i n wild POPll
lations for sustained yields is risky. In addition, it i "
difficult to control wildflower picking activlties in
catchment areas. Prescriptions laid down are often e x c e e ded
in pr ivate catchments and the theft of flower s ( rom statc
own ed land is common. The other problems as sociated wi th
wildflower pieking (mentioned aboye) add to the unde s i r
ab i lity of allowing the practice. Sustained y i el ds i n t he
long term will be best achieved from pl antat ions o f Pr o t e ns.
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Mo st local protea diseases are causad by fungi belongi ng to the
t.oculoescomycct i na and Dcute rumycut ina, There are /lO records of any
rusts, smuts, powdery mfldews, downy mildews, or bacterial or viral
diseases. Many leaf specks, leaf blotches and leaf spots reduce the
value of cut flowers. Important leaf spot diseases are those caused
by Mycosphaérella proteae on Protea neriifolia and Protea
grandlceps, by Leptosphaeria protearürnl on Protea ma gnifica~
Batcheloromyces proteae on certaln Protea ~oi des ecotypes.
Ca nker , dle-back, anthracnose and blTglltTñg of shoots and twigs are
'especiall y common in older plantations. Colletotrichum
gloeosporioides is important on Protea com~acta and other species ,
whereas a Drechslera sp. causes--&lightlng of cer tain Leucospermum
cordifol ium clIltivars. The role of Botryosphaeria spp, is not
clei~tñOügh thcy seem to be extremely successful opportunistic
colonizers of protea shoots, flower parts and seeds. Scab is caused
by an Elsinoc sp. Corky lesions develop on st ems and leaves,
particularly of L. cordifolium, and flowering is reduced. Control
of above-g round- fun ga] dise ases is largely by appl yi ng sanita tion
measurcs, by avoiding susceptible species and cut t ívars , and by
strJtegic use of fungfcides. Witches' broom is an important disease
of P. cynaroides. P. neriifolia and P. com~acja X P. nerfifolia
hybrTds. Control Ts by controlling thelñl e ceria proteae and by
strict sanitation. Damping-off and seedl~bllght occur
sporadically. Some common pathogens are ínvolved, but only
C. ~oeosporioides has been studied to any extent. It is controlled
oy tll1ram seed treatment. Phytophthora cinnamomi root rot is
par tf cular ly severe on Leucadendronargenteum, Leucospermum
cordito1i um, Leucadendron di sco1or and LeuCii'deñ'iJrOñ ti netum. Losses
are reduced by avoidlng soils wlth a hlstory of root rot and by
planting tolerant species or cultivars. Cuttings someti mes die in
nís tbeds, A preplant treatment with captafol has given promisfng
control. Postharvest diseases include rhizopus and botrytis decay
of L. cordifolium blooms and blackening of Protea leaves. Use of
disease-reslstant cultivars i s an important general disease control
measure. Uut erosion of dis ease resistance in breeding programs
means that shifts in importance of the different pa thogens could
occur. There is also the danger that indigenous pathogens will be
di ssem inated on breeding material distributed to growers .

l. 1ntroduct:i on

It i s generally recognized that the South-Western Cape Province
of South Africa has a distinctive vegetation (the Cape Floral
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Kingdom ) wll ich bccame í sol otcd af ter t he break-up of tlle
Gondwanaland supercontinent and the intrusion of the cold Benguela
ocean current between Africa and South America. ' The break-up of
G~ndwanaland began 100 million years ago (King, 1978). At the same
tlme many groups of plant-pathogenic fungi (especially Ascomycotina
and .related Deut:romycotfna) were diversffy ing and co-evolving with
the í r host s (Plrozynski,1976) . In addition to higher plants, there
are therefore a1so very many fun9a1 pathogens unique to the
South-Western Cape (Knox-Davies, 1981).

The f i rst South African proteas to be commerc i alized were
coll ect ed i n their natural habitats. Today, t houqh, la rge numbers
of prot eas are being grown in pure stands in commercial
plantati~ns. The species and cult fvars used are selec ted largely on
t~e basls ~f flower ~haracters. Little attent ion is given to
dl~ease reslst~nce. Wlth this crowding together of genet ically
unlform materlal. growers are being confronted with incre as i ng
numbers of dis ease problems. On the one " hand are the
wide-host- range diseases commonly associated with ' agr i cul t ural
crops ; on the other are the indigenous prote a-s peci f ic dise ases.

This papel' briefly reviews the occurre nce and cont rol of
impor t ant dise ases of proteas (Protea, Leucospermllm and Lcucadcndron
spp.) in the Sou th-Western Cape. -----

2. Di seases not recorded on protcas i n South Afric a

Fungal diseases not recorded on protcas in South Afric a inclu de
r~sts , smuts, powdery mildews and downy mildews . No bact eri al
dlsease has been recorded, despite reports of bacteria1 lc af spots
on Protea cynaroides in Eng1 and [Pa t ne. & Stansf i eld, 1919) and
AustraTTa (WllOa1aJeewa et al., 1983). . Ih ére i s. a1so no record of
any disease caused by a virus, viroid 01" nutriti onally fastl di ous
prokaryote.

-.
3. The ma i n groups of protea disea ses

We have grouped the different protea diseases as follows
Leaf speck, leaf blotch and leaf spot dise ases
Shoot blight, canker and die-back diseases

a. Drechslera blight
b, Anthracnose
c. Botryosphaeria canker and die-back
d. Leaf browning and die-back of ~ " i n g s

e• . Other
Scab
Wi tc hes ' broom and fasciation
Soi l - borne diseases

a. Damping-off and seedll ng blf ght
b. Root decay
c. Decay of root ing cuttfngs
d. Other sof1-borne di sease probl cms

Po stharvest diseases
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Dark myce1ium and fruitfng structures (sporodochia, ascocar psl of
,many fungi deve10p superficially on protea 1eaves. Fruiting
structures occur as discrete leaf SteCks on green leaves. Or,
together with the mycelium, they form du 1 grey, lustre1ess blotches
01' smud~es. Sometlmes the underlying tissue becomes yellowed. In
st il1 ot el' cases the superficial myee1;um is so eompaet and dark
that the disease Is more aptly deserlbed as a 1eaf spot. Leaf spots
range from these superficial sooty spots to necrotic, often
extensi ve les ions.

Leaf speck, leaf blotch and leaf spot di seascs reduc e the va1ue
of cut flowers • . Partfcularly spectacul ar are the leaf spot s caused
by Mycosphaerella prot eae (5yd.) Von Arx on Protea ner i i folfa and
Protea grand¡ceps: by Batcheloromyces proteae Marasas-;-YJñ- 1íyk &
Knox-Davles on certain f.. cynaroldes ecotypes and by Lcptosphaer t a
protearum Syd. on Protea~iflc a and cv. She i l a, a nat'üraT- l íY'fi7íd'
(prohab1y betweenP:-Ill'!9ll1fTCa and Prot ea burchel l í l . But the
re1ative i mpo rta nce-, o r--t~f feren t--aTSeases could change wi th
shffts in emphasis on the dffferent protea species and cultf vars
grown . Fungf recorded as leaf speck, leaf blotch and leaf spot
pat hogens on proteas in South Africa are given in Tahlp 1. The
aut hors are at present updating the host l fst of these fungi.

Only a few leaf disease fungi (Batchel oromyces , Lcptosph aer ia ,
Vi zellal have been cultured in the laEOratory. Uñrorluñilr~ 1y--- theY
a11 grow extremely slowly under standard cul tural conditi ons so
that little í s known about infect ion processes and the en v i ro nme ~ta l
factors favouring leaf diseases .'

C o ~ t ro l is achieved by avoidfng hfghly susceptib l e cul tív ars , by
applYlng sanftation measures and by using fungicfdal sprays. For
the past s í x years G.J. Bri ts (Il .R.l. and Tygerhoek E x p~ r i men tal

Farm, Riviersonderend. per sonal corsnunf cat ion] has bcen using
mancozeb al ternated wfth a bcnomyl / captab mi xture. SCl'dl ings and
young plants are sprayed at 2-week i nterval s when wet weather
coincides wfth a growth flush.

3.2. 5hoot blight, canker and d i e-b~ ck ~ i se a s es- ---- ------- - - -------- --
3.~1. Drechslera blfght

Von Broembsen (1985) recently recorded drechslera bli ght on
L e~c o~e rmum spp, and cul tfvars from ma ny parts of the South-Western
tape . Commercia11y cultfvated pincushions are especially severe1y
af fected, with symptoms fncluding leaf lesfons, stem canker s and
premature dea th of flower heads. She described the causal Iunqus as
n ~~c:~~l~ra dematioidea (Bubak & Wrobl ewski) Subram. s Jafn .
SU'J tJe d eo cont ro1 mcasures are the use of resi stant cul t í var s , seed
treatment , i1nd spraying with fungfcides such as iprodione.

lhi s drechslera blight fs probably identical to lhe 'l paf
spott ing and shoot dle-ba ck' caused by Orechslera bi septata on
l.eucospermum spp, in Au stralia (Greehill gh, 1981 r - ' ¡{üvral
llíproilT~a ppe a rs to reduce disease severity' (Greenhalgh, 19QI) . .



3.2.2. Anthracnose

Anth racnose , causad by Colletotrfchum gloeosporioides (Penz.)
Solce. , ' was first described locally on Protea compac ta (Benic &
Knox-Dav i es, 1983b). SymptOll1s fncl ude cankers and other les ions on
ste ms and shoots, leaf blfght, seedling blight and pre- and
post- emergence dampfng-off. Since then, the flrst author (P.S.
KnoJ- Davies, unpubl i ~ h ed data) has recorded C. gloeosporio ides on
hl i:Jll t t;<1 f"·O':. t.d (P. cynaroldes, P. exfiñfa. P. ~ongl:01ia,
r . '.¡:('c íosa. ¡,-:-'stOko(: í)- secdli ngs. Schwane"l1f.'t3. Scliwa e, ITRT,
1 t <.:n eñbosch,- personal cOllIIlunfcatfon) has al so found
C. 91 ueosporfoi des assocfated wf th die-back of Protea , l.eueospermum
and Serruria spp. P. ~niffca was particulat'ly suscéptible . hlff
l.~ I~c_~(T(~I~nin~~. wcre-re·slStolnt. In Australia, Greenha l !Jh (l :Jli1)
l l H t!ll Uie IJll ow ing r ; · ol~ .l spp , susceptfble to colletotrichum
dle-beck : P. maf"ftlca. -p:- COOCicti' P. nerfifolia, P. cynaroldes,
f.. cllronata: f..ongifo1fa: !. o us falTa, !.. stokoef añd !.. repenso

C. gl oeosporfofdes has many hosts besfdes proteas, and there is
considerable data available on condlt ions favouring diseas e and 0 0

disea se contro l .

Botryosphaerl a spp. oceur as extremel y success ful oppo rt uni stfc
(0 10nlZers of protea shoots, flower parts and seeds. with
environmental stress fact ors po ssihly increasing the suscept ibil i ty
of hust ti ssue to i nfecti on (et. Sehoeneweiss, 1981).

3.2.4. Leaf browning and die-back ot cutti ngs

Leaf browni ng and die-back of cuttings are somet imes a problem
while cuttings are befng rooted in mistbeds. Jaccbs 0 981a )
suggests tnat most di sease problems of rooting cutti ngs can be
related to irnrnature wood, too clase spacing, pOOl' dir cf rcul ation
dnd overwatcring. Nevertheless, both he (1981a, and personal
comanmt cat iou) and J.C. Steenkamp (Protea Height s, St ell enhosch,
persona l coemuntcatton) suggest that rooting euttings should be
sprayed regularly and routinely wfth fungiel des. Steenkamp
alternates a mixture of captab and benomyl wi th one of mancozeb and
iprodione at·weekly intervals. Sub- irrigatfon whould also reduce
the incidence of tolfage diseases while cutt lngs are rooting .

3. 2. 5. Other shoo t bl ight, canker and die-back diseases
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A number oi dfff erent Eot ryosphaer ias (sorne wi th Dothiorell a
anamo rphs ) have been i solated from shoot 1esions, seedlleaas anll
seeds of different proteas (Knox-Davies, Marasas, Wingfield & Von
Broembsen, unpublished data). · Benic & Knox-Davies (1983b)
frequently isolated 'Botryosphaeria' from anthracnose lesions on
P. compact d plants and suggested that ft is 'a secondary invader
which colonizes tissue after infection by C. 91(Mos~orioides'. Von
Broembsen (1985) found Botryosphaerfa dotnfdea oug. ex Fr.) Ces . &
de Not to be 'an important secondary pa thogen of the st em canker
caused ti: D. d c:!' ~tio ide~ ' . l t, seems that a var i ety of

Sced treatlllent · 15 adv1sed to control damplng-off and seedl ing
bl1ght. Benfe &Knox-Davfes (1983b) obtafned good seed genni n J ~i uo

and seedl ing survival after the following see~ treatments : 24h JU' C
th í ram soek; thfram dusting; JO 1R1n hot water (SO·C) treatment
ful lcxed by thiram dustfng.

Follage fungieides have also been used in anthracnose control.
Sorne year s 0190 Se hwabe (personal eOll',munfcatfon) controll ed protea
die-back on an experfmental basis wlth captafol, eaptdb and
mancnzeb, In Australia, where colletotrfchum dle-back of Protea
seedl ings has been described as a 'major disease of ecOñOñiTC
Import ence' (J. Maughan, Plant Research "' Inst itute , . Burnley,
mt meoqraphed data, undated] , dlfolatan and proch1oraz were the most
effecti ve of 31 fu ng icid~ s tested against the disease, though
nursery t.r í al s we re less sueeessful tnan those in the-,.91asshouse.

Benic & Knox-Davies (1983b) suggested
burnlng plan t at ions as lhey become
Cc; l1 (' I.o l r i ,J ,uII¡ and ilotryo ~f'~ a e ria i noculum.

3 .2 .J . Bo try o sphae r i a canker a ud d í e - back

that the 'prect ice of
unproductive reducl: s

I

Bl ight ing, cankering and die-back of Shoot5 and stems are seen in
md ny older prot ea' plantat ions. They have still to be diagnosed and
eVdluated. The Phoma sorghina stem canker described by Gorter
(1976) on l. coraTTOlium ln the Transvaal has not been recorded in
the South-Wcs tet'n Cape .

1.1 ~c.!!.h..!. ~a~ s~d_br.!!.n Elsi noe sE.._ (~i.!.h_a Sphaceloma ~n~mE.r.Eh)

Scab is an important disease of Leucos pe :~um' cordifol ium, and has
als o been recorded on other leucospermum spp. IL. conocarpodendron,
L. lineare, L. oleaefolium). a Leucospermum hybrid- (L. cordl fol lum X
r. t ottumf , -two Leucadendron spp. IL. laureolum, -l . platyspermum)
an~uri a tl orlda IBenlc & Knox=Davles, 1983a-and unpubl ls hed
dat a). Dlfferent--CUltfvars and seedlings differ greatly i n
suseeptio il ity to seab. L. cordifolium cv. Rcu,Sunset is extt emely
susceptible.

Syrnptom s resembl e those of citrus scab, Corky le s ions develop on
Lile 1eaves , but they are mos t. consp fcuous on shoots and f1 oweri ng
hrdllehes . Heavily infecle d shools become twisted and distorted , and
fl oHering is reduccd , lnf ect ion appa rently occurs i n wet weather
dur ing d ~nll';~:' f1u sh (Benfc & Knox- Davies , 1983a).

Measures suggest ed for seab control (Benic & Knox-Davies, 1983a)
include the use of resis ta nt cul t ivars, choosing si tes wlth good air
drainage, jlldici ous overhead i rri gat i on and spraying duri ng a growth
fl ush with fungicfdes such as captatol and mancozeb (contact) 01'
benomyl [sys tem i cl ,

,
3.4. .!ii..!:.c~e~ '_b..J:0~m..!. .!a~c..!.a.!.i~n

~ : i tej.l's ' bruoms occur on a number of Protca spp, They are
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especiall y common on P. cynaro ides and P. niIi da, but can be locally
important on other specTes. We do not know what causes the disease,
though the mite Acerla proteae ls lnvolved in sorne way (Rust,
1984). There ls no experimental evidence to support the suggestion
(Rust &MYburgh, 1976) that witches' broom ls caused by a mycop1asma.

Rllst (1984) gives' the following control measures for witches'
broom :

a.) l egis1ation 'prevent l ng t he sale of di seased p1ant s ;
b.) care by growers to buy di sease-free propagat ing material

f rom nurseries that have been free from the disease for at
least ayear;

F' ) spraying with carbaryl at t hree-weekly interva1s.

Fasciation is rare enough to be regarded as a curiosity rather
than a dlsease. Shoot tips become broadened and f1attened,
sometimes with twistlng and curling. The cause l s unknown .

3.5. Soi l -borne dise ases

3.5.1. Damping-off and seedling b1ight

Seed-borne C. gloeosporloides causes dampi ng-of f and seed1ing
b1ight of a numoer of Protea spp. (Benic & Knox-Davies, 1983b, and
unpub1ished dat a). ~treatment is effective in di sease cont rol
and i s dis cussed in relation to anth racnose.

Linda Beni c and the first author (unpubl ished data) have a1so
frequent1y isolated common wide-host-range pathogens such as
Rhizoctonia solanl Kühn, Botrytis cinerea Pers -. e.x Fr., Macrophomina
phaseo¡, na TTaSST) Goi d., Fusan um oxysporum 'Sch1ec t . and otne¡;
tusarlum spp. from damped-off and blighted protea seedlings.

There is l ittle l nforma t ion on damping-off or secdl ing b1 ight in
commercial undertakings, but numerous seedllng disea ses have been
experienced at the Ki rstenbosch Botanlc Garden, t he Ha rol d Por ter
Botanic Ga rden at Betty's Bay and the Assegaaibosch Nursery' of the
Cape Department of Environment Affairs. At Kirstenbosch the problem
has largely been resolved by treating nursery soil with methyl
bromide and seeds with thiram dry seed dressing (Linda Benic,
personal communi cation).

In Australi a, Greenhalgh (1981) reported that a soil drench wi th
Ben1ate (benomyl) was effective in controlllng damping-off caused by
Fusarium and Rhi zoctonia.

3.5.2. Root decay

Phytoph thora ci nnamomi Rands is the most impor t ant protea root
decay fungus . Va n Wyk (1973a,b) described lt as the cause of a
sudden death of Leucadendron argente um, and provi s iona1 1y lis te d tlle
react ions of 13 Prot ea spp., 7.Leucadendron spp. and 2 Leucospermum

spp. to the fungus (Van Wyk, 1973a). P. cynaroides was resistant
and he suggested that the - antifungal substance,
p-llydroxybenzoylcalleryanin, whlch he and Koeppen (1974) extracted
from the bark of P. cynaroides rootS' is important In conferring
resistance to P. cTnnamoml.

Von Broembsen & Brits (1985) isolated P. cinnamomi from
22 Leucadendron, 24 Leucos~ermum and 9 Protea spp7 from commercial
f iel ds ln the Soutn=Wes ern Cape. ~oculation studies they
confirmed the re1atlve resistance of Protea spp. but extreme
suscept ibi l i ty of many Leucadendron and ~eGcos~ermum spp., as
previ ous1y reported by Van \OIyk (1973a) an reeiaTgi1(901). They
a1so reported that Leucadendron and Leucoseermum spp. were subject
t o phytophthora root rot even on we~dralnlng sites, whereas Protea
spp. were rare1y affected. ---

In Australia, Greenhalgh (1981) found L. cordifollum and many
Leucadendron spp. (e.g. L. discolor, L.-da~hnoldes, L. l aureo1um
f. . a r~en teum, !:. eucalyptTfo1lUm, L. salid ollum) to be hlghl ;
suscepITl>Te ~o ~. dnnamoml. Protea spp, were general ly more
tolerant : Dbservatlons l ndica~at P. neriifolia and P. r~ pe nd

are tol erant to the fungus and that P. magnif Ica, P. compac ta an
~ . cynaroides are susceptible'. - - --

Soils suppressive or conducive to P. cinnamomi have frequently
been recorded elsewhere, but there are -no da ta on P. ci nnamomi
supp ressi ve/ conduci ve protea soils i n the South-Western Cape.----------

Cont rol is difficult, especia11y l f , as Von Broembsen &Kruger
11 9~ 5) suggest , ~', ci nnamemi i s 'an i ndlgenous component of the
natl ve ecosystems. Recommended control measures at present (Bri t s
& Vo n llroembsen, 1978; Von Broembsen & Brits, 1985; G. Jacobs,
personal communication) include :

a. ) avoiding poorly draini ng son s and soi1s wi th a his tory of
root rot;

b , ) using resistant material (e.g. Protea spp , ) on suspect
soil ;

c. ) using disease-free nursery material.

Systemi c fungicldes have given inadequate control or are phytotoxic,
and decontaminating river water for irrigation is too costly (Von
Broembsen &Brits, 1985).

3.5.3 . Decay of rooting cuttings

Prot ea cuttings in mt stbeds often turn brown from t he hase and
fromwounds caused when leaves are removed during preparation of the
cut t ings. Isolations made from the lesions have yi eld r.d ~lny

saprophytes and wide-host-range pathogens such as Rhizoctonia
so~.'.l n i , Botryti s cf nerea and vari ous Fusari um spp, (unpúliTlslie-d
(fa 1..1T:'

Prel1mi nary tests with P• .':!pens suqqes t the foll owi ng con tro l

1'):;



Dleasures '(G. Jacobs , personal cocmuntcatfonl , Cuttings are stripped
of their lower leaves, dipped in 0.05-0.15'1 (m/v) captafol in 1120
and dr í ed briefly. lhe bases are then dipped in rooting compound
and the cutt ings are planted In mistbeds.

J . ~,4. Other soil-borne di~case problems

H'J~ t loca l research effort has been concentrated on phy tophu.ors
root rot, and there has been a tendency to ascribe all cases of
sudden death or poor growth of protea plants to P. c lnnamomt , It i s
becont ny appar ent , tllou9h, that other pathogens mfght somefliñes el l so
be involvtJ - as ~el1 as abiotlc felctors such as moisture or heat
st.r es s , and nutr í tiondl factors.

3.6. Postharvest dfseases

. . A RhiZo~uS sp. and Bot~tis clnerea are sometlmes · problems on
L. cordifo lum blooms af~r harvest. Suggested control measures at
pres ¡ ñt ' 1 rlcfiilf~ ú ipp¡" 9 the f!owerheads in dlc1oran and benomy l and
dryl n9 them thoroughly before pd~king (G. Jacobs, 19B1b and pe rson~ 1

cumrnunicatlon). In Hawall. Cho (1977) recovered benomyl tolerant
B. cinerea from L. cordifolium plants and other Proteaceae sprayed
roubnely wi tll benOinyl:-B"enom)'r<.lip tree tments to . control ~~t:. ~s
postharvest decay would almost certainly lose tne í r effecti veness lf
benomyl were used routinely as a folielge fungiclde in the field.

Blackening of protea leaves during storage was ' discussed by
Jacobs (1981b). Protea spp. particularly prone to leclf bla ckening
included P. com~ ~. eximia, ~. magnifica, . ~. repens and
P. neri ifolla. ' .

Leaf bla ckening í s a 'complex problem', ' ... though "the severity can
be reduced by (a) selection of less prone genolypes (b) proper
handling during transit especially temperature control and (e ) the
use {I F pr eservat ive solut íons' (Jacobs, 1981b). ....

. ~ .

J .7. Othcr

3. 7.1. Phosphorus toxicity

Phosphorus le vel s normal for othcr plants are toxic t o many
Prote aceae (Ni cho1s , 19111 l. Phosphor us t01. id ty could t here f ure t.e
a pr nblcrn wllcre old agrf cul tura l l ands are used tur p " O ~, -:cl

cul t ivet ion, Symp toms ínc lude leaf necrosi s and deatll of young
1'1 an t s , end can be confus ed wi th those caused by soi I-b orne
pathogens. Nichol s (1981) l isted the sensitivities 9f 33 species of
Pro teace.r e to pncsphorus toxici ty and suggested that there rniyht be
sorne genetic variation i n to lereuce wi thin a spectes . Phosphorus
toxic lty i s apparent ly not an important factor fn protea produc ti on
111 the South-Weste rn Cape (G. Jacobs, personal cunmuntcat ion) .
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4. Concluuing rema rks

l t is accepted that protea breeding prograrns should be more
concerned wi th fl ower characters than disease resi s t ance . But one
consequence of this must also be realized - that the nat ural disease
resistance of wild parents fs inevitably eroded during breeding and
selection. Exemp l es of th is are the extreme suscept ibility of cv.
Shei l a , a presumed P. magnifica X P. burchelli i hybrid to
Ieptosphaer i a leaf spot and or L. cor'difollum cv. Gold Ous t to
EI si noe. -

Loss of wild hos t resistance will have particular signi fi cance
near the protea cent res of origin (South-Western Cape) whe re minor
pat bo-jens on the wild plants could beeome major . pat hogcns on the
' improved' cultivars, and be disseminated with them. Local protea
breeding programs should recognfze this and evaluate the res istance
uf breedi l1g melte rial to a wide range of indfgenous pathogens, but at
the same time ensure that the material 1s disease-free when
distributed to growers. lhe local protea industry should also
consider maintalning a cultivar bank isolated from bo th commerei al
plant at ions and wild proteas in thei r natural habita t .

P. cinnamomi is a major pathogen in the cuitivation of proteas.
Little lS known locally about the susceptlbility oF proieas to other
wide-host- range fungi such as Rhizoctonia solani. Fusarium oxysporum
and 11acrophomi na phaseo1i na. lhe impa'ctOT these pathogens wlll
becumc more apparent as more seedlings and cuttings are raiséd in
nurseries and as more use is ma de of old agricultural lands for
prote a producti on.

Despi te the ma ny l ea f speck, l eaf blotch and leaf spot diseases,
there has been only sporadic research on the use of fung icides in
di sease contro l . In most cases we need to know much more about the
causal organi sms and disease cycles before we can plan meaningful
sl ra teg ie s i n protea disease control wi th fungicides.
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Leaf speck, leaf blotch and l éaf spot pathogens on
proteils.

coxrnot. 01' l' IIYTOPIlTIIOR ,\ l,úOT ({OT or I'ROT EAS iN SOUTII " FR rCA
TA!~L ( 1 -

Pathogen Synonym Reference

1
S.L. von Broembs en
PIullt Protection Resea rch
Inst í t ut e
Prí.vat.c Ha !: ~')OI7

SLd l e ubos r.h zooo
S"IJLh ,; 1r í cu

C.J. Brits
Hort i cu ltur a l Res eareh Inst itute
Tyger hoek Experimelltal Farm
l' . 0. Ilox 25
Riv i e r s onde r cnd 7250
South Afri ca

Sumlllnry_

1_,_~~IJC: L i on

I' h Y t o p h t h o r n e i n n a m o m i Raruls was first
us suciaLed with sudden dic-bnek of sil ve r trees (L e u e. a ~ e n
.1 r on él r ge n t e u m) a nd other Pr ot ea cea e occurri ng i n the
sournvest.ern Cupe I'rov1nec in 1973 (Va n Wyk) • . Phytophthor~ root rot
WilS ~ lI h :; c q ll e n l: l y r ecogn i zed a s a se ri ous d í sease pr ob l em i n eo mmer
e i a l prot.ea pl nnt Lngs (Von Br oe mbs en a nd Br í t s , 1985) . 'l'he dis~ase
occ ur s in i he mai n pr ocl ue t i on areas t hr uuglloul the cousta l reglon~

of l he Cape Provinee and in Lhe Tra nsvaal . P. e i 11 n a m o .m 1

ha s been reeord ecl on 63 species of field-grown proteas from e~ght
incli genous snd lWO Aus t r a l i an genera (VOII Broembs ell and Arlls ,
I ()85) .

,
I'hytophlhonl r oor r ol is a limit ing fac t o r i n t h~ pr oduc t í on of

ce i t.a i n k i mls o t cnt.-fIove r pr otea s in South Afr i ca , esp~elally
L e u e o s p e r m u m und L e 1I e a d e 11 d ron spp. (Brlls .and
V" n hr oc noh:;ell, 1')78; VOII llr oembsun , 1919 ; VOII Broembs e n an d B r~ t s ,
1')B5 ) . Los"es i nc ur r ed includc r educe d c uc- f l ove r pro f í t s ,
i Jl{:r cit s etl I'r otlllcLi on costs f or fun gi citl e trea t men.ts and re
u st.ub l í s hme nt , aud t he dee reased va l ue of PhyLoplllhor a-lnfesred land
t o r :;lIse c pl i b l e r ro ps , . Disease 10:;5e 5 of L' e ti e o s p ,c r vm u m
"11.1 1. e u e .J (1 e 11 d r (l n s pp , unde r c ul t í va t í on hav e dl s eollr a ged
Lheir ho rticultural IJl-oduetioll a s ¡) fillan ci ul l y atLr ncli\' e a ll: e rn a-

Root r ot ca used by P h y t o P h t h o r a e i n n a m O m i
l s /1 Liuu t i ng Iac t or i n the production o f c ut f Iove r s f r om
L e u e o s p e r m u m, L e u c a d e n d ro n , S e r r u r i a
a nd 11 a n k s i a s pp . i n South Af r i ea. Preventi on remains the most
e t t uc t í ve me t hod of eontrolling this d í s eas e . llov ever , the \/ide
spreud oceurren ce of P . e i 11 n a m o m i in mount ain fynbos vegeta
Lion and r i ver s of the s outhvestern Cape Prov í nc e poses speeial
problems in preven ting root r ot . Cul tural methods whieh reduce or
~ vo j d eOllditiolls favourable f or disease a r e also an important means
o f r.ont r u1. At t empt s to de ve l op f ung icide t reat n.ent s vh i ch gi ve
good field cont r o l fur hi gh ly suscepti ble pro Leus I~ ve bee n la ~g~ l y
un su ccess f'n l . Pl ant brecding i s pr oba bly t he mos t pronu smg
a pp r'unch lo u í s euse control. There i s considerable res í sta nc e i n
t he gelllls l' r () t e a an d the mo r e r es istan t P r o t e a spp , ca n
he used on Ln f es t ed lands . There is 0150 tolerance in the genus
1. e u e o s p e r m 1I m wh i eh might be utlll zed in brceding programs
a ml íur r oo t.s. t ock de ve l opme nt .

Van Wyk et al. (1985a)

Doidge (1950 ), Vdll Ilyk
et al. .(l97!i d)

Doidge (1950 l, Vdn Wyk
et al. (1975a)

.~

..... ..

Marasas et al. (1975) ,
510ft et al. (1983)

Dofdge (1950). Van Wyk
et al. (1975a)
Van Wyl: (l ~13d )

Van Wyk (1973<1)
Doi dge (1950)

Van 'rIyk et al . ( 198Sb)

Dofdge (1950), Ell is
(1972). Va n Wyk
(1973a)
Dofdge (1950). Van Wyk
et al. (1975a)
Viln Wyl: el di . ( l'.J /~b)

Ooidge (1950) . [11is
(1976), Van \o/yl:
(1973a)
Doidge (1950). Van \-Iy!..
(1973a) . Van Wy!: el
al. (1976)

. Doictge (1950), Vdn \Iyk
et al. (1975a)
Voln Wyk et al. (1 975b)

Aphysa sennfana
(SilCC.) OOi"il'ge

Ent tpe: l ti s ínte r
~up el Iffii t:¡
onlTóhn.

Ol i2ostr0md ma
cuh fonnl s--(I;lfñ t.)
OOldge
Unpublfshed studfes
by the authors
suggest that thfs
fungus fs a
Butryosphaerfa sp.
Lerco~ora protea
rum CooKe

Conio thecium maco
WciñIT-S-áCE:-- --

Sti r¡ml lld pr ot.earum
TCoóKer-M,(i,tTlTS

PhyllJ~hora proteae
Wakef .

Vizella in t ~rr~

TIlTñt't!¡: rllug he s

Mycosphaerel~~ J,~~~rs
hoekensi s Vdn 'rIJI'.. . r;rar,i>as
rRi'¡o', -Oav1es
Hyc ú S llh ¡Jl~re11a .e:0teae
T~iJ~-'lüñ'Arx ._ -

Te r~to ~ phacrla fi bril10sa
"5Y(J.
Terdto~haeria .roteae
~eae-Vd~y • Harasas
&Knox-Davies
Trfll1lla tostrotna m,lcowcHd i
~nr~B.-nH: -·- -

:';,1r ene1oromyces 1eucaden
drT v'drIWyr;¡:íarJsJsr
Kñóx-Oavi es
1l ,]_tE. ~i e1o ro;~lr':!::~ t ; ?te3t'
Hd "d~J ; . \ an \o/y~ ,r J: nox
Ddvics
Col eroa sennlana (Sacc.)
Von Arx
Clasterosporium proteae
H':lf.t1 rr-s- -
Coniothyrium sp.
~o~m congestum
'Syd.
He1icosi noula l eucadendri
Van-Ilyr,---¡ta"¡::asdS":-lfcidi=OI
Knox-Davies
~eptosrhaerfa protearum Syd.

200
Ac t a lIor ti cult ur'oe 185, 1986
PI'o t ea

20 1



t Lve t o pi ck í ng f r om li le v í l d , In a rld l Li on , ru. t emp t s t o e s t a b l b ,h
comme rcia l produe tion of S e r r u r i a ond B a n k s i 11 s pp . h<lve
been hampe r cd by l osses. Phytoph thora roo t r ot i s a l so 11 prob l em
in pro tea nurs er i es (Brits an d Von Broembs en, 1978; Von Broembsen ,
1984a) •

, This pa pe r rev í-evs r e s earch on the co nt r o l o f I'hyt.oph t.h orn r oot
rot o f 'pr o t eas in South Aírica. I t a l s o ev a Iuat es vha t pr ogress has
bee n mad e t oward adequate co ntrol oí diseas e a nd d isc usses f ut.u r e
approaches to research.

2. Curre nt kno wledge of con t ro l met hads

The prima ry means oí contro l ling Phyt opht horn r oo t r o t o f cu t 
f lower pr o t eas in South Africa a re :
- exclus ion,

cultur1l1 pract i ces,
- chem ical c ont r o l , and

plan t r c s i stan ce.

Exclusion

Exclus i on entails pr imarll y t he us e of Phyt.u pht horu-f ree I'r ornl'. n
t ion material, ir riga t i on water and f ield s ites, a nd the preve ntion
of subseqlle n t i nf e s t a t i on of pl ant ings. Product ion o f Phytophthora
f ree prop a gation material has been described prev i ous l y in de tn í I
( Brits and Van Broembsen, 19 78; Von Broembsen . 198 1) and will not
be dealt wi t h fur ther here.

The e nd emici ty o f P h Y t o l' h t h O r a c i n n n m o mito
moun t a i n fy nbos vege t a ti on of the southwestern Cape Province (Von

.Broembs e n a nd Kr uge r , 1985) an d it s ví.des pr ead occurre nc e i n the
regi ~n' s r í vcr sys t ems (Van Broembsen, 1984 b) . greot ly ' Increa se t he
dif flculty of excl usion. An of t en uní or es een pr oblem is soil infes
tation resulting f r om t he use of land cleared of fynb os vegeta t i on
o: from spread of t he íungus from ne arby íynbos vege t at i on. Irr i ga
t í on wa te~ can be de-contaminated by filtra tion to S mí'c rous or by
c hl orinatlon (Von Broembsen, 1984b), but th is is c:ost ly for f ieId
us e . Storing irrigati on wa ter voi 3-4 weeks i n fa rm dams g'~eotJ y
r educ e s but.does no t comple.t e l y e limi note t he f ungus. The fu nr,ns
can 0150 be l n troduced from lníested a reos to di s ease- fr ee plantings'
th rollgh . surface run-off or 5011 corded on er¡uJ.pment . Nl'thods of
pr e vent lng introdllc t i on t o natural an d c: ul t i va ted areas' by rh es e ond
othe r means ho ve prev iously been presented (Brit s an d Van Broembs en
1978). ' ,

CuItu nll prncticcs which r educe or ovoid cond it ions fn vourah I 'l
f or d i s ea s e play an impor tant role i n the con t rol of Phyto rhlhorn
r oo t r o t of pr oteas ( Brit s a nd Von Broembs en . 1978 ) . Sc\'e re r oo t
r ot i s o f ten associated wi t h pOOl' drainoge (Von Droembsen a nd Dri t s,
198 5) . LO\l- lyi ng or poorIy drai ning si tes shollld t herefore be
a~oid ed . Drainage can s omet imes be improved throu gh the installa-
tlon of undc rg r ound drai na ge sy~tems or pl a nt s can be grown on
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r-j .'¡;ns to a r h í eve better d r a i nage , R (, ~\J l "lr r emova I a nd dest ruc t i on
of pl a nt s t hat ha ve di ed o f r oot rot r erluc e s build- up of i noc uI um.
:Iigh ly su s ceptible protea s s hou l d not be pl an t cd to f i el d sites wlth
a pre vi ous history oí root rot.

The use of non-competi t í ve cove r c r ops or nnt ur a l fynb os 115

gr onnd cover to minimize s o í l d í st ur ban ce and promot e t he ac t í v í t j

o f bene f icia l 5011 micro-organ isms hAS been recommended AS a co nt ro l
method (Brits and Von Broembsen, 1978). Recent at.ud í es of the
fa ctors aCíecting sporulat ion oC P. c i n n 8 m o m ~ at cult ivAted
and fynbos field sites (Van Broembsen and Van del' MerwE.' . unpub Lí.«
s hcd ) t nd í ca t e that ground cover hAS impor t ant effects i n r educ í ng
sporu l e t í on of the Cungus. SoU moisture and temperatu r .. flucl ua
t l ons Are mod~rated by gronnd cover. The temperatur ('/ mo i sture
r cqu í r ement s for s por u l aton occur more f requent l j an d fo r l onge r
pe r í ods i n bare c u l t í va t ed so í l s , Fur t hermore , sporu l a t i on o f t e n
t a ke s place fo11owing r a í n during mi d-summer to enrl y aut umn
(JanlJnry t.o Mnr('h) in bare cul t í vnted s o í l but not in 501 1 with
gr ou nd cover , Th í s not only í nd í ca t ea the ímpor t nnce o f p'round
co ver but 0150 hdgh l í gh t s t he need to und erstand more ab ou t hov

í rr í gnt í on pr ac t í ces influence sporu l a t í on , Res ea rc h on t he e f f er t s
' o f t ype and amoun t of ground cove r on s porulilt ion i s unde r\l n y wi t h

11 vl <'w t o selecting the best cover crops a nd cove r c r oPl' i llg melhods
to red uc e root rot.

2 . 3 Chemical control

Deve Iopmcnt of f ungl clde t reatments CO I' cont ro l I In g Ph yr op hr horn
r oo t ro t in Cield plantings hos been Large l y unsuccessfu l in Sou t h
Af rica . Ef f ect ive t iming o f fun gic ide a l'plicati on has been hindered
by t he l a ck of informa tion on the d í sease cycle under l oca l eo ndi
t i ons . Fte l d st udi es o f t he s easona l spor u l nt í on oC P. c i n n a
m o m i i n cu l t t va t ed pro t ea f i elds (Von Broembs en a nd Vnn dc r
r·:r.n {c, un publ í shed ) show t ha t s por u l a t í on occ urs malnl v in Oc tobr-r
t hr ough Oec ember a nd i n April . Test ing of f ung í c t de 111' 1'1 í cnt í on
s ch edu l es which protect pro t eas durlng t hese per iods s hou l d l end t o
f mproved control. Ilowever, prot eas are a minor c r op i n Sout.h Af r i ca
nnd r here is. consequently, l i ttle í i na nc ia l incent ive for ehp mica l
('ompanies to dcvelop f i e l d app licati on me thods . The lAck o C
s t nndord pr odllc t ion pract ic es fo r t h i s ncwl y developi ng Ap'ri cll ltlJra l
cro p fu r the r compllcates t he t Ask of dev c l oping f i e ld application
t echni'l ue s .

Nos r of our res <'nrch on flln p, i cicl e conl rol ( IInpllhl i ~h<,d) h.1 5 hee n
cnn il'r! out. on the ('ommer(' l nI 1y i mpo rt Ant nnd highly slIsellplih lc
p in cIIshions (L e u c o s l' e r m lJ m spp .) . AIl /toURh me! " ]Axyl
Ri ves reasonRb ly goo d f i eld con t rol o f r oo t r ot, it is nnncceplobl y
ph}'l.otox ic t o pi ncu sh ions lit the r a l ps r er¡ lIi r ed fo r co nt rr)1 '"Id"r
l oen ] fi!' l d c ontl lt ions . r os e t yl -AI is I t"ss ~' f "Clivt" th '''l mN n
l a y. yl. huI. i t is 0) 50 mlleh les s phyto tox ic ro pincII ",hi f)ns nnel ] ('<; s
e xpl'nsi ve. Some phy t o t ox i ci t y is experi t"necll if fose tyl -,\1 j<; II s ed
a l: 1 rIlIIs plnn tntion t ime when plllnt p,ro\lt h is tempo rnri 1:: o; 10 1J(' <1

down , but these e ff ec t s ~ re lAte r overe<>me. rosf'tyl -Al ca n hn lJ <; f'd
:1S a jlro t ective trea t mt" nt rOl' pin('lI" hions . I ~olllted spot s of
d¡ s('ase i n pincu shion plnn t in gs can he containecl hy di si nf " s t in 3
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p l ant i ll g s i t es wi th vapam a 01) t reat Ing . t he rema ln ing pl ant s wilh
fuselyl · Al. Once r oo t, r ot 'I8 S beco e e l lo) ' h l ' I10 S a i s el i n a V UJl t. i ll ' l.
f oscly!-Al can be us ed l o red~ce losses . "uwever, l his i s IIOl cus l
e t I í c í enc i n IDdn y situaLions.

~ :, . " 'o i s c on.s Ide r ab l e fleld res í stance in t hc genus Pro t e a
(¡J'l ; '.:; J . ¡¡j '10 11 Blu.. r. , b ~c n , 191" 9; Von Broembsen , 1979; Von Bro e"''' :;e ll
. : ¡¡ j ¡\ 1 1 i S , lYtl5). Sev e r a l i luvur lal'lt conuoer cia l Pro t e " S I" ' .

(1'. e Y r: ;¡ r O i d e s, 1'. n e r i i f o 1 1 a, P. r e p e n s, ,, ;,,1
P. e Ü 1'1 (1 a e t a ) display st rong mu t ur e - pLl nt "r es i s t al \l:e . The s «
S¡"'o;1 ¡'S .H e s ue eess full y used t o r e pI a nt PhyLopht hor a-intest ed
l a nds . llovevcr , tvo comme r cl a ll y important spec í es , Pro t e a
In a g ~ i f i e a a nd P. g r a n d ice p s , a r e somevhat mor e
su s cc pt i b l e and f í e l d losses can occur , P. c i n n a m o 1II i
i,n t ec l s seed l I ngs of rnany Pro t e a spp , (Von Broembsen , 1984a;
\ on Bro cmbse n an d Br í t s , 1985). Los ses of even the more fl e Id
rcsi:iL,lflt spec í es sometirnes oc cur i n t he nursery or during fie ld
estnbl 1s hmellt i f in fe c t ed plunls a r e used . It l s t here f o r e impor
t an t; l hat e va l uat ion o f r es i s t a nce i n br eed í ng programs t or
P r u t e iJ sp p , does 1I0t te l a y t oo heuv í Iy on da t,a f r om suud l ill r :;
O f j u. c n i l e I'l a nl $ . '

The i mpo r i a ru; coemerc í.a l gene r a, L e u e o :; JI e r m u m au .l
I. e 11 L iJ d e n tl r o /l a l e highl y $u:Jcepl.i ble bo lll a s juven il e s ",,,1
u;, md tur c [ield pIunes ( Un t s a llli Von Uroemll::len, I lJ78; \'011
Por o ,:m!>s : :1, J<) JI); Von Br oe mbs en , 1984 a; Von ilt úelllb ~;e n ulHl llr i ts ,
196 :» . 'lllere appeBr s t o be onl y limi t etl field r es i stance 01' t o l ,~

r Ollce a vai l able wilhl n these gener a for res istanc e breetl i ng. 1'hi s
sll gge st s that eVlt1Ilitt i on of resi stanee in breedi ng programs shoul d
be basetl mai nl y on fl d d c Vd l ua Li olls . In pot trial inocula t i ons of
va r i uus kill ,ls oC proteas, the time elapsed . befl)re deat h oecll r n 'd
w;;:¡ . 1a0IJ(:"e r , a useful 1ndicator of fi e I d rcs i s l a nc c or l l.l l e CdllCl;
(Von ar oemLs cn a ntl Br i ts , 1935).

I'rotlll (' t lon o f lul flulJe r":¡ fr om B a n k s i a s i/JI . ha s mct wi th
Se n "lI :i :'hyl ,)pto l hord root rol problems i n south AfrieH'; . Rl:::i btllnc c
hr ec :l i llg [o r lIJi :; hlghl y su~;c e Jll ib l t~ gClllJS i s und erw ay ill ..l~es te rn

~ lJ SL I . ¡J i d (Hixon ~t a l. , 1984). Only one species of the genu s
S e ,. r u l' i a . S. f 1 o r ida, is conunercially cultivaced. I t
is hi gtoly ~, u :h: c pti L l c hot l; i u the seed] i ug ltnd marure pl an t s l a g~~

(Von Broembscn ¿¡ nd Br1 Ls , 1985) . The r e i s li ttle fic l d iu tu rma l ioll
f o r o l he r in tli ge nous gllera wilh conune r ei a l pOlen ti al such a s
A u 1 a ;(, M i m e t e s, él ud P rl r él n o m u s, but s ee d l i ngs <J i
r e pr e:;eu !;1Li ~e s l'eci es a r e mod e n .l e l y to hi ghl)' , s U5c c l,l i ule ( V:}I\
BrV l' la iJ ~~ ~ ' l l f: nd :~ l' i ~ ,:j , 1f)U5) .

OV~I' t he v,,~t few yeurs we hclve been evalllaling resistanee wilh íll
the gellu s L e u c o /j p e r m u m using more than tweuty s eleCl ed
pincushion species and hybrids (unpublished). Pot trials usi ng
one -yr- old plants inoculated with zoospores have shown that a l !
these lines are susceptible to infect ion by P. c i n n a m o m i .
but t hat some Hnes are more tolerant to infection and subsequent
disease tlevelopment. Shoot cutt1ngs from these lines have also been
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i nocu lat ed us í ng me thuds s i milar to those of Jef f ers e t a l . (1 ')13 1)
a rul Dt xon e l a l , (l 91V.) lO det.e r minc if a shoot, assay c a n be us ed
t o s c reen ro l' ro I e r nuc e , Probl ems v í t h t he r e Líab í Lí t y of t nes e
inoculation t echn í.que s huye been encounte r ed wi t h dctached shoot s
of r. .e u e o s p e r 10 U m spp , Pr e limi nary resul ts a t field sites
wi t.h h i gh i noc u l um Leve l s ami s o i l cond i l i ons' co nduc í ve t o r oo: ro t
i nd i c ut.e t ha t an L. r e f 1 e x u m s elec tion í s t he most t olera nt
lille l es t ed a lld t hat ce r t ai n s e lec t i ons or hyb r i ds of L. c u n e i
r o r m e a nd L. c o n o e a r p o d e n d r on a l s o ha ve sorne
l o Ie ra uce . llovever , t he tol erance sh ovn a t f i e l d s i tes wi th more
n¡cll!., r il l e í nocu I um l ev e Ls and s o í l cond f t í ons not f avour in g d Iseas e
a ppc,H :; t o he mu c h grea t e r f o r most of t.he br eed í ng l i nes . Th i s
i udi ca t.es th e Impor t a nc e of co ns í dcr í ng t hc f Le l d corul i t i O Il S unJ e r
whi ch tol erance is cval ua t etl .

:L Fut urc re s el1rc h on contro l

A¡lIlrt f rom improvements in c hemi cal control, f uture odvances in
control are most likely to come from t he man l pul a t i on of cul tural
practi ces lO reduce disease an d the expl oita t i on of the res is t Bnce
?v a i l ub l e wi l1l111 t he I'ro t eaceu c by pl ant breeding .

The U5e of cu ltu rol prac tices t o r educe di s ease i s a ch ullenging
pr os pe c t , Kuov l edge of fa cto rs í nf l uenc í ng t he d í s ea se cy c l e of t he
f ll ll ~ ; tl :; cOlll d he us e e! to predi.ct ho\; t he c ycle migh t he inlerruptl"?d
or illh¡!J il ee! hy spec i f i c cultll l'a l pr ac t i ces. For i llSl<lnCe , the pOO l'
s un i I'ill ,)1" P. e i n n u m o m i iu s ol l ouLside li ving r oat5 (t'la r!;s
LIt. a l. , 1975 ; Sht:.:t , 11)75) sU8gests t hat tlle us e o[ f a 1101,1 to r educe
01' e l i rnirHl tc lhe fu ngus f r om infest.ed so11s ShOll l d !JI< c xp lored .
AIHlt.hcr a pproac h \~ould . be lo invest igatc what 11n.i t s d i seéls e in
na t ur a l ecos)' sl ems su ch as the fynbo s . P. e i n n am o m i OCCU I'S
nél turfll l y i n t he fy nbo s in t he pr esence of hi ghly susceptible hosts
wi lhou l ca u:;i ng ~ig n i [i cll n t d i s ease (Von Brocmbs en ¡¡IItl Y. r uger ,
1ge4 ) o COfll(lal"iso n oC f uc t ors o ffcc ti ng disease a t s uc h si tes w1th
those at cu l tivatcd s i t es may intlicate fac t ors t ha t could be pronlo
l cd hy s (lcc if Ic c uI t ural pr ac t i ces . The ground cov er research
d b cu ::s ed i1 1J\lve i :: an example of this approac h .

It i s also impo rtun t to exami ne how pr ese llt cul tural practices
in flue nce r oot roto Wha t a re the effects of lr rigation practices
011 di.sease? Can di s ea se be r e duced by con t ro l l ing i r r i ga r i on
[ requency and in t ensity ? Do 50 il c ul ti va t ion pr ac t i ces 01' t he use
o t I' l ilst i c flIll]c1 le s influence tlisease? Does t he f o r m or method of
nlllri e nt al'pJ ¡ca li on a ft: ec t disease'? Importullt cont r o l lIIethods milY
l i ~ in t h~ ~ n swe l ~ l a lhe s e ques t i ons .

Pl ant. l"L' sisl "'lce is t hé ultimat e means of cont rol, but it
re'l lIi r c s consi de ra lo le r e s e¡¡r ch auJ t~sting lo develop resistant
c u l t.i va rs fo/ ' co nllnc rc i a l use . Rcs isla nce a mi t o l e r a nc e wi t hi n
cUIII Hl L' l c i a ll y ililportn nt , Susc f:pti lll e gen e ra su eh a s L e u c o 5 

p e r III u 111 alld r. e u c ad e n d r on neetl t o be f ul ly e va l uH t ed
under definetl c ond i ti ons of di s ea s e pr essu rc in the [ield . I noc u
lal i olls o f 5cedl i n~s aud cutt ino s c an oi ve u.seful i ndications of
f ield resistance if inoc~lum dosaUges a nd \he t ime a f t e r inoculat'¡on
unt il dea th oc cllr s are cons i de r ed. Shoot assays are 11kely to be
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the no r t he r n j anah
su r v í vn l of P h y
For , Dept. Ilu11. 85,

more .:" ,..f u l l o c ompa r e renc t ion s ... i t h i n o r he r ~ !' llf" r ';¡ of t he Pr ol en 
ceae wi th mo re r es í s t ance than L e u c o s p e r m U m. Rn"!'?r1ing
program s should a l s o i nc lude species ~ith l it tle nppn!"ent commer c in l
pote nt i a l. Even limit ed to l e ranc e i n hi gh ly susceplible ge ne r n
co u ld be useful , especia l1y whe n combined v i t.h ot.h e r con trol
met hods . Such to l e ranc e should be i nco rporated into breerlin~

pr og ra ms t o dete rmine i f us ef ul a dd i t ive genetic varintion for to le
ranc e is availab le .

Resistan t r oots t oc ks have been s uc c e ns Iu l l y usc d a r..' í ns t

P h Y t o P h t h o r a spp . on o t her cro ps and are an important
potent ial control method . Hoveve r mor e r e s earé h on g rn f r i ng í s
ne e de d t o eva l unt e this possibilit y. I f suffici P.nlly res istnnt
mater i a l i n hi ghly suscepti ble ge nera can no t be f nun rl for deve l op
merrt o f r esis t ant root stocks, t he poss lb i l í ty of í ut e r geno r l c
graf t ing to res i stant ma t er ial s houl d be tes ted. Other morle r n
breeding met hods su ch a s t he us e o f po l yplo id s o r mut a ge ns ma y e ven
be used fo r pr olea br eeding in the f uture.

Plant r e s i s t a nce i s the most pr omis ing mp.ans o f achipvinR
c ontro l o f Phyt ophthor a root ro t o With t he breed ing of proteas only
in l ts infancy , many oppo rtuni t i es e xis t f o r plant breed pl s lo
inco r po ra t e disease res istance i nto bre eding programs .
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I"SrCTS • A HAZARO lO THE PROTEA IHOUSlRY
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Sou!.h Africa

Ah s trac t

A cr op which i s cultivated in its natural habitat i s at tac ked by a
wide spectrum of insects. The insects on Proteaceae can be divided
i nto three gro ups according to the damage they cause: (a) flower
v ls i t or s , sorne of which cause serious phytosanitary problems (b)
leaf fecd~rs and leaf miners (c) borers, i ncludi ng both s tem and
seed bcrers , Na t ura l fynbos which borders on cul t iva ted prcteas
creates probl erns with the control of these pests since i t se r ves as
a source of re- f ufes tat i on, To control this wide spectrum of pes ts
an i nt egr ated pest control proqramne must be developed. Such a
proqramne should include chemical and biolog ical cont rol , as wel1 as
cor rect cul tivation methods. The use of insectici des should playa
sulJordinate role . A thorough knowledge of the biology and ecology
of t he di ffe rent pests and the effect of lhe pes ts on t hese pl ants
ar e import ant re qui r ement s for this proqraame. Without an eff ic ient
pes t control prcqranme protea s cannot be cul tivated success ful ly in
thei r na t ura l hab i t a t , .

1. In troJ lJ c t.ion

f'l ants be longin g to the family Proteaceae are grown on a
conmerc i a l seal e in Sout h Afri ca in t heir natu ral environment.
Advdntages ar e t hat cli matic and soil conditions are sui ta bl e, but
the greaL disadvant aye is that indigenous pest~ ar e al so presento
lh ese can he very ahundant, as in the case ()f Pro t edceae, since the
insec ts had a enance to adapt to t he pl ant over a l ong period of
t ime. In contras t , a pl ant growing out si de i t s na t ural environment
can be expected t o have a narrower spectrum of pests of wh ich ol1ly a
few II1dY be dominant. lhese consist of a few ins ects f rom t he
nat ura l fauna th a t coul d adapt to t he "forei gn" pl dnt and those t hat
normall y feed on t he pl dnt and succeeded in fol lDwi ng t he pl oot to
i t s new habi tu t ,

In an undisturbed natura l envi ronment a clynami c yet del icate
hdl ance ex ist s between the host plan t , the in5ccts t hat feed on i t ,
o: ld na t ura l enemi es of the herb i vore s , l ile bal ance between the
coniponent s of t he food chain i s influeneed in t he shor t term by
cnv íronment el factors such as t he el imate , and in t he long te rm by
e l) . CVI. l ul.i OOiH'Y pro ccsses . Thi s 1I 511 a11 y enseres t ilat the nuaber s
ncvcr íncreas e lo excc pt iu nul l y hi 9h level s nor do t hey decrease to
very 1ow 1eve IS . Pl al!t s as a group are th erefore never wi thout
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damage, but the darnage i s seldom so severe as to call se them to c1 ic
on a 1arge sca1e.

Not a11 insects associ at ed wit h the Proteac eae are pests : in
cer tai n instances the association between the Prot eaceae and i nseets
is mubua1 istic : These roll en and nect ar feeder s obtai n food and
she1 te r fr om the plant, but t hey a1so po11 i nate t he p1ant (Coetzee &
Gi 1iomee , 1985). A most interesting mutua1istic rel ati onshir , known
as myrmecochory, exists between certain ant species and sorne of the
Proteaceae (Sl ingsby &Rond, 1981). The seeds con t ai n ela iosomes
wh ich att racts ants that carry t he seeds to the safety of thei r
nes ts ,

In thl s paper attention wi11 be given to past res earch on the type
of damage caused to Proteaceae by insects, prob1 ems rel at ed to
control measures, and the imp1 ement ation of an integrated pest
control prograrnme.

Fi gure l. F10wer insects eo11eeted in ten P. . ner i i fol i a
i nfl orescences

2.1 Current s tat~ of researeh on protea inseets

The fir st arti cle on the insects of the Proteacea e was pu bl i shed
.by Tooke (1944). It de1t with the bo rer, Sphenopt er a s i nu o~~

(Castelnau & Gory) which attacks the silver tree, Le llea(Jcñ(Jron
argenteum (L.) R.Br. Gess (1968) drew attention to the l arye number
of lnsects found on proteas. A number of articles dealing with the
destruc t ive ef feet s of inseets on diffe~ent prot ea speci es t hen
fo11 owed (Myburgh et al. 1973; Myburgh et al. 1974; Nyburgh &
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RtJ~ t , 1975a ; Myburgh & Rust, 1975 b}, A comprehensive study of the
insects associated with Protea [e~ens (L. )L. lOa s un tler t aken by
Coe t zee (1984). Based on these s u les, the pests of proteas can be
divi ded into three maln groups: (a) flower visitors (fi gure 1), (b)
leaf feeders (figure 2a) and 1eaf mi ners (figure 2b) and (e) borers
(figu re 3a &3b) which inc1ude stem and seed·borers.

A fauna1 1ist for the Proteaceae was compiled fr om these
publ i cat ions and other unpublished data and includes 233 species
(Coetzee & Rust, unpublished). This llst í s incomp lete, mal n1y
because the identity of many of the insects Is stl1l unknown, and
several of these will probably be described as new species. In
order to facilftate the identification of protea i nsects, a
ref erence collection of oyer 3 000 insect specimens has been
eompiled, mainly by D. J. Rust. The first entry dates beck to
1959. The col1ection is still being enlarged and as many of the
i nsect s as possible are being identified. The collection i s housed
at Stellenbosch in the Entomology Section of the Hortlcultural
Re search Institute.

I t is obvfous from the aboye that research on protea insects is
st i 11 in í ts infancy, but a finn foundation has been laid with the
col l ect fon and fdentfffcation of large numbers of protea insects.
An assessment 'has been made of the destruction caused by certain
species and of possible control measures. However knowledge of the
biology a~d ecology of most specfes is lacking.

2.2 Damage and control of protea insects

Insect s and mites which occllr mainly in the inflorescences of the
genus Protea consist of a great variety of species (figure 1). In
the iñ7Torl!scences of P. repens, 45 insect specles have been found
(Coetzee &Giliomee, 19851. Sorne of these play an important role in
pol l i nat i on, but gfve rise to phytosanitary problems. , In order to
comply with the strict export regulations, no insects may be present
i n the inflorescences, and therefore a11 flowers must be treated
wit.h a chemíce l insect spray before they are packed.

Lea f feeders destroy approximately 10~ of the leaf surface area of
~ repen~ in its natural habitat (Coetzee, 1984) . This level can be
tol crate by the plant, but is unacceptable to the grower. as it is
cosmet ically unacceptable to have damaged leayes (figure 2a &b) 00
the fl owe r stem of marketed ioflorescences.

1he borers cause dest ructl on of the growi ng po i nts (fi gure 3a) ,
f lower buds (figure 3b) and seed. Nlne economically impnrtant
borers are found on proteas. They have an adverse effect on both
flower and seed production (Coe tzee , 1984). A1though i t í s poss í ble
to cont rol borers with chemical sprays, lt í s both diffi cult and
costly; therefore sanitation has been t ite most. acceptable mothod of
con t rol in protea plantings.
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When Proteaceae dr í.' cul t tv e ted cc;nmerc ia ll y in plant inys, the ext ent
of damage nOI~ally caused by a specific ins ect species or compl ex of
fnsect speci es 1s oot acceptable to the pr oducer . It 15 expec t ed
that the number of 1nsect pests will i ncre ase to.higher lev els i n
commerc i dl pl.l nt i ngs t han in the undi s tu rbed natura l environment,
s ínce pl ant s of the sanie ki ud are grown i n a dense monocul tu re , In
t hi s s itua t ion 1IIer¡~ í s no shor taqe of suitable food fur pes t
speci es, whic h eoul d possibly be a l imiting factor in t he i ncrease
of natu r al insect populations . As a result ins ects need not
unneeessar i ly expend enerogy searchinq for food 0 1' pl aces to l ay
eggs , all owí ng mo re energy to tiC channel leu i nto re produc:tio n.

Figur e 3b. C. ammorleur a
feedin g in tlie lII VO ucra 1
receptac l e of f . repens o

The requl ar and l arge scale use of ins ec t í ci des in commerc ial

It has already been noted t hat t here are three main insect pest
groups of protea s: flowe r vis i t or s , 1eaf · feeder s and miners , and
borers , Any pest control prcqr-anme wi ll have to take into
consi ceret i on the dif ferences be tween these types of pests ,

A prerequisite for the compil at i on of an IPC proqramne i s a
t horougll knowlc dge of t he oiol oyy and ecology of t he rel evant pes t s
and t he i r natu r-al enemies . Oiolog ica l contro l , which usually pl ays
an impor t ant ro le in IPC progranrnes, seems to have 1imited
possibi l i t i es in t he cas e of pro tea pests , as t he harmful i nseets
reach pes t s t atus in the presence of the fu11, comp1ex of natura 1
ellellli es.

Figure 3d. C. alTJl1?e}e r a borers i n
the s t em of P". ner l l o l a caus i ng
the gruwth poi nOt to wiTE

2. 4 Prob1 ems regJ r din g tlle applicati on of intpgrated pes t control
nro- fO[JFOfCel s

•

Tne se l ecti on of new .cult i var s can result in a change in t he
fl ower i uq per t od, Ih í s can adversely affect eer t ai n in sec ts whi ch

d t t ack the f ~ owers but on the other hand i t might be an advantage to
ot her s . ThlS was the caSl! with the i nfe station of f lowers of
~. repfn~ by [uderes li neicoll is. The i nfes t at ion was muc h lighter
on ' ot le Ste llenbo~ch mountaíñ where t he inflorescences flowered
Cu t" I I el' t han tho se 1n Jonkershoek (Coetzee , 1984). On t he other
hdnd !> _r~p~~ cul ti var Cuern a , wh ic h f lowers in sumuer ,' t s a t ta cked
by the l... rvae of t ile prote a buttcrf1y~ alphaeus which is not el
probl em on win te r flowering~. repe ns o '

Ffgure 2b. Leaf miner damdge
caused by Eucosma sp. on t he
leaves of f. neriffolfa.

Figure 2a. P. ~~arGides with leaf
damage cau sed hYTéaTteeder s .

A number of factors make it dffficult to eultivate Proteaceae in
t hel r natu ral habitat . No t th e least of t hese is the ' faet t hat all
t he nat ur a1 pes ts of proteas ar e present , _ The prob1cm of
cont rol 1i ni! prc t ea pes ts in coamercí al plant ings 15 ' aygrava ted Ly
t he f ac t that such plantfngs are usuall y adj acent to ar'eas whe re tne
sarue dnd closely related plants grow naturally. oNormally i nsec t
number s are able to recover quickly after a spray applicati on as
sprayi llY usually affects the natu ral enemies as much or mor e t han
t he pest in sec t s tn cmselves , l t al so lessens compet it i on.pe tween
the var ious spec t es oí insects. As there í s in the case of pro te as ,
a source of re-fnfestat1on ín the illvnedid te surrouodi ngs pes t
numbers can rec over even more rapidly.
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o~chards mu st .he seen as a shor t - t erm approach, because it will give
rlse to reslstance, secondary pests and cause t he poisoning of many
harmless organisms. Efforts shou1d therefore be made to develop an
IPC prograrnrne in wh ich the use of insecticides plays a subordinate
r?le. Such a prograrnme will be more acceptab1e ecologically, bu t
w111 stand no chance of acceptance by the producer unless it is
effect'ive, economica1 and re1iab1e.

The p1ant pheno10gy a1so has an effect on the IPC prograrnme. The
growth pat~ern of individual cu1tivated protea p1ants i s irregul ar
and can d1ffer f rom plant to p1ant. This complieates the

. development of an ¡PC prograrnme as there is continually new growth
which must be protected from insect attacks.

\

Final1y, there í s the problem of determining econornic i njury
1evels, i.e. t he level that pest numbers ean attain before economic
damage is do ne. This is i nf1uenced by a comp1ex of factors sueh as
the effect the in sects have on the p1ants, the value of the crop,
and the cost of control measures. Furthermore, since chemical
treatment in an ¡PC programme is based on insect numbers simple
yet re1 iab1e moni tor ing systems wi11 be required for the majo~ pests.'

3. Conclus ion

There i s 1i tt1e hope for cultivating proteas cornmerc i ally in the ir
natural habi tat un1ess successfu1 i nsect control measures can be
developed. For this reason an IPC prograrnme is of the utmost
import ance.

Research i s therefore p1anned to deve10p an IPC prograrnme. The
aim will be to obt ain: (i) a faunal 1ist of insects associated wi th
the mo st impor t ant economic protea species; (ii) _a 1ist of i nsects
which shoul d be regarded as important economic pests ' (i ii)
informa tion on the 1i fe cyc1es of the mo st important pe; t species
through biological studies and (iv) the possi ble correl ation between
the distribution of plant pathogens and insects. Control p rog ra~ne s

are drawn .up for . e xc l u si ~ e use in p1anted orchards, ' si nce pest
control lS pract1ca1ly 1mpossib1e where prot eas grow naturalJy. A
great deal of attention is a1so being given to the control of
insects whi ch occur in the flowers after they have been harvested.

From the a ~o~e i t i s c1ear why t here has been, and will he a grea t
demand for eff1 c1ent and acceptabl e control mea sures ag ainst protea
pests. Therefo re knowledge is .required of the identi ty, biol ogy,
ecology and damage caused by the d1fferent pests and of the cont rol
st rat egies which should be fo11owed .
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'l'he har ves ti:lg oI bLoums and eones of lJ a n k s i a
spec i es from natural s tands comprises an important
component oI the Western Aus t r a l i a n wildflowcr industry •

. There tore the manaa emen t of banksia populations i n the
wi1d s houl d enjoy a hi gh pr i or i t y . Oul' research on the
popula tion ec ology of ':iestern Aus t ralia n banks í.as i n
re l a t i on 1.0 f ire hno impor tant i mp1ications tor the

í ndu » t ry , 'l'he in t en s í. Ly of f'Lowe r' and cone har ve s t í ng
shou l.d be con s trained by t.he s eed bank dynamí.c s , variat i on
of cone nnd f o11iele produc t ion and seed viabili t y of
indiv i Jual specitls . F'ire r egi:ne eff ec t l.J may have a
pl'ofound affe ct on the r ecru itment of banksi9s. The
pOGsib il ity t hat certain hor ticullurally valuable Gpec i es
mt SllL be dr i ven t o ex t i nc t i on as a l'esult of inappropriate
tire man agemeu t , cu nno t L<:: ru led out. 'f ile Lndu s t r y ahouLd
thel'efo r e uc Liv ely ~upport r eseurch on t he manngement and
conserva t í.on 01' banks í.a popul.a t í.ons in t .he wíLd,

1. I nt r odu d ion

Oí t he 7J descr ibed s pec i as of Dan k s i a, 58 grow
i n t he f i r e- pr one s hr ub!.a nds und woodlands of southVlestern
Austral i a (Geor ge, 1981). B a n k s i a floVlers and fruits
are an im90rtnnt compone n t of the expol't wild flower
industry Ül :Jestern Aus t ra l í.a (f!opper 19f13; Lamont 1983).
011ly 72 11.). was und er cul.tLva t Lon i n 198 2 for the production
of 3 a n k s i a f l ower s ; mos t flowel's are cu t under
L í cen ne f r om na t.u ra L s t and s and i t se cms l ikel y t ha t this
~r3c t j c e nill per s i s t for many years to come ( 1atki~s
1') 113 ). 'i'ho r e t'or -e el ;"1'ec\i e t i.ve kno ':¡ l cu~e of t he .nana gement
o [ l; i :: I ·,: ~i¡¡ :.; i n th e ',"li l a Ls 'es sc n t La L f'o r t ne gr owt h and
¡¡tiC ..; ' . :'; ;; ,j ¡ U,,: ..:8:¡ t e l ' !l ", U!J t ru l La .i vlildfl o\'ler i ndus try .

Fin. í s, ce n t re L Lo LlJe ma :w,L:: e:f:1e n L of .....¡;~et uti on in
\'illlC h b¡,¡¡::,¡i a s a r e cous p í cuou» (;:iil.l '-Iúd Gro vea , 1 ) 0 \ ) .
mujor 1'"5,,a1'(;11 chu l l engc i 8 ene i :lr.(J Li i i cu 1. i:)ll oí' the
cr í v íc.u. Lí nutu (Ji' s : ' t: c l ( ; ~ 1.0 V'':'L'iO U5 co.r ponen í. o (J i th e
fire l'e.::: i :lle ( j1iu·;;il:u1. u1'l.y f i r e Ú"d IU I:I1(:Y a nd :.:ea:JO,1 01'
buril) uo t na t ti w ext.Lnc t í on u o f ho r t Lcu L t ur-a l Ly vul uab I e ,
s pec í eu C'-111 be uvo í .dc.L. In t h í s r¡;;';l'ec t i t t s e s uen t í.a I
t o nave <J J: 'l(¡\';led¿¡l: 01 t l.e Lora t í ou 1.ll1d ::;.i <: l:: or ví.ab l e
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s c edba nks, t oge ther with an und cr:>tandi ng I) f t hc f ae tare
whi ch con tribute t o the production a nd attri t ion of s ccd
(Cowli~g et 0.1.1985, Lamont 1985). It munt be r emembered
that by harvesting flowers,the wild!lower indus try is
re sponsible for lowering the re produc tive potential ol
species. .

This papcr reviews da ta on the reproductive and popu
lation ecology of four B a n k s i a species whi ch are
relevant to mannge ment practices for the maintenance of
their po pulatioos in the wild. 'l'he four s pecies, aLong wí.th
t heir modes o! regeneration and s eed storage ch aracter i s
tiC3 are (George, 1981): B. a t t e n u a t a (res prou t cr,
serotinous), B. 1 e p t o p h Y 1 1 a ( non-sprouter,
serotinous ), B. m e n z i e s i i (resprouter, weakly
serotinous) and B. p r ion o t e s (non-sprouter, weakl y
serotinous). Serotiny refers to canopy storage of seed.
The tour s pec i e3 represent just about the ful1 spectrum o!
r egenera t i on types a ssoci a t ed wi th B an k s i a in s outh
wes t ern Australia (cf. George, 1981). The n tudi es wer e
under t aken at Moun t Adams, 300 km north of rerth , \'Iher e 0.11
four spec i es co-occurred in s crub-heath (for detnils see
Cowl ing e t al . , ' 1985 ) . We wi11, wher e a ppropr i a t e, make
r e!erence to relevant data from other banksias growing on
the sandplain s cr ub- hea t h north of Perth.

2. Se cd banks

2 . 1. ~~~~El:~!~E~~_~~~~

Al l banks i~s have massive woody infruc t f: ~ c c n c c G

(canes) i n whi ch are embedded non e to many ! oll i cl os
(truits) each conta1ning two or lesa seed (George, 1901).
For many apecies seed are held in the eones for many years
and only r~leased after fire or p1ant dea th (serotiny) ; i n
othe:: specaca seed are released spont aneous l y (L amont and
Co~l~ng, 1984). There is no evid ence of a soil-s tored
seedbank (Cowling et al., 1985). The degree of 's er ot i ny
can vary enormously within a species, de pending on cl i mn t c
and o~her factors ~Cowling and Lamont,1 985). The de gr ee of
serot~ny of .a spec1es can be easi1y assessed by determi ni ng
the proport10n of empty fol11cl es on older cones. B.
1 e p t o p h Y 1 1 a and B. a t ten u a t a ~re s t r ong l y
serotinous vJ1~ereas B. m e n z i e s i i and B. n r i o 11 0
t e s are weakly serotinous and largely depe nde~t on t he
c~rrent yea::s crop for recruitment (table 1). For ser o
t~nous s pecles in general, it will be possible in any year
to har~es t intensively flowers and the current years c o n~
crop w1thout seriously reducins recruitment poten t ial.
For we akly- or non-serotinous species sufficient bloom~
and eones s houl d not be harvcsted to ensllre that the s i ze
oí th~ seedbank is always l arge enoush to ensure adequ:lte
recru~ tme nt a fte r a fire.
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2 . 2 . Cone ond fo11 ic1e nrod uc tion-----------------_._--------
There are large differences in cone und fo ll i cl e

produc t i on among speeies (table 2) and also large year - t o
year variations in reproductive output (figure 1).
Gen eral l y , however, sprouting species (e.g. B. a t t e-
n u a t a and B. m e n z i e s i i) have tha lowest
I01licle set (the percentage oí flowers which de velo p in to
[ ol l i cl es ) . ~ow follicle s et is compensated for by the h1gh
post- f i r e sprout ing Buccess oí t hese species (Cowl i nB and
Lamont , unpublished da ta).

Tha low und high11 ~uriab l c f ol l icle pr oduc t i on
( f i Gure 1) is 'cause for concern in terms of flower and
cone harvesting. fopulat ions should be harvested on a t
l east a three year rotation in order to cnsure t ha t one
good year of fol1icle pr oduc tion r ep l eniahas seed r p. s ~ rves .

Carcful mon i tor ing i 5 requi r ed in ord er to preve nt ovcr 
e x~l o i ta tion . The ca uses of low f011icle set i n bn n k n i ~ s

are compl ex nnd probab ly r ela t ed t o reGource l i mi t a t i ons
( hhbo tt, 1985; Lamont et al., 19( 5) which are beyc nd t hc
nc ope of management.

Almost all ba~ksin secd s how no i nnate dnrmancy and
t he s eed of most southwostern Austr alinn banks i a s \'Ii11
ge rmi na t e read ily at 15-200 C ( tabl e 3) . The germinnt i on
su c ce s a of B. m e n z i e s i iv/as 10'11, pos s í hl y duc t o
fungal infec t ion. 'Phe ·r el a ti ve l y 10w t emper n tu r-o I'Pqll i rn 
mn n t for ger mí na tíon (lf banks í a seed co nf era a drollvht
nvoid i nc dormBncy; secd nil1 only germinate with t he onset
o í cooler (and wetter) winter weather. lUrthermore . bnnk
s i n growers should not nt tempt to germinate s eed outdoor s
du r i ng the hotter months since not only iB germ inRt ion
Bucces s low at high temperatures (tabl e 3) hu t ther e i s
evi dence that high summer soil temperatures reduce secd
'! Ln b í L tty,

There \'lBS a decli~e ' i n th~ ger mi na t i on succes s of
s ee d trom olu c r eones of banks ías , al though this was least
mn r ked for B. 1 e p t o p h Y 1 1 a (table 4). 'l'ne : efore
t hc existence of ~ larEe cone crop nith firm s eed s houl d
no t be taken as 11 justit"icnti;:¡n tor in tensive and sus ta í ned
a nnua l harvcsting; s~ed vi~bility will decline wi t h i n
c reasing age :lnd th í n w í l I reduce recruitment po t e n i i a l .

E : . 1l 1 : :~ j u s !'o .·. .:r: .::. ' ¡ c ol,:lp l .." z "I.;CI':" ' . ,: .. 1. :1' : ; , ¡; q :'·.1 , ' 1: . ( :

,: 1110 :; t .·.u .; lr·J i. i :II ', r• •III:l; i F. L' ·o'::":. ·c;; :1I'e Fu.ni l i ar ". i t i! t he
; ' ·' · ' : ' H:¡; <Ji" bX;;l" :ct i .,¿; :;ec'¡ t r .im c on .. s , ;', x¡ ,,, r l lO" I t. ; 1,,,'1 ,
: .; ,. . ... r t.i. a L ·"h an bui -n t c o rieu v;(;rr: "(;;- iooljc :lll y i:t :tn"1' .~ ' · i i n

¡ j . )' ; .iltl t hu n n i 10r¡e~1 t o (h 'y . ; ; . ,. e1 r·cll;;U. ... 1n ::1'(" :: ',' rl ;:,;10 '{ 
j",. !d (:om¡· -: r"I.J LO lI.nr.:a V rJ (;V ;l:.!'t;l:: (lj !;llre 2) . f n ci c h .
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Whe lan, lLJ . and Ila í n , A.R., 1979. Insect grazing und
[J ~ :; t - .fi l · e euccess í.on i n a Soulh-;'1es t Aus t ral ian \'/lJ od
l uuu . Aus t . J. Ecol . 4:387-398.

Ta hle 4 - Germinatlon of diffg r ent aged ae eda of Dan k
n i a noeciea at 15 C. Mean %germination of
tllree r~plicates of 15 seeds each after 30 d.
Data fram Cowling e t al . (1985 ).

~g~_~~~~~_ilEl _
Spe ciea 1-3 4- 6 7-9 9- 12-----------------------------------------------------------

T ;;, ',. \ ,; í - f'e r'c e n l a g '~ c o n t rLbu t Lo n 0 1' fi r'm s e e d t o t o t a l
c a nc p y - e t c r-ed f i rm s e e d cr -o p 0 1' fu tir B a n k 3 i a
:> ¡.e e i e s . 15 p la n t s o f eae h spec í es were
~:;3 en3 ~d . Da t a from Cou li n8 e t a l . (19 8S).

-------------------------------------------------------.-----

D. a t t e n u a t n 75
B. 1 e p t o P h Y 1 1 El 100
ll.men ·z.iesii 11
D. p r i o n o t e s 76

60
100

8
42

51
100
.1
i¡.0

64

Cone <l l':,!
( yr ) '. 2 3 4 5 6 7 8 9 10 11 12

-------------------------------------------------------------'
B.1eptophy lla 20 2 44 33
B.attenuata 18 14 14 9 11 19 7 5 2 O
B.menzies i i 73 18 2 O 5 1 1 O
B.pr i ono t e s 61 15 6 3 1 6 2 4 O 2

Table 3 - Ger.mination oí seeda oí B a n k 5 i a apecies
a t different temp~ra. turcs , Mean ~.~ gerrnina tí on
of three replicates oi 15 ~e eda each alter JO u.
Cowl1ng and Lamont, unpublished data.

B. a t te lilla ta
B.lepLophylln
B.menzies ii
B. pr iollO!.i::S

Table 2 - Cone ana follicle production by four B a II k s -
i ti. species. Values are means :t standard er r or:; .
15 planta of each species were asseDsed. Da t a
f ro ro Cowling ct al . (1985).

llo , COI1C S Ilo , t'ollicles Follicl e
E!:_l:!~!.!~ l:~E_s:2~~ ..__~~! '-_
25.4 :t 3.5 3. 3 !:. 1. 2 . 0.1 :!.: 0.1
52.3 ~ 5.6 25.2 $ 1~.8 4. 7 $ 3.0
15.4 + 4.0 2.9 + 1.6 0.3 + 0 . 2
7.9 - 1.7 32.2 - 5.8 2.4 - 0 .6

B.leptophylla

B. a tt cnuata

B.m enziesii

B. prionotes

Crop age yr

1 2 3 4 5 6 7 8 9 10 11 12
\ I ;. I \ , \

• • e
.0 000 • •

• • o • • • •
o • • • o • • o •

o • o • e
o 1 25 26-50 51-75 76-100 %

'. Spec ies
-----------------------------------------------------------!~~E~l~~l • _
____ ________________ ____ __ 1~ !~ ~º ~~ ~º__
B. a t t e n u a t a O 70 50 O O

~·i g , 1 - FoIl ic le pr oducti on by t our' Ba n k s 1 a s pecies . The
B. h O O ~ e r a n a O 100 100 27 O results a re expressserl as perce nt.ages ol' th t: bes t yea r' s.B. 1 a n u t a O 07 83 7 O pr-oduc t í o« • Ftorn Cou í í ng e t, a l. e19851.
B. 1 e p l o p r. y 1 1 a O 93 77 O O

1 B. m e n z 1. e s i i O 13 3 O O
\ B. p r i o n o t e a O 80 77 20 O

~ -----------------------------------------------------------
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B. attenuata •
B. leptophylla ~ •
8 : prionotes ..
B. menziesii o

14 28

commencement

Control

1

56 : 70
I

Days since

422814

Trealment r

20

80

100

"O
Q)
Q) 40en
~o

.'

r i g . 2 - ~ e 3 ~ s o: pe rc e n~qge o f see o ' r el eased per c one fr om burn t e ones s u bmitted to wet - dry
ur. : re a :ed c ont r ols . Val~es f or B. 1 e p t o P h Y 1 1 a a nd B. m e n z i e s i
e ~ ~ e c:ively ze ro i n t he cont r o l t rea t me nts an d s o ha ve be en omitt ed fr om the grap h .
CCftl i r.g and Lamont ( 198Sb ) .

cyc l e s a nd
i were

r r om
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B. le p lOphy ll a B. p r i o n o t es B.a lle nuala B. menz ies ii

;:..
U
T
U
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N

B
U
R
N

15 2 Obser ve d
6 5 6 Pre d ic te d Recru itm e nt

16
3 7

12
24

@)
13 ~

Q)
93%

6
1

@
96%

6
2

@
73 %

43 Ob s e rv e d
37 Pred icted

B
U
R
N

s
P
R
I
N
G

S e ed b ao k 15 3 6
p e r p lant

180 86 16

f i~ . 3 _ : ~ ~ : ar.j s ~eoli r. ; at t r i t 10n an d pred i cted a ~d obs e r ve d r ecruitmen t o f f our B a n k s 1 a s pec ies
~ ar :~ r a u t u ~n (Ma y 1983 ) a no sp r 1n g (Se p ~ S e3) buros at Mo~nt Adams . Rec r u1 t ment obs e r ved 1n Se p l S¿ 3
~ 3: : e r 3 ~ : u~ n buro a nd in Aug 198 u a f t e r s pr ing bur n . 1 = pr edl spe r s al but pos t- fire seed predat i on

~ y cock atcos ; 2 postd 1s pe rsa l s e ed p re ~ at ion; 3 = s e ed no t ge rmi na t i ng ; U = s e ed l i ng mor t a l ity
( ~ e a s ur ed up t o t i me of recru i t me n t o bse r va t l on). Cowl i ng and La mont (unpu bl1s ned data) .



PATlIOLOGICAL PROI '" ASSOCIATED \-11TH PROP,\GhTI OfI 1·!ATE RIAL IN
PRüH:A llUflSERIE S i i . SOUTH ¡\FRICA

L.M. Benic
National Botanie Ga rdens
Pl'i Vil te Baf] X7
Claremont nJ~)

Republie Di Sout h Afr i ea

Pre l iminary -surveys were made of indigenous Protcaceae in
nur ser ies and boLanic gardens in the South-western Cape to detennine
to what ext ent pat hologieal problems are associated wi th propagat ion
ma te ri al . Di seased mat e r i a l eolleeted from nursery beds and mi stbeds
indiea te t hal t he most signifieant local nursery disea ses are eaused
by soi l and sec d-borne f ungi . Moni t or ing of see d, seedli ng and
elltt ing diseases has shown that pre- and post -emergenee dampin g-o ff
and seedling bl iq ht s , are the most prevalent in nurs ery beds ,
parli cularly on th e genus Pro tea. D1ebaek of euttings in mis t 
beds 1 caused by a range of organisms ineluding Co l 1 e t o t r i-
e h u m 9 loe o s por i o i d e s i s widespre ad , and speei es of
L e u e o s p e l' m u m, L e u e a den dI'o n. S e l' l' U l' i a
and P r o t e a are susceptible to cutting diebaek . Organisms
frequent ly isolated from al l sources of propagat ion mater ial inc l uded
F u s a r i u m spp. ; R h izo c ton i a s o 1 a n i; P h Y t 0
P h L h o r a c i n n a m o m i and B o t r J o s p h a e r i a spp.
Provi siona l cont ro l r ecomnendat ions are given for spee i f ic propa
gal ion diseases. Seed trea tment s found to be ef fecl i ve i n cont r olling
damp ing-of f di seases are a l so diseussed.

l. Int r oducti on

Proteaeeae form a dominant element 'of the unique Cape fynbos and
are probably one of the most intensively researched groups of the
fynbos plants. Pioneering in eultivation of the se plants led to the
development of an economically important illdig cnolJ s cut - f l ower
i ndus t ry . Sout h Afri ca, the land of origin of most culti vated proteas,
i 5 faced with ma ny problems, as native pathogens subsist on protea
eon~lun i t i e s growing in their natural habitat and consequentl y exer t
eontinuous pres sure on the eult ivated planto A ho~tieultural approaeh,
together wít h improved breeding and seleet ion programes, i s an , .
ess ent ia l part of sueeessful commercial protea production. This move
towards i nt ens i ve eultivation placed increased demands on the nur sery .
Di$eases dnd l ile th reat th ey pose in pro tea nur se r ies have beeome a
IIIJjo r (UOIee rn .

Studies on a seed-borne disease of Pro t e a e o m p a e t a R. Br.
(Ben ié and knox- üavies , 1983) hi ghl ighled the .llced for furt.her
inves t i qat ion on seed l ing and other propaqat ion diseases . Surveys
were n~de of di sease problems in protea nurseries and a li st of the
dominaut funq i assoc i at ed with di seased ma te r í a l was eompil ed .

228 Act. a Hort í cu l turae 185, 1986
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2.1 .2. Seedli ng bl ight on young plants

Seedlino blight symptoos ranged froo severe diebaek of te rminal
shoots and lea~es to minor necrosis of leaves. The age t hat plants
beeame infeeted varied. C. 9 loe o s por i o i d e s Wil S
f'requent l y í sol ated fr om ':lying baek, gi rdled shoots on younq plants :
A number of Pro t e a spp. we re susceptible to e o 1 1 e t o.t l' l

e h u m dicbaek. Greenhalgh (1981) reported e o 1 1 e t o t r l-

e h u m diehaek to be an eeonomiea lly important disease of ma ny
speeies of the genus Pro t e a in Aus tral ia. ~he ~mpo rtanc p of
C o l 1 e t o tri e h u m 9 loe o s p o r , o , d e s as a .
pa lhoQen in prot ea nurser ies in 50uth Afr ica wa~ clearl y ~ hown In the
rr ese~ t survey. Thi s fungus is al so known to c~ u se anth racnose of
nn t ure P. e o m p a e t a (Beni é and Knox-Ua vi es , 1983). ttat ure
S p. r r U l' i a f 1 o r i d a and sorne addit iona1 P r o l P. a spp.
ar c a1 so suscepti bl e to thi 5 orgil nis m (Table 1) . So far C.
g loe o s p or i o i de s has not been í solat cd f ron snp.·tl ings ,
young plant s 01' mature plant s of L e u e o s p e r m u m 0 1'

L e u e a den dI'o n spp., sugges t i ng that t hey are res i stant .

Other fungi were also i solat ed from plants with bli r. ht symp toms
s imi la r to those eaused by C. 9 loe o 5 por i o i des . A
r u s a l' i u m sp., was occaslonally isolated from plant s showing
h1i ght but no root symptoms. 8 o t r Y o S p h a e r i a d o t h i -
d e a , a fungus found to be a secondary invader of the eankcr and die
haek d i~ease of mature P. c o m p a e t a (Benif and Knox-Davies,
1983) wa s sometimes is olated toget her with C. 9 loe o 5 p o r i 0 -
i d e s . This fungus wa s al so i sola t ed al one f roo young P. e o m p-
a e t a ; Pro t e a g l' a n d i c e p s Tratt.; and l e u e a d e n
d r o n s pis s i f o 1 i u m (S3l i sb. ex J . Kn ight ) I. J . Hil l iams
plant s showi ng symptoms of eanker and diebaek.

2. 1.3. Root and coll ar rot

P h Y t o P h t h o r a e i n n a m O m i ~Ias i sola t ed from
the roots of young l e u e a den dI'o n spp., especi ally L.
x a n t h o con n u s (Kuntze) K. Schum .; L. s a 1 i gnu m
Bergius; L. e o l' d i f o 1 i u m and O l' o t h a m n u s
z e y h e l' i Pappe ex Hook. f. Symptoms were similar to those on
older / mature plants l .e ., ycl lowi ng of upper parts of plants;
arrested growth and the death of sorne shoots in the collar region.
Blaekeni ng and gi rdling of the 10wer part of the stem was cornmon. In
l ile sur vey P. e i n n a m o m i often appeared in patc hes emonqst
densely pa cked nursery stock, usual1y killing 311 plants in lile
il ffe cted area . l e u e a den dI'o n a 9 l' e n t e u m (L.) R.
81' . was particularly "susceptible to P. c i n n a m o m i and
resul t rd in death and 10ss of 1ar~e numhers of p1ants . P.
e i n n a m o m i was isola ted froo young P. e y n 3 l' o i d (' s
plants with symptoms of dieback from the tip of lile stem and necrnt ic
areas of leaves. Typical root sym~loms I·¡ere not apparent and roots
appea red heal thy. P. e i n n a m O m i wa s i solated from mil llY plants
(llcnié, unpublished data). P. e i n n a m o m i oecurs eommonl y in
nurser ies in the South-western Ca P'? (Von Broemhsen, 1984). Il ~Ias

al so isolated from typf cal root and collar rot symptoms on P.
c Y n a l' o i des. P. e y n a l' o i d e s has beeo koown lo be

,
Di seased material 'col lected f rom nurscry beds ano mi st beds at

Ki rstenboseh; Betty's 8ay, Assagaai bos, Protea Hcight s and Tygerhoek
Researeh Farm indic ate"that t he most si '1nifieant local nurscry
di seases are eaused by soil and/or seed-borne fungi.

2. Pat hologieal problems assoeiated with propagati on ma te r ial,

Control re eommcndat ions formul atcd from cx í s t i nq and i\c e('p t '~ d nurse ry
disease cont rol praetiees are dis eussed for spee if ie secdl ing and
eut t ing di sease problems.

2.1. ~ ~r~QrY _ Q ~Q _Qr2Q l~~~

p're- and post -emergenee damping-off and seedl i nq bl ighl di seases
werc the most prevalent nursery bed problems , part icul arl y on t he
genus Pro tea.

2.1.1 . Damp ing-off dis cases of seedlings in seedbeds

Col 1 e t o tri e h u m 9 loe o s por i o i d e s,
the causal or gani sm of damping-off of P. c o m p a c t a (Benié and
Knox-Davie s, 1983) was the dominant or '1 ani sm isolated from infeele u
seedl ings of severa 1 other species of the genus Pro t e a (T ab1e l ) .
Typical sympt oms develo ping on i nfectcd secdl inqs we re pre- ano post 
emergenee dampi ng-off, necros i s of eotyl edons and 1eaf and ste m
necrosis . Can kers typieally formed around the base of lea ves ,
extended down the st emand gi rdled the stem . Fungi iso l at eu lcss
eommonly f rom dampin g-of f seedl ings i ncl uded a F u s a r i u m sp.;
R h i zo e t on i a s o 1 a n i; P h Y t o p h t h o r a c i n n
a mo m i and a P y t h i u m sp . Inoeulati ons of young P. e o 01 -

p a e t a and Pr o t e a e y n a l' o i d e s (L. ) L. seedlin gs .
wi th t hese fungi resu lted i n the devel opme nt of a rangc of typical
damp ing-off symp t oms. Symptoms caused by t he dif fcrent fungi we re
s imi l ar and oft en indis tinguishable f rom one anot her . Aeervul i usual ly
~eveloped on t he cankered stems of seedlings i noculated wi th C.
9 1 e o e s por i o des. Seedlings inoeula ted wi th R ~ s o 1 a n i
a1so deve 1oped symptoms on the cotyl edons. Th i s i s often a symptom
assoeiated with seed-borne di sease s; however, it is not ye t known
whether t his organism is secd-borne. Repeated experimcnts usi ng secd
of the same speeies but taken from different see~ 10ts to check for
the presenee of th ese fungi, did not always give con s is tent results .
Dise ase occurrenee and severity of t he infection var ied from one seed
sample to anot her. In some cases no infeetion oceurred . Ineon s i steney
of result s made it di fficult to determi ne whieh damping-o f f infe et ions
were eaused by seed-borne fungi and which res ul te u due to seed bei ng
eontaminat ed by soi1-bo rne fungi in p1 anting media . Certain fungi
regula rl y devel oped on potato-dextrose agar fro m seed of several
different speei es of Proteaceae but were not í sol et ed f rom damped-of f
seedl ings . These include P h o m o psi s sp .• P h o m a spp. ,
B o t l' Y o s p h a e r i a d o t h i d e a, A 1 ter n a r i i\
spp. , S t e m p h Y 1 i u m spp., C u r v u 1 a r i iI sp. • and a
P e s talo tia sp, During this survey damping-off symptoms were
not encountered on L e u c o s p e l' m u m 01' l e u cad e n d r o n
spp.
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fa ir ly r e s i s t ent lo t lli s fungus (Von Broembsen , 1984); however,
r~ s ull s llave shown that young P. c y n a r o i d e s plants are
S lJ ~ c .~ p ~ i LJle t o root rot ceused by P. e i n n a m o m i (Beld é,
unpub l i shed dala and Von Br oembsen}. F u s a r i u IR o X y S P o r
u ni WJ S of t en ass ociated with d iseased roots of young pl ant s ,
par t ic u le r ly Oli l' ro t e el III ¡, Y n i f i e a Link and many 01" l ile
L .: IJ e a J e lO d ," o " spp, N a e r o p h o m i n a p h a s e o··
1 i n <1 Ha s isola t ed from a group of drouqht st ressed pl anrs . PI..«t s
I'Cle ·. l i ~ I , l l y ye l Iowed and yenerally lacking vigour .

. Veqetative propa gat ion by rooting cuttings in mistbeds i s el

wldtd / used tcchnique for th e propagation of many members of t he
Proteaceae. Cuttings are highly stressed plant tissue and are lllcre 
fore more sub.iect to invasion by disease orga nisms th an a re t uol.l.!d
planls. These resulting diseases may kil1 cuttings and cause se ve re
Iosse s durj ng propagation or in later stages of plan t gro~/th . Such
los ses were observed during th is survey.

2. 2. 1. Cut t ing di cback

Cutting dieback was caused by a wide range of fungi. C.
9 lo e u s por i o i d e s was consistantly isolated from d i se ase d
Pro t e a r e p e n s (L.) L., hybrid P. e o m p a c t a x
Pro t e a n e l' i i f o 1 i a R. Br. and S e l' l' U r i a f 1 o 1'-

f d a (l hunb.) Sa l í sb, ex J. Knighl cut t inqs . Canker s deve Ioped f tolll
cut t i ps and ex t.ended up inlu the s t.em, lJ i rd l ing lhe stem as i t
I' l o 'Jr · ~ üE:d. Ncc tosis of leaves and in severe cases, defoliati on
fo llu'".:d. Th i s in feelion resul t eu in lile loss of up to seventy percenl
uf lhe cultings. R. 5 .01 a n i ~/as iso lated frol1l P• .r e p e n s and
many of the hybrfd L e u c o s p e r m u m cultivars. It caused ma ny
losses in the nursery. Basal stem necrosis and defoli ation were l he
most C(XllRlOn symptoms obsel"ved. Preliminary pathogen icity te s t s ~¡j t h

these lwo fungi, praduced symptoms s imil al' to those on natura 11y
infeeted cutting material. Symptollls appeared within ten to ·twelve days
after inoculat ion. B. d o t h i d e a, F u s a l' i u m sp., .. ...
P h u ~ o psi S sp ., S c 1 e ro t in i a sp., and a P e S t a
1 .0 t i d , ~/ere sOlllet imes isolati.'d f .·om diseased cuttings. BdSitl and
t lp dieback and nec rosi s of l eave s we re typical symptoms. P e s t a-
l o t i a- i nfe cle d cutt in gs developed aeervuli on the nec roti c
l eaves. Thes e fun!!i I.He (lecas ion.:11 1y is ol aled together froll1 lile '." lIIe
t ult ir"J . :' ~os t of the hybrid L e u c o s pe r ni u 111 eultiva !"s I·/ere
susce pt ible to infeet ion. D o l r y t i s e i n e l' e a wa s
re peatedly isolated fro m a group of S. f 1 o l' i 'd a cutt ings . T ¡' e ~ e
cut t ings were l a ken f rolll mo t her pl ants i n an orchar 'd in which milny of
t he r ~ ,111 l S sho~/cd se ·,ere Sj'lIIpto ms of shoot and flower bl iglll f roll1
whi eh B. e i n e l' e a was isol dted. This ind ieates t hat th e
B o t r y t i s i nocul um was initially brought into the mi st bed on
infeeted cutt i ng materi al collected from the mother pl anto Il'regul J
r ity of d isco se out breaks in t he mi s t bed have made it diffi clIlt t o
determine whie h spee ies of ?role aceae are s ll ~ ( elJt ib le t o cul t ing J ie 
baü . l, ~ '.~ O I · S slIch as overwat e r i ng of eut t ings. soggy pli\nt ing meJia ,
wounu; ,,') JlId drought st ress due lo eutt ings dr'y ing out , al l ~ c ell1 l o

favour infeetion. P. e i n n a m o m i was found t o be a fur l her
prubIem in th e nri s t bed , cau si ng d ieback and root rot of r oot ed and
root ing eul t i ngs . Blaekened basal stem l es ions exte nded from cut
surfaees up i nt o th e stem. This was often aecompanied by gi rdl ing
and reddeni ng of the s t em aboye the erown les ion in rocted eutt ings .
r.ldny of l he L. e o l' d i f o 1 i u m hybri ds were high ly suscept ibl e
to root r ut o

2. 2. 2. Scab and bl igll t in the mistbed

Symptoms of sca b were observed 00 isol ated groups of cutt i ngs
in mistbeds . lhe disease is characte r ised by corky le af l esions; more
ext ens i ve s l elll l es i oos and stem twi st ing (BeniE and Koox- Davi es ,
1983) . The disease resul t ed when cutting materi al was eol le cted from
scab- in feeted mother pla nts brought i nt o t he llIi stbed . The causa l
I"un gus tE 1 si n o e sp. ) can survive on scab les ions as rest ing
myce l i um, st roma t i c t í s sue , chlalllydospores and mi crosele rot ia
inside the host tiss ue (BeniE and Knox-Davies, 1983). Laten t infec
ti ons occur on new growt h flushes and when cuttings are t aken, t hese
infecl ions are not noti eed on the plan t mat eria l , s inee no distinct
sympt cms are vi sib l e [Beni é, unpublished data ). f ree moi s t ure and
euo1 t empe ra l ures enhance disease cxpr ess ion. New gl 'o~/lh on the
eull iny is hi ghly suscept íble to seab i nfeet ion. L e u e o s p e r -
m u m and L e u e a d e o dI'o n spp. and S e l' l' U l' i a f 1 o 1'

i d a dre susce pt i ble .t o scab (Benif, unpubli shed dat a ) .

o l' e s e h 1 e r a d e m a t i o i d e a , lhe causal
orgilni slll o f bl iC)ht of L e u c o s p e r m U m spp. (Von Brocmbsen,
1985), was isol ated f rom cuttings showing ty pi ca l symptoms of bli ght.
Bright red canker s deve l oped fram the tip of cutt i ngs and ext ended
along thc s t em, some t imes col1apsing in the reg ion of t he canker ,
Leaf l es io ns were ye llow-brown; i rregul ar ly shaped with dist ioet oute r
marqins , Hybr i d L e u e o s p e r m u m cul t iva r s we re mos t susce pt i -
ble l o lhi s or gan is mo

2. 3.1. Prov i sional recommendations fOl' th e contro l of
e o 1 1 e t o tr i e h u m 9 loe o s por o i d e s
in the nursery

C. 9 l o e o s p o r i o i d e s can be associ at ed \'Ii th
Ji sea sed seed , seed li ngs , young plant s 0 1' eut ti ngs . Cont rol of t hi s
orga ni sm i n l ile nur se,-y is tIJere fore impo r t el nt. Prev ious work with

o'
P. e o m p a 'c t a showed t hat a hot wale r t reatment at 50 C for 30
mi nute s , fo l1 o~/ed by a t hi ram dusli ng ~/as lhe most effect ive seed
t rca tment for cont ro11 in9 dampi ng-of f eause d by C. 9 lo e o s p o 1'

i o i d e s (Henit and Knox- Oavies , 1983). Fur t her wo~k wi t h seed
treatmenls hds sho~m that a hot wat e r .t rea tment at 50 C fo r 30
mi nute s , fol101·/ed by a benomyl dusti og was equally effee t i ve , in con
tro l l inu t he d ise ase (Benié , unpubl i shed d.at a). T¡"eal ed seedl ings
rare ly dalllped-of f in seedbeds; hO~le'le r , un"trea tcd ~on t ~ol p~ nts of
sll<, eepl ibl e spec ies damped- of f eunti nu(l l ly , rc sul tlng In ma Jor lo sses
of sec d l i ng ~ . thll"sc ry lo sse s of P. e 0111 P a e t a ; P f ' o t e a
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1 o n 9 i f o 1 i a And rews ; Pro t e a o b t u s i f o 1 i a Buek
ex Meis sner and Pro t e a n a n a (Bergi us) Thun b. were 90%; 95%;
95% and 100% respect ively , from severe1y infected seed samp1es (Ben i é ,

unpub1is hed data) . Afte r t reatment, seed1 ing surviva1 in treate d
p1ants was aboye ninety percent. Infection by C. 9 loe o s p or i
o i d e s has been shown to vary from one seedsamp1e to another and
fromone season to t he next (Beni t, unpub1i shed dat a) . The two seed
treatmen ts given aboye , have been tested on severa1 of the Pro t e a
spp. found to be suscept ible to C. 9 loe o s por i o i d e s and
are present1y being used as an ef fec t i ve cont rol for seed1 ing damping
off caused by seed-borne organis ms. A11 seed shou1d be treated with
t hi ram or benomy1 dust if no faci l i t ies ar e avai1ab1e for hot wat er
treatment. Soi1 drenches wi th t hi ram have been used on severe1y aff ec
ted un ~reated seed1ings to reduce disease severi ty.

Col 1 e t o tri c h u m die back on young p1ants can be
reduced wi t h regula r sprays of effec t ive fungici des. Ma ughan and
Greenha 1gh (1983) eva1uated certain fungicides for t he control of
C ol 1 e t o t r i c h u m dieback of protea seed1 ings. Oifo1 itan was
recommended (1981) as an effective fungicide for reduci ng severi ty of
Col 1 e t o t r i c h u m diebac k. Similar exper iments with se1ecte d
fungicides showed that , the use of di fo1 itan reduced the occur rence of
seed1ing b1 ight in protea nurseries (Benié. unpub1i shed data ) .

A pre1iminary recommendat ion for the control of cutting dieback
caused by C. 9 l o e o s por i o i d e s i n mi st beds is a pre-p 1ant
fungicide dip of cut t ings. Ca re shou1d be taken that materia l co11ec
ted from mother p1ants is c1ean and dis ease-free. Cut t i ngs shou1d t hen
be dipped into a solut ion of t he fung;c ide (d; fo1i t an; capt an or
benon~l ) . A comb inati on of difo1itan to gether with benomy1 can a1 so be
used. After p1anti ng. cuttings can be sprayed regu1ar1y wi t h di fo1i t an
or difo1ita n combined with benomy1. .

2.3 .2. Cont rol of cut ting dieback . scab and b1 i ght in mistbeds

. Pre-~lanting . d~pping . of cut t ings fo11owed by r~gu1 a r sprays
w!th effect lve funglcldes (see aboye) can he1p to prevent ~ u tti ng
dls ease from deve10ping in mistbeds . Oifo1 itan. captan and benomy1 have
been used to s~ray cutti ng materia 1 in mistbeds . Oifo1i t an is parti 
cu1ar1y effectlve for the control of scab and cer tai n cutting di eback
diseases. Ipriodine ;s effe ctive agai nst O r e s c h 1 e r a (Green
ha1gh . 1981; Von Broembsen . 1985). Mother p1ant s can be sprayed before
cuttings are taken to keep t hem free of di sease dur ing the 1ast
grow ing season. It is critica11y important that cuttings are ta ken
f rom dis ease -free mot her p1ants . This survey has shown that scab• .
Oreschl era b1ight and cutt ing diebac k caused by B o t r y t i s ,
resulted when infect.ions were brought into t he mistbed on the infect 
ed cutt ing material. Oistribut ion of such infected cutti ngs could
the ref ore resu1 t in spread and outbreaks of t hese diseases .

2.3. 3. Control of root and soil-borne organisms in the nursery

Root and soil-borne diseases can become a ser ious prob1em i f
they become est abli shed i n the nurse ry. lt i s a1ways mnre effect ive
to prevent these disea ses than to t reat t hem. Con t rul ; be accom-
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pI ished by p1anting disease-free propagati ng ma t er ial in a p~tho ~e~
f ree soi1 medi um, i rrigat ing with pat hogen- fr ee water and ",1aln~all11ng
a proqram of sanitat ion in the nursery to preven t recontam l n~ t IOn
(Von Broembsen, 1981). In protea nur-series , control o~ P. c 1 n n a
m o m i i s extreme1y important since p1antlng out of lnfected
m~ter ia 1 can 1ead to mass infestation in the commercia1 orchard.
Severa1 measures shou1d be adopted to control and prevent .P h Y t 0
P h t h o r a disease outbrea ks in t he nurse ry. The most lmportant of
these are bri ef1y 1isted:-

_ A1 1 soi1 and p1anting med ia shou1d be steri1i zed or pasteur ized:
Container i sed p1ants shou1d not be int roduced from ot her nur~erles.
lnfected and dying p1ants and the ir containe rs shou1d be remo ved
and burnt.
F10w of sur face run-off water i nto the nursery area shou1d be
prevent ed.
Contact between containers and under1y ing soi1 shou1d be prevl'nted
by cover i ng nursery area with stone chips and p1acing conta iners on
slot te d benches .

_ Traff i c into and with in t he nurs ery shou1d be contro11ed.
_ Weeds and a11 p1ant debr is shou1d be removed from the nursery.
~ Suscept ibl e specie s shou1d not be grouped togethe r bu t shou1d

rather be spread out i n t he nursery.

3. Conc1uding rema rks

This paper has shown that dise ase prob1ems occur on a1 1 forms ~f
propagat ion materi al in protea nurserie s in South Af ri ca. ProductlOn
of dis ea se~free nurse ry stock is necessary to prevent s~read of
disease. Seed shou1d be t reated to prevent seed-borne d~sease s . from
ente r ing the nursery and to minimize local and internatlona1 dlspersa1
of these diseases . Transfer of seed-borne diseases is part icu1ar1~
important for P ro t e a spp. Control of diseases of ~ooted c~ tt lngs
has become more important wi t h the deve10pment o~ cu1tlvars . Wh l ~ h
require vegetative reproduct ion. ~ ince ~he s~ cu1.tlVars ~re dlstrlbu ted
to nurse ri es throughout South Afrlca. dls trlbut lon of l nfected
materia l cou1d resu1t in 1arge sca1e quarantine prob1ems and the
introduct ion of disease to one production area from another.
Huch researc h í s required before these comp1ex patbolocicel prob1ems
and their solut ions are fu11y understood in Proteaceae nurseries . A
study of thi s nat ure is extreme1y invo1ved since one is working wi th
so many di f ferent host p1ants within the fam i1y Proteaceae . Each
genus can be regarded as a separate group, with certain o~ ~he dis ease
organisms being host specific whi1e ~thers s~ow no speciflclty.
lntensive stud ies and surveys are belng contlnued.

• 1

Ben ié . L.M.• and Knox -Oavies, P.S., 1983 . Scab of L e u c o s p e r
ol u m c o r d i f o 1 i u m and other Proteaceae. caused by an
E 1 s in o e sp. Phytophy1actica 15:95-107.

Benit. L.M ., and Knox-Oavies. P.S., 1983 . Anthracnose of P r o t e a
c o m p a c t a caused by Col 1 e t o tr i e h u m 9 loe o
s por i o i des . Phytophy1actica 15:109-119.
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Table 1 - Susceptibilfty of commercially-cultlvated species of
Proteaceae to Col I e t o t r f c h u m 9 loe o s
por i o i d e s

xxx hi ~ ~l y susce pt ible
xx moderately susceptible
x suscept i bl e

no cbser va t ions recordeJ
23 7

l. Intraduction

A1Js t rac t

EXTENSION OF liAl<\;L' j'rING PERIOD IN L E U ro ~ S P E H H U H BY MEANS OF
MANUAL AND ClID'II CM. PRUNI NG HE.'TII00S

G J BRITS
Ilort icultural Resea rch Insti tute
Pr i vate Bag X293
¡:HJ ¡J 1 Pretoria
South Af rica

'Itle short natural flowering periad of L e u c o s p e r m u m
R.Br . plants causes a major cut flower market ing probl em (Bri ts,
Jacobs & Vogts, 1983).

Ac t.a lIor ti cu ltu r ac 185 . 1986
Pr-o r.ea

A number of axilla ry capitula develop distal l y on
L e u c o s p e r m u m flower ing branches (Rourke, 1972) up to the
stage whe re floret pr imordia are di scernible ( ~~lan, unpublished
data) . 'l'hese young cap itul a are termed infl orescence buds. 'l'lie
uPI)ermost infloresce nce bud in L e u c o s p e r m u m
c o r d i f o 1 i u m, and ot her spec ies with large in florescences ,
norma l l y devel op i nt o a marketabl e primar y inflorescence (Brits ,
1977 ) .

Cut fl ower harvest i ng period in pi ncushi ons can be delayed by
deact i vation of the primary inflorescence bOO. 80th hand debud~ir~

and spray i nq pl ant s wit h ethephon (e .g. "ethrel") are effective

Cut flower harvest ing periad in L e u c o s p e r m u m can be
de layed by deactiva t ion of pr imary inflorescence buds, but l ate
t realment can cause los~ uf yield through poor resumpti on of
seeondar y bud development. Primary inflorescence buds of S-year old
plants of th ree normally and two late flower ing
L e u e o s p e r m u m cultivars were sprayed with ethephon 250 ID:¡

1 -1 in 1984 on August 1 or debudded by hand on August 14. Al t hough
the time of harves t was later, the length of the act ual harvest ing
pe r i od was reduced in a11 treated plants. 'Itle 50% harvesting dates
in ethephon treated and hand debudded plants coincided, confirming
an approxima te l y 14 day longer resumption t ime of bud development in
t he former. 'l'rea tments delayed 50% harves ting dates in normally
f lower irsj (Fl illl-cspike , Ye110w bird, 1'77 HJ 07) and late cul t ivars ,
(Vlam, ca ro l ine) by an average of 37 and 20 days respect ive ly, thus
exte nding the harvesting periad of controls by 67% in normally and
9% in late f lower ing cultivars. Mean yield 10ss as a result of
ethephon treatment and hand debuddi ng was 11 and 3% respect ively,
tend ing to i nvolve flowering stems of poorer quality. It was
concl uded that a11 S cultivars may safel y be hand debudded and cvs .
Flamespike, '1'77 1¡J H7 and Vlam be treated with ethephon, up to
August 1.
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coupac ta R. ür , xxx xxx xxx xxx
c'y ".II ·oi Je~ (L.) lo x
eximia (Sal i sb, ex J.

Knight) Fourc .
grandiceps Tratt .
1acticolor Salisb.
lauri folia Thunb.
Icpidocarpodendron

(l. . )l. .
lon91fol1a And rews
ma!]nifi ca Link
Illundi i Klot zsch
nana (Bergius) Thunb.
neriifolia R. Br.
obtusifol ia Buek ex

f.lei ssn er
pudens Rou rke
repen s (l .) l . .
scol~noc e phal ~ (r.)

Rei cher d
susannae E. Phillips

Serru ria
flo r ida ( ihunb. ) Sal isb.

ex J. Knight



wa5 due to non-resumption of inf l orescence bud develo¡::ment, mos~ly
on weaker , thinner aOO shor t e r flowering branches. Flo wer qual l tl'
i n trea ted plants was apparently slightly poorer , but still
acceptabl e for marketing.

Late

CAROl. TNF.

N OS O N n

VI.AH

Late

N O S ON O S ON D S OO

FLAHF.SrIKF. YELLOW BIRD T 77 lO 07

FI. Normally Fl. Normally FI.
J O

This work was under taken t o study the effects of late treatment
on harvest distribut io n aOO yiel d l oss in normally aOO la te
floweri ng cult ivars .

2. Materials aOO methods

3. Results

t rcatmen t s (BriL5 , 1977: .Jacobs (, Honeyborne , 1978) . socondar y
inflorescence buds on bru nches sprayed with ethephún resume
deve10¡::ment approxi ma te l y 14 days la ter than on hand debudded pl.ants
(Bri ts, unpublished data) .

Late trea tment (lIugust onwards) ca n cause l oss of yi e1d through
poor resumption of secoOOary bud de ve10¡::ment (Bri ts, 1977; Jacobs (,
Honeyborne, 1978). vield l oss inc reas es progressi vely wi t h la t e r
t reatme nt s. Cut f l ower qua l i ty can also decr ease . Cu1tivars
reacting fa vourably t o t rea tment will therefore have to be se l ected
(Bri t s, 1977) .

Fi ve-year old plants of 3 normally and 2 late flowering
L e u c o s p e r m u m cultivars were given a full cover spray
with ethephon a t a concentration of 250 mg 1-1 on lIugust 1, 1984, or
pr imary inflorescence buds were removed by hand on August 14.

Four replica t ions oE 3 to 5 plants wpr~ used i n a ra ndomised
block design o 'Ihe nLlllber of flowering branches cut per week,
exceeding 30an i n l engt h , was recorded.

4. Concl us ions

I30 t h manual and chemical pruning can be used as a prect ical rocens
of extendi ng the harvesting pe r iod of pincushions.

1\11 5 cu l t i vars mal' sa f'e ly be hand de b.x kl<?O aOO c u l t i vars
F I.l m:?Sp ike , T77 h'l 07 and Vlam llIiIl' be spraye<:l wi th ethf>ph0n Uf' f ')

I\ugllst l .

The res ul t s are summarized in Figure l. Flower ing time in
untreated normally and late flowering cultivars cOOnienced a t
approximate l y t he same t ime. 'Ihe principal difference between
normally and late flowering cultivars was a naturally ex t ended
flowering period i n the latter.

' .
Ethephon spraying and hand debudding had much the same e f fect on

harvesting dates. Ooniciding harvest ing graphs confirm an ' .
approximately 14 day la ter resumption time of bud develo¡::ment in
e th ephon s prayed th an i n hand debudded plants. Length of secondary
inflorescence develo¡::ment and harvesti ng periods were red uced in a ll
trea ted pl ant s, due to higher seasonal develo¡::men t tempera t ur e
(Jacobs (, Honeyborne, 1979), but the actual harvesting t imes were
never t he l ess notably latero

The 50% harves t i ng dates in treated plants were delayed by an
ave rage of 37 and 20 days in normal ly and late f10weri ng cultivar5 ,
respecti vely . Harves ti ng period of controls I.tlen canbinecl with
treatIrents was e xt ended by 67 aOO 9\ on average, in norrna l l y and
l a te f !~~ri ng cu l t i va r s , respecti ve1l'.

Figur e 1

"TITES, 198~

Distribution of percentage harvest, and yield 1055 ( \0)
of 5 L e u c o s p e r m u m culti vars after hand
debudding or spraying with ethephon; and harves t i ng
pa ttpr n with canbined non-treated and e thephon 5pr ay~1

p1ants.

;'\'era~e yield loss rela ti ve t o cont rol s was 11 and 3\ as a result
of ethephon treatment and hand debudding, respectively. Yie Id Ioss
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Peaks in the .combined graph indicate that a number of sequential
t~ea~nt~ of dlfferent plantings wi11 improve the overall harvest
dlstrlLutlon even more - e.g. fortnightly from June 15 to August 1
(4 treatJrents).
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FA UIJAL LI ST OF PRO TEA REPENS

J H Coetzee &L H Latsky
Horticultural Research Institute
Pri vate Uag X2 93
OOUI Pret ori a
South Af rica

J1 bstract

Protea repens is strueturally a co~plex plant and can therefore
prav~ dlversity of niches for inseet s to exploit. The plant can
be divid ed into three ma í n niches: (a) flower heads housing flower
visitors and poIlen and neetar feeders, (b) leaves housing leaf
feeders and/or visitors and (e) seed heads and stems housing the
borers . !nseets ereate major phytosanitary problems for marketing
P. repens cut flowers. Leaf damage i s eaused by 32 speeies of l eaf
reeaers:-This group ineludes the leaf miners, whieh are responsible
for most of the leaf damage. The ten borer speeies foun d in seed
heads have a signifieant effeet on the reproduction of the planto

1ntrodueti on,

Protea repens (L.)L is one of the eeonomieally most important cut
flowers whTCfi1'S both grown in eul tivation an~ harvested in its
natural environment. Heavy inseet infestations in natural stands
cause great pressure on adjaeent cultivated stands. To produce a
high qual ity flower i t is important to control the insec t pests of
tnese plants. It í s therefore necessary to have an í n-cepth
knowledge of the natural insect fauna of P. repenso The plant can
be divided into three nain niehes: (a) ffower heads, (b) le aves and
(e) seed heaus ano stens ,

The obj ect of lhis study was to dete~ine whfch phytophagous
insects oecur in the three main niches of ~. repens under natural
conditions.

Hate r ia l s and ~ethods

A census of the phytophagous insects of wi nter- fl owering
P. repens , 9rowi ng in its natural envi ronment , was made over a
rjerTQ(fof tvo years. Using methods dcscribed prevfousl y [Coet zee
ano Gili omee 1985) we eolleeted f l over head vfsftors duri ng the
rlowe r i ng peri od at 29 of the many areas in whfeh P. repens occurs.
Arbor'eal insects ~Iere colleeted by neens of the beat i ng me thod,
'eed lIe,¡d s and s tens ~Iere colleeted in the Stellenbosch area at
tn ..ee-Hcek ly int erval s. The seed heads and stems were di ssected
dfter col )ec tioll and exam i ned for insects and fnsect da~age .

Aet a Hor-t i c u l t.ur-ae 185 . 198 6
Pr ot ea
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Tab l e 1 Inseets whieh visited the flower heads of winter
flowering P. repens (L.)L. in the natural environment,
during the flowering stage

. l e a ~ da mage is eaused by 32 speeies of leaf feeders (Table l)
w~le h lnelu de t~ n sap-sueking speeies, 19 ehewers and three leaf
mne r s , Le af enners are re sponsib l e for most of the danaqe to
le a ~es. The me thod developed by Fuentes et al. (1980) was used to
e S~lr.1 a te t he propor t ion of the surfaee area leaf dar.lage. Based on
thlS fonnul~ on average just over lU~ of the leaf surfaee area was
dalllaged by lnseets.

Table 2 Inseets in assoeiation with the leaves of
~. repens (L.)L in its natural environment.

COU EI·mOlA
(Ac.HRP.839)

PSOCOPTE~A

(Ac.HRP.758)

Mierolepidoptera
Phyl10enistidae

Phyllocnistis sp, (.\e .IIP.P . 75)
Ac .HRP.106R
Ae.HRP.I066

Cixifdae (Fulgoroidea)
Ae.HRP.686

Coecidae
Ae .flRP.1067

Psyllldae
~ sp, (Ae.IIRP.559)

LEP 100PTERA
Geometridae

Ae.HRP.6139a
Ac.HRP.6ú9b

Pyralidae
Uostra conspicualis ~arren

Lygaeidae
Poeanthus nr. velox Hergroth
Caprhlobla sfmTTüS( Seudd.)
flySlUS sp, (Ae.flRP.684)

CorelCrae
Ae.HRP.685

.
~.,

24 3 ~

Ten different larvae (borers) (Table 3) are assocfated with
~. repens , from the conmencement of fl ower head deve1opnent , up to
the~head stage. Three other inseet species and five ant
spp.e~es were also collected. The larvae of three Coleoptera
s~ee~es. !.e. Genuehus hottentottus, Sphenoptera sp. A. and Eudcres
l1nelcolllS and two [epldoptera sp'eies. l.e. Arqyroploee so. ana
flnea sp., were responsible for all the damage to seeds In the seed
~ Almost.85't. of tlle stored seed reserve of P. repens would be
destroye~ by lnseets after two years (Coetzee &~ilromee- in
preparatl0n.) ,

COLEOPTERA
Cureulionidae

Euderes lineicollis (\o/eid.)
Eremnus sp. 1 (Ae.HRP.664)
Eremnus atratus Sparrman
Eremnus sp , near PRRpu6 Bohernan •
Eremnus sp , 3 (Ae. • 67)
Tanyrhynehus affaber Boheroan

Bupres (¡ dae
Sphenoptera sp. A
S~henoatera sp. B

Pha acr i ae
Olibrus aerot~s Champ
Ollbrus natalensis Champ
Ollbrus sp. (Ae.HRP.674)

Hal ticidae
Podagriea sp. (Ae.HRP.674)

Lamprosomatidae
Oomorpllus sp, (Ae .HRP.675)

Ga Ierue icae
Pseudorupilla sp.(Ae.HRP.676)

ORTIIOPTERA
liryllioae

(Ae .ItRP.G77)
Tettigoni idae
(Ae.HRP.67!l)

HElIIPTERA
Pentatomidae

Antestiopsis varie?ata Thunberg
Orthosehlzops Jlneatleeps Stal
Ae.f1RP.681

Cryptophagidae
Mierambe tenuieornis (Grouw)

Cetoniidae
Triehostetha faseieularis F.

Cureulionidae
Ceutorhynehus sp. (Ae.HRP.664)
Ceutorhynehus sp, (Ae.HRP.665)
Ccutorhynehus sp. (Ac.HRP.6ti6)
Sibinia sp. (Ae.IIRP.667)

HnlENOPTERA
Formieidae

Iridomyrnex humil í s (Mayr.)
Teehnomyrmex albipes (F. Smith)
Aeantholepis eapensis (Mayr.)
Anoplolepis eustodiens (F. Smith)
Camponotus niveosetosus (Mayr.)
Camponotus rufoglaueus (Jerdon)
"lonomoriulII sp , (Ae .HRP.674)
~Iy rm i e a r i a ·sp. (Ae.HRP.675)

Apidae
Apis mel1ifera L~

Colletidae
Itylaeus unmarginatus Alfken

Vespidae
Ac.ItRP.679 '

THYSAlJOPTERA
Aeolothripidae

Itomothrips sp, (Ae.HRP.680)

OIPTERA
Orosophil idae

Ae. HRP.681

Scarabaeidae '
Genuehus hottentottus F.

COlEOPTERA
Hal ticidae

Chirodiea ealeoptera Germ.
Chirodiea wollastoni Baly
Chirodiea sp , (Ae.ItRP.639)
Chirodiea sp , (Ae.flRP.640)
Chirodiea sp. (Ae. H~P.641)

Ae. HRP. 642
rn tidul idae

Pria eineraseens Er.
Carpophilus hemipteris (l.)
Carpophilus binotatus Nurr
Carpophilus dimidiatus F.
Carpophilus sp • (Ae.IIRP.647)
Meligethes rimulosus Reitt.
Mel igethes viridulus Reitt.
Soronia marmorata Grouw

Cucujidae
Phyconomus t ricolor \01011
Phyeonomus pal l idus \01011
Phyeonomus sp (Ae. HRP. 653)

Staphyl i nidae
Atheta sp. (Ae.ItRP.654)
Phloeonomus sp. (Ae.HRP.655)

11elolonthidae .
Uiaplochelus longipes F.

Histeridae
Platysoma eapense \oIied.

Anthieidae
Formieomus eoeruleus Thumb.

~lorde 11 idae
Anaspis sp. (Ae.HRP.6~8)

~leloidae

Lytta nitidula F.



laDle J Insects found in the seed heads of P. repens (L.)L.
in its natural envfronment. -

COLEOPTERA
$Garabaei<lae

Genu(hU5 hottentottus F.
Iluprest I<lde

S phe n~ptera sp. A
Sphenoptera sp. B

Curcullonldae
Euderes lineicollis Weid.

LEPIDOPlERA
01 fthreut idae

Ar2yroploce sp. Ac.HRP.380
Tineldae

Tinea sp, Ac.Ilf{P.J49
Oecophoridae

Cryetoleclda ar.rnopleura Meyerick
Pyrabdae

Uostra conspicualis Warren
LycaeOldae
~ alphaeus (Cramer)

OfPTERA
Cecfdomyffdae

Resselfella proteae Gagné

ItEt11PTERA
LY9aeidae

Oxycarenus maculatus Stal
Hachlademus dlploterus Stal

HOtIOPTERA
Pseudococcfdae

Ac .ItRP.1069

HYBElWPTERA
Fonnfcidae

Cremato aster liengmef Forel
remato~as er perln9ueyi Emery

Campono us werthl rore]
Aeranop Ius per1íi9ueyi Emery
Irldomyrmex humll1s Flayr.
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Uo borers were found in the growth points of s"teiiis• . TI~o borers
i .e , Cryptolechia a"lllOpleura and Sphenoptera sp, B, were faund in
the involucra! receptacles of flower and seed heads•. These borers
were occes iona l l y found in s tems , P. repers .i s structurally very
complex· such architectonfcally coñiplex p ants will, according to
Lawton (19U31, provide a diversity of favourable niches and··_
enemy-free áreas for í nsects , Thí s hypothesis could partly expla í n
why ~. ' rcpens accoumodates so nany insect specí es ,

All flower visitors are regarded as econon;cally ;nportant pests,
since their nere presence in exported flowers í s unacceptable. Tne
most important leaf insects are the leaf mfners. Ihey cause
unsightly leaf dal1lage wllich is unacceptable on cut f lcwers , llorers
destroy the seed bank but are not otherwise fmportant economically.
Ilowever, tne oorer Cryptolechia ar.nopleura not only destroys the
flower neads, out can also crea te phytosanftary probleus in cut
flo~.-ers and I1IUSt therefore be regarded as an econoaic pesto

Information on the lffe cycles of insects on P. repens is needed
to develop a pest control prograrnme for cultfvated pJants. Tne
present fauna) list will be used in conjunction with infornation
from studies of tne seasonal occurrence of the ncs t tnpor tant pes t s
affeeting ~. repens, to draw up a.pruvis íonel control programo
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MITES (ACARI) ON PROTEAS

J 11 COETZEE. DJ RUST and L MLATSKY
Hortlcultural Research Instltute
Private Ilag X293
00U1 Pretoria
South Africa

Summary

Only two mite species associated with Proteaceae can be regarded
as of economic importance in South Africa. namely Proctolaelaps
vandenbergi. the itch mite and Aceria Krot¡ae. the wltches' broom
nn te , The itch mite does not aTTectt e p ant adversely since it
feeds on pollen and nectar, but it causes significant phytosanitary
problems in cut flowers as well as sk1n 1rritat10n to humans.
Aceria proteae is found on numerous proteas and 1s probably the
vector WhlCh conveys the agent causing w1tches' broom.

1. Introduct10n

Twelve mite species (Acar1) have been collected on plants of the
family Proteaceae (Table 1). Two spec1es, namely Proctolaelaps
vandenberri Ryke and Acer1a proteae Meyer, can be regarded as
economlca Iy 1mportan~s. P. vandenberg1 (Asc1dae) 1s found 1n
the flower head of the genus Protea. The nymphs and adult stages
feed on pollen and nectar. P:-YiñOenberg1 causes no damage to the
plant, but irritates the human skln and also causes sign1ficant
phytosanitary problems in cut flower.

Table 1 List of m1tes (Acari) found on Proteaceae

Aceria proteae (Er10phy1dae)
~laelaps vandenber~1 (Ascidae)
Oligonychus coffeae (Te lanychidae)
Ollgonychus proteae (Tetianychidae)
AglSternus afrlcanus (Stfgmaefdae)
Aculus sp. ([rlophyfdae)
~pha~us sp. (Acarfdae)
ParalorrYla sp. (Tydefdae)
fyphlodromus (Onthoseiusl saevus (Phytoseffdae)
Ih stlostoma sp, (Anoetfdae)
Nloxognlum sp. (Celaenopsfdae)
Pyemotes ventricosus (Pyemotfdae)

Acta Hortlculturae 185, 1986
Protea



~ . pro teae (E r~ophyidae) is microscopically small and is found
unrlc r Un! orac t s In dorman t leaf bucs and in flower buds [unopened
i nr l c re scences l , I It al so occu rs i n hi ghly pral i fe r a ted out gr ow t hS
kno w~ as w~ renes br ooms , On account of t he pres ence of A. pro te ae
In wltehes brcom outgrowths, Rus t and l1yburgh (1971) cl al m thaE
t nere I~U S t be a eonnee t io n net vee n the mites and t he abnorrnaI growth .

Figure 3 Elec t ronmi crogr aphs of Ac eri a proteae; (a )dorsal;
(u) ventral.

2.2 A c e r i a .p r o t e d e r-!eyer

lhe i t ch mite Proctolaelaps vandenbergi (Figure 1) occurs i n
great numbe r s in especlally the-"earded proteas (Figure 2) but they
also occur i n the flower heads of other specfes such as P. 'repens o
Great nuaoe rs of eggs, nymphs and adul ts 1;light be present oñ'""1'fi"e
flower heads at tne p1cking stage. ~lyLlUr9h et al. (1973) llave
reco r ded r.lo re than b 1100 ulft es on one flowerheacJ of P. lauri fol i a ,
When f lower s are cooled durfng the post-harvest treát~ent, the mltes
move to th e centre of the f l ower head , On subsequent exposure of
t he fl owers to rooo temperature, the mít es crawl out to the
surface . From there they can easily be transferred to the human
ski n , and cause asevere irrftation. lhe adult mites are oval and
gre yish white i n col our . lh ey can be clearly seen with the naked
eye•

~ .l Pr o c t o 1 a e 1 a p s van den b e r 9 i

Fi gure 1 Elec tronatcroqraph
of P. vandenbergi

Figure 2 Flower head of
P. neriifolia i nf es t ed
with P. vandenbergi.

R Y k e

AcC!ria pro teae i s one of the mo st illlportant mites of Proteaceae ,
bec'd'iiSeit 1 s assocf ated wf th witche s I br oom. /·leyer (1981) has
describcd tlle mites on plants belonging to the genus Protea.

Aceria proteae has an elongated wormlike body. lh e fer.1ale is
211:-ntrUr.l long and 43 um wide, and i s invisible to the naked eye or
throulJh a hand l ens • lhe dorsal shield (Fi gure 3a ) í s
sub-semicircu la r. Sevent y fi ve r i ngs with microtubercules occur on
tne thanosome and t he t ele some consist s of about seven r i nqs (Ileyer
1~!lI). The ventral coverfl ap (Figure 30) that covers the female
genitals has 10 longitudinal ribs. lhese eriophyoid mites have only
three pairs of leg s . A. proteae is mainly distributed by wind, but
spreaa by in fes tcd pl añt ma ten a1 i s an ir.lportant neans of
distribution. lhcre i s no proaf that witches' broon can spread by
means of seec ,

Secdlings infested with witches' broon! (Figure 4) lJrow poorl y,
re su l t i nq in stunted plan ts excep t for the proliferations. Such
seedlings wi l l never become vi abl e pl ant s. :.IlIen adult plants are
inf es teu with ~Iitehes ' broom , their normal growth i s affeeted end
f l ower pr oduction is l ow, Witches' brooms ~lso serve as a suitable
niuing place for insects .
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Figure 5 Witches' broom on
seedling of P. cynaroides.

Figure 4 Wftches' broom growth
on adult
f. cynaroides plants.

l~ere !s no ~roof that ~• .proteae is the vector of the organism
causr nq wltc hes broom , but tt can be accepted that a connection
between the abnormal growth (Figure 5) and the mite exists. lhis
abnonnal growth has been observed in 16 Protea spp.(lable 2).
Alt hough the mi t es have been col1ected o~epens, witc hes' broom
has never been repor t ed on this species. rriophYOld mites were also
co llec~ed on l eueospennum and l-limetes, but ft eould not be
es ta bl 1shed whether they belonged to the same speeies. It is not
elea r whe the r wit ehes ' broom can spread from one Protea sp. to
another.

. ~ . ~ .

Table 2 Protea spp. on whieh Witehes' broom has been recorded.

Conc lusi on

Itc h miles can not be practical1y control1ed in the fi e ltl .
Cont rol will therefore have to be achieved through harves t i ng of
flowers at the correct stage of opening and through post- harves t
trcatme nt of f l owe r s . lhe insectlcide dichlorvos give s eff rctive
po st -harves t cont rol of itch mites.

Eriophyoid mites can be chernically controll ed, but thrr r ¡ ~ no
spec i f ic pes t í c iue reglstered against A'rOjeae in South i\fl·i c~ .

Al though chernical control will re str tcf t e i s t r í out ton of ti",
mites , it has no·effect on existing witches' brooms. S~ n i t ~t io n is
the on ly prac tical control measure against vi tcnes ' broom , It i s
there fore important that only mí te- free cuttings be used for
veget ati ve propagation and that el l plants wilh witches' broom
symptom s snould be immediately removed from plantings and d l.'~t ro yrr1.
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P. nit i da
P:" ~ides
r:- caffra
11: ñerTi101·i a
11: Jaurlfolia
11: eXI mI a
11: SüTjitiür ea
11: ma!} nl f lCa

P. com~acta
11: lepdocarpodendroll
p. scorzonerltolla
11: burche 111
r:- punc ta ta
r:- 91a6r

hr:- eryor il a
P:" scolymocephala
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THE EffECT Of CONTAINER MEDIA OH TIIE GROWTH ANO ESTABLISHMENT Of
L/WCADf."NDRON "SAfARI SUNSET"

D.J. Dennis and H. Pr a s ad
Horticultural Research Cent r e
Hinlstry oC Agriculture an d f ishe ries
Levin , New Zea l and

Abstract
Plants wer e pr opagat ed i n container mlxes based on peat or bark

with 10% of mineral soil and compared with those gr own in a minera l
s oil mi x used by nurseryman. Responses to a regular supplementary
ll quid fertilizer were al so measured. Per for mance in con t a ine r s was
followed fo r six months be fore planti ng in the fiel d a f t er which
growth and yi eld res ponses were measured for two seasons. Med i a bas ed
on peat or bark gave an advan t age whlch was maintai ned ove r t he first
season after planting . The propagat lon ad vantage gained from the s up
plementary fertillzer was subsequently lost .

I ntroduction
Protea ce ous plants ha ve been regarded as difficult container sub

jects with rates and types oC base f e r t i l i zer s , part icularly phos
phorus (P ) and nitrogen (N) in so í Ll.e es mixtures, being cited as the
greates t source of difflcultles (Thomas, 1974). Long te r m slow rel ease
nutrient s ources mark edly reduced P toxlclty as did the us e of 10am
in mi xtures bas ed on peat or wood wastes (Nlchols, Jones and Beard
sell, 1979). Nevertheless some New Zealand nurserymen stil1 reported
that fi el d establishment was unsatl sfactory when plants were grown ln
media cont a i ni ng hlgh pr oport ions of peat (Harre, 1981 personal commu
n í cat.Ion ) .

TIlr ee propagation media were compared under three levels oC s uppl e
menta ry nutr ition . Two of these were based on peat (901) or bark 1905)
with a 10% mineral soi l a ddi t i on . Plants were selected from all med i a
and two supplementary nutri tion levels for a field trial and the per 
forma nce followed for t wo growi ng seasons.

Me t hods an d Ma t eri a l s
Details of tlle prepared peat or bark based media are given in tabl e

1 . Thes e were compa red with a medium prepared by a commercial nursery
man o It consl st ed of silt and pum ic e in undefined pr opor t i ons and with
nu tr ients added at und !sclosed rates. Supplementa ry fertilizer at two
rates (table 1) was compared wlth no supplement; this was commenced
a bout 3 mon ths after pott i ng . This supplement was given weekly at 50
mi per 0 .7 l conta i ner.

Plan t s wer e propaga t ed from seven node cuttings, potted l nto the
media on 22/1 0/ 8 1 and pl a ce d on an outdoor capillary bed (Whlte, 19B 1).

f or the fi el d study plants were selected randomly from the thr ee
media treat rn ents which r eceived eilher a nil fertil1zer supplement
or the 1 rateo These were incorpo~ated into an eight replication r an
dom!sed block experiment on Lev!n silt 10am, a yellow brown l oam, w!th
a hi gh P retent i on cha r ac t e r i s t i c . Available P on the site was a p
proxima t e l y 20 ppm. Proteoid root development was assessed ~t plant in g
by scoring for the presence of structures on t he compost surface i n
contact wit h t he con tainer. The following five point scale was used;

Acta Hor-t í cuLt ur-ae lB5 , 1986
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1 = non visible, 2 = 1 vi s ibl e, 3 = 3 visible, ~ = up to 6 visible,
5 = more t han 6 vIsIble.

Growt h i n the f leld wa s assess ed by stem width measured wlth ca ll l 
pers (call lper) and by a count of shoots 'longer than' 100 mm bot h
f lower i ng and non- f l ower i ng .
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Ba rkPeat

N K NI/ 4 : NO)

R,~te (ppm)

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

1 100 8) 1 1.8

II 200 166 1 1.8

lIauraki peat 90\ (ve r.) ni!

Pinus r ad iata bark nil 90\

Levin s il t loam 10\ 10\

(8 ppm avail. P)
dolom itic lime 4.0 gil 2 .0 gil

5ier r abl en 8-9 mth 2.0 2 .0

(19-2 .6-8.3 + Fe)
ammon ium sulphate 0 .56 " 0 .79 "

po t ass i um sulphate 0 .3 0 .3

trace e lements yes yes

(Woods, 1966)

Ingr edient

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

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

TABLE 1 _ Compasition of peat and bark based media and su pp l cment ary

fertilizer.

Supplementary fertilizer

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

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

----- - - - - - - - - - -- - - - - - - - - - - - --- ---- -
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Results and Dlscus s i on ,
Leucadendron 'Safa rl Sunset' grew wel l In bot h t he pea t and bark

based medi a (fIgure 1) , the performance In these belng bett er t han In
the commerci a l mixture . The growth In t he peat based medlum wa s slgnl
fl cantly lmproved by supplementary fertl1izer at rate l. Slml1 arl y the
gr owt h In t he commer c i a l mixture was substantlally improved by supp l e
mentary fe r ti li zer but even so plants in this medium dld not ach i eve
t he size of thos e in the media based on bark or peat. Plant a nd co m
post anal ys es In April 1982 showed lower tissue N values for plants
receivlng no su ppl ement compared with the I ra te but little dl f ference
i n N between plants in t he medIa was a pparent. Compost ana l yses how
eve r r evea l ed low N and K leve ls i n bot h t he peat based and commerci al
mIxtures suggesting tha t the responses no ted resu lted from t he supply
of t hese nu t rien ts.

Proteoid roo t deve lo pment (tab le 2 ) was less pronounced where sup 
pl ement ary fe rt l 1 izer ~ad been given but media showed no si gni f icant
differences in thls feature.

The marked growth eCfects gener-at.ed by the media during propaga tion
wer e s us t ained after planting . Plants raised in either the pea t or
bark bas ed medium produced signlficantly more growth than those pro
duced in t he commer c i a l mix (table 3). The beneCi ts conferred by sup
plementary f e r t i l i zer were not sustained however and by the end o f the
Clrst growing sea so n had dissipated . Tissue samples taken I n ~y 1983
showcd signlClcantl y higher P leve l s i n pl ant s grown i n pea t (but not
the bark mix) compar ed with t he commerc ia l mi x . The plants grown In
the pea t mlx subsequent l y produced signiflcantly hlgher num bers of
fl ower stems t han both bark and t he co mmercial mlx eve" though the
total numbers of shoot s pr oduc ed dld not difCer between the pea t and
bark bas cd mixt ures (fIgure 2). In the second sea son ·there were no
s igni f ican t di f fe r enc es In Clowering stem productlon but ,the number
of non-flowerlng stems was slgnlCicantly less for commerclal mixture
com pared with both the peat and bark based mIxtures . Plants from all
t r ea t men t s established well. None showed chlorotlc symptoms and none
d i ed during the two season experimento

This work has shown that proteaceous plants such as Leucadend ron
"Sa far! Suns e t " benefi t from being produced In medIa wl th a balan ced
addi t l on oC fer tllizers. These benefits were enhanced wl th s upplements
oC N and K. Fur thermore, the advantages conferred by prod uct lon in
properly form ulated media were sustaIned after plantlng out and led to
I ncreas ed growth and yleld In the flrst season. No dIsad vantages of
us ing peat or bark as a maln bulk lngredient were revealed. The dif
fer enc es in proteold root developmen t whIch resulted from t he supp le
mentar y f erti li zer did not appear to afCect growth, yIeld or es tab l Ish
ment of the plant in any other way.

The dirfi cultles ascribed to the use of peat In propagati on mix
tures by New Zeal an d nurserymen might be attrlbuted to factors suc h as
d i s ease (von Broembs en, 1979) , excesslve phos phor us (Thomas, 197q) or
t o plant management e ither In the con taIner or at t he plant lng si t e
rathe r than t he use of peat per se In wel l formula ted , hyg ienic mixes.
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TABLE 2 - Effect of propagation treatments on ·proteoid root score
(1- 5) at p1anting (3-6-82)

Mediwn Supp1ement

----- - - -- - - - - - - - - -----------
Pe .. !: Ilar k Comm. MSO nH 1 MSD

5\ 5\

1. 63 1.71 1.59 0.466 1.83 1.44 0.381

.,
TABLE 3 - Carry-over effect ol the propagation treatments on main .s t em*

ca1 1ipe r (mm) after p1anting.

Length
of

primar y
shoot
(mm)

400

360

280

bark
pe a t

co mm••

------------------------ ----------
Date Medium 'Supp1ement
- -- - - ---------------- --------

Peat Bark COIllll . "SO n11 1 MSD
5\ 5\

4 OCl 8 2 5. 9 6 .0 4.6 0.42 5.2 5.8 0 .34

11 Jan 83 9.5 9 .5 7 .1 0.72 8 .3 9.0 0 . 59

13 Apr 83 16 .2 16 .1 12.9 1.12 15.2 14 .9 1.37

* Heasured 50 mm below the primary sheot.
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o I 11
Rate of supptementary fertlllzer

~'igure 1 :
The ef f ec t of s upp1ementary weekly ferti l i zer and three cont a i ner
med ia on the sheet growth o f I.eucade ndr e n "Sa f a r i Sunse t "

A 1983

.--. ~a

yleld
a nd 10 AII . hool a al

gro wlh ~b l ea 81 10cm

"'SO O l ong ( 13 . .. .83 )rr 5% r:iJ lIowerlng
lem o Oper

,:?:a
planl 2

':":" b~:::: .:.: ...... b
O

p ea l ba .k comm.

Figure 2 :
Tlle carry-over effects of propagation 'mí.xes on t he prodac t í on
of sheots and f1 0wering stems of Leuc ;¡dendron "Safari Sunset"
after p1anting i n t he fie1d .
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11lE PRODOCTION OF AUSTRALIA 'S MAJOR PROTEACEAE AS FLORIST CROPS

Steven DJpee
Ryde School of Horticulture
P O Box 462
Crow' s Nest, NSW 2965
Australia

Introduction

Within the 45 ·genera of Proteaceae native to Australia, a number
of species of Banksia, Dryandra, Grevillea, Isopogon and Telopea are
suited for coomercial cut flower prodoction. With this genetic
diversity a systematic approach should be used by plant breeders and
growers to deteonine which species or variantB of proteaceous
flowers aOO foliage to select aoo cultivate. 'Ihia paper exam ines
t hose factors aOO selecticn criteria which influence those species
which are grown as commercial crops. Examples of each genus are
highlighted as to their suitability for cut flower produetion.

Selection Criteria

The species described are considered as majar florist crops
because of the (1) flowering qualities, ie conspieuous flowers, good
color aOO foon with long, strong stems, (2) keeping quality (3)
m.unber of flower stems prodoced (4) market trends and (5) in
re la t ion to species of the &ame genus. Foliage species are
considered for (1) interesting form and shape (2) long lasti ng aOO
(3) pleasing colors, especially used with other flowers. Since the
prodoction of these species in cultivation is relatively new, sorne
of the natural fonns possess flowering attributes which readily leOO
themselves directly as florist crops.

The ten species described have been charted based on the
f lowering characteristics, growth factors important for f ield
prodoct ion, aOO key economic factors in relat ion to the ir
prodoctivityas florist crops. A detailed study of each spec ies aOO
t he ir natural habitat will assist in the successful growing of these
plants.

Fie ld Production

After investigation of market treoos aOO species ecology, site
se lec t ion is determined by the type of soil and cl imatic factors,
espec ia l l y rainfall, temperature aOO latitude. Soils with good
dra inage and low available nutrients are required. Summer ra infall
and h\~idity are detrimental for sorne species. During dry periods,
young pl ants should be irrigated, preferably by drip systems to keep
wa ter frcm the fol iage aOO reduce disease occurence.

Field layout in Australia is commonly in single rows with
spacing depending on the spread of each species. Weeds are
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contro11ed by spraying or provision for sed between rows For most
spec ~ es propagation is by seed, sown in autumn or spring: otherwise
eut t lngs are best taken frcm 1eafy semihardwood shoots.

Telopea speciosissima (Waratah) has been planted more
ext~nslvely than any other Proteaeeae native to Australia. Worrall
estl~tes that 50 hectares have been planted in Australia. TIlis
p í ant í rvj ccnt inues to inerease, with an inerease of 15-20 hectares
per y~ar. ~~rsery stock that is two or three years old in
cont al ners 15 usually p1anted out in autumn.

Mos t of the acreage planted with Waratah in Australia has been
in Vic tor ia. 'rtle best quality cammercial bloams in Australia have
been produced fran this state. D..1e to the short flowering season of
:aeh area and ,the large number of bloams that will be produced, eare
lS neces 7ary In control~ing the market in terms of price, quality
and contlnued supply whlle in season.

, In, New ,Sout h Wales, Telopea speciosissima exhibits considerable
va~latlon In f~ower fo~ and color, vigor, and leaf shape. TIle ra re
whlte wa ratah lS not vlgorous but flower size is ideal. Most of t he
Waratahs in New South Wales are harvested frcm the bush where fire
significantly affects bloom production. Usually three ~r four years
after f ire Elowering returns to normal.

Mosl oE the production of Banksia inflorescences is frcm Western
Australia, mainly due to favorable soil and climatic eonditions.
Most oí lhe cultivated stock has been propagated frcm seed. TIle
flowering per iods of sane Banksia may change as certain spec íes are
brought i nto cultivation frcm the wild. Pruning should be light
because those species with no lignotuber are usually killed by fire
and regenerate (rcm seed. The stems 'taken with flowers remove
enough ~~ to al10w r~ining dormant buds on leafy stems lo shoot.

Banksia hookeriana has ideal plant size and Shape Coupled with
good production of inflorescences. The size and color of Banksia

, coocinea warrants inereased planting of this species. Flower form
and color also vary, with an orange foon having growth habit and '
vigor similar to the red form, Banksia coocinea is susceptible to
Phyt0phthora cinnamomi as are other Banksia species. Sorne species
such as Banksia ashbyi and Banksia ericifolia flower well but s ide
branches teña to grow around each inflorescence.

Although ll'Ost of the Dryandra and IsoP99on species are f ron
western Australia, selected species are belng grown in other
Australian states , ISopogon tend to llave shorter vase li fe but IlIdny
are useful as foliage. Grevillea nave not been grown in large
quantities for cut foliage. In the field selected Grevill ea can be
planted as windbreaks.

The stage of picking is the main factor affecting the vase life
of Australian Proteaceae. Norma11Y inflorescenees should be picked
when 5 - 10\ of the individual flowers are open. Picking should be

,
¡,
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done during cool periods and blooms placed in shade or cooled as
soon as poss ibl e . 'rtle blooms must be paeked dry to reduce fungal
i nfection.

Retai l florists continue to demand Australian Proteaceae for a
variety of floral deeorations. TIlis includes large arrangements ,
table decorations, posies, bouquets and wreaths. Banks ia and
Oryandr~ are used for many ~ried arrangeme~ ts . ~i ze (no r ,
necessarily large) and quallty oE blooms wlll br l ng prernlum prlees .

'rtle market for flowers in Australia has i ndicated significant
demand for se l ec ted Australian Proteaceae . with thé upsurge of
produc t.ion of other proteaceous fl owers, the market will inerease
for Australian species. TIlis expansion will be cons id7rable
compared to roses, carnations, chrysanthemums and orchlds.

In the systematic approach of species selection, the fol lowing
criteri a have and will continue to be important in the crop
production of Australian Proteaeeae. TIlese are: (1) flowercolor
and si ze (2) vase life (3) l ength of flowering season (4) stem
length and (5) disease susceptibility. In this r~ard both p~ant
breeders and flower growers have the same vested ln te rests ~ll Ch
ultima t ely l ead to bet te r cut f lower product ion.
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llA ME OF
SPECIES

FLORAL CHARACTS!STICS

VASE U FE STDl Lt."""NGTH I NFLORESCENCE
(DAYS) A RANGE ( CH) COLOR( S)

I NFLOR~SCENCE

DIAMETER ( CH)
OTHER
NOTES

TELO PEA SP~~!O ~I SSIHA

BANKSIA COCCI NEA

BANKSIA ERICIFOUA

BAI'ff.SIA ASP.EYI

BA~~SIA HOOKErt !ANA

DRYANDRA FOR'10SA

DRYANDRA QUERCIFOUA

13

15

14

14

15

17 ·

15

30- 100

30-')0

20 -:-50

30-80

15-30

30-60

20-30

DF.EP RED, PA LE ?I!'I-:-:
AHD "''HI TE

SCAR1L~ OR PALE R~

'ol I TH GRA Y, ORA HGE

ORANGE RED TO 1EI..LQY.'.
TO BRO'JN

BR1GH! ORANGE

ORANGE TO
LIGHT ORANGE

YELIJ:JrI AIID BRO"'N

YEUJ:JJ AND BRONZE

10-16

8-10

3-6

6-8

8-10

4-3

2-6

W'I DELY RECOGNIZED
EEAVY STE'AS

IlfFLORESCENCE 3-6 CM LONG

FOUAGE, S?IKES 7-22 CM
loNG, SIMILAR TO B. SPI NOLO

DRI ES 'olELL

SI MILAR TO B. BURDETTI I

USED AS FOLI AGE

roUAGE 1 S ST1FF 'WITH
DIVIDED LEAVES

GREVILLEA LONGI STYLA 1·3

GRE:VILLI.A • FOOR! NJA PET::R' 20

30-90

3O-~0

RED, FIN!< AND
....H1TE

ROSY FINr.

2-5

2-3

FOUAGE..~S JFT
APPEARA~

FOUAGE, TOOTHBRUSH
I NFLORESCD-l CES

1 SOroGQN C m-;~TUS 9 20-45 RO!:': PURFLE 2-4 SPOON SHAPED u:AVES

A = AT 20°C I N DISTI LL~ WATER

GRO""TH CrlARACTErtISTI CS

NA ME OF ORIGIN SOIL HEl GHT SPREAD CULTURAL

SPECI ES R~UI:¡E!'mfl'S oo (M) NOrES

TELOPEA S?ECrOSISSIHA VARIOUS PARTS or ':IAR~ 'a'ELL DRAINED SAND, 2-3 1-2. 5 NEEDS SEVERE PRUNING

EASTERN N.S."". LOJ ?HOS?HOROOS AFTER FLO'o'ERING, BORER

BANKSIA COCCINEA SOill'INEST 'ol.A. DEEP ""H!,!'E OR 2-6 2-3 NO UGNOTOBER. ERECT. FA~T

GREY SAND GROJING. HARD TO FLC'JDl

BA~~SIA ERIClroUA CENTRAL AND NORTH SANDY LOAH OR sRAUDW 2.5-5 2-4 NO UGNCTUBER .....IDELY

COAST N.S ...... SAlID OYER SANDSTONE CULTIVATED. DENSE OR opm

BANKSIA ASHBY! CENTRAL 'JARM DELP RED SAlID 4-3 2-3 NO UGNOTUBER, OPDi. DW'kp.r
COASTAL v,): FORMS, DRY AIR

BANKSIA HOOKERIANA ENAEBBA AREA DEEP YE1J.Á}f/ OR 2-3 2-3 NO U GNOT UBER , UGBT PRo¡rr~

or 'ol.A. 'olHITE SAND BUsHY, FROST SENSITIVE

DRYAIIDRA FORMOSA SOtJTIlWEST v, A. sHAUDW FOOR OR CLAY 2-5 2:"3 DENSE OR OPEN RABIT

sOIL, SANDY, DRAINAGE

DRYANDRA QUERCIFOUA sOtJTIlWEST 'ti. A. sAHE AS DRYANDRA 1-2 2-2.5 R~OIR.ES UTTLE PRONING

FORHOSA

GR~trLLFA LONGISTYLA EASTERN SAIIDY . .... E:.L DRA I NED 2-4 1. 5- 2. 5 FAST GRO'JING , W'ILL TAJa:

QUEINSLAND OH SOME GRA VEL HE:.. VY PRUNING

GREVILLEA . POORl h":'A PETER ' GlPPSLAND SAlID, LOA!'i OR 501-::: 2 - ~ 3- 4 FAST GRO'JIIlG, 5PREADING

VICTORIA HEA VY SOl L OF:J'l SHR UB

'"a-. ISOFOGON r. l lN l"A l'n~ ~M~·-- ..



~. ma rgi nat a i s highly susceptible to P. ci nnamomi, ye t is the
most va luable timber component of the forest o aanks ia grandi s , a
major understorey t ree , is even more susce ptible than jarrah , and is
used by fo res ters as an ind icat or spec ies to map ~. cinnamomi
spread . Death is characterised by 'd ieback' from the crowns, of ten
suddenly i n Banksia . Large trac t s of the for est are quarantined t o
halt the s pread of ~. cinnamomi.

Two major area s i n WA are af fected by P. c i nnamomi: the jarrah
(Euca lyp t us marginata) - banks ia for es t, and the heath- land of the
south coas t. (Figure 1)

Cons iderable controversy and discussion surround the ques t ion of
t he geogr aph ic origin of Phytophthora cinnamomi. Whi1e there are
sorne indications of resis tance in a range of species having
develo ped in NE Australia (Pra tt & Heather, 1973), the 1arge number
of susceptible hosts in Western Austral ia (WA) ind ica tes that the
fungus was i nt roduced , probably within the past 60 - 70 years.
Pro t eaceo us hosts include the genera Banks ia , Conospenmum, Dryandra,
Grevil lea , lIakea, Isopogon, Lambertia, Persoon ia and Pet rophile •

Australia has the greatest nlnber of Proteaceae, possessing soee
800 species , of which 500 are endemic to Western Aus t ral ia. Banksia
is one of the most well-known genera i n Australia : Only one of the
73 spec ies of Banksia occurs naturally outside Austr alia . 58
speci~s are endemic to south-wes tern Australia (George, 1981).

'Ille vigorous root-rot and stem collar pathogen Phyt opht hora
cinnamomi causes extensive death in sorne Australian Eucal yptus
forests. It is partieularly pathogenic to the proteaceous
understorey, which includes Banksia sPecies as a major componente

M. J. Grose
Soil 'Science & Plant Nutrition
School of Agr ieul t ure
University of West ern Australia
Austr alia

SUSCEPTIBI LITY TO PHYTüPHTHORA ANO NUTRITION OF BANKSIA SPOCI ES
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While proteaceous species are one major component of fores t
understorey, i n the heath-Iands of the south-coas t they are dom inant
and account for up to 60%of total species •

Although P. cinnamomi i s an important pathogen in Australia and
el sewhere (Zenbnyer , 1980) the mechanisms by which damage is caused
to host plants are not well understood. Li t t le i s known of the
in terac tions between ~. cinnamomi a~ inorganic mineral nut r i t ion.

Soils for avocado cultiva t ion (P. cinnamomi -suppresive) are
characterized by high ammon ium-N (Broadbent \& Baker , 1974), while
Marks e t al (1972) found that fe rtil i zation i ncreased the
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s uscept ibi 1i ty of euca l ypt s to P. ci nnamomi. \ 'Ihe effec ts of N
appear va r iable and depend on pTI, organlc~ter , hos t pl ant and th e
availabili t y oE other nutrients .

l 'OST - 1I1\RVEST STUOI ES WITII NSW WARATNl

The va l ue oC sorne post-harvest techn1ques 1.e. reCr1gera t ion, stage (
rnaturi t y at harvest and floral preservatives vas investigated. The aim ,
to irnprove flover quality to consumers.

2. Effect of refrigerationl

The s tri ki ng scarlet bloom of the NSW waratah has been developed
as a cut flower i n Nev Zealand . Little however has been publ i shed on
pos t - harve s t methods (Worrall 19B3),and this i nfor mat i on is of cr itical
i mpor t ance for the successful transport and marketing of the c r op.
Pr oblems encountered by shippers included browning of the bracts, nectar '
spi l l age i n the packed boxes, nectar moulding during transit and flowerhe
decay .

R .E . Lill and O.J . oenn is
Levín lIort i cultura l Research Centre
Mínís try o f Agr icul ture and Fisheries
Prívate Bag
LEVIIl

The NSW wara tah (T e 1 o P e a s P e c i o s i 5 5 i m al í 5 o f
inc r ea si ng i mpo r t an ce as a cut f lower i n New Zea land . Exper i mcnt s
studyi ng i t s post-harvest handl i ng ha ve shown that re f rigerat i on aft er
harvest i s critical for ach ieving satisfactory performance i n the vase.
Fl owe r s harvested a t an i mma t ur e s tage had longer vase li f e than mature
f l ower s and treatment with floral preservatives did not give cons istent
resul ts.

J\bs t ract

Introduct i on

l . Flower ,maturity at harvestl

Me thods

El even blooms from clone no . 6 (Levin HRC clonal collec t ion) vere
harves t ed to cover a vide range of maturity . They vere conditioned tn
water for 3 h, packed in film lined fibreboard boxea, and held at lBoe
for 90 h to sirnulate tranport to market. The atema vere recut and placed
i n vases of distilled vater and held at 200c t 20e and 70-80\ rol vith 12 ;
i l l umina t i on (2w/m2 cool vhite and daylight floreacent). Vase life and
flower opening vere aS8essed.

The end of vase life was determined as the stage vhen the flowera
s howed d iscern ible deterioration, vith noticeable wilting and blueing
ot the f lorets .

To es tablish the effect of refrigeration during the first four day.
af t e r harve s t, flowers ol lour clone. (no. 6, 25, 8 and 11) vere
conditioned in vater for 3 h , packed in film lined fibreboard boxes
nnd held a t 20C for vary ing lengths' of time. For the balance of the
period , t hey were held at lSoC. After the treatment period the s t ems

....

WESTE.1lN

AUSTRALIA

Phosphorous and ca lc i um are both def icient in many WA s oils .
Disease responds variabl y t o supply of these nutr i ents
(Schmi tthenne: & Canaday , ~983 ) . In New Zealand (Newhook & Podger ,
1972) correct1on of P deEiciency has checked the spread of
~. c i nnamomi and this af fect pers i s t ed for sixteen yea rs , wi t h
trea t ed t rees ma king exce lllent growth. In WA , supply of Ca (as
caCO)) suppres~sed~. cinnamomi root ro t in j arr ah (Boughton et al ,
1978) . 'Ihe sOlls used fo r avocado cul tivation i n which P. cinnamomi
~ s natural~ suppressed (Broadbent & Baker 1974) had high Ca. Ca is
lmportant In cell wall formation , and might playa rol e i n reducing
infection by~. cinnamomi (Graham, 1983).

St udi es have been undertaken to determine whether levels of N, P
& Ca affect s uscepti bili t y of Banksia species to P. cinnamomi .
Preli~ina:y wor k i s with ~. grand is, where very hTgh l evels of
colon1zat10n are observed .

Doughton et al , 1978. Aust. J. Bot. 26: 611
Broadbent & Baker, 1974. Aust. J . Agr i c Res 25: 121
George , 1981. 'Ihe Banksia Book
Graham, 1983. Adv. Bot. Res 10: 221
Marks e t al, 1972. Aust. J. Bot. 21: 53-65
Newhook & Podger, 1972. Ann. Rev . Phytopa tho1 10: 299
Pratt & Heather , 1973. Aust. J. Biol. Sei. 26: 559
Sehmitthenner & Canaday, 1983. Erwi n et al (Eds)

Phytopht hor a cinnamomi - its Biology, Taxonany, ".
Ecology and Patho1ogy

Zentmyer , 191m.~nograph' No. 10
Am. Phyt opathol . "Soc .

fig 1: Wes tern Australia:
forest (da r k) & heath (hatched) Iaod
under threat from Phytophtohora
cinnamomi.
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Culture ve s se l s were 200 mI glass jars (figure la) closed wi t h
vent ed translucent polypropylene serew lids ~ b culture room was
heated to 25°e ± 2°e and the shelves were i luminated for 16 hours
daily at 2400 lux with eoo1 white fluoreseent tubes.

Studi~s were conduetedon the response to BA, IBA and GA 3

coneen tra t i ons during shoot proliferation and elongation as wel l as
root development and exflasking procedures.

Resu l t s and Discussion

l. Growth Requlators and proliferation:

shoot ~umbers, but not shoot size, inereased when BA eon cen t ration
was i ne r eas ed frorn zero to 2.0 mg/l in the absence of GA 3 1 howeve r
t he r e was a eorresponding decrease in shoot quality (figu r e 2)
charac t er i s ed by the formation of rnany fasc iated shoots on the half
nasal elongation rnediurn. At the lowest BA rate (0.3 mg/l) the numbe r
of vi s ible shoots and s ize, (figure 3) as well as their qual ity ,
i mpr oved with the addition of GA

2
at 1 .0 or 3.0 mg/l. The addi t i on

of GA 2 overcame t he earlier requirernent tor a separate elonga tion
medi um prior to exflasking. Arate of GA 2 less than 3.0 mg/l may be
op timal since this concentration produced excessive stem elonga t i on .
At 1.0 or 2.0 mg/l BA and GA

2
at 2.0 mg/l, shoot elongation was

suppr es sed .

3. Other Proteaeeous genera:

Both L e u e a den d ron f 1 o r i d i u m and
L e u e o s p e r m u m e o r d i f o 1 i u m were established in
culture using the same procedures and medium as for T e 1 o p e a but
additiona l surface sterilisation was neeessary to obtain eontaminant
free cultures .

After five months L. e o r d i f o 1 i u ID had produeed 5 cm long
shoo t s with well-developed leaves. Followinq subculturing into nodal
segment s and placement onto the T e 1 o p e a proliferation medium,
further shoot development occurred with some achieving lengths of 4 cm
within 10 weeks. .

Wh i l e a xi l l a r y buds of L. f 1 o r i d i u m expanded and produced
sma ) ) shoot s i n 5 months these subsequently died.

Fi gure 1 - Shoo t development from single node ex plant (A) .
I n vi tro shoot prol iferat i on (B).

The prol i fera t i on rnediurn which provided the best compromi s e of
growth r egulators eonsis t ed of 0.05 mg/ l IBA, 0.3 mg/l BA and 2.0 mg/ l
GA

3
• Thi s me dium pr oduc ed adequate multipl ication (f i gur e l b) of

co nsis tantly h i ghe r quali t y shoots without the requiremen t for a
separ a t e el onga t i on phase on a d ifferent medi urn . While I BA was
i ncl ude d, studies on i ts effect on shoot multipl ica t i on coul d not
demons t r a t e any eonsistan t advantage i n its use :

2. Rooting a nd Exfl asking:

IDA concentrations ' o f 3.0 and 10.0 mg/ l added to t he half basal
n~dium wer e su i t ablé , ~ n initiating roots in culture. Roo t clonga t i.on
occurred a f t e r transfer o f these !hoots to hormone frec basal medium.
Excessivc ca llus tissue developed on shoots from the h ighes t I DA ra teo
Root de ve lopment i n vitro was also induced after t wo week s fo l l owi ng
basal end d i ps of 1000 mg/ l IBA and then re-setting shoots onto half
ba sa l medium. Up to 90 \ of shoots initiated roo ts out of cul ture
unde r cnclosed mis t a f ter a basal dip of 250 or 500 rng / l I BA.

Exfla sk i ng either r ooted or non-rooted shoo ts in t o standard
greenhou se open mis to facH i tíes resul ted in r ap id collapsc an d dea t.h .
The ~se of a n e nclos ed polythene tent along with mi st gave good
su rv~va l and grow th (figure 4a) . A nutrient free fine pumice medium
vas used for shoo t suppo r t . This allowed rapid root gr owth and t.he
forma tion of proteoid roo t structures (figure 4b). Af t cr 6 weeks, once
new leaf grow th had occurr ed , humidity was gradual l y reduced by
open i ng t he t ent i n small stages over many day s .

Pl an ts wer e pot t ed into a mix df 50\ pumice and 50\ pine bark and
pea t with added nutrients .
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Figure 2: Effects of temperature during the first four days af t er ha rvest
on vaselife of NSW waratah flowers. The flowers were he l d at
20e for part of the periad and at laoe for the ba lance.4

8

6

6- L':";':'·...······································, ···· ,
··············4- ·········································· ~·········· ·...···· ·..··· ·...···· ·..··· ····, ···· ·············· ······ ····2- ···· ······ ········ ·············· ······ ········ ·············· ······ ········ ······ ·····.·· ·········· ··· ~······· ········ ······· ·..··· ··· ··········· ··.· ··········· ··· ···- ··· ···· ········ ······· ·········· .... · ········ · ·· ····· · '.. · ······ · ·· ········ ··· ······ ···· ···· ~···· ··· ······ ···· ········ ······· ··· ·..··· ··· ···· ~~ ...
···· ··· ·..··· ···· ···· ·...
··· ··· ···· ·.·· ·..··· ··· ···· ·...
······· ···· ······· ··········· ······· ··· ······ ···· ····. ···· ······· ··· ······ ···· ········ ······· ··· ·········· ··· ····'.. ·········· ···· ··· ···· ··········· ···· ······· ·········· ··· ··· ······· ···· ··· ······· ··· ···· ······· ···· ··· ······ ··· ···· ········ ···· ··· ····· ······· ···· ..'·········· ··· ······· ·········· ..' ·· ···· ······ ·· ··· ········ ..' ·· ···· ······ ·· ··· ········ ···· ···· ······ ··· ··· ········ ···· ···· ········ ······· ··· ·········· ··· ······· ·········· ···· ···· ····· ·.· ··· ···· -
··· ···· ·· · ·· · '.

···· ·.. ···· ········· ~~ .. ·· · ····· ·.. ···· ······· II~ •• ···· ··· ······ ·.. ··· ···· ·.. ·· ······· ·.. ····· ······· ·.. ···· ········ ·.. ·· ······ ~~ .. ····· ········ ·.. ·· ······ ·.. ·· ·· ······· '.. · ··· ······· · · ····· ····.· ·· ·..·· .......

I
CJ.)
(f)

ro
>

CJ.)-

1

1

--(f)

~ 1
"-ro
s:
"-
CJ.)--ro
(f) 10
>.
ro

"'O-
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FLCMERING PATTERNS IN CAPE PROTEACEAE

J. J. Midg1ey and J. V10k
Saasve1d Forestry Research Centre
P. Dag X6515
6530 George
South Africa

Abstract

Post-fire regeneration 1eve1s of Cape Proteabeae depend on the
size of pre-fire seed stores. Based en seed maturation data, main1y
for Leucadendron species, the most favourab1e season of burn is
suggested for 9 sub-divisions of the fynbos biome. These
suggestions conflict in part with suggestions based on climatic
roodels.

Introduction

The welfare of the cape Proteaceae depends on management burní nq
operations being restricted to the most favourable periods. Bond
(1980) and Bond, Vlok and Viviers (1984) have shown that post-fire
regeneration levels are not static and can result in differences i n
seedling to parent ratios, of several orders of magnitude.

There are many factors which managers must consider when deciding
whe ther an area of fynbos must be burned. This is because many
factors determine whether post-fire regeneration levels of cape
Proteaceae wil1 be adequate to maintain populations after fires at
different tines. For example, a management fire in vegetation wh i ch
is too old (senescent) or too young (immature) will deplete , or eve n
eliminate, certain populat ions of the Proteaceae.

Another important factor in determining regenera tion levels of
the Proteaceae after tires during different seasons of the year is
t:he relative contribution of the latest years seed crop, to the
total seed store. A tire just after the latest years seed crop has
matured will result in the maximum number of seeds being availabl e
for regeneration. In contrast, if a tire consumes developing seeds
or causes deve10ping seeds to be released, then regenerat ion levels
will be depressed because these immature seeds will not contr ibute
to the total seed store (for details see Midgl ey 1985a).

The present study was initiated to determine whi ch months of t lle
year will be the most favourable for burning to obta in opt imun
Protea ceae regeneration, tor different areas oE t lle fynbos biane .
As wil l be demonstrated, there is a considerable di ffe rence in
flowering times between closely related species Eronl different
geogra phic areas. Also, there is considerable syncllrony in
flowering and seed maturation periods in each geograpb ic area ,
Leucadendron (79 extant species in the ,fynbos area), was chosen for
thi s s tudy because¡ species are widespread and the reprOductive
phenology is well known (Wi1liams 1972). Pratea species are very
var iable in regards to the developnent time aE seeds Voy ts (1982).
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The only other work airoed at preseribing optimal mlrning times
for different geographie areas of the fynbos is by van Wilgen (1984) •
who used aclimate modelo A comparison between the burning seasons
suggested for management, based on seed maturation phenology (this
s tudy) and that from the above elimate model, indica tes sorne
d.i f ferences .

Tabl e 2 suggests that the best time to burn in the north-west is
from February (late summer) onward and for the more eastern areas
f ron Apri 1 (late autum) onwards because by these times most species
have matured the latest years seed erop. These suggestions are
supported in part, when considering the phenology of other fynbos
Proteaeeae (Midgley 1985a).

Resul t s and Di seuss i on

Tabl e 1. 1he geographie trend of flowering phenology of closely
related Leueadendron species (eaeh pair is from the same
sub- sec tion) •

Sorne speci es oceur in several geographie areas. The seed
maturation time was taken as the first month if Williams (l.e.)
i ndieat ed that se ed maturation or flowering was spread over more
than one month. Therefore, these times are conservative and
represent a minimum date for seed maturity.

Table 1 indica tes t hat floo..ering time is mainly spring-summer in
the eas t and winter-spring in the west, as was noted by Williams
(1972). The important implieation of this is, that the seed
lnaturity period is also earlier westward; late summer in the west
and late autumn in the east. Therefore fires should also take place
l ater in the year in the east.

1984)

in the fynbos.

van Wilgen (361
Nov-January
Jan-Mareh
JarHnarch
Dec-February
Dec-February
June-August
Nov-January
Dec-February

for burning prescriptions
Optimun burning time
This study
February-May
February-May
February-May
April-June
April-June
April-June
Ma;y-July
May-July

Table 3. Proposals
Geog raphi c areas

Cedarberq
Peninsula
Cent ral
nredasdor p
Langeberg
OJtenikwas
Swa r t berg
East

Table 3 indicates that there is confl ict between the suggested
season of burn from this study and the study by van Wilgen (1984).
We sugges t that the cedarberg is not burned before February whereas
van Wilgen (l.e.) suggests burning (rom November onwards. Arid
area s , such as this, are partieularly sensitive to season of burn.
1hjis is because serotinous species are largely absent from these
arcas (M idgley 1985b) and also because summer drought mortality is
hi gher in these areas (Midgley 1985c) • . In mesic areas adcquate
ra infal1 ameliorates summer drought condi tions and an abundanee of
serot inous species confers more flexibility as 'regards burning t imes.

~..

Please see map on following pag e .
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floo..eri ng mon t h
11
12
11
11
12

East
galpinii
nobile
dregei
conieum
loeriense ,
(Eastern mts .)

Methods d
using the informati ' provided by williams (1972) in a detailed

monograph on Leueade .on, all species have been allocated to;
1) 9 geographie distriets (Map 1)
2) seed maturation times (month).

Wes t flower ing month
l )dubium 8
2) pla tyspermum 9
3) argent eum 9
4) maeowanii 6
5) ul iginosum 11

(Outenikwa mts.)

Tabl e 2. Seed maturation times for the different geographic areas

nunber of species that mature seeds during listed months
geographie
areas Sep OC t Nov Dec Jan Feb Mar Apr Hay Jun Jul
C'edar berg 1 J 7 6 4
h'es teoas t 1 4 3 7
Peni nsula 2 2 2 1
Central 1 1 5 5 8
Bredasdorp 1 1 4 7 4 3
Langeberg 2 2 2 1 1 2
OJteni kwa 2 2 1 1 2
Swartberg 1 2 4 2 1 3
East 2 1 ~ 1 1 2 1
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'Ihe Bearded Proteas. Farming in South
Government Printer, Fretoria.
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CORHOC'I' 'I'ERMINOLOGY FOR PROTEA INFLORESCEOCES

J Pretorius
Departrrent of Botany
Rand AErikaans University
Johannesburg
South AErica

1he situation is Erequently encountered in the 'literature that an
inconsistent terminology is used when reference is made to the
Protea inElorescence. Terms such as flowers, flower heads,
inflorescences, inner Elower bracts, outer flower bracts, peduncles,
stems etc are commonly and indiscriminately used. ,

1he Eollowing terminology for the inElorescence and sub-parts oE
the inflorescence of the Cenus Protea is recommended:

1'he inflorescence 15 called a flower head and is borne at the
end of a flowering branch (Fig--r¡:---

Each flower head consists of many Elorets (individual flowers)
crowded on the involucral receptacle and surrounded by the
involucral bracts (Fig 2).

The involucral bracts are grouped into series, e 9 Protea
magnifica having 9-HJ rows¡ ~. neri ifolia, having 11 rows and
~. grandiceps having 8 rows.

'Ihe bracts óE the lower (outer) rows are shorter and scaly and
are called scaly bracts whereas the bracts oE the inner rows are
longer and showy and are called the inner or coloured bracts
(Fig 3).

Individual E10rets are sessi1e on the reeeptac1e and have Eour
perianth segments which consist of 3 adaxia1 fused segments and
l 'abaxia1 free segmento

Suggestions recommending various inf10rescence parts oE the other
genera of the fami1y Proteaceae wi11 be welcomed by the author.
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F/ower head

F/owerlng-branch

Figure 1 Inflorescence of Protea ner/lfolla

~ .

/nner Involucra/ bract
(C%ur brectl

Outer Involucral bract
(Scaly bractl

Figure 2 Flower head to show colour (lnner)
and scaly (outer) Involucral bracts
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MICROPROPAGATION OF T E L O P E A s P E C lOS I S S I M A

J .F. Seelye
S.M. Bu t cher
D.J. "De n n i s

Ilort icul t u r a l Research Ce nt r e
Levin, New Zealand

Abstract

Introduction

Tha applicability oE these techniques to L e u c o s p e r m u m and
L e u cad e n d ron has been assessed .

culture, single node explants initiated shoot s
Shoots proliferated on a basal medium

and GA
3

, a six-fold i nc rease be ing ach i ev ed in

After establishment in
on a modi f i ed MS medium.
su pp l emented with IBA, BA
s i x weeks .

Root i ng was achieved both in, and out of cu l ture. Pr ecise control
o f t emperature and humidity was essent i al for su r vival and the
subscque n c growth of the plantlets.

In New Zealand T e 1 o p e a s p e c i o s i s s i m a is
cult ivated for cut flowers . A selection prograrnme wa s i ni t iated be c ause
seed raised plants show considerable variation i n flower colour and
form, post - ha r ves t quality and plant habito In vi trQ techniques of
veg e t a t ive propagation were investigated so t hat i mproved fo r ms cou l d
be rap i d l y i nc r eased in number from a l imited base stock .

Tlle New South Wales waratah ls a woody proteaceou s p lant cu ltiva t ed
f or cut flowers. Seed-ralsed plants vary in cut fl ower qu al i ty
characteristics. A micropropagation method was developed to r apidl y
incre ase the number of plants of forms selected fo r cut flowers.

Florets
(Individual flowers)

Involucral
receptac/e

Figure 3 Flower head lo show individual flowers
on Involucral receplac/e

Methods

Vegetative shoots taken from both fie ld a nd gr eenhouse grown plants
prov i ded the material to i niti ate cul tures. Singl e node segmen t s, wi th
pet iole removed, were surface s teril ised by dipp ing i n e tha no l for a
few seconds, washing in a 0 .6\ Sodium hypochlori t e solution fo r 20
minu tes an d r i ns i ng in sterile distilled water. The ' basa l' medium
comprised of Murashige and Skoog (MS¡ minera ls, 0 . 4 rng / l thiamine-IlCl ,
100 mg/l myo-dn os Lco L, 30 gil sucrose and 7.5 gil aga r . 'A 'hal f
basal' medi um which had only the MS macroelemen t sa lts r educed was
used for prol i f e r a t i on and elongat ion. Media was adjusted to pll 5 . 7
be fore autocl aving . The g rowth r egu lators used were indole- 3-butyric
acid (IBA), 6-benzyl - ami nopu r ine (BA) a nd g ibbere ~ l i c acid (GA

3
) , the

l atter be íng filter sterilised. "

Explants wer e estab lis hed and deve l ope d shoo t s a ft e r two months
(f igure l a) on a modified basa l medium which cont a i ned 0.0 5 mg/l IBA,
0. 3 mg/ l BA a nd 0.1 rng/l GA

3
•
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