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Cold Storage of Selected Members of 
the Proteaceae and Australian Native 
Cut F10wers 
Rod Jones and Jobo Faragber 
Institute o[ Planl Sciences, Knaxfield, Department o[ Agriculture, 
Victoria, PO Bax 174, Femtree Gully 3156 Australia 
Additional index words. 1Lucos~nnum spp., Protea spp., l.eucadendron, 7ñryptomene 
calycina, Telopea speciosissima, Chamelaucium uncinatum, Verticordia spp., 
Anigozamhos spp., postharvest physiology, vase life 

Abstrru:t. F1ve memben or the Proteaceae and 13 AustraUan natlve cut Oower culti­
van were stored ror 35 days under standard condltlons at 1C to assess thelr ablllty to 
witbstand long-term storage and transporto Protea cylUlTOides Lo, Leucadendron 'Silva n 
Red', LAucospermum 'F1rewheel', 77IrypÚlmeM caJycina (Undl.) Stapr_, TeÚJpea spe­
ciosissima R. Br., and V.nlcordilJ grandiflora Endl. retalned a vase IICe oC at least 7 
days aftu 21 days oC .torage_ LAucospennum cordifolium Sallsb. ex Knlght, Protea 
Mriifolia R. Br_, ClatuM/Qudum unclnalum 'Alba', C. uncinalum 'Purple Pride', Ver­
ticordia monalÚlpha Turc:z., VenicordilJ plumosa (DesC_) Druce, and Venicordia niUns 
(Undl.) Schau. sutrered a decline In vase lile ranging Crom 31% to 100% aner 14 lo 
II days or storage. Specles or V.rticordia and Cluurulaw:wm were partlcu1ariy suscep­
tible lo fungal larectlon. Anigovuúhos puJcherrinuu Hook. and tbe Anigozanlhos cul­
tivan Ruby DelIght, Busb Harmony, Bmb Haze, and Gold Fever alI sbowed a slgalJlcant 
reduct10n la vase lIfe after 14 days oC slorage compared witb UDstOred controls_ 

Early research on tbe postbarvcst handling 
oí cut flowers dcmonstrated tbe potential of 
d!)' storage in tbe rose, camation, and cluy­
santbemum (Fischer, 1952; Hauge el al., 
1947; Neff, 1939; Thomton, 1930). Recent 
studics have also concentratcd on storage 
protocols for traditional flower crops (Gosz­
czynska and Rudnicki, 1988; Hardenburg et 
al., 1986) The rapid expansion of tbe Aus­
tralian cul flower industry has resultcd in a 
markcd inercase in tbe expon tradc of Aus-
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trallan native cut flowers, particularly Cha­
melaucium uncinaJum (Geraldton waxflower), 
Anigozanthos cultivars (kangaroo paw), and 
members of the Proteaceae. In the few stor­
age trials conducted using these crops, the 
vase Iife of Telopea speciosissima (waratah) 
was reduced by 25% afier 28 days of storage 
at le (Faragher, 1986), wbile vase Iife in 
Anigozanthos rufus and Chame/Qucium un­
cinaIum was significantly reduced by 14 days 
of storage at le (Joyce, 1988; Seaton and 
Joyce, 1989). P. cynaroides and L cordi­
folium withstood 42 days of dry storage at 
2C without reduction in vase Iife (Haasbroek 
et al., 1973; lreland et al., 1967; Meynhardt, 
1976). During a transient perlod of high air­
freight costs, successful seafreight of cut 
Protea tlowers from Cape Town, South Af­
rica, to Rotterdam, Holland, was completed 
by severa! Soutb African Protea growers in 
1980 using refrigeratcd containers, but no 
data exist on storage and transpon protocol 
(J. Wood, personal communication). Stor­
age protocols and conditions differed widely 
between tbese trials, and in many cases tbe 
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criteria for determining tbe end of vase Iife 
were not cited. The aim of this study was to 
assess tbe storage capacity of a wide range 
of commercial Australian native cut flowers 
and members of tbe Proteaceae family using 
specific vase life criterla and under a stan­
dard storage protocol. eultivars that were 
suited to long-term d!)' storage were deter­
mined to be tbose that retained a vase life of 
at least 7 days afier 21 days of storage. 

Verticordia spp. were obtained from 
Westem Australia and airfreighted to Knox­
field within 30 h of harvest. The Chamelau­
cium and Anigozanthos cultivars were 
harvested from commercial flower growers, 
cooled for 6 h, and transported d!)' for 6 to 
12 h to the laborato!)'. AIl other flowers were 
harvested locally and transported in water, 
arriving at the laborato!)' within 3 h of har­
vest. Control, unstored flowers were sprayed 
with 1 g iprodione/liter (wettable powder, 
50% a.i.; commercial name: Rovral, Rhone 
Poulenc, Melboume, Australia) and placed 
in water at le for 24 h, then removed to 20e 
for vase life assessment. Stored blooms were 
thoroughly sprayed with 1 g iprodione/liter, 
allowed to d!)', and kept at le for 24 h while 
standing in distilled water. Preliminary trials 
indicated that a pre- and poststorage treat­
ment in water lasting at least 24 h was most 
effective (data not shown). 

F10wers were bunched and tightly wrapped 
in two layers of newsprint and placed in low­
density polyetbylene bags (-38 ¡.Lm thick). 
These were then placed in fiberboard flower 
boxes (1030 x 370 x 160 mm) and stored 
in a room set at 1 ± le and 80% ± 5% 
relative humidity (RH). A nonstored control 
group was placed directly into tbe cvaluation 

Table 1. Criteria used tor determining cnd of 
vasc life. 

Genus Termination of vasc lüe 
Lcucosper­

mum 
Protea 

First sign of wilting styles 
Wilting styles andlor first sign oí 

leaf blackening 
Lcucadendron Desiccation of lca! tips 
Tlllyptomene 50% of fIowers c10sed 
Telopca Perianth wilting and/or blue color 
Chamelau- First sign of fIower c10sing and 

dum abscission 
Verticordia First sign of fIower c10sing and 

abscission and/or fading 
Anigozanthos Wilting flowers and/or fading 

1395 

I 



@ 
o - _ .• ~_.~_~~-==~!>---l 
o . , W t~ ~ 25 31 ,o 

Storage Time (O.y.) 

Fig. 1. Fitted auvcs representing changes in VISe 

life after dry storage at le in mem\¡(:rs oí !he 
Proteaceae. 1) L corrJifolium (o); Y = 
10.66 - O.129X - O.00596X2; Adj. R' = 
60.4. SE '"' O.l28X; O.00353X2. 2) Firewheel 
(o); y = 9.68 + 0.033X - 0.00756X2; Adj. 
R' = 39.4. SE = 0.137X; 0.00378X2. 3) P. 
cynaroides (O); y,", 7.83 - 0.0883X; Adj. 
R' - 17.9. SE = O.0389X. 4) P. neriifoÜIJ 
(ti); y = 6.58 - 0.374X + 0.(0542)(2; Adj. 
R' = 76.4. SE '"' 0.0508X; 0.0014X2. Where 
y = vase life (days); X - slorage time (days). 

room. After storage, the f10wers were un­
wrapped, the stems recut and rehydrated at 
1C in distilled water for 24 h, with f10wer 
heads covered with a polyethylene bag sim­
ilar to that used in packing to increase rela­
tive humidity in the air surrounding the f10wer 
heads. Vase Iife was evaluated at lOC and 
55% 10 65% RH under constanl Iighl (10 
~ol·m-'·s-l) supplied by cool-while f1u­
orescent lamps. Crilena used to specify the 
end of vase Iife for each species and cultivar 
were defined (Table 1). 

Each treatment (storage time) consisted oC 
10 replicate stems, and each storage trial was 
repeated twice. Regression analysis was per­
formed on the data. Those stems infected 
with fungal growth during storage were ar­
bitrarily assigned a vase Iife of zero, and 
these values were included in the calculation 
of mean vase Iife. 

Proteaceae. Leucadendron 'Silvan Red', 
Leucospennum 'Firewheel', and Protea cy­
naroides retained a vase Iife of at least 7 days 
after 21 days of storage (Figs. 1 and 2). The 
vase life oC 'Silvan Red' had decreased by 
only 11 % (25 days compared with 28 days 
in unstored controls) after 28 days of storage 

. , 
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Fig. 4. Filted auvcs representing changes in VISe 

life in Verticorrlia spp. after dry slorage al 1 e. 
1) V. grandifloro (o); Y - 13.67 + 0.1049{X) 
- O.01499{X'); Adj . R' - 92.9. SE -
0.0587{X); 0.0016{X'). 2) V. nttens (O); 
Y-6.503 - 0.2012(X); Adj R' - 72.0. SE 

- 0.OI78{X). 3) V. monade/pha (O). No 
regression equation. 4) V. plumosa (lI). No 
regression equation. Where Y - VISe life (days); 
X - slorage time (days). 
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Fig. 2. Filled curve representing change in VISe 

life in LeucadouJron 'Si1van Red' after dry 
slorage al le. y '"' 27.72 + 0.156X -
0.00626X'; Adj. R' = 25.2. SE - O.182X; 
0.00321X2. Where Y - VISe life (days); X -
slorage time (days). 

(Fig. 2), and storage was therefore continued 
for an additional 21 days. 'Silvan Red' 
maintained a cornmercially acceptable vase 
life of 19 days even after 49 days of storage 
(Fig.2). 

Poststorage vase life of Leucospermum 
cordifoliwn declined rapidly after 14 days of 
storage, mainly due to fungal infection (data 
not shown). A more effective anti-fungal 
!reatment than we used probably would dra­
matically improve poststorage vase Iife in 
this f1ower. Preliminary trials with L cor­
difolium indicated that stems not infected with 
fungal rot during storage had a vase life of 
at least 7 days after 21 days of storage. 

Cold storage-induced leaf blackening after 
14 days of storage in P. neriifolia resulted 
in a short poststorage vase life. Storage-in­
duced leaf blackening was not observed in 
P. cynaroides. 

Australian nativl! cut flowers. Generally, 
Australian native cut f10wer species stored 
in these trials did not withstand the rigors of 
dry slorage as well as members of the Pro­
leaceae family (Figs. 3, 4, and 5). However, 
vase life in Th'YPto~ne calycina and TeI­
opea speciosissima did not change signifi­
cantly after 21 days of storage (11 and 7 
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Fig. 5. Filled auvcs representing VISe life in 
kangaroo paw cultivars after dry storage al le . 
1) 'Oold Fever' (O); Y - 13.3 - 0.578X + 
O.00659X'. Adj. R' - 83.5. SE - 0.0757X; 
O.00208X'. 2) A. pulcMrrinws (O); Y - 12.17 
- O.521X + O.0059X2. Adj. R' - 72.0. SE 

- 0.0941X; 0.0026X'. 3) 'Bush Harmony' (O); 
Y - 6.45 - O.OlX - O.OO42.X'. Adj. R' -
69.5. SE .. 0.0498X; O.OOl38X'. 4) 'Bush Haze' 
(ti); Y - 7.1 - O.l726X; Adj. R' - SO.8. 
SE - 0.012X. 5) 'Ruby Delight' (v); Y - 6.53 
- 0.162X; Adj. R' - 73.6. SE - 0.014X. 
Whcre Y - VISe life (dIys); X - Itorage time 
(days). 
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Fig. 3. Fitted curves representing changes in vase 
life in seleáed Austra1ian native cul flowers after 
dry slorage at le. 1) T. speciosissima (o); 
y = 8.273 + 0.1744X - O.00566X'. Adj. 
R' .. 8.3. SB .. 0.0847X; O.OO234X'. 2) T. 
calycina (o); Y = 6.622 + 0.1341X -
0.Q0482X2. Adj. R' .. 19.0. SE = O.0552X; 
0.00153X2. 3) C. uncinatum 'Alba' (O); y .. 
8.847 - 0.4657X + 0.00756X2. Adj. R' = 
81.7. SE '"' 0.0489X; 0.00135X2. 4) C. uncin­
atum 'Purple Pride' (lI); Y .. 7.8 - O.4582X 
+ 0.0069X2. Adj. R' - 83.8. SE .. O.0478X; 
O.OO132.X'. Wherc Y - vase life (days); X = 
slorage time (days). 

days, respectively; Fig.3). 
Vl!l1icordia grandiflora maintained a vase 

life of 10 days after 21 days of storage (Fig. 
4), after which vase Iife declined severely, 
whereas the vase life of a11 other species of 
Verticordia declined significantly after 14 days 
of storage. No regression analysis was per­
formed on V. monadt!lpha and V. plumosa 
as no stems survived after 14 days oC stor­
age. 

Significant floral abscission occurred in T. 
calycina after 28 days of storage (-15% to 
20% of f1owers). As there was no further 
abscission during vase Iife assessment, these 
stems were rated in a similar manner as con­
trol stems. Observations during preliminary 
tríals indicated that abscission became a ma­
jor problem during slorage only when flow­
ers are harvested late in the season and in 
full f1ower. 

The vase Iife of stored T. speciosissima 
was 8 days after 35 days of storage, similar 
to the vase life of unstored control stems 
(Fig. 3). Faragher (1986) reported that war­
atah vase life was reduced by 50% (from 6 
to 3 days) if stems were stored at 4C, or if 
f10wers were stored unwrapped, indicating 
the importance of low temperature (lC) and 
the need to maintain f10wer hydration during 
storage with adequate wrapping. 

Quality in both C. uncinatum 'Alba' and 
'Purple Pride' declined rapidly after 14 days 
of storage (Fig. 3). Stems of e uncinatum 
were stored with a similar reduction in vase 
life by Seaton and Joyce (1989). C. uncin­
atum suffered from fungal attack (identified 
as Botrytis cinerea Pers.) in these trials, de­
spite a prestorage spray with 1 g iprodionel 
liter, resulting in poor poststorage vase life. 
Fungal infection was a1so prevalent in a11 
Ve11icordia spp. and kangaroo paw cultivars 
after 21 days of storage. When present, it 
effectively ended vase life immediately after 
storage. Tbe Vmicordia spp. were not treated 
with an anti-fungal agent before air transport 
from Westem Australia to Victoria, and con­
ditions during transit (high temperature, high 
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.;.reiative humidity) possibly were conduCve 
to fungal attack. Subsequent spraying with 
1 g iprodionc/1iter was not sufficient to pre­
vent furtber fungaJ infcction • 

The cvaJuation of other anti-fungaJ agents 
and spraying/dipping techniques has estab­
lished the anti-fungaJ potentiaJ of a mixture 
of 1 g iprodione/liter and 1 g mancozeb/liter 
(wettable powder, 80% a.i.; commercial 
name: Mancozeb, suggested by D. Joyce; 
dala nol shown). An effective anti-fungaJ 
treatment that can be applied immediately 
afier harvesl 10 improve the slorage perfonn­
ance of C. uncinatum and Verricordia spp. 
possibly will be developed. 

Kangaroo paw cultivars wilh a long con­
trol vasc Iife (¡InigozantJws pulchorinuls and 
the cultivar Bush Fever) suffered a substan­
tial reduction in VISe llie after 14 days of 
storage (Fig. 5), leaving all kangaroo paw 
cultivars with a VISe Iife of < 7 days after 
14 days of storage. Sealon and Joyce (1989) 
reported a dramatic decrease in VISe Iife when 
Anigozalllhos rufus cut flowers were stored 
for 2 weeks at OC. Vase life significantly 
increased in unslored kangaroo paws pulscd 
with sucrosc solutions of up to 30% (Carter 
et aL, 1989; Manning et aL, 1989), and it 
is possible Ihat pre- and postslorage Ireal­
menl wilh a sucrosc solulion might extend 
vase Iife significantly. 

The vase lives cited in Ihis study represent 
a minimum value. Further improvements of 
Ihis slorage protocol, including more ad­
vanced packaging techniques and the use of 
solulions conlaining a gennicide and sucrosc 
in the precooling and rehydration phases, 
should improve the length oí slorage possi­
ble and the condition oí flowers after slor­
age. 

Our results suggest that Leucospennum 
'Firewheel', ?ratea cynaroitks, Leucaden­
dron 'Silvan Red', Thtypto~ne calycina, 
Te/opea speciosissima, and Verticordia 
grandiflora can be slored for at leasl 21 days 
and retain a commercially acceplable vase 
Iife of at least 7 days. Vase Iife of stored 
Leucospennum cordifoIiwn, Cha~laucium 
uncinatum 'Alba' and 'Purple Prlde', Ver­
ticordia monade/pha, Verricordia p/wrwsa, 
Verticordia nitens, AnigozanJhos pu/cheni­
mus, and the Anigozanthos cultivars Ruby 
Delight, Bush Harmony, Bush Haze, and 
Gold Fever declined significantly compared 
with unstored controls. Australian native 
species were susceptible to fungal attack 
during storage. Effective anti-fungal !reat­
ments may cx%end the storage perlod and VISe 

Iife of these species. 
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Forcing Irradiance, Temperature, and 
Fertilization Affect Quality of 'Gloria' 
Azalea 
Lorl A_ Blac~ Terol A_ Nell, aud James E. Barrett 
Environmental Horticulture Department, University 01 Florida, 
Gainesville, FL 32611 
Additional inda wonls. longevity, postharvest, light, nutrition, Rhododendron 

Abstract. Dormaot-buddcd 'Gloria' azaleas (RJwdodendron sp.) were used to observe 
the etrect ot torclog Irradlaoce, temperature, aod tertIllzatlon 00 postproductlon per­
tormance aner Oower bud dormaocy bad beeo brokeo. Four experiments were con· 
ductcd doring fOrclng, the treatments for eacb experiment were: Expt. 1, tbree Corciog 
Irradlances (200, 460, and 900 j.Lmol·m-1·s- l ) and tbree postproductlon Irradlance! (4, 
8, and 16 j.Lmol·m-1·s- I ); Expt. 2, three forclng Irradlances (320, 560, and 1110 
j.Lmol·m-1·s- I ); Expt. 3, three controllcd day/nlgbt temperatures (18/16C, 13/21C, and 
29/27C); Expt. 4, tertIllzer appllcd tor 7, 14, or 28 days at eltber ISO or 300 mg NI 
Uler (12% nltrate, 8% ammoniacal) 20N-4_8P-16K soluble fertll1zer al every watering, 
control plants did not receive fertllizer. Days lo barvest (tlme unt1l plants bad elgbl 
Individual open Oowen) was less at the higb forcing Irradlances and temperatures and 
wben tertlllzcr was appUcd doring Corc1ng. F10wer color was len Intense at the low 
torcing Irradlance levels, high temperatures, and wben duratlon ot Certil1zatlon was 
prolonged and concentratlon was hlgb. Tbere were more open Oower inOorescences at 
week 2 ot postproduct1on at higb Corcing irradiance levels, but lheir number was not 
afl'eclcd by torcing temperature or Certil1zation. Poslproduction longevity was shorter 
when torcing was at 29/27C (day/nlgbt) and when plants were Certillzed for 28 days al 
300 mg N/llter, bUl was nol afl'eclcd by Corcing or poslproductlon irradiante_ 

Irradiance levels, temperature, and fertil­
ization have direct effects on development 
and postproduction performance of floricul­
ture crops. High irradiance levels bave been 
obscrved to sborten time lo flowering in 
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son for drawing !he infIorcsccnccs. !be cast of 
publishing this papcr was defrayed in part by tbe 
paymenl of page charges. Under postal regula­
tions, Ibis papcr tberefore must be hereby marked 
advertisement solely 10 indicale Ibis tact. 

'Reinhold Ambrosius' and 'Knut Erwén' 
azaleas (Bodson, 1983). Kraszewski and 
Onnrod (1986) observed larger flower di­
ameler for Browa//ia and Oxa/is, but smaller 
floret size for Crossandra when plants were 
grown under high production irradiances. 
Postproduction longevity was higher when 
production irradiance was relatively high for 
begonia (Fjeld, 1986) and Crossandra 
(Kraszewski and Onnrod, 1986). 

High production temperatures shorten the 
forcing period and affect bud development 
on several azalea cultivars (pettersen, 1973; 
Wilkins, 1980). However, we found no in­
formation on the effects of forcing temper­
ature on postproduction performance and 
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The response of Leucadendron 'Safari Sunset ' to the 
fertilization regime 

A . SILBER1*, R.GANMORE-NEUMAN N 1 A:-.lD J . BEN-J AA COV ~ 

l InslilUle 01 Soil, Waler and Environmenlal Sciences, 2 Depurlllle/ll oI Ornallle/ltal f{orticl/lll/re : 
Agricullllral Researc" Organi:alion, The Volcani Ce/lla. Ber DlIE;a/l. 50:!50. Israel 

(Re viseJ ,\,/s reai\'ecl 23 FL'bruury :!()()()) 

SUMMARY 

The responses o f L('ucaclenclron • Safari sunset·. on its own roots anJ grafteJ on . Orot ' rootsto<.:k . to 
a range oC fertilization regimes were stuJied . The experiment was cOlH.lucted Juri ng the summer of 
1994. at Bet Dagan. Israel. and inc1udeJ three Icvels of compounJ NPK. lwo 1cvels or P. ami two 
NH¡ : NO~ ratios. 

UngrafteJ plants feJ without P yicloeJ fewest marketahle hranches anJ haJ lhe lowest fresh anJ 
dry weights. In<.:reasing the P eoneentration in the irrigation water to 10 Il1g / Jlll" ill1proveJ the yiclJ . 
whereas increasing the NPK leve! redlleed the nUll1ber or marketahlc hra ndles anJ the fresh ano dry 
weight yiclJs. Lowering the NH 1: NO" ratio in lhe irrigation waler signilicanll y ret.lllceJ the yiclJ . 

The grafteJ plants were significantly hetter than the ungra fted plants under all the lreatments 
examined . The slIperiority of the graneo plants was more evident llnder cllndiliollS 01' P dcficiency anJ 
non-optimal pI-!. 

INTRODUCTION 

The Proteaceae family originaleJ in Australia and 
South Africa. where Illost species grow on leached. 
adoic soils that are poor in availablc minerals. Growth 
impairment anJ leal' necrosis or chlorosis are generally 
attributeJ 10 phosphorus toxicity (Nichols el (//. 1979 ; 
Thomas 1980; Buining & Cresswell 1993). anJ litt1c 
inCormation is available on the reljuirements for other 
nutrients (Parks ('1 al. 1996) . 

Ari ctrort has becn made in Israel . in the last 
dceade, to cultiva te LCl/cut/cmlron • SaCari Sunset' and 
othcr Proteaceac (protcas) for the cut flowers market 
(Bcn-Jaacov 1986) . . Safari Sunset' is a c10nal sc\ection 
of an artificial cross between Leucadendron salignulII 
(red form) and L. laureolum and its great markct 
value and relative ease oC cultivation have made it the 
most important cultivar in the Protea industry. The 
produetion oC L. • Safari Sunset' is rapidly expanding, 
and Israeli exports increased from 1·3 million branehes 
in 1992-3 to 24 million in 1997-8. The plant is 
vigorous, with long, erect branches whieh termina te 
in a female cone-like infloreseence, surrounded in the 
faH by large, deep wine-red bracts. 

L. • SaCari Sunset' was bred in New Zealand to suit 
the Ipea l aeid soil, a nd both of its parents are native 

• To whom a1l correspondcncc should be addrcsscd . 
Email : avnsil@agri .gov.i 

to soils ha vi ng low pi!. Despite lhe suitahlc dim;lte. 
growers 01' protea s in Israel have encounlereJ 
prohlcms hecause llf unfa vourahlc soil characteristics. 
e.g. high pH ami high lime conten!. Tú avoit.l soil 
limitations. L. . Safari Sunset' is grown in tulr. a 
vo1canic pyroclastic material. characterizeJ by high 
porosity (0'6 Jm" / dm") and hi gh saturaled hyJraulic 
conJuctivity . Silber el e/l. (1 99X) founo that L. . Sarari 
Sunset' plants were not susceptible to P toxicity at 
normal solution P Icv..:\s. ami that increasing the 
water-P conccntration (up to 20 mg/dm:l) signitkantly 
improved plant growtll. These lindings are in agrec­
ment with the eonc\usions of Prasad & Dennis (1 986). 
that realistic \cvc\s 01' P (below 40 mg P / kg, as 
measured by biearbona tc cxtraetion ) are not toxie to 
L. . Safari Sunsct· . 

The common horticultural praetice in Israel is to 
plant L. . Safa ri Sunset' in tu/T inserts embedded in the 
native soil. UsuaHy. there are no barriers to the free 
extension of roots Crom the tu /T into the native soil. 
Thus, roots deve\op under two di/Terent enviro n­
ments : (a) a fixed volume (usua lly 20-50 dm:l) in the 
vieinity of the plant, where the tu/T prope rties ensure 
that the drainage and the pH a re suitable Cor plant 
growth ; and (b) the surrounding native soil , where air 
deficiency or high pH may restrict plant development. 

An alternative approach to avo iding soil eonstraints 
is to graft the sensitive plant (seion) onto a soil­
adapted rootstock . Sorne yea rs ago, sorne speCles 

mailto:avnsil@agri.gov.i
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native to high-pH soils in South Africa were studied 
as potential rootstocks for Israeli conditions, and the 
best-growing variety of Leucadendron coniferum was 
named • Orol" (Ben-Jaacov el al. 1992) .• Orot' is 
currently widely used as the rootstocks for L. . Safari 
Sunset'. The objective of the present study was to 
assess the response to nutritional management of L. 
' Safari Sunset', on its own roots and grafted onto 
• Orol' rootstock. 

MATERIALS AND METHODS 

The experiment was located at Bet Dagan. Israel 
(35 0 E. 31 0 N. 50 m altitude) . The experimental design 
comprised five treatments. allocated to six completely 
randomized blocks. with six L. . Safari Sunset' 
plants - four on their own roots (ungrafted) and two 
grafted on • Orot' rootstock (clonal selcction of L. 
("oT/((('rll//1) - in each plot. The five treatments (detai led 
in Table 1) included three compound fertilizer 
'com'rarisons (NJPJKJ' N:P,K. and N"P,K" l. two P 
treatment comparisons (NJP .. KJ and N,P,K,). amI 
two NH.: NO" treatment comparisons (N.P.K. ano 
NO,,-N.P:K.). Thc nutrienl solulions were prepared 
from commercial fertilizers (NH.NO:, . (NH.) .SO •. 
KNO" and H:,PO.). and typical Israeli tap water 
containing (in mg j dm:') : N-NO" - IO:P - 0-4: 
K - 6,1: ea- 50: Mg-20: Na- 100 and CI - 140. 
Thc pI! of thc irrigation sollltions was (di ± 0-4. 
Miero-elcment conccntrations (mgjom:') appl ied to 
4111 the trea tments wcre : Fe - O·(¡lJ. Mn - 0,34. 
Zn - 0'17. eu - 0·025. Mo - 0·0 IlJ and El - 0·25. all 
EDTA-hased. plus 2 mgjdm" of Fe as EDDHA-Fe . 

Two-month-old plants were planted in April ll)lJ4. 
in 40-cm deep holes. dug in the local soil ano tilico 

Tah1c l . E/C//1CI/I COT/("eT//ra /iol1S iT/ /hc irri~a/ion Im/cr 
a/l(/ in/cacha/c.I'/ro//1 ¡:rOll'lh cOlllaillcrs «(f\'cra~('/(/r al/ 

s('a.HJ/ls) 

NI-!.-N NO,,-N P 

Treatment (mg/dm:l ) 

Irrigation water 
N,PoK, 35 15 0·4 
N,P,K, 35 15 lO 
N:P.K. 65 35 20 
N"P"K, lOO 50 25 
NO,-N.P,K. 35 65 20 

Leachatcs 
N,PoK, 4 60 1-4 
N,P,K, 4 60 1·8 
N.P,K, 40 140 3·2 
N"P,K, 70 160 3·8 
N03-N.P.Kt 4 140 2-4 

, EC. electrical conductivúy. 

K 

50 
50 
50 
75 
50 

70 
70 

105 
145 
65 

EC' 
(dS/m) 

1·3 
1·3 
1·6 
1·8 
1·5 

2·0 
2-4 
3·2 
3·4 
2-4 

Table 2. Surface characlcrislics o( Ihe studied tuff 

Surfacc characteristic 

Specific surface area 
pI-! in H,O 
pH in 1 mol/ l KCI 
CEC at pH 7' 

28 
8· 1 
6·6 

285 

Comments 

N. adsorption. m' Ig 
90 min sha king. 0·5 g 25 / ml 
90 min shaking. 0·5 g 251ml 
mmol..lkg 

, The tulf has variable charged surfaces contributcd mainly 
from amorphous matcrials. Thc rclationship betwccn cation 
exchangc capacity (CEC) and pI-! was found to be: 
CEC = 41·6 x pH -6,8 . 

with red tuff(50 litres of0-8 mm diameter tuff) . Some 
of the surface properties of the tu ff are summarized in 
Table 2 (Silber e/ al. 1994). 

For cach trcatment. four control con tainers filled 
with 50 litres oftuff. two with and two without p lants 
were installeu in the experimental IIcld; they were 
fertilized identically lo the experimental tuff-fillcd 
holes anu were useu lo e\'aluale Ihe net nutrient and 
w;lter lIptakes hy the p lants . Leachates from 4111 the 
control containers were collectcu da ily. and thcir pH. 
c1ectricul conductivity anu volumc wcre monitorcd . 
Chemical unalyscs of the Icachates ( for N-NI·I •. N­
NO". P. K. Ca . Mg. Fe. Zn and Mn ) wcre performcd 
weekly. where element concentr;ltions were de ler­
mined as follows : 1\. hy OanH: photorncter: retlucetl N 
anu P hy Tcchnit:On AlIto;lIlalyser : Ca. Mg. Fe. Zn 
anu Mn hy atomic ahsorption spcctropll0tometcr. 

Thc amounl ofwater supplied dail y was determined 
as the highest waler uplakc Ievel dClermincu in the 
growth containers. multipli ed hy 1·2 to accounl for 
sa lt Icaching. The leaching factor was raised occasion­
ally. if the elcctrical conductivity (Ee ) of the drainage 
from pots with plants cxcecdcd 3·5 dS j m . Trans­
piration was ealcula ted from the difTerencc betwecn 
the volumes ofleachales from control conlai ners with 
and without plants . 

To evaluate plant devclopment during the ex­
periment. the trunk diameter was measurcd five times 
at a height of 15 cm. At the end of the first season 
(December 1994), the shoots in each plot were 
harvested, washed with distilled water. dricd at 60 °e 
in a ventilated oven for 1 week. a nd pooled for 
ehemical analyses. The dried tissue was ground lo 
pass a 20-mesh sieve. and ashed with H~SO,-H 202 for 
analysis of K. total N a nd P. or with HN03 for Ca 
and Mg, Fe, Zn and Mn . 

Data werc subjcct to analysis ofvaria nce (ANOVA) 
using the GLM procedure (SAS 1985). Scparate 
analyses wcre perforrned for the grafted and the 
ungraftcd plants to test the fertilizer effects on each 
plant type separately. The grafting effect was tested by 
comparison of the differences of the mca ns of the 
plant types (graftcd and ungrafted) within each 
replicate plol. Modcl pu rameters were fitted hy the 

----
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NLIN procedure of SAS, using the DUD routine of 
SAS (SAS 1985). 

RESUL TS 

Yield and plant growth 

Ungrafted plants fed without P (N¡POK¡) yielded the 
fewest marketable branches (6,9 branches per plant; 
Table 3), and had the lowest fresh and dry weights 
(477 and 156 g/plant, respectivcly). 

lncreasing the P concentration in the irrigation 
water up to 10 mg/dmJ (N¡P¡K¡) improved the 
number of marketable branches to 16·5 (ungrafted 
plants; Table 3) and the fresh and dry weights to 1029 
and 330 g/plant, respcctivcly. Phosphorus addition 
mainly affected the numbers of small and mcdium 
branchcs (40-60 and 60-80 cm, respectivcly; Table 3). 

Incrcasing the compound fertilizer levcl from N¡P¡K¡ 
lO N2P2K2 did not improve plant yield (Table 3) but 
significantly decreased the number of long branches 
(80 cm; Table 3). A further increase in fertilizer (to 
NJP JKJ) reduced the number of marketable branches 
and the fresh and dry weights (Table 3). Lowering the 
NH~:NOJ ratio in the irrigation water (NOJ-N2P2K2 
compared with N 2P 2K2) significantly reduced Ihe 
number of markelable branches and the fresh and dry 
weights (Table 3). The Icaves of Nü¡-N 2P.:K2-fed 
plants were small and their stem clongation was 
inhibited, with a .. rosctte" likc appcarance. For each 
fertilizcr treatment, graftcd plants produccd highcr 
yields than ungraftcd plants (Tablc 3). 

Root exposure at the end of the lirst ycar 
(Deccmber) dcmonstratcd that at Ieast 80 % 01' the 
root systcm was located in the tulr. The root systcm in 

Table 3. Tr('Cltlll('l/t e/}('cts ol//he /o/Clll/lIl11lwr ofll/Clrke/Clhle hre/l/ches (Br .),/resh (/l/tI tlrr ¡I'ágh/s (FW (/l/tI DW, 
r('spec/il'ely) (/l/dlel/g/h (Ii.l'/rihll/io/l of l/l/Rra/ied L. . Sa/(¡ri SlIIl.H'/' (//1(1 gra/iecl (' Oro/') pIClI//.\· 

Ilr. (No. pcr pbnl) FW (g pcr planl) l)W (g pcr planl) 
._-_.~_. - -_ .. . _-_ ... _ - ------ -_._--- -----

Shool 
Trealmcnl 'Sal'ari Sunscl' 'Orol' 'S;¡f;¡ri SUlIscl ' 'Onll ' 'S;lf;lri SUlIscl' . Orol' 

N,I'"K, 
N,I'.K, 
N,I'"K, 
N"I'"K, 
NO",N,I',K 1 

Meall 
Fertilizers 
5% LSD (Il.F . '" 20)t 

Grafting 
5 % LSD (D.F . '" 25)! 
Fcrl. x Grafl. 

_o. - __ ____________ . 

(,.<) 

1 (,.) 
15'0 

<)·1 
7·' 

111-') 

5'1>'1 

.\-(lll 

NS 

15·1) 
20'X 
~(Hl 

20·5 
I<)'X 

1'1,2 
NS 
X·.11 

~77 

102') 
101111 
X~2 

7.lX 

X21l 

2:<.\-') 

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

11l7 · ~ 

NS 

')~2 

1 ~ 1.1 
115(, 
<)l)2 

12.17 

IIO~ 

NS 
~56 ' 6 

15(, 
.,.10 
.12X 
25X 
~0.1 

255 

<N 'X 

ShOOI 
Trealment 
N,PnK, 
N,P,K, 
N2P, K, 
N,PJK, 
N03-N2PzK2 

Markctabk shool knglhs (No. pa plan!) 
6O-~O cm 

. Safari Sunscl' 
3-5 

11 ·0 
11·7 
7·9 
4· 5 

'Orol' 'Safari Sunscl' 'OrOl' ' Safari Sunscl' 
5-X I'ó 
9·7 4·0 

16·0 2·9 
lJ·O 1·0 
9,) 1·7 

Mea.n 7-8 10·8 2, ) 

Ferlilizers •• 
5 % LSD (D.F. = 20)t 4·82 6·50 2·14 

Grafting •• 
5 % LSD (D.F. = ::!5)t 2·6) 
Fert. x Graft. NS 

., •• , ••• , significant al P ~ 0,05,0,01 and 0'001. rcspectively. 
NS, nol significant. 

. .. 
1·55 
NS 

t LSD for comparing any pair of fertilizer lrcalments wilhin grafting trcalmenls. 
t LSD for comparing the grafted versus ungrafled lreatmenl meaos. 

)·7 l ·); 

7-7 1·5 
) .) 0·4 
4·5 0·1 
5·5 0·5 

~ ·9 O'X .. 
2·64 1·01 

... 
57-4 
NS 

.. . _ .. .. __ . 
.lOS 
.1x<) 
.lS .1 
.1~X 

.19') 

.1(,1 
NS 

155·1 

> HOcm 

... 
1·62 
N S 

'Orol' 
4-X 
~.) 

::! ·O 
5·g 
5·0 

4-4 
NS 
7·30 

.~ . 

- r 
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35 

30 
... N1PoKI 

1 • N1PIKI 

25 ... Nl2~ ... 
'" • N)P)K) ., 
E 20 os 

'i5 
..1( \5 c: 
2 

1-

Days 

Fig. \ . Trunk diamclcr (mm) or L. . Sarari Sunscl ' grown on 
ils own rools and on ' Orol' roolslock. as a rUllclion or lime 
(days. day O was 1 May 1994). The rcgrcssion cocflicicnls are 
prcscnled in Tablc 4. Ycrtieallincs al lhe righl indiealc LSD 
(P ~ 0'05) or trunk diamClcr mcasured at harvesl : bOl-
10m - ror' Sara ri Sunsel '; rn iddle - ror lhe means or grafled 

. versus ungrafled plants; IIlp - r or grafled planls on . Orol '. 

thc tuIT was hcalthy anu white with good branching. 
whcrcas in thc soil thc root system was rcstrietcu ¡IIlU 
brown with poor hranehing. The uevclopment anu 
yiclds of plants in the growlh ellnt¡lÍncr were idenlieal 
to those of planls grllwn in the liclu unuer Ihe same 
lrcatmen!. 

T" /11 /.; ti it 11//1' 1 /'r 

The trunk uiameter inneased during the cxperimcnl 
in accordancc ",ilh the nutritional trealmenls (Fig. 1). 
The trunk diameler (D,: mm) was described by a 
second-degree polynomial : 

D, = a, + b, x 1 + e, x I ~ [11 

where a" b, and c l represenl empirical constants 
(detailed in Table 4), 1 is time in days and lhe 
subscript i indica tes the trcalmcn!. 

A significant linear regression was obtained between 
the trunk diameter and lhe fresh and dry weighls of 
the plants at the end of lhe experiment (R~ = 0·91 and 
0'80, respectiveJy, not presenled), indicating that the 
trunk diameter can serve as an indestructible indicator 
of plant development during the growth period o 

U'aler IIpla/.; c 

The tuff contained the 'major and essential active part 
of thc root systcm, thercfore, the transpiration could 
be reliably estimated according to the data on leachate 
from the control containers. As only ungrafted plants 
were planted in the control containers. water uptakc 
by grafted plants could not be eSlimatcd . Daily 
transpiration increased fram 0·1 dm" f plant at the 
beginning of May to more than 4 um "fplant at thc 
beginning of Oetober (Fig. ~) . 

If we assumc that the amounl o f waler nccdcu for 
leaching salt from the root area is aboul 20°1., of lhe 
water auded, and that the dail y c\'aporation from luIT 
is - I dm"fplant. then lhe ma xi mul11 al110unl of 
water nccued for ungrafleu l.. 'Sabri Sumet' during 
the lirst year is ahoul (, um"fu ay. The common 
practice in Israel is to planl 700 plants per IODO m~, 

hence the daily rale for L. . Safari Sumel' plants is 
4 · ~ mm: this ma y be cOl11pan.:d ",ilh average daily pan 
e"aporation ra tes of 6 · ~ . 4,)\ and ) . ~ mm. for 
Septemher, Octoher and No"emher, respeclively. near 
lhe experimental site. Thc lranspiration by planls fed 
wilh a low NH. : NO" rati o (NO,, - N~ P)'J ",as lower 
than that of N. P . .K .. plants, which is consistent wilh 
their lower dry" w"eighl produclion (Fig. :2, Tablc ) . 

¡ 
I 
I 

Tablc 4. Rc¡:rC.I'Jilln cllc{Ticicl/I.\' dc.\'crihin¡: 1//1' c:O('CI (!{lill/e (lnlhe m/ll/'; dialllclcr (Eq/l . [1)) C!{ L. . S(/{ari SIIIlSC¡' I 
allC/ 'Orol· . TJ¡C' s/(lI/cJard crrors (!f l/U' ('(lefficiel/lS are SJ¡OIl'Il ill p a rcllIJ¡c.\·('S 

. Safari Sunsel' 
N,PnK, 
N,P,K, 
N.P.K. 
N"P3 K 3 

N03-N 2 P.K. 
'OrOI' 

N,PuK, 
N,P,K, 
N2Pt K2 

N.P,K, 
NO,"NtPtK I 

a 

6·9 (O'O:!) 
6·5 (0'29) 
N (0,96) 
6·2 (0'2:!) 
6·6 (0'30) 

8·6 (0'23) 
8·0 (0'04) 
8·\ (0'27) 
8·2 (1 '02) 
8·8 (0' \8) 

* a, b. c represent empiri'cal constants (sce text above). 

Trcalmcnt* 

b 

O'O:! (B x 10-') 
0·04 (6'0 x 10-') 
0·02 (2, \ x 10- ' ) 
0·03 (4'5 x 10- ' ) 
0·03 (5,2 x 10- ' ) 

0·03 (4'7 x \0-') 
0·05 (8'0 x 10- ' ) 
0·04 (5'7 x 10- ' ) 
0·07 (203 x 10- 3) 

0·03 (3'8 x 10-3
) 

c 

\ ·3 x lO' (1 ·7 x 10- ' ) 
\·5 x \0' (2'6 x 10- ") 
2·4 x \0' (\'8 x 10- ") 
\·4 x 10-' (2'0 x \0') 
\ ·5 x 10 - ' (2·7 x 10-") 

3·0 x 10- 4 (2' \ x 10-°) 
2·7 x 10-4 (3 ,4 x lO- a) 
2·5 X 10- 4 (2'5 x 10-°) 
\.\ x 10-' (\'0 x 10-') 
3-6 x 10-' (1'7 x 10-') 

' -

l 
i 
\ 
I 
I 

-
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4 

2 

~ o .a 
~ 
c; 
ni 

5 -- N1PIKl 
4 

C. 

~ 
'" 
~ 

--- NlzK2 
3 -- Nl)K) 
2 

c: 
. 3 

.~ 
c:. ." 
~ 
f-

o~~~----~--~~--~ 

5r-------------------------~ 

Days 

Fig. :!. Tn:atlllcnt dl'c.;ts on thc óaily lranspiralion rall! 'll' 
ungraflcó plants grown in .;ontrol .:ontaincrs. Arrows 
inókatc rain. 

The transpiration value predicted for the pro­
duction of I kg dry matter of zero-P-fed plants was 
1282 dm3

, compared with 450±30 dm3 for N.P,K., 
NzP~K2 or NJPJKJ fed plants, and 520 dm3 for NOJ-
N.P .K. plants. The low water use efficiency of the 
Nb;-N~P2K2 and espccially, the zero-P-fed plants 
indicates the influence oflimiting factors such as high 
pH or P deficiency, respectively (see below). 

A significant linear regression was obtained between 
trunk diameter and the water uptake by plants in the 
growth containers (Fig. 3). Assuming the same linear 
relationship for the grafted plants, the estimated peak 
water consumption by a grafted plant is more than 
5 dm3 per day. and the daily amount ofwater needed 
for irrigation is about 5·5 mm. 

Element concentralions in plants 

The N and P concentrations in the shoots of both 
ungrafted and grafted zero-P-fed plants were signifi­
cantly lower than those in other treatments (Table 5). 

40 TD u 4'9(0'59) +6'2(0 '31) x Transp. 
R2 = 0·91 

• ,..... 30 

1 ,. 
• 

.... 
u • N¡POK¡ Ü 
E 20 
ni • N¡P¡K¡ 'O 
-'" • c: • N2PZ~ 2 
f- 10 

• Nl)K) 

• NO)- N¡P¡KI 
O 
O 2 3 4 5 

Transpiration (litres per plant per day) 

Fig. 3. Trunk diameler (TD: mm) 01' ungrafleó plant s as a 
fun.:tion of lhe daily lranspirati o n rate o The stanJarJ error 
of eaeh parameter is presenleó in orackct s . 

The addition 01' P to the irrigation water resulted in 
increases in both N and P coneentrations in th.: shoot 
tissue indicating that P delkieney prohahly restrieted 
N uptake by the planls. Raising the NPK eompound 
fertilizer level from N.P¡K¡ to N,P!K, incn:ased lhe 
N and P concenlrations in the ShllotS. hut this clrcet 
was signilicant only fllr the ungr;lfted plants (Table 
5). Ilowever, lhe actual illl.:rcasc was simtbr fllr hllth 
piant typcs and the Iaek nf signiticlllt clreet fM thc 
graflcd planls was probably duc to Ihe fewer nUlllber 
of graflcd plants. Phosphorus wneentralions in the 
shoots of bOlh ungra(led and gr;¡(ted pbnts itlCre;¡sed 
signilkantly as a result 01' reduetion of tlle N 11,: NO, 
ratio (NOJ-N~P,Kl compared with N:P,K", TabI.: 5). 
This !inding is consist<.:nt with tht: finding of a previous 
<.:xpcrimt:nt on L. 'Safari Sunset' grown in an aefll­
hydroponic system (Silbcr el al. 1999 ti) bltt ~onfliets 
with the bchaviour <.:xpecled according to tht: anion­
cation balance mechanism (Mengcl & Kirkby 19~7) . 
The P concentration in the ungrafted pbnts was al ;¡ 
level that can be regarded as normal for most planls, 
whereas that in the grafted plants was low (Marschner 
1995). 

The K concentration in shoots of both ungrafted 
and grafted L. • Sarari Sunset' pbnls was very low 
(Table 5) compared with those reportcd for other 
ornamental plants. The decrease in K concentration 
as a result of P addition (N,P,K, compared wilh 
N,PoK. trealments, Table 5) was probably a dilution 
effect. The low K requirement 01' the proteaceous 
plants may be attributed to an adaptation to lhe low­
K soils on which they originated, as suggested 
previously by Walters el al. (1991) and Parlés el al. 
(1996). 

Ca1cium. Mg, Fe, Zn and Mn concenlrations in the 
lea ves of plants from all treatments except NOJ-
NZP2Kz were unaffected by the fertilizer application, 
therefore only the comparisons bctween NzP zKz and 
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Table 5. Treatment effects on clement concentrations (g/kg DW) in shoots oI L. . S(!fclri SlIIlse t' 01/(1 g/"{{{Ied 
(' Oro!') planls 

Shoot 
Treatmcnt 

N,PoK, 
N,P,K, 
N:P:Kz 
N, P,K, 
NO,,-N:P:K. 

Mean 
Fcrtili7.crs 
5 % LSD (tl.!'. = 20) 

Graftin¡: 
5 % LSD (1l .F. = 25) 

. Fcrt. x Gran . 

N 

. Safa ri Sunset' 

12·5 
14·7 
16·2 
16·9 
14·3 

14·9 ... 
1·26 

0'X2 
NS 

'Oro t ' 

D ·2 
16·2 
1¡';'{) 
1!\'2 
16·5 

16A .. 
2· 3<) 

P 

'Safari Sunsct ' 'Orot ' 

OA 0·5 
3 5 13 
52 1·5 
6·1 2 ,) 

("2 2,(, 

4·3 1,(, . .. 
0<)3 O·(,X 

0·35 

K 

. Saf,lri Sunsct' 

(¡ .¡.; 

5'() 
(,.¡ 

75 
7·(J 

(, .(, 

1 17 

(1 ,45 
NS 

'Orot' 

5·0 
H 
4·2 
4-4 
)·7 

4·1, 

O·¡;(' 

T;lhlc (, . IJkl'l or NI/, : ."'0" raIjo 01/ ('(l1iol/ ('OI/('( ·/llr{/lillll.1 il/ slttltll,\' or 1.. 'S{/ Iuri SIII/.\( ·I · (Ul '( 'UI,l:( ' tI / lI l/g r{//I('d 

ul/(lgra/l('d ) !1/U/lI.I· 

-~''- ' .' -... 
• • • _.' •• ~. r- _ , ......... _ ..... ~ _ ... , ........ .. ......... _,. ,_,. _ •• 

Trcallllcnl 

1\:.1' _l\.. 
NC)::.I\:·,I',I\., 

Ca (¡.: j "¡.: DW) 

D ·(,(H. e 0·14) 
li'!i (~ . 1. OL O · l)~) 

- - -- -__ • _ _ _ • ___ _ ._ 0 • • __ 

M¡: (¡: j l.¡.: DW) 

f, ' !i ( ~ . I.." (H,(,) 

5 ' ~ (~.I.. e O'!i(1) 
-.- --- -----

NO,,-N,P, K, are shown in Tahlc 6. There WeTe Illl 

signifj¡:ant grafting dl'ce:ts : the:rc:fon: the Illeans of tlll: 
grafteo ano ungrafted plants are shown . 

In e:onlrasl wilh pre\'ious researe:h result~ 
(Marschner 11)l),'i) , calion concenlralions in NO,,-N­
fed plants \Vere founo to he lower than those: in NH ,-
N-fed pbnts (Tahle 6) . The dccrease in cation 
conccntrations which rcsulted from the reduced 
NH, : NO :" ratio conOicts with the resull of a pre\'ious 
experiment on L. 'Safari Sunset' grown in an aero­
hydroponic system (Silber ('1 a/. 1999 a) and ma y be a 
result of a secondary efTecl of the NH, : NO" ratio on 
pH (see helow) . 

pH in ¡he /('achares 

The rhizosphere pH was e\'a1uated from the pH of the 
leachates from the growth containers. Increascd 
nutrient levels made more ammonium ions (Table 1) 
available for exchange and nitrification reactions and, 
consequently, more protons were released and the pH 
declined (N3P3K3 versus N2P~K2 and N,P,K , ; Fig, 4), 

Conversely.lowering the NH~: NO, ratio increased 
the pH (NO,-N%P,K. versus N:PzK%; Fig. 4). Phos­
phorus addition did not afTect the pH (N,P,K , versus 
N,PoK,; Fig. 4), 

~So (S .I . = ~O~) 
1~ 7(ü . ~ ~71 

117 ( ~. I . 15 ' ~) 

:; I ( ~. I . .; .(,) 

1\ 111 ( lI\¡: j l.¡: 1>\\' ) 

~i\0 ( ~. I . e 40~) 

I I I 1 ~.1. = 10' 1) 

~ r-----------------------------------, 

7 

50 100 

Days 

150 200 

Fig. 4. pH in Icachales from growlh conlaincrs wilh plants, 
as functions of lime and the trC:llmcnlS applicd . 

E/ell/elll COlI Ce/llraliol/S ill ¡hc /c(lchales 

Nitrate. total inorganic-N and K concentrations in 
leachates (control containers with plants) were higher 
than in the irrigation water (Table 1), indicating that 
N and K concentration were nol limiting factors in 
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the experiment. TOlal-N anJ K coneenlrations 
increased beca use of preferential water uplake . At 
low N H; concentrations (35 mgjdm"), adsorption 011 

the solid phase reduced NH;, whereas nilritication 
increased Nn~ concentrations. Ammo nium-ion con­
centrations in Icachat,!s increased up lO 70 mg/ dm", 
as the NH; concenlration in the irrigalion waler \Vas 
increased lo 65 and 100 mg/dm". The increaseu NH; 
concentrations resulled I'rom one or more 01' lhree 
possible mechanisms : (a) a saluralion dTecl lhal 
reduced lhe oxidalion rale 01' NH;: (b) dimini sheJ 
N H; adsorplion on lhe soliJ phase as a resull 01' lhc 
uiminulion 01' lulT calion exehange capacily (CEe¡ 
caused hy lowcring lhe pH (Tahle 1): anu (e) 
impairmenl 01' micro-organism aClivil y hy Inwereu 
pH Ieading, in turn, lo reduceu nilriliea lion. The pI-! 
dTeets (l11eehanisms (h) anJ (e )) are prllhahly more 
importanl than the saturalion drcet (l11cl'hani sl11 (a)). 

AJsorption and preei pi ta ti o n reaet ions red ul'l~d l' 
cnneentratlllns in the luir meuillm tn a ppnl.\illlaldy 
I()" ~, 01' thal in tlle irrigation waler (Tahle 2l. TIle 
higller r ellneentratilln in Icadlales \11' zerll-P·kd 
rlanl s was a reslllt 111' indigenllus l' rekase frlllll Ihc 
tul r (Tahk 2). 

DISCUSSIO:'-J 

I'roh;dll v Ihe t\Vo Illain 1';1l' l llrs th;1l l'll ltlrlllbl Ihe 
ungr;II'led pbnl devdllrmenl in l he rl'\~senl e\pn­
imenl Wl'rc : (;1) Ihe dircl't dkl'lllf l' a¡"lphclll!'lt : ;I,ld 
(h) Ihe IIIdi rel"l elrcl'1 Ilf lhe pll in lhl' rhi""phnc . 
lile k\eb '11' l' ;llld N 11; inl.'reased simull ;lnl""I ,I\' ,It 

Ihe N,I',"" N.,I',"e ;lIld N,P,K" Ire;llmenl s. Iherl" 
fure, distlllgui shing helween Ihe 1\V1l elkl'b IS 11111 
pllSSI hle . 

A sigllilil'ant qU;ldratic rcgressillll \\as ohLulled 
helwcen lhe nllmher \JI' markelah!c hranches and Ihe 
l' e\lIh:enlrat inn in lhe !caves ( ;1) ;Ind in lhe irrigal i\l ll 
waler (h) '11' lhe IIngrafted NII,-N-fcd plants. There 
\Vere sil11ibr relati\lIlships I'nr lile fre sh and dry 
\Vei ghls 01' SllllOts (nol presenled) . Ntl cllrrespnnding 
signilicanl rdalillnships \Vere ohtained fnr lhe grafted 
plants. 

The NO,,-N ~I\K~ lreatment was omitted frLlll1 lhe 
aboye regression. sinee changing lhe NI-!, : Nü, ral io 
signilieanlly altered the rhizosphere pH (Fig . -l) . The 
quadratic regression function in Fig. 5", sho\Vs lhal 
the ri,aximum number of markelabk branehes o n 
ungrafted planls \Vas aehievcd when lhe P eon­
eenlralion in lhe irri ga lion waler approaehed 13-
14 mgj dm" . Phosphorus appliealion alreeled r uplake 
by ungrafted plants (Table 5). leading lo lhe observed 
signifieanl regression rclalionsh ip belween lhe num ber 
01' markelable branches, lhe fresh and lhe dry weighls 
of shoots, and lhe P concenlration in lhe Ieaves. T he 
quadralic regression function in Fig. 5 (/ shows lhat 
lhe Ieaf-P concenlralio n required I'or maximum yicld 
was 3-4 gjkg DW. The aboye P concenlralions a re 
lypical 01' man y families 01' planls (Marsc hner 1995), 

la) 
20r--------------------------------------, 
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l,.ro).: :OI,,", · I' 111').: dll' ' ) 

h ).: . '- :--¡"Illhn 111" 1lI""~l·I .",k h, .II,e h", 111r. ) I'n 1'1.1111 

IIIn).:,.;,I",edl. . OS <\""d":OI l< I"'nel" "h "l" . 1,11 Ih.: 1.: ;,1".1' (¡; / ~).: 
DWI. .lIhll /l) 111.: '1'1'1).:;'1""1' 1' eunel· nl,. ;11I,1I1 ('II¡; / d,n.ll. ("Ir.: 
,l.lI ld ;,rd ':fr , '" 111" ': ;'eh 1';,LIllll'l.:r " I're , .:nlt:.! 111 hra.:~cI, . 

n I': NO,.N)'}'- ., , r.: ;, ' 1ll':1I I It:lh: ,rd.:d '11 th.: low.:r (i¡;ur.:) 

w;" .'Illlll.:d I"rlllll Ihe ,rn¡;:OI,.' II · 1' n:¡;r.:ss¡'''l heea",e 

.:h :O Il¡;1I1¡; Ihe N 11, : "'() , r;,II11 .d,cr.:d the rh' l. ll'ph.:rt: JlII. 

illdicllillg thal L 'IIU /(/"/Il/mll plalll s are no l sus­
eeptihle to P lo xieil y at no rmal r ~lppli..:alion rales. 

The pH in lhe rhiZllsphere is prohahl y an important 
fa":lor in lhe growth 01' ungra fle d L. 'Safa ri Sunset '. 
Omiuing lhe NIP"K, trealmenl. where lhe dircCl 
clrcet 01' P ddicieney elearl y rcs lricled planl de­
velopmenl. lhe relali o nship be lwcen lhe yic\d and lhe 
average leachate pH during lhe main g rowlh seaso n 
( 100-200 da ys ) gave an estimale 01' lhe oplimum pH 
needed for maximum planl gro\~ th . Based o n quad­
ralie regressio n (nol presenled ) lhe maxi mum number 
01' markelable branches was aeh ieved when lhe pH in 
1eachales from containers Wilh plants was 6·0. Below 
lhis va lue. release of toxic M n and Al fr o m tuff 
consliluenls (S ilbcr el al. 1999h) ha ve impaired plant 
devc1opment. Furthermo rc, si nce it CJn be assumed 
lhal lhe aclual pH in lhe vi..:inilY 01' lhe roo ts would 
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be more aeid than the. data in Fig. 4, the risk of 
impairing plant development by lowering the feed pH 
below 6·0 eould be substantial. 

At pH 7,0 and aboye, despite the use of ehela tes, 
the availabi lity of mieronutrients was probably too 
low to provide adequate uptake . Iron , Zn and Mn 
eoneentrations in shoots of NO,,-N-fed plants were 
lower than those in all NH~-N-fed plants (Table 6) 
whieh indiea tes that inadequate metal uptake may 
have limited the development of NO,,- N-fed planls. If 
the pH in the vicinity of the rools was assumed to 
have been even higher than the value meas ured in the 
NO,,-NzPzKz Ieachates (Fig. 4), the low availability of 
metal ions would have been underestimated . The 
"little leaf" and the "rosette" appearance of NO,,­
N~P ZK"-fed plants as wcll as the higher P concen­
trations in their lea ves (T¡lhlc 5). could ha ve heen a 
result of Zn dcficiency . Zinc dcficiency could have 
enhanced P uptake in slwots (Lonerapln & Wchh 
Il)l)) ; Marschner 1l)l)5) due to: (;1) cn hanced pcr­
meahi lit y of the plasm;1 Illcmhr¡lIles or ro!,! cclls: (h) 

impairmen t of the meehanism which eontrols the 
loading of Pinto the xy lem: o r (e) speei fic impairment 
of the retransloeation of P in the phloem. 

CONCL U SIONS 

L. . Safari Sumet' pla nt s are not susceptible to P 
toxicity at no rmal P application rates . The growth of 
gra fted plants w:is significa ntl y supe ri o r to lhat of 
ungrafted plants under all the treatments examined. 
The advantage of the grafted plants was more 
significant under conditions of P dcficiency and non­
optimal pH . The rh izosphc re pH is a very im portant 
fac tor afTecting L. . Safari Sunset' growth . Whether 
pH aO'ects the plant s directl y through physiological 
mechanisms or indirectl y through its efTects on 
nlltrient availahilily is nol c1ear. Micronutrient con­
ccntrations in 1c¡lves of plant s grown at pH a hoye 7 
we re h,wer lhan !Iwse in pbnts grown at lower pH. 
which secllls to indieate that inadequa te metal 
;Icqllisilinn limill'\1 lhc ¡!rowlh of these plants. 
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Leaf chemical composition and nutrient removal 
by stems of Leucadendron cvv. Silvan Red 
and Safari Sunset 
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Summary. Chemical analysis was used to determine 
the concentrations of 12 nutrients in youngest fully 
expanded leaves (YFEL) of Leucadefldron cvv. Silvan 
Red and Safari Sunset at 2 sites in the Mount · Lofty 
Ranges. Leaves were sampled every month for 3 years. 
commencing in July 1990. The leaf nutrient data were 
used to define seasonal nutrient trends. thereby 
identifying the most suitable time for leaf analysis; to 
determine the magnitude of the differences in leaf 
nutrient composition ~tween LeucadC:fldrml cultivars. 
and between Leuc:adelldron and Pro/ea hyhrids; to 
calculate total nutrient removal by harvestcd stcms. 
whieh can be used to formulate maintcnance fcrtiliscr 
programs; and to determine the correlations between 
nutrients. 

The seasonal increase in coneentrations of nitrogen 
(N), phosphorus (P), potassium (K), and sodium (Na) in 
YFEL corresponded with the spring growth tlush. after 
which concentrations decreased with time, particularly 
during summer and autumn. Concentrations of copper 
(Cu) ano zinc (Zn) were unstable during October-April 
and the seasonal trends were not consistent between 
sites or with other mobile nutrients (e.g. N, P, K). 
Concentrations of calcium (Ca), magnesium (Mg), 
manganese (Mn), iron (Fe), sulfur (S), and boro n (B) at 
site 1 decreased early in the season, were lowest when 
vegetative f1ushing peaked, and tended to increase 
during autumn and winter. 

Seasonal variation in the main nutrients removed in 
marketable stems (i.e. N, Ca, K, Mg) was minimal 

Introduction 
Commercial plantings of species of the family 

Proteaceae have increased significantly in Australia 
over the past 15 years. Among these species, 
Leucadefldron are popular for their colourful floral 
foliage (involucral leaves) and long harvest periodo 
Cultivars Silvan Red and Safari Sunset, which are 
Leucadendron laureolum X L. salignum hybrids, are 

during June-August. However. to assess the overall 
nutrient status of plantings. sampling in June is most 
suitable. Crop nutrient surveys conducted at this time. in 
conjunction with productivity and quality data. can be 
used to develop interpretation standards for leaf analysis. 

For all nutrients. the seasonal trends were similar for 
the 2 cultivars. but concentrations of Mn were 
consistently lower in YFEL of Silvan Red than Safari 
Sunset. In contrast to the small differences between 
cultivars. there were large differences in leal' nutrient 
composition hetween the Lc:uc:adC:lldrofl cu lti vars and 
Pro/t.:a 'Pink Ice' . Fllr cxample. Mg. Na. and Mn 
cllncentratillns werc consistcntly lower. and N. K. Ca. 
and Fe higher. in YFEL of Pink Ice than in the 
Lt.:ucadC:lldrOlI cultivars. For these nutrients. different 
interpretation standards may be required ror /. 
Leucadelldroll and Pro/ea hyhrids. s 

The major nutrients removed in harvested stems e 
were Na, N, Ca. K. and Mg. Based on nutrient uptake n 
data alone. we suggest annual applications of N and Ca It 
at 20-30 g/plant, and Mg and K at 10-15 g/plant, on e 
acid sands. y 

Significant (P<0 .05 ) correlations were found 'e 
between many nutrients. For example, N concentrations " 
were positively correlated with P, K, Na, and Zn, and le 
negatively correlated with Ca, Mg, and Fe le 
concentrations. These significant relationships may la 
indicate synergistic and antagonistic interactions lS 

between nutrients, which need to be considered when lS 

interpreting plant test data. !l. 
:e 
.). 
nt widely grown throughout Australia. Many plantings are 

now 5-10 years old and li!tle is known about their in 
lTl nutrient or fertiliser requirements. Although many . 'or 

Proteaceae species are reported to útilise soil nutrients 
ore 

efficiently and there fore have a low nutrient 
requirement (Claassens 1986; Parvin 1986), continual .re 
removal of large amounts of biomass each year as 
marketable stems and prunings may graduaIly deplete 
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soil nutrient reserves. Growers in Australia have no 
ealibrated plant or soil tests to assess the nutrient status 
of their Leueadendron plantings. Sueh tests would allow 
objeetive nutrient management decisions. The 
calibration of a plant test is also important because 
nutrient deficiency symptoms may be confused with 
symptoms of disease or other forms of stress. Further, 
once symptoms are obvious, plant growth and stem 
quality may already be adversely affected. Using leaf 
colour symptoms to diagnose nutrient stress in 
Leueadendron species is also confounded by the normal 
changes in foliage eolour that oeeur during the year. 

Few leaf nutrient data have been published for 
Leueadendron species. In Australia, Cresswell (1991) 
studied the effeets of inereasing rates of phosphorus (P) 
on growth and the concentration of P in different tissues 

1i,.Leueadendron ev. Harvest grown in pots. Heinsohn 
• Parmenter (1986), working in South Africa, studied 

nltrogen (N), P, and potassium (K) nutrition of 
Leueadendron salignum seedlings in water culture. We 
do not know of any puhlished data on the leaf chemieal 
composition of commercial Leueadendron plantings in 
Australia. By monitoring the nutrient status of 
commercial plantings with desired productivity and 
quality characteristics, interpretation standards fur 
diagnustic plant testing can he developcd. Many factors 
must he considered to ensure that rcliahle diagnostic 
standards are devcloped (Cresswell IlJH9; Lewis el ul. 
IlJ(3). An example is seasonal trends in Icaf nutricnt 
eomposition, which have heen reported fur many 
horticultural crops (Maier el al. IlJ(5). With knowledge 
uf the magnitudc of these trends, the preferred sampling 
time for plant analysis (i.e. when the rate of change in 
nutrient concentration is mini mal) can he determincd. 
We therefore monitored the seasonal trends in nutrient 
composition of youngest fully expanded lea ves (YFEL) 
of Leucadendroll CVV. Silvan Red and Safari Sunset at 

&ommercial plantings in South Australia for 3 years . 
.ese trends were used to identify the prcferred 

sampling time for leaf analysis. Surveys of the nutrient 
status of eommereial plantings ean then be conducted, 
and the leaf nutrient data, in conjunction with 
productivity and quality information, can be used to 
develop interpretation standards (Cresswell 1(89). We 
also compared the nutrient concentrations of the 
2 Leueadendron cultivars with those for Prolea ' Pink 
Ice' (Maier el al. 1(95), to identify differences between 
speeies. 

When decisions on erop nutrient requirements are 
based on leaf analysis data, relationships between 
nutrients within the plant must be considered. For 
example, in potatoes, the synergism between total N and 
P, and the negative relationship between nitrate-N and 
chloride (CI-), will affeet interpretation of petiole 
analysis data (Maier et al. 1(94). Similarly with perennial 

crops, Sanehez-Alonso and Laehiea (1987a, 1987b) 
reported highly significant correlations (r values up to 
0.95) between nutrients in leaves of plum and cherry. 
They concluded that defining sueh relationships may be 
useful for making decisions on fertiliser requirements. 
We therefore determined the correlations between 
nutrients in YFEL of Silvan Red and Safari Sunset. 

A calibrated plant test cannot predict the amount of 
fertiliser required when low concentrations or 
defieiencies are diagnosed. The ' balance sheet' approaeh 
(Lewis 1985; Pranee 1992; Sparrow 1993) is one way to 
determine amounts of nutrients to apply. Knowledge is 
required of the amounts of nutrients removed in produce. 
We determined the nutrient eomposition of whole stems 
of Leueadendron spp. at harvest to estimate the amounts 
of nutrients removed by stems. 

Materials and methods 
Sites 

This study was carried out over 3 years on 2 well­
managed commercia l plantings in the Mount Lofty 
Ranges. The plants wcre healthy and showed no 
symptoms of nutrient stress. Thc cultivars studied wcre 
Silvan Red and Safari Sunset at si te 1, and Silvan Red at 
site 2. For S ilvan Red, productivity and growth werc 
assesscd (to he prcsentcd scparately); total yiclds of 
stems harvcsted from 6 plants in each planting are 
prescnlcd to indicate the productivity of the plantings. At 
silC 1, the mean (:! s.e.) total numhers of stcms harvested 
were 2H9 :! 22. 330 :! 11, and 324 :! 26 per plant in 19lJ l. 
1992. und 1993, respectivcly. For site 2. the numbers 
were 222 :! 32, 209 :! 26. and 226 :! 5, respectivcly. No 
yieló data have hecn published in Australia with which 
to compare these results; however. the yields at these 
2 sites compare favourably with those at another site, 
where the plants yielded only 81 and 80 stems/plant in 
1992 and 1993, respectively (N. A. Maier unpublished 
data) . 

The climate is classifi ed as Mediterranean, with cool, 
wet winters and dry, warm summers. Pest and disease 
control, irrigalion, and fertiliser management were 
carried out by the grower. Nutrient management of the 
plantings is discussed in more detail below in relation lo 
soil test data. Plants at all sites were drip-irrigated . When 
monitoring commenced in July 1990, the plants were 
5 years old at site 1 and 6 years old at sile 2. $oil types 
were loamy sand or clay loam over clay (site 1, Safari 
Sunset) ; loamy sand or sandy loam over clay (site 1, 
Silvan Red); and sand over sandy loam (site 2) . Selected 
chemical and physical properties of the soil at each site 
are presented in Table 1. 

Lea! sampling procedure 
To determine the magnitude of seasonal nutrient 

trends, leaf sampling was carried out monthly al each 
sile from July 1990 to June 1993. Al each sampling, at 

' .. _ . . -~ ....... _ .. _#9-.~.. _ . . " 
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Table l. Cbemlcal aDd pbyslcal propertles or lbe soU al two sltes ID lbe Moaal Lorty Raages 

Extr3ctable P and K. 1: lOO soil :0.5 mmol NaHCO:¡IL. 16 h shaldng time (Colwell proccdure); extr3C1able Cu. Zn, Mn, and Fe. DTPA extr3ction 

Deplh pHA ECA P K Cu Zn Mn Fe Organic CB Sand Sill Clay 
(cm) (mS/cm) (mg/kg) (%) 

Sire l. Sa[ari Sunset planting 

a-IO 5.2 O.()Q 32 360 0.6 5.9 28.0 45.0 5.5 78 14 8 
>1a-.lO 5.3 0.06 23 360 0.3 0.9 2.0 41.0 1.9 49 18 33 
>20-40 5.5 0.04 7 350 0.2 0.6 0.3 12.0 1.1 27 15 58 
>4(}..ÓO 5.6 0.03 4 350 0.1 0.1 0.0 2.0 0.5 18 11 71 

Sire l. Si/mn Red planling 
a-20 5.2 0.03 16 123 0.7 2.6 9.4 45.0 3.5 86 9 5 

>2a-30 5.0 0.03 18 95 0.3 0.7 0.9 45 .0 1.0 81 10 9 
>30-45 5.4 0.03 13 92 0.3 0.5 1.0 45 .0 0.8 82 9 9 
>45--{,() 5.7 0.03 4 107 0. 1 0.2 0.2 11.6 OA ~ 14 39 

Site 2. Sih'an Red planling 
a-20 7.0 0.03 14 43 0.3 

>2a-70 6.8 0.03 9 ~ 0.1 
>7a-IOOO b.9 0.05 4 bO 0.1 

1\ 1 : S soil : waler (w/v). 
O Walkley and Blad (1934). 

least 50 leaves were collecled from heallhy planls 
Ihroughout Ihe planling. The index lissue sampled was 
Ihe youngesl fully cxpanded leaf (YFEL) fmm a shool 
>40 cm long without a visible flower. 

NUlrieflt eomposilion and rl!moval ill harvl!sled Slems 
To estimate nutrient composition and removal by 

harvested Slems, fresh and dry weights of individual 
stems sampled at harvest were determined before 
chemical analysis. Over the 3 years of the study. Ihe 
tOlal number of stems sampled was 6 from Safari Sunsel 
and 7 from Silvan Red al sile 1, and 14 from Silvan Red 
al sile 2. To calculate nutrient removal. we used a 10lal 
stem yield of 8 kglplant, fresh weight. Based on our 
harvest data, Ihis is a reasonable yicld per planl from a 
productive planting of these 2 cultivars. Similar 
calculalions were made by Maier el al. (1995) for Pink 
\ce, using yie\d of 50 stems/plant, and by George el al. 
(1989) for custard apple, using 100 kg of fruit. 

Soil sampling 
To characterise the soil, samples were collected at 

each site in May 1992. Soil profiles were studied using a 
7.5-cm auger at up to 3 locations at each planting. The 
depth of different soil horizons was determined by 
noting changes in texture or colour. Data are presented 
for 1 representative 10cation at each site. 

Ana/yl¡ea/ procedure 
AlIleaf and stem samples were dried at 6O-700 C in a 

forced-draught oven and ground to <1 mm before 
analysis. The samples were analysed for total N, P, K, 
ca1cium (Ca), magnesium (Mg), sodium (Na), sulfur (S), 

1.1 0.9 8.8 0.4 95 2 3 
0.3 0.1 10.7 0.1 90 4 6 
0.9 0.2 7.9 0.1 87 4 9 

horon (B). copper (Cu). zinc (Zn). manganese (Mn). and 
iron (Fe). using procedures described hy Maier el al . 
( 1(95). 

AH soil samplcs were air-dried and ground lO <2 mm 
hefore chemical analysis (Table 1; Maier el al. 1995). 

Slalislical melhods 
To show the seasonal Irends, mean monlhly nutrient 

concenl rations for each site are presented graphically. 
Means and standard errors were calcu lated using 3 years 
dala (11 = 3). Representalive s landard errors are 
presenled on the graphs to indicale variabilily between 
years. To determine Ihe differences in nutrienl 
concentrations and seasonal trends for' Ihe 
2 Leucadendron cultivas and Pink Ice, we visually 
compared Ihe graphs. For those nulrients where Ihere 
were consistent differences, we calculated Ihe mean, 
(~ s.e .) and range of the monthly values presented in Ihe 
graphs (n = 12), to illustrate the magnitude of the 
difference. For the comparisons, we only used the data 
collected at site 1 to minimise site effecls. The graphs 
showing the seasonal trends of nutrient concentrations 
in YFEL of Pink Ice were presented in Maier el al . 
(1995). The planting referred to as site 1 in the Pink Ice 
study was also used in Ihe leucadendron work (site 1). 
Mean (~ s.e.m.) nutrient concentrations and nutrient 
removal in harvested stems were ca\culated for Silvan 
Red at sites 1 (n = 7) and 2 (n = '14) and for Safari 
Sunset at site 1 (n = 6). Correlation coefficients (r) for 
linear relationships between a1l nutrients in YFEL were 
determined. Only r values significant at P = 0.05 are 
presented. 

11 

• 
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Results and discussion 
Soil chemical and physical properlies 

Soil pH was near neutral throughout the profile at 
site 2, but strongly acid to 40-45 cm at site 1 (Table 1). 
Although the soil at site 1 was strongly acid, the yield 
data presented aboye showed that the productivity of this 
Silvan Red planting was high compared with others. We 
therefore suggest that these Leucadendron cultivars are 
tolerant of strongly acid soils of pH 5-5.5. Consistent 
with this hypothesis, N. A. Maier (unpublished data) 
found that for Safari Sunset growing in similar soil 
types, increasing the annual rate of applied N (as 
ammonium sulfate) from nil to 25 g N/plant significantly 
(P<0.05) decreased soil pH from 5.0 to 4.4 at one site, 
and from 5.4 to 4.9 at another. The productivity of the 
plants was not significantly (P>0.05) decreascd during 

....¡j¡¡,c course of the cxpcriments. Maicr el al. (1995) also 
• ggcstcd that Pink Icc was tolcrant of pH valucs in the 

range 5.5-4.H. 
Basco on oata for the 2 si tes. cxtractahle P ano K 

conccntrations in the surfacc (0-20 cm) soils ranged 
from 14 to 32 mg!kg ano 43 to 360 mg!kg. rcspectivcly 
(Tahle 1). Wc 00 not know 01' any puhlishcd critical soil 
P ano K concentr;ltions for Lcucat!cflt!rOlI that may assist 
wilh interpretation of these soil test data. In rclation to 
K. howcvcr. N. A. Maicr (unpuhlishcd data) found that 
after 2 years. the application of 25 ~ K/pl;lnt. year ditl 
not significantly (P>(l.05) increase the yieltl of stcms 
harvested fmm Silvan Red plants ~rowing in siliccous 
sand (cxtractahlc K valucs 50-55 mg/kg). compared 
with plants receiving nil K. We thercfore suggest that the 
critical extractahlc- K concentration in these soils is low 
«50 mg/kg) anu the sites were not tlcficient in K. 
Similarly. studies with Prolca species suggest that the P 

and K requirements for optimum growth are low 
(Claassens 1981; Maier el al. 1995). 

For a range of horticultural crops in South Australia, 
Maier and Robinson (1986) c1assified soil fertility (on 
the basis of percentage organic C) as follows: low 
«1%), large response to applied N; moderate or nonnal 
(1-2%), response to applied N uncertain; high (>2%), no 
response to applied N. Using this system, the soil at 
site 1 would be classified as highly fertile and site 2 
infertile with regard to N. These data suggest that N 
fertiliser management should be different at the 2 si tes. 
However, at both sites annual N fertiliser rates were in 
the range 0-2.5 g/plant, low compared with the amount 
of N removed in marketable stems alone (Table 2) . 
Rcliahle soil test interpretation standards are not 
available for growers to de termine the N fertiliscr 
requirements of their plantings or to test the hypothesis 
with regard to the N fertiliser rcquircments of thc 2 sites . 
Leaf data for Silvan Red show that during 
Novemher-April. N concentrations in YFEL were 
consistcntly lowcr at sitc 2 than sitc ) (Fig. 1). 

Hannam (1 QR5) prescnted data showing that for 
DTPA-extractahle Cu. Zn. Mn. ano Fe. ocficient 
concentrations werc Cu <0.2 mg/kg. Zn dl.5 mg/kg. 
Mn < 1.0 m!-!lk~. ano Fe <2.5 mg/kg. Busco on thcsc 
interprctation stanJards. the conccntrations of thcse 
micronutrients in the surfucc (0-20 cm) soils were 
adc4u;lte (Tahle 1) ano shoulo not havc limitcJ yicld. 

NUlrÚ'lI1 CUfTlposir;oll alld rCfTlo\ 'al ;11 lzarl'CSlcd SICfTlS 

For Silvan Red. the amounts of nutrients removed 
úecreaseú in the mtler Na > Ca > N > Mg > K> S > P > 
Mn > Fe > B> Zn > Cu (Tablc 2). For Safari Sunset the 
orúer úiffereu in that more N and Ca wcre removed than 

Tuhlr 2. Menn (!: ~.r.) nulneol conCenll1lllons IInd nUlrienl rrmoul in 8 Iq: ~h wei¡:hl 
or hllrvrsl~ slems or IWo L~ucQd~ndron culllvan 

Nulricnt conccnlralion NUlrienl removal 
Sile I Sile ::! Sile 1 Sile ::! 

Safari Sunscl Silvan Red Silvan Red Safari Sunsel Silvan Red Silvan Red 

(% DW) Ig) 
N 0.56 ~ 0.03 0.34 ~ 0.03 0.31 ~ 0.04 ::!8.0!: 1.6 18.6 ~ 3.3 14.6 ~ 2.1 
P 0.06 ~ 0.01 0.03 ~ 0.00 O.O6!: 0.00 2.8!; 0.4 1.8 !: O.::! 2.8 !:0.2 
K 0.::!8 ~ 0.03 0.17 ~ O.O::! 0.14 ~ O.O::! 13.8 ~ 1.9 9.7 ~ 2.3 6.5 ~ 0.9 
Ca 0.5::! ~ 0.09 0.35 ~ 0.01 0.39 ~ O.O::! 25.8 ~ 4.4 19.2: 2.2 17.::!: 1.0 
Mg 0.17 ~ 0.02 O.::!O ~ 0.01 0.17 ~ 0.01 8.5 : 0.9 10.7: 0.9 7.5 : 0.4 
Na 0.39 ~ 0.03 0.44: 0.03 0.51 ~ 0.04 19.2: 1.5 24.1: 3.9 23.4: 2.5 
S 0.09 : 0.02 0.09: 0.00 0.17 ~ 0.00 4.7 ~ 0.8 4.8: 0.7 7.4: 0.4 

(mg/I<g D"? (mg) 

B 11 : 1 13: O 14: O 53: 3 67: 4 59: 3 
Cu ::!~O ::!:O 3: 1 10 ~ 1 8: 1 13 :3 
Zn 19: 2 9:1 10: 1 96: 13 50:5 44:4 
Mn 95 ~ 13 79 :4 65: 4 475: 65 423 :41 290: 23 
Fe 42! 2 60:13 92: 16 ::!09: 10 309: 59 426: 90 
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Figure 1_ Seasonal changes in nutrient concentrations in youngest fully expanded Icaves collecled from Leucadendron Silvan Red at siles I (A) and 2 (.) and Safari Sunsct at site 1 (6)_ Data 

presented are mean concentrations over 3 years. Venical bars indicate represcn talive sundard errors. 
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Na, more K than Mg, and more Zn than B. The amounts 
of nutrients removed were low compared with other 
annual or perennial horticultural crops. For example, on 
the basis of 2600 plants/ha and using the data for Silvan 
Red at site 1, we estimate the amounts of N, P, K, Ca, 
and Mg removed in harvested stems to be 48.4, 4.7,25.2, 
49.9, and 27.8 kglha, respectively. In contrast, a yield of 
50 t/ha of potato tubers removed (kglha) 28 P, 242 K, 
2 Ca, and 9 Mg (Maier 1986), and 194 t/ha of tomato 
fruit removed 361 N, 84 P, 615 K, 33 Ca, and 29 Mg 
(Huett 1985). Because of the relatively high removal 
rates for Ca and Mg (Table 2), the status of these 
nutrients should be carefully monitored to avoid 
deficiencies. This is particularly important when 
leucadendrons are grown in leached acid sands, which 
may be low in exchangeable cations. Based on the 

"

rienl removal dala. annual applicalions of Ca and N 
020-30 glplanl and Mg and K up to 10-15 glplanl 

s ould be considered on Ihesc soil types. 
Larger amounls of Mg. Na. S. Mn. and Zn were 

removed in harvested stems of Ihe 2 Leucadendron 
cultivars Ihan in slems of Pink Ice. For example. based 
on Ihe data for Silvan Red and Safari Sunset. Ihe mean 
(g : s .e .) amounts of Ihese nutrients removed were 
Mg 8.Q : 0.9. Na 22.2 : \.5. S 5.6 : 0.9. Mn 396 : 55. 
ano Fe 315: 63; fm Pink Ice Ihe values were 2.6: 0.3. 
7.9: 2.3. 2.8: 0.4. 170: 30. und )t}Q: 23. respcctivcly. 
Thc order of nutrienl removal for the 2 Lt'ucade1/dro1/ 
cultivars abo differeo from the moer reporteo for Pink 
Ice (Maier el al. 19(5). 

The concentralions of N. K, Ca. Zn, uno Mn in 
flowering s tems of Safari Sunsel werc higher than Ihose 
fm Silvan Reo (Table 2) . 

Seaso1/all'arialio1/ 
Seasonal trends in leaf nutrient composition have 

heen reported for many perennial horticultural crops. and 
ators to explain such Irends have been extensively 
_cussed by Cresswell and Wickson (1986). George 
el al. (1989), and Maier el al. (1995). 

Nitrogen, phosphorus, potassium, sodium. The 
concentrations of these nutrients were relatively stable 
during winter, increased rapidly during spring-earl y 
summer, and Ihen dec1ined (Fig. 1). The seasonal 
increase in concentrations corresponded with the spring 
growth flush (G. E. Barth unpublished data). Jarrell and 
Beverly (1981) cited the following factors as leading to 
greater uptake of nutrients and nutrient accumulation: 
increased root growth and activity; greater transport to 
tops; grea ter demand for the element; faster rate of 
movemenl lo roots through mass f10w or diffusion; 
higher concentration in soil solution. The decrease in 
concentrations during summer-autumn was consislenl 
with earlie r studies (Cresswell and Wickson 1986; 
George et al. 1989), which have reported that mobile 

nutrients (e.g. N, P, K) usually decline in concentration 
during the season (spring-autumn). This has been 
attributed to retranslocation from older or mature leaves 
to nutrient sinks such as fruit, storage tissue, and newly 
initiated leaves (Cresswell and Wickson 1986). 

Cresswell (1991) suggested the follow ing standards 
for interpretation of the P status in recently matured 
leaves of Leucadendron cv. Harvest: low-deficient 
<0.15%, desirable 0.1~.42%, high 0.42-0.45 %, toxic 
>0.57%. Our data for site 1, the highest yielding site, 
suggests that depending on sampling time, 
P concentrations in the range 0.03-0.13% are adequate 
for high yield and quality of Silvan Red and Safari 
Sunset. We therefore suggest that the adequate 
P concentration range in YFEL of field-grown plants is 
lower than suggested by Cresswell based on greenhouse 
studies with very young potted plants. 

Copper and ::i1/C. Seasonal trends in leaf 
concentrations of these 2 variably mobile nutrients were 
similar, with concentrations being very unstablc during 
November-February ( Fig. ) when growlh f1u s hing 
occurred (G . E. Barth unpublished data). 

Calcium, maK1/esium, mangam:se, iro1/, horo1/, sulfuro 
Studies with other hort icultural crops showeo Ihal Ihe 
concentrations of Ihese nutrienls, which have low or 
intermediate mohility in the phloem. ten deo to increase as 
the season progressed (Cresswell and Wickson 1986; 
Stephenson et al. 1(86). These authors suggested that this 
treno may reflcct leaf agc . Our results are consistent with 
this explanation; fm example. since vegetative flushing 
occurred during Novemher-February. leaves sampled 
after this were older. and because these nutrients continue 
to accumulate as leaves uge. concentrations increased 
during the remainder of the season. 

The fall in the concentralion of these nutrienls during 
spring-early summer (the period of vegetative flushing). 
may be explained as a growth dilution effect (Jarrell and 
Beverl y 1981). 

Cultivar alld specics differences 
For Leucadendrofl cvv. Silvan Red and Safari Sunset, 

seasonal trends in nutrient composition of YFEL were 
similar (Fig. 1) . Although there were differences in 
concentralions belween cultivars on a given sampling 
date, they were usually small (excepl fo r Mn) and not 
consistent between all sampling dates . Manganese 
concentrations were consistently higher in YFEL of 
Safari Sunset than Silvan Red (Fig. 1). For horticultural 
crops. published studies on the significance of cultivar 
differences in relation to the interpretation of plant test 
data are contradictory. For example, differences in 
nutrient accumulation between cultivars have been 
reported for N, P, K, Ca, and CI- in grapevine (Robinson 
and McCarthy 1985); K, Mg, Ca, Fe, and Zn in lemon 
(Intrigliolo and Starrantino 1988); and N, P, K, Ca, Mg, 
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TIbie 3. Meaa (j: Le.) aad nage of autneal coaceatratloas ID yoaagest fuUy 
expaaded leaf of L,uccuúrulroll CVT. SUvaa Red aad Safarl Suaset aad Proua 

Plak Ice al slte 1 

Yalues are meam (!: s.e.) and ranges of Ihe monlhly cona:ntralions presenled 
in Figure 1 (n .. 12) 

Yalues for Pink la: are based on dala presenled in Maier el al. (1995) 

Species Mean!: s.e. Range Mean!: s.e. Range 

N(%) Na (%) 
Silvan Red 0.61 =0.06 0.39-1.00 0.46 = 0.04 0.2fH}.69 
Safari Sunset 0.68 = 0.07 0.45-t.:!4 0.41 = 0.05 0.2O-ü.66 
Pink la: 0.83 = 0.03 0.71-1.11 0.15 =0.01 0.12-0.18 

K(%) Zn (mgllcg) 
Silva n Red 0.18 = 0.02 0.08-0.32 16 = 3 7-34 
Safari Sunsel 0.22 =0.03 0.10-0.38 25 = 5 11-61 
Pink la: 0.30 = 0.03 0. 17-0.45 18 = 2 12-33 

Ca (%) Mn (mgllcg) 
Silvan Red 0.38!: 0.03 0.2fH}.56 91 = 8 60-146 
Safari Sunsel 0.39:!: 0.03 0.24-0.49 169 = 19 105-313 
Pink la: 0.61 = 0.04 0.39-0.79 45:!: 2 33-61 

Mg(%) Fe (mgllcg) 
Silva n Red 0.25 = 0.01 0.1fH}.30 33 = 2 22-46 
Safari SUIUCI 0.25 :!: 0.01 0.21-0.29 39:!: 3 26-59 
Pink la: O. IO:!: 0.00 0.08-0.12 46:!: 2 30-55 

Corre/aljons between nulrienls 
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Fe, and Cu in apple (Tagliavini el al. 1992). On Ihe other 
hand. Cresswell and Wickson (1986) concluded that 
cultivar differences for N, p. K. Ca. Mg, Zn. Mn. and B 
in pecan leaves wcre 5mall and of lillle practical 
significance. 

In contrast to the relatively small differences in 
nutrient concentrations bctwccn Silvan Red and Safari 
sunset, concentrations of N. K. Ca, Zn. and Fe in YFEL 
of Pink Ice wcre consistently highcr, and concentrations 
of Mg, Na, and Mn consistently lower, than in 
2 Leucadendron cultivars (Table 3). Thcse data suggest 
that the interpretation standards developed for Protea 
species may be quite different from those developed for 
Leucadendron, even though the genera are related and are 
often collectively referred to as Proteas. 

To show the significant (P<O.05) corrclations found 
bctwccn nutrients. data for Silvan Red arc prcsented 
(Tablc 4). Similar relationships were also found between 
nutricnts in YFEL of Pink Ice (Maier el al. 1995). 
Corrclations bctwcen nutrients in leaves of plum and 
cherry were reportcd by Sanchez-Alonso and Lachica 
(1987a, 1987b). The corrclations were consistent with the 
scasonal trcnds in nutrient concentrations; for example, 
elements of high mobility (e.g. N, P, K) were positively 
correlated with each other, and negatively correlated with 
elcments of low mobility (e.g. Ca, Mg, Fe, Mn). Our data 
(Table 4) are consistent with these conclusions. These 
correlations may indicate interactions that can affect 
critical concentrations, induce deficiencies or toxicities, 

Table 4. Cornlatloa coetrlc:leats (r) for Dutrleats ID the youDgest fuUy expaaded leaf 
of Leucaderulroll SUvaa Red 

Only relationships significanl al P '" 0.05 are presenled 

N P K Ca Mg Na S 

P 0.67 
K 0.74 0.57 
Ca -0.55 -0.69 
Mg -0.86 -0.57 -0.67 0.46 
Na 0.63 0.67 -0.78 
S 0.64 
B 0.42 
Zn 0.71 0.58 -0.78 0.80 -0.42 
Mn -0.45 
Fe -0.67 -0.57 0.56 0.55 
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and modify growth response, depending on nutrient 
supply (Lewis el al. 1993). For potatoes, Maier el al. 
(1994) and James el al. (1994) have discussed the 
importance of nutrient interactions when using petiole 
analysis to make nutrient management decisions. They 
conc\uded that synergisms and antagonisms between 
nutrients (e.g. N and P; CI- and NO]; K and Mg) need 
to be considered to ensure correet interpretation. 

Sampling far leaf analysis 
For perennial crops, the preferred sampling time for 

diagnostic leaf analysis is when seasonal variation in leaf 
composition is least and when nutrient levels are best 
correlated with growth response. However, Cresswell and 
Wickson (1986) and George el al. (1989) reported that 
selection of a single sampling time suitable for all 
nutrients is often not possible because of differences in 
their seasonal trends. Inspection of the seasonal trends 

• esented in Figure 1 shows that concentrations of N, K. 
.' Mg, Na, Cu. Zn, and Fe were fairly stable over 

June-August. Similarly, conccntrations of Ca, Na, and Mn 
were relatively stable during December-February, when 
the spring vegetative flush occurred. Samples for P, S, and 
B analysis may he collected during April-June. Howevcr. 
to establish a plant test for thesc Lcucadcfldrofl cultivars 
based on sampling at these times. further experimental 
work is requircd to determine the rclationships betwccn 
nutrient concentration and yield response. 
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Phosphate absorption by excised ordinary and proteoid 
roots of Pro tea compacta R. Br. 

A.J. Smith and J.H. Jooste 
Department of Botany, University of Stellenbosch, Stellenbosch 

Over the temperature range 01 15 to 35°C the highest 
phosphate absorption by proteoid roots occurred at 35°C, 
whereas in the case 01 ord inary roots absorption increased 
over the enti re temperature range. Desorption revealed that 
a greater Iraction 01 the absorbed phosphate in ordinary 
roots apparently occurs in the Iree space. Phosphate 
absorption, especially by proteoid roots, was increased by 
the addition 01 sugars. Proteoid roots were not consistently 
characterized by higher phosphate absorption than the 
ordinary roots. Sugars had no signilicant eflect on oxygen 
uptake by both types 01 roots, but proteoid roots displayed 
a higher oxygen uptake than ordinary roots. The results 
indicate that proteo id roots are metabolically more active 
than ordinary roots, and that metabolic processes are to a 
greater extent involved in ion absorption by proteoid than 
by ordinary roots. 
s. A fr. J. Bot. 1986, 52: 549 - 551 

Oor die temperatuurgebied van 15 tot 35°C het die grootste 
opname van losfaat deur proteo"iede wortels by 25°C 
plaasgevind, terwyl in die geval van gewone wortels opname 
oor die he le temperatuurgebied toegeneem he!. Desorpsie 
het aan die lig gebring dat 'n groter Iraksie van die 
opgeneemde losfaat in gewone wortels klaarblyklik in die 
vrye ruim te voorkom. Foslaatopname, veral deur proteo"iede 
wortels, is deur die byvoeging van suikers verhoog. 
Proteo"iede wortels is nie deurgaans deur 'n hoer 
losfaatopname as die gewone wortels gekenmerk nie. 
Suikers het geen betekenisvolle invloed op suurstolopname 
deur albei wortelsoorte gehad nie, maar proteo"iede wortels 
het 'n hoer suurstolopname as gewone wortels vertoon. Die 
resultate toon dat proteo"iede wortels metabolies meer aktiel 
as gewone wortels is, en dat metabol iese prosesse tot 'n 
groter mate in ioonopname deur proteo"iede as gewone 
wortels betrokke is. 
S.·Afr. Tydskr. Plantk. 1986, 52: 549 - 551 
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Introduction 
It is generally assumed that proteoid roors develop especially 
in infertile soils in order 10 enhance the absorption of nu­
trients . Lamont (1976) even regards proteoid roots as a 
symptom of growth in poor soils. 

On account of the effect of the respiratory uncoupler, 
2,4-dinitrophenol (DNP) on phosphate and pOlassium ab­
sorption by excised ordinary and proteoid roots of the 
Proreaceae, as well as on the basis of kinetic analysis of the 
uptake of the above-mentioned two elements over a \Vide 
concentration range, Vorster & looste (1986a) conc1udcd that 
ion uptake by proteoid roots is controlled to a greater extent 
by metabolic processes than in the case of ordinary roors. 

The temperature coefficient (QIO) for active ion absorption 
is usually two or more (Epstein 1972). It is also generally 
accepted that metabolic ion absorption is stimulated by 
carbohydrates and that a relationship between ion accu­
mulation and sugar content of the tissue exists (Pitman, 
Mowat & Nair 1971). 

In an artempt 10 shed more light on the metabo lic nalUre 
of ion absorption by proteoid roors, the effects of temperature 
and carbohydrates on phosphate uptake by excised ordinary 
and proteoid roots was investigated, as \veH as oxygen uptake 
by the two types of roots in the presence and absence of 
sugars. 

Materíals and Methods 
Rpot samples of Pro tea compacta R. Br. plants (12 to 18 
months old) in dual-compartment gauze bags (to ensure 
subjection of the two types of roots to identical experimental 
conditions), were prepared and placed in an intermediate 
solution (0,5 mmol dm - 3 caS04 at 25°C for 30 min) as 
previously described (Vorster & looste 1986a). 

The experimental solutíons (mínimum volume 250 cm3 

per sample) contained KHzP04 at 0,5 mmol dm - 3 in a 
0,5 mmol dm - 3 caS04· solution. 3Zp (approximately 83,24 kBq 
500 cm - 3) was used as tracer. Where the effect of temperature 
on phosphate absorption was studied, the temperature of the 
intermediate as well as the experimental solutions was 15,25 
and 35°C. In the experiment on the effect of sugars on . 
phosphate absorption, the experimental solutions contained 
sucrose or fructose at 3 mmol dm - 3. Uptake was at 25°C 
for periods of 15 and 60 mino 

Following removal fram the experimental solutions, the 
samples were rinsed for a total of 1 min in a series of four 
beakers, each containing 200 cm3 deionized water. Where a 
desorption treatment was employed (as shown in the relevant 
tables), the samples were subsequently placed for 30 min in 

. I 

I 
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an aerated desorption medium which was identical to the 
experimental solution, except that the tracer was omitted and 
the temperature was kep't at 2°e. The pH of the intermediate 
solution, experimental-solutions and desorption media varied 
between 5,5 and 6,0. 

Following these treatments, the samples were allowed to 
dry on absorbent paper, whereupon the roots were removed 
from the bags and dried at 80°C for 16 h. 

The samples were dry ashed, analysed radiometrically and 
the phosphate uptake calculated as previously described 
(V orster & Jooste 1 986a). 

Oxygen uptake of ordinary and proteoid roots (1 g samples) 
was determined with a Gilson respirometer. The following 
solutions were placed in the main compartment of the reaction 
flasks: 0,5 mmol dm -) CaS04 (2,5 cm), 0,4 mmol dm -) 
NaHCO) (0,5 cm) and 100 mmol dm -) sugar solution 
(2,5 cm\ In the control treatment the latter was replaced by 
an equal volume of the CaS04 solution. 

Three to four replicates of each treatment were employed; 
each experiment was repeated at least twice (on consecutive 
days) . The mean and standard error for each treatment were 
calculated. Differences between means of more than twice the 
standard error were regarded as significant. 

Results and Discussion 
In the case of proteoid roots (Table 1) an increase in tem­
perature from 15 to 25°C gene rally resulted in rugher phos­
phate absorption, while a decrease occurred with a further 
rise in temperature to 35°e. Phosphate absorption by the 
orclinary roots, however, increased over the whole temperature 
range. This can be regarded as a further indication that 
metabolic processes are to a greater extent involved in ion 
absorption by proteoid than by ordinary roots. 

The ratio between phosphate absorption by proteo id and 
ordinary roots (Table 1) illustrates more clearly that in general, 

S.-Afr. Tydskr. Plantk., 1986, 

relatively more phosphate was absorbed by the proteoid 
by the orclinary roots. In adclition, desorption was .a. __ . __ "_ 
for a greater difference between ordinary and proteo id 
concerning the remaining amount of phosphate - to 
an extent that the amount of absorbed phosphate in the 
ordinary roots, where a desorption treatment had not 
applied, was even rugher than that in the proteo id roots 
an absorption period of 15 min at 25 and 35°e. This inclicates 
that a greater fraction of the absorbed phosphate in ordinary 
roots apparently occurs in the free space (especially following ' 
a shorter abs?rption period) and is thus capable of being 
released again - a further indication of greater metabolic 
absorption by the proteoid roots . 

The fact that the amount of phosphate in proteoid roots, 
fo llowing a 15-min absorption period at 35°C, regardless of 
a desorption treatment, was lower than that in ordinary roots, 
is possibly related to the already-mentioned suppressing effect 
of this temperature on absorption by proteoid roots. 

Table 2 shows that phosphate absorption by proteo id roots 
was increased by the addition of sugars . This is illustrated 
more clearly by the ratio between phosphate absorption in 
the presence and absence of sugar. The largest stimulation 
of phosphate uptake in the presence of both fructose and 
sucrose occurred at the longer absorption period of 60 mino 
This, together with the fact that sugars had little or no 
stimulatory effect in the case of ordinary roots, is probably 
a further indication of the greater involvement of metabolism 
in ion absorption by proteo id than by ordinary roots. 

It should be noted that in trus case the amount of absorbed 
phosphate in proteoid roots was lower or only slight ly higher 
than in ordinary roots (Table 2). It is possible that trus 
could have been due to differences in the initial phosphate 
status of the two types of roots (Vorster & J ooste 1986a, 
1986b) . Proteoid roots are short- lived structures, and a 
seasonal effect might therefore also have been involved, since 

Table 1 Phosphate absorpt ion by excised ordinary and proteoid roots at different temperatures. 

± Indicates the standard Th t' P absorption by proteoid roots ' I h 
error. e ra 10 P abso rption by ordinary roots IS a SO s own 

P Absorption (Ilg g - I dry mass) 

15°C 25°C 35°C 

Proteoi'd Ordinary Proteoid Ordinary Proteoid Ordinary 
roots roots roots roots roots roots 

c: c: c: c: c: c: c: c: c: c: c: c: 
.2 ,2 .2 .2 .2 .2 .2 .2 .2 .2 .2 ,2 

Absorption o. o. o. o. o. E- o. E- o. o. o. o. 
.<:: Lo o .<:: Lo o .<:: Lo .<:: Lo .<:: Lo o .<:: Lo o period .::: ~ 

_ o _ o o .::: ~ o .-=: ~ .-=: ~ o '" ~ .g , o '" ~.g 
o V> o '" o '" o '" (min) ~~ z~ z~ z~ ~~ z~ ~~ z~ ~~ z ~ 

15 118 155 90 145 244 181 156 219 191 192 268 295 
± 9 ± 19 ± 19 ± 48 ± 96 ± 76 ± 33 ± 37 ± 68 ± 62 ± 38 ± 42 

60 409 535 210 275 790 600 284 308 580 533 402 437 
± 11 8 ± 50 ± 55 ± 24 ± 96 ±121 ± 78 ± 62 ± 181 ± 101 ± 83 ± 70 

R ' P abso!J2tion by proteoid roots 
auo P absorption by ordinary roots 

15°C 25°C 35°C 

With No With No With No 
desorption desorption desorption desorption desorption desorption 

15 1,31 1,07 1,56 0,83 0,71 0,65 
60 1,95 1,95 2,78 1,95 1,44 1,22 
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Table 2 The effect of sugars on phosphate absorption by excised ordinary 
and proteoid ibots (with desorption). ± Indicates the standard error. 

P absorption with s ugar. 1 h 
The ratio P absorption without sugar IS a so s own 

P absorption ().lg g - I dry mass) 

Phosphate Phosphate 
Phosphate + fructose + sucrose Absorption _ ____ ________ _ ___ ________ _ 

period 
(min) 

15 
60 

15 

5':' 

Proteoid 
roots 

66 

± 29 
.' 3-5 

- -

Ordinary Proteoid Ordinary 
roots roots roots 

203 75 216 
±55 ±34 ±58 
2S? :T 3f.f) 

- ~ = -- =. ! 

r ~'"!";:""1' . 'T "'1' - ~ 

i(.:ltIC P aosorpoon \\'¡Ül0U( sugar 

1, 14 
2,48 

1,06 
1, 15 

Proteoid 
roots 

72 

±26 

293 

=';{ 

1,09 
2, 15 

O rdinary 
roots 

168 
::: 29 

: ~ ~ 
= --

0,83 
0,81 

Table 3 The effect of sugars on oxygen uptake by excised ordinary and proteoid roots. 

± 1 d' t th t d d Th r oxygen uptake by pro teoid roots is also sho n 
n Ica es e s an ar error. e ra 10 oxygen uptake by o rdinary roo ts W 

Oxygen uptake (mmJ
) 

Uptake Proteoid roots Ordinary roots 
period 
(min) Control Sucrose Fructose Control Sucrose FruclOse 

10 19,3 ± 5,5 13,0 ± 2,9 21,2± 5,2 12,2± 10,3 6,1 ±O, I 2,0±0,1 
20 4 1,0 ± 7,0 27 ,0± 9,7 44, 1 ± 3,5 22,6± 12 ,1 16,2 ± 6, 3 10,7± 1,6 
30 62,0 ± 7,1 41,2± 17,3 65,3± 9,7 33,6± 17,7 22,0 ±7,3 19,6 ±2,8 
40 75,3 ± 10,6 62,1 ±23,7 85,1 ± 17,1 45,1 ±26,2 27,5 ±7,8 27.2 ± 3.3 

Ratio oxygen uptake by proteoid roO!S 
oxygen uptakc by ordlnary roolS 

10 1,58 2,13 10,60 
20 1,81 1,67 4,12 

30 1,85 1,87 3,33 
40 1,67 2,26 . 3,13 
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Sugars had no significant effect on oxygen uptake by 
proteoid and ordinary roots (Table 3). Regardless of the 
treatment, proteoid roots displayed a higher oxygen up­
take than the ordinary roots (rabie 3), and this is illustrated 
more c1early by the ratio between oxygen uptake by pro­
teoid and ordinary roots. This difference in oxygen uptake 
between the two types of roots was greatest in the presence 
of fructose. 

The higher oxygen uptake by proteoid roots appears to 
confirm that they are metabolically more active than the 
ordinary roots and therefore mainly responsible for active ion 
absorption. Possible seasona! effects can of course not be 
exc1uded. 
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ing. Longer chilling periods might cause more 
buds to sprout on lignified explants. Appar· 
en tly a short period of 10IV temperature treat. 
ment can break the dormancy of buds which are 
corre lative ly inhibited. Champagnat (1983) 
found that buds on single node explants pre­
pared from leafy shoots of Salíx babylollica L. 
can. be induced te sprout in vúro by subjec ting 
the cultu re to 5'C for two weeks before forcing 
them at 23°e. Buds on softwood explants of 
' Red Sunset' are in a shallower dormancy state 
than olde r buds which did not respond to the 
low- temperature treatment. 

Immersion of the feeder leaf of leafy explants 
inlO the agar-so lidified medium caused signifi­
cantly more explants to grow than normal 
explants: however the number o f bud s per 
explant that sprouted per growing e.xplant did 
not differ significantly (Table IlI) . The reason 
for this is unknown. but the large difference in 
co ntact area with the medium between leafv 
explants (23-1 ± 8 mm:) and normal explam's 
(20 ± 2 mm:) may well be relevant. The highest 
percentage bud break occurred when the 
second or third leaf from ¡he IOp of the explant 
\Vas used as feeder leaf (Figure 1). Buds distal 

to the node bearing the feeder leaf sprouted in 
greater numbers than those subtended by the 
feeder leaf or buds proximal to the feeder leaf 
(Figure 2). On intact shoots of apple and rose. 
bud sprouting is inhibited by the subtcnding 
kaf (Theron. Jacobs and Strydom. 1987 : Zies­
lin. Haaze and Halevy. 1<)76) . This is possibly 
the reason for the poor sprout ing of th e bud 
subtended by the feeder lear. The shoot piece 
and buds distal to a !!i ven bud also w ntri bute to 
the inhibition of th;t bud (Zieslin and Halevy. 
1':176) . This may be why fewer huds spro uted 
when the basa l or sub-basal1e af was retained as 
a feeder leaf. \Vhen explants are prepared in 
this manner the distal buds are farthest from 
the metabolites absorbed by the feeder Ieaf. 
while buds immed iately aboye the bud sub­
tended by the feeder kaf are apparentl\' 
inhibited by the buds and shoot piece distal te 
them . The observation that more buds distal te 
the bud subte nded by the feeder leaf sprout. 
demonstrated the acrotenic behaviour of the 
shoot piece in terms of bud break. We conclude 
that ¡he best explants of' Red Sunse t" should be 
3--1 nodes long and the basal leaf should be 
retained as a feeder leaf (Figure 3). 
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Factors affecting rooting and auxin absorption in stem 
cuttings of protea 

By L. GOUws.· G. JACOBS and D. K. STRYDO:\! 
Dcpartmcnt of Horticultura1 Science. l:nive rs it~· of Stcllcnbosch. Stellcnbosch. 7600. Republic of 

South Arrica 

SL' ~I~I AR Y 

The sensiti \'ity of Pro tea e\'. I\'y tll supraoptimum conccntrations nf :-;.-\A re~ulting in 
tissue die-ba,k from the basal cut su rfa,e \Va s used as an ind irect me/ hod of llbtaining 
info rm ation on auxin abso rpt illn. '..Iost auxin was absorbed within the tirs t second of 
!reatmen!. through the basal cut surface \\ hile lateral abso rbtion IVas approxi mately 2()­
times less effective. The absorptinn of auxin was also intluence d by th e ph\'sical and 
,hemical propert ies of the aux in carriers. Thc existence of an auxin gradient was demlln­
strated. with the highest concentration at the basal treatment area that decreased tl) iL)"'e r 
concentrations distal from the cut surfaee . Concentration. !reatment time anJ depth as 
well as aux in carrier affec ted rooling of Pro/ea stem cuttings. 

THE success of propagating pl ants vege t;ttively. 
by cuttings. depends on interna!. ~nalOmic~1 
and physiological faclOrs a, \\'ell as externa!. 
en\'ironmental facters (Chadwick. 1955) . 

To fac i1itate the economic 'egetati \'e propa­
ga tion of cu ttings. the m~ thods used for rooting 
should be simple . easy 10 conduct and 0 1' ,uch a 
nature that they can be commercialized. 

The potential of stem cuttings 10 form ad"en­
titious roots ca n be greatly enhanced by apply­
ing ~uxins. Hartman and Kester (1975 ) 
indicated that indole aceric acid (IAA) can be 
considered a general auxin tre~tménr 10 roOt 
cu ttings . using several application methods and 
carrie rs to apply the auxins to cunings. Ja,obs 
and Steenkemp (1975) sho\\ ed that ethanol and 
diethylether as solvents and carriers 01' auxins 
are much more effective than tale preparations 
in rooting protea cuttings. 

Pro /ea cuttings roOted bener following tre~t­
ment with indo le butyric acid (IBA) than IVith 
IAA (Rossouw. 1967: Jacobs and Steenkamp. 
1975). 

Rossouw ( 1967) and Jacobs and Steenkamp 
(1975) showed that a concentration of -1 g 1- ' 
IBA resul ted in high roo tin g percentages in 

·Present address: Development Bank or Southern 
Arrica. PO Box t234. Halrway House. 1685. Soulh ArricJ . 
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.\/imellls and Leucospamul1! . Ros;ouw (1967) 
also indicated that cumbinations of IBA and 
naphthalene acetic a,id (:--JAA) at a concentra­
tion of 2 g 1-' rcsulted in better rooting with 
.\/ime/lls hír/us and Pro/ea IOl/g íflo ra . 

The depth of cutting immcr"ion in the auxin 
solution and the time of treatment also intlu­
enee rooting. Howard and :-;ahlawi (1970) 
Shll\\ed that immersin~ the basal cut surface 
into the auxin preparation increased the root· 
ing of hardwood cuttings in w mparison with 
immersing the ",hole or most of the cutting inw 
the sol~t io n . Comp:Jrable results -IVere 
obtai ned bv Jacobs and Steenkamp (1 ':175) with 
P /ongí/lora. It was also shown by Howard 
(1985) th at IBA appl ied 10 the epidermis oi 
\!vrobalan B Plum cuttings was htr!!elv ind­
fe~tive. especially in the pr~sence of IBA at the 
cut su rface. This tinding was furt her .demon­
strated by Howa rd (1985) with powder (talc) 
app lications of IBA 10 the base of plum and 
~pple hardwood cuttings . Applic~tion of IBA 
10 the cut base of the stem was more effecti"e 
than te the proximal epide rmi s when the 
powder was preceded by an organic so lvent as 
with cuttings dipped directly imo the solvent. 

The objective of lh is study was 10 determine 
and evaluate different auxin carriers. time of 
treatment and depth of treatment into an auxin 



Rooring o[ prorea 

rooling SOIUlion for increasing lhe rooling 
pOlential of Prorea stem cuttings. 

~IATERIA LS ASO ~IETHOOS 
Stem cuttings we re selected from a maturc 

clonal commercial planting of Prorea ev. l\'\'. 
which is a selection fr9m either P longiftora or a 
hvbrid between P longiftora and P lacricolor. 

. Cutlings were takcn from terminal sections 
ofthe shoot during the summer and were c1assi­
ned as se mi-harJwood. 

After sa mpling lhe srem cuttings were cirher 
process.:d immcJiarely o r srored in pbsric bags 
ar +-{)°C for not longer rhan four davs. Cuttings 
were approximarcly 12 cm long from which the 
basal rwo rhin.ls were stripped 01' Icaves. A 
frcsh CUl \Vas made befo re auxin rrcalment. 
Except when srared _ the basal 10 mm was 
lrea led for 5 s with NAA. 

On co mpletion of rrearment. the ste m eur ­
tings were plaecd in a misr-bed Wilh a rooting 
medium consisring of 50/50 Irish pear and po ly­
sryrene . kepr ar 20::2°C wirh hearing cables. 
Inrermirrenr misring ro prevent dehyd rar ion 
was conrrolled by an .:Iectronic leaL The lenglh 
of dead rissue. as measured from rhe base of the 
cutting. and rooting percenr age. were deler­
mined eighl and ñO davs afrer lrearme nt. 
respectively. 

A randomized block design wilh six repl i­
cales 01' len cuttings pcr rreatmenl w.:re used in 
lhe experimenral layout. COIICCICd dara was 
sta tisr ica lly analysed by arc sin transform alion 
of roo ling perccnrage J ara and factOrial stalis­
lical analysis was used tO determine 
significance. 

Effecl o[ al/xiii cúncc!nirariufl lIflu' fu rrier 

Semi-hardwood srem cuttings were lrealed 
with 50% ethanol or 100% dielhylether alone 

\. or in combinarion Wilh NAA at concenr rarions 
~ of 5. 10. 15 or 20 g 1- 1 

~~ 
\ 'i.f[ecr o[ rrearmenr rime and carrier 

";tem currings were treared with 10 g 1- 1 NAA 
' % erhan"ÓI and 100% dierhylerher as re­
\\ carriers. The basal 10 mm of rhe CUl­

" ~ immersed in rhe rrearmenr solu ri on 
'.;" 30 s. 
\,\ , 

. ,'enr deprh and carrier 
\ ;'-; re rreared wirh 10 g 1- 1 NAA 

" 

',\ , 
\ . 

in 50% erhanol and 100% dierhylelher as carri­
ers. The basal I or 25 mm of lhe culting was im­
mersed in rrearmenr solurion for 5 s. 

RESULTS ASO OI SCUSSIOS 
The auxin carriers erhanol and dielhylether 

did nor resu lr in any dead tissue in srem cuttings 
of Prorea cv. I\'y (Table 1) as found with NAA . 
where lhe exrenr of dead ti ssue ",as inAu enc.:d 
by rhe rype of auxi n carrier. 

Ethanol as NAA carrier resulted in signifi ­
ca nrlv more dead rissue than ",hen using 
di':lhylether. A linear increase in dead ri ss ue 
resulred from an increase in N AA concentra­
rion (Table 1). A decrease in rooling percenrage 
was observed for bo th ethanol and dielhyl ­
elher, as carriers of NAA . wilh an increase in 
the concenrration of NAA (Table 1). NAA wirh 
dielhyle rher as car rier resulted in significanrlv 
belle r rooring compared tO erhan ol. 

Control cuttings rooted al lhe basal cur sur­
face. bur auxin rrealmenr produced roors nexr 
ro lhe dead ti ssue . 

An increase in trearmenr rime linea rl y 
increased rhe lengrh of dead tissue (Table 11) . 
Elhanol as N AA carrier significanrly increased 
lh.: length of dead rissue compared with 
dielhylerhcr. and d.:creased lhe percenlage 
rooring (Table 11) . There was a linear decrease 
in rooring percenrage wilh an increase in lrea l­
menr rime wirh erhanol bur nor wilh 
diethyler her. 

Borh erhanol and die lh ylet her. in co mbin­
alion with NAA. signincanrlv increased lhe 
lengrh of dead rissue when lrealm enr dCplh of 
25 mm is compared wirh I mm (Table Ill ). 

Significanrly lower rooting pe rcenrages oc­
c'urred wirn both carriers oí NAA if cUllings 
\Vere immersed up ro 25 mm in the rrearmenr 
so lution compared wirh 1 mm (Table IlI) . 

The concenrrated solu ri on irnmersion 
melhod is commonly used to rreat srem cutrings 
wirh auxi ns . According ro Hartman and Kesrer 
(1975). the merhod involves immersing. cUllings 
inro a 50% alcoholic solurion of auxin (0.5-10 g 
I-I )ro a deprh of 5 ro 10 mm for approximately 
5 s. 

If roOl formarion on srem cUllings depends 
on rhe amounr of a\lxin absorbed . rhen the con­
centration of rhe auxin solurion . the rrearmenr 
rime a'nd rrearmen! deprh wiIl be variables 
derermining ¡he amounr of auxin absorbed. 

e 
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T~BLE 1. 
rhe t'fJ~'C1 o[ diffl'Tt'nl auxin (arrias and concemraliofls oI N AA (g r ') X 10 ' on fisslU die back and roollflg pucenlagt!s o/ Pro le:¡ 

n ', I\'Y SIt'm cuuings 

~1e a n l~n!!lh of 
Jead tissuc (mm) (arri<:r () 

Ethan( l[ 1. 1 
Die t h~ kthl." r 1.1 

Pl." r(:;.'nla!!~ 

rlll\It: J (l;wn:!,· E¡h.mnl ..1- :-' .\ 

Dll.' t h~ ¡ t" th t"r 5: 15 

~ :~rc Sin tr:.mslllrm;I:1tm . 

Supraoplim um conccl1lralions o f '<AA kili the 
rissues at the base of lhe cutting . indicating an 
;Iuxin gradienr. \\ilh lhe high esr concenlralil)n 
all he base 01' the curt ing (Ta ble, I. II ano 111 ). 
Th is agrees wilh Sl[\ ch,m and Hartman ( 19ó() 
lhal indole acelic-acid "as dist ribuled rhrough­
ou r rhe curting wilhin ~ ~ h 01' tréatmenl wilh lhe 
highe sl conce ntration in lhe basa l rreared pnr­
lion. Ir is pos l ula l ~J lha l lhe auxin graJienl 
increases "ilh increase in auxin Cl1 nCentralion 
because an increa, e frnm 5 10 20 g 1- 1 "iA .-\. 
" ilh incremen ls O! ~ mg 1"'. dio not re su ll in a 
co rresponding increa, e in lhe lenglh n I' deaJ 
lissue at the hase ni lhe cun ing ¡Tabk 1). 

Ta bk 11 sho" s lhal mc'S I auxi n is absorbed 
wirhin rhe fir sr second nI' immersion in lO lhe 
auxi n solur inn. A ~()-:;O fold increase in rreat­
men! li me had no corresponding effccl on lhe 
lenglh of dead lissue Cllmpared ",ith I s. Th e 
rale ol auxin uplake decreases rapiol:, Wilh 
increases in lrealmenl lime. 

Rooling is also inAuenced bv lhe Sile 01' auxin 
applica lion. Hll\\ ard and :\ahlawi (1970) 

lO 15 ~O 

~ó . :-:(l h7 .I..!(\ i;.~O 9~ . :'5 

~2Ah .¡ :r .:'\3 5ó .Sil 50.:0 
LSD , ¡'<U.051 W,3:-i 

11'< 0 .011 l."'u,ó 

,;'IJ . 'Ir. ~5 A~ .::-. -- !6 ~3 
5.; .. ;5 -1 4 . tI.~ ~I T ':: _'-ll ll .. 1 

LSD ( {'<II ,t)Sl 5.\):< 
II'< U.11l 1 "', ; ¡.: 

sho\\cd lhal treali ng lhe basa l CU l surface of 
hardwood plum currings gave better rooting 
lhan did immersi ng euttin gs deeper into rrear­
menr So lul ions. Wirh an increase in lhe CO nta,-1 
area to auxin by immersing cutti ngs 10 a deplh 
of ~5 mm. no proponional increase in lengrh of 
dead ri ssu e eould he sho"n compared wirh rhe 
I mm deplh lrcatment (Table 11l) . Ir can. rhere­
fore. be ueduce u lhallhe basa l curring. surface 
ahsorhs more auxin lhan lhe sides on a un il 
area/rime hasis "irh rhe immersion treatmenl 
lcchnique. Thcse findings can funher be sub­
slanlia led hy lhe resullS of Howard (1985 ) wilh 
plum and applc cutrings rhat showed lhat 1 BA 
(lale preparali" n) applied 10 lhe cut base ofrhé 
stcm was mo re effeclive lhan ro lhe proximal 
epidermis when powder ""as preceded by an or­
ganic solve n!. as occurs "hen cunings aré 
dipped direCllv inlo IBA so lurion. 

Howa rd (1%5) furthe r indical eJ "ilh 
\1 vrobala n B plum cu ttings lhar IBA absorp­
lion rhrough lhe epiderm is was lar geh' inef­
fecli\"<!. especiall" in the presence n I' an 

T~tJLI:. 11. 
ril e' c'! {eCI ,, ( tr(' ,,/m e'nt 11111t'/ S 1111/{1 Ult WI carrl a s {Ir .\' -\ A 0 11 rlsS/lt' dit' hack amI r()flllIl~ p t'fct'nwg t' (Jf He'fn C/m1fl~j ol Prol~ ~. 

(T. hy 

~te~," kngt h o( dt'ad tiss uc: I mm I C:J.rrier 20 30 

E¡h~n()i 7;. 11 ~2 . 1O '/8 .58 
Di~[ hylclher .u- . .l1 hll .\lO 67 . .10 

LSD (P<ü. OSI - 7 .27 
IP< O.O I) -9.81 

Per:enl Jge roo l~d cUlling:, ' Elhan,,1 ~ 5 . 57 27.73 16 . ~R 

Dieth~ lether .10.00 33 .96 36 . 11 
LSD IP<O.OS) - 5.04 

¡P<O.OI) -6.78 

. Are sin lr<ln:,(ormation. 
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TASLE IJ 1. 
The fff~C( Of lTriJll1Iem deprh ti and 25 mml o"dullxin caro 
rias o[ NAA 0 11 ,;sstie di(' bock ami rnoting prrC('lIwgc' 01 

Pro tca n', /l'." slrm clIffings 

~fea n Icngth u r 
dead li ssue (mm) Carner I mm ~ ) mm 

Pc!rce nl ~It!~ 

flh'tcd c~tt ing~ ' 

El h;mol 5:-< . .11 
Dieth\"k ther JO.s.." 

. LSD 11'<0.115 1 
IP<l I.1I11 

Yn , ~5 

ó5 .YI 
-9.5! 

-l c.4.' 

Eth;¡n.,1 .• ..¡ . 4~ : .; . ~II 

Dlcth \ leth"" r J3 .1)(l ,:; I .'~ 
. LSD 1 P<I1.05 1 -'J.'" 

IP<II.III) - I >.>J 

. Ar( sin trans(lnOlatil'o. 

adequ31 e stimulus from IBA al the basal cut 
surface. 

The fact that the cuttings tend to form roots 
distal 10 toe dead tissue at the base o f the cut­
ting furthe r strengthens the theory th at un 
auxin gradient exis ts. This implies that there is 
a concentration of NAA. distal 10 the dead ti, ­
sue. that promotes roOl formation . 

The finding that the rooting percent age 
decreased with an increase in concentration of 
NAA (Table 1). time of treatment (Tahle 11) 
and treatment depth (Tabk III)cannot be :lttri­
butcLl solely 10 the supra-optimum concentra­
tions in treateLl cutti ngs. An increasc in any of 
the above faclO rs produced a linear increase in 
the length of dead tissue occurred. Th is 
resul ted in more dead cuttings and cuttings 
",here dead tissue extended abo'e the roo ting 

mediu m. thus decreasing the number of cut­
tings with pOlential 10 r~o!. This decrease in 
cu ttings with potential to roOl was also shown 
by Jacobs and Steenkamp (1975) . They indi­
cated a loss of 8.+% of cuttings of Protea cv. Ivv 
treated with 8 g 1- 1 NAA c;mpared wit h only 
15% loss with cuttings treated with I g 1- 1 

l\;AA. The percentage dead cuttings also 
increased with an increase in treatmen t time 
and depth . 

The auxin carrie rs diethylether and ethanol 
huLl no significant effect on rooting o r dieback 
of Protea cv. Ivy cunings. It can be concluded 
that neither carrier is phytolOxic to protea tis­
sue. The fact that ethanol resu lteLl in more dead 
ti ,sue on the cutting compared with dieth\'I­
ether for all treatments could be attributed tLl 

the ethanol being absorbed faster than diethv­
let he r by the cutting. The dieback from tre a't­
ments usi ng ethano l as carrier is possib ly a 
dircct concen tration effec!. If both carriers ar~ 
absorbed at the same rate . the less dieback 
result ing from diethylether can be att ributed 10 

the physical characteristics of the chemical. It 
is. therefure _ poss ible that the higher volatiJity 
and immi scibili ty of diethykther with wat~r 
that makes the :-.IAA more eoncentrated at the 
point of trcatment . resu lt ing in a sreeper auxin 
gradient with less tissue dieback (Tab les l. I1 
and !ll) . lt can be concluLled that the high\!r 
rooting percentage with diethv lether as auxin 
carrie r be attributed 10 proponionally mo re 
cuttings bei ng available 10 roo t because of less 
ti ssue and/or cu tting monalitv. 

REFERE~TE5 

CH.,owrcK . L. C. (1985). The choice 01' shoot: a co nsideration of the inftuence of source factors on 
regeneration . Repon o[ the Nth IllIemmional Honicullllral Congress. 215-22. 

\ HA RH1A:>:". H . T. and KESTER. D. E. (1 975). Plalll propagation. principies and practices. 3rd Edi-
\ ti on. Prentice-Hall. Enge lwood Cliffs. N. 1.. USA. 
~-\oWARO. B. H . (1985). Faetor~ affeeting the response of leatless winter euttings of apple and plum 

. to IBA applied in powder formulation. ¡oumal o[ Horticultural Sciellce. 60. 161-8. 
. RO. B. H. (1985) . The contribution 10 rooting in leatless winter plum cuttings of IBA applied 

\ ') the epidermis. ¡oumal o[ Honicullllral Sciellce, 60, ISJ-9 . 
B. H. and NAHLAwr. N. (1970). Dipping depth as a factor in the trea tment 01' hardwood 
, 'gs with indolybutyric acid. Allllual Repon o[ the Easr Mailing Research Stmion [or 

\l~~ENK."'~I P . J . C. (1975) . Studies on the rooting of Prote~ceae stem c~ttings . Allllual 
,\:e Departmem o[ Horticultural Sciellce, Uni"ersity o[ Siellenbosch , '+8--9. 

\ 

e 

} 

I 

I 

I 
I 
¡ 
I 

L Gouws , G . JACO es and D. K_ STRYOO~I 63 

NAHLAWI. N. (1970) . The effeet of dipping depth and duration of auxin treatment on the rooting of 
cuttings. Proceedings o[ the International Plant Propagating Society. 20,292-300. 

Rossouw. G . G . (1967). Propagation o[ Proteacea [rom clIItings. Technical Communication. 
Departm ent Agricultural Technieal Sen·ices. No.SO. Republie of South Africa . 

STRYDO~1. D. K. and HARD!A:>:>. H. T. (1 960). Absorption. distribution and destruction of IAA in 
plu m stem cuttings. Plalll Physio logy. 35.435-42 . 

(Arceprl!d 20 OClOber /989) 

e 



312 1. B. Tomkins el al. 

aration of the figures, J. D. Morris for constructive criticism of the draft, and 
J. Gibbons for typing of the manuscript. 

References 

Bachelard, E. F., and Sands, R. (1968) . Effect of weedieides on starch content and coppicing of cut 
stumps of manna gum. Auslralian Foreslry 32, 49-54. 

Brimblecombe, A. R. (1945). Investigations on starch in living trees of Queensland limber species in 
relation to control of the powder post beetle. Auslralian Timbtr Journal 2, 365-88. 

Oubois, M., Gilties, K. A., Hamilton, J. K., Rebers, P . A., and Smith, F. (1956). Colorimetric method 
for determination of sugars and related substances. AnalYlical Chemislry 28, 350-6. 

Edgar, J. G., Kile, G. A., and Almond, C. A. (1976). Tree decline and martality in seleclively lagged 
euealypt foresls in central Victoria. Auslralian For,slry 39, 288- 303. 

Humphreys, F. R., and Kelly, J . (1961). A methad far the determination of stareh in waad. Analylica 
Chimica ACla 24, 66-70. 

Kile, G. A. (l98Ia). Annual variarians in soluble sugars, stareh and lotal faad resaurees in Eucalyplus 
obliqua roots. Foresl Science 27, 449- 54 . 

Kile, G. A. (l98Ib). Armillaria IUltobubalina: a primary cause of decline and uealh of trees in mixed 
species euealypt farests in central Victoria. A uSlralian Foresl Research 1\. 63-77 . 

Kile, G. A. (1983). Identineatian of genotypes and the donal uevelopment of Armillaria IUleobuhalina 
Watling and Kile in eueatypt forem. Auslralian Journal oJ BOlany 31,657-71. 

Kile, G. A .. and Wade, G. C. (1975). Trameles versicolor on apple . tI. Hast reactian ta waunding and 
fungal infectian and its infiuence an suseeptibililY 10 T. versicolor. Ph)'lopalhologische Ze/lSChnJI 
82, 1-24. 

Kile, G. A., Kellas, J. O .. and Jarren, R. G. (1982) . Factars inlluencing elcetrical resistance in stems 
of Eucalyptus obliqua. E. globulus subsp. bicos(ata and E. w"minulis. AUSfrulian Forrsl R('srarch 12. 
t39-~9. 

Leaeh, R. (1937) . Observations on Ihe parasili,m and control of ilrmillaria mellea. Proc"dinRs oJ Ihe 
Royal SocielY, Series B No. 825 121, 56t-73 . 

Leaeh, R. (1939) . Biologieal control and ecology of Armillaria mellea in Srilain: biolagi<al control. 
Transactions ollhe Brilish Mycological Sociely 23, 320-9. 

Priestley, C. A. (1965). A new method for the estimation of Ihe resources of apple tr""s . JaurnaloJ 
Ihe Scienct 01 Food and Agricullure 16, 717-21. 

Redfern, O. B. (1968). The ecology of Armillaria mellea in Brilain: biological control. Annals 01 BOlan)' 
32, 293-300. 

Rook , O. A., Swanson , R. H .. and Cranswick, A. M. (1977). Reaction of radiata pine 10 droughl. 
Proceedings of the symposium on Plant and Soil Water Relations, New Zealand Oepartment of 
Seienee and Industrial Researeh Information Series, No. 126, 55-68. 

SaJisbuey, F. B., and Ross, C. W. (1978). ' Plant Physiology' . 2nd edn . (Wadsworth Publishing: 
Belmont, California.) 

Sinclair, R. (1980). Water pOlenrial and stomatal conduetance of three Eucalyplus species in Ihe Mount 
Lofty Ranges, South Australia: responses to summer droughl. Auslralian Journal 01 Balan)' 28, 
499-510. 

Squire, R. O. (1983). Effecu of water and nitrogen on transpiration and growth of Pinus radiala O. 
Oon. Ph.O. Thesis, University of Melbaurne, Melbourne. 

Swift, M. J . (1970) . Armillaria mellea (Vahl ex Fries) Kummer in central Africa: studies on subSlrate 
calanization relaring to the mechanism of biological control by ring-barking. In 'Rool Discases and 
Soil-barne Pathogens'. (Eds T . A. Tausson , R. V. Bega and P. V. Nelson.) pp. 150-2. (UniversilY 
af California Press: Berkeley .) 

Warga, P. M. (1983). How stress predisposes trees 10 anack by Armillaria mellea - a hypothesis . In 
'Proceedings af Ihe Sixth Inlemational Conferenee an Raat and Butt Rots of Farest Trees, August 
25-31, 1983' . (Ed . G. A. Kile.) IUFRO Warking Party S2 .06.01, pp. 115-9. (CSIRO: Melbaurne.) 

Manuseript received 13 September 1988, revised 28 June 1989, aeeepted 27 July 1989 

--;,-----

Ausl. J. BOl .. 1989. 37, 313-20 

Phosphorus Nutrition of Seedlings of the Waratah, 
Te/opea speciosissima (Sm.) R.Br. (Proteaccae) 

M. J. Grose 

Soil Seience and Plant Nutrition, School of Agriculture, 
The Uni"ersil )' af Western Australia , Nedl.nds, WA 6009 . 

Abslracl 

Sccdl ing warJtahs. Tl!!opea speciosissima (Sm .) R.Or .• were grown in acid- ..... '3Shcd. phosphatc-dcfidcnt 
sand in a glasshause for I~ wceks under len phasphale regimes from O lO 31 mg P kgsail. 

Roal lenglh increosed al Ihe lower levds af applicd phosphale. bUI Ihe dr)' weighlS 01' root s did nOI. 
indiealing thinner raalS al la w phosphate level>. Adding phosphale abave a level of 0· 6 m~ P kg sail 
¡"crcascd dry maller in 'ihoOls and ¡eaf area. Phosphalc concenlrations in the youngcst fully cxpandcd 
leaf (YFEL) ranged fram 0 ,06 " , at delicient levd, af applieu pho, phate ta O · ~% al Ihe oplimal grawlh 
levcl 01' 3· I mg P kg <oil. Taxieil)' .,ymptoms were present at pha,phate coneentrations in ,hoalS af 
-l . 7°'0. 

C luster roolS werc found wilh ¡evels of phosphatc addit ion (ro m 0-7 ' 8 mg r kg o;oil. Jnd Ihcir 

numben ¡"crcascd as rho~phalc was ¡"creascd (rom dcficicnc tu low IcvcJs , am.! dccrcascd whcrc applicd 
phosphalc \Vas adcqu31c for plant growth. 

Inlroduclion 

Australian soils are panicularly low in available phosphorus (Rossiter 1951; Grundon 
1972; Donald and Prescotl 1975), and Ihe requircmcnt for soil phosphate of many 
Auslralian species is considered very low (Specht and Groves 1966; Grundon 1972; 
Mullelte el al. 1974). The Proteaceae are perennial, evergreen, slow-growing, usually 
sclerophyllous plams and are found naturally on nutriem-poor, often highly-Ieached 
sands both in Australia and South Africa (Vogls 1958), where Ihey are highly efficiem 
at extracting soil phosphorus and using it for growth. Grundon (1972) found no 
deficiency symptoms in Banksia aemula or B. oblongifolia at low levels of applied phos­
phate, and grealer dry matler production for phosphale applied Ihan for white clover 
or lomato. Al high levels of phosphate, banksias developed toxicity symptoms and 
were considered unable to avoid excessive 'Iuxury consumplion' of phosphorus 
(Grundon 1972). 

Phosphate at the levels of agricultural application have long been regarded as toxic 
to Proteaceae, and phosphate fenilisers have been used with such caution (Grundon 
1972; Thomas 1974; Groves and Keraitis 1976) that it is more commonly believed that 
Proteaceae dislike applied phosphate. However, this is not always so: for example, 
Grundon (1972) obtained responses to mixed levels of nitrogen and phosphorus in the 
four Proteaceae Banksia robur, B. aeumu/a, B. oblongifolia and Hakea gibbosa; 
Te/opea speciosissima grew belter in a high phosphate mix than a 10w one 
(Goodwin 1983); and phosphate application increased flower production in Prolea 
repens (Lamb and Klaussner 1988). In view of this, I sought to obtain a response curve 

0067-1924 / 89 / 040313$03.00 
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to phosphate for Proteaeae, and chose the waratah, Te/opea speciosissima. No growth 
response to phosphate has been established fo r this species, despite its increasing import­
ance as a commercial ftower (Salinger 1985). 

Malerials and Methods 

In Ihis experimenl waralah (Te/apea speciasissima) were grown in a glasshouse in a eomplelely 
randomised design wilh 10 replieales of 10 levels of applied phosphale. 

Waralah seeds were germinaled in Ihe folJowing manner. Seeds were soaked for 10 min in 12 07, 

sodium hypoehlorile. rinsed Iwiee in sl.rile dislilJed waler, plaeed on slerile lissues in a plaslie bedding 
lTay. and watertd wilh sterile distilled water. Beds werc changed and c1eaned rcgularly in a slcrile 
laminar How. Germinalion oceurred afler 10 days. 

Afler Ihree weeks planls had IWO or more lrue leaves and were Iransplantcd inlo 6 kg free·draining 
pOIS whieh eonlained a non-slerile, while silieeous aeid-washed sand mined al Canning Vale, W.A. This 
sand overlies Bassendean sand. The sand had been air dried and passed Ihrough a 2 mm sieve. II 
eonlained <0·001 mg P kg soil. POIS were mainlained al field eapaeilY wilh dislilJed waler. 

'~-..J !""O,""O_' 

(e) 

~ 
! 

" ~"""'tInQP"'O-) 

! 
"1 

(b) 

~"'.~t""'OI·"o_1 

.-IR. 1. Elrecl of phosphorus supply la) 
heighl of 10PS as a percenlagc changc 
from Ihe dale Ihe P Ircalmenl was applied 
10 harvesl, (b) Icaf area in cm' per planl 
al harvesl, and (e) roollength per planl, 
for waralah seedlings. Bars show 
standard deviations. 

After four weeks wilhoul added nUlrients in pots and 7-8 weeks sinee germination, the waratah 
seedlings had ehlorotie eotyledons, indieating depletion of their internal nutrient reserves (Stock and 
Lewis 1984). They were fertilised aecording to thei r treatments. Basal nutrients were similar to those 
of van Staden (1967) and were applied in solution at the following rates (mg , kg air-dried soil): 
Ca(NO,h.4H,O, 118; KNO" 51; MgSO •. 7H,O, 49; Fe-EDTA (0-507.), 17; H,BO" 0 ' 57; 
MnCh.4H,O, 0'36; and (as I'g / kg air-dried soil): ZnSO •. 7H,O, 22; CuCh.2H,O, 11; 
Na,MoO •. 2H,O , 4. The treatments were 10 ra tes of phosphate (O, 0 , 031, 0'062, 0 '1 55, 0'310, 0,620, 
l ' 55, 3 '1, 7· 75, 31 mg P .' kg air-dry soil, designated hereafter as Po, Po.OJ , po ... , po. lO, po . JI, po . ." 
PI.6, Pl.I, P7.I, PJI) applied as KH,PO •. Pots were completely refertilised a further three times until 
their harvest at 14 weeks (2 1-22 weeks after germination) . 

Al harvesl, leaf areas were measured (Li-Cor Ine., U .S.A.) and Ihe final stem heighl (10 Ihe apical 
bud) oblained . Tops were separaled inlo (i) Ihe youngest fully expanded leaf (YFEL), (ii) all olher lea ves 
with their potioles, and (¡ji) stems. Samples were oven-dried at 70· for 2 days and dry weights taken. 
Sub-samples of the YFEL were digested in nitric-perchloric aeid and phosphorus was determined by 
colorimetric spectrophotometry. 
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Rools were washed thoroughly in distilJed water and stored in acetie alcohol (1 :3), after which roOl 
lengths (c1usters and rest) were measured on a Comair ROOl Length Scanner (Cornmonwealth Aircrart 
Corporalion) and Ihe numbers and morphology of cluster rools recorded . Rools were dried at 70·C for 
2 days prior 10 measurement of dry weight. 

Analysis of variante was performed on the main data usi ng Genst3t V; sorne data were lransformed 
10garilhmaJly 10 slabilise the varianee of Ihis wild population before an analysis of variance was made. 
Matrices were used lO obtain orthogonal conlrasts lO compare sorne select lrealments (e.g. Po v. (he rest)o 

Results 

Symploms 

Plants of phosphate levels Po to Po . 16 were stunted, with thick lea ves and purpling 
of leaf tips. Plants grown in PI.6 and P3.\ appeared most healthy, but those grown in 
P7. 8 showed sorne necrosis. The PJt treatment showed severe necrosis of leaf tips and 
pale, thinner leaves, death of plants occurring by week 5. Due to severe leaf drop the 
P J1 level is subsequenlly absent from much of the da ta. 

Tablr l. t:fTrcls ur phosphlle Ippllcalion on dry malltr productlon in top."i and rools or 
waralah 5Hdlin)t5 Krown ror 14 wrrks in phusphalt'-ddicirnl sand 

Values are mcans of 10-2.0 plan ls pcr pho~ph"lc Ireatment 

P applicd Dry wcight (g) 

(rng kg soii) YFEI. Tolal Icavt's Slcm Wholc roo! 

O 0·076 0 · 424 O' IOM 0 · 213 
0·03 0·056 0 ' 4M5 0·119 0·261 
0 ·06 O'06H ü '3n o· JOS O, IHO 

0·16 0·070 0·454 0 · 110 0 ' 207 
o· 31 0'059 O· 510 0'128 0·248 
0 ·62 0'077 O· 587 o· 153 0·304 

1'6 0·083 0·727 0 · 221 0·397 

3 · 1 0'109 0 ·9 15 O· 35ft 0 · 430 
7 ·8 0·074 O· 546 0·192 0 · 184 

I.s.d. (P = 0'05) 0·022 0·128 0 ·052 0·074 

Growlh and Dry Maller 

Phosphale application 10 waralahs increased lhe heighl of tops (Fig. la) excepl al Ihe 
highest level (PJt) which proved very toxico The greatesl increase was al P3.\. 

Leaf area also increased with phosphale applied from Ihe PO.62 10 PJ . I levels_ Al PJ.I 
lhe leaf area was almost triple lhat of lhe control. Increasing phosphate beyond PJ.I 
10 P7.8 halved leaf are a (P < 0'(01) (Fig. lb) . 

The amount of phosphate received by the seedlings had no effect on the partitioning 
of dry weighl between shoot and roo!. The dry weighls of the whole 10PS, lotal lea ves 
and stem showed no real increase until the P O•JI or P O.62 level (Table 1) . AII top dry 
weights were greatest al PJ. I and fell on further addition of phosphale_ The total dry 
weight of roots followed the same patlern (Table 1), as did 10lal rOOI length (Fig. l e) . 
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Cluster root s (Table 2) were well dispersed through the root system. Cluster roOl 
numbers were greatest at moderate phosphate applications , severely reduced at P

J
., 

(P < 0·001), and totally absent at P J ,. Cluster root numbers were not related 10 root 
length, root dry weight, or shoot dry weight (Table 3) except at low levels of applied 
phosphate. The average length and diameter of individual c1usters did not alter with 
phosphate level (Table 2), nor did the percentage of the total root length of the whole 
plant that was c1ustered. High rates of applied phosphate were detrimental bOlh to the 
totallength of rootlets making up the cluster body and to the dry weight of cluster roOlS . 
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.' 
i 
¡; 
~ 
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1 
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Table J. Correl.tion c~ffidenlS 01 relalionship belwetn dUSI .. rool 
numb .. and (a) 10lal rool lenglh ; (b) 10lal rool dry weiRhl and (e) , hool 

dry weighl. al harvesl lor SHdling wanUah • 

• Sign ifican! al SOJo leve!. •• Significanr al l% leve!. Degrees of 
frecdom (n - 2) were variable. 

P applied (a) 

(mg P kg soil) Rool lenglh 

o 0·69" 
0 ·03 o· 56 
0 ·06 0 ·89"" 
0·16 0 ·66" 
O·JI o· 53" 
0 ·62 o· 55" 
1·6 o· 35 
3·1 0 · 11 
7· 8 O· 45 

20 JO '0 50 

Pt\ospflal e applled (rng PIkg 5011) 

6 0 

(b) (e) 

Rool dry weigh' 5hool dry weighl 

0 · 63" 
0 ·75 " 
0 ·87"" 
0 ·60" 
0·43 
0 · 23 

- 0·03 
0 · 42 
0·07 

10 8 O 

0·67" 
0 ·4 1 
0 -84" 
0 · 37 
0·65"" 
0 · 24 
0 · 11 
0 ·43 

-0·11 

"iR. 2. Effccl of phosphorus 
supply on phosphorus 
conccntralion (as % dry maller) in 
Ihe youngesl fully expanded leaf 
(YFEL) of waralah seedlings 
grown for 14 weeks in 
phosphorus-deficienl sand. 
Slandard devialions smaller Ihan 
dala points. 

Phosphate Concentrations 

The phosphate concentration in the YFEL did not respond to increasing levels of 
applied phosphate until PI.6 (Fig.2). At PJ.l, which gave the greatest growth, the 
phosphate concentration was five times the level of Po. The concentration of phosphate 
at p' .a - almost SOJo - was detrimental to the growth of waratah seedlings. 
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Discussl,,,, 

Seedlill g waralah~ showed a growth response to applied phosphate but only aftcr the 
rate of phosphale exceeded O' 62 mg P I kg soil. Barrow (1977) failed to obtain a 
response lO pho~phate in Banksia grandis Willd ., and he attributed this 10 its large seed 
reserve of phosphorus, a low relative growth rate and a very low concentration of 
phosphorus in the leaves for maximum photosynthesis. In Barrow's experiment, 
B. grandis grew for 22 weeks and showed a 30-fold in crease in dry weight but with no 
variation between phosphorus treatments. In a preliminary experiment (unpublished) I 
also found no growth respons~ over 22 weeks of treatment to phosphate levels ranging 
from O to O· 55 mg p ! kg soil wit h the West Australian sandplain species Banksia 
lemanniana Meisn. and B. prionoles Lindl., even after early death of cotyledons would 
suggest depletion of nutrient reserves (Stock and Lewis 1984) . It was considered lhal 
the levels of applied phosphate had been 100 low for a response in B. lemanniana and 
B. prionoles. Indeed, these levels were below Ihe levels where growth responses 
occurred with waratah. 

Others have also found growth responses by waratahs 10 increased fertility . Parry 
(1959) reported a good response 10 occasional dressings of 'blood and bonc' . Goodwin 
(1983) and Nichols and Beardsell (1981) described strong growth responses to increased 
nutrient supply. Burnett and Mullins (1987) refer 10 waralahs as ' gross feeders'. 

Large variations would be expected in both nutrient requirement and nUlricnt 
response within the Proteaceae family . While Australian soils as a wholc are 
nutritionally poor, the deep sands of the Westcrn Australian banksia woodlands are 
especially low in available phosphorus, and wild populations lhcre would be adaptcd 10 

much lower and different nutrient levels than planls such as the waratah, which OCCllrs 

in the Sydney geological basin on clayey sands underlain by sandstonc (Crisp and 
Weston 1987) . The basal nUlrients of lhis expcrimcnl werc similar 10 ¡!tose of van 
Staden (1967) for Prolea magnifica Link, which is also found on sandslonc-dcrivcd soils 
(Rourke 1982) . 

Biddiscombe el al. (1969), working with paslure spccics, and Brcwstcr el l/l. (1975), 
working with onions, suggested that sorne plants can adapt to low phosphate supply by 
devoting an incrcased proportion of thcir total biomass 10 rools. However my resull s 
with wild populations agreed with those of Barrow (1977), who found no change in lhe 
root : shoot ratio with phosphorus supply . 

The phosphorus concentrations found herc in waratah lissue closely agree with those 
of Grundon (1972), where the chlorosis of toxicity began to be expressed bcyond phos­
phate concentrations of O' 18070 (Banksia robur), O' 58070 (B . aemula), O' 24070 
(B. oblongifolia) and 0·94070 (Hakea gibbosa). Seedling waratahs could IOlerate a con­
centration of 0'4070, as measured in the YFEL. These results for phosphorus concen­
trations are much higher than those given by Parvin el al. (1973) who describe plants 
with P toxicity symptoms of necrotic red lea ves of Prolea neriifolia R.Br. as having P 
concentrations as low as 0 ,05-0,10070 in 'new growth' (but possibly not the YFEL) on 
three Hawaiian soils. Wallace el al. (1986) point out that comparing leaf nutrient status 
between plants on a dry-weight basis might be complicated by the high level of cutin­
isation, sclerification and silicification in sclerophyllous lea ves (Small 1973) which are 
typical of Proteaceae. 

The findings for cluster roots differed from other workers, who have found cluster 
roots present only at low levels of phosphate (Jeffrey 1967; Grundon 1972; Lamont 
1972; Barrow 1977). Barrow (1977) attributed the failure of his banksias 10 respond 10 

phosphorus to a lack of cluster roots in his experiment. However, in my results con­
siderable numbers of cluster roots were present from O to O' 62 mg P I kg des pite no 
growth response at these levels. Again, in a preliminary experiment, Banksia spp. pro­
duced cluster roots prolifically, with no growth response to applied phosphate. Waratah 
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seedlings produced cluster roots at phosphate concentralÍons as high as 7 · 8 mg P I kg. 
The number of cluster roots actually increased as phosphate application increased from 
the deficient (Po) range 10 the low (Po .• ) range, and decreased where phosphate became 
adequate for plant growth. Lamont (1972) showed that a phase can exist in which an 
increase in the nutrient status of the plant is accompanied by an increase in cluster root 
production. That cluster roots were present where P IOxicity symptoms began 10 

develop and where plant growth was significantly reduced, and that cluster length and 
diameter did not vary with increasing phosphate applied, needs further investigation. 
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Species Richness of Overstorey Strata 
in Australian Plant Communities -
the Inftuence of Overstorey Growth Rates 

R. L. SpechtÁandA. Spechl ÁB 

Ausr. J. BOl. , 1989, 37, 321-36 

A BOlany Departmenl , The UniversilY of Queensla nd , SI Lucia, Qld -1067 . 
B Prestnt address: Centre for Coastal Managemcnt, Univcrsity of New England. Northern Rivcrs , 
P .O. Box 157, Lismore, N .S.W. 2480. 

Abstraer 

The species richness (number of [ree and tal! shrub species per hectare) of overstorey strala is examined 
in tropical. sublropica l and temperate c1imax p lan t communities of Auslralia . Species richness (N) is 
show n 10 ¡ncrease as lhe evapo ral ive coelfic:ienl (k) o f Ihe sampling :"ile ¡ncreases from scmiarid c1 imales 
(k = 0 ' 035-0·045) la perhumid climalCs (k = 0 ' 075-0'1(0) : 

Tropical: 
Sublropical: 
Tcmperalc : 

lag N = 17·38k + 0·40. 
lag N = 25 '40k - 0 ·60. 
lag N = 8 ·90k. 0 ·09 . 

Specics ri chnc:"s of ovcr:" lorcy slrala is highesl in (he lropies (N::: 138 when k ::: O' 100), fo Kowed by 
lhe sublropks (N = 73 when k ::: O' 100). wi lh on ly a sma ll number o f overstorey specics bcing a5soci· 
31Cd wi lh Iemperatc cornmunitic!i (N ::: N-lO whcn k ::: Q . lOO) . 

Spccics richncss o f Ihe overstorey is posi livci y rela led lo Ihe ann ual shoot growlh (vCrlical I.:om· 
pOllcnl) of Ihe roliage ea nopy as il regenera les aflcr dislurbance. Thc lendency 10 dom inance of onl y 
a fcw overslOrey spedcs in (emperale eommunilics may be cnhallccd by rapid slcrn growth (current 
annual growth illcrcmenl) of the plant communit y due 10 lower cclluJar metabolism and rcspiralion in 
stcms and rools in cooler climales compared wilh lhose in Ihe Iroph.:s . 

Trces and ta l! shrubs appc:u to be cxcludcd as overstorcy componcnls when Ihe resp ir:u ory codJicicn l 
(e) approachcs 0 '030 and the mean annua l lcmpcratures (or snow·rree localilit:s) are less Ihan 13"C. 

Introd u c tio n 

In a review of the literatu re on species diversity in plan¡ communilies, Huston (1979) 
was puzzled by the apparently opposing views concerning Ihe inlluence of productivity 
on species richness . A number of ecologists (Connell and Orias 1964; Pian ka 1966; 
MacArthur 1969) had produced evidence that species diversity was posilively correlated 
with productivity. In contrast, other authors (Yount 1956; Margalef 1969) had shown 
that species diversily decrcased as productivity increased. 

It is this paradox of opposing view.s on the inlluence of productivity on species 
richness that Ihis and Ihe fOllowing paper (Specht and Specht 1989b) attempt 10 address. 
In Ihe first paper , Ihe paradox is exp lored by an analysis of Ihe rate of development of 
the overstorey canopy o f forest communities and its inlluence on the species richness 
of the overstorey. In the second paper, the effect of shading from the developing 
overstorey cover in sclerophyll plant communities (heathlands, heathy shrublands I 
woodlands / open forests) on the species richness of the understorey is examined . 

0067-1924 / 89 / Q4{)32 1 S03.00 



e e 
Scielltia lIorticllltllrae. 29 (1986) 163- 171 
Elsevier Science Publishers B. V., Amslerdam - Printed in The Netherlands 

EFFECTS OF COLO STORAGE METHOOS ON V ASE LIFE ANO 
PHYSIOLOGY OF CUT WARATAH INFLORESCENCES (TELOPEA 
SPECIOSISSIMA. PROTEACEAE) 

JOHN D. FARAGHER 

163 

Horticlllturo/ Rescarc/¡ [lIstitute, Knox(ie/d, Department of Agriculture and Ruro/ Affairs, 
P.O. Box 174, Fernlree Gul/y 3156, Vico (Australia) 

(Accepted for publication 20 December 1985) 

ABSTRACT 

Fa.ra~h~r, J .D., 198 6. Eff~ct.s oC eold .lorag~ m~thod. on vas~ JiC~ and physiology oC 
cut waratah inflorescenees (Te/apea speciosissima, Proteaceae). Scientia Hortic. , 
29: 163-171. 

The efreets of long·term, dry cold slorage on lhe vase JiCe and physiology of waratah 
innorescences (Te/apea speciosissilllo R .Br.) was investigaled . Storage at O or 2' C and 
100% RH for 2 weeks did not reduce the subsequent vase life at 20' C, but slorage at 
O'C for 4 weeks reduced it from 8 days in fresh inflorescences to less than 6 days. Storage 
al 4' C for 4 weeks furlher shortened vase Jife to 3 days, and storage at 80% RH reduced 
"ase Jire compared wilh slorage at 100% RH. Harvest maturity had no significant efrect 
on post-slorage vase Jife . Slorage also reduced subsequent f10wer opening on the in· 
florescence. The shorter vase life oC cold·stored waratahs was associated wilh earJier 
changes in properlies of lhe innoreseence which normally accompanied senescence oC 
fresh waralahs; de creases in water uptake and f10wer and bracl fresh weights, and in· 
creases in nel! water loss, perianlh abscission and ethylene production by f1owers . That 
il, cold storag~ advanc~d subs@qu@nt s@n@lc@nc@ of th .. innor@sc@nc@ at 20' C, appar@ntIy 
because ageing had occurred during cold storage. 

Keywords: flower senescence; flower storage; protea. 

INTRODUCTION 

Waratah (Telopea SpeciOSISSlma R,Br., Proteaceae) is a promlsmg new 
cut-flower crop. particularly in Australia where it is indigenous. Future 
marketing oC waratahs may require several weeks cold storage to lengthen 
the period oC supply and to allow economical sea shipment to export mar­
kets. The response oC waratahs, and other Proteaceae flowers, to long­
term cold storage has not been thoroughly investigated. Waratahs were 
stored at 0.5°C Cor 9-10 days and the subsequent vase JiCe was shortened 
by 30% (Worrall, 1983). Results of experiments with Protea sp. are variable 
and inconsistent. Meynhardt (1976) reported that several species could 

0304·4238/86/$03.50 © 1986 Elsevier Science Publishers B.V. 
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be successfully stored at 2°C for 6 weeks, but Jacobs (1981) reported 
that sorne of those \isted by Meynhardt (1976) and other species had an 
unsatisfactory vase \ife after 3 weeks at 2°C. It has also been suggested 
that higher storage temperatures, of 2-8°C, may be more appropriate 

for Pro tea (Halevy and Mayak. 1981). 
The aims of the present study were: (1) lo investigate the effects of 

cold storage , and the components of the storage technique (temperature, 
humidity and duration), on the vase Jife and qua\ity of the inflorescence; 
(2) to investigate the possible physiological mechanisms affecting vase 

life and flower quality after cold storage. 

MATERIALS ANO METHODS 

Inflorescences. - The waratah inflorescence is a terminal raceme of 150-
200 red flowers surrounded by red bracts, and is illustrated by Faragher 
(1986). In this work, the term inflorescence ineludes flowers, bracts, stems 
and leaves, and the term flower refers to the individual flowers of the 
raceme. Inflorescences were cut from up to 40 seed·grown plants and trans­
ported to the laboratory, with stems in water, within 1 h . Inflorescences 
were cut when between 25 and 33% of the flowers were open, as this was 
the normal stage of development at commercial harvest. In an experiment 
to test the effect of maturity on response to cold storage, inflorescences 
were cut when 6, 27 or 48% of flowers had opened. Stems were cut to 
30 cm in length, one-third of the leaves were removed and the inflores­
cences were dipped in Rovral fungicide (iprodione, May and Baker, Aus-

tralia, 1 g 1-1). 

Experimental treatments. - Several independent experiments were carried 
out to investigate the effects of cold storage duration, humidity and tem­
perature and the effect of flower maturity. In each experiment, fresh, 
unstored f10wers were the controls and 6- 8 repJicate inf10rescences were 
used. The storage conditions for each experiment are shown in the tables. 
Cold storage was without water. The temperatures used were 0.0 ± 0.5, 
2 ± 1 or 4 ± 1°C. Humidities were 85 ± 5% inside a íibreboard carton, 
or close to 100% with free water present in a loosely closed polyethylene 
bag (Iow-density polyethylene ca. 38 fJm thick). Storage durations were 
O (fresh), 2 or 4 weeks. After cold storage, stems were re-cut to 3 cm and 
placed in deionised water. For observation of vase \ife, f1ower . opening 
and changes in physiological properties, inflorescences were held in water 
at 20 ± 1°C and 60% RH, with continuous white fluorescent light of 5 
W m -1 irradiance. In one experiment the effect of chlorine bactericide 
on vase Jife after cold storage was investigated, and sodium di chloroisocyanu-
rate was added to the vase water at 25 mg 1- 1 availahle chlorine. The vase 
water, or chlorine solution, was changed every second day. 
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Measurements. - The end of vase life was defined as when there was readily 
discernible wilting and color change from bright-red to blue-red in at least 
one-third of the f10wers and all of the bracts_ Generally, wilting and blueing 
occurred' at the same time, and these changes occurred in the bracts when 
they were also visible in one-third of the flowers. Flower opening was 
expressed as the percentage of flowers on the inflorescence which had opened. 
Fresh weight and ethylene production were measured on representative 
bracts and the outermost (oldest) flowers, which were sampled from the 
inflorescence at intervals during vase Iife. Water uptake, transpiration and 
nett water loss (transpiration minus uptake) by the inflorescence were 
measured. Measurements were made as described previously (Faragher, 
1986) . Perianth abscission was evaluated in two ways, firstly by noting 
the time when it was first visible in the oldest flowers, and secondly by 
calculating an abscission rating, Le_ the percentage of f10wers in which 
abscission had occurred in a sample of two' flowers from each of eight 
inflorescences 

RESULTS 

Effecls of co ld slorage on uase life, flower opening and qualily . - Vase 
\ife was not shortened by 2 weeks storage, but was shortened when storage 
duration was increased to 4 weeks (Table 1). Vase Jife was shortened when 

Ti\BLEI 

Effect oC cold storage duration on vase ¡¡re of waratahs. Storage was at 2°C and 100% 
RH . Means Collowed by a different letter differ signifieantly (P.;; 0.05, Dunean 's multiple 
range test) 

Stora~- ~ ... co. ---ge UUlitLlUII 

(weeks) 

o 
2 
4 

TABLE [[ 

Stora¡¡e t 

No storage 
100% RI! 
80% RI! 

Vase Jife 
(days) 

8.3 a 
8 .2 a 
4.3 b 

Vase lile 

(days) 

8.3 a 
8.2 a 
6.5 b 
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storage humidity was reduced from 100 to 80% RH (TalJle 11) and when 
storage temperature was increased from O to 4°C (Table 111) . InflorescE'nce 
maturity (6, 27 or 48% fIow ers open when cut) had no sign ificant efrect 
on vase Jife after cold storage for 4 weeks at ZOC and 100% RH (P .;; 0.05, 
Duncan 's multiple range test, data not shown) . Cold storage reduced sub­
sequent fIower opening, compared with unstored inflorescences, in waratahs 
cut at three maturities (Table IV). Other minor effects of co ld storage 
on quality were the occasional fungal infection despite fungicid e treatment, 
and wilting of the infIorescence during storage at 80% RH, although the 
inflorescences regained turgor after transfer to water. 

TABLE 111 

Effect of cold-storage temperature on vase life of wara tahs . Slornge was for 4 week s 
at 100% RH. Means followed by a different leller differ significantly (1' <; 0.05. Duncan 's 
multiple range test) 

Storage treatment 

No atorage 
O"C 
4·C 

TABLEIV 

Vase life 
(days) 

7 .9 a 
5.8 b 
3.1 c 

Effect of cold storage on Oower opening during vase life of waralahs. Innorescences 
were cut at three stages of maturity, with 6, 27 or 48% of Clowers ope n . Slorage "'as 
for 4 week. at 2°C and 100% RH . F or each maturity , mpan values fo llowed by a dif· 
ferent letler differ .ignificantly (P c:; 0.05, Duncan 's mulliple range tesl) 

InOorescence maturity Storage treatment Flower opening 
(% Oowers open) (%) 

6 No storage 45 a 
Storage 16 h 

27 No storage 60 a 
Storage 40 h 

48 No storage 72a 
Storage 53 b 

Ef fects of cold storage on physiology of the inflorescence. - The effects 
of storage duration on the subsequent physiology of the inflorescence 
during vase Jife at 20°C are shown in Fig . 1. After Z weeks storage, the 
fresh weights oí fIowers and bracts during vase life were not significantly 
less than those oí fresh, unstored waratahs (comparison of means by t-test, 
at P .;; 0.05, at the same sampling times) (Fig. lA ,S) . HowevE'r, after 4 
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Fig . 1. Effeets of storage duration on changes in the waratah inCloreseence during sub­
sequent vase life at 20· C. 0 , fresh not stored (Fr); -, 2 week. storage at 2°C and 100% 
RH (2 w); ... 4 weeks storage (4 w) . Values are m eans of 8 replicates ± standard errors. 
A . Flower fresh weight, outermost flowers . The time when perianth abscission was 
(irst visihle is indicated by arrows and the letter a. B. Bract fresh weight. C. Water uptake 
by the innoreseence. D. Nett water loss (cumulative) from the inClorescence. E. Ethylene 
produclion by nowers . 
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weeks storage, fresh weights were significantIy less than those in fresh , un­
sto red waratahs (Fig. lA,B) . Perianth abscission was visible immediately 
after removal from both 2 and 4 weeks storage, but did not oceur in fresh 
f10wers until after 4 days at 20°C (Fig. lA). Water uptake by the influores­
eenee was less after 2 weeks storage than in fresh inflorescences, but after 
4 weeks storage uptake was similar to that in the fresh· inflorescences (Fig. 
IC). 

The cumulative nett water 1055 from the infloreseences increased with 
time at 20°C (Fig. ID) . Inflorescenees stored for 2 weeks had the sarne 
water loss as fresh infloreseenees, but those stored for 4 weeks had a mueh 
greater nett water loss (Fig. ID) . The in crease in ethylene produetion by 
f10wers during senescence was advanced and stimulated by prior storage 
(Fig . lE). After 4 weeks storage, the maximum rate occurred immediately 
after transfer from 2 to 20°C, and was approximately five times the maxi­
mum rate in fresh flowers. 

The effeets of storage temperature on the physiology of inflorescences 
at 20°C are shown in Fig. 2. As storage temperature was increased from 
O to 4°C, the fresh weight of flowers and bracts deereased more rapidly 
during vase life (Fig. 2A,B). This was associated with earlier perianth ab­
scission as storage temperature increased (Fig. 2A). The percentage oC 
abscised perianths in a sample oi the oldest flowers Crom inflorescences 
(abscission rating) increased most rapidly in stored flowers, particularly 
in those stored at 4°C (Fig. 2C). Water uptake was less after storage at 
both O and 4°C than in Cresh inflorescences (Fig. 2D). Nett water loss was 
not significantly greater in inflorescences stored at O°C than in Cresh ones, 
but it was greater after storage at 4°C (Fig. 2E) . 

Chlorine baetericide added to the vase water increased the vase Jife oC 
fresh waratahs but did not significantIy inerease vase Jife after cold storage 
for 4 weeks at 2°C and 100% RH (P < 0.05, t-test, data not shown). 

DISCUSSION 

Cold storage was suceessfully used to hold waratahs without loss of 
vase Jife for 2 weeks, and with a small, acceptable loss oi Jife for 4 weeks. 
The loss of vas e life after extended cold storage was the only major, adverse 
effeet of storage. Cold storage also redueed flower opening, but this is 
probably not a commercial disadvantage. Vase Jife was very sensitive to 

Fig. 2 . Effecls of storage temperature on changes in the waratah inrIorescence during 
vase !ife at 2(fC. o , fresh not stored (Fr); ., storage at O°C and 100% RH for 4 weeks; 
.. , storage at 4°C. Values are means oC 8 rep!icates ± standard errors. A. Flower fresh 
weight, outermost flowers . The time when perianth abscission was first visible is in· 
dicated by arrOW5 and the letter a. B. Bract Cre5h weight. C. Perianth abscission ' rating, 
outermost flowers (see Materials and Methods Cor calculation). D. Water uptake by 
the inflorescence. E. Nett water 1055 (cumulative) from the innorescence . 
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storage duration, temperature and humidity. Storage for 4 werks under 
the optimum conditions of O°C and 100% RH shortened vase IiCe from 
8 days in fresh waratahs to 6 days. This 2-day, 25%, 1055 of life is probably 
the maximum which could be tolerated commercially, and so 4 weeks 
is probably the maximum feasible storage life . It may be valuable to know 
the more detailed effects of storage duration, for example the effeets of 
3, 4 and 5 weeks storage. When storage lemperature was higher tha.n a'c, 
or humidity reduced from 100 to 80% RH, vase life \Vas mark ed ly short­
ened, so in practice the careful use of optimum storage conditions will 
be critical for subsequent life of waralabs. It has been assum ed that the 
major effect of storage in polyethylene bags was to increase the humidity 
to' cIose to 100% RH, but changes in O2 or CO 2 co ncentrations in the bags 
cannot be ruled out . The lóss of vase life in my experiments \V as less lhan 
that reported by Worrall (1983), who found a 30% loss of life after 10 
days storage at 0.5°C. The slower loss of life in my experiments eould 
be due to higher storage humidity, use of more mature inflorescences, 
or other differences between the inflorescenees. The actual vase Iife oC 
6-8 days appears short for flowers of lhe Proleaceae, whieh are assumed 
to have long lives. This is probably because waratahs do senesee more rapidly 
than other Proteaceae flowers, and because re latively severe cond itions 
were used to measure vase life with contin uous 20°C, air circulation and 
light. 

Senescence of cold-stored waratabs during vase life at 20°C followed 
the same pattern as senescence in fresh, ullstored inflorescences, but the 
events were advanced. The sequence of senescence events appears to in­
volve decreased water uptake, nett water 1055, perianth abscission and 
increased ethylene production as initial events, followed inevitably by 
loss of fresh weight in flow ers and bracts, blueing and the end oC vase Iife. 

The regulation of the initial events of waratah senescence is unclear. 
Nett water 1055 is an expected result of decreased water uptake . Ho\\' ­
ever, in at least one case, water loss increased but uptake did not decrease 
(4 weeks storage, Fig. 1C,D), so it appears that transpiration \\'as increased, 
possibly as a result of increased cell membrane permeability during srnes­
cence (Mayak and Halevy, 1980; Faragher and Mayak, 1984). A bscission 
could be caused by nett water loss, or by the increased ethy lene produc­
tion in flowers (Halevy and Mayak, 1981; Reid, 1985). Ethylene promotes 
senescence of other flowers (Mayak and Halevy, 1980; Halevy and Mayak, 
1981), but its role in waratahs remains to be determined . 

There was sorne evidence that ageing and senescence had procrrded 
during cold storage since abscission had started, flower ethylene produc­
tion rates had increased and water uptake had decreased at the time of 
transfer from cold storage to 20°C. This suggests that the major effect 
oC cold storage on the physiology oC the waratab inflorescence was to 
allow ageing to occur in storage, so that when it was transferred to 20°C, 
ageing was aIready advanced and thus vase liCe was shortened _ There was 
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one other eCfed oC cold storage on waratahs, which was to in crease the 
rate oC ethy lene produdion by flowers arter t ransfer to 20°C. This also 
occurs in roses (Faragher and Mayak, 1984) and several fruits, and it ap­
pears to be a typical response of sorne plant tissues to low temperatures 
(Wang, 1982)_ However, the significance of this ethylene-in waratah flower 
senescence is not known. 

Chlorine bactericide treatment oC vase water increased the life oC fresh 
inflorescences, probably because it increased water uptake (Faragher, 1986). 
However, it did not increase vase life or water uptake of co ld -stored war­
atahs. T hus, it appears that the effect of cold storage, which reduces water 
uptake, is somewhat dilferent to the effect of ageing on uptake in Creshly 
cut waratahs . 

It is concluded that dry cold storage of waratab inflorescences is feasible 
Cor a period of up to 4 weeks at O°C and 100% RH, with only a 25% loss 
oC vase life. At higher storagc temperatures 'or lower humidities, loss of 
vase liCe would be greater unless storage time was shortened. The effects 
oC co ld storage are primarily due to advanced senescence, probably as a 
result oC continued ageing during storage. 
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Figs. 1· 4 . Cross sect ion of the basa l portion of Carnation peta ls. 
1 & 2 'Al ic e ' ; 3 l, 4 'Astor' . Left unextl-acted. r i qh t 
after pec tin s r emova l. 116x . . 
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LErI BLACKEHING IN CUT PROTIA EXIMIA: II'!PORTANCE OF I-IATER RELATIONS 

P-obert Paull 
Theodore Gcxl 
[ept . of Botany (CfAHR) 
I..Jr-,i·¡ersi ty of Ha\'laii 
Honolulu , Hawaii, USA 

Atstraet 

Riehard A. Criiey 
Philip E. Parvin 
[ept. of Hortieul ture 
Uni versity of Hawai i 
Honolulu, Hawaii, USA 

~3f blaekening oceurs at diff erent rates among different s peeies of 
Pro t e a used as eut flo<,;ers . Pro t e a e x i m i a, the Rose­
s;:ccn protea , shows very rapid leaf blaekening . The use of Floralife 
p!":s~rvativ~ before and after s imulated shipping , shipping t emperatures , 
rucd paekaging in plastie bags was investigated. 

The use o f Floralife ( 20 gil) delayed l eaf blaekening and wilting 
of the flmier over the use of deionized water only for all t emper­
a;:;.;r~s. The use of a preservative allowed warmer shipping temper­
a-:ures, as at 130C , Floralife was as good as or equal t o water at 20 
01' .70 shipping temperatu.res. If t he flo\o,'er stems were held in a plastic 
ba6 rather than dry in a box and supplied with preservative prior to 
a.cd after shipping , even the 200 shi pping temperature allo\-Ied as ¡¡-,ueh 
de=-3.~/ to 50% leaf blaekening as did dry shipping with no preservative 
us~ at 70 C. 

Clonal differenees \-;ere observed in the rate of 1eaf blackening . 
As mueh as 20% differenee in the time to 50% 1eaf b1aekening was ob­
s~rv'~d alTong elones in ooth \-¡ater and preservative. Even when 
¡:t':5~rvative slO\·;ed the rate of leaf blaekening , the flower eould still 
v:il-r . 

;'J-'!t~r 1055 from the flm.¡er varied from 25 t o 50% of the water 1055 
fro~ a leafy stem \.JÍth flo\-;er. Removal of the flower had a delaying 
on the d~velopment of leaf blaekening . This i s not at variane~ with 
a h::pothesis that water 10ss through the flower head eauses a water 
S:!":5S · .. :hich trigg~rs the b1aekening reaetion. 

Ir,troduction 

:':'s,:o::';)t'ati::-n o f flm.-er p;!tals and/or foliage is regarded as a sign 
oE ;=r qual i ty ir¡ cut flol-.·ers . An extensiv~ series of papers (e . f . 
re 'Ji~',,: by Hale\,y ru,d ¡'1ayak, 1979 ; HaleV'j , 1975, Hal~vy and l"1.ayak , 1974; 
r· :3. 3 : :>...l ·~ !·;:, 1953; r1¿~: a.t.-: , e t al., 1971¡; r''oe , 1975; Zieslin and Hale'.rj , 
19o? ; Zi eslu. , et al ., 1978) identify research on environmental and 
ir.-:3.rnal components oE rose petal diseo10ration . I n one of the newer 
C'~: flo'.·;er famil i es , protea, a number o f spee i es sho\ol foliage and bract 
bl3.ckening (A}-,a;:lÍne , et al., 1979 ; Haasbroel<, et al . , 1973). 
Pr o t e a e x i m i a shows a fast rate of 1eaf b1ackening, 
av~ra6ing 7.1 days , whi1e P. I on g i f o 1 i a i s mueh slo\o,-er , 
a':<;::-aging 45 . 1 days (Akamine , et al. , 1979). 

Peta Hortieulturae 11 3 , 1980 
Fost rldrvest Physiology of Cut FlO',¡ers 
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As in roses (Mee , 1975; Zieslin and Halevy , 1969) oxidative enzymes 

are responsible for the blackening reaction in proteas . Chief arrong 
these enzyme systems are phenyl ammoni a lyase and pol yphenol oxidase 
(W1published results) with high activity. It tolaS observed, however , 
that a stress situation was'necessary to stimulate the blackening 
reaction. He hypothesized that ",a ter stress triggers the blackening 
reaction. 

The nomal corrmercial harvest practice for proteas in Ha-. .¡aii is to 
hold the flowers dry in the field while cutting. The cut flovlers are 
taken to packing sheds and held o'v'emight in preservativo: before p¿1ck­
ing and shipping. The "Chain of Life" concept (Anon . , 1978) has made 
sorne sJl'dll impact, but preservatives are not tolÍdely used at the whole­
sale and retail levels . 

Research in South Africa has demonstrated sorne success in suppres­
si.r¡g blackening through the use of a preservat i ve (Haasbroek, et al., 
1973; Ireland, et al., 1967) . The studies vle report confirm the 
desirability of preservative use as vlell as adoption of other measures 
to reduce a s tress situation in the cut flovIer. 

¡'!aterials and ¡'!ethods Corrmon to All Experiments 

Terminal shoots with flower buds of Pro t e a e x i m i a ,·:ere 
cut from several clones at the ¡·la.ui Agricul tural Research Ce!"ltel' at 
Kula , Maui , and immediately air- shipped t o HonolulCl -,;ho:r-:: tho: investi­
gations were conducted. The elapsed time from pickillg to initiation 
of an experiment was about 5 hours. 

At least three stems ",-ere used for each treatment . Evaluation of 
the rate of l eaf blackening was based on number of lea'v'es and relative 
area of each leaf with darkened surface as a percentage af total lo:af 
surface area . Observations ,·¡ere recorued daily until all lea'/0s ".~re 
completely black. Observations on outer bracts of the fl0"':"'l' ,,¡ere 
ll'a de for wilting and blackening . Use fuI vaselife ,,¡as d,:tenn.i.ned as the 
time period from placement o f t he flo'·:er in v¡ater until se'Jere -.. Iilting 
ar¡d blackening viere evident . 

Vaso:life "las evaluated under t he f olloVling conditions : 20 ta 25-:>C , 
70 to 80% relative humidity (RH), 10 hours fluorescent light (l ,·:aH 

- 2 - 1) . d ' d ' . j H 6 5 '" day . All solut~ons viere pre¡:a.re, ~n e~on1Ze' '.-Iater , p = . 
to 6 . 8 . Floralife preservative ,·:as used at the rate of 20 gIl. Stell'S 
' .. :ere recut follo'di.r¡g sil1'.ulato:d shl?ping and prior t o placement in 
salutions. 

Specific details are given for individual experÍr.1ents . 
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Results 

;!,.._ y!.e~t~ ~f_si:m:::l~t~d_s~il?P.bn~ !~r~t~s_~d_~~~ ~f 
J2.d~:.l<:0g 

~ .... 

After ro....moving the basal 15 cm of foliage, the flowers were held 
overnight in Floralife or water, then packed dry in a box or sealed in 
a plastic bag and held at 2, 7 , 13, or 200 for 7 days . Upon removal 
from these conditions , the flowers were placed in water or Floralife 
and evaluated for leaf blackening and flower wilting. The result s 
( table 1) shovl that ei ther 20 or 70 shipping temperatures or use of 
the preservative at 130 viere effective in delaying leaf blackening, 
but flOl·:ers heló dry at 200 showed blackening and some wilting before 
removal hum simulated shipping. Sealing the flowers in a plastic bag 
"las n:ore effective in delaying l eaf blackening and wilting than dry 
racying at all temperatures. 

1\ seco"d version of this experirnent sought to determine if an 
e1:h/le:-lO: absoreent ~'dcked in the plasti c bag would delay the onset of 
l-=af bL'\2Yenillg. The comparison ,.¡as rrade using flQ\-lers held 5 days at 
T) ' r .:! ~' :";!::-=d i.n fl::-ralife far evaluation of the rate of l eaf blacken­
Utg . A difference in the rate o f blacko:ning was observed from the 
~recedi.r¡g experiment , but the inclusion of an ethylene absorbent 
( Purafil ) a~~eared to e~1ce the rate of blackening (table 2) . 
f::li~;;·; al! stems fl'e,m the sealed bag blackened at a faster rate in this 
eX"~eri.;r.,=nt . 

Lr-t·:c L _,[ clOJ1"2 OH vaselife 
---- ------------

I:11. ti.J.l. e :C"21'.unents sho .·:o:d sorne differences ¡.¡hich seemed unrelated 
le' tt~¿tJ¡:"';t·: . · Si nce the flo,·:ers had been cut without regard to clonal 
'Jj f :',,1",,:1";'-'3, i t '.;as nccessdl')' to do:tennine the effect of clone on vase-
2.i í·= . flC' .. a !·s frcm 4 cl<Jnes \o/ere compared f or their rate of leaf 
bla'.::}:e:t.iJ1g "Ihen held in eitho:r floralif e or water . The effect of the 
res ·.= r·:'l~i ·¡e -.. :as again very noticeable in delaying blackening (table 
) tI.!: ': h·.= r-3.·:e of leaf blackening differed am::mg clones bl as much as 
(n . 

! . '::" ... ,1' loss from cut stems of ? r o t e a e x :i. m i a -----------------------------
T:'e fl ::'..;er of a pl">:leea has a relat i vely l arge surface a."ea and ll'dy 

t~ a s:urc-= o f t,·:ater' s~ss th.rough eva~tra.'1sp:ra~ i')n . Out"' previous 
· .. ·er'· ,·:i::' , .... ;, ;;,·;,t2-tive st"r.<5 01' stems '·Iith a vo:rv sr.all bud shov¡ed littl" 
le2-f bl:t:;'·.enlq; . Comparisons of the rate of vl~ter 1055 '.Jere rrade for 
i.:.,:a'"t st';;:l a:-.d flo-,¡o:r against defoliated stems (top 4 leaves only 
rer:,aLrting) ' .. lúh a flovlo:r, and foliated stems from ,,¡hich the flower had 
t~en remo'/ed . Tho: results (figut'€ 1) shOl.-led that the flo,,;er ho:ad is 
ca~<ll:.le of ,;¿¡ter loss ra;1ging from 25 to nearly 50 peroent of the water 
l ':5S cE the i.:-,tact systen. Removal of the flQ\·¡er head delayed by about 
2 dó!/s the do:velopment of leaf discolorat ion t o 50% blackening ( table 
4 ), -.. :hile leaf rerrov¿ü \-las also effectivo: i.r¡ delajing blacr:ening of tho: 
tOiJ l e,!':es an-j outer bracts of the flovler. 

16 1 



e 
4. Observations 

Leaf blackening can occur around injuries sustained to the leaf 
;.;hile the stem is sti11 on the. plant in the field . Usually the 
blackening is restrieted to the injured area and does not enlarge . 
Such leaves are l ikely to blaeken rapidly .:hen the flower is out . 

111e pattem of leaf blaekening usually develops fmrn the Jl'dI'gin of 
the l eaf inHard. The base of the leaf blackens first on the older 
lea ves but the blaekening begins closer to the tip on yOLL'lber leaves . 
¡'¡hero stems have had a prescrvative trea~nr., leaf blad.eniIlg de'"elops 
~, a · spotty pattern . 

Diseussion 

Rerroval of the foliage ¡,'.:luld be a sÍJnple altemative ~0 allo¡ving i t 
to become black . The protea l eaf , ho\,¡ever , i s sessile and not easily 
removed . Also , the blackening reaction does ()ccur en the flm·¡er' bracts . 
T.'1US , a mea,s to suppress or delay f ol iage blacY.ening i s essential to 
the marketing of this and other rapid-blacr:ening speeies . 

South Afriea¡l reconmendations (Haasbroe:': , el: al " 1973; Ircland , et 
al ., 1967) f or shipping have urged the envelopi.rlg of the flc¡·:ers in 
plastic as y¡ell as the use of a pc€servativ,=. In their e;'+.~r·i~nr:,= , 
this has reduced blackening . ¡'le concur that tltese pt'actie"s are 
desirable . Sinee refrigerated shipping is not ahlajs r')ssible, the use 
of a plastic •. Yal' to rra.intain a saturated atrrosph"Ore see¡ns an a,jequate 
substitute if the te.'l1perature ean be kept arolmd 130 01' L¡·:'::! r . 

Tne possible ÍJnpaet of ethylene in t he stress reéletion r:-~".j::; e l oser 
atter.tion . It is not possible to exclud-:: it as a causati '¡'; factor in 
the leaf blaekening reaetion, but the faster blad'.eninr; \·!Ilie h =eLLryed 
in t he presenee of an ethylene absorlJent is a 1005"' cmJ. 

It is clear that clona! differences e;.;ist in Pr o t e a 
e x i m i a Hith respect to the rate of leaf b1aekening . t-iuch of the 
cut protea floHer producti on is based on seed-produced stoc}: . Screen­
~,g rray enable selection of cu1tivars h·ith redueed blackening 
potential . 

Hater stress in roses does contribute to bent neck ( Zi'~slin , et al., 
1978) and to failure of floret developrrerlt in other Cllt fl ':.\·:·::rs (féal"O''-j 
and ~layak, 1974; ¡':ayak and Halevy , 1971) . In prot"Oa , vascular blockage 
c;:>parently does r.o",= occur as rea.cily 2..11d is a;:-pare!1c1i l :') t assot:iatcd 
' .. :ith the leaf blackening reaction. As sho¡,n in figure 1, ¡,:ater u~take 
con-::inues for several days after leaf b1ackelling has l"éac:he:l tll" 100 
percent Jl'dI'k . While it is not possible t o state that ac.~'lua t '~ \·:at'ér 
u?t~ke is occurring , it i s apparent that same metalolic activity i s 
!Y:'Dceeding as deterierative (blackening l events C'Ccur . t'. f'l'Cs-:rvetive 
.¡ill suppress but not preverlt l eaf blackening . 
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Our best recorrrnendations • .Quld fo1101.I those of the "chain of life , " 
that is , place the flowers in preservative as cut in the field! seal 
in plastic during shipment, maintain temperatures a t 130 01' cooler 
during shiprnent , and use preservative fo11()toling shipping, A11 these 
practices should al1eviate the Hater stress Hhieh seems associated Hith 
the leaf blackening reaction . 
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Table 3 - Days to 50% and 100% leaf blac kening f or 4 clones of 

P. e x i m i a held in deionized Vlater or floralife 
preservative. 

50% blackening 10D% Glacl-:erli.llg 

¡oJater 

Clone 2 

Clone 3 

Cl one 4 

Clone 5 

Floralife 

Cl one 

Cl one 3 

Clone 4 

Clone 5 

4 .8 

4 . 0 

4. 0 

4. 0 

18 

15 

14 

19 

15 

13 

13 

10 

~s ,1 

25 a 

2S a 

25 a 

a At t his time , 60 -7 5% leaf b1ackening \-.'as e··¡i"Jent , ¡-"1t tl.e [1 )'.-1':1 ' ' .. : 1' 

severe1y \'lilted, partially dried , and partialll' blac}:elle" 1. 

Table 4 - Days t o 50% and 100% leaf blac ke rting fOl' int¿¡c t, "",[r·l i d l:", ~, 
and deca.pi tated flo\oler stems of P. e :-: i m i a he l d in 
deionized \-later . 

Intac t stem 

Cefoliated stem 
(too 4 l eaves + 
fÚMer ) 

Cecapitated 

50% blackening 

3.5 

6 .1 

5 . 5 

100 % bla::f:enim; 

5 JJ 

S . I) 

7. S 

1 r,:; 
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COMPUTERIZEO FLORAL POSTHARVEST LITERATURE RETRIEVAL SYSTEM 

Georgy L. Staby 
Deparbnent of Hortieulture 
The Ohio State University 
Columbus, Ohio, U.S.A. 43 210 

Maria S. Cunningham 
Department of Hortieul ture 
The Ohio State University 
Co lumbus, Ohio, U.S.A . 43210 

A eomputerized literature retrieva l and storage system has be en 
developed for postharvest-related referenees in florieulture, plant 
physiology, and other speeif i e fields , The languages utilized are 
spitbol and Mark IV, but others eou l d easily be made to work. The 
eapabi lities inelude retrieval by author, subjeet (keywords), year , 
and/ or journa l name. Typieal printouts inelude speeifie listings of 
the asked for aetieles in al phabet i ea l order by senior autho r . The 
sys tem can be aeeessed using a broad range of satellite terminals 
inel ud ing DEC, IBM, and CRT. A proeedure to print referenee books 
dil'eetl y of f of the eomputer is being de ve l oped and shou ld be ready 
by the end of 1980. Foreign arti eles have been translated into 
English by many eoopera tors from a number of count r ies, but special 
thanks goes to Dr . Henk de Stigter of the Nether lands. At present, 
approx ; illa te 1 y 4200 referenees are aeeounted for of whi eh appro xima te 1 y 
640 dea l wi th roses, 400 fo r ehrysa nthemums , 560 for ea rnations and 
210 for gla di oli . Printouts can be requested by eontaet ing the 
authors . At present , there i s no eharge for this service. 

Ac ta Horticulturae 11 3 1980 
Po st harvest Physiology'o f Cut Flowers 
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Table 1 - Number o f days t o 50% l eaf b1ackening ancl fl0cI'2r \últir.g for 

P. e x i m i a floc¡ers preconditioned in Viate r ot' ¡· l or'.'J.life , 
he Id 7 days dry in bo:<es 01' in pla::;tic l:Bgs , anJ eV.'J.1'Jated 
in clater 01' Floralife 

[BjS to 50% 1'2'1f bl3.d~ening 

shi f'f'in~ te; i1 ¡'€:r'utw:~s ( ?C ) 

Precondition/Shipping/Eva1uat i on 

Water 

Floralife 

floralife 

Dry 

Dry 

Bag 

\-¡ater 

Florali fe 

Floral i fe 

2 

4 

7 

a 

7 

3 

'01 

10 

13 

IJ 

5 

7 

Dajs t ,.> n a .·I':'!"' "llt ing 

20 

- 4 a 

- 4 a 

3 

shi ;;:'ing teríl~ ''2r.)tu:!:'es ("C) 

2 7 13 

¡:late.r Dry Flora1ife 5 

floralife Dry Floralife 5 I¡ 

floralife Bag Floralife 8 
- - - - - - - - - - - - - - - - - - - -

a Leaf b1ackening a nd clilting '"ere evident t;",fc-re rerr...'Vcll [D)Il1 dr:i 
storage . 

20 

- 3 a 

- 3 a 

5 

Table 2 - Percentage 1eaf blacr:enulp'; '-ú tI! ti::re follo\·,ing t'e;II ) ': ,ll fr-c., ,, 
5 da:;s o f s imulatcd shipping at 7°C. t:valuation in tlore­
life (20 gi l ) . 

D3.ys after rerroval frum storal e 

St orage condition O 2 l¡ 5 l O 

Drj i n box O 

Sealed in plastic bag O 

Sea1ed in p1ast~c ~lg 

plus C2H4 absorbent 

CIo storage ; held 
co ntinuous1y in 
preservat ive a 

10 

li S 

a A.dd 5 days t o col umn headings . 

16 1 

7 

la 

9 3 

18 

13 

ll5 

9 ~ 

12 . 5 

2S 

57 

1110 

lS 

!5 

65 

100 

15 

LO 

52 

70 

100 

I . , 

e 
Figure 1. Gr ams "'a t er 1055 per day for intact, defo1iated, and 

decapitated floVier stems o f P. e x i m i 'a held in 
de i onized water . 
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e 
¡etative body. To realise that, B rapid increase in Iight. 
:ea is required, either through rapid initiation of lea\'es 
ormBtion of large leaves (Langton and Cockshull, 1976). 
unwanted, however, as they require wider spacing. Thus 
ds to be on rapid initiation of small lea\'es . Sereening for 
is under way. 

79. Effecu oC irradiance and temperature on nowerin~ of eh",·san . 
um Ramal. in continuous light. Ann . Bot., 44 : 451 - 560 . 
j Hughes, AP. , 1972. Flower formation in Ch",·.anthtmum mori. 
!Oce of Ji¡¡ht level. J. Hortic. Sci., 47 : 113-127. 
Ind, D.W. and Langton, F .A., 1981. The effects oC da)' and n ight 
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ABSTRACT 

Fara~her, J.D ., 1986. Post ·har.est physiology of waratah innorescences (Te/opea 'pecio· 
sissima, Proteaceae). Scien lia Horlic., 28 : 271-279. 

The post ·han·est development snd senescence of cut waratah innorescences (Te/opea 
speciosiuima R .Br.) held at 20' C is described . Individual flowers oC Ihe raceme opened 
and arter 4 or more daya the perianth abseised, wilted and changed color from bright red 
to blue·red . The end oC vase life was defined 88 a readily discernible wilting and blueing 
oC eilher nowers or oC the bracls which subtend the innorescence. During vase life the 
fresh weight, ""aler content and anthocyanin eoneentration of both nowers and bracts 
deereased . Water uptake by the whole innorescenee decreased, the cumulative nett water 
105$ increased and Ihe Cresh weight oC the inflorescenee deereased. Ethylene production 
by f10wen increased to a maximum and then declined, while the low ethylene production 
by bracu slowly decreased . Vase Jife waa extended (rom 7.9 to 1l.7 daya when the vase 
water wa. treated with chlorine baelericide (aodium diehloroisocyanurate, 25 mg 1- ' 
available CI). Thi. increased vase JiCe was accomparued by increased water uptake, de­
creased net t water loss, and a slower rate oC deerease in f10wer and bract Cresh weight 
and water contento Vase life was also extended by early harvest, when 6% oC individual 
f10wera were open rather than 48%. It waa concluded that decreased water uptake and 
flower abscission were the major physiological Cactora which limited vase life . 

K~yword.. : nower abscission; nower senescence; protea; vase JiCe. 

lNTRODUCTION 

Waratah (Te/opea speCIOSlsslma, R.Br. Proteacae) is a new cut·f1ower 
erop, and with its spectacular red inflorescence has a potentially large market 
(Fig. 1). To develop suitable post·harvest handling techniques Cor this f1ower , 
some knowledge oC its post-harvest characteristics and physiology is neces­
sary. There is only one preJiminary report on this subject to date, in which it 
was stated that the optimum stage of harvest was when 0-5% oi individual 
f10wers had opened, that vase Jife at 20° C was 13 days, and that none oC a 
wide range of floral preservatives improved the vase Jife (Worrall, 1983). 

0304-4238/86/$03 .50 ' © 1986 Elsevier Science Publishers B.V. 
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FiR. 1. Waratah innorescenee showing the raeeme or no",rrs, the surrounuing braets. 
leave. and Item. Magnifieation x 0.4 

While it is expected that the post-harvest physiology of waratahs would be 
similar to that of Prolea sp ., with the exception of work on Ipaf blackening 
there is Jittle published information on this subjet:t (Jacobs, 1981 l. 

The aim of this work was to investigate anu describe Ihe basic post·harvesl 
characteristics and physiology of waratah f1owers. Flower d e\'elopmcnt, 
ageing, and senescence are described in terms of: f10wer opening: perianth 
abscission; changes in fresh weight, water content, anthocyanin content, and 
ethylene production of f10wers and bracls ; and \Valer uptake alld transpira· 
tion by the inflorescence . The relationship between these challges and the 
ultimate vase Jife of the inflorescence was investigatcd further by applying 
a treatment which increased water uptake and extended \'ase life . 

MATERIALS ANO METHODS 

F1owers . - The waratah inflorescence is a terminal raccme of 150-200 red 
flowers surrounded by red bracls (Fig. 1 and Payne, 1982). Inflorcscc nces 
were cut during October 1984 from 20-year-old seedling plants growing 50 
km east oC Melboume, Inflorescences were cut al different stagps of dcvelop ­
ment, as measured by the percenlage of f10wers which had opened. In one 
experiment these stages were 6, 27 and 48% open, and for other experiments 
ranged between 25 and 33% open, the latter being the stage of de\'elopm ent 
oC commercially cut f1owers . The stems \Vere placed in water and transported 
to the laboratory within 1 h . Before use, stems were re-cut to 30 cm length 
and the lower one-lhird of the leaves was cut off. In the follo\\:ing work the 
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terlll infloTescence rders to this material, which 'incIuded the true inflores­
cenclO', leaH'S and stelll. 1\11 infloresce nces were dipped in Rovral fungi c ide 
(iprou ione , ;\Iay and Baker, Australia) at 1 g 1- 1 for 30 s. Each experiment 
was l'arried out \Vith 7 or 8 replicate infloresce nces from a bulk sample taken 
frolll -lO plants . 

Exp erim ental lrea llll elll s. - 'fhe inflorescences were held \Vilh slems in 
water at 20 ~ l ~ (, and GO'J IUI, \Vith continuous white f1uorescent !ight 
(Osral11 ... \u stralia) of 5 \\' 111 - : irradi ance. In one experiment a chlorine 
IJac tl' ri t' id e was used (lIal evy and I\layak, 1981), and sodium dic hloro iso· 
cyanllrate (Filtrit c . stabili zed chlorine, Clark Rubber, Australia) \Vas added 
to the \'ase wat e r at 25 I11g 1-1 a\'ailable chlórine. The vase water, and chlo­
rinat ed \\·a t lO' r. were changed every second day . 

,\fea.<u rem ellts . - Flower opening was expressed as the perce nlage of total 
flow t' rs on tht' race llle which had opened; th a t is, in whi ch the style had 
e l11 l' rgl'd . Flo wlO' r abscission was expressed as the perce ntage of total fl owers 
in which til lO' pe rianth was visibly separaled from lhe pedicel aíter the flowers 
were gently IJrusiled wilh a finger . The end oC vase !ife was de fin ed as when 
there was readi ly di sce rnible willing or blue ing of al leas t one-third oC th e 
fluwers. or all of th e bracls. 

Fresh weight , dry weight, water content, anthocyanin concentration 
and ethylene produclion were measured on a representative bract and the 
outermost (oldest) flower Crom each oC 6- 10 replicate inflorescences. Dry 
weight was measured after drying for 48 h at 95°C. Water content (g H 20 1 
lo! dry weight) is defined as: ([resh weight - dry weight).;. dry weight (Slatyer, 
1967). :\nthocyanin \Vas measured after extracting the pigment Crom 1.54 
c m ' of brael. or one whole f1ower , in 20 and 40 mI, respec tively, o f l o/e 
1-1('1 in 49;:' m elhanol, 50% water. The extract absorbance was measured al 
530 11m, the wavelength oC maximum absorbance in all samples. Ethylene 
prodllc.:tion (evolution) rates were measured by sealing brac ts or flowers 
in 55-mi tes t tubes fo r 4- 6 h at 20°C and lhen th e ethylene co ncentration 
in a 1·ml sample of the head -space gas was measured by gas chromatography, 
as described by i\IcGlassoll (1969). 

\\'at e r uptak e and transpiration oC the whole inflorescence was measured 
as fo ll ows. The infl o rescence \Vas held in a 1-1 bottle and the narrow mouth 
of th e bottle was sealed with plastic film, which effectively prevented water 
evaporating out oC th e lllouth of the bottle. At each measure ment tim e , the 
following Illeasurements were made : 
(i) weighl of bottle, waler and infIorescence; 
(ii) weight oC 1J0ttle and water only . 
\\'ater uptake be lween m easurement tim es was the diCference in valu es of 
m easuremenl (ii) between the t\Vo times. Transpiration was the difference 
in \'alues oC measurement (i) between the two times. Nett water loss from 
the infIorescence was calculated as lranspiration minus water uptake . 
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Fig. 2. Changes in inflorescence, flowera and bracLs oC cut waratahs during vase liCe. A . 
Flower o~ning (o, Op) and perianth abscission (-' , Ah) . Vase liCe (VI) is indicat ed by the 
arrow. B and C. Fresh weight and water content oC bract... (:' , Br) and the outerm ost 
flowera ( o , FI). D. Water uptake ( O' , Up) and transpiration ( ., . Tr) by the inflorescence . 
E. Nett water 101& (cumulative) Crom the inflorescence. F . and G. Anthocyanin levels and 
ethylene production rates oC Oowers ( C' , FI) and bracts ( ." Br). Values are m eans oC 8 
replieate. 1 .tandard errora. 
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RESULTS 

DeL'elopmellt of the cut inflorescence. - The individual f1o.wers mature from 
lhe base to lhe apex oC the inflorescence, the perianth opens and re curves 
and lhe style emerges. Flowers continued to open on the cut inflorescence, 
but reached a maximum (with less than 100% f)owers open) before the end 
oC vase !iCe (Fig . 21\) . After 4 days at 20°C, the perianth oC the oldest 
f10wers abscised from the pediceJ and the number oí abscised flowers in­
creased with time (Fig. 2A). The abscised perianths wilted and changed coJor 
from bright red lo bJue·red. Later, the unabscised flowers and the bracts 
slowly wilted and changed color Crom bright red to bJue·red. 

Vase life. - The characteristics which determined the end oC vase Jife were 
considered lo be, Cirstly, an excessive number (one·third) of wilted, faded 
and bJuish f1owers, and secondJy, the appearance oC bracts when they 
wilted, Caded and turned bJuer and then brown . GeneraIly the flowers were 
unacceptabJe beCore the bracts, and usualJy the unacceptabJe flowers were 
lhose which had abscised . The Jeaves remained acceptabJe. The mean vase 
liCe oC typical flowers was 8.3 days (Fig. 2A). 

Effects of haruest stage. - When the inf)orescence was harvested at progres­
sively later stages oC deveJopment, with more f)owers open, the subsequent 
vase !iCe was slightly reduced and the maximum number oC flowers which 
opened during lhe vase Jife increased (TabJe J) . AJthough the effect oC 
harvest stage on vase Jife was not statistically significant when the three 
stages were compared using ANOVA and Duncan's muJtipJe range test, the 
vase JiCe of Stage e was significantly Jess than that oC Stage A when just 
these two were compared by t-test (TabJe 1) . 

Changes in the inflorescence during uase life. - The Cresh weight oC the 
oldest f10wers and oC brac ts decreased with age, particuJarIy near lhe end 
oC vase Jife (Fig . 28). In flowers, lhe rate oC weight Joss increased after 

TABLE I 

Erreet o C harvcst stage on vase liCe and Oower opening. Inflorescenees w ere h arvested al 
three stages. each with a diCCerent percentage oC the individual flowers open . The' vase 
Jire at 20 ' e and the percentage oC open Oowers at the end of vase liCe were measured. 
Values are means! standard errors oC 7 replicales; values in 8 column followed by a 
diererenlletter are signiCieantly dirrerent (P < 0 .05 , Duncan', multiple range test) 

Han'est sta~e Vase JiCe Flower opening 
(% Oowers open) (days) (%) 

A 6 a 10.3 ! 0.6 a 45 a 
B 27 b 9 .3 • 0.5 a 60 b 
e 48 c 8 .9 ! 0.6 a 72 c 
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abscission, and in fad 70% of the weight loss in flowers during vase Jife was 
the result of weight loss in the perianth (data not shown) . Water content 
of flowers and bracts also decreased with age (Fig. 2C). In flowers, water 
content decreased faster than fresh weight, and after 4 days it was signifi­
cantly less than at harvest. The dry weight of bracts and flowers did not 
change during vase life (data not shown). 

Water uptake by the inflorescence decreased with time (Fig. 2D). Tran­
spiration also decreased, and although it Was always s!ighUy greater than 
uptake, this difference was not statistically significant due to variabi!ity 
between inflorescences (Fig. 2D). However, the cumulative difference 
between water uptake and transpiration, i.e. nett water loss, increased with 
time at 20°C (Fig . 2E) and this led to a significant decrease in inflorescence 
weight; from 144 to 116 g (P< 0.01). 

Anthocyanin concentration in bracts and in the oldest flo wers decreased 
with time, and at the end of 'vase !ife was approxirnately 70% of that at 
harvest (Fig . 2F) . As the inflorescence aged, flowers and bracts appeared to 
be more blue. However, there was no measurable change in the wavelength 
oC maximum absorbance oC the anthocyanin extracts (data not shown) . 

Ethylene produdion (evolution) by flowers increased with age and 
then decreased (Fig. 2G) . Ethylene production by bracts only decreased 
slowly with age (Fig. 2G) . The maximum rate of 0 .5 nI flower- I h - I is 
equivalent to approximately 1 nI g-I h- I and the rate oí 0.1 nI bract-I h-I 

is equivalent to approximately 0.1 nI g-I h- I . 

Changes associated with extended uase Jife. - The vase Jife of waratahs 
increased from 7 .9 to 11.7 days when the vase water was treated with the 
chlorine bactericide/germicide sodium dichloroisocyanurate (Fig. 3A) . 
The longer Jife was associated with a slower rate of de crease in bract and 
flower fresh weights (Fig. 3A) and water contents (data not shown) . Chlorine 
treatment greatly reduced the rate of d ecrease in water uptake, so that 
uptake was greater than in controls (Fig. 3B). Further, chJorine greatly 
reduced nett water loss from the inflorescence and delayed the time when 
water 1055 v,:as greater than zero (Fig. 3C). Chloride treatment did not affect 
flower opening, anthocyanin levels, or ethyJene production (data not shown) . 

OISCUSSION 

The changes in the cut waratah inflorescence which determined the end of 
vase !ife were wilting, loss of bright red color, and appearance of blue-red 

Fig. 3. Efrecls 'o{ chlorine baclericide in vase waler on cut waralahs during vase lire. 
Chlorine was provid ed by adding sodium dichloroisocyanurale at 25 mg 1-' available 
chlorine . A. Fresh weight o{ brael. ( ~ " Br) and oulermost nowers (o ., FI) and innores­
cence vase lir. (VI). B. Water uptake (o ., Up) and transpiration ( <> " Tr). C. Netl waler 
loss (cumulal ive ) {rom lhe inflorescence. Values are means o{ 8 replicales t slandard 
erroTS. 
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e 
colors. Similar changes occurred during senescenee of inOorescences \\'hieh 
remained on the plant. The measured characteristics which were most closely 
associated with the visible end of vase life were decreases in fresh \\'eight and 
water content oí Oowers and bracts. Anthocyanin content was not so clearly 
related to vase life, since chlorine treatment, which increased vase JiCe, did 
not affect anthocyanin levels . The vase JiCe of 8- 10 days was less than the 
13 days at 20°C reported by \Vorrall (1983) under very similar em iron· 
mental conditions. The reasons for this diCference could be the more mature 
stage at which my Oowers were cut and diCCerences in seedlings and growing 
conditions. However, the 8-10-day vase Jife does indicate that waratahs do 
not necessarily have an exceptionally long Jife. The effect oí harvesl stage on 
vase Jife was small, but the 1.4-<lay difference between Oo\\'ers cut \\'ith 6 
and 48% of f10wers open may be commercially important . 

The observed decreases in íresh weight and water content of f1o\\'ers 
and bracts and the consequent wilting, blueing and end oí vase Jife may be 
caused by one or more oí the íollowing changes in the inOorescence: (i) 
decreased water uptake and increased nett water loss; (ii) perianth abscission; 
(iii) increased ethylene production. Presumably, decreased water uptake 
and increased nett water loss are, at least in part, responsible for decreases 
in fresh weight and water contento The fact that a treatment (chlorine) 
which increased water uptake increased the subsequent vase life slrongly 
suggests that vase Jife depends on water uptake . The primar)' action oC 
chlorine, a bactericide/germicide (Halevy and Mayak, 1981), appears to 
have been to slow down the rate oí decrease in water upt.ake \\'hich oc­
curred during vase Jiíe (Fig. 3B). This suggests that microorganisms or their 
products caused, at least in part, the decrease in water uptake. In Oowers, 
the decreases in fresh weight and water content were accompanied by 
perianth abscission, and the first Oowers which were visibly wilted and 
blue were those in which abscission had occurred. Thus, abscission of the 
perianth is a major cause oC the end of vase Jiíe. The cause oí abscission has 
not yet been investigated, but common causes oí Oower abscission are 
ethylene action, pollination, water stress and other hormonal changes 
(Halevy and Mayak, 1981) . There was an increase in ethylene production 
and a decrease in water content in waratah Oowers before abscission, so 
these results are consistent with either ethylene or water stress causing 
abscission. However, in inOorescences which remained on the plant, abscis­
sion occurred before there was any visible wilting, and this suggests that 
abscission does not necessarily depend on water stress . Pollen is present on 
the style, adjacent to the stigrna, when the Oower opens, so pollination in 
!he laboratory is possible. The causes oí abscission will be investigated in 
future work . 

In several f10wers an- increase in ethylene production, as observed in 
waratah , precedes ethylene·induced Oower senescence (Halevy and Mayak, 
1981). AI!hough it is possible that ethylene has such a role in waratah , the 
results which showed that chlorine treatment extended vase ' life without 
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delaying the climacteric rise in ethylene production suggest that ethylene 
is probably not a critical factor in senescence. The role oí ethylene in 
waratah f10wer senescence will be investigated in íuture experiments. 

These experiments have indicated several points which will have to be 
taken i!lto account when post·harvest handling techniques are developed íor 
waratahs : the possible advantages oí harvest at an early stage oí developm ent; 
Ihe importance oí waler relations; and the problem oC f10wer abscission . One 
technique lo improve water balance, i.e . repeated addition of slow-release 
chlorine bactericide /germicide to water, has been demonstraled here . 
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otassium and phosphate absorption by excised 
ordinary and proteoid roots of the Proteaceae 

P.W. Vorster and J.H. Jooste 
Teachers' College, Paarl and Department of Botany, University of Stellenbosch, Stellenbosch 

Potassium and phosphate absorption by excised ordinary and 
proteoid roots 01 certain species 01 the Proteaceae was 
investigated, using 86Rb (as subs1itute lor 42K) and 32p as 
tracers. The respiratory uncoupler, 2,4-dinitrophenol (DNP), 
inhibited the uptake 01 potassium and phosphate. The greater 
inhibition obtained with proteoid roots possibly suggests that 
they possess a greater capac ity lor metabolic absorption than 
the ordinary roots. Absorption 01 potassium and phosphate over 
a concentrat ion range 01 0,005 - 50 mmol dm -3 KCI and 
KH 2P04 respectively, was investigated. Lineweaver-Burk kinetic 
analysis 01 the data on potassium absorption in the low 
concentration range (0,005 -1 ,0 mmol dm - 3 KCI) revealed a 
more effective absorption mechanism in the case 01 proteoid 
roots. Kinetic analysis 01 the data on phosphate absorption in 
both the low (0,02-1,0 mmol dm - 3 KH2P04) and high (1,0 - 50 
mmol dm -3 KH2P04) concentration ranges points to a more 
ellective absorption mechanism in proteoid roots. Phosphate 
absorption by proteoid roots showed a distinct peak between 
pH 4 and 5,5. 
s. A fr. J. Bol. 1986, 52: 277 - 281 

Opname van kalium en loslaat deur algesnyde gewone en 
proteo"lede worte ls van sekere soorte van die Proteaceae is 
ondersoek. As merkers is 86Rb (as plaasvervanger vir 42K) en 32p 

gebruik. Die respiratoriese ontkoppelaar, 2,4-dinitrolenol (DNP) 
het die opname van kalium en loslaat deur gewone en 
proteo"lede worte ls onderdruk. Die groter mate van 
onderdrukking by proteo"iede wortels dui moontlik daarop dat 
hulle oor 'n groter vermoe tot metaboliese opname as die 
gewone wortels beskik. Die opname van kalium en fosfaat oor 
'n konsentrasiegebied van 0,005 - 50 mmol dm -3 KCI en 
KH2P04 onderskeidelik, is ondersoek. Lineweaver-Burk kinetiese 
analise van die gegewens ten opsigte van kaliumopname in die 
lae konsentrasiegebied (0,005-1,0 mmol dm- 3 KCI), dui op 'n 
meer effektiewe meganisme van opname by proteo"iede as 
gewone wortels. Kinet iese analise van die resultate verk ry 
tydens foslaatopname in sowp.1 die lae (0,02-1,0 mmol dm- 3 

KH2P04) as die hoe (1,0-50 mmol dm- 3 KH2P04) 
konsentrasiegebied , dui ongetwyleld op 'n meer ellekt iewe 
meganisme van metaboliese opname by proteo"iede wortels. 
Foslaatopname deur proteo"iede worte ls het 'n duidelike piek 
tussen pH 4 en 5,5 getoon. 
S.-A fr. Tydskr. Planlk. 1986,52: 277 -281 

Keywords: Phosphate, potassium, proteoid roots 
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Introduction 
Proteoid roots are characteristic of almost all species of the 
Proteaceae. Lamont (1980) determined that proteoid roots 
were present in 50 species which can be regarded as represen­
tative of the 13 genera of the Proteaceae in southern Africa. 

The term 'proteoid roots' was initialJy used only 10 describe 
the dense clusters of fine roots which occur in longitudinal 
rows along the ordinary roots of members of ¡he Proteaceae. 
According 10 Gardner el al. (1982) similar structures have also 
been found on species of other plants, e.g. Lupinus. 

According to Lamont (1972), proteoid roots can be dis­
tinguished from ordinary roots by their relatively uniform 
length, their restricted growth, the great abundance of root 
hairs present, their inability to form new roots and their 
restricted lifetime - approximately two 10 three months in 
the case of Leucospermum parile (Jongens-Robens 198 1). 

It is further generally accepted that proteoid roots are 
specialized structures which developed in reaction to the 
extremely low concentrations of nutrients present in the soils 
in which these plants are normally found. Groves (cited by 
Jeffrey 1967) determined thilt proteoid roOI development in 
Banksia ornata occurred at an earlier stage in culture soliltions 
with the lowest phosphate content. Establishment of young 
seedlings, especially on poor substrates, is apparently made 
possible by a high nutrient status of the seed (Groves & 
Keraitis 1976). 

The fact that most members of the Proteaceae can survive 
and even flourish on poor substrates, and that proteoid roots 
are such a characteristic component of their root systems, 
might be an indication that proteoid roots fulfil sorne impor­
tant role in their mineral nutrition. 

In trus investigation an attempt was made to determine ¡he 
possible role of proteoid roots in the mineral nutrition of ¡he 
Proteaceae by comparing the ion absorption capacity of 
excised ordinary and proteo id roots. 

Materials and Methods 
Plants, 8 to 18 months old, of those species indicated in the 
relevant tables and figures, were obtained from nurseries. 

The roots were washed in running tap water, followed by 
rinsing in deionized water. The young root tips and the clusters 
of proteoid roots were excised and suspended in an aerated 
0,5 mmol dm -3 CaS04 solution (Epstein 1961). Following 
determination of their fresh mass, root samples were placed 
in nylon gauze bags (50 x 70 mm), consisting of two com­
partments (Jooste & De Bruyn 1979). Ordinary roots were 
placed in one compartment and proteoid roots in the other. 
This ensured that the two types of roots were subjected to 
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identical experimental conditions. 
The bags containing the root samples were placed in an 

aerated 0,5 mmol dm - 3 caSo4 solution at 25°C. The mini­
mum volume of this solution - the so-called 'intermediate 
solution' - was 150 cm3 per sample. 

After 30 min in the intermediate solution, the samples were 
transferred to the various experimental solutions, which were 
also continuously aerated. Unless otherwise specified, the 
samples were exposed for 1 h to the experimental solution 
at 25°C. 

Each sample was thereupon rinsed for a total of 1 min in 
a separate series of four beakers each containing 200 cm3 

deionized water. 
In most cases (see text), the samples were subjected to a 

desorption treatment at 2°C for 30 min in a continuously 
aerated desorption medium with minimum volume of 250 
cm - 3 per sample. The experimental solutions and desorption 
media contained KCI or KH2P04 at a concentration of 
0,5 mmol dm - 3 (unless otherwise specified) in a 0,5 mmol 
dm - 3 caSo4 solution. To the experimental solutions approxi­
mately 333 kBq 86Rb or 32p per 2 dm3 were added as tracers. 
86Rb was used as substitute for 42K (Epstein & Hagen 1952; 
Epstein 1961; Rains el al. 1964) and both isolOpes were 
obtained from the Radiochemical Centre, Amersham, U.K. 

Unless otherwise specified, the pH of both the experimental 
solution and desorption medium varied between 5,5 and 6,0. 
Where the effect of 2,4-dinitrophenol (DNP) was studied, the 
latter was used at a concentration of 0,5 mmol dm - 3. 
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radiometrically by liquid scintillation counting using a com­
mercial scintillation mixture. Potassium and phosphate uptake 
were calculated from the 86Rb and 32p content of the samples 
and the specific activity of the experimental solutions. 

Two to three replicates of each treatment were employed; 
each experiment was repeated at least twice on consecutive 
days. The mean and standard error for each treatment were 
ca1culated. Differences between means of more than twice the 
standard error were regarded as significant. 

Results and Discussion 
Insufficient quantities of suitable experimental material (plants 
of the same age with proteo id roots) necessitated the use of 
more than one species. However it was assumed·that the role 
and behaviour of roots , especially proteoid roots, would be 
the same in all species. 

Short term absorption studies of this nature are usually 
carried out with 'low salt' roots (roots with a low content of 
ions in general, and of the ion under investigation in parti­
cular). Since it is difficult (or even impossible) lO generate 101'.' 

salt roots of the Proteaceae, the ion content of ordinary and 
proteo id roots of Proteo repens growing in the field, was 
therefore determined during a period of five months (Table 1). 

No definite pattern concerning differences in ion content 
between the two types of roots was evident. Interpretation 
of the results took into account the possible effect of initial 
differences in potassium and phosphate content of the two 
root types. 

Following removal of the samples from the experimental 
solution or the desorption medium, they were placed on 
absorbent paper for 12 h to dry before ashing. (Too dry 
material is brittle and difficult to remove from the bags.) 

. The effect of ONP on potassium and phosphate 
absorption 

The samples were dry-ashed according to an adaptation of 
the method described by Du Preez et al. (1981) and analysed 

In investigating the metabolic nature of absorption of mineral 
elements by plant tissue, metabolic inhibitors are generally 
employed (Ordin & Jacobson 1955; Sutcliffe & Baker 1974; 

Table 1 Ion content (± standard error) of roots of Protea repens growing in 
the field. Average of 5 replicates. o. roots - ordinary roots; p. roots - proteoid 
roots 

Ion content (rng g - 1) 

P K Ca Na 

Date o. roots p. roots o. roots p. roots o. roots p. roots o. roots p. roots 

15/5 
O 

0,59 3,00 1,37 8,34 8,69 3,32 1,29 
± 0,00 ± 0,08 ± 0,08 ± 2,14 ± 0,36 ± 0,01 ± 0,00 

15/ 6 
O O 

1,88 1,87 8,63 5,85 3,02 2,06 
± 0,00 ± 0,34 ± 1,68 ± 0,08 ± 0,01 ± 0,15 

15/7 0,81 0,55 2,44 1,79 6,16 5,12 1,94 1,1 6 
± 0,00 ± 0,00 ± 0,09 ±0,Q2 ± 0,84 ± 1,24 ± 0,04 ± 0,01 

30/7 0,70 1,14 2,53 3,88 5,76 4,67 1,88 1,87 
± 0,02 ± 0,10 ± 0,21 ± 0,08 ± 0,21 ± 0,05 ± 0,08 ± 0, 11 

15/8 0,33 0,59 2,36 2,64 7,22 6,64 2,12 2,38 
± 0,00 ± 0,00 ± 0,02 ± 0,01 ± 0,09 ± 0,27 ± 0,02 ± 0,05 

30/ 8 0,87 0,40 2,63 1,45 6,68 5,28 2,39 1,64 
± 0,01 ± 0,00 ± 0,00 ± 0,00 ± 0,06 ± 0,13 ± 0,21 ± 0,01 

15/9 0,73 0,38 2,00 1,01 7,00 5,01 2,33 1,66 
± 0,02 ± 0,00 ± 0,00 ± 0,00 ± 0,46 ± 0,21 ± 0,01 ± 0,00 

30/9 0,36 0,24 2,55 1,33 8,33 5,33 2,00 1,33 
± 0,01 ± 0,00 ± 0,01 ± 0,00 ± 0,78 ± 0,11 . ± 0,00 ± 0,00 

15/ 10 0,07 0,33 2,22 2,22 5,21 5,90 2,22 2,50 
± 0,01 ± 0,02 ± 0,02 ± 0,14 ± 0,00 ± 0,12 ± 0,02 ± 0,00 
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Jooste 1973). In this investigation the respiratory uncoupler, 
DNP, was used. 

In the study of both potassium and phosphate absorption, 
two experimental solutions were used; one with and the other 
without DNP. Two absorption periods were employed, 
namely 15 and 60 mino Half of the samples in each of the 
treatments were subjected to a desorption treatment. 

Tables 2 and 3 show that absorption of both potassium 
and phosphate was suppressed by DNP, and that this inhibi­
tion was greater in proteoid than in ordinary roots. This was 
particularly striking in the case of the 15 min absorption 
periodo 

It is also clear that desorption was responsible for the 
removal of a considerable fraction of the absorbed potassium 
and phosphate in both ordinary and proteoid roots. No 
definite conclusions can therefore be drawn concerning any 
difference in the extent of the apparent free space in the two 
types of roots. 

Potassium and phosphate absorption at different 
concentrations 

Epstein el al. (1963) proposed two mechanisms of ion ab­
sorption - one operating at a concentration of the ion in 
the external solution of up to 1 mmol dm - 3 (mechanism 1), 
and the other from 1 mmol dm - 3 upwards (mechanism 2) . 
Diffe rent interpretations are currentIy given to this fínding, 
for example by Nissen (1971) and Gerson & Poole (1971) . 
Nevertheless, absorption studies over a wide concentration 
range supply valuable information concerning the ability of 
diffe rent plant roots to absorb ions. 

J ackman (1965) studied the absórption of rubidium by 
excised roots of two grass species and two legumes. The 
above-mentioned two absorption mechanisms were observed 
throughout. It was further established that the maximum rate 
of absorption (V m",,) of mechanism 1 was much greater for 
grass roots than for the roots of the legumes. The cor­
:'e;;onding values for mechanism 2 were, on the other hand, 
found ro be very similar. Jackman suggests that these fmdings 
agree with the performance of these species in the fíeld . 
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Legurnes respond well to applied potassiurn when grown with 
grasses, but where deficiency conditions exist, when only 
mechanism 1 is operating, the legurnes appear to compete less 
successfully with the grasses. 

In the light of the above-mentioned findings, and in view 
of the fact that Proteaceae generally grow in relatively poor 
soils, the uptake of potassiurn and phosphate in the 'low' and 
'high' concentration ranges was compared. 

Potassium and phosphate absorption was studied over a 
concentration range of 0,005 - 50 mmol dm - 3 KCl and 
KH2P0 4 respectively; O - 1 mrno! dm - 3 representing the low, 
and 1 - 50 mrnol dm - 3 the high concentration range. 

An absorption period of 1 h was followed by a desorption 
treatment of 30 min. The results are presented in . the form 
of a Lineweaver-Burk transformation of the Michaelis-Menten 

1.0 

c: l 
.9 v 

0.5 

o 20 

Ordinory roots 

100 

Proteoid roots 
Vmax- 40 ug .g-1.h-1 

Km =0.056 mmol.dm-J 

200 

.L IKl- KCI concentrabon l mmOl.drñ3) 
IK) 

Figure 1 Lineweaver-Burk plot of rate of potassium absorption by 
roots of PrOlea eximia (Salisb. ex Knight) Fourcade in the low 
concentration range (0,005 - 1 mmol dm - \ 

Table 2 Effect of 2,4-dinitrophenol (ONP) on potassium absorption (± s tandard error) by roots o f Leuco­
spermum cordifolium (Salisb. e x Knight) Fourcade 

Absorption 
period (min) 

15 
60 

K uptake (¡.tg g - I sample) 

Proteoid roots 

with desorption 

KCl KCl + DNP 

2,34 ±O,31 
7,07 ± O,10 

1,12±O,13 
2,94±O,19 

no desorption 

KCI KCl + DNP 

5,59±O,81 
14,82±O,32 

2,60±O,32 
4,97± O,66 

Ordinary roots 

with desorption 

KCI KCl + DNP 

1,95±O,09 
6,04±O,21 

1,62±O,09 
3,18±O,67 

no desorption 

KCl KCl + DNP 

4,90±O,12 
8,07±O,22 

3,64 ±O,54 
5,38±O,06 

Table 3 Effect of 2,4-din itrophenol (ONP) on phosphate absorption (± standard error) by roots of Protea 
repens (L.) L. 

Absorption 
period (min) 

15 
60 

P uptake (¡.tg g - I sample) 

Proteoid roots Ordinary roots 

with desorption 

KH2P04 
KH2P04 + DNP 

14,43± 1,24 1,45 ±0,32 
51 ,97 ± 5,63 3,61 ± O,40 

no desorption 

KH2P04 
KH2P04 + DNP 

22,9 ± 1,76 2,79± 0,38 
66,86 ± 0,45 5,3 1 ±O,87 

with desorption no desorption 

13,34 ± 0,58 
36,50±O,59 

5,30±O,58 
8,81 ±O,64 

20,08±O,88 
45,42± 1,99 

9,59± 1,06 
13,89±O,73 
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equation. The calculated values for V max and Km are also 
shown. 

In the case of potassium absorption in the low concentra­
tion range (Figure 1), a straight-line relationship was obtained 
with proteoid roots, but not with ordinary roots. The latter 
might indicate that absorption by ordinary roots is not 
controlled by metabolic processes to such a great extent as 
in the case of the proteo id roots. The values for V max and 
Km with proteoid roots were 40 Ilg K g - 1 h - 1 and 0,056 
rnmol dm - 3 KCI respectively. This shows that the mechanism 
for potassium absorption functions quite effectively in these 
roots. 

In the high concentration range, more potassium was 
absorbed by the proteoid roots than by the ordinary roots. 
Application of the Lineweaver-Burk kinetic analysis to these 
data was, however, not successful, and is therefore not 
included. This is not unexpected, because according to Epstein 
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Figure 2 Lineweaver-Burk pIot of rate of phosphate absorption by 
roots of Protea compacta R.Br. in the Iow concentration range (0,02 - 1 
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(1972) this is usually not possibJe in the high conlcenltral~io 
range. Similar effects were obtained by looste & De 
(1979) in the case of iron absorption by excised root tips 
leaf discs of the bean plant (Phaseolus vulgaris L.) 

On the other hand, kinetic analysis of the results in 
spect of phosphate absorption in both the low and 
concentration ranges displayed a straight-line 
(Figures 2 & 3). 

In the low concentration range (Figure 2) the values 
Km and Vmax with proteo id roots were 0,074 mmol dm­
KH2P04 and 35,71 Ilg P g-I h - 1 respectively. The 
responding values with ordinary roots were 0,103 rnmol dm - 3 

KH2P04 and 27,78 Ilg P g - 1 h - 1 respectively. The lower Km 
value and higher V max value obtained with proteóid roots are 
indications of a more effective mecharusm of metabolic 
absorption than that operating in ordinary roots. 

Relatively high Km values were obtained with both proteoid 
and ordinary roots in the high concentration range (Figure 
3), indicating a Iower affiruty between the ion and canier than 
in the low concentration range. NevertheIess, the Km value 
with proteoid roots (5,076 rnmol dm - 3) was considerably 
lower than with ordinary roots (45,45 rnmol dm - \ However, 
V max values were in this case higher with ordinary roots . 
(344,83 Ilg P g - 1 h - 1) than with proteoid roots (222,22 Ilg P 
g - 1 h - 1). 

These results seem to indicate that proteo id roots, especially 
in the low concentration range, possess a highly effective 
mechanism of metabolic absorption. In the case of anion 
absorption, it even exists in the high concentration range. 

Potassium and phosphate absorption at different pH 
values 
Since the pH of the soil in which the various species of the 
Proteaceae grow is relativeIy Iow, of the order of pH 4,0 - 5,5 
(Walters 1980), potassium and phosphate absorption by 
ordinary and proteo id roots were compared over a pH range 
of approximateIy 3 to 8. 

The experimental solutions contained potassium and phos­
phate at a concentration of 0,5 mmol dm - 3 and the pH was 
adjusted with 0,1 N HCl or 0,1 N NaOH (Epstein 1955; Rains 
el al. 1964). Following removal from the experimental solu­
tions, the samples were subjected to a desorption treatment 
for 30 mino 

0.02 

0.01 

Ordinary roo1s 
Vmox 31.1..B3 "g.g-l. h-1 

K m -1. 5.45 mmol. drñ 3 

o 0.03 0
6
05 0.1 -3 

1 IpJ; Kf2P 4 concenlrat ionlnrnol.dm J 

[pi 

Figure 3 Lineweaver-Burk pIot of rate of phosphate absorption by roots of Protea compacta R.Br. in the high concentration range (1-
50 mmoI dm - J) . 
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Figure 4 shows the results on potassium absorption. At pH 
. 3, absorption by proteoid and ordinary roots did not differ. 
.With increasing pH, potassium absorption by both root types 
increased, but the increase was much greater with the proteoid 
roots. Above pH 5, absorption by the ordinary roots declined 
whereas that by proteoid roots remained more or less constant. 

In the case of phosphate absorption (Figure 5) the same 
tendency was observed with ordinary roots, namely increased 
absorption with increasing pH and a flattening of the curve 
aboye pH 6. In the case of proteo id roots however, there was 
a clear phosphate absorption peak between pH 4 and 5,5". 

The aboye fmdings indicate tllat proteoid roots, particularly 
where phosphate absorption is concerned, fulftl an important 
function at the relatiyely low pH yalues of soils in which these 
plants normally occur. 
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Figure 4 Rate of potassium absor¡:tion by roots of PrOlea repens (L.) 
L. at different pH values. 
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Figure 5 Rate of phosphate absorption by roots of Pro tea compacta 
R.Br. at different pH values. 
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menl in 1920 of Ihe Wild Flower 
. Proleelion SoeielY, wilh ils eaH-to-

arms for .a "planting brigade nOI a 
plueking brigade" , This had Ihe 
aim of pre\'enling Ihe destruction 
and extinclions caused by indis­
criminate picking of wild Oowers -
particularly Ericaceae and Protea­
ceae - for sale to the pu blic, 

Almosl simultaneously, Kirsten­
bosch Botanic Garden had, sincc ils 
inception seven years previously in 
1913, managed to culti\'ale at least 
10 pro tea species, and for Ihe firsl 
time prolea seeds were made avail­
able to members of Ihe BOlanical 
Socicty in 1922, 

Culti\'ation was a logical answcr 
to the need to reduce Ihe impact of 
Ihe Oower pickers, bUI Ihis conccpl 
has gained much ",ider support ",ilh 
the rece m gro\\'lh of a multi-million 
rand CUIOowcr induslr\' ami conse-

. quenl incn'ólsc'd pn:ssur;' on Ihe \'dd, 
_ The POH'IIlial proll'ni\'l' \ 'alue of 
.. culti\'alion is illuslrall'Cl b\' Srrruria 

florida, onCl' considerecl exiinC't ami 
end('mic to lhc' Fransehhoek area , 
lIs r('(lis('()\'lTY c'xposc'd Ihc' speries 
to Ihc' cJc.praclaliolls 01' f1o\\'lT pirk­
('rs, bUl Clllli\'alioll SIICTC'SS 
ólchi(,\'l'd ¡ll Kirsll ' lIbosch C'lISUITd 
that thc' "blllShillg hrick" prol"¡l be­
('" me ",idd\' ¡l\'ailabk, alld lIurse ­
ric's 110\\' p;'odu('(' nlally lilll (,~ dI!' 
\'OIUnH' lil\lIlCl ill lh, ' \'( ' Id, \\'hC'l'e 1 he 
spc'ci,'s is IIO\\' eOlllparali\Th' IIc'g­
!c-rl('d ami sali'. 

:\c1millc'c1h' ndli\'alioll is 0111\­

pan 01' lh(' 'illIs\\,('r, I'lIl1ili\'" IIl('a­
surc's ami f10\\'cT-piáillg pC'l'lIIilS 
also ha\'(' k('y roks 10 play ill flora 
consc'[\'a 1 iOll , 

Thc' ad\'anlages 01' illU'nsi \T cul­
li\'ation ami planlaliolls arc' lhal 
lhes(' measures arc' POSili\'(' ami 
lhal lhcy oflá financial gain - bUl 
onl)' if il . can be ckarl\' c!c-nlOn­
slraled lht "planling" i~ ch('apn 
lhan "plucking", e lnlmsivr Oow('[ pi cking for shorl­
lerm gain can bc rclati\'c1y cosl-fn'C 
in straighl financial lcrms ",ilh no 
capilal inveslment nC'cd('d, bUl in 
ecological terms it is de\'astaling, 
The temptation to pick and forego 
the long-Ierm financial gains and 
rcliabilily of plal1lalion culli\'alion 
mUSI be prevenlcd, 

This is whcrc rcscarch plays an 
inv~luable rolc, producing culli\'ars 
WhlCh Oower cxactly when the mar­
kct requires Ihem, o(fering lhc bCSl 
colour and form to fil dcmand, Slan­
dardised for easier packing, brcd for 
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longer lasling qualities and so well 
suilcd to their growing environment 
lhal propagation and disease prob­
lems are minimised, Thus lhcy can 
compete with any olher horticullural 
crop, The indilferent quality of 
blooms picked from Ihe wild is Ihen 
cleady displayed and cullivation be­
comes a distinct!y better altemalive, 

Frank Batchelor 
A far-sighled Slellenboseh 

farmer, M r Frank Batchclor (1899-
1977) was to understand Ihese cru­
cial points and to pioneer lhe devclop­
ment of Soulh Africa's commercial 
prolea induslry, After growing a 
broad scleclion of deciduous fruils , 
he eSlablished, adjacenl to his farm, 
a prolea nursery which "'as 10 bc his 
reliremenl hobb\' , This was on a hill 
lalc'r to bC' calld Prolea Heights , 

By 19+8 hc "'as har\'esling his 
(irst crop and IhC' lrcmelldous recq>­
lion hl' recci\'('d from an cxhibil or 
his blooms al lhe Trans\'aal Horti­
cultural Sociely's Spring Sho\\' a 
\Tar I,lln madI' him look mor(' elo­
sdy óll lhl' polc'nlial 0(' lhe prolea. 
Hc' "'as ~oon lo bc'eome the firsl PlT­
son 10 produ('(' rUlli\'alC'c1 prolc',lS 
(ill' lhe lracle ill Soulh .'\frira, ami 
lllC'lI lúo\'(,d illlo rigorous sekC'liOIl, 
hybridisalion ami \'l'gelali\'c' propa­
gal iOIl cl sup('rior c1one~ (i ,r loc,.! 
alld O\'('[sc'as lIIarkels , 

His aehic'\'c'nlC'nls \\'C' IT f'('('ogni ­
,, 'd \\'hl'll in ICl71 lhe SOlllh :\f'r';rall 
\\'ild F!o\\'l'r Gro\\'ers :\ssocia lioll 
1"'1I0UITd lhi~ pioll('c' r IIy eSlabli sh­
illg lhe Balrlll'lor prize fill' t1 11' I)('sl 
hyllrid prolea produc('(1 fi,r lhc' l'lll­

no\\'l'r illduslr\' . I n 197G t--.lr Balch('-
1m ",illed I'rol'('a Hcighls 10 lh[' S. :\. 
:'I:alur[' Foundalion lhus ellsuring 
lhal pioncC'ring work he had illi­
lialed ",ould cOlllinue, suppon('(1 
II\' lh(' r('scarch and facilili es of 
niodern sciC'ntific hOrlicullurC' 
lhrough Slellcnbosch U niversily 's 
D('parlmenl of Honiculturc, 

Scientilically managed ",ildOo",cr 
cullivalion, especiall)' of Proleaccac, 
now produces aboul 15% of lhe 
blooms exponed - a percentage 
",hich Prolea Heights is committed 
10 improving ' lhrough research in 
laboralory and licld , Improved hy­
brids will encourage more farmers 10 

abandon "plueking" in favour of 
"planting", and vcld-picked Oowers 
will bccome uneconomical as they 
rail 10 malch lhe rigorous quality de­
manded by lhe cUlOower export mar­
kel. Thus docs cultivation bccome 

conservalion. 
In morc formal economlc lerms, 

cu lli valion plays a valuable role 
wilhin lhc economy, being labour 
intensive lhroughoul the year o(fer­
ing unskilled and semi-skilled jobs, 
and in addilion the wild-Oower in­
duslry is worth several m illion rand 
in foreig n exchange annually ror 
Soulh Africa, 

Thc Nature Foundation con­
siders Prolea Heigh ls and ilS \\'ork 
and results a superb example of sus­
lainable ulilisation - ",here con­
ser\'alion is nOl simply prese[\'ation 
bUI p lays an aClive, posilive role 10 
demonslrale lhal conservation is for 
man and 10 ensure lhe safe fUlure of 
our natural herilage. 

Research 
Th(' prOleas occurring nalurally 

in lhe " 'ild sll(luld be eonsiderC'd as 
lh(' g('n(' plasma rc'sourcc's, \\'ailing 
lO be dl'\Tloped lO satisfy lhe C'\Tr 
illlTc'asing c!c-mand of a c¡ualil\' COII­
sr iolls O\'l'rsc'as lll 'lrke l. 

11 is gellerall\' said lhal a horti­
rullural ' ill duslr~' is onl\' as good as 
ils l'ldli\'ars, a;,d r(' n :lillh" ill 111(, 
rasc' 01' norieull ure Olll ' rall' ,ldd 1 he 
ra l[' al \\'hieh IIl'\\, rUlli\',lrS are 
1~I;l(Td 0 11 lhc' ll1'lrkc'l. For a sophi~­
ll('¡lled 11Iark('1 sueh as lhc' Luro-
1)(',111 l1o\\'('f' lllark('l ",hieh is al\\'ays 
\\'allling "SCllllc'lhill.¡: lle\\'" il i~ lhus 
uldik['l\' lh,ll lh[' 10('011 prol c'a illclus­
In' \\'ill illr lTa,,' ils shar(' 01' Ih(' 
lll'ark('1 if il is goillg lo d('P('lld ollly "1 
011 Ihe lilllil('d 11111111)('1' cl spc'eie~ 
pil' k, 'd frolll lh,' \'(' Id , 

Bre('(l illg alld s('ketioll 01' proc('a~ 
is lhcTdi,re .1 majm programnH' al 
Prolc'a H cights , This year ,dolle 
sonH' :lOO hybrid s 01' l.rurusprmll/ll/ 
\\,(' [l' scr('elled for eommercial us­
agc . SomC' of the nC'\\' and interesl­
illg hybrid s r¡¡ised include L. gla­
brull/ x (L. rordijolil/ll/ x L. lil/rarr ), 
L. pluridms x (L. cordijolium x 
L. lillrarr ) and L. conocarpodrndron x 
L. rordifulium, A range of 14 p , nrrii­
folia x p , com¡Jacla hybrids which 
Oower from February 10 April \\'as 
al so sercened during lhe lasl fe", 
\'ears, Two of lhcse sclections "'ere 
éonsidered suitable for commercial 
produclion , The scope for develop­
ing ne\\' items is unlimiled and it 
really depcnds on ourselves nOl 10 
let lhis 0pp0rlunity go by, as has 
happened with so many of our other 
indigenous Oowers wherc the dcvelop­
menl ",as done overseas, 

Allhough the developmenl of ne", 

Vdd & Flora DECEMBER 1984 



l· 

cultivars is of prime importanee. at­
tention should also be ~iven to 
other aspeets of the commercial 
production of proteas. Vegetative 
propa~ation of new e ultiva rs is a n 
essential step for suecessful com­
mercial protea production. :\ great 
deal 01' research on this subject has 
been done at Protea Heights. Ex­
cept for sorne 01' the more "dillicult­
to-root" protea hybrids the techno­
logy of rootin~ cuttings 011 a com­
mereial seale has heen worked ou t 
and impleml'nt('d at Protea 
Hei~hts . Today al! LtUCOS/Jtnllllll/ 
and Pro/m hvbrids ami scleetiol1s 
are prop;lgat~d by m('al1s 01' eut­
tings a t I'rott'a Hl'ights. 

Id('l1tifi('a tiol1s 01' gro\\"th al1d 
(!t-"l'!opI111'l1tal nHlstrail1ts 01' ;1 c ul­
ti";lr \\"hi dl limit its prodllc tiol1 01' 
('(,OIlOI1¡jC hiomass is th,' 11,·xt logi­
(';tI st,·p il1 a progr;ul1m" 01' ndti\'ar 
<"'\'(·lopn1<'111. ({"s"arch al ('rol ea 
H"ighls 011 Ihis asp,·(·t ",ill 1)1' ill lls, 
Iralnl 1,,· Ih ... ·,· "x;lIl1pl," : 

(1) I'lalll s 01' 1111 1St 1.1"/1//1/"'/11111111 

clllti";¡rs ')I'co 11 11' COlllP¡"X ,"'1'\' 
Llpidh . . \s 1''''''11 IIlt'ir Ihird ,,'.\1' 
pl.uIls prodll(,(' ,·x(Tssi, ... 11I1IIdll'l"\ 
01' ,1111111, ",hi( 'h 1t'lld lo 1 ... short .1I1d 
¡(In",i ln' 11111 ,ln·'·pl.lh'" 1" lit .. 111.11" 
k,·t. To 1)\'1'1'1'111111' Ihis Il r" I)I'I1I, ",,1· 
ti"ars ",ith this t('nd('n(', an° doseh 
span'd (B 000 plants/h;'l) and 1111';1 
al1l1ualIY pnuH'd so as to limil Ih .. 
numlll'r uf shoots lo abOlll :10 st, 'ms 
pa plal1l. This ('I1SIlI'<'S a higil pl'tl­
ductiol1 pa 1H't'1 a 1'<' lill' ti\!' .. l1lilT 
lil" uf ti\!' plaI1IS. 

(2) H"brid cu ltivars whieh ha\'(' 
L. (O//O(;/TpO"m"TIIIl as 011" pa r('1I1 
product' shurt Sll'ms irrl'spl'ctiv(' nI' 
whctha shoot number per plant is 
reduet'd . Although not yet il1 com­
mercial usage ~reat prog-ress has 
been made iR extending- the shoot 
length of these culti va rs with 
growth regulating ehemieals. 

(3) Extending the Oowering time 
of Ltucospmnum wil! reduce the 
overproduction encountered In 

spring. Dclaying the Oowering time 
by disbudding of the primary inOo­
rescences can dclay the crop until 
Deeember. Basic rescarch on fae­
tors controlling Oower initiation is 
in progress and it is anticipated lhal 
proccdures will be dcvcloped 10 ef­
feetivcly control the lime of 
Oowering of this crop. 

Successful post-harvesl handling 
of a perishable commodity destined 
for a distant market is another im­
portant aspect which should be well 

Vtld & Flora DECEMBER 1984 

develo ped if we want to secure our 
p'osition on the overseas market. 
rhe post-harvesl physiological ab­
normality of leaf blaekening of 
many protea species and cullivars 
adds 10 the complexity of handling 
CUl protea Oowers. Blackening of 
lea ves during transit of the Oowers 
is induced primarily b~' poor tem­
perature management of the 
1I0\\'ers. 

1'0 minimize the likelihoud of leal' 
blackcn ing developing during tran ­
sit it is important that the f1L\\vers be 
properly cooled befure leaving the 
paekhuuse. For this rt'ason Protea 
H('igh ts has introduced a system 01' 
fi )rc('d air pn:c()oling to saf(·.l(uard 
against loss 01' qllality 01' tl lt·i r 
pmdllct durillg trallsit. :\ practical 
S()llIli()1I to th (' dn'l'!opn1<'lIt 01' leal' 
hlack"lIillg ill tlll' "ast· mllst stiJl 

ma tcrialize . 
Controlling discases and insects 

is particularly difficult when culti­
va tion of a erop is undertaken in its 
natural habilat. and even more so 
when cultivation is based on clo­
nally propagated cultivars. Protea 
Hc:igh ts has played a significant 
role in ;lssistin)!; rc:sea rch workers in 
this licld. Considt:rable progress has 
been made il1 the identification and 
control 01' discases and pests. ~cw ge­
nt:ra anO species uf pathogcnic fungi 
on prot('as ha \'(: bl'en disco\'(:n·d . 

The bct thal P rotca H(' ights is 
man:lgnl as a eommereial cu t­
flo"'tT Elrm wit h its bcilities and in­
fra structurt· a"ailabl(' to n's('arch 
\\'orkl'rs (' IIStln's tlt;lt it ",iJl cOl1 ti­
IIUI' (() 1'1 ;1,' ,1 s igllili c llIl role ill thl' 
dl" TI() pll1<'lIt ()I' thl' ndli,·;¡tnl pro­
tl ' :1, \1#, 

RESEARCH INTO THE SOUTH AFRICAN 
PROTEACEAE 

In the beginning . 
by Marie Vogts 

'1'111': YI-.. 'R is I'HIl . 1·:l1t'O ur.lged h" 
')I'aulil'ul pr()ll 'a hltl()II1S tllI pl.lIllS 'f 
ndli"alnl ill Ihe IIIO"nl:lil1s alld 
S()rt·'" disctl"raged b" f;lilun's ('!se­
",11t '1:I', l am fiJlnl ",'ilh all urgl' to 
lilld tI" l ",hv. :'\tI hook 011 cllltiva­
ti()1I ()r pr()l;agali()1I is 01' ally h .. fp 
alld l IIt'r\'ollsly appro:lcil Ihe hi .gh· 
I'SI auth()riIY . "Young lady." (' rol'. 
(;omptol1 says, "you an° waslillg 
your lime. The backlng ,m this killd 
01' kllowlcdge 01' I he I'roll'aCeae is 
too gn'a t. For.!.;et about exploring 
n'aSOIl S for thei r behaviou r anri 
their hidden charactcris ti cs and 
don ' t try 10 bring high mountain 
proteas down to opcn Oats ." 

This was the challenge. Forty 
years ago there was no seientilic 
guidcline to explain lhe causes o f 
the eccentric behaviour, reactions 
and needs of these plants. The only 
attempt 10 present classilied know­
ledge was made by Joseph Knighl 
in England almost lwo cenlurics 
ago. BUl as his work was limiled 10 
cultivalion unde r highly a rtificial 
conditions, it could nOl se rve as a 
basis for continuation 01' rescarch 
and interest soon waned. 

In South Africa only a few hints 
and odd bits of information could 
be gathered from botanic gardens 
and from (he few individuals who 
had successfully cul ti vated single 

pbllls . 1-:\"( '11 tlll'S!' lilllilnl n ·t' ()IIl· 
1Ill '11Ilati()IIS :11111 illli ,!'t'IIITS ",n,· 
h:lsnl 1111 re ;It'litlIlS 01' protl';" ill Ih .. 

!);Irt icu lar plan's \"hl'n' Ihey had 
)('('11 1·ldli,·alcd . alld Ihesl' wI'n' al! ill 

111<' ",illtl'!' r:lilll: dl n·)!;ion . :"io <Hit· 
had 1>1'('11 illlen's tl 'd "l1oug-h 10 SIlt'lId 
lime alld IIl1llll 'y ')Il il1'Tsligalin.g Ihe 
causes 01' Ih.. ol>"ious divt'rgl 'I1Ct' 
IroT1l kl10wn horticultural crops. 
:"it:vcrthcll'ss, 1 took up the chal!,'n)!;e 
anu launched a new approach 10 th .. 
prublcm, difrerent from the a.l(e old 
s tandard trial ane! error method of 
accumulating prcliminary knowlcdgc 
through practice. 

1 n the bq~inning of this seientilic 
rcsearch thc natu ral habitat served 
as a refercnce book . The apparent 
similarity of reactions to a number 
of factors of many s peci cs was so en­
couraging that the family was 
trealed as a wholc (in spite of a few 
glaring exceplions) and cventually ' 
52 speeies, reprcsent ing e ight 
genera, were used for intensive in­
vesligalion. 1 madc numerous ob­
servalions which scemed relalive 10 
the project, lirsl in nature and then , 
by experiment, under control. 

Since this research had to be con­
sidered as an undevcloped branch 
01' science, a na logy played a promi­
nent role in the classification or 
grouping 01' what had been pcr-
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Phytophthora Root Rot of Commercially Cultivated Proteas In South Africa 

S. L. VON BROEMBSEN, Agricultural Researcher, Plant Protection Rescarch lns titute , Private Bag X5017, 
Stellenbosch 7600, and G. J. BRITS, Agricultural Researcher, Hortic ultural Rescarch lns titutc, T ygerhoek 
Experimental Farm, P .O . Box 25, Riviersonderend 7250 

ABSTRACT 
Von Broembsen. S. L.. and Brils. G. J. 1985. PhVlophlhora roo l rOl of commercially culli va led 
proleas in Soulh Afriea . Planl Discase 69: 211-213. 

Ph,rlOph/hora cinnanrumi was isolaled fro m lhc roolS of 63 species of di seased proleas (Proleaeeac) 
in commercial ficlds in the South Westcrn Cape Provinee of South Afriea. Disease was often 
associatcd with poor soil drainagc. Aboveground symptoms rangcd from wilting and rapid dcalh to 
chlorosis. decline. and eventual dcath . P. cinnamumi was associated most frcquently with 
Ú!ucusptrmum and Ú!ucadendroll spp. Pathogenicity of P. cinnamunri to indigenous proteas in 

,eight genera (l-<,ucadendrulI . Lellco"{Jermllm. Pro tea. Aulax. Brah,'illln. Jfimetes. ParulIonllls. 
and Serrllriu) was demonstratcd by artilicial inoculation. 

Additiona l key words : disease control 

Protcas (Proteaccae) produce slriking 
flowers that remain attractive for weeks 
in the vase. Protea cultiva tion in South 
Africa has grown from a few hecta res in 
1960 to more than 2.000 ha toda y. 
making South Africa the world's leading 
producer and exporter of proteaccous cut 
Ilowcrs (B. Gibson. personal communi­
cation). About 20 indigenous species and 
several Australasian species are cultivated 
on a large scale. The most important 
production species are from two major 
indigenous genera, Leucospermum and 
Pro/ea. 

In 1976, we investigated extensive 
patch deaths of the common pincushion 
(Leucospermum cordiJo/ium ($alisb. ex 
Knight) Foure.) in a commercial cut 
Oower planting on a site with poor 
drainage. Affccted plants showed chlo­
rosis, rapid wilting, and death. Phytoph­
(hora cinnamomi Rands was recovered 
from the dark brown, decayed roots of 
affected plants. Although P. cinnamomi 
has been reported previously from 
proteaceous hosts in both South Africa 
(6) and Australia (11), no studies on 
commercial plantings in these regions 
have been reponed . P. cinnamomi has, 
however, recently been shown to cause 
root rot of Banksia spp . in Hawaii , whcre 
the disease is commercially important to 
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cut Ilowcr proJuction by this genus (2). 
lllis paper reports the general occurrence 

of Phytophthora root rot on commercially 
cultivated proteas in the South Westcrn 
Cape Provinee of South Africa and 
de monstrates the pa thogenic ity 01' P. 
cillnamomi to representative species of 
indigenous proteas . 

,"lA TERIALS ANO METHOOS 
Field study. Oeaths of proteas grown 

in the South Western Cape Province for 
cut Oower production, seed prod uction, 
a nd breed ing were investigated during 
1976-1983. Disease pallerns and symptom 
cxpression on different kinds of proteas 
were recorded. Tissues from the roots and 
co llars of diseased plants were surface­
disinfested in 0.1 % NaOel. rinsed in 
sterile disti lled water, and plated o n 
PIOVP (5) or PIOVPH (4) medium (both 
selective for pythiaceous fungi) and on 
Difco cornmeal agar. Isolations from soil 
samples taken from the roo t zones of 
diseased pla nts were made using a lupin 
baiting te c hnique (1). Isola tes were 
identified using the criteria of Water­
house (9,10). 

Pathogenicity tests . The pathogenicity 
of P. cillnamomi to 31 indigenous species 
of South African proteas (Table 1) was 
tested. Species selected from the major 
indigenous genera, Leucospermum . 
Leucadendron, and Protea, represented 
most ofthe subgenera within these genera 
and included most commercially impor­
ta nt species. Single species from five 
minor genera were included in the tests to 
obtain an overall indication of the 

reactio n o f the indigenous component of 
the fam ily Proteaceae to P. cinnamomi. 

In ocu lum was prepa red by growing an 
Al isolate (ell ) o f the mating type of P. 
cinnamomi from Le ucadendroll 
argenleum R. Br. in V-S j uice broth (3) 
fo r 15 days, then comminuting and 
diluting with slerile water to about 1,000 
colony-fo rming units per lite r. Previous 
inocula tion studies had shown that a 
dosage oC about 100 propa gu les per plant 
was likcly to cause co nsis tent infection of 
the most suscepti ble species but would 
also allow differences in susceptibility to 
be shown. One-year-old plants grown for 

Table J. Infcction and dcath of indigenous 
Soulh Afri can ('rOl caccac aftcr artificial 
inocu latio n with Ph,'(ophr!Jora cinnamomi 

Plant Infeeled' Dead' 

A IIlax cancel/ara 4 4 
ilraheilllll .¡(el/atifoliu", 3 O 
l..l!lI(UdelldrolJ 

afKenlelllll 4 4 
nervosum O O ' 
oriell/ale 2 2 
sali~um 5 5 
uliginvsuI17 O O 

Ú!ucos{Jermum 
conocarpodenJron O 
cordifolium 4 4 
cuneIforme 4 2 
fo rm osuln O O 
glabru", 2 O 
palersonii 5 5 
praem o rsunJ 5 5 
proslraluln 2 2 
rej1exum 2 O 

Mime/es hinus I O 
Paranomus rej1exlIs O 
Protea 

callra O O 
compacta O O 
cynaroides O O 
exim a O O 
lanceolata I O 
laurifulia O O 
magnifica I O 
núno r 2 O 
neriifolia O O 
nítida O O 
ohrusifolia O O 
repens O O 

Serruria j10rida 4 4 

• Numbcr of infccled or dcad planls of five 
inoculalcd. 
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10-12 mo in 2-L pots were inoculated by 
irrigating 100 mi of the mycelial 
suspension into the potting mixture (1: 10. 
compost:sand). Controls were treated 
similarI'y. except steri le water was applied 
instead of mycelial inoculum. Treatments 
were replicated five times with single 
plants as experimental units . 

Plants were held in a sand-filled 
shadehouse bed heatcd from beneath to 
25 C and watcred as necessary but 
otherwise exposed to the ambient 
conditions prevailing between December 
1978 and May 1979 at Stellenbosch 
(midsummer to autumn). Symptom 
development and plant deaths were 
recorded weekly. Dcad plant s wcre 
removed when noted. their root systems 
examined. and isolations made as 
described before . After 5 mo. the 
experiment was terminated and isolations 
were made from the root systems of all 
surviving plants . 

. RESULTS 
Field observations. Dark lesions 

occurred on the roots of all discased 
plants and on the collars and lowcr stems 
of sorne. Cortical tissues were decayed 
but the stele remained intact. Proteo id 
roots (de nsely clustered rootle ts charac­
teristic of the Proteaceae) and secondary 
roots were often missing. For the most 
severely affected species. the diseasc was 
characterized by rapid wilting and death 
with subscquent retention of Ieavcs on 
branches. Chlorosis somctimes preceded 
wilting. For less scvercly affectcd species. 
gradual decline accompanicd by chlorosis 
and stunting preceded death. Altho ugh 
diseased plants occurred more frequently 
in poorly draining areas of a Cield . they 
also occcurred on scattered plants at si tes 
with good drainage. Deaths occurrcd 
most frequently in the hot, dry period 
fro m summer to earl y autumn. 

P. cinnamomi was isolated from 63 
specics of proteas in nine genera: Au/ax 
cancel/a/a (L.) Druce (=pinifolia Bcrg.); 
Banksia burdetti E. G. Bak., B. coccinea 
R. Br., B. hookerana Meisn.; Brabeium 
s/ella/ifo/ium L.; Leucadendron 
argenreum, L. comosum (Thunb.) R. Br., 
L. daphnoides (Thunb .) Meisn . , L. 
disc% r Phil!. & Hutch .. L. ga/pinii Phill . 
& Hutch .. L. /aureolum (Lam.) Fourc., L. 
meridianum 1. Williams, L. micro­
cepha/um (Gand.) Gand . & Sch inz, L. 
n ob ile 1. Williams, L. orienta/e 1. 
Williams, L. pubescens R. Br., L. rubrum 
Burm. f.. L. salignum Berg., L spissiJolium 
(Salisb. ex Knight) 1. Williams, L. 
/inc/um I. Williams, L. /radouwense 1. 
W i lliams , L. u/iginosum R . Br .; 
Leucospermum a//enua/um (Burm. L) 
Rourke, L. ca/herinae Compton, L. 
conocarpodendron (L.) Beuk, L. cordi­
folium 'Gold Dust,' L. cordifolium X 
/ollum (L.) R. Br. 'Firefly,' L. cordiJolium 
X lineare R . B¡' . 'Red Sunset,' L. 
cuneiforme (Burm. L) Rourke, L. 
erubescens Rourke, Lformosum (Andr.) 
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Sweet, L fu/gens Rourkc, L. g/abrul1l 
Phil!., L. grand!(lorum (Salisb .) R. Br .. L. 
lineare R. Br., L. muirii Phill., L mundii 
Meisn .. L. pa/ersonii Phil!. , L. p/uridens 
Rourke , L. praecox Rourke, L. prae­
morsum (Meisn.) Phil!., L. prOslra/um 
(Thunb.) Stapf, L. reflexum Buek ex 
Mcisn., L. /ome/llosum (Thunb.) R. Br., 
L /Ollum (L.) R. Br., L. /runcalUm (Buek 
ex Meisn . ) Rourk e, L. u/ricu/osum 
Rourke. L. ves/i/um (Lam.) Rourkc; 
Mime/es cucu lla/us (L.) R. Br., 
Oro/hamnus zeyheri Pappe ex Hook; 
Paranomus reflexus (Phi l!. & Hutch.) 
N. E. Br. ; Pro tea aurea (Burm. L) Rourke 
(=/ong!(lora Lam.), P. cynaroides (L.) L., 
P. e[fusa E. Mcy ex Meisn . (=marlo/hii 
Phi ll.), P. grandiceps Tratt., P. lepido­
carpodendron (L. ) L., P. /ongifo/ia 
Andr., P. magnifica Link, P. nitida MilI. 
(=arborea Houttu yn). P. punc/ata 
Mcisn.; Serruria florida Knight; and 
Te/opea speciosissil71a R. Br. 

The most severe symptoms (rapid 
wilt ing and death with Icaf retention) 
occurred on infected Leucospermum, 
Leucadendron, Banksia. Serruria. and 
Au/ax s pp. Thesc symptoms 
were considered diagnostic for Phytoph­
thora root rot on these spccies and werc 
subsequently observed at ma ny other 
locations whcre no isolations were 
attempted . Sevcre symptoms were found 
most frequently on Leucospermum and 
Leucadendron spp . Symptoms were 

. generally less severe and developed more 
slowly on Protea. Paranomus. Mime/es. 
and Te/apea spp. 

Pathogenicity tests. P. cinnamomi 
iso la te C II was pathogenic to 19 of the 31 
species that were artificially inoculated 
(Table 1). AII plants from which the 
fungus was isolatcd had root symplOms 
similar to those of diseased plants in the 
field . Sorne of the infected pla nts wilted 
rapidly or became chlorotic and died . 
Other plants became infected but did not 
dic dur ing thc 5-m o trial. Man y 
Leucospermul11 and Leucadendron 
plants beca me infected and d ied suddenly. 
Few Pro/ea plants beca me infccted and 
none died. 

DISCUSSION 
P. cil1namomi is shown in t his report 

for the first time to cause root rot of 
species in eight genera of South African 
proteas. Previously. P. cinnamomi was 
reported 10 be the ca use of root a nd 
crown rot of sil ver trees (Leucadendron 
argenteum) (6); however, only above­
ground stems were inoculated and no 
symptoms or reisolations from below­
ground parts were reported . 

The field study showed importan t 
differcnces in disease severity and disease 
patterns a mong Leucospermum . Leuca­
dendron , and Pro /ea spp . Leuco­
spermum and Leucadendron spp. ~ere 
severely affected by Phytophthora root 
rot and appeared to be very susceptible . 
Although there was a correlation betwecn 

poor dra lnagc anl1 cJl~ca ~c 1 1 1I. ... 1\.J 1.. 1 11.,."'" 

within a ficld for both of these species, 
diseasc a lso occu rred at si tcs with good 
d rainage. Pro/ea spp . were Iess severely 
affected . Disease of mature Protea spp. 
rarely occurs at sites with good drainage. 
In fac t, growers a re using Protea spp . to 
rcpla nt si tes where pincushions (Leuco­
spermum spp .) have died from Phytoph­
thora roo t rol. 

The importance of Phytophthora root 
rot to lhe developmcnt of the South 
Africa n cut flower industry is indicated 
by its occurrence on a wide range of 
commercially cultivated proteas and by 
its sevcrity in the family Proteaceae as a 
wholc. Plant loss was 52% in (he 2-yr 
pcri od after discovery of the diseasc in the 
origin a l field of L eucospermum 
cordifo/ium . High plant losses usually 
force premature abandonment of the 
plan ting. 

Disease control primarily consists of 
planting disease-free nursery material in 
sites with good drainage and no history of 
di seas e . Controlling the disease is 
parti cu larl y difficult in the South 
Wc s tern Cape Province beca use of 
abundant natural inoculum from infected 
indigeno us nora and infested river water 
(7. 8). Most new protea plantings are 
established on land cleared of native 
vegetation. Recovery of P. cinllamomi 
f rom soil al severa l of thcse newly c1eared 
ficld s demonstrates the importance of 
thi s inoculum s ource (unpuhlishl'd). 
Suitab lc methods for decontaminati ng 
ri ve r wa ter are ava ilable but are costl)' for 
field use. Currently available fun¡:icides 
tested in thi s region are not suitablc for 
field co ntro l of Ph ytophth ora root rot 
on Leucospermum spp . Control with 
fo set yl-AI (Aliette) is inadcqualc. a nd 
meta la xyl is unacceptably phytotoxic to 
Lcucospermum spp. under field conditions 
(unpuhlishl'd) . 

Thc va riation in susceptibility observed 
a mong and within genera in this study 
suggests that so rne measurc of control 
might be poss iblc through use of resistant 
or tolerant variet ies. Particularly within 
the genus Protea , breeding and selection 
for resista nce appea r promising. Within 
the genera Leucospermum and Leuca­
dendron, resistant varieties are consid­
erably less likely, but tolerance eould be 
u sefu l in a roots t ock development 
programo 
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Factors Affecting Release of Ascospores by the Pear Scab Fungus (Venturia pirina) 

B. A. LATORRE, Adjunct Professor. and P . YAÑEZ and E. RAULD. Formcr Studcnts. Departamento dc Cie ncias 
Vegetales. Facultad de Agronomía. Pontificia Un ivers idad Cató lica de Chile. Casilla 6 177 . Santiago. C hile 

ABSTRACT 
Latorre. B. A .. Yáñez. P .. and Rauld . E. 1985. Factors affccling rciease of ascospores by the pea r 
scab fungus (Ven/uria {lirina) . Plant Disease 69:2 13-216. 

-"scospores of Vmluria {li rina were monitored under ficid condilions in 1982 and In3 with a 
Burkard 7-day record ing spore Irap adjusted tn sampJc about 8 m' 01' air per hour al 55 cm abo\'C 
the ground. Ascospore productivit" was detcrmined weekly by sampli ng partially decomposed pear 
leaves near the spore trap. -",cospore emissions oecurred mainly durillg da yligh l hours ano 
nuctua ted daily and seasona ll y (associated with pcri ods of free moislu re) . The fiesl mature 
ascospores \Vere found \Vhcn pcar <rees were in the green lip slage of fr uit bud úevelopment (lale 
Augu,t anú early September) . Maximum ascos pare catches were rccorúed in September (while 
cluster to full bloom stage ofrruit bud úevelopment). Ihen progressivciy decreased unlil December. 
The lack of laler Iiberation under Chi lean condi lions ¡, appa rent ly oue to the absence 01' free 
moisture perinos. 

Pear scab. caused by Venlurio pirillo 
Adcrh .• is onc of the most impo rtant 
diseases affeeting pcars (Pyrus commullis 
L.) in Chile. It is particularly severe on 
Bart lett. Beurré du Bosc. Anjou . 
Packham's Triumph. and Winter Nelis . 
The fungus produces pseudothecia in 
falle n pcar leaves . Mature ascospores are 
first released in late August o r early 
September. when trees are at the green tip 
stage of fruit bud development (6) . 
Thereafter. ascospores are normally 
released throughout the spring untillate 
December. A si milar ascospore discharge 
pattern has been reported for the apple 
scab fungus (V. inaequalis (Cke.) Wint.) 
in Chile (8) . In some cultivars (eg. Winter 
Nelis). V. pirina may also survive as 
mycelium in infected twigs and produce 
conidia the following spring. Nevcrtheless. 
ascosporic inoculum appears to be a 
requisite for development of severe pear 
scab epidemics under Chilean conditions. 

Factors affecting spore discharge ha ve 
been well documented for the apple scab 
fungus . Ascospores of V. inaequalis are 
released only if pseudothecia are wetted 
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(pri ma rily hy ra i ns) a nd almost exclusively 
during da ylight hnurs (2.4.5.7.9) . Free 
moisturc is also a major r;¡ClO r ror 
ascosporc rclcasc of V. pirillo ( 1.10). but 
cvid encc ro r diurnal pcriodi city has not 
been con c lusive. For inslance In 
Calirornia. signiri cant catches of asco­
spores \Vere o btai ncd during hours of 
dark nc ss. s ugge sti ng that relca se oC 
ascnsporcs o r v. pir illll \Vas not arrcctcd 
by light (1 ). 

In this study. \Ve report on scasonal 
Iluctuati o n and diurnal pcriodicil y 01' 
ascosporc dischargc of the pear scab 
rung us undcr ficld conditions. 
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The publication costs of th is article were defrayed in part 
by paga charge paymenl. This aflicla musl therefore be 
hereby marked "adv9rtisement" in accordance wlth 18 
U .S.C. § 1734 solely 10 indicate this fa el. 

C1985 The American Phylopalhological Sociely 
Fig. 1. Weckly ascosporc prod uclivi ty (pcrccnlage 01' ,caso na 11 01;) 1) 01' V"llIlIria piril/a in panially 
dccomposed pcar Icaves. cstimated by the proccdurc of Hirsl antl Sledman (5). 
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Translocation of potassium and phosphate from 
ordinary and proteoid roots to shoots in the Proteaceae 

P.W. Vorster and J.H. Jooste 
Teachers' College, Paarl and Department of Botany, University of Stellenbosch, Stellenbosch 

Investigation 01 potassium and phosphate uptake, using 
intact plants, showed an accumulation 01 these elements in 
proteoid roots, while translocation occurred more readily 
lrom ordinary roots. These results, as well as auto· 
radiographic stud ies, indicated that proteoid roots may act 
as sinks. The presence 01 sucrose in the experimental 
solution stimulated the translocation 01 phosphate Irom the 
proteo id roots . The inhibition 01 phosphate translocation by 
the respiratory uncoupler, 2,4·dinitrophenol (DNP) seems to 
be evidence lor the involvement 01 an energy dependent 
mechanism or mechanisms in the translocation 01 ions 
Irom proteoid roots to the aerial parts 01 the plan!. 
S. Afr, J. Bol. 1986, 52: 282 - 285 

Die bestudering van kalium· en loslaatopname met intakte 
plante het aangetoon dat ophoping van hierdie elemente in 
proteo'jede wortels plaasvind, terwyl dit meer geredelik 
vanuit gewone wortels na die bogrondse dele vervoer word. 
Hierdie bevindings, sowel as dié verkry tydens outo· 
radiograliese ondersoeke, dui daarop dat proteo'iede wortels 
as 'n ophopingsgebied ('sink') vi r ione dien. Die 
teenwoordigheid van sukrose in die eksperimentele 
oplossing bevorder die vervoer van loslaat vanuit proteo'jede 
wortels. Die onderdrukking van die vervoer deur die 
respiratoriese ontkoppelaar, 2,4·dinitrolenol (DNP), dui 
moontiik daarop dat 'n energie·alhanklike meganisme 01 
meganismes in die vervoer van ione vanuit proteo'jede 
wortels na die bogrondse dele betrokke is. 
S.·Afr. Tydskr. Planlk. 1986, 52: 282 - 285 
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Introduction 
In previous work on potassium and phosphate absorption by 
ordinary and proteoid roots of the Proteaceae, excised tissues 
were used (Vorster & looste 1986). Since results obtained with 
excised plant material cannot unconditionally be applied to 
the whole plant (Lüttge & Higinbotham 1979), the uplake and 
transport capacities of ordinary and proteo id roots, using 
intact plants', were investigated . 

Materials and Methods 
Leucadendron uliginosum R.Br. plants (8 to 12 months old), 
obtained from nurseries, were used. Plants of comparable size 
were selected, the roots washed in running tap water, rinsed 
in deionized water, and subsequently placed in an aerated 
0,5 mmol dm - 3 CaSO~ solution. 

Plants were divided into two groups. For absorption by 
proteoid roots, clusters were immersed separately, but srill 
intact, in the experimental solution. For ordinary roots, a 
group of roots was placed in the same way in the experimental 
solution. Figure 1 i!lustrates the apparatus and ¡he method 
according to which either ¡he ordinary or the proteoid roors 
were subjec¡ed 10 absorption of ¡he particular element. 
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Figure 1 Experimental design to expose intact ordinary or proteoid 
roo15 to labelled e1emen15. A . Plastic covering; B. Black paper covering; 
C. Moistened absorbent paper; D. Ordinary roots exposed to experi· 
mental solution; E. Grid; F. Water; G. Proteoid roots exposed to 
experimental solution. 
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A large rectangular glass container (300 x 300 x 400 mm) 
was covered with black paper to avoid exposure of the roots 
to light. A stainless steel grid was placed at a height of 
approximately 120 mm from the bottom of the container on 
which the beakers, containing the experimental solutions, were 
placed. The container was subsequently filled with water to 
a level just below the grid to provide a humid atmosphere 
to the roots not exposed to the experimental solution. Possible 
desiccation of these roots was further prevented by covering 
them with moistened absorbent paper. Finally the container 
was covered with black plastic material. 

The roots were exposed to the experimental solution for 
24 h, excised, the excess solution was removed by blotting, 
and the fresh mass determined. The aerial parts were removed 
and dried in a plant press at 80°C for 12 h. The dried parts 
were divided into segments (of uniform length in each experi­
ment; segment one just aboye the root system), and ground 
separately. Samples of known mass were dry ashed according 
to an adaptation of the method described by Du Preez el al. 
(1981) and analysed radiometrically by liquid scintillation 
counting using a commercial scintilIation mixture. Potassium 
and phosphate uptake were calculated from the 86Rb and )2p 

content of Ihe samples and the specific activity of the experi­
mental solutions, and expressed as ~g K (or P) g - 1 (dry mass 
of aerial parts) g-1 (fresh mass of roots exposed lO the 
experimental solution). 

The experimental solutions contained KCl or KH 2P04 at 
a concentration of 0,5 mmol dm -) in a 0,5 mmol dm -) 
CaSO.t solution, while 86Rb as substitute for .t2K (Epstein & 
Hagen 1952; Epstein 1961; Rains el al. 1964) or J2p (both 
obtained from the Radiochernical Centre, Amersham, U.K.) 
were added as tracers. Approximately 83,25 kBq per 500 cm) 
experimental solution were used . Amounts of 60 cm) of the 
experimental solutions in 80 cm3 beakers were used for 
exposure of the roots. 

In the experiments on the effect of sucrose on the trans­
location of phosphate from proteo id and ordinary roots, the 
experimental solution contained 200 mmol dm -) sucrose. 

In the experiments on the effect of sucrose vs. sucrose plus 
2,4-dinitrophenol (DNP) on translocation, only proteoid roots 
were exposed to the experimental solutions. Furthermore, all 
the experimental p1ants in this experiment were previously 
exposed to a labelled 0,5 mmol dm - 3 KH2P04 solution (the 
'first' solution) for 1 h to ensure absorption of the labelled 
element - known as a period of pre-Ioading (Epstein 1972). 
Hereafter the plants were removed from the frrst solution and 
placed in the next experimental solution (the 'second' solution) 
for a period of 24 h. The second solution was of the same 
composition as the frrst solution, but also contained 200 mmol 
dm - 3 sucrose, and the tracer was omitted. Half of the series 
of second solutions contained DNP at a concentration of 
0,5 mmol dm -3. 

For the autoradiographic investigation, the roots of the 
plants were rinsed and temporarily placed in an aerated 
0,5 mmol dm - 3 CaS04 solution at 25°C. The plants were 
then placed in an aerated experimental solution (500 cm3

) at 
25 °C for 80 min so that only the roots were covered. The 
experimental solution contained 0,5 mmol dm - 3 KH2P04 • 

As in the previous experiments, 32p (166,5 kBq per 500 cm3) 

was used as tracer. 
Three to four replicates of each treatment were employed; 

each experiment was Fepeated at least twice on consecutive 
days. The mean and standard error for each treatment were 
calculated. Differences between means of more than twice the 
standard error were regarded as significant. 

Results and Discussion 
Translocation of potassium and phosphate from 
ordinary and proteoid roots to the shoot 
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The results presented in Tables 1 and 2 might appear to be 
contradictory to previous fmdings, namely that proteoid roots 
are characterized by a higher absorption capacity than ordi­
nary roots (Vorster & looste 1986). Repeated execution of 
the experiment confirmed that the elernents concemed are 
translocated much more effectively from the ordinary roots 
than from the proteiod roots to the aerial parts. Approxi­
mately 278 and 168070 more potassium and phosphate re­
spectively were translocated from the ordinary than from the 
proteoid roots to the shoot. 

This observation could have been influenced by" the initial 
potassium and phosphate status of the roots. If it is assumed 
that the proteoid roots initially had a higher internal potasSiUill 
and phosphate content than ordinary roots, and that the 
incoming label equilibrates at least partially with the internal 
pools of potassium and phosphate, this could cause a dif­
ferential isotopic dilution of the incorning label, with the effecl 
that label entering proteoid roots beco mes more heavily diluted 
(internallabel has a lower specific activity in proteoid rools). 
Consequemly a greater amount of label could have been 
present in the shoots of plants to which potassium and 
phosphate were supplied to the ordinary roots. 

In view of previous work (Vorster & looste 1986) a signifi­
cantly higher initial potassium and phosphate content of 
proteoid roots seems unlikely, and proteoid roots probably 
serve as a temporary sink . This possibility was also suggested 
by Jeffrey (1967), Gardner el al. (1981), and Specht (pers. 
comm .). 

Table 1 Uptake (± standard error) and 
distribution of potassium in shoots follow­
ing exposure of ordinary and proteoid roots 
to a 0,5 mmol dm -3 KCI solution 

K uptake" 

Shoot Proteoid roots Ordinary roots 
segments exposed exposed 

1 12,15 ± 2,85 52,63 ± 6,28 
2 2,84 ± 0,48 8,31 ± 0,79 
3 1,36 ± 0,48 4,02 ± 0,89 
4 1,80 ± 0,23 3,59 ± 0,91 

"Ilg K g - I (dry mass of aerial parts) g - I (fresh mass of 
exposed roots) 

Table 2 Uptake (± standard error) and 
distribution of phosphate in shoots follow­
ing exposure o f ordinary and proteoid roots 
to a 0,5 mmo l dm -3 KH 2P04 s o lution 

P uptakea 

Shoot Proteo id roots Ordinary roots 
segments exposed exposed 

1 35,0 ± 12,15 72,8 ± 17,38 
2 26,8 ± 8,21 79,3 ± 19,82 
3 23,6 ± 7,61 86,1 ± 11,00 
4 25,2 ± 9,66 74,0 ± 17,31 
5 31,1 ± 8,50 63,0 ± 12,08 
6 10,1 ± 3,74 31,4 ± 7,68 

allg P g - I (dry mass of aerial parts) g - 1 (fresh mass of 
exposed roots) 
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Autoradiographic investigation 
In view of the aboye findings, it was decided to try to gain 
more insight into the uptake by and translocation from 
ordinary and proteoid roots by means of an autoradiographic 
investigation. 

Figure 2 c1early shows an accumulation of 32p in the 
proteoid roots. Even where the ordinary roots show a dense 
cluster on the photograph the activity is not as high as in the 
proteo id roots. 

These results further support the assumption that the 
proteo id roots accumulate phosphate while it is more readily 
translocated from ordinary roots to the shoot. 

The effect of sucrose on the translocation of phosphate 
fro m ordinary and proteo id roots to the shoot 
In view of previous findings showing that proteo id roots 
possess a greater capacity for metabolic absorption than 
ordinary roots (Vorster & looste 1986), the possibility exists 
that the lack of a source of sufficient energy may restrict 
translocation to the aerial pans of the plant. 

It was found that sucrose was essential in the ambient 
solution to maintain continuous xylem sap exudation in 
excised maize roots (looste unpublished data). Gorham (pers. 
comm.) confirmed this finding. In view of this it was decided 
to establish whether the presence of sucrose in the experimental 
solution influences the translocation of ions from proteo id 
and ordinary roots to the shoot. 

In the absence of sucrose (Table 2), about 168070 more 
phosphate was translocated from ordinary roots than from 
proteoid roots. In contrast to this, in the presence of sucrose 
(Table 3), in total approximately 18% more phosphate was 
translocated from proteoid than from ordinary roots to the 
aerial parts of the plants. 

From tbese results it is c1ear that sucrose must bave con­
tributed to the translocation of phosphate from the proteoid 
roots. It is possible that an energy dependent mechanism, or 
mechanisms, might be involved in the translocation of ions 
from proteoid roots to the shoot. 

The effect of sucrose versus sucrose plus DNP on the 
translocation of phosphate from proteoid roots to the 
shoot 
In view of the enhanced ion translocation by proteo id roots 
in the presence of sucrose, the possible involvement of an 
energy yielding process might be suspected. Eliminating such 
a process by addition of DNP, a respiratory uncoupler, would 
thus shed additional light on this phenomenon. Results 
obtained in this experiment are presented in Table 4. 

rabie 3 Uptake (± standard error) and 
distribution of phosphate in shoots follow­
ing exposure of ord inary and proteoid roots 
to a 0,5 mmol dm- 3 KH 2P04 solution plus 
sucrose 

• P uptake' 

Shoot Proteoid roots Ordinary roots 
segments exposed exposed 

1 81,12 ± 10,92 64,76 ± 12,42 
2 21,64 ± 3,70 25,45 ± 9,47 

3 13 ,62 ± 6,97 7,89 ± 3,06 
4 7,05 ± 5,36 6,11 ± 3,29 

a~g P g - I (dry mass of aerial parts) g - I (fresh mass of 
exposed roots) 

S.-Afr. Tydskr. Plantk., 1986, 52(4) 
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Figure 2 Photograph (a) and autoradiograph (b) of rOOl system 
following exposure lO a labelled 0,5 mmol dm - J KH2PO. solution. 
(Arrows indicate proteoid rools.) 

DNP inhibited phosphate translocation to the shoot by 
approximately 80070, presumably by suppressing A TP 'syn­
thesis, making less energy available for the translocation of 
phosphate to the aerial parts of the plants. 
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Table 4 Uptake (± standard error) and 
distribution of phosphate in shoots follow­
ing exposure of proteoid roots to a 0,5 mmol 
dm - 3 KH 2P04 solution (plus sucrose) with 
and without ONP 

Shoot 
P uptake" 

segments With DNP Without DNP 

4,32 ± 2,56 28,47 ± 5,55 
2 2,03 ± 2,48 5,81 ± 1,93 

3 1,57 ± 1,92 3,67 ± 4,64 
4 0,62 ± 0,19 1,68 ± 0,67 

"J.lg P g - 1 (dry mass of aerial pans) g - 1 (fresh mass of 

exposed roots) 

The amount of potassium (Table 1) and phosphate (Tables 
2,3 & 4) in the different shoot segments show that both 
elements are quite readily distributed throughout the aerial 
parts of the plants . 
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SU :\I :\'I A R Y 

The response of seedlings of the sclerophyllous shrub, Pro tea repens (L. ) L ., to increasing concentrations 01' 
phosphorus (P), nitrogen (N) and a mixture of all essential nutrients excluding N and P (M) was determined in 
potted Clovelly soil collected fro m a lowland fynbos si te at Pella, south -western Cape , South Africa. Pot cu lture 
resulted in increased soil m ineral nitrogen, in particular nitrate, and decreased available (resin-extractable) 
phosphorus concent rations compared to tield soil. High amounts of N C+-64 g m - 2 1 ) and M addition res ulted 
i:, seed ling mortality. Plant d ry mass, leaf area and phosphorus and nitrogen contents increased in response to 
illcceasing application of P , hut nc) signiticant ditferences \Ve re foun d in response to M. In creasing app lications 01 
N rcsulted in reduced plant d ry mass, leaf area and phospho rus content. These patterns of morta lity and g rowth 
are intcrprctcd as a response to an imbalance bet\Vcen nitrogen and phospho rus availability. These resu lts are 

Gompareu to the response 01 matun: Iynbos shrubs to fertilizer auditions in the tield and the responses (JI' pot­

grown sclerophvllous plants from other Mediterranean-type e¡:osystems. 

Key \\'ords : Proteaceae, allocation patterns. nutrient additions, mineral nutrition, root /shoot ra tios. 

I :-ITROD UC TION 

PrOlea repens (L.) L. is a common and widespread 
species in mountain and lowland fynbos vegetation 
of the south-western Cape, South Africa, in contrast 
to most other Cape species of the Proteaceae which 
are more restricted in their distributions. 1 t is a slow 
growing evergreen shrub of 1-4 m in height and is 
prevalent in the late stages of fynbos succession. Its 
large seeds are mainly released from the ftowerheads 
after the parent plants have been exposed to fire 
(Bond, 1985) and contain high nutrient reserves, 
particularly nitrogen and phosphorus (Pate el al., 
1986) , which allow initial seedling growth to be 
largely independent of external supplies of nutrients . 
When the nutrient reserves in the cotyledons are 
almost depleted, nutrient uptake from the soils of 
low nutrient status is facilitated by proteoid roots 
(Lamont, 1982). In addition, P. repens has a low rate 
01' NO:1- and N H 4 + assimilation and a low rate of 
nitrogen metabolism (Stock & Lewis, 1984). 

The aim of this study was to exam ine the effects of 
a range of concentrations of phosphorus (P), nitrogen 

(N) and a mi xture of all essential nut rients excluding 
N and P (M) on the distribution of dry mass, 
phosphorus and nitrogen in seedlings of P. repenso 
Comparisons of the concentrations of plant-availab le 
forms of phosphorus and nitrogen between soils in 
the pots and the field site from where the potted 'so il 
was collected were undertaken to establish whether 
the results of this experiment could be extrapolated 
to the field . 

:vIETHODS 

Planl growth 

Seeds were ge rminated by immersion in 10 % H 2 0 2 

for 6 h and then planted into asbestos trays (10 cm 
depth) containing an autoclaved (121 oC fo r 15 min) 
mixture of 50 % 2 mm sieved Clovelly soil and 50 % 
acid-washed sand on 1st October 1984. The Clovelly 
soil (orthic A horizon overJying a yellow-brown 
apedal I3) was collected from Pella (0- 20 cm depth) , 
a sand-plain lowland fynbos si te , 62 km north of 
Cape Town on the western coastal fore lands, which 
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has an annual rainfall of 522 mm per annum. This 
soil is of a low phosphorus and nitrogen status and 
consists predominantly of medillm textured sand 
(Mitchell, Brown & Jongens-Roberts, 1984; Stock & 
L ewis, 1986). The trays were incubated at O oC for 
4 days and then transferred to a we ll-ventilated 
g lasshouse at the Botany Department, University of 
Cape Town . Seeds germinated after 3 weeks (55 % 
germination). Each seedling was transplanted after a 
furth er 5 weeks into plastic bags (surface area of 
270 cm 2 and depth of 30 cm) containing Clove lly 
sand and grown in the glasshouse until J une 1985 
when at the age of 8 months the cotyledons we re 
chlorotic as the reserves were depleted . In the 
glasshouse, midday light intensities on clear days 
ranged from 800-1s00,umol photons m -2 

S - I, 

temperatures ranged from 10-32 oC and relative 
humidity from 50-95 %. Plants were watered with 
deionized water to saturation at 3 day intervals. 

Nutrient applications 

Seedlings were amended only once with one of three 
treatments , applied randomly at various concentra­
tions on 14 J une 1985 and replicated five times: 

1. (P) Phosphorus ( Ca3(PO~)2) at O, 0'2, 0'4, 0,8, 
1'6,3'2,6-4 and 12·8 g m-2 P . 

2. (N) Nitrogen (NH4 N03), at O, 2, 4, 8, 16, 32 
and 6~ g m -2 N, (based on the N: P ratio of a Long 
Ashton nutrient solution which is 10 ; Hewitt & 
Smith, 1975) . 

3. (M) A mixture of all essential nutrients ex­
cluding N and P based on a Long Ashton nutrient 
solution (Hewitt & Smith, 1975) in proponion to the 
N and P additions. It consisted of K 2S0 4 , MgSO.1> 
CaCI 2 , NaCl 2 , Fe citrate. 5H20, iVInSO , . 4H 20, 
H 3B03, ZnSO~. 7H 2 0 and CuSO~. 5H 20 (e .g. K 
additions of O, 0'76, 1'52 , 3'04, 6'09 , 12·18 and 
24·35 g m - 2 K). 

Plan t Izarvesting and nutrient analyses 

Plants were harvested in February 1986, 8 months 
after the nutrient applications, by which time they 
were 16 months old. Plant height, leaf number and 
the proportion of necrotic, partially necrotic and 
abscissed leaves were determined prior to harvesting. 
Five fully expanded leaves were removed from each 
seedling, leaf area determined and then oven-dried 
for determination of leaf specific mass. The soil was 
removed from the root system by wet sieving and the 
leaves , the stem and root system immediately 
separated to prevent the translocations of nutrients 
between plant parts after harvesting. These were 
oven-dried at 80 oC for 48 h and weighed. Plant 
materi al was ground to 40 mesh using a Wiley mili 
and phosphorus and nitrogen determined on at least 
two replicates of each sample, using the same 
analytical methods as Witkowski & Mitchell (1987). 

Soil analy ses 

Soil samples were taken from the pots (0-5 cm 
depth) 21 , 96 and 171 days after fertilizer add ition as 
we ll as from the field site (0-20 cm depth). All soils 
we re analysed for resin-extractable and Bray No. i 
phosphorus, ammonium and nitrate. Total nitrogen ' 
total phosphorus, organic matter and pH wer~ 
determined on the potted soil samples taken 21 and 
171 days after fertili ze r addition and from the field 
si te. The so il analytical methods we re the same as 
those used in Mitchell et al. (1984) and Stock & 
Lewis (1986). 

Statistical analyses 

Statistical analyses were perfo rmed separately for 
each treatment . Comparisons between potted soils 
were analysed by analysis of va riance with repeated 
measures and between unfer tilized field and pot 
samples by t tests . Soil mineral nutr ient concentra­
tions were log lo (X + 1) transformed and all per­
centage values were arcsin transformed prior to 
statistical analys is . Plant responses to nutrient applic­
ations were determ ined by regression analyses. Both 
the independent and the dependent va riables were 
log lo (X + 1) transfo rmed. 

RES U LTS 

S oil responses 

A decrease in ammOnLum und resin-extractable 
phosphorus concentrations und un increase in nitrate 
concentratio n were fo und in unfertili zed , 8-month­
old potted so il supporting P . repens, compared to 
fi eld so il (Table 1). Soil organic m atter , pH . total 
nitrogen and total phosphorus remained unchanged 
(Table 1). After the application of nutrients to the 
pots, an increase in soil pH with time and with 
increasing P application level (from pH 5·2 to 5·6 at 
12·8 g m -2 P) and a decrease wi th N application leve! 
(from pH 5·2 to ),0 at high N application levels of 
32-64 g m - 2 N ) were found . Soil organic matter 
decreased with incubation tim e, except with M 
application , where it increased from 0·9 % in un­
fertilized pots to 1·4 % at high M application levels. 
There were rapid decreases in so il ammonium and 
nitrate concentrations with t ime in the N amended 
pots (Fig. 1). The nitrate to ammonium ratio and 
total mineral nitrogen concent ration in unfertilized 
pot incubated soils were approximately one order of 
magnitude higher than found in the field (Fig. 1, 
T ab le 1). Total nitrogen concentrations decreased 
with time in the N amended pots (Fig. 1) . No 
significant differences in to ta l and Bray No. 2 
phosphorus concentrations were fo und in the P 
amended pots with incubation time, whereas resin ­
extractable phospho rus concentrations declined 
(Fig. 2). 
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Table 1. Comparison of the chemical properties of unfertilized Clovelly soil 
(mean) in the fi e/d. and after 8 months in a glasshouse pot experiment 
supporting Protea repens seedlings . 

Organic matter (% ) 
pH 
Ammonium (/¿g N g- I dry mass) 
Nitrate (¡¿g N g- I dry mass) 
Resin-extl'actable-P (fLg P g- I dry mass) 
Bray No. 2-P (fLg P g- I dry mass) 
T otal nit rogen (jlg N g- I dry mass) 
T otal phosphorus (¡.Lg P g- I dry mass) 

Field 

0·84 
5·3 
\ ·2 
0·5 
0· 3 
2-6 

245 
28'5 

Pot 

0·89 
5·2 
0'6" 
6·8· 
0'\" 
3·3 

276 
29·5 

• Significant differences by t test , P < 0·05 (d .f. = 8); .. P < 0.01 . 

Plant responses 

Three days after nutrients had been applied, several 
plants amended w ith 32 and 64 g m - 2 N became 
necrotic and subsequently d ied . These pl ants were 
found to have hig h nitrogen concentrations , in the 
range of 46- 66 mg g- l dry mass N, compared to a 

mean and S.E of 16 ± 1 m g g - l dry mass N for 

unfe rtilized control plants harvested at the same 
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Figure 1. Nitrate, ammonium and total nitrogen concen­
trations 21 (e ), 96 CA. ) and 171 (.) days afte r amendment 
with a range of nitrogen concentrations in potted Clovelly 
soil supporting Protea repens seedlings . Each point is the 
mean of fiv e replicates . 

time. In additi on , further plants amended with N 
(4-64 g m - 2 N) and sorne amended with hig h leve ls 
of M became necrotic and sorne of these subse­
quentl y died du r ing November when temperatures 
\Ve re h igh (F ig. 3) . No m o rta lity of P . repellS 
seedlings in resp o nse to P addit io n was found (Fig. 
3). In the survi v ing plants, th e propo rtion o f normal 

leaves (those that were not necroti c, partiall y necroti c 
o r abscissed) per plant, was s igni ncantl y lower with 

inc reasing N and higher with increasing P ap­

plication levels (P < 0'05 ). No significant tre nds in 
plant height and leaE number per p lant in res ponse to 
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Figure 2. Resin -extractable, Bray No. 2 and tota l 
phosphorus concentrations 21 (e), 96 ( .Á. ) and \71 (. ) 
days after amendment with a range of phosphorus 
concentrations in potted C\ovell y soil support ing Prolea 
repens seedlings. Each point is the mean of fi ve replicates . 
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Figure 3. Survival of 16-month-old Pro tea repens seed lings after 8 months growth in a range of concentrations 
of phosphorus (P), nitrogen (N) and a mixture of ali essential nutrient excluding N and P (;\.1). :\dditions of 
p. N amI :VI are in the proportions found in a Long Ashton nutrient solution (Hewitt & Smith, 1975) \\"ith \1 
presented as K additions. 

variation in nutrient application level were found for 
any of the treatm ents. 

Leaf, stem and total pla nt dry mass increased 
significantly with increasing P application level (P < 
0,01; Fig. 4) whereas increasing N application 

resu lted in reduced total plant dry mass (P < 0'01; 
Fig. +). Leaf, stem, root and total plant phosphorus 

contents increased in response to increasing P 
application level (P < 0'001) and decreased in re­
sponse to that uf N (P < 0'05; Fig. 5). Total p lant, 
leat" and stem nitrogen contents increased with 
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increasing P application leve l (P < 0'05), while root 
nitrogen content decreased with increasing N ap­

plication leve l (P < 0'05, Fig. 6). No significant. 
differences in dry mass, phosphorus and nitrogen 

con tents were found in respon se to the appli ca tion of 

;vI (Fig. 4). Leaf specific mass tended to decrease 

with increasing levels of app licat ion of all three 
treatments (Fig. 7). However, p lant leaf area in­
creased with increasing P application level (P < 
0'001) and decreased with that of N (P < 0,05; 
Fig.7). 

Nutrient application level (1092 scale) 

Figure 4. Dry mass of Protea repens seedlings grown in a range of concentrations of phosphorus (P), nitrogen 
(N) and a mixture of all essential nutrients excl uding 1 and P (M) in potted Cloveliy soil. Additions of IV! are 
presented as K addi tion. Symbols: ., leaf; ., stem; ., root. Vertical bars represent SE. 
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Figure 5. Phosphorus content of Pro/ea repens seedlings grown in a range of concentrations of phosphorus (P), 
nitrogen (N) and a mixture of all essential nutrient excluding N and P (M) in potted Clovelly so il. Additi ons 
oi" i\·l are prescn ted as K adJitions. Symbols: e, leaf; ... , stem; • • root. Vertical ba rs represent SE. 

The root-to-shoot rat io oí" dry mas s decreased 

significan tl y with increas ing application levels of 
both 0! (P < 0·001) and P (P < 0,05). Root-to-shoot 
nitrogen ratio increased with increas ing N (P < 0,01 ) 
and M (P < 0'05) application levels. whereas no 
signiticant trends in root -to-shoot phosphorus ratio 
wc re found wi th increasing application levels of any 

of the three treatments . 

D I SCUS S ION 

This study has shown that the g rowth of P. repens 
seedlings in Clovelly soil pot culture is stimulated by 
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phosphorus additions ol' 0,2- 12,8 g m-2 p. whereas 

additions of 4-64 g m-2 N and high M addit io ns 
resulted in seedling m o rtality and reduced g ro \Vth. 
In a field fer tilizer exp erimento 4- to 5-year-o ld 
shrubs of L eucospermum parile (Proteaceae) and 
Phylica cephalantha (Rhamnaceae) . g row ing in the 
sam e C love lly so il . responded to a factorial fertil izer 
addit ion. of the same th ree treatments app lied in this 
study (0 '5 g m-~ P, 5 g m - 2 N and M addition repre­

sented b y 1·9 g m -2 K). wi th increases in shoot 

growth of bo th species in response to nitrogen and 
not phosphorus addition (Witkowski. 1988). The 

different responses between potted P. repens and the 

o 

Nutrient application level (Iog, scale) 

Figure 6. Nitrogen content of Pro/ea repens seedlings grown in a range of concentrations of phosphorus (P). 
nitrogen (N) and a mixture of all essentiai nutrient excludirig 1 and P (M) in potted Clovelly soil. Additions 
of M are presented as K additi ons. Symbols: e. leaf; .... stem; • • root. Verti cal bars represent SE. 
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Figure 7. Leaf area and leaf specific mass of Protea repens seedlings grown in a range of concentrations of 
phosphorus (P), nitrogen (N) and a mixture of all essential nutrient excluding N and P (M) in potted Clovelly 
soil. Additions of M are presented as K additions. Vertical bars represent SE. 

shrubs at the field site can be explained by differcnces 
in nutrient availability between potted and field 
soils. Unfertilized potted soil exhibited greater 
concentrations of mineral nitrogen, particularly 
nitrate, and reduced concentrations of rcsin-ex­
tractable phosphorus, compared with field soil. 
Incubation studies on this soil have shown that 
relatively high soil moisture contents stimulated 
nitrogen mineralization (Stock, Lewis & AlIsopp, 
1988). 

Average moisture availability is higher in the pots 
than at the field site (MolI & Sommerville, 1985). 
Although moderate soil moisture contents of 9-18 % 
of field capacity enhanced phosphoru; mineraliz­
ation, incubation at 50-100 % of field capacity 
resulted in reduced concentrations of resin-extract­
able phosphorus (Baker & Witkowski, unpublished) . 
Thus the ratio of available nitrogen to phosphorus is 
increased by approximately one order of magnitude 
in potted soil compared with that at the field site. 
Similar results were found by Kachi & Hirose (1983) 
for coastal sand dune soil in Japan, suggesting that 
the ratio of plant available nitrogen to phosphorus 
may be at least as important, in determining the 
range of a species, as the absolute amounts of 
avai lable N and P . The red uced growth of surviving 
P. repens seedlings in response to increasing levels of 
app lication of N, and to a lesser extent M, appears to 
be the result of an imbalance between nitrogen and 

phosphorus availabil ity. The increase in the avail­
ability of a nutrient may result in a decrease in the 
relativ.e availability of other nutrients (Lajtha & 
Klein , 1988). Although plants can compensate, to a 
large degree, for imbalances in the availability of 
resources (Chapin et al., 1987), the addition of high 
levels of N to the pots resulted in a sti ll greater 
nutrient imbalance, leading to toxicity and plant 
mortality. 

In Australian heathlands, which are edaphically 
similar to those of the fynbos biome (Witkowski & 
Mitchell, 1987), phosphorus fertilizer addition re­
sulted in reduced seedling survival, but increased 
growth in both surviving seedlings and mature heath 
plants (Specht, 1963). Pot culture of three Banksia 
spp. (Proteaceae; Siddiqi, Myerscough & Carolin, 
1976) and other heath species (Grundon, 1972; 
Specht & Groves, 1966) in P-amended heathland 
soil, resulted in reduced growth and the appearance 
of phosphorus toxicity symptoms. A similar study of 
three sclerophylls showed mortality of seedlings 
at high levels of application of both N and P (Groves 

& Keraitis, 1976), with P toxicity symptoms usually 
associated with leaf P concentrations of 0·8 % and 
aboye (Ozanne & Specht, 1981). In this study on p. 
repens, leaf phosphorus concentrations of only 0·06 % 
were found with the addition of 12·8 g m - 2 p . 
Phosphorus toxicity is alleviated by supply of N and 
K (Grundon, 1972) and K (Siddiqi e l al. , 1976), 
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indicat ing that a nutrient imbalance m ay again be 

involved. 
Increasing levels of application of bpth N and P 

resulted in a trend of decreasing root-to-shoot dry 
mass ratio. Similar compensatory growth has been 
found in response to imposed n u trient and moisture 
stress in graminoids and other herbaceous plants 
(Davidson , 1969 ; Hunt & Nicholls, 1986). Similarly, 
an increase in root to shoot ratio in response to the 
c¡ddition of M (1 '9 g m -2 K ) and a decrease in 
response to N (5 g m - 2 N ) were found in 2-year old 
Thamnochortus punctatus (Restionaceae) plants 
growing in Clovelly soil at the Pella fie ld site 
(Witkowski, 1988). Although P. repens is a widely 
distributed species and h as a broader ecological 
niche than most other members of the Proteaceae in 
the fynbos biome, the degree of response of these 
seedlings to nutrient additions is low compared with 
that foun d in g raminoid species (Davidson , 1969; 
Hunt & )¡icholls, 1986). This srudy conhrms that 
this species has a conservative response to nutrient 
additions which corresponds to its slow growth hab it 
and is thus similar to nutrient stressed evergreen 
shrubs from many parts of the wo rld (Chapin, 1980). 
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Effect of sampling time and leaf position on leaf 
nutrient composition of Protea 'Pink Ice' 
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Summary. Seasonal fluctuations in the concentrations 
oC 12 nutrients were assessed over 3 years for Protea 
'Pink Ice' in 3 plantings in the Mount Lofty Ranges of 
South Australia. Nutrient concentrations in youngest 
fully expanded leaves (YFEL) generally showed strong 
seasonal trends, reflecting seasonal vegetative 
and flowering patterns. During May-August and 
Deccmber-February, YFEL concentrations of nitrogen 
(N), phosphorus (P), potassium (K), calcium (Ca), 
sodium (Na), sulfur (S), copper (Cu), zinc (Zn), 
manganese (Mn), and iron (Fe) wcrc rclativcly stable, 
making thcse suitable times for sampling. 

Thc effects of sampling error and Icaf position werc 
also dctermincd. The error associated with our sampling 
procedurc was within acccptable limits (coefficients of 
variation <15%) for N, P, K, Ca, magncsium (Mg), Na, 
S, and boron (B). Differcnces in nutricnt composition 

Introductlon 
Plant analysis is extensivcly uscd to determine the 

nutrient status of a widc range of annual and perennial 
agricultural and horticultural crops (Reuter and 
Robinson 1986). In Australia many studies to develop 
leaf-sampling procedures and interpretation standards 
have been published for a wide range of perennial crops 
inc1uding apple (Graley 1982), custard apple (George 
el al. 1989), grapes (Robinson and McCarthy 1985), 
kiwifruit (Cresswell 1989), macadamia (Stephenson 
el al. 1986), pecan (Cresswell and Wickson 1986), and 
pome and stone fruit (Leece 1976). These studies 
showed that 3 factors must be considered when 
developing plant-sampling procedures for perennial 
species. Firstly, index tissue should be easily identifiable 
and able to be sampled in a reproducible manner to 
minimise sampling error. Seeondly, the ehemical 
eomposition of index tissues, for example leaves, may 
change with age or position along a shoot. It is therefore 
important to determine the effeet on nutrient 
composition of sampling leaves next in age to the index 
leaf. Thirdly, seasonal trends exist in nutrient 
eomposition, and the preferred sampling time is when 
the rate of change in nutrient coneentrations is minima!. 

between YFEL and YFEL - 1, YFEL - 2, YFEL + 1, 
YFEL + 2, and YFEL + 3 were of little practical 
significance. 

Nutrient removal by flowering stems and 
concentrations of nutrients in different fractions (bloom, 
stem + leaves, axillary shoots) of f10wering stems were 
determined for each site. Nutrient conccntrations in 
f10wering stems were generally lower than in leaves. 
Nitrogen concentrations in axillary shoots and 
K concentrations in blooms werc significantly higher 
than in othcr fractions. 

For preferred sampling times, seasonal trends 
showcd that concentrations of N, P, K, Ca, Na, S, Cu, 
and Fe wcrc fairly stablc over May-August. Similarly, 
conccntrations of N, P, K, Ca, S, Zn, and Mn wcrc 
rclativcly stablc during Deccmbcr-February, after 
complction of the spring vegetative f1ush. 

Tentative interpretation standards for perennial crops 
may be established by monitoring the nutrient status of 
commercial plantings that have the desired produetivity 
and quality characteristies. The standards may be 
modified with use (Cresswell 1989) . For reliable 
interpretation, the plant-sampling proeedure must be 
carefully followed; environmental and crap management 
factors, nutrient interaetions, plant genotype differenees, 
and raotstock also need to be taken into account (Lewis 
el al. 1993). 

No study has been published in Australia on these 
aspects of the nutrient management of Prolea species. 
Cresswell (1991) presented data on the phosphorus (P) 
nutrition of PrOlea hybrids 'Satin Mink' and 'Pink Ice'. 
Price (1986) presented plant test interpretation standards 
for P. cynaroides, P. magnifica, and P. repenso W.orking 
in South Afriea, Claassens (1981, 1986) studied the 
effect of supply of nitro gen (N), P, potassium (K), and 
sodium (Na), and souree of N, on the growth and 
nutrient uptake of a range of Protea species. Lamb and 
Klaussner (1988) and Witkowski (1989) studied the 
response of P. repens to N and P applications. No leaf 
data were presented in these studies. Parvin (1986) 
reported on the use of plant and soil analysis in Hawaii 
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making fertiliser recommendations for P. cynaroides, 
exima, P. neriifolia, and hybrids 'Yellow Hebe' and 

Day'. However, diagnostic standards developed 
overseas may need to be modified to suit local 
environmental conditions. 

Pink Ice, which is a hybrid between P. neriifolia and 
P. compacta, was bred in Australia and has been widely 
planted since its release in 1981. To allow the 
development of a leaf-sampling procedure for Pink Ice, 
this paper presents data on variation in leaf nutrient 
composition with leaf position and sampling time. Data 
on growth and yield collected as part of this study will 
be published separately. 

Malerials and metbods 
Si/es 

The study was carried out on 3 commercial plantings 
in the Mount Lofty Ranges of South Australia. The 
climate is c1assified as Mediterranean, with cool, wet 
winters and dry, warm summers. Pest and disease 
control, irrigation, and fertiliser management were 
carried out by the grower. Annual rates of N and K 
applied were low, and no P was applied at any site . 
Plants at all si tes were drip-irrigated. Plant ages were 
5-7 years when sampling commenced in July 1990. 
Selected chemical and physical propcrties of the soil at 
each site are presented in Table 1. 

Sampling procedure 
To determine the magnitude of seasonal nutrient 

trends, leaf sampling was carried out monthly at each 
site from July 1990 to June 1993. At each sampling, at 
least 30 leaves were collected from healthy plants 

scattered throughout the planting. The index tissue 
sampled was a hardened, youngest fully expanded leaf 
(YFEL) from a shoot >40 cm long with a dormant 
vegetative terminal bud. 

Sampling error 
The reproducibility of the sampling procedure was 

tested by comparing the resu\ts of sampling uniform 
plantings at 2 sites on 5 consecutive occasions on the same 
day. A similar procedure was used by Cresswell (1989). 

Variation in nutrient composition with leaf position 
along a shoot 

To study the effect of sampling leaves next in age to 
the YFEL, the 3 consecutive leaves aboye (YFEL - 1, 
YFEL - 2, YFEL - 3) and below (YFEL + 1, YFE L + 2, 
YFEL + 3) were sampled. We collected leaves from 
20 shoots on each of 6 plants. For each nodal position, 
leaves from all shoots on each plant were combined. 
This provided sufficient material for chemical analysis. 
The sampling was carried out at 2 commercial plantings 
in November 1990. November is the period of peak 
vegetative growth for Pink Ice (G. E. Barth unpublished 
data). George el al. (1989) reported that differences in 
nutrient composition with leaf nodal position were 
greater during peak vegetalive flushing Ihan midflush 
and completion of flushing. 

NUlriera compusiliun afld removal by [loweriflg Slems 
To eslimate nutrienl composilion and removal by 

flowering Slems, up lo 8 flowering slems were colleCled 
from each sile during Ihe 1991 and 1992 harvesls. For 
each sample, fresh and dry weights were determined 
before chemical analysis. 

Table 1. Cbemlcal and pbyslcal propertles of lbe soU al eacb slle 

Depth 
(cm) 

0-15 
\ ~ ,"\(' 

~ 
40-70 

0-20 
20-70 
70-100 

~IJ 

15-40 
40--80 
80-100 

Phosphorus and potassium extraCled in 1: lOO soil : 0.5 mmol NaHCO:¡IL. 16 h shaking time (Colwell 1970) 
Copper. zinc. manganese. and iron: DTPA extraction (Heanes 1981) 

pHA ECA Extractable nutrienl5 (mg!kg) Organic C Sand 
(mS/cm) P K Cu Zn Mn Fe (%)B (%) 

Sire J 
4.8 0.06 15 113 0.7 1.7 3.9 44.5 2.7 85 

" ~ 0..0..' \(\ Q~ o..~ 0.5 O. .c6 O.Q 7Q 

~.3 Ó.O~ n ~ u .• O..) U. 41. n:s Ti 

5.4 0.02 5 60 0.2 0.3 0.2 22.7 0.4 76 

Sile 2 

7.0 0.03 14 43 0.3 1.1 0.9 8.8 0.4 95 

6.8 0.03 9 48 0.1 0.3 0.\ 10.7 0.1 Q() 

6.9 0.05 4 60 0.1 0.9 0.2 7.9 0.1 87 

Sile J 
o.~ 0 .03 ~ 92 0. 7 :.0 1.7 45.0 1.4 98 

6.0 0.03 13 37 0.3 0.4 0.3 35.3 0.2 96 

6.2 0.06 2 83 0.1 0.8 0.1 14.0 0.3 38 

6.2 0.08 4 73 0.1 0.4 0.1 11.5 0.2 54 

A \ : 5 soil: water. B Walkley and Black (1934). 

Silt Clay 
(%) (%) 

10 4 
l ~ \0 

11 1~ 

10 13 

2 2 
4 6 
4 9 

1 1 
2 2 
2 60 
4 42 
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Slem fractionation 
To determine the nutrient composition of blooms 

(f1owers), stem + lcaves, and axillary shoots (young 
shoots arising from near the base of the bloom), a 
flowering stem was collected from each si te in April 1992 
and divided into these fractions for che mi cal analysis. 

Soil sampling 
To characterise the soil, samples were collected at 

each site in May 1992. Soil profiles were studied at up lO 
3 localions at each planting using a 7.5-cm auger. The 
depth of different soil horizons was determined by 
nOling changes in soil texture or colour. Data are 
presented for a representalive location at each site . 

A fla/ylica/ procedure 
AII planl samples were dried at 60-700 C in a forced­

draughl oven and ground lo < I mm before analysis. The 
samples were analysed for total N using a modified 
Kjeldahl melhod. Following selenious acid-su lfuric 
aeid-hydrogen peroxide digestions. samplcs were 
analysed for K and P. by an autoanalyser procedure 
based on molyhdate-vanadate method for P. and hy 
flame photometry for K (Heanes 19S 1; Maier 19K6). 
Ca1cium (Ca). magnesium (Mg). Na. sulfur (S). 
horon (B). copper (Cu). zi nc (Zn). manganese (M n). and 
iron (I~e) were determined hy inductively coupled 
plasma-atomie emission spectrometry following nitrie 
acid digeslion. 

AII soil samplcs were air-dried and ground to <2 mm 
hcfore chemical analysis (Table 1). 

."úatislical methvds 
For eaeh site, mean (~ s.e.) monlhly nulrienl 

cllncenlralillns were determined for the 3 yC:us of the 
study. The cffect of leaf posilion on nulrient 
cllncentration was determined by analysis of variance. 
Correlation coefficients (r) for linear relationships 
between all nutrients in YFEL were determined . Only 
significant (P<0.05) r values are presented. 

Results and discussion 
Soil chemica/ afld physical properties 

Soil acidity varied from neutral throughout the profile 
at sile 2 lo highly acid at si te 1 (Table 1). The mean 
(~ s.e.) total number of stems harvested annually per 
plant over the 3 years was 63 ~ 7 at site 1, compared 
with 39 :t 1 at site 2 and 57 ~ 9 at si te 3 (Barth el al. 
1994). We suggest, therefore, that Pink Ice is tolerant of 
high soil acidity. Electrical conductivity (EC) values 

ranged from 0.02 to 0.08 mS/cm (Table 1), showing that 
soil salinity was low at all sites and not limiting yield. 

We are not aware of any published critical soil 
P concentrations for proteas, even though many species 
may have a low tolerance of P (Cresswell 1991; 
Claassens 1981). An interesting feature in our study in 
relation to P nutrilion is that extractable P concentrations 
in the 0-15 and 0-20 cm surface soils ranged from 
64 mg!kg at site 3 lo 14 and 15 mglkg at sites 2 and 1, 
respectively (Table 1); however, this high residual 
P concentration was not associated with reduced yields. 
For exarnple, mean total number of stems harvesled 
annually per plant was 57 :t 9 at sile 3. compared wilh 
63 :t 7 at sile 1, which was Ihe highest yielding site. 

The K requiremenl for optimum growlh of proleas 
appears lo be low; for example. Claassens (1981) 
recommended an application of up to 25 kg K/ha. year if 
extraclable K values in Ihe soil were very low 
«20 mgJkg). Our values (·D-113 mg!kg in Ihe surface 
soils. Tablc 1) were high compared wilh Ihis 
concenlralion. 

Maier and Robinson (1986) classified soil fertility on 
t he hasis of percen tage organ ic C: low « 1 %). large 
response to appl ied N; moderate (1-2%). response to 
applied N uncertain; high (>2 % ). no response to 
applied N. Using Ihis systcm. the soil at silc 1 would he 
classified as highly fcrtile; silc 2. infertile; and sitc 3. 
modcrately fertile with regard lo N. Thesc data suggcst 
that N fertiliscr managcment should he differenl at the 
3 si tes. 

Hannam (19H5) prescnlcd dala showing thal for 
DTPA-cxtraclable Cu. Zn, Mn. and Fe, respectively, 
dctieicnl concenlrations (mg/kg) were <0.2. <0.5, < 1.0, 
and < 2.5. Based on Ihese interpretation standards. Ihe 
concenlralions of Ihese micronutrients in Ihe surface 
soils were not deficient (Table 1). 

Sampliflg error 
For N, P, K, Ca, Mg, Na, S, and B, Ihe error 

associaled with our sampling procedure and analylical 
error were acceptable, with coefficients of varialion 
<"15% (Table 2). Our estimates were less reliable for Cu, 
Zn, Mn, and Fe, wilh coefficients of varialion up to 
61.1 % for Cu at site 2. Dala reported by Cresswell 
(1989) for kiwifruit also showed that coefficienls of 
varialion for Cu, Zn, Mn, and P were higher Ihan for N, 
K, Ca, and Mg. We suggest Ihat to assess reliably Cu, 
Zn, Mn, and Fe status, a more intensive sampling of 
plants is required than was used in this study. 

Table 2. Coemclents or vanatlon (%) fol' lear analysls data from two sltes 

Site 2 
Site 3 

N 

2.0 

2.4 

p 

1.8 
4.8 

K 

3.9 
1.6 

Ca 

6.3 
6.2 

Mg 

6.5 
9.1 

Na 

5.7 
12.2 

s 

13.3 
5.4 

B 

12.6 
7.1 

Cu 

61.1 
14.1 

Zn 

44.1 
3\.6 

Mn 

13.9 
31.7 

Fe 

9.6 
24.2 
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Table 3. ElTect orJeaf posltioo aloog 8 shoot 00 outrleot compositioo 

Posilion relalive 10 youngesl fully expanded leaf (YFEL): minus, loward growing lip; plus, loward main Slem 

N ~ P K Ca Mg Na S B Cu Zn Mn Fe 

(%) (mg/kg) 

0.84 0.13 0.39 0.91 0.08 0.25 0.13 15 8 28 66 45 

1.05 0.09 0.53 0.38 0.11 0.21 0.12 10 11 n.a. 53 n.a. 

YFEL-l 1.05 0.09 0.52 0.39 0.11 0.22 0.12 10 10 53 49 52 

YFEL 1.05 0.09 0.51 0.39 0.10 0.21 0.12 10 10 46 51 55 
YFEL+ 1 1.02 0.09 0.50 0.41 0.10 0.22 0.13 13 6 39 50 53 
YFEL+ 2 1.00 0.09 0.49 0.40 0.10 0.22 0.13 12 9 37 51 53 
YFEL+ 3 1.00 0.09 0.49 0.37 0.10 0.22 0.12 10 8 29 49 53 
loS.d. (P = 0.05) 0.04 0.02 0.02 0.05 0.01 0.02 n.s. n.s. 9 8 6 

n.a.o nol available; n.s., nol significan\. 

va tion in flutrierll composition with leafpositiorz Data reported by Parvin (1986) for P. neriifolia 
a~ a shoOI showed only minor differences in N, p, K, Mg, Ca, S, 

For both perennial and annual crops the effect silicon, chloride, Cu, Fe, and Zn concenlrations between 
of sampling leaves next in age to the index leaf 'juvenile' leaves (Ieaves expanded to almost full size but 
(c .g. YFEL + 1, YFEL - 1 v. YFEL) on nutrient very soft and cOllected within the apical 5-8 cm of the 
concentrations and , therefore, on interpretation can be stem) and 'mature' leaves (Ieaves fully expanded, firm, 
significant. depemling on the spccies and leaves sludied and collected from the hasal portion of the most recent 
(Bell el al. 19¡{7; Clark and Gourley 19¡{7; Cresswell vegetativc tlush). 
19f1Q; Georgc el al. 1 <)H9; Bell et al. 1990; Dole and 
Wilkins 1991; Lewis 1 <)92). These studies show thal 
grcater emphasis shoulú he given lo studying thc cffcet of 
leaf age or position when calihrating plant tests. We found 
that differences in nutrient eomposition of YFEL and 
other Icaves up to YFEL - 2 and YFEL + 3 on vegetative 
shoots in Novemher were of little practical signifieance 
(Table 3). Differenccs in concentrations betwcen YFEL 
and YFEL - 3 wcrc significant (P<O.OS) for all nutrients 
exccpt S and Cu. Sampling YFEL - 3 would therefore 
Icad to errors in interpretation, but becausc it is obviously 
smaller than YFEL, it is easily identificd. -

NUlrierll composition arzd remollal hy flowc:rirlK slems 
The eoncentrations of nutrienls werc generally Illwer 

in tlowcring stems than YFEL (Tahle 4; Fig. 1). NUlrient 
removal hy tlowering stems, in order from greatest to 
least, was Ca > N > K > Na > S > Mg > P > Fe > Mn > 
Zn> B> Cu (Tahlc 4). Such dala are useful lo formulate 
maintcnancc fertiliser slratcgies for Pink Ice. Claassens 
(19¡{6) concluded that proteas do not remove large 
amounts of nutricnts in harvested product. For example, 
nutrienl removal (kglha) in tlower heads of unfertilised 
P. neriifolia was reported to be in the order N (5.3) > Ca 

Tnble 4. Mean (:t s.e.) nutrienl concenlnltloos In, sod oulrieol ~mov81 by, nowering slems 

Conccnlralion Total nulrienl removal 
Sile I Sile 2 Sile 3 Sile 1 Sile 2 Sile 3 

Per ccn/ (g/50 s/cms) 

0.42:!: 0.04 0.37:!: 0.02 0.37:!: 0.01 14.3:!: 1.9 14.8:!: 2.2 20.0:!: 5.6 
P 0.03:!: 0.00 0.05:!: 0.01 0.05:!: 0.00 1.2:!: 0.3 2.1 :!: 0.3 2.7:!: 0.8 
K 0.30:!: 0.02 0.18 :!:0.01 0.16:!: 0.01 10.4:!: 1.8 7.3:!: 1.0 9.1:!: 2.7 
Ca 0.51 :!: 0.05 0.59:!: 0.03 0.52:!: 0.03 18.5:!: 4.4 23.3 :!: 2.9 28.1 :!: 6.9 
Mg 0.06:!: 0.00 0.06:t 0.00 0.06:!: 0.01 2.2:!:0.5 2.5 :t 0.3 3.2 :!:0.6 
Na 0.13:!: 0.01 0.19:!: 0.02 0.22:!: 0.02 4.2:!: 0.5) 7.2:!: 0.9 12.2:!: 3.3 
S 0.06:!: 0.00 0.08:!: 0.01 0.06:!: 0.00 2.0:!: 0.4 2.9:!: 0.4 3.4:t 0.9 

(mg/kg) (mg/50 s/ems) 

B 9:!: 1 11 :!: O 12:!: 1 39:!: 8 49:!: 6 60:!: 13 
Cu 3:!:0 3:!:0 3:!:0 9:!:2 14:!: 2 17:!: 3 
Zn 14:!: 1 ) 5 :t 1 19:!: 2 48:!: 8 58:!: 8 103 :!:2 
Mn 43:!: 4 32:!: 2 42:t 2 157 :t 35 127:!: 17 227:t 58 
Fe 51:!: 4 59 :!:5 3D:!: 1 180 :!:35 246:!: 50 172 :!:50 
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and K (4) > P (0.8) > Mg (0.4) . However, these estimates 
are low compared with our valucs based on tlowering 
stems. For example, with 1850, 2900, and 1900 plants/ha 
at sites 1, 2 and 3, respectively, the amount (kg/ha) of 
nutrient removed was 26-43 N; 34-68 Ca; 17-21 K; 
2~ P; and 4-7 Mg. e Nutrient composition 01 stem fractions 

Concentrations of N in axillary shoots and K in 
blooms were significantly higher than their 
concentrations in the other fractions (Table 5). Calcium 
and Mn concentrations in blooms were significantly 
lower than in axillary shoots and stem + leaf fractions. 

Claassens (1986) reported the following nutrient 
concentrations (%) in blooms of P. neriilolia: N 0.53, 
P 0.08 , K 0.4, Ca 0.4, and Mg 0.04. These 
concentrations are similar to our results (Table 5), except 
for Ca which was 135% higher in Claassens' study. 

Seasonal variation 
Seasonal trends in leaf nutrient composition have 

been reported for many perennial horticultural crops, and 
factors discussed to explain such trends inelude leaf age 
and position, retranslocation of nutrients, competition for 
nutrients between plant tissues, degree of nutrient stress 
(e.g. deficient v. adequate), growth dilution, vegetative 

flushing, fruit load, soil tcmperature, and nutricnt 
mobility (Cresswell and Wickson 1986; Gcorge el al. 
1989). Earlier studies (above) reported that mobile 
nutrients (e .g. N, P, K) usually show a decline in 
concentration in leaves with time, for example, from 

Table S. MeaD (:t s.e.) nulntnl conceolrnllons ID dllTereol parts oC 
Oowtnog slems 

Slcm + lea ves Axillary shools Bloom 

Per cen/ 
N 0.42:t 0.01 0.59 :t 0.04 0.41 :t 0.01 
p 0.04:t 0.01 0.04:t 0.01 0.05:t 0.00 
K 0.22:t 0.03 0.27:t 0.04 0.48:t 0.06 
Ca 0.63 :t 0.12 0.61 :t 0.06 0.17:t 0.03 
Mg 0.06:t 0.01 0.09:t 0.01 0.05 :t 0.00 
Na 0.21 :t 0.06 0.22 :t 0.04 0.22::!: 0.06 
el 0.10:t 0.02 0.08::!: 0.01 0.11 ::!: 0.01 
S 0.05 ::!: 0.01 0.09::!: 0.01 0.08::!: 0.00 

(mglkg) 
B 8::!:2 11 :t 4 7::!:1 
Cu 2 :t 1 3 :t 1 4:tl 
Zn 19::!: 2 16::!: 2 14:t 1 
Mn 43:t 6 38:t 3 11 :t 1 
Fe 92:t 12 96:t 11 68 :t 37 
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spring to autumn. In contrast, nutrients of low or 
intermediate mobility (e.g. Ca, Mg, Mn, B, Fe) tend to 
show an increase with time. For many of the nutrients 
we monitored, the seasonal trends were consistent with 
those reported in these earlier studies. 

Nitrogen. At sites 2 and 3, which were in the same 
growing district, N concentrations (Fig. 1) and stem 
elongation (G . E. Barth unpublished data) peaked in 
October. In contrast, al sile 1, N concenlrations and stem 
elongation peaked in November. The patterns of seasonal 
N concentrations therefore appear to be influenced by 
vegetative f1ushing . The seasonal decline in 
N .iiicenlrations may occur because N, which is a m. element, is being retranslocated to new sinks 
such as blooms and axillary shoots during summer and 
autumn. Similar trends have been reported for total N 
concentrations in lea ves of pecan (Cresswell and 
Wickson 1(86), kiwifruit (Cresswell 1(89), and custard 
apple (George el al. 1(89), and for nitrate-N in grapes 
(Robinson and McCanhy 1(85). Parvin (1986) also 
reported thal N concenlrations in leaves of P. T/eriifolia 
were highest in spring (1.37%) and lowest in winter 
(0.78%). 

Maximum N conccntrations ranged from 1.2% at 
site 3, which was classified as moderately fenilc, to 
0.6% al sile 2, which was classified as infcrtile wilh 
regard to soil N. Yicld of flowering slems and stcm 
elongation were significantly lower at site 2 than si tes 
1 and 3 (G. E. Barth unpublished data). The lower stem 
yields and leaf N concentrations at site 2 suggest that 
N management may have been inadequate at this site. 

Published diagnostic standards for N in Prolea 
species are limited. For N concentrations in youngest 
malre blades (YMB) of P. cyT/aroides and P. repeT/S 
sa d in August, Price (1986) reponed adequate 
ran s of 1.2-1.3 and 1.4-1.6%, respectively. These 
values are high compared with the range in 
N concentrations of YFEL sampled in August in our 
study (Fig. 1). For P. neriifolia, the seasonal 
N concentrations reported by Parvin (1986) are similar to 
those found in our study for Pink Ice. 

Phosphorus. Seasona l trends in P concentrations 
were similar to N (Fig. 1). Parvin (1986) also reported 
that P concentrations were highest in spring and summer 
(0.10%) and lowest in winter (0.06%). Cresswell (1991) 
suggested the following standards (% P) for the 
interpretation of the P status of Pink Ice, using recently 
matured leaves: low-deficient <0.06, desirable 
0.06-0.27, high 0.27-0.57, toxic >0.57. Our data for 
site 1 (the highest yielding site) suggests that, depending 
on sampling time, P concentrations of 0.05-0.13% are 
adequate for high yield and quality. We therefore suggest 
that the adequate P concentration range in YFEL is 
lower than suggested by Cresswell bascd on greenhouse 
studies. For P. cynaroides and P. repens, Price (1986) 

reported adequate P concentration ranges in YMB 
sampled in August of 0.04-0.06 and 0 .09-0.10 %, 
respectively. Phosphorus concentrations in YFEL of 
Pink Ice sampled in August (Fig. 1) are consistent with 
the data for P. cynaroides. 

Polassium. At all sites K concentrations increased 
dramatically during the spring vegetative flush and 
declined in January-May (Fig. 1). The fall in leaf 
K concentrations may be related to bloom development 
during this period o Most blooms were harvested in 
March-June (G. E. Barth unpublished data), and because 
blooms have a higher K concentration than stem + leaf 
and axillary shoot fractions (Tablc 5), the y are an 
important si nk for K. Reduced mineralisation with lowcr 
soil temperatures may also contribute to this decline 
(George el al. 1(89). A similar seasonal trend in 
K concentrations was reported by Parvin (1986). In our 
study, the K concentrations in YFEL sampled in August 
ranged from 0 .18 to 0.22%. These values are low 
compared with the adequate ranges presented for 
P. cyllaroides (0.34-0.73%) and P. repel/S (0.31-0.52%) 
by Price (1986) and fm P. T/eriifo/ia (0.52%) by Parvin 
(1986). 

Ca/cium. The seasonal trends in Ca, which is an 
immobile element, may renect leaf age (Fig. 1). Lcaves 
sampled in March-May wcre older than leaves sampled 
during OClober-December, since vegetative flushing 
occurs during spring and early summer, and Ca 
continues to accumulate as leaves age (Stephenson el al. 
1(86). Price (1986) prcscnted adequate Ca concentration 
ranges of 0.52-1.00 and 0.45-0.73% for YMB of 
P. cynaroides and P. repens, respectively, sampled in 
August. Our data fm Pink Ice are consistent with these 
ranges. Parvin (1986) showed that Ca concentrations of 
P. neriifo/ia were lowcr in chlorotic leaves (0.27-0.39%) 
than green leaves (0.40-0.84%). 

Magnesium. Seaso nal trends in Mg concentrations 
were not consistent between sites (Fig. 1). During spring 
and summer, Mg concentrations at sit.cs 1 and 3 
increased. Concentrations during winter were higher at 
si te 2 than sites 1 and 3, and at si te 2, concentrations 
decreased during winter-spring. Parvin (1986) reported 
that Mg concentrations in P. neriifolia were highest 
during winter (0.24%) and spring (0.24%) and decreased 
during summer (0.13%) and autumn (0.06%) . Those 
concentrations in winter and spring were much higher 
than our values for Pink Ice, and the seasonal trend was 
not consistent with our data (Fig. 1) . Price (1986) 
reported adequate Mg concentration ranges for 
P. cynaroides and P. repens during August (0.10-0.12 
and 0.06-0.16%, respectively). Our data for Pink Ice 
suggest that Mg concentrations as low as 0.085% in 
YFEL sampled in August are adequate. 

Sodium. Although Na conccntrations in YFEL varied 
bctween sitcs, scasonal trends were consistent and 
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concentrations peaked during January-February (Fig. 1). 
The variation in Na concentrations between sites may be 
due to differences in the amount and quality of irrigation 
water applied. The Na concentrations in YFEL found in 
our study faH within the adequate range (0.13-0.21 %) 
for Na in YMB of P. cynaroides sampled in August 
(Price 1986). In contrast, they are high compared with 
the adequate range presented for P. repens (0.04-0.07%). 

Sulfuro The seasonal trends for S were similar to 
those for N and P (Fig. 1). Parvin (1986) repo rted 
S concentrations in green, healthy leaves of P. neriifolia 
of 0.08-0.11 %. Adequate concentration ranges of 
0.18-0.24 and 0.24-0.29% S in YMB sampled in August 
were presented by Price (1986) for P. cynaroides and 
P. repens, respectivcIy. These values are high compared 
with our data for Pink Ice and Parvin's data for 
P. neriifolia. 

Boron. The concentration of B in Icaves increased 
during January-August (Fig. 1). Since B is an immobile 
element, this trend may be due to increasing leaf age. 
The B concentrations in YFEL sampled in August are 
consistent with the adequate ranges citcd by Price (198fi) 
for P. cyllaroides (14-24 mg/kg) and P. repells 
(19-24 mglkg). 

Copper. Conccntrations in YFEL peakcd during 
January-Fehruary (Fig. 1) in the range 7-H mg/kg. 
consistent with the range 6~ mgikg reported hy Parvin 
(19H6) for P. IIeriifo/ia . Coneentrations in YFEL 
sampled in August were 4-5 mgikg. These values are 
higher than, ur at the upper end 01'. the adcquate rangcs 
reported for P. cyllaroides (2-3 mgikg) and P. repells 
(4 mgikg) (Price 1986). 

Zinc. Thcre were no consistent trends between sitcs 
in the scasonal pattcrns of Zn concentrations in the 
YFEL (Fig. 1). At sites 2 and 3, concentrations in YFEL 
peaked in July-August. Bascd on data for si te 1 
(Barth el al. 1994), we suggest that concentrations of 
10-15 mg Zn/kg in YFEL throughout the year are 
adequate. This range is 10wer than the adequate ranges 
reported for P. cynaroides (19-27 mg!kg) and P. repens 
(26-35 mg!kg) (Price 1986). 

Manganese. Concentrations of Mn in the YFEL 
peaked during September-October, and the trends in 
concentrations during December-June were not 
consistent between site 2 and sites 1 and 3 (Fig. 1). 
Concentrations in leaves of Pink Ice in our study, and 
those reported by Parvin (1986) in green (49-89 mg!kg) 
and chlorotic (31-70 mg!kg) leaves of P. neriifolia, were 
much 10wer than the adequate ranges presented by Price 
(1986) for P. cynaroides (145-265 mg!kg) and P. repens 
(208-220 mg!kg). We suggest for sampling during 
July-August, Mn concentrations of 40-50 mgJkg in 
YFEL of Pink Ice are adequate. 

[ron. Iron concentrations in YFEL were lowest 
during the spring and early summer vegetative f1ush 

Table 6. CorTelalloa codDcleats (r) belwHa aulneats 

Rel81ionships presenled are significanl al p .. 0.05 

N P K Ca Mg Na B 
P 0.47 

K 0.29 
Ca -D.62 
Na 0.40 0.27 0.51 
S 0.36 0.53 0.40 -D.50 
B -D.45 
Cu 0.44 0.50 0.60 
Zn 0.58 0.41 
Mn -D.31 0.67 

. Fe -D.53 OA3 

(Fig. 1). This scasonal pat1ern was similar to that of other 
immobile nutrients such as Ca and B. Concentrations in 
YFEL sampled in August (Fig. 1) were similar to Ihe 
adequate range (38-51 mglkg) in YMB of P. cyllaroides 
(Price 19R6) . 

Corre/aliarls belween flulriellfS 
Significanl (P<O .05) posilive and negalive 

corrclalions were found between some nulrienls 
(Tahle 6). These correlations may indicate interaclions 
which can affecI critical concenlrations, induce 
dcficiencies nr toxicities, and modify growlh response, 
depcnding un nulricnt supply (Lewis el al. 1993). 
Thercfure, to ensurc correct interprctation whcn 
diagnosing nulrient disorders, interactions belwccn 
nutrients must be considered. 

Sampling for leaf analysis 
Many planl parts, ranging from whole shoots lo key 

index tissues (c.g. whole leaves, pelioles, blades), have 
been used lo calibrate plant tests for annual and 
perennial species. For reliable inlerprelation the plant 
part chasen should be scnsitivc lo variations in nutrient 
supply; show a sharp transitian between deficiency and 

Table 7. Raage ID meaa aulneal coacealrallons ror lbe hlghesl 
yleldlag sUes (slles 1 aad 3) allwo sampllng limes 

Nulrienl December-February May-Augusl 

Percent 
N 0.82-D.83 0.77-D.86 
P 0.06-D.07 0.05-D.06 
K 0.37-D.41 O.1B-D.21 
Ca O.4(H).51 0.63-0.68 
Na 0.14-D.18 
S O. ll-D. 13 0.09-D.I0 

(mg/kg) 

Cu 3.5-4.5 

Zn 12-15 

Mn 43-44 

Fe 51-54 
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uacy; be easily identifiable, to minimise sampling 
, have stable nutrient concentrations, and therefore 

critical values or ranges, over time; and have a yield 
response tha! is highly correlated with nutrient 
concentration at the time of sampling (Stephenson and 
Cull 1986; Lewis et al. 1993). In contrast with annual 
species, diagnostic standards for perennial crops are 
usually established by monitoring the nutrient status of 
highly productive plantings over a number of years. Of 
the factors listed aboye, nutrient stability has been the 
main basis for determining the desirable sampling time 
for perennial species. The preferred sampling time is 
when seasonal variation in leaf composition is smallest. 
However, Cresswell and Wickson (1986) and George 
et al. (1989) report that a single sampling time suitable 
for all nutrients is often no! available because of 
.rences in their seasonal trends. 
~nspection of the seasonal trends presented in 
Figure 1 shows that concentrations of N, P, K, Ca, Na, S, 
Cu, and Fe were fairly stable over May-August. 
Similarly, concentmtions of N, P, K, Ca, S, Zn, and Mn 
were relatively stable during December-February, after 
completion of the spring vegetative flush. However, the 
supply of hardened YFEL during December may be 
Iimited; thercfore, sampling would be prcferrcd during 
January and February. For thesc sampling periods, 
nutrient concentrations associated with high yiclds are 
presented in Table 7. These ranges may be considered as 
tentative adequate or desimble nutrient concentrations to 
interpret plant test data. However, to establish a reliablc 
plant test for Pink Ice based on sampling at these times, 
further experimental work is required to determine the 
relationships between nutrient coneentration and yield 
response. 

We are not aware of any studies published on the 
s¡¡¡itivity of nutrient concentrations in YFEL to 
v.ions in nutrient supply. N. A. Maier (unpublished 
data) found that increasing the annual rate of applied N 
from O to 50 g/plant significantly (P<0.05) increased 
N concentrations in YFEL of Pink Ice sampled in 
January, from 0.91 to 1.24%. These data show that 
N concentrations in YFEL are sensitive to N supply. 
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Control of experimental Phytophthora cinnamomi 
stem infections of Rhododendron, Leucadendron and 
Eucalyptus by dimethomorph, fosetyI-AI and metalaxyI 

G. C. Marks and /. W. Smirh 

Dcpartmenl of Conscrvalion. Forcsts and Lands. 378 Cotham Road. Kcw. Vico 310 l. Australia. 

Summary. The effieaey of dimelhomorph. (E2)-4-[3-
(4-ehlorophenyl)-3-(3.4-dimelhoxyphenyl )-I-aeryloyl] 
morpholine. in conlrolling P/¡ylop/¡lllOrG cil/I/all/vmi 
slem infeetions of Rltododl!l/drol/. LI!/lcadl!l/drol/ and 
E/lca/ypl/ls was eompared with Ihat of fosetyl-AI. 
metalaxyl and phosphonale (polassium dihydrogen 
phosphonale) in a phYlotron and grcenhouse. The planls 
were inoeulalcd on Ihe slem and Ihe effeet of Ihe 
fungieides applied eilher as foliar sprays or rool 
drene hes on lesion dcvclopmcnl was measured. 

The results showed Ihal dimclhomorph inhibiled 
Icsion c:\lension whcn applicd as a soil drcnch al ralCs 

Introductiun 
P/¡ylopltllwJ"(/ ci/l/w/l/o/lli Rands can produce lelhal 

infcctions on 1Il;\jor ("()ots ano roOI collar.; 01' rnany pbnt 
spccies and oflen causes cllnsilkrable losses in forestry 
and agriculture . Wilhin Ihe lasl 15 years. several 
systcmic fungicioes Ihal are aClive againsl species of 
Pllywpllllw/'(/ have becn Jevcloped bul Ihe list is small 
when eompareJ 10 Ihose Ihal are aClive on Ihe plant 
surfaee tBritish Crop Proleelion Council 1983). 
Systemie fungieiJcs offer superior proteelion againsl 
P. eil/I/all/oll/i rool infcelion in comparison 10 Ihe 
prophylactie types. With the possibility of a build up of 
fungal resistance, there is a need for a constam search 
for new systemic fungicides active against 
P/¡YlOp/¡IJlOra species (Schwinn 1983). 

Recemly, Shell Intemational Chemical Company Ply 
Ltd produced a chemical Ihat is active against many 
palhogens belonging to the Peronosporaeeae. It has a 
proposed name, 'dimelhomorph·. Wilh lhe ehemieal name 
(E 2)-4-[3-( 4-ehloropheny 1 )-3-( 3 ,4-dimethox ypheny 1)­
acryloyl) morpholine (IUPAC). Preliminary leSl dala 
supplied by the Shell Company stale lhat it has both 
euralive and proleelive functions and can be lranslocated 
upwards when applied to roots. 

The objective of lhese tests was to examine the 
activity, ;/1 vi\'o. of dimethomorph against P. ei/lllomomi 
and compare its effieacy Wilh fosetyl-AI, metalaxyl and 
phosphonate in containing stem infections of 
P. cil/I/amami in 3 speeies of plants. 

of 0.6 and 1.2 mg a.i./mL. When used as a soil dreneh 
dimethomorph was abouI as effeetive as foselyl-Al and 
somewhat less effcctive than mctalaxyl. When applied 
as foliar sprays. dimethomorph was ineffective and 
phosphonale was markedly superior lo foselyl-Al. 
Single appliealions of the fungieides tcsted were not 
able 10 kili P. ("innomomi in eSlablishcd infeclions 
within Ihe duration of the expcrimenl and unuer the test 
eonditions whieh strongly favoured Ihe fungus. 
Dimethomorph was slightly phyloloxie to Euculypllls 
sic/u:ri at dosagcs 01' 1.2 mg a.i./mL. 

Matcrials and I1lctlJ()d~ 
Planls \Vere growll for at Icasl 12 wceks. prior 10 

tcsting. cithcr in a phytolron t27°C day ;100 IlJoC nighl 
tcmperaturcs. 12 h day Icngth and a light intensilY 01' 
approximatcly 12 E/mz.s at a distanl:c of 360 mm aboye 
the lop-most shools) or in a greenhouse that was 
muintaineJ al 22 ± 2"C wilhou! supplemenrary lighling. 

All planls were fertilised with a slow-release, 
commcrcial fertiliser. cxcept for LCllcoJI!IIJro/l spccics, 
whcrc a slow-relcase. low phosphorus fertiliser was 
used. Thc plants were earcfully mainlained and were 
disease-frcc when the lests commeneed. 

SOl/re!? al i/loell/1I1Il illlJ III/lgieiJe applicario/l 
The inoeulum of P. cil/llamami (No. MS 10) used in 

aIl lests was isolaled from the stem of a diseased nalive 
Ellea/yplUs sieheri Sm. lree growing in the Mullungdung 
State Foresl 230 km south-easl of Melbourne. 
Inoculalions were made by inserting a smaIl piece from 
lhe advancing edge of a 7-day-old culture of 
P. ci/l/lamomi, grown on V-8 juiee agar al room 
temperalure. inlo an ineision 2-3 mm long in the ouler 
eortex of the test plam and eovering it with a thick layer 
of vaseline. The fungieides were applied either as soil 
drenches or foliar sprays 1-5 days prior to inoculating 
the stems. The effectiveness of the fungicidcs was tested 
by measuring the size of the Jesions and making re­
isolations of P. ci/lllamomi on antibiotic agar (Eckert and 
Tsao 1962). 
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In a\l tests. a corresponding number of uninoculated 
plants was treated with fungicides and compared with 
uninoculated. untreated controls to determine whether 
the fungicides were phytotoxic at the dosages used. 

Experimellfal desi~n and measuremellfs 
Experiment J. The objective of this experiment was a 

comparison of the efficacy of foliar applications of 
dimethomorph. fosetyl-AI and phosphonate in 
controlling stem infections on a Rhododendron 
pOllficum hybrid (G. W. Leak 2426). 

This experiment was carried out in the phytotron. The 
12-month-old plants were supplied by a commerciul 
grower in 500 mL pots contuining a mixture of peat and 
decomposed bark. Because of sorne uncertainty 
regarding the pesticides applied by the grower. these 
plants were repotted into I L pots und grown for a 
funher 4 months prior to staning the tests. 

_ bimethomorph was used at concentratíons of 0.3. 0.6 
_ and 1.2 mg a.i./mL and both fosetyl-AI and phosphonate 

were used at u concentration of I mg/mL molur 
equivalent of PO.,;\-. Only I fungicidul upplication wus 
used and the stems were inoculated 3 duys after the 
fungicides were upplied. All plunts wcrc spntyed to run­
off and the soils proleclcd fmm spr.ty drifl hy papcr 
towcls. The inocululion poinls on Ihc green slcm were 
shielded with adhesive lape prior lO applying Ihe 
fungicidul sprays. Thc .tmounl of disc.tse wus ussessed 
31 duys uf ter Ihe stems were inocululed. There wcre 7 
replicales in euch Ireullllenl. Re-isolalion leslS on 
unlibiotic agur were curried OUI 31 duys uf ter inocululion. 
from Ihe inoculalion poinl. Ihe apical hud and Ihe lowesl 
visible limil of lesion extension on the Slem bclow the 
inoculation poin!. 

E.\perill1e/ll:2 . The objeclive of Ihis experimenl was a 
c.omparison of Ihe efficacy of dimelhomorph with 
fosetyl-AI and metalaxyl in cOn!rolling slem infections 
of P. cinnamollli when the fungicides were applied as a 
root drench. This test was carried out in the phytolron. 

_ Dimethomorph was used at concentrations of 0.6 and 
_1.2 mg a.i./mL. fosetyl-AI at a concentration of 

I mg a.i./mL molar equivalent of POJ;\- and metalaxyl al 
a concentrat.ion of 2 mg a.i./mL. There were 6 
replications in each treatment. each pOI contained a 
single plant and 50 mL of fungicide was applied to the 
soil in each pOI. so that each plant received either 0.03 or 
0.06 mg a.i./mL of dimethomorph or 0.005 mg a.i./mL 
of phosphonate. 

The rhododendrons were inoculated 4 days after 
applying the root drench and the results assessed 72 days 
after inoculation. Re-inoculations for P. cinnamollli were 
made aboye. at the point of inoculation. and below the 
visible external les ion. 

Experiment 3. The objective of this test and the 
conditions under which it was conducted were similar to 
those of experiment 2. However. a disease sensitive 

eucalypt. Eucalyptus sieberi. was used in place of the 
Rhododendron. A single seedling of E. sieberi was raised 
in 2 L capacity pots cOn!aining a krasnozem from a mixed 
eucalypt species forest at Mount Dandenong. The test was 
carried OUI in the phytotron and a single concentration of 
dimethomorph (0.6 mg a.i./mL) was used. 

Experimem 4. This experiment was also similar to 
experiments 2 and 3 but was carried out in a greenhouse 
and Leucadendron sali¡:num x L. laureolum (Silvan Red) 
was used as the test plan!. The plants were raised singly in 
l L capacity pots in a mixture of peat and decomposed 
bark and had becn sprayed to run-off poin! with a solution 
containing I mg a.i ./mL of Foli-R-Fos (potassium 
dihydrogen phosphonale) by a commercial grower. 
Because of this treatment. the plants were held for 6 
months prior to testing. The plants were about 30 months 
old when tested and therc werc 6 replicates pcr treatment. 

The fungicide concentrutions werc the same as those 
used in experimen t 3 hut d imethomorph drench wus 
compured with metulaxyl drcnch und phospbonate spray. 
Two branches of each plant were inoculated 5 days after 
upplicatíon of the fungicides. The plunts werc assessed 
for diseuse symplol11s 30 and 65 d.tys after spraying. Re­
isolations for P. c i nl/{/lIIo/IJi wcre Ullempted at the 
inoculation point und .tdvuncing cdgc of the lcsions 65 
days uf ter spr.tying. 

E.\'p('/'i/IJc·1It 5 . The ohjcctive of th is expcrimenl wus 
the determination of the dosagc Icvcls of dimethol11orph 
(upplied as a single ~oil drcnch) re 4uircd to con tui n 
P. l'ÍmwlllolI/i stem infeclions on X-month-old E. sichcri 
seedlings. Metulaxyl was used as a comparative standard. 
The treatmcnt applicd to cach pot wa~ cithcr 50 mL of 
conccntrations 0.05. 0. 15. 0.3 . 0.6 or 1.:2 mg a.i./mL of 
dimcthomorph. or :2 mg a . i./mL of mctalaxyl. AII 
treatmcn!s werc inoculatcd 5 days aftcr the fungicidcs 
were applied and the rcsult s asscsscd aflcr 30 days . 
Assessments wcre made of sccdling dcaths and stem 
girdling. lesion Icngth. containment of infection. dircction 
in which the Icsion dcveloped. and phytotoxicilY. There 
wete 20 replicates in each trealment. 

Statistical allalyscs. All data werc analysed using 
analysis of variancc. 

Results 

EJ.perimcllt 1 
AlI Rhododclldron plants were growing rapidly when 

the experimental period started. Seven days after 
inoculation. black. necrotic tissue surrounded by a longer 
brick-red coloured zone formed al inoculation point. The 
incisions produced on uninoculated controls healed 
rapidly without discolouration. In sorne inoculated 
plants. the apical bud and young leaves turned red and 
wilted producing crown rol. 

Re-isolations showed Ihat P. cinnamomi could be 
recovered from all inoculation points . the brick-red 
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Tibie l. En'ect oC fungldde treltments (n = 7) (applled as a single Collar applic:ulon) on leslon size In stems of RlrodolÚndron aOer inoculation 
wlth P. dnlUllllomi. and the number of re-isolations of P. cinnamomi from the apiol bud. inoculation point and below the stem lesion 

Means in columos followcd by differcnt lelten are signilicantly difTcrcnl al P=O.05 

Trealmc:nlS Mean Icsion siz.e (cm) 

(mga.iJmL) Red zone Black. rone 

Dimc:lhomorph. 0.3 116.5b 16.7b 

Dimc:loomorph. 0.6 109.8b 16.2b 
Dimc:loomorph. 1.2 116.8b 15.6b 

Fosclyl-AI. 1.0 97.9b 10.9b 
Phosphonalc. 1.0 32.8a 8.9a 
Conlrol 

NOl inoculalcd O O 
lnoculaled 9O,-lb 1 ¡¡,-lb 

n.l .. nOl lcsled. 

eoloured lone ami Ihe oiseoloureo apical bud (Table 1). 
The effects of a single foliar applicalion of fungiciocs 

on les ion development and crown rol are shown in 
Table 1. Phosphonale (1 mg a.i./mL) spraycd on Ihe 
leaves produced a significant (P<O.O 1) reouction in 
lesion size and there was no cviocncc 01' crown rol. Thc 
fungus was re·isolateo from the lcsions ano oiseaseo 
slem upices showing Ihal oimethomorph ami Ihe single 
concentration of fosetyl.AI hao no significanl intlucnce 
on les ion developmenl. 

Applicalions of phosphonate ano fosctyl·AI proouccd 
a zone of green·eoloureo tissue arouno Ihe blad. 
neerolie les ion whieh was. in turno surrounoed by the 
brick·red diseoloureo lonco These grecn.islanos wcre 
somewhal similar to the 'green·islands' prooueeo by 
sorne foliar rust fungi. 

Table 2. Comparison of lhe efTk3cy of dimclhomorph rool drench 
wllh metalaxyl3nd fosclyl·AI rool drenchcs In controlllng leslons 

(n=6) developed aOer inoculating Rhododtndron wilh 
Phytophthora cinnamami. and number of re-isolalions of 

P. cinnamomi from topo inocul31ion poinl and bottom of slem Icsion 

Mcans wilh differcnt IC!lers are signilicamly differcnl (P<Ü.05) 

Trcalments Mean Icsion No. rc-isolatioos of 
(mga.iJmLI length P. cinnonm/On; from lesioos 

Top Inoc. point Bonom 

Dimclhomorph. 0.6 52.8a 6 6 4 
Dimclhomorph. 1.2 70.4b -l 6 2 
Fosctyl. 1.0 48.8a 3 6 2 
Mctalaxyl. 1.0 5 1.1 a 6 4 

Control 
Inoculaled 70.0b -l 6 4 

NOI inoculated O O O O 
Wound only O O O O 

No. of planls wilh No. rc-isolalioos of P. cinnonronri (rom: 
crown rol Bud Inoc. poinl Bclow Icsion 

7 5 7 5 
7 7 5 
6 -l 7 6 
6 n.l. n.l. n.l. 
O n.l. n.l. n.l. 

O O O O 
6 3 6 6 

E.rf1('/'i/llC'1It :1 
By the time this test commcneeo. Ihe tlush of new 

growlh on Ihe rhododendrons hao matured. The lesions 
werc gener¡¡lIy smaller in the untrcaleo controls (ef. 
Tablcs I and 1). possibly due to inercasco tissue 
matur;ltion. and no erown rot oevelopeo . Thc rcsults 
(T;lblc 1) showco thal when oimethomorr>h was used as a 
root orcnl:h at a conl:cntralion of O.Ó mg a.i./mL Ihere 
was a significant (P<O.05) rcouction in lesion extension 
when eomp;lrcd with the untrcateo. inoeulJtcd controls. 
and it was as cffective as fosetyl·AI ano metalaxyl in 
rcoueing 1csion sizc. However. the higher eoneentration 
of dimethomorph dio not signifie;lntly reduce lesion 
devdopmenl. Re-isolation showeo Ihat a single 
applieation 01' these fungieiocs coulo nOl kill 
P. CillllClIIIOllli within an cstablished lcsion unoer the 
experimental conditions. 

Experimcllt 3 
EucalYf1fUs sichai is susceptible to P. cillllamollli root 

and stem infcclion and les ion devclopment is easy 10 

monitor (Marks C'( al . 1981). The results (Table 3) 
showed that all 3 fungicides produced a significant 
(P<O.OI) reduction in lesion extension when applied as a 
root drench. Lesion area in lhe lrealed planls was 
reduced by more lhan two-lhirds when compared with 
the untreated. inoculated controls. Once again single 
applicalions of lhe root drenches were nol able to 
eliminate P. cinnamomi from an eSlablished infeclion 
under lhese experimental conditions. 

Experimem 4 
Leucadcndron (Silvan Red) is extremely susceptible 

10 P. cinnamomi stem infection. and the conditions in lhe 
greenhouse (even lemperatures between 20 and 24°C) 
were conducive lo very rapid disease developmenr. The 

I 
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Table 3. Comparison of efficacy of dimethomorph root drench 
with root drenches of fosetyl-AI and metalaxyl in controlling 

Phytophthora cinnamomi stem infection of Eucalyptus sieberi and 
number (n=6) of re-isolations from the top, inoculation point and 

below the lesion 

Mcans wilh different Icners are significanlly diffcrenl (P<O.OI) 

TrealmcnLS 
(mgaiJmL) 

Dimethomorph. 0.6 
MClala~yl. 2.0 
Foselyl-AI. 1.0 
Control 

usion mcasuremcnts 
unglh Arca 
(cm) (cm2) 

6.7a 3.:!1 
5.3b 3.75 
7.63 5.00 

18.0b 16. 10 

No. of re·isolations 
from Icsions 

Top Inoc. point Bonom 

6 
6 
6 
6 

6 
6 
6 
6 

6 
6 
6 
6 

results (Table 4) showed that the inoculated, untrcated 
control s were rapidly girdled and the lesions extended 
'quickly into the inoculated shoots and lower roliage. 
H6wever. plants did not die immediately and only 
staned to wither 45 days after bcing girdled. Under these 
greenhouse conditions. neither root drenching with 
dimethomorph or melalaxyl nor a single foliar spray of 
phosphonate provided complete protection. although 
Ihere was some reduction in morlality when compareu 
wilh Ihe unlrealed controls . Allhough none of the 
fungicides was able to kill P. cillll(lflloll/i within an 
established infeclion. there wcre fcwer rc-is()J¡ttion~ frorn 
Silvan Rcds tre:l!cd with rnctalaxyl. There was no 
evidence of uny fungicid:11 phywtoxicity. 

EXl'crifllCIll 5 
When 50 mL of dimcthomorph was applieu at 

concentrations of l.:! mg a.i./mL to the soil in each poto 
:! out of :!O seedlings began wilting within 4~ h and 
evenlUally died. However. there was no evidence of 
phytotoxic shock in the other 18 seedlings. Both 
mewlaxyl (:! mg a.i./mL) and d imethormorph applied at 

'the rate of ·I . :! mg a . i./mL produced a significant 

Tabte 4. Comparison of the efficacy of dimethomorph and 
metalaxyl root drenches (n=6) with phosphonate foliar spray in 
controlling the spread of P. cinnamomi in úncaduuJron 'Silver 
Red' and number of positive recoveries of P. cinnamomi oul or 

36 atlempts for each trealment 

TrealmcnLS 
(mgai./mL) 

Control 
Dimethomorph. 0.6 

MClaJ~yl. 2.0 
Phosphonalc. 1.0 

Disc:asc: symploms aftcr: No. of 
30 days 65 days re·isolations 

Girdlcd Dcad Girdlcd Dcad 

6 O 6 6 
2 O 3 3 
1 O 
3 O 4 4 

36 
32 
18A 

3()B 

A P. cinnam()mi was isolalcd from all inoculation points. 
B Onc rcplicalc gave negalive results. probably because lhe 
inoculum did nol take. 

(P<O.O 1) reduction in lesion length and downward 
movement of infeetion and increased the amount of 
wound periderm (neerophylaetic periderm) formed 
around pans of the lesions (Tuble 5). Seedling monnlity 
und stem girdling decreused between dosuge rutes of 
0.15 und 0.6 mg u.i./mL dimethormorph. However, these 
trends were nOI stntisticully significunt when compnred 
with the controls. 

There wus sorne evidence in ull these tests that the 
highesl dosuge rute of l .:! mg u.i./mL dimethormorph 
wus slighlly phytotoxic. 11 produccd u mildo but trunsient . 
chlorosi~ in the RI/ododrlldron und sorne damage (noted 
already) in young eucnlypt seedlings. 1t was not loxic to 
Silvan Red or older E. sirhrri seedlings. 

Discussion 
Shephard (1987) slressed the importance of 

ascertaining intrT alia. the mobilily of systcmic 
fungicides with prophylactic effccts. The stem 
inoculation lechnique used in these tests was designed to 
compare Ihe systemic nctivity of the various fungicides 

Table 5. Comparison or "arious dosa¡:cs of dimclhomorph applied as a soil drench wilh metalaxyt in conlrollin¡: Slem lesions (n=20) of 
Phytopht"ora cinnamoni on Eucalyptus sieberi and number of symptoms indicaling aclive inrcelion or rccovery rrom inreclion 

Means wilh diffcrent Icncrs are significantt)' difTcrent (P<O.OI) 

Trealmcnl Mean les ion No. dcad or No. of spreading No. of infeclcd No. showing 
(mg a.i./mL) tcnglh (mm) SIC m girdlcd Icsions rool collars occlusions 

Control 138a 3 13 8 7 
MClalaxyl. 2.0 34b O 19 
Dimcthomorph 

1.2 75b 4 2 O t3 
0.6 12ta 10 9 O 10 
0.3 l44a 12 13 O 7 
0.15 161a 11 9 O 8 
0.05 1600 13 5 O 15 
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being lested after they had been either applied to soil or 
sprayed on foliage. It provided a measure of the abilily 
of Ihe planl 10 absorb and lranslocate the fungieide and 
provided visible evidenee of the interaelion between 
host. pathogen and fungieide. sueh as appearanee of the 
'green islands' surrounding Ihe inoeulation points in Ihe 
green slems of the Rlrododendrons and Ihe reduclion in 
les ion lengths as shoots malured (Tables I and 2). In 
many cases. necrophylactic periderm formed as the 
infeetion was eontained (Table 5). By isolating the 
pathogen from various lissues it is also possible 10 test 
the 'eurative' effeel of Ihe fungieide and assess Ihe risk of 
disease re-appearing after the effeets of the fungicide 
have been rcduecd. 

The rcsults of these ;n ,,;,'0 test s showcd that 
dimelhomorph was not effcetivc. as a foliar spray. in 
eontrolling slem infeetion produecd by P. C;I/IW/IlO/ll;. 

However. at a dosage rale 01' cilher 0.6 or 1.2 g a.i./mL il 
eould be absorbed through the roots and transportcd to 
the above-ground parts of 3 unrelated genera of plallls 
whcre it res tr icted P. C;IIIIC1/110/ll; Icsion development. 
Dimethomorph was slightly inferior to metalaxyl and 
was similar in cfficacy to fosetyl-AI at the rales tesled . 

When "pplied at the highest rate 01' 1.2 mg a.i./mL 
dimethomo rph was Icss cffec tiv.e in controllin& 
P. C'ÍI/I/CllIIflllI; stern infcctions than at the lower rate 01' 
0.6 mg a.i./mL. The higher concentration was also 
mildly phytotoxic. This unusu;11 result may be due to 
fungicide uptake being impaired by the phywloxic 
effects. resulting in much lower cffcctive fungicide 
concentrations within the stem tissues. 

AII 4 fungicidcs tested did not e1iminate 
P. cinlw/Ilo/ll; from deep-seated stem infection in thesc 
wOQdy test plants. This result does nOI mean that under 
licld conditions the same situation would occur. In the 
field. as the ddensive meehan is ms of lhe host are 
mobilised (Guest 193::!) and fungal activ ity is rcslrictcd 

by unfavourable environment, these fungicides may be 
able to eliminate P. cinnamomi from an established 
infeetion or their applieations may be timed to prevent 
infcetion eSlablishing itself in woody tissues of Ihe root 
or stem. 
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Fungi occurring on Proteaceae. I. 
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Rcccivcd /OJu~y /997: revise" 5 January /998 

The present study has led to the description 01 several new lungi occurring on leaves of Pro /ea L. , Leucospermum 

R.Br. , Te/opea R.Br. and Brabejum L. collected from South Africa , Australia or New Zea land . C/adophia/ophora 

proleae l. Viljoen & Crous, Coniolhyrium nilidae Crous & S. Denman, Coniolhyrium proleae Crous & S. Denman , 

Coniolhyrium /eucosperm i Crous & S. Denman , Harknessia /eucospermi Crous & L. Vilioen. and Seplori2 
prolearum L. Vilj oen & Crous spp. nov. are described lrom Pro/ea and Leucospermum In South Africa . while 
Phylloslicla owaniana G. Winter is redescribed from leaves of Brabejum s/el/atifo/ium L. Furthermore , 
Mycosphaerel/a te/opeae M. Palm & Crous sp. nov. is described lrom lea ves of Te/opea collected in New 
Zealand, while Phyl/osticta le/opeae H.Y, Yip. which also occurs on this hos!. is described in culture from 
Australian material. 

Keywords : Brabejum, Leucospermum, Pro/ea. Te/opea. fungal systematics , 

'To whom correspondence should be addressed. 

Introduction 
The Proteaceae, which is the most unique famil y ol' thc Capc 
Floral Kingdol11, cOl11prises approximately 8600 species, the 
majority of which are fou nd in the southern hCllli spherc. 
About 360 proteaeeous speeies oceur in South AfricJ. of 
which 330 speeies in 14 genera are con tined to the 
South- Western Cape Provinee (fynbos biol11e) (Rebelo 11)95). 

Proteaeeae, which are grown for eut-tlowers in South Africa. 
form part of a large, economieally viable, and expanding indus­
try. Based on a survey conducted during the 199311 994 season. 
approximately 2507 ha ofveld are cultivated, while an additiona l 
60062'6 ha are natural fynbos vegetation. Export 01' fre sh fynbos 
from the Western and Eastern Cape for the 1993/ 1994 scaSOll 
amounted to nearly R9 million (Malan 1995). 

The proteaceous cut-flower industry has considerable 
potential, but diseases which blelllish foliage and bloollls are 
one of the problems which make this a high ri sk factor erop 
(Greenhalgh 1981). Since South Africa is the centre of origin 
for the majority of proteaccous plants, pests and diseases that 
have evolved with these hosts have become a serious problem 
not only in South Africa, but to the industry in ternat ionally 
(Knox-Davies 1981). Prior to 1970, the foliicolous fungi 
occurring on proteas in Soulh Africa were poorly studicd (Van 
Wyk 1973). The descript ion of Cercos/igmilla pro/eartlm 
(Cooke) U. Braun & Crous (= Cerco~pora pro/ear/ll/1 Cooke) 
by Cooke (1883), represents the first reference of a leaf patho­
gen occurring on the genera Pro/ea, Leucadendron and Leu­
cospermum. However, si nce the 1970's, numerous diseases of 
the Proteaceae have been recorded and the causal fungi 
described (Van Wyk 1973; Van Wyk e/ al. 1975; Benic & 
Knox-Davies 1983; Van Wyk e/ al. 1985; Knox-Davies e / al. 
1987; Orffer & Knox-Davies 1989; Serfontein & 

Knox-Davies 1990). Since the Proteaceae are amongst · the 
most endangered species of the Southern African flora, it is in 
the interest of the conservationist and the Protea industry to 
record all new diseases and potentially important pathogens. 
In the present study, nine new fungi, most being associated with 
leaf spots, are described from leaves of Protcaceae collected in 
South Africa, New Zea1and and Australia. 

Materials and methods 

Sy mptomatic Icavcs ami kal' lill cr Sillll pks were inclIbaled in 
Petri dish moiSl chambcrs at 25"C on lhe laboratory bench to 
induce sporu lation . Singk conidilll11 eolonies were established on 
2% malt eXlract agar (1'vIEA) (Oxoid). then lransláred to plates 
containi ng I'resh ME /\ ami c:lrnation-Ic; ll' agar (CLA) (F isher el 

a/, 1992: Crous e/ a /. 1<)')2). :1I1d illcubatcd at 25°C undcr eontinu­
mis near-ultraviolet lighl. Linear growth 01' colonies gro\Ving on 
MEA at 25°C in lhe dark \Vas measurcd al'ter 1. 2 or 6 \Veeks. and 
euluurs delemlined according lO lhe ch:lrls ul' I{ayner ( 1970). Leal' 
Icsions with which species 01' .\Ivco.l'p /¡aerella \Verc assoc ialcd 
\Vere excised and single ascosporc cullllres cSlab lí shed on iVlEA 
using lhe techníque uescnDcd hy Cro us el ,,1. (1 <)<) I l , For 1l11Cro­

scopie cxam ination the I'ungí were l110llntcd 111 lactophenol and 
mcasurcmenlS made at 10()()x magnilication , Averages \Verc dcrívcd 
rrom at leasl 30 observat íons. and the rangcs are given in parenthc­
ses. Refcrence cul tures are maíntained in the culture collect íon orthe 
Department 01' Planl Pathology at the IJniversíty 01' Slellenbosch 
(STE-U), 

Taxonomy 

C/adoplz¡alop/lOra pro/clle L. Viljoell & e rous sp. nov., 
Figures 1, 13, 14. 

Conid iogenae cellulae inlegratae, protuberationes breves trunca­
tas formantes, 2-3 x 1.5-2 .1111. Illyce lio concoloratae, sllbcylin­
dracea. Conidia in catenis longis acropetalis (ad 20), silllplicia 
vel ramosa, subcy lindracea ad oblongo-dol iiformia, (9-)13-17(-
22) x 2.5-3(-4) ~m in vi/ro, 0- 1 (-2)-septata, pallide brunnea ad 
pallide olivacea, laevia, hilis subtruncatis ad truncatis, non 
crassis sed parum refractivis. 

Stcrilc hyphae branchcd, seplate, onen fonning slrands. anastomos­
ing, smoolh 10 tine ly vcrruculuse. frequcnlly conslrie ted al septa, 
olivaccous, 3-4 ,un \Vide: hyphal eclls in oldcr cultures bccoming 
SWOIlCll. up to 6 ~m wide. Conidiophores reduced to conidiogenous 
ce lis. Conidiogenous cells integratcd. forming short. truncate protu­
berances, 2-3 x 1.5-2 ,1111. coneulorous with mycelium. subcylin­
drical. Conidia in long acropctal chains Cup lo 20), simple or 
branchcd, subcylindrical to oblong-dolí ifonn, (9-) 13-17(-22) x 
2.5-3(-4) )!m in vilro. 0-1 (-2)-scptale , light brown lO palc oliva­
ceous, slllooth. hila sublruncate to truncatc. not thickcned, but 
somcwhal rcfractive. 
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Figure I Cllldop/rill/ofl//O/'<l pro/elle. Chains of O- I-septate 
conidia formed on ma lt extraet agar (bar ; 10 /.1m) . 

CI/I/ural clrarac/e/'is/ics: Colonies erumpent. scgmcn tctl. with 
smooth, sinuate margins: fuscous black 7""k (surface antl bot­
tom); aerial mycelium absent. Co lonies reaching 5 mm diam. on 

MEA after 6 weeks in the dark at 25°C. 

Specimen examine": South Africa. Westem Cape Provinee. Stellen­
bósch. J.S. Marias Park iso lated as endophyte from Icaves of Pro/ea 

cynaroides (L.) L. with Ba/clre/oromyces Icsions. L. Viljocn. Dec. 

1996, PREM 55345 (ho lotype), cultures ex- type STE-U 151-1- 1516. .e genus Cladoplrialoplrora Borclli, which includes specics asso­
.ted with human disorders and others. isolatcd as saprophytes or 

endophytes from plants, has teleomorphs placcd in Capronia Saec. 
in the Herpotrichiellaceae (Braun & Feiler 1995; De Hoog e/ al. 

1995) and Ventl/ria Sacc. in the Venturiaceae (Untereiner 1997). 

Strains· isolated as endophy tes from leaves of Pro/ea cyna/'oides lit 
this generic complex. It appears that Cladophialophora is hcterog­
enous and it is possible that the saprophytic species wi ll bc placed 
in their own form genus, scparate from the human pathogcns. The 
present species is considered congeneric with Cladophialophora 

because of the flat, unthickened but somewhat refracti ve conidial 

scars, long conidial chains, and by being saprophytic. Morphologi­
cally C. pro/eae is most similar to C. Iraclrijoells is (Matsush.) U. 
Braun & U. Feiler [conidia 1-3-septate, (4.5- )8-25(-35) x (1.5-

)2-4(-5) /.1m)), but C. pro/eae has slightly smaller conidia. Braun 
and Feiler (1995) depicted a lot of variation between strains pres­

ently treated as C. Irachijoensis. and it is possible that there are 

even more distinct species with in th is complex. 

s. ¡\fr. J. Bot . 1998,64(2) 

COlliotlryrilllllllititlae C/'Ol/S el( S. Delllllwr sI' nov., Figures 3, 15 . 

Conidiomat.1 pycnidialia, subcpidennalia, globosa, discreta, brunnea, 
ad 200 ¡¡m diam., paricte in ex 3-4 stratis ccllularum brunneanlm te x­
turac angularis constanti. Conidiogcnae cellulac discretac, lacves hyal­
inae ad pallide olivaceae, doliifonncs ad ampullifonnes, 1-4 plo 
cnteroblastice et pcrcurrenter proliferantes. 5-8 x 5-10 ~lm . Conidia 
pallide ad medio brunnea, parietibus verruculosis, O- I-septata ellip­
soidea ad subcylindracea. apice obtuso. base obtusirotundata ad trun­
cata, (6.5-)8-9(- 11) x 3-4(-4.5) ~lIn ill \'i\"O, (5.5-)6-8(- 9) x 3-4 /.1111 
in vill·O. 

Leaf spOIS light brown, amphigenous. variable in shape and si l.c. fre ­
quentl y associated with tip die-back or sit uatcd along leaf margins. 
Myeelium immcrsed. septate, medium brown. tincly vcrrllclIlose. 3-
.¡ /.1m diam. ill vivo. 2-5 ~lIn in I'i/l·o. linely vcrrueulose. light to 
mcdiull1 brown. I"onning interca lar)' and terminal ehains of globosc 
chlamydospores. Conitliol11ata pycnidial. subepitlermal. globose. 
scparate, brown, up to 200 ¡lm dia l11 .. wall consisting of 3-1 layers 
of brown cells 01" /ex/llra al/gll/lIrls . Conitl iophorcs reLiuced 10 conid­
iogcnous cclls. Conicliogenous cclls discreteo sl11ooth. hyaline to pale 
olivaccous. doli ifonn lO ampllllillll"ll1. prolircrating 1- 1 times enler­
oblastica lly am! percurrently. 5-:\ x 5- 10 plll. Con id ia mediul11 
brown. thick-walleu, verruculose. O- I-septate. ell ipso idal to subey­
lindrical. apex obtusc. base hlunt ly roumkd tOlruncate . (6.5-1X-9(-
11 ) x 3-4(-4.5) II/n il/ VII·". (5.5- )(,- :\(-'») x 3-111/11 / 1/ vI/ro . 

('lIllIIl"al c!zarac/el"is/ics : Colonies with irregular margins: grey 
oli vaceous 21""b to cinnamo n 13"b (bo ttom); ae rial myce lium 
modera le, dirty pink to white. Co lonies rcachin g 32 mm dial11. on 
MEA aner 2 weeks in thc dark at 25°C. 

.\¡)ec/lltel/ eX(//II /l/c": South Al"rie\. Westcrn Cape I'rovincc. Ilcr­
manus. !caves of I'ro/e(/ I1IU"a Mili .. S. I)enman. 2') ¡\lIg. 1 ()<)(,. 

PREM 55346 (holotypc). cul lures eX-lvpc STE-lJ 1.J76-147X. 
1531 - 1533. 
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Figures 2-4 Conidia and eonidiogcnous cclls 01" Conio/hyrill/ll 
spp. in vivo. 2. C. pro/eae. 3. C. ni/idae. 4. C. lellcospermi. (bar = 
10 ¡lm). -
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Coniot/¡yrium proteae Crous & S. Delllnan sp. nov., Figures 2, 16. 

Conidiomata pycnidialia, subepiderlllalia, globosa, discreta, 
brunnea, 60-120 11m in dialll ., pariete ex 2-3 stratis cellularum 
brunnearum texturae angularis constanti. Conidiogenae cellulae 
discretae, laeves hyalinae, doliiforllles ad ampulliformes 1-2 plo 
enteroblastice et percurrenter proliferantes, 3-8 x 3-4 flm. 
Conidia pallide ad medio brunnea, parietibus tenuibus, laevia ad 
subtiliter verruculosa, aseptata, ellipsoidea ad globosa, rare pyri­
formia, apice obtuso, base obtusirotundata ad truncate, (5-)5 .5-
7(-8) x 3.5-4 flm in vivo, (3-)3 .5-4 x 2-2.5 flm in vilro. 

Leaf sp01S light brown, alllphigenous, variable in shapc and sizc. frc­
quently associalcd wilh tip die-back or siluated along Icaf rnargins. 
Myccliul11 immcrsed, scptatc, branchcd, pale lO rncdiul11 brown. 
smoolh 10 fincly vcrruculose, 3-4 flm diam. Conidiornala pycnidial. 
subepidermal, globosc, separale, brown, 60- 120 fll11 diam .. wall 
consisling of 2-3 layers oC brown cclls 01' lextura angularis. Conidi­
ophores reduced la conidiogenous cells. Conid iogenous ce lis di s­
crete. smoolh. hyaline, doliiform to ampulliform. proliferating 1- 2 
times enlcroblaslically and pcrcurrenlly. 3-8 x 3-1 flm. Conid ia 
lighl lO mcdium brown. Ihin-walled. smoolh lo fincl y vcrruculosc. 
aseptate, ellipsoidal lo globosc. rarc1y pyri forl11. apcx obtusc. base 
bluntly rounded to Iruncale. (5-)5.5-7(-8) x 3.5-4 ¡lIn in vivo. (3-
)3.5-1 x 2-2.5 fll11 ill vi/ro. 

Cullurol c:/wracleris/ic:s: Colonies with sl11ooth. sinuatc l11argins. 
olivaceous grey 23 .. · .. i (bottom ). sllloke grey 21 .... f (surfacc ); 

Figure S Horknessia leucospermi. Conidia and conidiogcnous 
cells in vivo (bar = 10 flm). 

I J::J 

:.:.: ::: 

Figure 6 MI·Cuspllllcn: lIlIlelojJellc . A,cllsporcs and asells il/ I'ivo 
(bar = lO fun ). 

acrial mycc liul11 sparsc to nlO ucratc. Calonies rcaching 4 111111 

dialll . on MEA after 2 wccks in the dark al 25 °C. 

Specllncns examined: SOll th !\frica. \Vcste rn Cape Provincc. Her­
manus. lcave, of Pro/ca lIitida. S. Denlllan. 29 Aug. 1996. PREM 
55347 (holotype). clI ltllre~ ex-typc SlT-U 1 ~231-1 25: Western Cape 
Provincc. Stcllcnbosch. Icaves of Proteo IIIcllifer ll. 1... Vcrwoc rd. 
Apr. 1923. 81'1 63909h. 

CO/liOllly rilllll lellco.l'perllli ( :/' 0/1.1' & S. Oel/lI/(/1/ sp. nov .. 
Figures -l. 17. 

Conidiomala pycnidi alia. sllbcpidc rmal ia_ alllphigcna. discreta. 
globosa atrobrunnea ad 200 flln in dialll .. pariete cx 3--4 strat is cel­
lularum brunnearul11 texlurae angular is . Conidogcnae cellulae dis­
cretae. laeves, pallidc brunlleac, dolii fo n11es ad alllpulliforl11cs. 1-
3 plo enteroblastice et percurrenter proliferantes. 9- 11 x 5-7 ,lIn. 
Conidia mediobrunnea. parictibus crassis. verrucu losa, ascptata, 
ellipsoidca ad globosa. apicc obtuso. base obtusi rotundata ad trun­
cate, 11- 13 x 5--6 ,1m in I·ivo. ( 'J-) 1 0-13(- 15) x 6-7 ,1m in I'i/t·o. 

Leaf spots amphigcnous. irregu lar. grey tu ligh t bro\Vn wilh a rai scd. 
dark brown bordcr. frcqllcntl y associatcd with ti p bl ight 01' leal' mar­
gins. Conidiomata pycnidial. subepidcnna l. al11phigcnolls. separare. 
globose. dark bro\Vn. IIp to 200 ¡lllI dialll .. \Vall consisting 01' 3-4 
laye rs of brown cd ls (JI' IC."'III·lI al/gllluns. Conidiophores rcdllced to 
conidiogcnolls ce lis. Conid iogcnolls cd ls discreteo smooth. light 
brown. tloliiform to alllplllliforlll. pro lik,.a ting 1-3 times enterob las-' 
tically and percurrcntly. 9- 11 x 5-7 I-U11 . Conidia mcdillm brown. 
thick-walled. verruculosc. ascptate. c1l ipso idal to globosc. apex 
obtusc. base bluntly roundcd to trllll eate. 1 1- 13 x 5-6 pm in vivo. 
(9-)10-13(-15) x 6-7 fun iJl vili·o. 

Cllllurol characteris tics: Colollies wi lh sll1ooth. regu lar l11 argills . 
fucolls black 7 .... k (sllrface), o livaceous black 27"" 111 (bottol11); 
acrial mycclium sparsc. Colonies reaching 12- 16 111111 dial11. on 
MEA aftcr 2 wecks in rhe dark at 25°C. 

Specimens e.wmined: South Africa. Western Cape Prov incc. Pikct­
berg. Icaves of Lí' IICOSpernllllll cOJlocarpodendron (L.) H. Bllek .. S. 
Denman. 29 Aug. 1996. PREM 55348 (holo typc). cu ltures ex-type 
STE-U 1426-1428. DOlllinican Rcpllblic. leaves of Le/lcospcrrJII :1II 

sp .. L. Schroeder. 7 Jul. 1986. BI'I 11 07823. 
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ar e Figure 7-9 Aswspores anu germinating ascosporcs ni" 
Mycosphaerella spp. on Ill al! extraet agar al"ter 24 h. 7. ,\/ bell/II/s. 
8. M.jonkcrshoekensis. 9. M. protea. (bar = 1 O ~l m) . 

Van Wyk (1973 ) li sted several specimens from Protea and Lell­
cadendron (PREM 44798, 44853, 44854) whi ch he considered to 
represent a new species of Coniot/¡yrilllll. An examinati on 01" 
these specimcns found conid iomata to be present on PREM 
44854 and 44798. Conidia were aseptate. finely verruculose. and 
resembled C. protea in shape, but were much larger ((7-)8-9(-
10) x 4-5(-6) in PREM 44854 ; (5-)7-8(-9 ) x (2.5-)4-5(-6) in 
PREM 44798]. Although it appears that these collections re pre­
sen! yet another distinct spec ies, further collections and cultures 
are required to sui tably charac!erise this pathogen. 

As far as we could establish, only one other species of Coni­
ot!Jyrium, namely C. proteae-abyssinicae Bacc. has becn 
described from these hosts. The latter species has conidia that 
differ in size ( 14.4 x 3.2 ¡.un ; Baccarini 19 17) to those of the spe­
cies described in the present study. It is important to note. 

S. M r. J. 13 01. 1 ')<)X. 64(2) 

however, that l11ajor differences occurred in con idial shape and 
dimension in some species when cultured on agar, and thcse dis­
crepancies wi ll have to be carefu lly con:;idered when comparing 
new speeies and iso I ates in the future. 

Harkllcssia lell cospermÍ Crolls & 1 .. Viljoe n sp . nov., Figures 
5, 18. 

Conidiomata di screta, immcrsa, globosa ad subglobosa, unilocu­
laria, subepidcrmalia, ad 350 p lll diam. Conidi ogenac ccllulac 
subcylindraceae ad lagcniforlllcs, hyalinac, laeves. 8-~O x ~ .5-5 
¡llll . Conidia holob lastica, lalc vcn tr icosa, gultula media, gran u­
laria, laevia, irregulariler striala. ap ice oblusa ad oblusiro lundalo, 
base truncala (2J-)~5-28( -32) x ( 13-) 15- 17(- 1 S) ¡lIn. appen­
dicula basali hyalina 110n ram osa 4- 8(- 14) x 2- 2.5(-3) ¡Ull. 

Conidiolllata separate. illl lllcrscd. globosc to subg lobosc. uni!ocll lar. 
subepidermal. ur to 350 ¡lIn dialll . os tio!.: " 'i th light brOlvn i"uri"ura­
ceolls Illargin: basal and latc ral walls 5-7 cells thick cO I11[1osed oi" 
textura angularis. brown. becollling hya line towards the interior. 
Conidiorhores reduced to conidiogcnous cdl s. Conidiogenous edls 
subcy lindrical to lageniforl11. hyalinc. sl11ooth. X- 20 x·· 2.5-5 ¡lIll . 
Conidia holohlastic. hroad ly vcntricose \\" ith a central gllttul~ . granu­
lar. sl11 ooth. irrcgularly stria tc. :tpCX obt llse to blllntl y :ll'lcul:l1e. base 
tru ncale (23- )25- 2X( - 32) x ( 1:;- )15- I7(-IX ) ,1111 1. \\"ilh a hyalil1e. 
unbranched basa l :lp[1Cllllagc .J-X( - I-Il x 2- 2.5(-3 ) ,11111 11/ r i,'{); 

conidia broadly ellipsnid. ap iculatc. (2J-125 - 27(-3 0) < ( 12- )1 3-15 
¡llll. hasa l apre ndage 3- 1 () x 2- 2.5 ,11111 11/ ,'{(m . 

Colol/y c/w{"(Icteristics: Co lonies wi lh 1110deralc , pal e ycllo\V aer­
ial lllyceliu l11, IUlCUS 21 b (bOllOI11 ); margins s l11 001h lO irregular. 
Colon ies reaching 56 111111 diam . on MEA aticr I wcck in thc ebrk 
al 25°C. 

Specimen nanlll/C": South Ai"rica. Wcstern (are I'rovinee. Kirsten­
bosch. \cal' li!tcr oi"" Lcut"OSpCf"l1l1I1II sp .. 1'. W. ( mus. 20 ¡V la\' 1 ')<)(, . 

PREM 553,1') (holotyreJ. cultu res ex·ty[1c STE· l] 1 }72 - 137~ . 1:-.-11 
375227. ArCe 20 11 56. CI3S 77'<\ .'J7. 

¡'¡orkllessia ICllcospl!J"lII1 is morph olog ically simi lar to 11. <!II("({_ 

Iypti Cooke apud Cooke and Harkn .. which has broad ly ventr i­
cose, apiculale co ni dia ( 19-)2-25(-~8) x (11-) 13- 15 ¡Ull with 
rest ricled slrial ions and basal appendagcs (6-)8- 13 :< 2--1 ¡lIll, 
and H ellCQ(vptOI"llIll Crous et al., whi eh has broadl y venlrieose, 
aSIria le conidia wilh bl unt apiccs. ( 16-)20-25( - 29) x (l)- ) I 0-
14(-16) ¡U1l ill vivo. (14 .5 -) 17-22(-24) x ( 10.5-)11-13(- 14) 
)1m il/ vitro. basa l appcndages 3- 16 ~U1l (Crous et al. 1(93). 

Figure 10 P/¡yllosticta owal/iana sporulating on mal! extrael agar (bar = 10 )1 111) . 
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Figure 11 Plzyllas/ic/a /e/apeae sporulating on malt extract agar (bJr = 10 ¡inl). 

Sutton and Pascoe (1989) reported H ellca/yp/i occurring on 
Banksia lIlorginata Cavo and Lamber/iaformosa Sm .. both hosts 
in the Proteaceae. Conidia of H. /el/cospermi are largcr than 
those of fI. ellco/yp/i and f/. el/ca/yp/orum . On leaf tissuc the 
conidia resemble those of Ji. el/ca/yp/orum in being more bluntly 
apiculate. In culture, however, conidia become more broadly 
ellipsoidal and sharply apiculate, di stinct from conidia of H. 
ellca/yp/orum formed in culture (Crous e/ al. 1993). Although 
Nag Raj (1993) illustrated conidia of H. el/ca/ypli lo be striate, 
striations were only ebserved in res tricted areas on some conid ia, 
and were not as prominent 35 in H. /el/cospermi. The latter fea­
ture was also found to be constant in culture for H. lellcospermi. 

Mycosphaerella te/opeae /vi. Pa/m & erOl/S sp. nov., Figure 6. 

Pseudothecia amphigena, sparsc d is tributa, unica, nigra, 
erumpentia globosa ad 120 11m diam . Asci aparaphysati fascicu­
lati bitunicati subsessiles obovoidei ad late cllipsoidei vel cylin­
dracei, recti vel parum curvati, 8 sporis, 20-28 x 8-1 O ~m . 

Ascosporae multiseriatae, imbricatae, hyalinae, guttulatae, parie­
tibus tenuibus, rectae ad parum curvatae, fusoideo-ellipsoideae 
apicibus obtusis, latissimae in medio cellulae apicalis, mediano 
I-septatae, magis prominanter ad basim contractae (9-)10-11 (-
12) x (2-)2.5(-3) ¡im. 

Leaf spots circular, amphigenous, 1-4 mm diam., grey in centre, sur­
roundcd by a rnised. dark brown border and a narrow chlorotic margino 
Pseudo!hecia amphigenous. sparsely distributed, single. blaek, crumpent, 
globose, up to 120 ~m diam.; apical papillate ostiolc.5-IO ~m in diam.; 

wall consisting 01' 3- 1 Iaycrs 01' IllCtllUIll brown /eXIlII'O al/gll/a,.,s. Asel 
aparaphysalc. rascicul;¡le. bilull lcalc. slIbscssik. obovoid lO broadly cllip­
so id or cylindrical. slraighl or slighlly curvcd. S-spored. 20-2S x l;-IO 
¡im. Ascospores multiscriate. ovcrlapping. hyalinc. guttulalc. thin-walkd. 
straight lO slightly cllrvcd. rusoid-cll ipsoidal wilh obtuse ends. \Videsl in 
the middlc oC !he apical ccll. medianl)' I-seplatc. gcnerally not conslricled 
at septum. \Vith somc ascospores lln lhc leal' su rface appcaring slighlly 
eonstricted; ascospores tapcring morc prom inently tOIVards lhe 10IVer end 
(9-)10-11(-12) x (2-)2.5(-3) ¡i111. 

Specilllens exalllined: Ncw lcaland. Icaf of Te/opea sp.. M. 
Abde lshifc. 11 Sep!. 1996. PREM 55350 (holotype); Ncw Zcaland. 
leaf of Te/apea sp .. M. Abdclshirc. 5 AlIg. 1996. 13PI 806263; Ncw 
Zealand. leaf of Te/opea sp .. M. Abdclshife. 6 Aug. 1996. BPI 
806264. 

Although no species of ¡'v/ycosplzaerella has been dcscribed from 
Te/apea (Corlett 1991 , 1995), three species are presently known 
from I",aves of Pro/ea (Proteaceae) , namely /vi. pro/eae (Syd.) 
Arx, /vi. jonkershoekensis Van Wyk el al. and 1,,1. bellu/lIs Crous 
and M.J Wingr. (F igures 7-9) (Crous &: Wingfield 1993). 
Ascospores of /vi. le/opeae are much smaller Ihan those of the 

large'-spored ¡'vr. pro/eae, which measure 20-3 3 x 6- 8 U = 26 x 

7) ~m. Morphologically ascospores of M. /e/opeae resemble 

those of M. jonkerslzoekellSi.~ which measure 11-23 x 4-6 U = 

18 x 4.5) ¡im, but ascospores of the former differ in being much 
slllaller and less prolllinently constri c ted at the septulll. 
Ascospores of M. /e/opea are s lightly larger than those of lvl. 

be/lu/lIs, 7- 1 I x 2-3 (.r = 9 x 2.5) ~lm, and are not as 
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, Figure 12 Septoria protearum. Conidia and conidiogenous cclls Conncd on camation leal' agar (bar = 1 O ~llll ). 

pr"ominently constricted as in the latter species, The erumpent 
black pseudothecia of M. te/opea are also distinct from Ihose of 
M. jonkershoekensis and M. bellll/lIs, which are subepidermal 
and generally nol visible to Ihe naked eye. 

When Crous and Wingfield ( 1993) trcaled the species of 
Mycosphaerella oeeurring on Protea, little was known about 
their behaviour in culture. Subsequent lo Ihat study', fresh collee­
tions were obtained of all three of those species. As observed in 
the type eollection of M. jonkershoekensis (PREM 44830), 
ascospores from fresh colleclions were frequent ly slighlly o liva­
ceous in their ascl . When ascospores are shol oul for germinalion 
on MEA (Crous et al, 1991), ascospores become verruculose, 
brown, and constricted at the septum. Ascospores germinate ini­
tially wilh germ tubes growing parallel to Ihe long axis of Ihe 
spore (Figure 8). After 48 h, however, ascosporcs have usually 
formed several germ lubes, and Ihe germination is irregular. A 
peeuliarity about M. jonkershoekensis is Ihat ascospores germi­
nate at 25°C, but die soon after germination if the plates are not 
incubated at 15°C for one to two weeks. After this in itia l phase 
the fungus will grow at most temperatures, and it is hypothesised 
that this low temperature requirement is a prerequisite for suc­
cessful germination and infection of leaf tissue. The same phe­
nomenon has also recentIy been reported fo r M. juvenis Crous 
and M.J. Wingf. on Eucalyptus (Crous & Wingfield 1996). 

Ascospores of M. bellu/us germinate with one to several germ 
tu bes which grow irregularly to the long ax is of the spore . As 
with M. jonkershoekensis, spores darken and become verrucu­
lose at germination (Figure 7). l,n the presenl study, M. bellll/us 
was also isolated from leaf lesions of Leucospermum spp. 
(STE-U 132 1-1323), and it appears to be a very common species 
of Mycosphaerella on Protea spp., frequenlly al so occurring in 
association with Leptosphaeria protearum Syd . 

After several unsuccessful attempts, ascospores of M. proteae 
"':'ere finally induced to germinate in culture. Unlike M. jOl1ker­
shoekensis and M. proteae, ascospores could never be induced lo 
shoot out onto the agar surface, and the epidermis had to be cut 
open to expose the pseudothecia. This difference, as well as the 
distinct lesions and red-purple discolouration of the leaf tissue 
suggest that M. proteae is a fungus quite unrelated lo Ihe olher 
species dealt with aboye. In culture, germinating ascospores 
become constricted at the ir septum, brown in colour, and 

germinate wilh one germ tu be generally parallel to the long axis 
of the sporc (F igu re 9) , Ascospores did not become as vcrrucu­

lose as those of M, bel/lI/lIs and M, jonkershoekensis . Colonies 

were extremely s low growing, and a ftcr about 6 months at 25°C 

on MEA had hard ly reached 5 mm in d iam .. suggcsting that this 
fungus is more of an ob ligate pathogen than the other speeies of 
Mycosphaerel/a treatcd here. 

P/¡yllosticta oWll1lial111 G, Winter. Hcdw igia 24: 3 1 ( 1885) 
Figure 10. 

Leaf spots amphigenous. circu lar. (J.) - 5 mm diam .. lighl brown. 
becoming darkcr bro\Vn lo\Vards lhe rai sed. dark brown bordcr; mar­
gins ehlorolic whcn prcsent. Conidiomata pycnidial. prcdominant ly 
epiphyllous. c1early visible to the naked cyc. scattered. immersed, 
bccoming erumpcnt. globosc to subglobose. up to 120 ¡lm diam" 
unilocular; mcd ium brown, ostio lalc. becoming papillate ; \Vall up to 
15 ¡lm thick, of texlllra angularis, \Vith bro\Vn ce lls bccoming lighler 
towards the interior. Conidiophores reduccd to eonidiogenous cells, 
Conidiogenous cells hyalinc, smooth-walled. subcy lindrical to dolii­
Corm, 5-8 x 3-6 ¡lm. Conidia obovoid to ovoid in vivo. ovoid in 
vitro, apcx rounded. base tnmeatc to rounded. hyaline. guttulate, 
(10-)12- 14(-15) x 7-8(-9) ¡l 111 in vivo and ill vitro, cnclosed in a 
mueous sheath 0.5- 3 ¡lm thick. persislenl on most conidia. bearing a 
single, unb ranched. slighlly tapering ap ica l mucoid appendage 5- 8(-
14) x 1- 1.5 ¡lm, 

Cultural characteristics: Colonies with irregu lar margins, devoid 
of aeri al myce lium, black (surface), o livaceous black 27"" m 
(bottom). Colonies reaching 9. 5 mm diam, on .MEA after 2 
weeks in the dark at 25 oc. 
Specimen examined: South ACrica. Westcrn Cape Provincc, Jonker­
shoek Icaf spots on Brabej llm stellatifolium L .. A. den Breeyen, Mar. 
1995, PREM 55351. cultures STE-U 1009- 1010. IMI 375228, 
ATCC 20 11 57, CBS 776,97, 

Phyllosticta owaniana appears to be a we ll-established patho­
gen of Brabejum stel/atifolium and is associated wi th prominent 
leaf spols on this plant throughout the Western Cape, where this 
host is planted as an ornamental. The present collcction corre­
lates well with the original description o f Winter (1885), who 
cited conidia as being ovoid to subpyriform, 10-12 x 8 ~111 . 



S. Afr. J. Bot. 1998,64(2) 143 

' :' ; ", -\ ! .,' , ." . :~ , : : . 
"" i j ' • • " i:. .:. 

':14 

I , 
17 18 

Figures 13-20 Conidia of microfungi occurring on Protcaccae. 13, 14. Catenu late conidia of Cladophia/ophora proteae. 15. Coniothyrium 
nitidae. 16. Coniothyrium proteae. 17. Coniothyrium /eucospermi. 18. Harknessia /cucospermi. 19. Phyllosticta te/opeae. 20. Septoria pro­
tearum (bar = 10 >Lm). 

Phyllosticta telopeae H. Y. Yip, Mycol. Res. 93: 494 ( 1989), 
Figures 11 , 19 .. 

Leaf spots amphigenous, ci rcular to somewhat irregular, often con­
fined by leaf veins, 2-7 mm diam., grey-brown to grey ol ivaceous 
with a narrow, dark , slightly raised border on the adaxial surface. 
Conidiomata -pycnidial, predominantly epiphyllous, clearly visible to 
the naked eye, scattered, immersed, bccoming erumpent, globosc to 
subglobose, up to 150 11m diam., unilocular, medium brown, ostio­
late, becom ing papillatc; wall up to 15 >Lm thick of brown cells of 
textura angu/aris. Conidiophores reduccd to conidiogenous cells. 
Macroconidiogenous ce lls hyaline, smooth-walled, subcylindrical to 
lageniform, 7- 12 x 3-5 11 m, often proliferating once cnteroblasti-

cally and pctcurrently. Macroconidia clli psoid<ll to obovoid with a 
rounded apex and a tru~ cate base, rnrc ly with a minute marginal frill, 
uniccllular, hyal inc. smooth-wallcd. gultulalC, (12-) 13-16(-18) x 
(7-)8-9 11m in vitro. 11.5-15.5 x 7- 10 11 m in vivo, cnc losed in a th in 
mucoid shcath, 0.5-2 >Lm thick bearing a single, unbranched, altenu­
ated apical mucoid appendage 10-20 x 2-3 ,1m on MEA (up to 40 
11m long whcn culturcd on a mcdium consisti ng of 2% malt (;xtract, 
2% V8 juicc and 4% agar). (6.5-)20- 100 x 2- 3 >Lm in vivo. Micro­
conidiophores subcylindrical. hyalinc. 0-2-septate, branched aboye, 
15-20 x 2-3 >Lm. Microconidiogenous cells subcylindrical, ampulli­
forrn to lageniforrn with minute periclinal thickening, hyal ine, 
smooth-wallcd, 5-12 x 2-2.5 11m. Microconidia bacillar with a 
rollndcd apex ami swollcn. trll ll calC base. uniccllular, hyalinc, 
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smooth-walled, (6-)8-10(-12) x 1.5 ¡lm. 

Colony charac/eris/ics: Colonies with irregular margins, devoid 
ofaerial myeelium, black (surface), olivaceous grey 25' .... 111 (bot-

10m). Colonies reaching 35 .2 mm diam . on MEA afte r 2 weeks 

in Ihe dark al 25°C. 

Specimens examined: Australia, Icavcs of Te/opea speciosissima R. 

Br., col l. D. Koizumi, del. M. Palm, Ocl. 1991. US II 08807 (13P1), 

PREM 55352, cultures STE-U 1517, 1522. IM1 375229, ATCC 
201158, CBS 777.97; Australia, leavcs of Te lopea speciosissima R. 
Br., coi!. D. Koizumi & J. Van Dcrsal, det. M. Palm, Oct. 1997, US 

1108820 (BPI). 

Phyllos/ic/a /elopeae is distinguished from P. oll'anialla by its 
larger conidia and much longer appendages. It was originally 
described by Yip (1989) from T speciosissima Icaves collected 

in Tasmania. Our material corre lates well with the description 
given by Yip, with the only difference being the length of the 
mucoid appendages. The fact that appendages were observed to 
vary in length depending on the medium on which lhey were cul­
tured, once again stresses the importance of standardisi ng condi­

tions and media when comparing species and descri ptio l1 s 01' 
Phyllos/ic/a. As far as we are aware, this is the first description 

ofP. /elopeae from cu lture, and the firsl reco rd of ils mic roco­

nidial state. 

Seploria pro/earum L. Viljoen & Crous sp nov .. Figures 1:2, :20. 

Conidiomata pycnidialia, globosa ad subglobosa, 65-200 ¡lm 
diam. Conidiophorae hyalinae. laeves , subcyli ndraceae . 11 0nra­

mosae vel superne ramosae. 0-5-septatae. 8-30 x 1.5-3.5 ~l m. 

Conidiogenae cellulae termina les et laterales. hyalinae. subcylin­

draceae, non ramulosae, ad apices rotundatas planes cOl1traclae. 

4-12 x 1.5-3 ~lm diam.; sympodialiter proliferantes. Conidia 

holoblastica. solitaria hyalina laev ia guttulata, (0-)1-3(--4)-scp­

tata, subcylindracea ad anguste obclavata. apice subobtuso. base 

angusta, obconieo-truncala ad truncata, recta ad curvata (6-) 15-

22(-30) x 1.5-2 ¡lm i/1 vi/ro. 

Conidiomala pycnidial, associalcd wilh leal' spots. am phigenous. 
black on surface, subepidcrmal. bccoming crumpcnt. Pycnidia glo­
bose to subglobose, 65-200 ¡lm diam.; wall consisli ng 01' 3-4 laycrs 
of brown cells of /ex /ura anglllaris; oslioles s lighlly papi ll atc. up to 
60 ¡lm wide. Conidiophorcs hyalinc, smoolh . subcy lindrical. 
unbranched or branched aboye, 0-5-seplale. 8-30 x 1.5-3 .5 ¡1m. 
Conidiogenous cells terminal and laleral. hyaline, subcy lindrical. 
unbranched, tapering to roundcd or llattel1ed apices. 4-12 x 1.5-3 
¡lm diam., prolife rating sympodially. Conidia ho loblaslic. so litary. 
hyaline, smoolh, guttulatc. (0-) 1-3(-4)-seplale, subcy lindrical lO 
narrowly obc\avale, apex subobtuse, base narro\V obconica ll y lrun­
cale to Iruncale, slraighl lO curved, (6-) 15-22(-30) x 1.5-2 ~lm in 

vi/ro. 

Cul/ural charac/eris/ics: Colonies with smooth margins , iron 
grey 23' .... k (bottom), with moderate whitish aerial mycelium . 
Colonies reaching 10.3 mm diam. on MEA aftcr 2 weeks in the 
dark at 25 oc. 
Specimen examined: Soulh Africa, Gauteng Province. Pretoria. 
leaves of Pro/ea cyna~oides , L. Viljoen, Sept. 1996. PREM 55353 
(hololypC), cullure ex-type STE-U 1470, IMI 375230. /\TCC 
201159, CBS 778.97. 

As far as we could establish, only one other spccies of Sep/oria 
has thus far been associated with Icaf spots on, or described from 
leaves of Pro/ea. Sep/oria pro/eae Ciccar. was described as hav­

ing 1-3-septate conidia, 40-50 x 3-4 11m (Ciccarone 1951 ), thus 

being much largcr than those of S. pro/earum. 
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Summary. Data on yield and growth flushing of 
2 protea varieties were collected at commercial sites in 
South Australia over 3 years. Mean (± s.e.) yicld of 
Pro tea 'Pink Ice' in terms of marketable slems averaged 
63 (± 7) stems/planl on a highly fertilc soil to 39 (± 1) 
stems/plant on an infertilc site. On the samc sites. 
LCIH:adcndron 'Silvan Red' yieldcd means (± s.e .) of 
314 (± 13) and 219 (± 5) marketable slemslplant. Data 
are presented in markeling cIasscs based on SIc m \cngth. 

Introduction 
The Au:malian Protca Industry has developed in size . 

between Ino and 1994 lO a planled arca of about 
1200 ha (Yencken 1994). lllÍs industry is based on many 
species anJ cultivars 01' South African ¡Ind Australian 
origin grown on a wide range of soil lypes . YielJ 
performance 01' Protea specics and cultivars is largely 
anecdotal. Wilhout yield guidclincs, growers ha ve 
difficully in assessing lhe performance of lheir plantings, 
determining maintenance fertiliscr managcment 
programs and evaluating lhe cconomics of substiluting 
varielics as lhe market changcs. 

When this research commenced, Protea 'Pink Ice' and 
Leucadendron 'Silvan Red' were the 2 most widely 
planted Protea cultivars in Australia. Protea Pink Ice is a 
hybrid of P. neriifoLia and P. compacta which was 
released lo the industry in 1981, and has been particularly 
successful due to its vigorous habit and tolerance to 
disease. Leucadendron 'Silvan Red' (L. Laureolum x 
L. salignum) has been a widely grown, high yielding 
variety in South Australian conditions although its 
popularity has been recently superseded by a similar 
cultivar, Leucadendron 'Safari Sunset'. Strong hybrid 
vigor is expressed as a rule with interspecific crosses in 
Proteas (Brits 1992), with common yield increases of 
100-150%. 

There are few studies which report yie\d data of 
cultivated proteas. Fuss and Sedgley (1991) assessed 
production from seedling Banksia plants at 6 commercial 
sites and found significant between-plant variation in 
yield between plants within sites and between sites. In 

Monthly increases in stem length and diametcr wcre 
used to determine seasonal growth tlushing pallcms in 
lhe 2 cultivars. Pink Ice commenced annual growth in 
August-September, reachcd peak growth rate in 
OClober and fell to low levels in Deccmber. Silvan Red 
commenced growth between October and Novcmber, 
reached peak growth rate in December and conlÍnued 
stem elongation until March when all growth ccased 
until the following year. 

P. neriifo/ia 'Salman Pink' (Dupee and Goodwin 19(0), 
significant differenccs in tlower nurnher and Ilowcring 
date were observed at 4 commercial sites. however, (()tal 
yield on a per plant basis wasnot reporteo . 

Growth flushing has been sludied in Protea species 
principally in relation to time of flowering and to 
understand site-dependant seasonal growth pallerns. In 
South Africa, P. neriifoLia 'Kouga' cultivated in 
plantations showed peak vegetativc growth in August 
and September (early spring) with a secondary growth 
tlu.sh in January-February (Heinsohn and Pammenter 
1988). Flowering occurred from January 10 July with 
peak yields in April and May. Protea neriifolia Salmon 
Pink showed a minor growth tlush in October in New 
South Wales (Dupee and Goodwin 1992) with lhe main 
vegetative peak in January-February. In lhe same study, 
seedlings of King protea, P. cYllaroides, showed 
2 growth flushes each year (October and March), 
although the amount of vegetative growth differed 
markedly over the 2 years of the study. 

Leaf analysis surveys of Protea species conducted 
throughout Australia (Barth 1994) demonstratéd that the 
variability between individuals within most species 
grown in commercial plantations (of seedling origin) 
made interpretation of leaf nutrient values difficult. 
Distinct seasonal changes in leaf analysis values aIso 
emerged in this study which highlighted the importance 
of coordinating the growth status of plants with leaf 
sampling times. 

It was the aim of this study to establish baseline data 
on yields achieved under commercial conditions for 
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2 important Protea cultivars grown in South Australia. 
Data were collected at 3 sites representing variations in 
soil type and nutrient composition. Yield was assessed in 
terms of commercial quality f]ower stems (graded by 
stem lengths reflecting marketing practices), 
unmarketable stems, damaged material and prunings. 
Stem growth was monitored monthly to define growth 
flushing pattems which can be used to determine optimal 
periods for fertiliser application and leaf nutrient 
monitoring. This information was used to assist in the 
interpretation of seasonal trends in \caf analysis values 
obtained as par! of a nutrient management research 
program (Mai cr et al . 1995). Values ootaincd from 
clonal material wcrc of low variability and allowcd for 
assessmcnt of seasonal nutrient trends and eomparison 

when needed. Supplemental drip irrigation at 
8-12 Uplant, was generally applied 1-2 times/week from 
October to June, and pruning either coinciding with or 
soon after harvest, to shape plants and remove darnaged 
and diseased material. 

Experimental details 

__ valucs oetwccn diffcrent I'mtca varieties. 

At each site, 6 vegetative shoots wcre selected during 
March (Pink Ice) and July (Silvan Red) on each of the 
6 plants to be monitored for growth during the following 
year. Young shoots which had devcloped during the 
previous summer (current season 's growth only) were 
selected and tagged . Monthly measurements of shoot 
elongation and shoot diameter (at 20 cm abo ve the base 
of the shoot) were made. Growth was monitored until the 
shoot was harvested as a flowering stem or pruned due to 
loss of the growing tipo If Ihe flower oud aoorted, lateral 
shoots commcnecd developmenl and measuremcnl of 
shool clongalion ceased . Matcri~lls ami nll,thnds 

Study sites (lml,J/(/l/t fllnl/(/RCf//C1/t 

This stlldy was condllctcd at 3 cOllllllcreial pl ;lIlt ations 
in Ihe MI l.oft y ¡{angl' s , SOlllh AlIslra li;1 05"IO'S, 
I3xn~4 ' E ) O\'l'r ~ ycars, 1991-93 . Thc el imate is 
Illcditl'rranean , with cool, wet winters and dry, wartll 
Sllllll1lCrs . The ~ sites difkrcd in soil type wlllch rangcd 
frolll sil ndy loalll o\'l'r e1ay (site 1) to highly Icadll'd 
sands hite ~ l. Selcl"lcd chclIlictl and physical pro¡ll'rtics 
of thc soil al cadl slll' are prl'sl'ntcd in TahJc l . 

Frolll cad¡ sill' , (1 \'igor(lusly growing ) - 7·Yl';¡ r·old 
plant~ wcre scleclnl for plant growth amI yil'ld lIloniloring 
coml1lcncing in .I unc 19()() . Plants 01' this agc are in fuI! 
prodllction ;llld their si/c is hctwecn 1 and l .) III widc and 
1.5 ami 2 111 \;111 . I'lant!-. rClllained undcr thc Illanagclllent 
of the \'ariom growcrs for irrigat ion, fcniliser antl pest 
managctl1cnt. C urrent standard culti\'ation practices 

. eludc mini mal fc rtiliser prograllls, sllch as sidedrcssing 
• spring with nitrogen (N) and micronlltrient applieations 

All material removed from the Irial planls hy harvesl 
or prllninE! was recorded . During the harvcsl pcriod of 
Pink Ice (Mareh-Novemher), reeordings werc made nI 
3-14-day inlervals, depcndinE! on Ihe lime of harvest 
l: hoscn by the growcrs . Silvan Rcd was harvesled 
1-3 lilllcs/ycar at caeh sitc, whcn Ihc growcr dccmcd Ihc 
markcl to bc Illost fuvorablc. This cultivar is mosl 
frl'qucntl y harvcs tcd in Mareh as a rcd·foliagcd stcrn, 
howl'ver , it can relllain (ln thc bllSh for a sccondary 
harvcst in June-July when it presents as a tricolor 
stcm-ycllow, red and green . Flowers were cut leaving n 
stllO 01' aoollt 10 cm nnd side shoots were removed . Each 
flowering stern was Illeasured from Ihc cut end 10 the lip 
of the flowcr head (Pink ke) or involllcrallcaves (Silvan 
Red) and all slctl1S and prunings wcre weighed fresh . 
Pruning was also carried out during harvesting and al the 
complction of harvest to eliminate dcad buds, distortcd 
and misplaced shoots and to shape the plant. 

Tuhlr l. Srlcclcd chcmicnlllnd ph~'sical propcrtieo; or soil at thret sampling siles In South Australia 

Soil (k-plh pHA Or¡:anic C EXIr.lclablc pB EXlraclable KB Paniclc siz.c analysis (%) 

(cm ) (% ) (m¡:lkg) (m¡:lkg) Sand Silt Clay 

Sil~ 1 
()..IS 4 .8 '2..7 15 113 85 10 4 
t5-70 5.3 5.6 

Sil~ 2 
0-20 7 .0 0 .4 14 43 95 2 2 
'2.0--70 6.8 0.1 9 48 

Siu3 
0--15 6.2 1.4 fA 92 98 
15-80 6 .1 0.3 D 37 

Al : 5. soi l : Walcr ratio . 

B I : 100. soil : 0.5 mmollL NaHCO), 16 h shaking time. 

-
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StatisticaI analysis 
For each site, the significance of the differences in 

yield between years was determined by analysis of 
variance. The 6 plants monitored at each site were 
considered replicates (n = 6). Least significant 
differences at P = 0.05, were used to separate means. 
For monthly extension growth and stem diameter, and 
monthly cumulative yields for Pink Ice, s.e.m. values 
were caJculated. 

Results and discussion 
SoiI chemicaI and physical properties 

Soil acidity varied from neutral throughout lhe profile 
al site 2 to slrongly acid at site I (Table 1). Howevcr. 
even lhough the soil at site 1 was strongly acid. annual 
yields of Pink Ice and Silvan Red were not reduced 
compared with sites 2 and 3 (Tables 2 and 3) . These dala 
suggesl lhal lhese 2 hybrids are toleranl of high soi l 
acidily. 

Extract able phosphorus (P) concentralions in lhe 
0-15 ano 0-20 cm surface soils ranged from 64 mglkg al 
sile 3 lo 14 am.l 15 l11g/kg at sites 2 and I rcspeclivcl y. 
However. lhis high residual P concenlration was not 
associated wilh reduced yields (Cecil et al. 1995; Maier 
el a /. l ()()) ). "111e pOlassium (K) rcquircmenl of proleas 
for optimull1 growth appears lo be low (Maier ('1 (l/. 
I ()95 ) and we suggesl lhal lhe crilical eXlractab\c·K 
concentral ion for soil lypes al these siles is low 
«50 mg/kg) and lhe sites were not deficient in K. At our 
sites, extractablc-K concentr:ltions in the surface soils 
ranged frorn 4:1 lo 11 3 mg/kg and were not K deficienl. 

On Ihe basis 01' organic carbon (C), soil al sile 1 was 
c1assified as highly fertile, sile 2 was infertilc, ano sile 3. 

moderately fertile with regard to N (Maier el al. 1995). 
These data suggest that higher rates of N fertiliser may 
be required at site 2 compared with site l. However, 
appropriate nutrient management technology, such as 
calibrated plant or soil tests, are not currenlly available 
for growers to use to determine the N fertili ser 
requirement of their plantings . 

Yield 
Table 2 presenls yield of Pink Ice in terms of frc sh 

weight and stem numbers at 3 siles ovcr 3 harvcsts, 
1991-93 . At siles I and 2, thcre are no significan! 
diffcrcnccs in 10lal biomass removed belwecn years. 
however. al sile 3. yields of biomass. prunings and slems 
werc significantly higher in the 1993 scason . Al silc l . 
the weighl removed in prunings doubled belwcen Ihe 
firsl ano sccond ycar. which may ha ve influenced Ihe 
number and wcight of stems in the subsequenl year. 

Yield (stems/plant) is prescnted by size calegorics 
reflecling markeling grades used by lhe induslry in 
AUSlralia for domestic and export qualily flnwers . lllcrc 
is a rc1atively consi stent spread of slellls in all si!.e 
c1assificalions throughoul the difIerenl siles in differenl 
years. Site l. the highest yielding site in lerms 01' buth 
10lal stcm numbers and hiomass. also had Ihe highcsl 
nutllhcr of sletlls in Ihe <50 and >l)O cm size classes . 
"nlcre werc significant differences in 10lal slem numbers 
belwcen years al sites 1 and 3. bUI not at sile 2. Ihe lowest 
yielding sile. 'n\ese yearly difrerences may be a rcflection 
of plant age. pruning practices or a response to Ihe higher 
Ihan average rainf¡llI experienced in the winter of 1992. 

Analysis of between-sile differences showed Ihal 
wcighl (biomass) and number 01" llowering stems were 

Table 2. Ylcld oC ProUa 'Plnk lec' allhrcc commcrcial silcs In Soulh Auslralia, 1991-93 

Mcans within colurnns am! si tes, followcd by the samc Icncr are not signi ¡¡camly different al P = 0.05 

Ycar Yield (kg/plant) Yield (stcmslplant) 
Biomass Prunings Stcms <50cm 50-70 cm 70-90 cm >90 cm Total 

Sir/! 1 
1991 16.5a 4.6a 11.9a 2a 27a 26a la 58a 
1992 21.la 9.6b 11 .5a 4a 24a 22a 5b 55a 
1993 21.7a 6.9b 14.7b llb 34a 22a 8b 76b 

n.s. • • n.s. n.s. • 
Sire 2 

1991 12.5a 3.8a 8.8a 2a 18a 15a 3a 40a 
1992 12.5a 5.3b 7.3a 5a 19a 13a lb 37a 

1993 14. la 6.lb 8.la 5a 19a 13a 3a 39a 
n.s. • n.s. n.s. n.s. n.s. • n.s. 

Si/e 3 
1991 14.7a 5.la 9.5a la 18a 24a 2a 44a 
1992 16. la 5.6a 10.5a la 24a 24a 3a 52b 
1993 22.4b 8.0b 14.4b 8b 35b 26a 6a 74c 

*** ** *** ** ** n.s. n.s. *** 

* P<0.05; ** P<O.OI; *** P<O.OOI; n.s .• nOI significan!. 

j ' 
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Table 3. Yield oC Leucadendron 'Silvan Red' al lhree cornrnercial siles in Soulh Australia, 1991-93 

Means within columns and sites, followed by the same lener are not significantly different at P = 0.05 

Year Yie1d (kg/plant) Yield (sternslplant) 
Biomass Prunings Stems 40--60 cm 60-80 cm >80 cm Total 

Site J 
1991 10.6a 1.7a 8.9a 130a 106a 53a 289a 
1992 16.6b 4.2b 12.3b 163a 95a 72a 330a 
1993 14.4c 2.9c 11 .2b 125a 131b 68a 324a 

••• • •• •• n.s. • n.s. n.s. 

Site 2 
1991 10.5a 3.6a 6.9a 121a 63a 38a 222a 
1992 10.8a 4.4a 6.4a 100a 65a 353 :' .~: 

1993 8.3a I.Ih 7.4a 98a 673 ólo ::ea 
n.s. ... n.s. n.s. n.s. n.~ 

Silr 3 
1991 9.5a 2.0a 6.13 138a 82a 9a 229a 
1992 IS . lh 3.3h 11.8h 139a 96a 64h 29!ia 

n.s . n.s. n.s. 

• rdl.OS : 00 "<0.01 ; 000 "dUXl! : n.s .. not si¡:nificanl. 

Inwcr al silc 2 wmparcd with silcs 1 nnd 3. Avcrn~c 
yicld (:t s.c.) of S\CIn!' (lvcr 3 ycars al silC 1 was 63 (: 7) 
stcms!pbllt. 39 (: 1) Slcllls!planl at site 2 ami 57 (: Y) 

slclm!pbnl al silc 3. 
Dirfcrcnccs in yiclds bclwccn sitcs m;ty be a 

rcncclioll of lhe N slalus of plants grown in diffcrcnl soil 
Iypcs . Lcaf N conccnlralions wcrc also consislenlly 
lowcr lhrollgholll lhe ycar ;tl silC 2 compared wilh silcs 1 
and 3. During lhe aClive growlh slagc in spring, \caf 
N values al sile 2 wcre in lhe rangc O.fI-O.Y%, while 
Ihose a l lhc olher siles were in the range 1.1-1.2% 
(Maier ('[ (JI. I1J(5). 

a CUlllulalive yield of Pink h.:e slems harvested per 
Yplanl ouring the tolal harvesl period, March-November, 

is prescntco in Figure l. Al site 1, with highest soil 
fcnilily (Tahlc I l, nower maluralion extended over a 
longcr rerino Ihan al the other s ites, with a subsequent 
!\-month harvest periodo At site 3, cumulative yield 
reached similar levels, however, harvest was more 
concentrated in April-June, where it then continued at 
low levels and ceased in September. At site 2, the 
poorest yiclding site, 85% of flowers were harvested by 
the end of a 2-month period (Fig. 1). 

These results are of significance in that they show 
that undcr similar c1imatic eonditions, length of harvest 
of Pink Ice ean be influeneed by soil fertility levels, and 
by infcrenee, nutritional management of the erop. lt is 
generally agreed that it is advantageous for producers to 
have an extended harvcst period with fresh flower erops 
as it allows for continuity of supply to florists and export 
markets, and therefore greater maintenanee of produet 
identity and market share. In addition, thcre are greater 
effieicneies in management and utilisation of labour. We 
suggest that a restrieted flower maturation period 

(6 wccks-3 Illonths) for this vuricly is un indicution of 
nutritionlll or othcr ~rowth strcss that should he 
addressco for incrcllscó productivity. 

Yicld of Silvan Reo in tcrms of wcight of prunings, 
stCIllS ano total biollluss varied significantly hetwecn 
ycars at sitcs 1 und :1 und only in wcight of prunings al 
sile 2 (Table 3) . Howevcr, yicló óiffcrcnccs in tOlal stCIll 
numbcrs wcrc not significant bclwccn yClIrs . Although 

_. - r o _. , - --\ - _., - 1 
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Figure 1. Cumulative yield of flowering stems of Protta 'Pink Ice' al 
sites I (A), 2 (-) and 3 (e) in the MI Lofty Ranges, South Australia, 
averaged over 3 years. Vertical bars represenl + 1 s.e . 
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yield of this cultivar al sile 2 was consistently lower lhan 
al lhe olher siles, analysis of belween-sile comparisons 
does nol show significanl differences in eilher biomass 
or number of slems until the lhird year. Total stems 
harvested over lhe 3-year study averaged (± s.e.) 
314 (± 13) stems/plant at site 1, 219 (± 5) stems/plant at 
site 2, and 264 (± 35) stems/plant at site 3. 

The yield data presented here can be uscd in 
comparative terms to assess lhe productivity of different 
commercial plantings within a region or betwcen 
diffcrent regions (counlries) . They also serve as a basis 
of economic analyses and can be useful in feasibility 
sludies and monitoring enterprise performance (Kemick 
el al. 1989). We suggest lhat a produclive commcrcial 
planling of Pink Ice should annually yicld bclwcen 
50 and 65 slems/planl wilh a stcm length greatcr than 
50 cm and Silvan Red should yicld bclwecn 250 and 
300 stems/plant. 

This yiclJ Jata can also be used to develop 
maintcnance fertiliscr programs for commercial growcrs. 
A calibrated plant or soil test cannot predict the amount 
of I"ertiliscr requircd whcn low concentration s or 
dcficiencies are diagnosed. The 'balance sheet' approach 
is one way lo determine amollnls 01" nlllrienlS to apply 
(Sparrow 1<)93). I3ased on accurale yicld ¡¡nd chemical 
compositioll Jata, the alllOUIlIs 01" Ilutrients removed in 
produce can be Jetcrmined and these values used as a 
basis 01' a nutrient replacelllent programo Maier ef al . 
(1995) showed lhat belween 14-20 g N, 7-9 g K, 
19-28 g calcium (Ca) and 2-3 g magnesium (Mg) were 
removed per plant during harvest 01' Pink Ice and 
similarly, 15-19 g N, 7-10 g K, 17-19 g Ca and 
8-11 g Mg were removed per plant by Silvan Red (Cecil 
et al. 1995). Based on lhese values we would 
recommend an annual nulrienl rcplaccment applicalion 
of Ca and N up lO 20-30 g/planl, K up lO 10-15 glplanl 
and Mg up lo 5-10 g/planl for bOlh cultivars. 

Seasonal growfh flushing 
Figure 2 presents results of monthly growlh 

measurements of slem elongation of the 2 cullivars 
averaged over 3 years al 3 separate sites . With both 
cu ltivars there are marked seasonal patterns in slem 
growth . Stem length growth curves follow a similar 
trend for all 3 sites, wilh up to 1 month laler growth 
pattems evident wilh both varieties al site 1, located in 
lhe coolest growing dislrict. 

Protea Pink Ice. Stem elongation commenced in early 
spring, reaching its peak al sites 2 and 3 in October 
(Fig. 2a). Growlh elongation was delayed al site 1 wilh a 
more dramatic increase in November. By December, 
elongalion at all siles was al a similar low level Wilh a 
small secondary growth flush in February al sile 1. After 
April, elongation growth ceased at all sites until August. 
During lhe period of peak growth activity, slem elongation 
at all sites averaged 114 mm in a 1 monlh periodo 

E 
<) 

e 
~ 

E 
~ .... 
<) 

e 

-= 

16 -

14 -

1 2 -

1 O -

8 

6 -

4 

2 

O 

(a) 

1 
~:/~~ .J1 4 " : ~\-'--.--- .~I::-.=. 

-- 1- 1- -- 1 . 1 --- i ---- j ._ ¡ - 1 -- 1- - 1·- - l · 

(b) 

l 
j 
J 

j 
J 
I 

I 

~ 14 
.... 

12 

10 

o 

6 

4 
I 
I 
I 

2 I 
I 1 

O .--"~.:,...:::: 4 :::t"i2t I 
--.J. __ --1_--Í-_L--J_l._ 1. _L _ _ 1-_L-._ 1 __ __ lo __ 1 

J A S O N O J F M A M J 

Month 

Figure 2. Mean monthly stcm c1ongation (cm) of (a) PrOlea ' Pink 
Ice' and (b) Leucadendron 'Silvan Red' al sites l (A). 2 (-) and 3 (e) 

in the Mt Lofty Ranges. South Australia. averaged over 3 years . 
Vertical bars represent + 1 s.e. 

This pattern of seasonal stem growth in Pink Ice is 
analogous to lhat of P. neriifolia Kouga reported in 'Soulh 
Africa (Heinsohn and Parnmenter 1988) where extension 
growth of reproducti ve shoots reached a peak in 
September (mean of 80 mm) with minimal secondary 
flushing of less lhan 4 mm in January. There was no stem 
elongation between March and August. Dupee and 
Goodwin (1992) reported peak growth of vegetative and 
reproductive shoo15 of P. neriifolia Salmon Pink grown in 
New Soulh Wales to be in lhe period January-February. 

Leucadendron Silvan Red. Growth comrnenced at all 
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Figure 3. Mcan lI10nthly increase in stcm diameter (111m) or 
(al Pml~1I 'Pink lec' and (iJ) uuwdmdmlJ 'Silvan Red ' at sites I (~l. 

2 (-) and :1 (e) in thc Mt Lorty Ranges. South Australia. averaged over 
:1 years . Vertical bars represent + I s.e. 

sites between October and November and ceased by 
March . Stem elongation activity was sustained at a 
higher Ievel at site J through summer than at the other 
2 sites where growth peaked in December. This response 
is anaJogous to the growth trend at this site with Pink 
Ice, however, elongation occurs longer into the summer 
months. There was minimal stem elongation at aH sites 
from autumn until spring . During the period of peak 
growth activity, stem elongation at aH sites averaged 
119 mm in a I month periodo 

Figure 3 presents monthly growth measurements of 

stem diameter averaged over 3 years for each of the 
3 sites. In both cultivars, maximum increase in stem 
diameter occurs at the same time as maximum stem 
elongation, however, stem diameter growth is more 
sustained throughout the year. During the period of peak 
growth activity, the average increase in stem diameter of 
Pink Ice was 0.81 mm/month and Silvan Red 
0.63 mmlmonth. 

Stephenson et al. (1986) and George et al. (1989) 
have highlighted the effect of vegetative flushing on Ieaf 
nutrient concentrations and conc1uded that an 
understanding of the timing and extent of flushing is 
important to ensure correct interpretation of plant test 
data. The flushing patterns we have presented can be 
used to define leaf sampling times for Pink Ice and 
Silvan Red on a phenological basis rather than 
chronologically (Cecil ct al. 1995; Maier et al. 1995). 
This means that plant test data collected from different 
c\imatic conditions or from plants grown under different 
managemcnt practices have common rcfercnce growth 
stages for more aecuratc comparison to standard!; thal 
have hecn dcfined hy the growth response (lf these 
vnricties. 
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ABSTRACr 

Planls 01' PrOIC(/ ev . Carnival were pruncd al diffcrcnllil11es. viz. 12 Ma rch. 1) i\p ril . 21 May. 2 July. 
13 i\lIgusl ¡md 17 Scplclllber 1991 (Soulhern hcm isphcre). Planls pruned on 2 July 1 (JIJ 1 ami Jaler did 
nOl Ilowcr lhe following season. Prllning on lhe firsl lhree (bIes produeed inflorcseenecs in a decrcas~ 
ing IlIJl11bcr when pruning was delayed frol11 12 March 1991 lo 21 May IINI. Apparenlly. allcasll wn 
conseculive Ilushes are needcd for inllo resccnccs 10 formo wilh 'lll inrJl),'Cscences forlll ing on Ihe 
aUIUn 1l1 or secono summer Ilushes. Varying lhe nUl1l bcr 01' bea rers per IrunK clrcu mfercnec on hOlh 
lWO~ ami six ~year~o lo planls produecd no significanl diffe rcnces in yicld. ClIrI'l:nl prllning pracliccs. 
wherc planls are pruned du ring harvcsl from February lO May. rcsul l in a Inw yield 01' sa!cab!c Ilowers 
01' ·Cami va l· . Pruning manipulalions. such as varyi ng Ihe number 01' bearcrs ami de laying Ihe pruning 
li me. did nol incrcasc Ihe yicld in Ihe l'nllowing scason . 

INTRODUCTI()N 

1'1'''1(,1/ ev. Carnival ea nalu ral hybrid. 
probably 01' P. ('(JIIII){/(,1lI allll P. I/{'rii/rl!i(/) 
is grow l1 cOllllllerciall y in Ihe Sle llenbosch 
oislricl in Soulh Afr iea. CUl J'! owers are 
eX[lorteo 10 Europe. 

'Carnival' Ilowcrs are borne lemlinally on 
Ihc currenl scason 's shoots anu are picked 
from February 10 May (Soulhern hemi~ 
sphere). Shor! slUmps ebcarers) 01' aboul 15 
C111 long are leh when tlowers are picKeu . 
New growlh ror Ihe followll1g year's erop 
sprouls from axillary buds on Ihe bearcrs. 
Afler harvcsl. non~tlowc ring shools longer 
Ihan 35 cm are also hcaoed back lo !cave a 
bcarcr. ano lhe remaining ShOO lS are 
removed al Iheir base wi lh a lhinning cu!. 
Yields are, however. tli sappoinlingly low 
and tlower Slems are shorl, seldom reaching 
a desirable lenglh of 50 CI11. In lhis papero 
we repor! on lhe effecl of lhe lime of prun~ 
ing and lhe l1umber of bearers Icfl per planl 
011 lhe yield 01' sa leab!c tlowers (s lraighl 
Slems lon ge r lhan 35 cm) produced on 
P /,() /I'U cv. Camival. 

MATERIALS ANO METHODS 

Plant material 

S ix~ycar-old c10nal planls 01' Prolca cv . 
Camival from a commercial [llanlalion \Vcrc 
used. Thcy were grown under nalural c1i­
maric condilions ncar Slellenbosch in Ihe 
Western Cape. Soulh Africa (33 0 54'S). The 
planls. spaced I 111 apart wilh 4 111 belwecn 
rowS. wcrc nOl irrigaled or fer!ili zed . The 
mea n annual rainfall is 600-700 mm 
(Schulze. 1974) .and occurs mainly during 
winler (July in lhe Soulhern helllis[lhcrc). 
Thc longesl day is 14.25 hr and lhe shortesl 
day 9.53 hr long. 

I'runing dale 

The curre nl sea~l)n's rJ nwering ami non ~ 

rJowcr ing shOOls longer Ihan 3) cm were 
hcadeu baek lo jU~1 below Ihe inlercalal illn 
helween Ihe fiN and second growlh r1w, hes 
on lhe shou!. Thc re maining slump . hen:­
aflc r rcfcrrcd 10 as a hcarer. varicd in !cnglh 
from 11 ~ 19 un. The IrllnK circumkrenCl: uf 
eac h planl \V as Illeasll red 10 c m ab ovc 
grouno leve !. whereafle r Ihe numhn 01' 
bearers per planl were reuuced lo 2.) hear~ 

ers per cm Irunk ci rcuml'crence ",i lh a Ihi ll ~ 

ning CUI al Ihe puint uf inceplion. The limc 
of pruning was varicd. ViL early e 12 March. 

II :\pril ¡lIld 21 Nla y!. amlla le e2 July. 13 
.. \U !-! us l ;lOrd 17 Scpleml1er I 'J() 1). Spring 
grnIVlh S!arled JUS! hdore Ihe laS! dale . 

¡\I'ler pruning. a brandr wi lh a number 01' 
hearers wa~ lagged on each plan!. Dala were 
cnll eclc d on Ihe bea re r ~ 01' lhe lagg ed 
hrandr uni lS unlil 24 April 1992. TI)e num­
hcr nf SlllHlIS. Ihe lime 0 1' s[lrouling. Ihe 
sllOOI Icng lh 01' eac h growlh Ilush . and Ihe 
num !lcr nI' Ilushes bcfore inllorescence I'o r~ 

1l1 ;¡(IOIl w...: rc rct:ll rdcd. 

: \1 Ih~ COlll l11 c n: ial ha rVl'SI :-. Iag.c. Ilowcr~ 

Illg ,,11001:-. \Vc rc rickcd \Viril a Ih inning CuL 

alld h rouglll lo llur lahoralnry. Thi:-. w as 

TABLE 1: Thc elTecl 01' Ihe lime 01' prun ing on Ihe IU lal frcsh weighl and fresh weighl 01' 
Ilowering shOOIS of Pro l ('(/ ev . Carnival. 

Pruning 
date 

Early: 

12 Mar 19\1 1 
09 Apr 199 1 
21 May 1\1\1 1 

Late: 

02 July 199 1 
13 Aug 199 1 
17 Se[ll 199 1 

Sourcc l 

Early Linear 
Early Quaoralic 

Tolal 

7.7 
4.~ 

3.6 

0.0001 
0.8079 

z Probabil ily of a significanl F-value. 

Frc~h weighl e kg/planO 

Flowcring % Repro- ' 
shools ducti\'c 

3.1 43.4 
I.X 32.9 
0.6 17.7 

0.0 0.0 
0.0 0.0 
0.0 0.0 

0.0003 0.0023 
0.4721 0.25 14 
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FIGURE 1: Thc ellecl of lhe lime of pruning on lhe seasonal growth tlushes of PI"IJI( '(/ ev. Carniva l. 

repealed lhree limes a \Veek until lhc cnlire 

crop had been harvesl~tI . The lenglh of lhe 

Slems. lhe mass of lhe tlower and lhe Slem. 

and lhe number 01 sal cab le fl owe rs 

(slraighl slems longer lhan 35 cm) \Vere 

recordcd. On 24 April 1992. all non-flow­

cring ShOOIS of plants pruned on lhe firSI 

lhree dales were cut off. Shoots werc clas­

sificd as longer lhan or shorter than 35 cm. 

whercafter they were eounletl and 

weighcd. 

Single plant s IVere used pe!" lrcallncnl. 
Treatmcnts we re replicalctl len limes in a 
randomizetl complete hlock designo 

Number of bcarcrs 

Two- and six-year-oltl. cl ona l planls of 
'Camival ' were pruned on 1 ~ March 1991 
by lhe same melhod as described above. 
The num ber 01' bearers Idl per planl var­

ied: on tIVo-year-old planl' 1.0. 1.5 . 2.0. 
and 2.5. and on six-year-old planl' 1.5 . 
2.0. 2.5. 3.0 . and 3.5 bearers \Vere lefl per 

cm lrunk cirClllllt'crcnc<.: . F lolOers were 
pid:cd as ,ksc ri betl carlier. The number of 
tloIVers pickcd was cxpressed per plant. 
per bcarer. or per cm trunk cin:ulllference. 

In both age groups. one plant \Vas used 
per lreatlllen!. Treallllenls IVere repealeu 
five times in ;1 ranclo lllizeu complele block 

designo 

Data analysis 

The Ge neral Linear Means (G LM ) pro· 
cedurc in lhe Sla listical Analysis Syslem 
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'~BLE 2: The effeel of Ihe lime 01' pruning on lhe produclion 01' Ilowering and non-Ilower­
ing shools of Proteo ev. Camival. 

Number of stCI11S per plant 

Pruning 
date 

Early: 

12 Mar 199 1 

09 Apr 199 1 

21 May 19')1 

Latc: 

02 July 1991 

13 Aug 1991 

17 Se pI 1991 

Suurcc z 

Fluwer 
nower 

19.9 

11.8 

6.0 

0.0 

0.0 

0.0 

Salcablc 
> 35cI11 

5.9 

4.-1 

3.0 

0.0 

0.0 

0.0 

Nun-nowcrin~ 

6.3 

11.9 

17.3 

Saleahlc 
( % ) 

29 .6 

.17.3 

50.0 

Early Linear 

Early Quauratie 

O.OO()4 0. 1277 0,0007 

0.4150 0.64')<) 0.7754 

z Probabil ity fnr a significant F-value. 

TAULE J: T.he cllect 01' Ihe time 01' " runing on 1l0\Ver posi tion on , hoot, 01' Pro( .. (/ ev. 
Camiva l. 

I'crccllta~c tlllll'crs 

Prunill~ 

date 

Early: 

12 Mar 19')1 

09A prI 9'}1 

21 May 19')J 

Late: 

02 Jul y 199 1 

13 Aug 1991 

17 Se pi 1991 

Sourcc Z 

Aulullln 

tlush 

ll.O 

0,0 

Sprin).! 

Ilush 

56.1 

52.7 

.l ') 

0.0 

0 .11 

0 .0 

1 st summCf 2nd sumlllcr 

Ilush Illlsh 

4" .1) 11.11 

47.3 11.11 

<)6 . 1 11.11 

11.1 1 11, 11 

0.0 11.11 

0 .0 0.0 

Early Linear 

Early Quadratie 

0.0030 

O.OI5'} 

O.ocno 
0.01 :;9 

z Probability of a signilieant F-value. 

(SAS) programme was used to ana lyse the 
data (SAS Institule Inc .. 1990). 

RESUL 1'S ANO OISCUSS ION 

Pruning date 

Planls pruned on 2 July 1991 or laler uiu 
nOl Ilower lhe fulluwing season (Tab1c 1 
and 2). The 10lal fresh wcighl uf ncw shOOl 
growlh and Ilowers decreaseo frol11 7.7 10 
3.6 kg per plan! when lhe pruning dale was 
delayed frolll 12 March 199 1 lo 21 May 
1991 (TabJe 1). The fresh weighl yic ld uf 
bOlh lhe non-f1owcring and f10 wering 

shools decreaseu (Tab1e 1). Thc lalter was 
reduced more sincc Ihe frcsh weigh l yiclo 
0 1' Il owering ShOOIS , e xpressed as a pcr­
eenlage 01' Ihe 10lal frcsh weighl, decreasco 
from 43.4 10 17 .7 (Table 1). This decreasc 

was al so rellecled in Ihe nUl11 bcr 01' Ilnwer­

ing shools pcr plant, whieh was rcuuced 

frol11 19.9 106.0 (Table 2). When pruning 

was delayed lill 21 May 199 1, Ihe nUlllbcr 

0 1' sa leable Ilowers pe r p lanl dec reased 
from 5,9 10 3.0, and lhe num ber 01' Sh001S 
longc r lhan 35 cm lha l failcd 10 Ilowcr 
increased from 6 .3 (O 17 .3 (Tablc 2) . 
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Thercrore, Ihe lalcr pruning lakcs place, lhe 
slllaller Ihe probabilit y Ihal nowcri ng ShOOls 
wi ll t1evc lop. 

S hOOl grolVlh uf 'Ca rni val' occ ll rs in 
Illlshcs (Fig. 1 l. Vari at ion in lhe lime lile 
rJush slarled depe nucel on Ihe prll ni ng ualc. 
I'lan ls "ru ned lln I ~ March 19')1 and 9 April 
1991 Ilushcd in April ano May respec lively 
(aulullln flu , h). Bud s\Ve ll. bUI no bud 
break. occu rred on planls pru neu nn 2 1 May 
199 l . ¡\ spring r1l1 sh originaled cither termi­
nally on Ihc all lumn l1ush 01' planls pruned 
on 12 ivlarch IIJ') 1 ami ') Ap ril I')IJ!. nr 
frnm a.\i lla ry huds nn Ihc hcarcrs n I' plants 
prullcd 21 i\by 11)') 1 llI' la ler. The sprillg 
l1u,h sprnuling fn1l1 1 ""ol1cn bmb on Jllallls 
"ru ncd I1n 21 Mav 1 t),} 1 , Ianed aboul Ilne 
ml1nlh odie r Iha n Ihe 'rring Ilu,h 1m pl :1I1 ts 
pruncd I1n 12 \ Iareh 11)1)1 and 1) ,\pril 191) 1. 
The spri /1 g nu , h on ,,1:II11s pruned 1111 1.1 
'\lIp"l 1 ')1) 1 m 17 Scplelllhe r 1 ')I} 1 ' proul­
..:d ; d1~Hlt UIlL' llllllllh lal":!" Ihall lh..: ~ prin g 

nu,11 or pla/1l ' "ru/1ed 0/1 1 2 1\·I"rc11 191) 1 
"nd 1) Ap ri l 11)1) 1, ,\ sllllllll,'r l1u sh OCl'UITeu 
I'rtllll ca rie' 1, I I"IC Dece lllher. lúllo"'cd hy a 
~"':L'll lld "d11llJ1 h : r flu,11 frtl lll Fl'hrtl: lry lO 

Apnl. 

rl"pt1l1,ihk rnl" pl: lIl1 '\ 111)1 'prou tll lg illlllll'di­
alt..: I~' fl lllo \\ 11l ~ \'"'Ill c!' pnll lll\ 1! . Tlll' 111"'::111 

IClllpcr: llllr l" lor ,\I:I \' . .I 11/1C . .111 '" a/1d 
' \II ).! II ' I "re 1-' . 1. 1.\ l. 11 ,-1 alld 11 .7C 
rC,pCCI (\'c le' l\lalt11l·c. 11):\21, Sl10n d"y' in 

he!'''' t lr lh e l' rOIL':It':C:lt...' :llld 1lI :¡Y ;JI~t l hl.' 
illl pl,c;ued 1/1 '(',11'1 11\':11 ' (1'V1:tb ll el:: J"eob, . 
11)1)0: ;\lab/1 e\: Bm,. 1 ')')0). Whc/1 /1alura l 
d;l~ k ll ~lh ... \\c n: L' ,\ !I,:lldl.' d \ \ 1111 Ip \\' 111 1\..'11 ,'\:­

I y IIH'::llld"::-'L'l'lll 11~11I1I1)..! th nHl !;!hulI1 1111' 

lli~llI, ... hllul ~rn \\ 111 11C ClIrr..:d 111 '-4 '114/1-

'/1(',.,1111111 C \ ·. lü:d SUIl :-' l't (:'",I:d:111 '-': Jacoh, .... 

1 ')')O!. SI'¡TII,.," ¡¡"ri,¡,¡ (:-'-1:1I'ln ..:: Ilri l.' . 
1 <l1)O I :1I1d 1> 1"1'11 ' (/ CV . Ivy IJ:lcllh, . 1Il1pllh­
li,hl'd da l:l 1. 

InflorcsecnCl:' did IHl I d~velllp o n Ih~ 
:1I¡(lInlll or Ih\' ' l'eO nU 'lI llllllCr Illl ,h (Tablc 
J). Innor~,c~IKes rortlled in more or less 
evel1 propnn iolls on ci lher Ihe spnng or Ihe 
rirSl SUIIl lller r1l1 , h ,, 1' p lan ls prll n.:d 'lI l 12 
March I'}'} 1 nr ') "pri l 19'}1. Plan" pruned 
on ~ 1 i\.lay 1 '}I} 1 nowereu lllai nly 011 Ihe 
rirsl sum iller Illl,h (Tahle 3). ApJlarel1lly, al ' 
Icasl l\Vn consecu li vc f1u, he s 01' shoo l 
growth \Vcn: nt.:ccssary fur nOWl!r form a­
lion. These L'nnsis led 0 1' e ilhe r Ihc aUlumn 
(A pri l/May) and Ih e s pr ing (AlIgU SI/­
Scplembe r ) r1l1,h for planls prllned on 12 
Mareh 1991 or 9 April 199 1, ur Ihe spri ng 
anel firsl sUll1mer Illl sh ror planls pruncu on 
2 1 May Il) ') 1 (Tah1c JI. Lillliled leal' area 
ami earbohydrales Illay be Ihe reason inl1o­
resecnces did nol form on Ihe aUIUlll1l Illlsh. 
I{easons rOl' inflareseenees r:l iling 10 form 
un Ihe second Sllll1mCr 1111sh are nOI known. 

Low yic1ds 01' 'Cami va l' are not relaleu 
10 a shortage 01' ShOllIS: in fa.: 1 (here is an 
incrcase in lhe number 01' spri ng, rirsl sum-
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;s in 

¡,ne lhe 
Ing dale : 

j 9 April 

)eelively 

no bud 

21 May 

:r lermi­

. pruned 

991. or 

f planls 

. spring 

o planls 

JUl one 

l . planl~ 

il 1991. 
on 1.1 

sproul -

fller and seeond summer Sh001S 00 lhe 

planlS lhat did nol tlower (Iasl three dales) 

compared to lhose lhat did f10wer (firSl 

three dales). Low yields are thererore relal­

ed to lhe date of pruning and no l 10 lhe 

oumber of sh001S produeed 0 0 lhe bearer 

(Table 4). 

The f1u s h o n which a f10wer inilialed 

delernlioed Ihe lenglh of lhe tlo we r Slem. 

Flower inilialion on lhe spring tlush invari­

ably lead 10 s hor! Ilower s le m s . w hereas 

looger s lems are e videnl ",hen tlo",e r inilia­

l ion occ urred o n Ihc r irs l sumlllcr f1u s h 

(Table 5). 

Number uf bcarers 

Varying Ih e nUlllber 0 1' bca re rs pc r cm 

Irunk cireumrerence frolll 1.5 lo 3.5 for s ix ­

ycar-old planls and from 1.0 10 2 .5 for 1"'(1-
year-old planls. did nOI increase Ihe nUlllbcr 

of tlowers per planl or per cm Irunk cirCllm ­
ference . The nUlllbcr 01' Ilowers per bearcr 

decreascd wilh un increase in Ihc num bcr nI' 

beu re rs per ':111 Irunk .:ircumJ'cren.:e . The 
decrease was significanl in Ihe six-year-nld 

planls. bUI nOI in Ihe Iwo-year-old planl s 

(Table 6). 

It is dear Ihal .:u rn::nl pruning pra': lic·c,. 

where planls are pruncd during harvc,1 frulll 

Fcbruary 10 May . res ull in a lo", yield ,,1' 

s alcah1c f1n wers 01' ·('arniva\' . Prunin g 

manipulalions. su.:h as vary ing Ih.: numhcr 

uf bcarers ami <.k la y ing Ihc prllning limc. 

did 001 inercasc Ihc y ield in Ihe f"lInwing 

scason. A llcr nalivc pru lli ng stratc g il.: \ 

shollld Ihercfore he eonsidcrcd. This is Ihe 
aim 01' anolhcr s ludy. whi.:h is in progress, 
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TABLE 4. The effeel 0 1' Ihe lime 01' pruning 0 11 Ihe nu mhcr 01' ShOOl5 per bcarer of Proteo 
ev. Camiva l. 

l'runing 

dale 

Ear ly: 

Autumn 

Ilush 

12 Marl 991 4 .1 

09 "pr 1 I)l) 1 :U, 

21 May I'NI 

Lale: 

02 Jul y 199 1 

IJ A ug 19<) 1 

17 Se rl 199 1 

Soun:e Z 

Prunin g dale: 

Li near 

Qlladral ic 

Early 1' , Lalc' 

b rl y Line:lr 

E:trll' ()ll :ldr:u ic 

Lale Linear 

Lale ()u:ld ra l ic 

1l .IlX 14 

Nu mhcr uf shuuls per hcare r 

Sprin¡.: 

tlu s h 

.\. 1 

2.X 
2.') 

3 .. ~ 

J.h 

."'.9 

Il.OIl04 

Il .OX 1') 

O.OI)()..j 

I I,(lI 1:") 

IUWC 

().llI)71l 

().4X~-l 

Isl summcr 

Ilus h 

J.(, 

U : , , 

1.') 

2.) 

2 . .j 

2nd summer 

Ilush 

O.JO 
0.61 

1.12 

2.7X 

2.X-l 
2.<).j 

(J.()OOI 

Il .0Il.15 
1)'J .167 

1 l.OOS 2 
1l.5(,2S 

T ,\IILI-: 5: Th~ dJ'ccl ,,1' Ihe 11111 ': ,,1' I'rll ning "n Ihe 111<::11 1 , h' '' ' l knglh nI' PmlCO el', 
Cartlll':t1 . 

\Ican shool Icngl h IC I1I I 

I'runing 

dale 

Earl~' : 

12Marl<)lJl 

09 Apr 19'JI 

21 May 1991 

Lale : 

02 JlI ly 1991 
1.1 Aug 1991 

17 SCpl 1991 

Sourcc Z 

Pruning dale 

Linea r 

Quad ralic 

Earl y vs Lale 

Earl y Linear 

Early QlIadral i.: 
Lale Linear 

Lale Quadrali.: 

AululIllI 

Illls h 

14 .. ) 

IIl .X 

0.0029 

z Probabilily 01' a s ignificanl F-value. 

Spring 

Ilush 

21 . 1 
IX.7 

24.~ 

22. 1 
22.0 

2~ .X 

O.OOIX 

0.0942 

"1 , "nllnCr 

Illlsh 

23. X 
" , -_ .. ) 
~ J .3 

2-l.2 
24 .5 

2.1.2 

0 .1 516 

0.::l IS4 
0,2055 
O . 66~4 

0,220 1 

2nd ' IJlllmcr 

Ilush 

21.5 
20.7 

20.2 

24 .9 
2XA 
2XA 

0.0001 
0.7069 

0.9136 
0.71 8 1 

0.9616 
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TABLE 6: Thc cffcet of varying the densi ty of bearcrs on the yicld of si x-year-o ld plants 01' 
Pro/ea ev. Camival. 

No_ of bearers per Flowersl Flowcrs/ Flowers/cm trunk 

trunk circumference bush bcarcr circumfcrcncc 

Two-ycar-old plants: 

1.0 14. 1 I.2X 1.3 1 

1.5 15.4 0.9X 1.43 

2.0 11.:\ 0.59 1.04 

2.5 16.3 0.74 1.4:'\ 

SOllrce Z 

Numher of bcarers 

Linear O.!l594 O. loól 0.9X26 

Quadratie 0.4797 0.2971 0.527 1 

Six-year-old plants: 

1.5 17.6 O.5X (LXX 

2.0 1:l.5 O . .J6 0.9 1 

2.5 12.X O.2X 11.6X 

.10 15') D .~.1 !l . 7.\ 

3.) " , 0 .. \ 1 1.IlX 

Sourcc 1. 

Numbcr 01' bcarers 

Linear 0.) 102 O.DOI :; O.he.J.J 

QlIau ratic 0. 1202 Il. 1l.J 1 U 11. 1 .\.1:; 

z Probability 01' a significant F-valll~ . 
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PREOICTING VASE LlFE IN TROPICAL CUT FLOWERS ANO FOLlAGE 
JAMES D. HANSEN 
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13601 ata Cutler ROM, Miami, FL 33158 

ROBERT E. PAULL 

University of Hawaii at Manoa, HITAHR 
Department of Plant Molecular P/¡ysiology 
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ARNOLD H . HARA AND VICTORIA L. TENBRINK 

U7Iiversity of Hawaii al Manoa, HITAHR 
Beaumont Agricultural Researc/¡ Center 

-161 Wl'st Lanikaula St., Hilo, HI 96720 

Additional i7llfl'x wllrrlL ginger. heliconia, prolea. anlhurium. 
model. 

aibstract. Vase life of vanous tropical cut flowers and foliage "as evaluated twice a week from harvest. Simple mathemat­
ical regrenion models were fined ta the vase life data. Lo .. 
of vase life varied with the different flowers. linear models 
best described 101$ of quality in Banksia protea; fractional 
exponent models were best for gingers, Iycopodium, bird-of­
paradise and ti leaves, and bamboo orchid foliage; exponent 
modell were be.t for anthurium., and Sunlet and pincu.hion 
proteo; and logarithmic-fractional exponent model. for 
heliconia. Validation tests verified the predictability of the 
vase life model. for the heliconias, gingers, 'Midon' anthurium, 
Iycopodium, and bamboo orchid foliage. The pattem of 10Sl 

of flower qua lit y providel the necelsary balil to develop vase 
life criterio for different flowers and to schedule shipping by 
growers and marketing by wholesalers and retailers. 

Halcvy ami Mavak (1 Y79) ddined "vase lifc" as lhc use­
fui 10ngevilY 01' lhc 110ral produCl al lhc final consumcr's 
hornc. Thcy aIso slated that the criterion for terminalion 
01' vase life J'lceds to be determined for each 110wer. Various 
poinls of terlllinalion 01' vase lifc have becn utilizcd, frorn 
lhe sign 01' wiltin~ (Mayak and Dilley, 1976) LO 50% loss 01' 
flower qualily (Paull el al., 1985) and LOlal dealh 01' all 
flowers (Salinger, 1975). Previous sludies on lhe vase life 
of cut flowers have examined post harvesl physiology 
(Halevy and Mavak, 1981; Paull et al.. 1985), and longevity 
of flowers harvested at different stages of malUrily (Heuser 
and Evensen, 1986). 

Many studies have measured the amounl of time re­
quired for the flower to reach a particular stage of deterio­
ratio n (Paull, 1982), but few have quantified lhe rate of 
aging or predicled vase life. Predictive models have been 
associated wilh quantifying floral changes. The long dis­
tances between suppliers and consumers make it desirable 
lO know the rale of lo~s of vase life of different floral com­
modities. Simple mathematical models relating visual qual­
ity with time would allow a shipper to determine priority 
in shipping and a retailer to anticipate flower longevity and 
to manage inventory. The mode! would also serve as a 
research tool in comparing longevity of different cultivars. 

The objectives of this study were: to determine if certain 
tropical cut flowers and foliage age at consistent, charac­
teristic, commodity-specific rates; LO develop simple 

Proc. Fla, Slate Hort. SOCo 104: 1991. 

mathematical models LO describe aging in these com­
modities; and to validate these models by comparing the 
predicted state of aging at a specific time with the known 
state af another group 01' the same commodity at an equi­
valent time. 

Materials and Methods 

The post harvest life of a variely of popular tropical cut 
flowers and foliage was evalualed at the University .of 
Hawaii at Manoa Beaumont Agricultural Research Center 
in Hilo. Hawaii. (Table 1). Most of the material was oblained 
fresh in the morning from a local commercial noral shipper 
before packing. Time of harvest varied with the grower. 
The pro tea were shipped from Maui ami sLOred overnight 
heforc their initial evaluation , The cut llowers and foliage 
were mailllained in an enclosed area under ambient condi­
tions (ca. 25°C, ca. 50% R. H,), Vase water was changed 
weekly. No additives or preservatives wcre lIsed. 

The material was cvalllated lwice eaeh week (3 lo 4 da ys 
apan) by two observers eaeh lIsin~ a IO-point sede where . 

'Llhll' l . Filll·d .. .,¡{n·"ion "'I"alions and IF 01' n1< " I<-Is dcsnibin){ vas" life 
01' Iropiral nll llowI'rs and l"oIia){I· . 

<:OlllJlICHlit\' Mo,lt-I 

Anthunum (¡\",hunum aruJrfJrflPlUm I.ind . ) 
'O"Iki' )' ~ ~l.:\ .. 0 .01 :Ili,\"' 
'Mido .. i' )' = 1. 1 .. (J.()O I 2'\"' " 

GinK"r (¡II/llrIw flllTfJltrl//1/ ¡Vi,·in.¡ K. Sdllllll .) 
R"d )' = -l.Ii .. 2.2'\"'" 
I'ink F=-1 .0+2.IX'" 

Heliconi. (I{rlirmllll /I.\I/lI/<"unun L 1'. ) 

'A lldrolllcda ' InY=-I.·HH4"2. 15:\IX'" 
'Parakc:C:l ' 
' Parro!' 
'Sa"y' 

Prol". 
PinkMillk 

(I'ro/m "tnifllba R. B.) 
Orangc banksi 

(BanJc.¡Ul pnonoltJ Lindl.) 
Ydlow-green banksia 

(BankJÍllJpuiOJa R. Br.) 
Pink Frosl 

(Bank.\Íll menzieJii R. Br. ) 

hlY = -I .n 1:\ + :1 .2:>25:<'" 
111)' = -2.3H72 + 2.H7:1:\:<'" 
InY = - :\.7702 + :\.2I1il'\"'" 

)' =-ll.-! + 0.5:< 

y = 0.1 + O.li:< 

y = -MI + O.6X 

y = 0.2 + O.6X 

R' 

0 .\).1;; 

0.%" 

O.W>:> 
0.7!)2 

0.!)'14 
0 .!J:l7 
0 .995 
0 .!Hi9 

0.957 

0.939 

0.900 

Sarari Sunsel y = 0. 1 + O.03X' 0.945 
(Lro.caderuiron Jalignum Berg. x L. lauTtolum [Lam.] Fourcade) 

Scarlel Ribbon pincushion Y = 0.6 + 0.02.'(' 0.964 
(Lro.coJpennum spp. hybrid) 

Sunrise pincushion Y = 0.7 + 0.0 IX' 0.977 
(Lro.coJpamum cordifolium [Salisb. ex Knighll Fourcade) 

Hybrid 36 pincushion Y = 0.3 + 0.2X" 0.985 
(Lro.coJpamum spp, hybrid) 

Hybrid "A" pincushion Y = 0.1 + 0.5X 0.992 
(Lro.coJpamum spp. hybrid) 

Foliage 
Lycopodium Y=-16 .0+ 16. IX"} 0.930 

(Lycopodium cernuum L.) 
Ti InY = -3.9923 + 4.6753X'" 0.982 

(Cordyliru: tnminalis [L.] Kumh) 
Bamboo orchid lnY = - 2.9824 + 3.8029X'" 0.982 

(Arundina graminifolia [D. Don] Hochr.) 
Bird·of-paradise lnY=-12.7251 + 10.8364:<°' 0.956 

(Slrelitzia reginae Ait.) 
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o '" no damage, 2 = slight damage (lOto 20%) (limil of 
marketability), 4 = sorne obvious discoloration (limit of vase 
¡¡fe), 7 = lIluch discoloratioll lhrollghout, and 9 = complete 
discolor;\l iOIl or deat h . The damage seore ror eaeh Ilower 
or roliage was the sum of the two ratings. Hence, "O" was 
the millimum score and "18" was the maximum. The rating 
system has been used in other studies (Hansen et al., 1991, 
1992). 

Data used LO develop the descriptive models usually 
were collected from five evaluated items per test. The 'An­
dromeda' heliconia and 'Parakeet' heliconia tests used ten 
ilems whereas the 'Scarlet Ribbon' and Hybrid "A" protea 
had four items each. Sample size for the gingers varied 
from three LO six. The number of tests used in model devel­
opment varied for each floral commodity. Bird-of"paradise 
and bamboo orchid foliage had two tests each; Iycopodium, 
'Parakeel' heliconia, and 'Ozaki' anthurium had three tests, 
pink ginger had [our, and red ginger had thirteen . The 
remaining were tesled once. 

For eaeh tesl, average ralings per observalion were eal­
eulaled by using lhe SAS Means and Regression Proeedures 
(SAS I nSliwte, 19H2). Logarilhmic é1nd exponenlial trans­
formalioll 01' bOlh lhe independenl lerrn (da)' o[ observa­
tion) ami depelldent variable (average rating for lhal da )') 
were exallJilled . Criteria in determinillg lht, lwo-lerm n:,­
gn:ssioll lIlodd wilh lhe besl lil wen: lhe largesl rocflieit'nt 
of dett:rlllillation (R") ami best graphic conlúrmit)' with the 
carliesl o!Jsnvaliolls (thosl.' showing thl.' slllallesl n:sidllals) . 
To exalllilll' lIlodd accuracy Ihrough shdf lik. lhe avnage 
dalll;lge rating per o!Jservalion was rOlllpan'd wilh Ihe pn'­
dictl'd "ahll' b" usillg pain'd I-tests. Earh had at kasl lhn'l' 
obsl'n·aliolls. ('roll'a and '!';lraktTt' aIHI 'Sas5\" helicollia 
Wl'lT UII;I\'; lil;¡(11e rol' "alidalioll lests. . 

Re5ult5 and Di5cu"ion 

Agillg 101' l'adl floral COIllIllOdil)' was chal'actcriled by 

Assuming a total damage rati ng = S is lhe upper limil 
of visual aceeptanee, the models can be a pplied to delermine 
average expeeted vase life of tite 110ral colllmodities. The 
vase life 01' lhe heliconias (Fig. lA) varied fmlll a weck 
('Sassy') lo 16 days ('Andromeda·). The vase li[c 11I0dels [or 
lhe foliage (Fig. 1 B) indieated lhalli lea ves can laSI 2 weeks, 
and bamboo orchid foliage can laSl ca. 2.5 weeks. 
Lyeopodium had the shortest vas e life (a week). The models 
for lhe gingers indicated a vase life of aboul 8 days (Fig. 
le). The mode! [or 'Midori' anthtirium showed a vase life 
of over a month, while the model for 'Ozaki' ani.hurium 
indieated a vase life of 24 days (Fig. 1 D). 

The paired t-lest showed no significanl differenees be­
tween predieted darnage ratings and observed values from 
lhe validation tests for the heliconias, gingers, 'Midori' an­
lhurium, bamboo orehid foliage, and Iycopodium (Table 
2). 'Ozaki' anthuriums that were signifieanlly differenl had 
initia! values lhal indieated sorne aging. The model for ti 
lea ves was nOI verified. 

The development o[ deseriptive mathemalieal models 
requires certain eondilions and assumplions . The Ooral ma­
lerial should have appropriale commereial qualil)' so lhal 
lhe average aging in a sample will indiealC a speeific pallern 
[ound in lhe eommodity. Produelion 01' aeeurale 11I0dels 
lhat bcgin with no damage n :<)uires lhat llll' inilial <¡uality 
ev;t!uitlions show ver)' Littk aging. The modds should be 
dcri\'l'd frorn lhe enlin.· aging Sl'<)uence up to death 01' 

WllIp!ctl' diseoloralio!1. The lI10clel should predict thl' ralt' 
or aging with a precision that is independcnt 01' timc of 
yea r, local ion, 01' sourcc 01' propagation: potcntial sitc' dif­
kn'nl'cs in aging an° recognizcd, but art' too lIlinor 10 sig­
nificantl)' alter the Illodels . Thl.' lI10dds should ideal1y have 
no lIlOI'{' lhan l wo terlllS 1'01' conVt'n il.·lIlT and silll plicit y. 
Final1)', post harvl'st conditions (l.:.g .. vase wall:r. tt'lIlJll'ra­
IIIIT, hUlllidity) ofall cOl1ll1loditit's should b(' nl'arly (·qua!. 

\' asl' li fe l1\odels fu rnish uSl'rul i Id'onn;\l ion r()J' floral 
lila rket ing deeisiulIs . Bccause Illodds ¡liT basl'd rrolll I hl' 
t illl(, I ht' cOll1l1lodit)' a rrives at t he packillg hOUSl', I hl'y quan­
tif 'y the ratc 01' aging that Ilorists can use lo anticipall' "asc 

a spl'eifle 111 ; 11 hl'Ill;\l ieal Illodd (Tablt- 1). 111 dll'se Illodd 
equaliolls, "a" was Ihe illlereepl parallll'll .... "b" was Ihl' 
coef'fieielll fúr I hl' illdepelldelll variable "X" whieh was ex· 
prl'ssl'd ;IS lilllc ill /)11.\'.1. "11" was all l·xpollcnt. alld "}"' was A 
lhl' depl'lIdl'1l1 "ariable which repn:sellled Tola/ l){l/lIa~l' 
Uati7l~. The besl Illodd for helicollia was 01' lhe rorlll: III}' 

o ,. 
A ,. 
M 

HELICONIA B 

o ,. 
A 16 

FOllAGE 

= a + 1>.\""'. The Illodd descrihed l1l0deralcly IOllg-livcd 
eOlllllJodilies lhal iniliall), delerior,\lc slo\\'I)', bUI for ",hieh 
degradatioll arec!erates wit h lime. The rate of aging aeeel­
erated the !11ost with 'Sassy' helicollia, but was all1lost linear 
with 'Parmt ' hdicollia. ~Ú)SI foliage were best representcd 
by a similar llJodel. III}' = a + bX"' . These were long lasling 
matnials whose rate o[ aging decreased Wilh lime. Gingel' 
and lycopodiulI1 dala produeed a fractional exponenlial 
model. }' = a + bX"". This represented a commodity lhal 
aged rapidl)' al firsl, lhen delerioraled slo\\'I)'. The ehange 
in aging ove r lime was slighl for red ginger, bUI ver)' pro­
nouneed for Iycopodium. The anthuriums indiealed an ex­
ponential model for aging. }' = a + bX". Flowers relained 
good visual qualit)' for a long period of time, a desirable 
eharaelerislie whieh allows latilude in lhe amount of ship­
ping time. then rapidly delerioraled. Aging in Hybrid "A" 
and banksia prolea was linear, Y = a + bX. Here, lhe rale 
of deeay stayed conslant. The remaining prolea aged expo­
nentiall), like lhe anthuriums. The prolea were among lhe 
most long-Iasting commodities evalualed; sorne can be used 
as dried flowers. 
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Fig. l. Descriptive mathematical modcls of vase life for : A. heliconias; 
B. various foliage; C. gingers; and D, anlhuriums. Bold lim' ... ith arrow 
shows limil of damage rating for "ase life. 
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Tablc: 2 , SUnllll"rv of p"ired Hest comp"rinK nlodds descrihinK vas<: life 
of tropical (ut Ilowers "nd foli"¡.:e with v"lid"tion tests, 

Commodil\' 

A 111 huri Ulll 
'Olaki ' 
'Olaki' 
'Olaki' 
'Olaki' 
'Miuori' 

Gin¡.:er 
Red 
Red 
Red 
I'i n 1:. 

Ildironia 
':\ndnlllle,Ll ' 
'Parnu ' 

Folia¡.:e 
L\,n'p(ulilllll 
Ti 
I\alllhoo ( )re h iel 
l\"lllho o ( )re h1l1 

TeS! 

:\ 
·1 
1 

2 
:1 
1 

"Ohs l-v"lue 

;; li,:\2** 
4 5.27·· 
M :1.7:\** 
M 2,09 
!) 1.61 

:\ 0,01 
:\ 2, ¡.¡ 
:\ O.!J7 
:1 2.5:\ 

;l ;!.4~ 

:1 I .H!/ 

:\ 1.57 ., ·l.li·'· 
:) ~ . .:)~ 
li 11.211 

life 01' tla'ir prodlll'tS , I kllce, pricill~ strltl'tltrcs 01' nI! now­
ers ; 111 e! Idi;!)';I' 1' ;111 1)(' ;lrr;IIlg'I:c1 ;Il'('onlillg lo Ihe l'xpl'('led 
\ ;ISl' lik . 
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PROTEA POSTIIARVEST BLACK LEAF A PROBLEM IN SEARCH OF A 
SOLUTION 

Robert E. Paull and Jing Wei Dai 

Department of Pla nt Molecular Physiology 
College of Tropical Agriculture and Human Resources 
University of H awaii at Manoa 
Honolulu, HI 96822 

Abstract 
It has been pro posed tha t pos tha rves t blackening of pro tea (Pralea 

I/criifa/ia) leaves is caused by water stress and/o r insufficient carbohydrate supply. 
The following research was undertaken to determine the relative contribution of 

. ea ch to leaf blackening. The rate of development of leaf blackening varied with 
c10na l so urce, season, and developed sooner in flowers harvested at the closed 
bud stage, with the slowest rate occurring in flowers harvested when the flower 
bracts had just sta rted to unfold. Leaves were slower to blacken ir harvested 
in the afternoon than in ea rly morning. The immediate removal of field heat 
from flowers was only worthwhile if low temperature \Vas mainta ined lO Ihe 
wholesale or reta il leve!. High ligh t intensities postharvesl, solutions ·conlaining 
sugar, flower girdling and removal, significantly delayed Ihe onsel of leaf 
blacke ning. Wate r uptake by fl owe rs rap idly declined afte r ha rvest with the 
commercial preservative solutions delay ing the rate of decline in uptake. The 
decline in water uptake paralleled Ihe loss in flower fresh weight. Preharvest 
irrigatio n reg ime did no t significantly innuence pos tha rvest leaf blacke ning rateo 
The e ffee t of flower ca rbo hydrate supply on leaf blackening was felt to be 
modified by fl ower stem water uptake ab ility. 

1. Introductinn 
Leaf blackening or browni ng of Protea flower, espec ia lly Prulea eximia and 

P. I/ criifa/ia, is a se rious problem pos tha rvest (lreland el a/., 1967). The lea f 
blackening leads to loss of decora tive v,i1ue, loss of market value and poss ible 
rejec tio n of the consig nl1le nt. A so lution t(l th is probl e m has not yet been 
achieved. Leaf rc mova l is d ifficult withou t innicting conside rab le da mage to th e 
ste m because of the sessile nature of the Icaves (Paull el al., 1980). 

Th e sympto ms o f this lea f diso rde r have been deseribed ma ny times (De 
Swardt el a/., 1987; Paull el a/., 1930; Brink alld De Swardt, 1986; Ferreira, 1983; 
Haasbrock el a/., 1973). Lea f blackellillg have bee n divided into four types (De 
Swardt el a/., 1987) based upon the first appearance of the discoloration. The 
blackening probably occurs because of ox idation o f phe nols (Van Rheede van 
Oudtshoorn, 1963) and leuco-anthocya nins (Elswo rth and Martin, 1971), that are 
found in protea leaves. The lack of re lationship between th ese substrates, 
po lyphenoloxidase and rate of leaf blackening (Ferreira, 1983) is no t surprising 
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since the concentrations and activities are very high. The intensity and rate oC 
symptoms development varies Crom year to year (De Swardt el al. , 1987), within 
a season and between diCferent clones of one species (Akamine el al., 1979; 
Paull et al. 1980). 

Knowing what causes the blacken ing a nd regarding it as a n abno rmal 
senescence phenomenon have not enabled researchers to determine the trigger. 
Two major hypotheses are in vague. One rcgards the lears wate r status as the 
trigger (Paull et at., 1980; Ferreira, 1983; Mulder, 1977), with the othe r possible 
trigger being depletion oC intracellula r reserves poss ibly sugars (Brink and De 
Swardt, 1986). The relat ive importance of each may de pend upon the actual 
circumstances. 

Pro tea have been grown in Hawai i Co r some years (Parvin et al., 1973). 
The postharvest handling system in Hawaii oC protea places additional const raints 
on alternatives. Flowers are normally picked in the morn ing and packed either 
that day or within 24 hours in cardboard boxes. The boxes are all shipped by 
air without reCrigeratio n. Hence, a solution in which reCrigeratio n is no t par! of 
the handling system is desirable . The Collowing work was undertaken to define 
the preharvest factors tha t lead to mo re r<lpid lea f blackening, then to a tte mpt 
to red uce the ra te of blackening by a lt ering th e ra te oC wate r loss and by 
providing suga rs. 

2. Material nnd l\Iethods 

Termina l shoots with f1 0we r buds of Protea /len'ifolia we re either cut fro m 
several clones at the Maui Agricultura l R esearch Center at Kula, Ma ui or 
obtained Crom a single commercial grower in the Kula area of Maui. Th e 
flowers were immedia tely boxed and a ir shipped to Ho no llll u where the 
invest iga tio ns were car ries out. The elllpsed tim e from picking to illi tiation o f 
a n experiment was abo ut 8 hou rs. 

At least fi ve stems were used fo r each trea tme nt a nd all tests we re 
repeated a t leas t twice. Evaluation of the rate o f leaf blackening was based 
upo n the re la tive area oC leaves with darke ned surface as a percentage oC tota l 
leaC surface area. Observation we re reco rded every two dllys until all the leaves 
were black. The time from harvest to 50% leaf blackening was used to calculme 
vase li fe. Observation on the center bracts of the fl ower were made fo r wilting 
a nd blackening. Vase li fe was eva luated unde r th e foll owing conditions: 200 to 
25°C, 60 to 80% re la tive hum idity, 10 hours f1uoresccnt light (1 watt 
01.

2 
day1). AlI solut io ns were prepa red in deio nized water. Stems were rec ut 

Collowing s im ulated sh ipping and prior to p laceme nt in solutio n. 

3. Results and Discussion 

3.1 Preharvest 

Cultivar differences in rate of leaf blackening were rep0r/ ed fo r Protea 
eximia (Paull el al., 1980), the diffe re nces being mo re pronoun ced when th e 
f10wers were he ld in commercial preservative solution. There was a three-Cold 
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difference in the rate oC leaf blackening between different c10nal selections of P. 
/leriifolia (Table ¡). This c10nal difference was not apparently associated with 
the different seasonal pattern of bush flowering. The Pink Splash clone peak 
flowering occurred betwee n October through December, with Rose Mink in the 
November to January period and Pink Mink between July to November. Early 
season harvested flowers tended to be more prone to leaC blackening (Table 2). 
At the Septembe r-O ctober period oC Ihe year Ihe wealhet tended to be holter 
and drier Ihan la ler in Ihe season. 

Stage oC fl ower opening at harvest significant ly influenced days 10 50% 
leaf blackening and days lO moderate bract curling (Table 3). Leaves oC fl owers 
harveste9 in the c10sed bud stage blacke ned more ra pid ly than those harvesterl 
whe n Ihe bracts were just unfolding or a l a la ter stage. The optimum stage of 
harvest was when Ihe braets had just started lo unfold as Ihese flowers had 
lo nge r total life tha n fl owers picked at other slages. 

Flowers harve5ted from pa rt of a [ie ld of Pink Mink5 that had been 
irrigated at three wee k inle rvals did not show any significance in days lO 50% 
kaf blackening and mode ra le bract curling fram anothe r part of the field 
rece iving regu lar week ly irribat ia n. Flowe rs ha rvested in th e early morning (8 
am) had a shorter period to 5U% leaf blackening th an those harvested a t 2 pm. 
Ferreira (1986) reporting the works of Muller (1977) indica tes that an excessive 
IOS5 of wa te r was needed to initia te lea f browning. The ahoye resu lts do not 
fully su pport this eonelusion. 

3.2 Waler Relations 
The 1055 o f water occurs bo th from Ihe f1 0we r head and Ihe leaves (Pa ull 

et al. , 198U). Wa te r 10ss fra m the nowe r varied from 25 to 50% of the to ta l. 
Remova l of the fl owe r head de layed leaf blackening (Table 4) as had been 
previou51y re po rted (Paull et al., 1980). Girdlillg of stem just below the f1 0we r 
head a lso de layed lea f blacke ning to the same exten t. This girdling resul t 
sugges ted tha t Ihe effee t of wa te r 105S [ram the head was no l always th e majo r 
fac tor iniliat ing leaf blackening. The poss ibility of something being Iransferred 
from the f10wer head to leaves eann(J! be discount ed. 

Coating Ihe leaves with va rio LIS antitranspirants (Table 5) delayed lea f 
blackening Ihough, the effeet \Vas not as marked, as the effeet of fl ower head 
re moval. The de lay caused by antitmnspirants was significant and repealab le. 

Wate r uptake rat e dec lined from ca . 150 mi day-1, after recu tti ng 
following 2 days packing, 10 12 011 day-1 6 days la te r. The rate of decline was 
less in f1 0wers he Id in Floreve r (20 g 1-1), the up take rate be ing 36 011 day-1 6 
days after recutting foll owing 2 day pack. This agrees with our previo usly 
re ported results (Paull el al., 1980). De Swardt el al., (1987) have sugges ted 
tha t a mo is ture loss of only ¡ % may be sufficient to initia te browning. It is 
unclear how th is 1 % loss rela tes lO leaf water status. Akamine el al. (1979) only 
found a lim ited eorre lation be tween leaf dry weight and ra te of lea f da rkening. 
while Ferre ira ( 1983) d id find a significant re lation5hip. R e la live water eontent 
declines as leaf blackening increases (Figure 1) . The relat ionsh ip between 
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relat ive water content and leaf blackening did no t answer the question as to 
whether water status was the trigger. Florever (20 g 1-/ ) delayed the decline in 
relative water content and rate of leaf b lackening. These prelimina ry results 
have to be repeate d. . . 

3.3 Carbohydrate Relations 

Use o f preserva tives in the vase sol ution reduced the rate of leaf 
browning, with sucrose being the most effec tive compo nent (Akamine el al., 
1979; Brink and D e Swardt, 1986). Exposu re of fl owe rs to high te mpera tures 
would stimulate respiration (Ferre ira, 1986) and therefore deplete carbohydrate 
reserves, though water loss from these flower would be difficult to control. 
Pulsi ng of P. nerilfolia flowers with grea te r than 7_5% sucrose was harmful and 
acce le ra ted leaf browning. Brink and De Swardt ( 1986) indica ted that a 
concentration higher than 1% was harmful yet a summary of [3r ink's PhD thesis 
(Brinks, 1987) stated 10%. The reason for the discrepa ncy is unclear. Our 
results support the 10% figure, howeve r we were nnt ah le to greatly de lay lea f 
blackening by pulsing wi th 10% w/v sucrose for 24 hours fo lJ owed by 2 days 
pack. 

Exposure of fl ower to high ligh t had a significant effect in delaying leaf 
blacken ing (Table 6). Fluo rescen t light exposure (9 mE m-2 sec) was fou nd to 
be inadequate in delaying leaf blackening. Increasing the period in simlllated 
packing to 3 or more days significantly reduced the time to 50% leaf blackening 
(Table 7). These results suggest a significa nt role fo r light. 

Brin k's (1987) da ta is very useflll in asce rta ini ng whe re vase supplied 
carbohydrate end up in the cut fl ower. The resu lts indicate that with longer 
pe riods (18 hours) of sucrose expos ure, the flower head is the preferred sink 
(Brink and D e Swardt, 1986). Leaves do rece ive s ignifica nt amouot of sucrose 
if the pulses are less than 12 hou rs (Brinks, 1986). He recommended a 12 hour 
pu lse. Attempts to pulse fl owers with sucrose concentration from 2.5% to 20% 
have no t been greatly encouraging. Conce nt ration of 10% a nd grea ter have lead 
to leaf injury within 24 hours. The injury has ta ken the fo rm of a margi nal Icaf 
water soak tissue appearance and premature leaf b lackening. Lower 
concentration did marginally reduced the rate of browning. The significant 
diffe rence fr om Brink's (1987) resea rch me thod was that \Ve suhjected the 
flowers to a 2 d ays simulated packing. 

4. ConcJusion 

The darkening of Pro/ea Ilcliifolia can be apparently triggt:red hoth by 
water stress and possibly a carbohydrate or othe r reserve shortage in the leaves. 
However, the role of the fl ower head in lea f blacke ning did not appear to he 
solely beca use o f its role as a sink. Head remova l and fl owe r head girdl ing gave 
a simila r delay in leaf blackening. It is possible that the head may cont ribllte 
directly to initiation of leaf blackening_ 

These two triggers of lea f da rken irig might opera te by th e ir effect on 
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celJular membranes as suggested by Ferreira (1983). Attempts to measure this 
change would be difficult because of the h igh concentration of phenols present 
in the leaves that would be released during analysis . 

The difference in rate of lea f blackening of flowers subjected and not 
subjected to a simulated packing pe riod makes interpretation of sorne published 
data difficult. It would be worthwhile to know the unde rlying initia tion factor 
in lea f blackening, but th is should take into account commercial handling 
conditions. 

The long term solu tion to this problem is to select clones that show less 
leaf blackening. Short term solutions are needed and these require an 
understanding of the preharves t factors that preáispose so rne harvests to m ore 
ra pid lea f blackening. The types o f browning may be different with the ti p, 
marginal and spot browning be ing one type and the wet steamy black leaf 
condi tions fou nd fm some flowe rs on unpacking another. 
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Table 1 Cultivar difference in number of days to 50% leaf blackening and tu 
rnoderate flower bract curling fm P. I/eriifolia fl owe rs preco nditioned 
overnight in Florever (20 g 1.1), packed dry for 3 days at 220C and 
eva luated in Florever. 

Clone Days to 50% Days to Ivloderat e 
Lea f Blacke ni ng Bract Curling 

Pink Splash 10 e R e 
Rose Mink 24 b 35 a 
Satin Mink 26 ah ló h 
Pink Mink 30 a 32 a 

• Mea ns in each eolllmn followcd by th e same Icttt:[ do not differ sta tisti ca lly 
(P=0.05 Duncan/Waller Multiple range tes t). 

Table 2 Seasonal changes in nllmhcr uf days to 50% Ieaf blackening amI to 
mode ra te bract ell rling of P. I/ criifalia clone Pi nk i\link tl uwers 
preeond it ioned overnight in Floreve r (20 g 1' / ). packcd for 2 t1 ays at 
22°C and eva luated in rIoreve r. 

Da te o f Harvest Days to 50'70 Days to i\ !udc rate 
Leaf Blackening Sract Curling 

Sept. 22nd 17 e 12 c 
Oet. 12,h 34 a 22 a 
Nov. ]S' 28 b 18 h 

• Means in eaeh column followed by th e sal11e letter do no t d ifkr sta tist ieally 
(P=0.05 , Dunean/Waller Multiple range tes t). 

e 

Table 3 Effect of stage 01' Pink Mink flower opening on days to 50% leaf 
blackening and rnoderate braet eurling. Flowers were preconditioned in 
water overnight, paeked for 3 days at 22°C and evaluated in deionized 
wate r. 

Stage of 
F lower Opening 

C1 0sed Bud Stag~ 
Braets Ju st Unfolding 
Cylindrical Shape 
Ca nieal Shape 

Days to 50% 
Leaf Slaekening 

Ó e 
8 a 
9 a 
8 a 

DaysBract 
Curling 

14 c 
18 a 
15 b 
14 e 

~'\. 

• Mea ns in eaeh collll11n followed by Ihe salll e letter do not diffe r statistieally 
(P = 0.05, Dunean/W a!ler Multiple range tes t). 

Tahle 4 Effec t of fl owe r rellloval and gird ling the stem just below the fl ower on 
days to 50'ié Ica f blackening of fl owers he Id continuously in Floreve r (211 
g 1' /) . 

Treatrnent 

Control 
Flower Removal 
F10we r Gird lc 

Days to 50% 
Leaf Blaeke ning 

18 b 
24 a 

24 a 

• Means in eaeh eolllmn followed by the same letter do not differ 
statistically (P=0.05, Dunean/Waller Multiple range test). 

99 

'\ 
y 

" , 
""'\. 

''\.. 



•• 
e 

Table 5 Effect of ant itranspirants on days to 50% leaf b lackening of Pink Mink 
flowers preconditioned overnight in wate r a fter an titranspirant 
app lica tion, packed for 3 days at 22°C, and evalua ted in water. 

Treatment 

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

Days to 50% 
Lea f Blackening 

10 cd 
11 bc 
8e 

12 ab 
11 bc 
12 a 
11 bc 
9 de 

• Means in each column followed by the same letter do no t diffe r statist ically 
(P =0.05, Duncan/Waller Multiple range test). 

Table 6 Effect of holding Pink Mink flowers continuously in light or darkness 
on rate of lea f blackening and to modera te flower bract curling. Flowers 
were he ld in deionized wate r. 

Treatment Days to 50% 
Lea f Blackening 

Dark JO b 
Light (26 mE M-2 Sec- / ) 16 a 

D ays to tvloderatc! 
Bract ClIrling 

11 
11 

• Means in each column followed by the same le tt e r do no t diffe r statistically 
(P =0.05, DlIncan/Waller Multiple range test). 
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Table 7 Flowers were held for _ 24 hours in Floralife packed dry for various 

length of time then evaluated in water for days to 50% leaf blackening. 

Period of Packing 
(days) 

1 
2 
3 
4 

D ays 10 Leaf 
Blackening 

9 b 
11 a 
8 e 
6 d 

" ~ 

• Menns in each columr. fo !!c '.'/ed by the same !etter do not differ st;¡ tisticillly 

(P=0.05, Dunca n/Waller Multiple rangc! test). 
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DAYS AFTER HARVEST 

Postharvest changes in leaf relative water content and leaf 
hlacken ing of Protea lIeriifolia cv Pink Mink. e e 
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Abstrae! 

The ohjcctive of this study was to compare the growth of three ú.'ucad,'ndmllS (Protcaccac) 
cultivars ('Safari Sunset ·. ·Oro!" and 'Mcir' ) fcrtigatcd with thrce Icve\s of P. TIH! plants wcre 
grown in tuff (pyroclastic material. charactcrized hy high porosity) in 101 pots and fcnigatcd daily. 
The experiment inc\uded <:nntrol trcatment (plants irrigated with tap water) and three leve\s ()f P (O. 

10 and 20 mg 1- 1
). whi\e N and K in the P-treatments were kept at a ..:onstant rate of 50 mg I " . 

Unda P dcticiem:y. the devc\opment of 'OrO!' plants was significantly superior 10 that 01" 'Safari 
Sunset' and 'Meir' cultivars. hut as P application increased to 20 mg 1- 1

• 'Safari Sunset' growth 
was quite similar to that of ·Orot'. The very low growth rate of ·Meir· . probahly eliminalcs this 
cultivar as a pOlcntial rootstock for commercial purpose. The low scnsitivity 01" ' Orot' !O nutrient 
application is a promising characteristic to avoid micro-nutrients dcticiency and a significant 
advantage. especially under tie\d conditions. No symptoms of P toxicity werc obscrved cvcn at the 
highcst P level (20 mg 1-' ). at any of the cultivars tested. <) 2000 Elsevicr S..:ience B. V. AII rights 
reserved . 

Keywords: Leucadelldron salignum; L /aureo/llln ; L cOllllentm: L mu;ri;; L 'Safari Sunset': 
L 'Oro!"; L'Meir'; Nutrition; Proteaceae 

1. Introduction 

An effort has been made in Israel, in the last decade, to cultivate 
Leucadendrons 'Safari Sunset' and other Proteaceae (Proteas) as cut ftowers 

• Corresponding author. Fax: +972-3-960-4017. 
E-mail address:avnsil@agri.gov.il (A. Silber). 

0304-4238/00/$ - see front matter ,~ 2000 EIsevier Science B.V. AH rights reserved. 
PII: S0304-4238(99 )00116-8 . 
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(Ben-Jaacov. 1986: Ben-Jaacov et al.. 1989). 'Safari Sunse!' is a clonal seleclion 
of an artificial cross between L saligllllln (red form) and L laureolul1I and 
because of its great market value and relative ease of cultivation 'Safan Sunse!' is 
the most important cultivar in the Protea industry. The produclion of 'Safan 
Sunset' is rapidly expanding. and Israeli export has increased from 1.3 million 
branches in 1992-1993 to 24 million in 1997-1998. 

'Safan Sunset' was bred in New Zealand for the local acid soil and borh of its 
parents are native to South African soils having low pH. Despite the suitable 
climate, growers of Proteas in Israel have encountered problems because 01" 
unfavorable soil characteristics. such as high pH. high free-lime content and in 
many cases too high level of phosphate. Two agro-technical methods are feasible 
for overcoming these soil limitations: (i) improving the rhizosphere conditions. 
and (ii) grafting sensitive cultivars on resistant rootstocks. 

To improve the rhizosphere it is possible to supply preferable conditions in at 
least a restricted volume ol' the root zone by using a small volume 01' artificial 
substrate andJor by employing nutritional management that reduce the pH. A 
common practice in Israel for growing 'Safari Sunset' is to plant it in tuff. placed 
in holes dug in the native soil. or placed on the soil on a small pile . Tuff is a 
vo\canic pyroclastic material. characterized by high porosity (0.6 11 - 1

) and high 
saturated hydraulic conductivity (Wallach et al.. 1992). Using a high NH~ : NO; 

ratio and adequate nutritional management are common practices for achieving 
desirable pH and ion concentration in tuff medium and thus improving 'Safari 
Sunse!' growth (Silber et al.. 1998). 

The idea of using rootstocks in Proteaceae (altemative (ii) was suggested as 
early as 1966 by Rousseau (1966). but was commercialIy adopted only during the 
last decade (Ben-Jaacov et al.. 1992). Sorne species. native to high pH soils in 
South Africa were studied as potenlial rootstocks in Israel in the late 1980s. As a 
result of these studies several clones were selected: the best clonal selection of 
L coniferul1l was named 'Orot' and that of L. l1Iuirii. 'Meir·. 

The possibility of improving plant production by using the two altematives 
simultaneously, i.e .. growing 'Safan Sunset' grafted on a resistant rootstock 
(alternative (ji)) in tuff medium and employing optimal nutritional management 
(alternative (i)) was suggested to be the most promising method. The growth of 
the new rootstocks must also be tested under intensive management of nutrient 
and water application. At present. insufficient information is available on the 
response of Leucadendron cultivars to nutrition management: 

Growth reduction. leaf necrosis or chlorosis of the proteaceous plants are 
generally attributed to phosphorus IOxicity (Buining and Cresswell. 1993 : 
Goodwin. 1983; Nichols et al.. 1979: Thomas. 1980). However. the improved 
growth of 'Safan Sunset' as a result of increasing water-P concentralions 
reported by Prasad and Dennis (1986) and Silber et al. (1998). contradict this 
general view and indicates that under intensive conditions when all nutrient 
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elements are supplied according to the plant needs. 'Safari Sunset' is probably not 
susceptible to realistic levels of soil-P concentrations. Using 'Oro!' and 'Meir' as 
rootstocks for 'Safan Sunset ' grown on unfavorable. high pH soils has been 
shown 10 be a good practical solution. (Ben-Jaacov et al., 1992). The response to 
fertilizalion management and the relative need andJor sensitivity of these cultivars 
and rootstocks to phosphate has not been evaluated. Thus. the response of a 
potential rootstock plant to different P concentrations is very important. 

The objective of the present study was to compare the yield and plant growth of 
three cultivars of Leucadendron ('Safan Sunset' . 'Oro!' and 'Meir ' ) to different P 
levels. 

2. Materials and methods 

The experiment was conducted in a screen-house at Bet Dagan. Israel (3YE. 
31 ' N. 50 m alt.) irradiated by natural sunlight (10% shadow) and having a 
temperature range between I2"'C and 35 'C. 2 month-old root.:d cutting of three 
cultivars. 'Safari Sunset' (L. salignum x L. laureolum). 'Orot' (L. cOllijálllll) and 
'Meir' (L. muirii). were grown in lO 1 pots containing O-R mm-diameter tuff 
grains. between May and December 1992. The surface properties of the tuf!' used 
are similar to those reported by Silber et al. (1994) . 

The plants wcre fertigated daily with I 1 of the experimental nutrient solutions. 
The experiment included a control treatment (plants irrigated with tap water) and 
three levels of P: O. \O and 20 mg 1 1 (PO. PI and P2. respectively). The 
concentrations of N and K in thesc P treatments were bOlh kept at a constant level 
of 50 m!! 1- 1

• with NH~ : N01 = 1: l . Calcium and M!! were at the lcvels in Ihe 
irrigatio~ water used (50 and 20 mg 1- 1

• respectivel y )~ Micro-clement concentra­
tions (mg 1- 1

) applied were: Fe - 0.69. Mn - 0.34. Zn - 0.17. Cu - 0.025. 
Mo -- 0.019 and B - 0.25. all EDTA-based. plus 2 mg 1- 1 Fe as EDDHA-Fe. 
The nutrient solutions were prepared from commercial fertilizers (NH~NO.1, 
(NH~)~SO~, KNO, . and H,PO~) and typical Israeli tap water which contained 
(mg 1- 1

): 3 N-NO,: 0.4 P: 6 K: 100 Na: 20 S: and 140 Cl. The electrical 
conductivity of the nutrient solutions was 1.2 ± 0.2 dS m -1 and their pH was 
7.2 ± 0.4. Four single-pot replicates were arranged in a completely randomized 
designo At the end of the experiment the plants were collected and pooled for 
further analyses. The plants were washed with distilled water and divided into 
roots. stems and leaves. Fresh and dry (after drying at 60cC for 1 week) weights 
of the plant organs were determined. Dry plant material was ground to pass a 20-
mesh sieve. Samples (100 mg) were wet ashed with H2SO.¡-H:0:: for analysis of 
Na. K. total N and P. or with HCIO.¡-HNO) for Ca and Mg. 

Data were subjected to analysis of variance (ANOVA) using the GLM 
procedure of SAS (SAS, 1985). 
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3, Result and discussion 

3.1. Yield and plan! growth 

The three cultivars responded positively to nutrient addition when compared to 
lhe tap water, but lhe improvement rate differed among them. Addition of N, K 
and micro-nutrients (PO-plants) improved the dry weight of 'Safari Sunset' shoots 
7.3-fold and that of the roots S-fold when compared to lhe tap water (Table 1). 

Phosphorus addition to 'Safari Sunset' nutrients at 10 mg I- ¡ (PI treatment) 
significantly increased plant production by 30 ± 4% when compared to PO. 
Further P addition did not have significant growlh improvement (Table 1). Shoot 
dry weight of 'Orot' plants irrigated with tap water was almost three times that of 
'Safari Sunset' under lhe same conditions (Table 1). Nevertheless, the response of 
'Oro!' to nutrient addition was lower and less significant than that of 'Safari 
Sunset' . Thus, the dry weight (shoots and roots) production of 'Safari Sunset' fed 
with an adequate P level (P2) was quite similar to that of 'Orot' plants under the 

Table 1 
Treatment effccts on the dry weights of shoots and roots of lhree eultivars of úuc{uh'nclrrm: 'Safari 
Sunset ' (SS), 'Oro!" (ORT) and 'Meir' (MR). Difrerent Ictters within columns indieate signiticanl 
differenec for a single cultivar for ¡he differenl fenilizer levcls at ¡he P :;; 0.05 levcl 

Trcatment Shoot dry weight (g/plan!) Root dry weight (g/plano 

SS ORT 

Water Ile 31b 
PO SOb 1223 
PI 107a 135a 
P2 lISa 132a 

Ana/pis vf \'ariance 
Mean 79 105 
F-trt' 52'" 10" 
LSD-tr1~ 22.6 50.! 

F_pld 57'" 
F_pl:trte 4 .S" 
LSD-pl.( 17 

• Significant at P :-::; 0.05 . 
.. Sirnificant at P < 0.01. 
... Significant at P -:-::; 0.001. 

MR 

Sb 
ISa 
19a 
21a 

17 
5.4' 

8.! 

, F-trt - F test between treatrnents on each cultivar. 
b NS - not significant. 

SS 

3e 
15b 
19a 
21a 

15 
339'" 

:!.! 

96'" 
9.9'" 

3.6 

e LSD-trt _ LSD test between treatments on each cultivar. 
d F-pl _ F te SI between the thrce cultivars. 
e F-pl.· trt - F test of the mutua! interaction of cultivar and treatment. 
(LSD-pl. - LSD test between the thrce cultivars. 

ORT 

-lb 
3Ja 
-lOa 
2Sa 

26 
13" 
13.5 

MR 

I.Ob 
I.l!ab 
1.8ab 
2.5a 

UI 
NSh 

1.5 
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Fig. 1. Shoot dry weight (Sht (g/pIanl» as a funetion of stem diameter of all three eullivars (D 
(mm) al ¡he cnd 01' lhe experiml!nt. Thl! line was eakulated by means 01' lhe cquation prcscnlcd and 
the t!xperimcnlal points. 

same conditions (Table 1), The dry weight production (shoots and roots) and the 
response to Ihe fertilization treatments of 'Meir' plants were the lowest (Table 1). 

3.2. Sle//1 dia//1eta 

Sil!niticant linear rel!ressions were obtained between stem diameter and shoot 
dry ~eight 01' each cultivar at the end of the experiment (R1 = 0.92, 0.99 and 0.99 
for 'Meir', 'Safari Sunset' and 'Orot', respectively, data not presented.) A 
polynomial equation best described the relationships between stem diameter ano 
shoot tlry weight 01' the three cultivars together (Fig, 1), Stem diametcr cxpanded 
tluring the experiment according to the nutritional management (Fig. 2) . 

The correlation between stem diameter (D (mm» and the time elapsed from the 
beginning of the experiment (t (days» could be described by a linear equation. 
Tap-water-fed plants had the smallest stem diameter during lhe experiment, and it 
expanded slowly in comparison with the other treatments (Fig. 2). Similar to dry 
weight production, the rate of stem diameter expansion also increased as a result 
of the addition of N and K (PO) and increased further in response to the addition 
of P. The responses of 'Orot' and Meir' cultivars to lhe addition of P were les s 
dramatic lhan that of 'Safari Sunset' (Fig. 2) . 

3.3, Element concentrations in plants 

Plant responses to nutritional management differed significantly by cultivar. 
Similarly to growth parameters, the response of 'Safan Sunset' to fertilization 
management exceeded those of 'Orot' and 'Meir' . Nitrogen addition to 'Safari 
Sunset' plants increased N concentration in leaves by 280% (tap-water-fed 



-
146 

e 
A. Silba rr al.lScitntiu Hutticulturat 8.J (2000) NI-N9 

--E 
E 

.. 
4) -4) 

E 
C<I 

"O 

E 
4) -~ 

'ori ------------------------~ 
• Water 'Orot' R,l se 

" • PO 
.0. 99 10 

• PI y;¡O," 1:. 
10t A/ .... - 0"1.0 

• P2 "".;",-"" I 

2O( 

~­fl'~ ~ 0 ."0. ' 

• Water 'S,ra r l S UDle, ' 
R' se 

16 ¡. PO 
• PI .... /,: .:: : :; 

10 ~:;:::::;.-..... 1.1 I 
· "4>-- I ~..... • ......... 0 . '70. 2 

'o 

..! · Water 'Mcir' 

· PO 

· PI R' S E ,. 
• '2 o.,. O 7 

~~~g:: ~ : 1 
· 1 ~·-r"·J 
• 

O 100 200 lOO 

Days 

Fig. 2. Stem diameter (D (mm)) {)fthe three LcIlC/ld"/Idnm <:ultivars as a fun<:tioll 01' tune (/ (uays)). 
The lines were calculateu accoruing to the equation: D = ti + h x t: the paramcter, wcrc , igniticant 
at P :s 0.05. Venicallines at the right inúi<:atc LSDn".< of stem úiameter Illeasurcu at the enú 01' the 
cxperimcnt for each cultivar. LSD" ,,~ for the uiffcrcll<.:cs betwcen cultivars was I . I ~ . 

compared with PO-fed plants), while in 'Orot ' ano 'Meir' the increases were only 
by 50% and 76%, respectively (Table 2) . The increases of N concentration.s in the 
roots due to N addition (tap-water-fed compared with PO-red plants) was 360%, 
200% and 170%, for 'Safan Sunset ', 'Orot ' and 'Meir' cultivars, respectively. 

The low N content and the weak response to fertilization management of the 
'Meir' cultivar (Table 2) were in accord with its low dry mass production (Table 
1). However, in the case of 'Oror', which had the highest dry mass production, N 
concentrations in leaves were almost the same as those in 'Meir'. Addition of P 
(PI) enhanced N concentrations only in 'Orol' leaves, but further P addition (P2) 
did not have significant effect on N concentration (Table 2). 

Red tuff contains 4.6% Ca-P minerals (Silber et al., 1994). Pho~rh()rus uptake 
by zero-P-fed-plants (PO), especially by the 'Safan Sunset' cultivar, may result 
from the P dissolution from the indigenous tuff sources because of organic acid 
exudation (Silber el al., 1998). The responses of the P content in leaves to P 
nutrition had a similar trend for all three cultivars. e.g., P concentrations in the 
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leaves and the roots increased as a result of increasing P levels in the inigation 
water (Table 2), Generally, the P content in the roots of 'Meir' plants were at the 
same leve! as those of the other two cultivars (except for P2, Table 2), which 
suggests that the low P content in leaves of 'Meir' did not result from low P 
uptake by the root system. During the experiment there was no indication of 
toxicity symptoms that could be attributed to an excess of P. 

The K concentrations in the leaves and roots of all three cultivars were very low 
(Table 2) compared with lhose in other ornamental pl ants (lones et al., 1991), 
which was consistent with the results of Parks et al. (1996) for several 
proteaceous plants and of Silber et al. (1998) for 'Safari Sunset' plants . The low 
K requirement of proteaceous plants may be attributed to an adaptation 
mechanism to lhe low-K soils on which they originated, as suggested previously 
by Parks et al. (1996), Despite zero-K fertilization. the K contents in leaves of 
tap-water-inigated 'Safan Sunset' and 'Orot' plants were higher than those in 
leaves of plants inigated with nutrient solution (Table 2). This may be a result of 
dilution or of competition with NH; on the root uptake sites. Sodium 
concentrations in leaves were very high and exceeded those of K (on a mobr 
basis) in al1 treatments (8.9 ± 2. 4.8 ± 0.5. and 4.8 ± 0.5 mg kg - l. for 'Safari 
Sunset. 'Orot' and 'Meir'. respectively), High Na content in the leaves might be a 
result of K replacement. a mechanism which is wel1 known in halophytes, 
although the amount of K replaced is very sm;¡ll (M;¡rschner. 1(95). Similar to K 
contents and probably by the same re;¡sons. the Ca concentrations <Ieaves and 
roots) in 'Safari Sunset' plants decreased in plants fcd by nutricnt application 
(T;¡ble 2) . In 'Orot' and 'Mcir' plants the fertilization tre;¡tmcnts Jid not affcct the 
Ca and the Mg concentrations in the Icaves anJ in the roots. Mg conccntrations 
decreased fol1owing fertilization only in 'Orot' Icaves anJ in 'Mcir' roots. 

4, Conc1usions 

The growth of 'Meir' plants was very !ow, under al1 the regimes applied, which 
probably eliminates 'Meir' as a potential rootstock for the purpose of cut flower 
production . 'Meir' may have a potential as a dwarfing rootstock for 
Leucadendrons. The deve!opment of 'Orot' plants under P deficiency was 
significantly superior to lhat of lhe other two cultivars. The fact lhat 'Orot' was 
not affected by P levels, may be an advantage while using it as rootstock under 
variable soil conditions. However. lhe improvement of dry mass production of 
'Safari Sunset' plants as a result of the nutrient solution application was the 
highest and, lherefore, under appropriates P concentration application (20 mg 
P 1- 1

), the yields of 'Safari Sunset' and 'Orot' plants were almost the same. In 
order to achieve an optimal management regime for 'Safari Sunset' and 'Orot', it 
is important to perform additional examinations inc1uding the responses to N 

e 
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application rates and to water management (water uptake and frequency of 
irrigation) . Nevertheless, the insensitivity of 'Orot ' plant to P applications is a 
promising characteristic which may be used to avoid micro-nutrients deficiency 
and could offer significant advantages, especial1y under field conditions. 
Improving Leucadendron production can be achieved 'by combining proper soil 
conditions (addition of tuff), with the use of rootstocks and optimal nutritional 

application. 
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thin, up to 2,5 mm diam., yellowish to light-brown ftesh, non-fibrous. Leaves 
incurved, ereet, firm, up to 27 mm long, 7 mm broad, 1,5 mm thick, subovate 
lanceo late acuminate, shortly aristate with bristle up to l mm long, dark green 
aboye, whitish below, surface minutely granulate, marked with longitudinal 
lines and a few transverse veins; face slightly convex at base, 3-4 longitudinal 
lines; back convex, 4-6 faint longitudinal lines, strongly keeled from base, 
from near middle when turgid, keel with up to 8 refte¡¡ed spines usually in I 
but occasionally in 2 parallel rows; margins acute, spined in upper half, occa­
sionally from 1/3; spines translucent white, up to 1,2 mm long, 1-2 mm apart. 
Peduncfe simple, 0,75-1 mm diam., 30-35 cm long including raceme, pinkish­
brown ; base 2-angled; raceme 8-10 cm long, 5-12 ftowers, 1-2 open; pedicels 
0,5 mm diam., 3-5 mm long; slerile bracls 7-11, 4-6 mm long; fertíle bracls 
3-5 mm long. Perianlh white, thin brownish nerves, 14-15 mm long, upper 
outer segments subereet, very lightly plicate at tips, inner lower segments with 
upper margins strongly incurved proximally, tube very pale green; buds narrow 
elongate, arcuate, younger buds rounded at tips. FlolVering Dec. 

The affinities of H. pulchella are uncertain. Vegetatively, the nearest relative 
may be H. montícola Fourcade from the Molen River-Herold area which, 
however, has the long narrow lea ves of the seetion Loralae S.D. The ralher 
narrow elongate buds and tepals are al so indicative of affinity with H. monticola. 
The compact growth form is characteristic of H. marumiana Uitew. and is also 
found in H. herbacea (Mili.) Stearn and sorne forms of H. schuldtiana V. Poelln. 
H. pulche//a is quite at variance with these species as far as nuanccs of Icaf 
colour, marking and texture are concerned. Of particular note is that this specics 
is geographically well separated from possible allies although it does grow in 
c10se proximity to H. se/ata Haw. H . pulchella is found in the area extending 
from Avondrust to Nougaspoort, southeast of Touws River. Jt was first re­
corded from Avondrust by the late Mr R. C. Littlewood and recollectcd by 
Mr F. J. Stayner and the writer. 
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ROOT AND CROWN ROT OF SJLVER TREES* 

P. S. VAN WYK 

(Depar/men/ of Plant Pa/hology, Universi/y of S/l.'lIl.'nbosch.) 

ABSTRACT 

Greenhouse and 6eld inoculalions showed Phylophlhora cinnamomi Rands 'to be the 
primar)! cause of root and crown rot, and subsequent dieback of the silver tree, Leucadendrol/ 
argtnteum. Other related hosts were also recorded , though certain Pro/ea spp. appear to be 
tolerant to the disease. 

UITTREKSEL 

WORTEL EN KRAAGVERROTTING BY SILWERBOME 
Inokulasics in die glashuis en in natuurlike omgewings het getoon dat PhYlophl/¡ora 

dnnamomi Rands primér verantwoordclik is vir die wortd- en kraagverrotting en die ge­
volglike afsterwing van silwerbome. Leucadendron arXf!nleum. Vcrwante gashere is ook aan­
geloon, alhoewel sekere Prorea spp. verdraag.'iaamheid teen die siekte openbaar he!. 

INTROOUCTlON 

Silver trees (Leucadendron argl.'ntl.'um) arc subject to a sudden dieback which 
is of common occurrence throughout the Western Cape. The first indication 
of disease is the wilting of the entire trce, but removal of the external bark of 
rccently killed trees ex poses a dark patch of rotted bark e¡¡tcnding from the 
crown into the root (Fig. 1). This browning may also occur on sorne apparently 
healthy trees but is masked by the external bark. 

Olivier (1951) and Wager (1970) ascribcd dicback of silver trees to infcction 
by the fungus Botryosphaeria ribis (Tode ex Fries) Gross & Dugg. However, 
Olivier's (1951) work was inconclusive in that inoculations of fully grown 
silver trees with B. ribis consistently failed to induce the disease. 

The present investigation was carricd out to establish the primary cause 
of dieback of silver trees. 

MATERIAL ANO METHOOS 

Isola/ion 
Naturally infected plant material from Stellenbosch, Banhoek, Paar!, 

Somerset West and Kirstenbosch was plated out on corn meal agar after surface 

Accepted for pubJication 4th June, 1973. 

• Results to be submitted in paniaJ fulfilment for a Ph.D. degree al the University of 
Stellenbosch. 
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FIG.5. 
Lesion developmenl on a young pOlled 
silver Iree Ihree monlhs afler inocula­
tion with &J/ryusphuc-ria ribis. Externa l 

ba rk removed . 
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FIG. 6. 
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FIG.7. 
Lesion developmenl following inocula­
tion of a young silver tree with Phy toph­
/hora cinnamomi. External bark removed. 

Lesions on a full grown silver Iree 10 
days after ineculation with Phy/oph­
thora cinnamomi. Control inocuJation 
in the centre. External bark removed. 

e 
Root and Crol\'n Rot of Si/ver Trl!es 

Inoculations 
Greenhouse inoculatiol/s 
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AII plants inoculated with P. cinl/amomi developed brown lesions similar 
to those observed in naturally-infected trees. Plants at low and tluctuating 
temperatures developed the brown discolouration only at the inoculation sites 
but none died within a period of three months after inoculation . In contrast, 
all plants held at high temperatures died within 10-12 days (Fig. 4). 

Inoculations with B. ribis were also positive, though the browning was 
limited (Fig. 5) and contrasted markedly with the progressive browning (Fig. 6) 
caused by P. cil/namollli. None of the plants inoculated with B. ribis died within 
the observation period of three months. 

II/oculatiol/s of plal/ts il/ their I/atural habitat 
AII trces growing in their natural habitat and inoculated with P. cinl/alllomi 

dcveloped typical browning around the point of inoculation (Fig. 7). This was 
usually fo llowed by rapid wilJing of the tree. The younger trees died within ten 
days of inocu lation. while older trces su rvived fo r longer periods. After 12-15 
wecks only thc nldcst trce. which dicd two months la ter. remained ali ve. 

Inocu lalinn of sil vcr Irces wilh 8. ribis was also successful. although limitcd 
lesion dcvclopment began only 12- 15 weeks aftcr inoculation. No trces died 
within this period o 

80th Ihe Leucusp<'TIIlUIll cor"ifuliulIl and L. globrllln plants dicd within tcn 
wccks nf inoculation with P. cillllOIllOllli. the symptoms bcing typical of those 
on naturally-i nfcctcd plants. 

Re·-i.mlllrial/ 
80th P. cil/l/lI/l/o/ni and B. ribis wcrc consistcntly re-isolated from lesions 

dcveloping aftcr inoculation with the respective organismo 
Occurrencl! of P. cinnamomi 01/ Proteaceae 

Ph)'tophrlwra cinnalllollli was isolated from the crown and root tissues of 
recently-killed plants of the following species growing in their natural habitat 
or under culti vation. 

Leucadel1llron argel/rl!ulll 
L. tinctulll 
L. salicifolium 
Leucosperl1lul1l cordifoliul1l 
L. rejfexum 
L. lineare 
L. cat/¡erinae 
Preliminary investigations indicate that certain Proteos pp., (eg P. cynaroides), 

are tolerant to this disease. 
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DISCUSSION 

Phy tophthora cinrrnamomi has an extremely wide host range which includes 
many Proteaceae (Z=tmeyer & Thom, 1967; Robertson, 1969; Weste & Taylor, 
1971; Davison, 1972 ; Podger, 1972 ; Newhook & Podger, 1972). The present 
investigation has sÍlcnwn that it also causes a sudden dieback of sil ver trees, 
and that the dieback. n ccurs at high temperatures. The effect of high temperatures 
in enhancing disea..<e: development was also noted in Australia where P. cinna­
momi is particularly .riestructive to local Proteaceae during the spring and sum­
mer months (Newhmok & Podger, 1972). It is therefore postulated that P. 
cinnamomi is the panhogen responsible for the common dieback of silver trees 
and certain other P':T{)teaceae in South Africa. 

Botr)'osphaeria ni:nis, although a major pathogen, is not regarded as a primary 
cause of dieback of -;¡ilver trees. 

Although the full .host range of P. cinnamomi among South African Protea­
ceae has not been áetermined, it appe'ars that certain Protea spp., notably P. 
cynaroides, are toler.nnt to the disease. The nature of this resistance is at present 
under investigation. 
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AN EVALUATION OF TECHNIQUES USED FOR EXTRACTlNG 
ENDOGENOUS CYTOKINlNS FROM PLANT MATERIAL 

J. VAN STADEN 

(Department 01 Botany, University 01 Natal, Pietermaritzburg) 

ASSTRACT 
Using paper and eolumn ehromalogra phy il was found Ihal considerable amouols of 

CYlokioios cao be losl from aqueous plaot extraets duriog puri ficalioo by solveot paniliooiog. 
Most, if oot all, of the free base cytokioios presoot io seed extraelS of Rum.x oblllsifolius 
paniliooed iOlo pelroleum elher at pH 9,0 aod elhyl acelale at pH 2,5. Whelher the presence 
of theso eompouods will be detecled by paper ehromatography depeods very mueh on the 
solveot system used. 

UITIREKSEL 

'N EVALUASIE VAN TEGNIEKE OM SITOKINIENE UIT PLANTMATERIAAL 
TE EKSTRAHEER. 
Mel behulp vao papier- eo kolomehromalografie is gevind dal wanneer plaolekSlrakte met 
behulp van orgaoiese oplosmiddels gesuiwer word, relalief grool hoeveelhede van die silo­
kioieoe verlore gaao. Die meesle vao die vrye basis si lokioiene io saadekstraktc vao Rumtx 
ohtusl!olius beweeg byvoorbeeld io pelroleumeter, pH 9,0. eo etielaselaal, pH 2.5, io. Of die 
leeowoordigheid vao sodaoige verbiodiogs mel behulp vao papierehromalografie aangelooo 
sa l word, hang groleodeels af vao die chromalografiese oplosmiddels wat gebruik word . 

( NTRODUCTION 

The endogenous cytokinins extracted from plant material with aqueous 
methanol or ethanol are usually purified to sorne degree prior to being bio­
assayed. This is frequcntly done by partitioning the cxtracted substances with 
one or more organic solvcnts at different pH values. 

Pigments and fatty substances have been removed from aqueous plant 
extracts, at pH 9,0, by partition ing with' pctroleum ether (Gazit and Blumen­
feId, 1970 ; Prakash and Maheshwari, 1970). These authors could detect no 
cytokinin activity in the petroleum ether fraction. However, Van Staden and 
Wareing (1972) have reported cytokinin activity in such extracts. As a number 
of synthetic cytokinins did not partition into petroleum ether at pH 9,0 it was, 
at the time, suggested that the activity was perhaps due to substances that are 
less polar than the substituted adenines which constitute the known cytokinins, 
This however, does not mean that the natural cytokinins would behave similarIy. 

In order to remove acidic inhibitors, gibberellins and auxins from plant 
extracts the pH values of these extracts are adjusted to 2,5 befo re partitioning 
against elhyl acetate. That no cytokinin activity could be detected in the ethyl 
acetate fraction (Gazit and Blumenfeld, 1970; Mayak and Halevy, 1970; Van 
Staden and Wareing, 1972) is perhaps not surprising as they will contain phenolic 
compounds as well as inhibitors that would have an adverse effect in most 

Accepted for publicalion 7th Mareh,. 1973. 
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EFFECT OF pH ON THE DEVELOPMENT OF LEUCADENDRON 
'SAFARI SUNSET' 

Ruth Canrnore-Neumann, A. Silber, 
A.R.O. Institute of Soil and Water 
P.O. Box 6, Bet-Dagan, 50250 
Israel 

Abstraet 

B. Mitehniek, S. Gilad and J. Ben-Jaaeov 
A.R.O. Departrnent of FlorieuIture, 
P.O. Box 6, Bet-Dagan, 50250 
Israel 

Protcaceous plants grow naturally on aeidie washed soils in Australia and South-Africa 
therefore their eut flower production is diffieult in Israel., where soils are mostIy basie ami 
calcareous. An experirnent was eondueted in an aerohydroponie systern to establish th, 
effeet of pH on the development and growth of Leucadendron 'Safari Sunset'. Total fresh 
weight, root fresh weight percentage and N and P where coneentrations decreaseu 
significan ti y in plants grown in high pH (7.0) solutions eompared to plants grown in 10\\ 
pH solutions (5.5). The high pH inhibited root growth and subsequent shoot growth. !I 
rnarked effeet of the pH on the proliferation of root hairs was demonstrated by using " 
seanning electron rnieroseope. In roots of plants grown at high pH, root hair developrnenl 
was arrcstcd, thus decreasing the potential surface area, which may decrease in planl 
nutrient uptake. L. 'Safari Sunset' required low pH in its rhizosphere for adequate growth. 
as root hairs developed only at pH lower than 6. 

l.lntroduction 

Proteaceae farnily originated frorn Australia and South Africa, where most of the 
speeies gro\\' on acid washed soils, poor in nutrients . Most of the speeies in thc famil~ 
have a double root systcrn : proteoid and nonnal root systerns . Much attention has bcclI 
directed to the ro le of proteoid roots in the growth and development of plants (Lamon!. 
1972). Proteoid. shor! life, roots, are regarded as an alternative systern for enhancing 
nutrient uptake in poor soils (Lamon!, el al., 1984; Lamont, 1986). They increase root 
surface thus increasi ng the absorbing and exuding area of the root system. Proteoid roots 
formation is suppressed by high nutrient availability. Roots hairs, although differ in their 
developmental origin, can be compared to proteoid roots in their life length anu 
contribution to the root surfaee area (Hofer, 1995). Root hair size and development is 
influenced by environmental factors such as pH (Ewens and Leigh, 1984) and ion 
concentration (Marschner and Romhed, 1995). PH has a direct effect on growth and root 
elongation, as was documented by Tan. el al. (1993) and Yan, el al. (1992) 

In Israel. an effor! was made in the last decade to cultivate Proteaceae speeies for cut 
flowers (Ben-Jaacov, 1986; Ben-Jaacov, el al. 1989). Although the c1imate is suitable, the 
soils are mostly ca\careous, with high pH. The commercial eultivation rai scd the question 
if low pH in the rhizosphere is necessary for plant development. 

The purpose of the experiment was to establish the effect of pH on the deve lopment anu 
growth of Leucadendron 'Safari Sunset' 

2. Materials and lIlethods 

'Il1e experiment was conducted in a sereen house in Bet Dagan, Israel (3YE, 31 aN, 50 m 
altituue) irradiated by natural sunlight (1400-1600 ¡.tmol nf' PPF) at a temperature rangc 
bctwcen 12-35°C. 

T\\'o 11l0nths old Leucodend/'OII 'Safari Sunset' plants were transplanted on 6 June 1993 
into an acrohydroponic system (Feigin. el al., 1984), consisting of two separate 50 cm x 29 
cm x 20 cm deep polystyrene boxed mounted on a 140 I container (1 plot) . Roots were 
Proc. Fourth Inl . Prolca Symp. 
Ed,. G.M. Lilllcjohn. 11. HCII • .ch 
Acla lIon. 453. 15115 1997 47 
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exposed continuously to the nutrient solution which was circulated by mean s of a plastic 
tube system with small holes through which the solution was ejected. The solut ion leached 
to the bottom of the container and recirculated continuously. lhe experiment was arranged 
in randomized blocks with 5 replicates each block had 12 plants. 

The experiment consisted of six treatments in a non factorial design (lable 1): two leyels 
of P (7 and 20 mg/I), t\Vo NO/NH, ratios (40/60 and 60/40) and two pl-llc\'els (5.5 and 7.0). 

Micro nutrients and Fe were: Mn, 0.234; eu 0.025: ln.0.18; Mo, 0.02, B. 0.25 and Fe. 
0.67 mg/I as EDTA chelate and 2.0 mg/I Fe as Sequestrin. The nutrient solutions were 
prepared with commercial fertilizers: KNO), (NI-I,)SO,. NI-I,NO). KCI , KH lO,. Koratin 
and Sequestrin added to tap water consisting of approximately Na, 100; P. 0.4. NO). 10: Ca. 
50; Mg, 20 and CI, 140 mg/1. The pH was monitored daily. To maintain low and high pH, 
H¡SO, and NaOH was added respectively. The e1ectric conducti\'ity was 2 ddS/m and did 
not change significantly by adding H¡SO, or NaOH. 

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

and shoot, fresh and dry weight were determined in the plant organs. 
Scanning e1ectron microscopy pictures were taken from roots of plants gro\\TI in nutrient 

solution, at the two pH treatments. 
Data \Vere subjected to analysis of variance (ANOVA) using the GLM procedure of SAS 

(SAS, 1985) Different letters in table indicate significant difference at the p<0.05 level. 

3. Results and discussion 

3.1. Yield 

Plant total fresh weight, root fresh weight and percentage of root weight 01' total 
",eight, of L. 'Safari Sunset' as affected by pll, P concentration and NIl/NO) ratio are 
presented in Table 2. 

The maximum fresh malter production (74.23 g/pi) \Vas obtained in treatment 1 (pll-
5.5, P-7 mg/I and NH,/NO) ratio of 60/40). while the minimum fresh matter production 
(26.98 g/pi) was obtained in treatment V (pH-7.5, P-20 mg/I and NH,/NO) ratio of 60/40). 
Thus, growth response was about threefold greater comparing both trcatments. Total fresh 
weight, and root fresh weight of plants grown in high pH (7) solutions were significantly 
low compared to plants grown in low pH solutions (5.5). The high pH inhibited primarily 
root growth and subsequently shoot growth. 

Decreasing the NH,/NO) ratio from 60/40 (treatments I and IV) to 40/60 (treatments 111 
and VI) decreased the yield from 74.23 g/pi to 59.38 g/pi in the presence of low pH. The 
preference for high NH,/NO) ratio in the solution was also reported by Ileinson and 
Paramenter (1985) for Leucadendron salignl/m Berg grown in water culture. Increasing P 
concentration in the nutrient solution from 7 mg/I to 20 mg/I resulted in a decrease of total 
and root fresh weight. The effect was stronger in the plants grown in low pl-l . 

Percentage of root weight from total plant weight \Vas lower in the treatments with 
high pH (18 .5-23 .0) compared to treatments with low ph. treatments (22.4-29.6). The 
inhibited root probably affected plant development. 

3.2. Root morohology 

3.2.1. Root system morphology 

The effect of pH on root development is presented in Plate l . lhe root deyelopment of 
plants grown at high pl-l is restricted because of poor branching and dead roe ts (black 
roots) . No proteoid roots , which develop for improving nutrient uptake \Vere observed 
since the ion composition and concentration \Vere not limiting factors. In the prescnce of 

~
umCient ion concentration no proteoid rood developed as \Vas reportcd for L. ' Safari 

sunset' (Silber. el al, 1996) and for other species (Lamont. 1982; Racelte. el ,,1. 1990) . 
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3.2.2. Development ofroot hairs 

The effect of pH on the development of root epidermal cells and root hai rs using 
scanning electron microscope is presente din Plate 2. Root hair deve10pment was inhibitc 
in plants grown at high pH. This decreased the potential surface area, which may lead t 
the decrease in plant mineral uptake (direct effect of pH) or exuding of organic acids t­
the rhizosphere (indirect effect of pH). 

3.2.3. Cell elongation 

High pH affected root length probably by inhibiting cell elongation. Cells wer 
measured for length and width at 1 mm distance from the root tipo The low pH root cel! 
\Vere longer (30-40 11m) eompared to high pH root cells (20-32 11m) but there width wa 
similar (6-8 11m). 

The reduction of 'safari sunset' root growth -at pH of 7.0 could be attributed t, 
inhibition of cell elongation without affecting ceH division, as was also reported for lupin, 
roots (White, 1990; Tang, el al., 1993). The mechanism by which high pH impairs cel 
elongation and restriction of root hair formation is unk.nown. CeH wall acidification 
causing loosening of cellulose microfibrils in the walls is suggested to be the cause II 

optimal cell growth (Taiz, 1984). 

4. Conclusions 

Poor growth of L. 'Safari sunset' on alkaline soils has been reported but there are n. 
previous studies on the specific effect of high pH. The present study shows that high pi -
inhibited root growth and decreased shoot plant weight. L. 'Safari sunset' required low pl l 
in its rhizosphere for adequate growth, as root hairs developed only at pH lowcr than 6. 
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Table 1. Coneentration of main nutrients (mg/I) in the nutrient solution. 

Trealment K P NO) NH. pH 
mI 

I 50 7 15 35 5.5 
11 50 20 15 35 5.5 
III SO 7 35 15 5.5 
IV SO 7 15 35 7 
V SO 20 15 35 7 
VI SO 7 35 15 7 

Micro-elern ents concentration added : Fe", as EDDH¡\-Fe (scquestrine) in addition to the E[)T¡\­
based: Fe-0.69, Mn-O,34, Zn-0.17, Cu-0.025, Mo-O.O 19 and 8-0.25 rngll. 
The nutrient solution were prepared by using cornrnercial ferti lizers and tap wa ter consisting of 
approxirnately: NOr IO, P-O.4, Ca-SO, Mg-20, Na-lOO and CI- 140 rngll. 

Table 2. TOlal and rool fresh weighl (g/plant) and pereentage of root of total fresh weight 
of 'Safari Sunset' plants grown in an aerohydroponie syslem. as affeeted by pll 
(5.5 -1 , 11, and 111; 7.0-IV, V and VI), P eoneentration (7mg/I-I. 111 , IV and VI; 20 
mgll- 11 and V) and NH/NO) ratio 60/40- 1, 11, IV and V; 40/60- 11 and VI). 

Treatrnent pH NO) NH. P Total fresh weight Root fresh weigh t 
mI / lant 

I 5.5 15 35 7 67.2 a 21.7 a 
11 5.5 15 35 20 51.5 ab 13 .0 be 
III 5.5 35 15 7 58.6 ab 20.3 ab 
IV 7 15 35 7 34.3 be 7.9 e 
V 7 15 35 20 23.8 e 5.7 e 
VI 7 35 15 7 24.5 be 8.4 e 

"\ F test 
LSDO.05 

66'" 
20.1 

8.12'" 
7.3 

e 

Plate 1. Effeet of the pH of the nutrient so lution on the development of L. 'Safari SlIns. 
plants. afier two months in the experimental eondition. A-pH 5.5, B-pH 7.0. 
whole plant, 2-root system. 
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Plate 2. 

e 

Scanning electron mic rophotographs of thc effcct (1f the nutrien t ~olu t ion pll (1 11 
lhe development of root epiderm al cells and root hairs of L. . Safari Sunset" 
plants, 1.5 mm distance from the root tipo A-pll S.S. 13 ·pll 7.0. 1- x 35 (13 mm = 
500¡.¡), 2-x100 (8 mm = 100¡.¡), 3-x200 (16 mm = 100fl) and 4-x1000 (8 mm = 

10¡.¡), 
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EV ALUATION OF LEUCADENDRON SELECTIONS AS SINGLE STEM Cl 
FLOWERS 

Gail M. Littlejohn 
ARC Fynbos Unit 
Private Bag XI 
Elsenburg 
7607 Soulh Africa 

Abstracl 

In Soulh Africa, the dioecious genus Lel/cadendron has largely been ignored as a source 
single stem cut fl owers. Hybridization belween species is relatively successful in this gen. 
promising an excellenl retum on the investment of time and effort in breeding. Howe\' 
newly bred hybrids need to be selected and lhe greater lhe numbers to choose from. I 
more stringent lhe seleclion process must be. Characterization and evaluation of clol' 
pro\·ide tools for comparing traits of importance to breeders and to commercial groWl· 
The rcsults of characterization and yield evaluation of clones grown at Elsenbl' 
Experimenta l Farm in South Africa are presented, highlighting differences betwl" 
individual clones, as well as types of clones. 

l . Introduction 

The dioecious gcnus Lel/cadendron of lhe Proleaceae famil y has largely becn ignorcd 
a cut flower product in South Africa, even though many interspecific hybrids have be 
produced by countries sueh as New Zealand (Bell , 1988). This is most likely due to t 
abundance o f some Leucadendroll species growing wild in South Africa and harvested fn 
the wild as well as to the use ofbroadcast sown stand s for fresh and dried material. Neitl 
of these types of material can supply good quality, fresh, single-stem cut flowers 
Lel/cadendron. 

Van den Berg and Brits (1995) reported on lhe results of preliminary hybridization a 
evaluation of Lel/cadendroll, indicating vast potential for hybridization in comparison 
olher genera of the Proteaeeae. The ability to produce larger numbers of hybrid progc ' 
implies that greater stringency can and must be applied to lhe selection of worthy hyh. 
genotypes. This cnablcs quicker progress towards lhe breeding aims of high yield 
marketable stems per plant, long marketing period, early plant maturity and aeslhe' 
qualities including appearance, shelf and vase Iife. 

The evaluation method reported on in this paper describes lhe application of 
c\'aluation system for single-stem cut flowers of Lel/cadendroll, aimed at providing tools 
compare clo nes and types of hybrids, assess the genetic variability between clones al 
obtain an indication of lhe commercial potentiaI of lhe clones. 

2. Materials and methods 

Thirty four entries in lhe field genebank of four different types of Lel/cadendron clon 
i.e. L. lal/reoll/m types (7 cntries), L. sa/ignl/m (15 entries), L. sa/ignum / L. discolor hybri. 
(5 entries) and L. sa/igllum I L. laureolum hybrids (7 entries), were planted during Octob 
1991 in a randomized block on a south west facing slope on Hullon soil. The plant spaciJ 
was I m in lhe ro\VS, 3 m between rows. Between 10 and fifty plants of each clone we 
planted . Characteristics marginally affected by lhe environment, such as lhe bw 
characteristics, leaf shape, size and color, and flower shape and size were determined I 
visual inspection during 1995. TIlese are called characterization data. Four p1ants of eal 
clone \Vere randomly chosen for the yield evaluation. These young plants were pruned bal 
Proc. Fourth Inl. Protea Symp. 
Eds. G.M. Lilllejohn. H. 1I<Il.sch 
Acla Hon. 453. ISHS 1997 5. 
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A TECHNIQUE TO IMPROVE THE PROPAGATION BY STEM CUTTINGS OF PROTEA 
OBTUSIFO~IA BUEK EX MEISN. 

J.A. Rodríguez Pérez 
jardín de Aclimataci6n de la Orotava 
Centro de Investigación y T. Agraria 
38400 Puerto de la Cruz, Tenerife 
Spain 

Abstract 
The rooting percentage of stem cuttings of Protea obtusifolia Buek 

ex Meisn., f ollowing the standard te chn ique, is usually low. 
Longitudinal cuts made in the bark of the cutting base, permited to 
increase such percentage up to over 60%. 

Introduc ti on 
South Afri ca n pro teas are normally propagated by seeds or by stem 

cuttings (Meynhardt , 197~; Jacobs and Steenkamp,1975 and 1976); Jacobs, 
1983). Protea obt usi folia Buek ex Meisn. is a nat1ve spec1es of the 

. southern Cape Coast, where 1t grows 1n alkaline soils, with high values 
of pH (above 8), although it can be successfully cultivated 1n ac1d and 
alkaline s o11s (Yogts, 1982; Rourke, 1982). For th is reason we have 
recornmended it for the coastal areas of the north side of Tenerife, 
where banana 1s the main crop, wh1ch is actually suffering abad c ri s1s 
due t o the entrance of the Canaries into the European Econom1c 
Community. The s01ls of these a reas have a pH in the range of 6.5 or 
higher and an electr1cal conductivity in the ra nge of 1.0-2.0 dS/m, or 
higher. 

The P. obtusifolia plants, currently 1n the commercial plantat10ns 
o f proteas 1n Tenerife, have been grown fr om seeds 1mported from South 
Af r ica and for this reason there is a great variety amongst them. The 
plants differenc1ate in t he colour and s1ze of flower, the growth rate , 
adaptation to the eco logical conditions , etc. There are plan ts with 
healthy and vlgorous growth, whilst othe rs grow with diffi culty showing 
syrnptoms of chlorosis and other nutritional disorders. It is therefor 
necessary to rnake a selection of the mos t app r opriate plants and 
propaga te them vege tatively, thereby imp rov ing the existing 
plantations, obta ining a higher quality a nd uniformity for future 
plants. 

The results obtained in our propagation unit, in the multiplication 
of P. obt usifolia by mea ns of stem cuttings, fo110wing the standa rd 
technique (Jacobs and Stee nkamp, 1975), we re disappointing, the 
percentage of r oo ting was lo •. I n order to improve on t hese resu1ts , 
bearing in mi nd that in certain woody species, such as juniper and 
azalea, wounding the base of t he cuttlngs is fa vourable f or rooting 
(Har t ma n a nd Kes ter, 1974 ) , l ongitudi nal cuts \:Ie re made in the ba se of 
some cutt i ngs , whl ch r esulted in root developrnent at a much faster rate 
with a conside ra bly higher percentage. 

The purpose o f the present study was to i nvestigate the effects of 
these cuts in the rooting of cuttings from P . obtusifolia. 

Ac ta Ho rticu1 turae 26~ , 1990 
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Material and methods 

Terminal semi-hardwood cuttings, 15 cm long, were prepared from 
shoo ts oC the current season's growth taken froro nume rous healthy and 
vigorous P. obtusifoli a plants,- approximately two and a half years old, 
grown in a commercial plantation in Los Realejos (Tenerife). 

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

In ~reatment A (control), cuttings prepared according t o the 
standard te chnique were used. In treatment B, the same type of cuttings 
were employed, but in addition, Cour longitudinal cuts oC 2 cm long, 
equa1ly spaced, were made in the bark oC their bases. 

Cuttings were s tripped oC lea ves on their basal halC a nd a fresh cut 
was made at the base of each cutting, beCore dipping the basal 2 mm 
lnto a 50% ethanol solutlon of IBA (~ gIl) for Cive seconds, followed 
by a dip in "bencap" fungicidal powder (Brits, 1986). Then, they were 
planted in a mixtu re of polysterene Coam pe11ets and peat moss (1:1 
v/v) In plastic propagatlng trays, which were placed on a bed with 
bottom heat (25 ± 2"C) in a well ventilated greenhouse (polyethylene 
rooC and plastic netting walls) at a 60% reduction of natural light. 
Mist irrigation was supplied by misting nozzl es, at 50 l/h for 36 
seconds, every 30 minutes between 09.00 and 17.00 h. 

At 12, 16, 20 and 2~ weeks Crom p1anting, cuttings were scored for 
adventitious root development. The Collowing sca1e wa s used: 2 = trans­
plantab1e; 1 = roots present but not transplantable ; O = no roots 
(Brits, 1986). The results were subjected to analysis of variance and 
to the Duncan test. 

Results and discusslon 
Nine weeks after the start of the experiment, it was observed that 

callus had appeared on the cuttings where longitudinal cuts had been 
made (treatment B), and sorne had roo ts or were starti ng to show them, 
whereas the majority of those used under the control treatment (treat­
ment A) had no sign of callus Cormati on . It proves therefor, that the 
cuts made are Cavourable i n respect oC the formation of callus and th e 
consequent growth of roots. 

As can be seen in figure 1, at 12 weeks from planting the overall 
percentage of r oot lng of cutti ngs with treatment B was 50%, against 
only 6 . 7% of those with treatment A. At 16 weeks t he percentages wer e 
55% a nd 11.7% respectively. This latter percentage, referring to 
cuttings with t reatment A, was maintained throughout the experiment, 
whilst t he percentage with treatment B increased to 58 . 3% at 20 we eks 
and 63.3% at 2~ weeks, the duration of the experimento 

During t he expe ri ment the percentage of dead cuttings where treat­
ment A was appl1ed, i ncreased from 0% at 12 weeks to 3 . 3% at 2~ weeks, 
whilst the percentage with treatment S was 1.7% and 8 . 3% respe c tively . 
At the end oC the experiment, the percentage of stem cuttings showing 
roots , but which were not transplantable was 3.3% with treatment A and 
1.7% with treatment B. 

At 2~ weeks there was a significant difference i n the overall per­
centages of rooting in treatment A and B, at a level of 1%. The 
techn ique used in treatment B, inc re ased the root ing percentage to 
almost 5, times more than tha t of treatment A. 

~2 
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Conclusions The results obtained confirm that the propagatlon oC Protea obtusi-
folia by stem cuttings, Co110wlng the standard technique, can be im­
proved upon, when prior to ho rmone treatment, ~ longitudinal cuts, 2 cm 
long, equally spaced , are made in the bark of the cut ting base. 
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Figure 1 - Effect of basal longi tudinal 
Protea obtusifol ia cuttlngs. 
wlth cuts. 
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MICRO PROPAGATION · OF LeUCOSPeRHUH 

J. T . Kunisaki 
De partmen t oE Hor ti cultur e 
Univ e rsity of Hawaii 
3190 ~Ia i l e Wa y 
Honolu lu, HI 96822 
U.S . A. 

Ab s trae t 

Wh e n axillary bud exp lants oE Leucospermum conoca rpodendron X 
L . cuneifo rme 'Hawaii Go ld' were cultured in liquid medium oE 
mod iEied 1/2 MS inorgani e salt s , v itamins (0.25 mg/l eaeh oE 
py ridoxine ·HCl and ni eot ini e ae id and 0.2 mg/ l thiamine · HCl), 
0 .2 mg/ l SA and 2% su c rose, the y deve l oped pr o liEerat i ve bod i es . 
When p l aeed on filter pape r bridges in shoot diEEe r en ti ation medium, 
th ese prolifera tions developed shoots whi eh we r e t hen Eurthe r 
elonga t e d on agar me dium. Mi crocuttings roo ted in vi tro were 
es t ab lished under gr ee nhouse eonditions. 

l. Intr o du c tion 

~ti c r op r opaga ti on DE c ut- flowe r pro t ea was i nves ti gated becau se , 
in Ha wa ii, l arge quan titi es oE vege tati ve l y propagate d plant s are 
need ed t o upgrad e exist ing field s wi th supe r ior cul tivar s ( Pa r v in, 
1985) . 

Mi eropropagation has been sueeessEuL Eo r the EoL l owing prot eaceous 
p la n t s : Grevi llea rosmarinifolia (S en-Jaa cov et al., 1981), 
Grevil lea hybri d s (Gor st e t a l., 19 78) and Te l opea speciosiss i ma 
(See l ye et a l., 1986) . Other prot eas ha ve bee n es tab Li s hed 
sueeessfuLL y in vitro but r oo ting and es tablishment under in vi vo 
eond iti ons we re no t r e po rted (Sen-Jaa cov et a L. , 1986 ; See l ey et al. , 
L986) . 

2 . Materials and Method s 

oisinfes tati on procedure, i nitiation of cu lture, and cultur e 
cond iti ons have b"e n des e rib ed pr ev i ously (Ku nis ak i , 1989) . For 
i nduct i on of shoo t f ormat i on, proliferative bodies were pL aced on 
fi l ter pap e r br i dges in liquid med i a for shoot d if fe renti a tion 
(TabL e 1) o r modi fi ed 1/2 MS (Mu r a shige et al. , L962) i n which 
pot assium and ammoni um nitr a t es we re reduced t o ha l f st rength. Both 
med ia we r e supp l emented with 0.2 mg/ l benzy l adenine (SA) . 

For r oot induct i on , mi c r oc utti ng s were d i pped in 150 mg/ l l SA 
s o Luti o n f o r JO minutes and transf e rred t o r oot ing medium (Tabl e 1) 
soLidified with 7 gI l agar. Rooted c u ttings we r ~ transplant e d t o 
pott i ng mi xture of 2 per l it e : 2 pea t moss: 1 so il and mi sted for h igh 
humidit y . 

Acta HorticuLturae 26Q, 1990 
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• Magenta Sunset (Le/lcodendron salign/l/ll x L. lal/reall/m) 

- exceJlcnt vigor and yicld, har\'cstable from r ebruary to AlIgllst. De\'c1l1pcd by 
ARC: Fynbos Unit. 

• Rosette I and Ir (Lel/codendron lal/reoll//II x L. elimense) 
- vigorous. erect producing long straight stems. green - February to 1\ lay: ~ eJlo\\' -

June to August, green with red cone - September. De\'eloped by ARC: Fynbos 
Uni!. e Indicates plant breeders ri ghts). 

The potential and cultivation protocol of products such as B,.,lI1ia. Erim. and I'/¡ylica are 
investigated and released to the industry (Rugge. personal comm.). 

Basic research is undertaken on seed gernlination (I3rits. 1995) and fl o\\'er initiation 
(Malan, 1994). Interspecific incompatibility studies are undertaken (Van der \Valt. 1995) to 
solve problems in developing new cultivars. 

Plant protection is seen as an important problem in the industry. To detenninc the insect 
and disease component is important to develop an integrated pest management stratcgy 
(Wright and Saunderson, 1995). If lhe protection programme is successful it \\'iJl aJlo\\' 
farmers in lhe position to deliver envirorunentaJly friendl y products to the market. 

5. Conclusion 

If lhe indigenous flower industry uses its opportunities and addresses its threats. the 
industry has lhe potential to keep and increase its market share. lllis industry gro\\1h ",iJl 
expand the essential job opportunities needed for women in SOllth Africa. nle export 
product that can be produced \Von't compete with producers in Europe. as Europe cannot 
cultivate fynbos on a large scale. With the correct strategic approach. the fynbos industry 
can accornmodate new farmers in floriculture and infonnal pickers from the wild can 
become part of the formal agricultural sector. 
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Abstrac t 
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Methods for improved vegetative propagation of Prolea oblllsifolia were examined. 
Different homlone treatments, seasons, mother plant treatments, and cuttings in different 
physiological age were tested. The results showed that the use of semi hardwood cuttings 
and treating thcm with IBA 2000 ppm gave the highest rooting percentage. Growing 
mother plants under 30-50% shading net improved rooting percentage. Rooting of 
cuttings was improved greatly by repeated rooting for 3 generations. Cuttings taken from 
the last generation of plants rooted at 75% compared to 37% when cuttings were taken 
from matured /icld grown plants. 
Using thcse mcthods, we got high rooting percentage of 75% in a period of 10 weeks. 

1. lntroduction 

It is dimcult to grow Proteas in Israel. The c1imate, the soil and the water are not ideal 
for successful commercial production of Proteas as cut flowers. /'rolea oblllsifolia is one 
of the species which is very tolerant to alkaline soil and grows in limestone soils in 
nature. This fact makes it so important for the introduction of Proteas as cut flowers in 
Israel (l3cn-Jaacov 1986). I'rolea Oblllsifolia is compatible gran on many other Protea 
species. thus, it can be used as a rootstock for those species (Brits 1990a, Brits 1990b, 
Maffott and Tumbull 1994). In the last 20 years there have been several attempts to grow 
/'rolea Obl/lsifolia in Israel, but most of the plants were raised from seeds, showed high 
genetic \'ariability and therefore wcre of low commercial value. The highest rooting 
percentage of 1'. oblllsifolia obtained by Perez (1992) was 10% aner 40 weeks. In order to 
propagate P. oblllsifolia as cut flowers or as rootstocks it is important to improve 
\'egetative propagation. 

In this study we tested severalmethods, the most successful are presented in this paper. 

2. Material and methods 

2.1. Plant material 

The first gcncration of cuttings were collected from 8 years old c10nal mother plants 
grown at the Volcani Center at Bet Dagan. AII plants were grown under the same 
el1\'ironmental conditions unless it was the factor investigated. 

2.2. Growth regulators 

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

Proc . ruunh 1111. Pro IC:1 Sym p. 
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2.3 . Rooting conditions 

Cuttings were placed in rooting tables heated in winter to 28°(' in mediulll of coconut 
fibers; polystyrene 1: 1 (V:V), in a greenhouse equipped with evaporalive cooling syslem. 

Rooting \Vas done under mist conditions of 10-20 seconds e\'el)' 10-15 minutes. The mi st 
conditions were changed according to the climatic conditions. 

3. Results 

3 .1 . Gro\~th regulators 

After few experiments with different concentrations of gro\\1h regulalors we found Ihat 
I13A as powder in concentration ofO.4%. and as liquid at 2000 ppm ga\"e the highest rooting 
percentage (Table 1). IBA at 300 ppm (data not ShO\\11) and the auxin conjugate produced 
poor results. 

3.2. Cutting's age and physiological condition . . 

3.2.1. Cuttings in 3 growth stages were tested: 

Herbaceous, semi hardwood and hardwood. The semi hardwood cuttings rooted at Ihe 
highest percentage (Table 2). 

3.2.2. Cuttings were taken from mother plants in two physiological ages: 

Juvenile (one year old) and mature (8 years old). Cuttings that were taken from the 
juvenile plants rooted at higher percentage (Table 3). 

3.2.3. CUltings were taken from 3 generations of P. OblllSi(ulill plants. 

Generation 11 was raised vegctatively from cuttings taken from generation 1. and 
generation 111 plants were raised from cuttings taken from gencration 11. Cuttings from 
generations 11 and 1Il (Table 4) rooted at higher percentage than those takcn from generation 
1. The difference between generation 11 and I was greater than the difference between 
generation 11 and 111. 

3.3. Mother plants treatment 

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

The cuttings from shaded plants rooted at a higher percenlage than sun gro,,"n planls 
(Table 5). Cuttings grown under 50% shade sho,,"ed higher percenlage of rooting than 
cuttings produced under 30% shade, but both rooted better than the control unshaded 
cuttings. 

3.4. Rooting season 

Cuttings from 2 clones of P. oblllsifulia were taken during the year. on the 15th of 
cvery month. The results (Table 6) show that in the hot season (in Israel). June·October. 
the rooting perccntage was low. Rooting was improved in the fall and \\'inter and the best 
rooting \Vas achieved in the spring (April). 
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4. Discussion 

This study demonstrated that several factors innuence rooting: proper treatments of the 
stock plants and the cuttings lead to rapid rooting with high percentage of success. 

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

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

Table l. lnnuence of gro\~h regulators as powder or as liquid in various concentrations, on 
rooting of P. Oblllsifolia cuttings. 

Treatment 

Rooting% 

Control 1131\ (Powder) 

30 c· 
0.8% 
43 b 

0.4% 
66 a 

IBA (Liquid) 

4000ppm 
48 b 

Auxin Conjugate 

2000ppm (Powder) 0.2% 
72 a 8 d 

• Diffcrent Jellers represen! significant difference belween !reatments. 

Table 2. lnnuence of gro\~h stage of the plant material on the rooting of P. oblllsifolia 
cuttings. The cuttings were treated with IBA 4000 ppm. 

Table 3. 

Cuttings = growth stage 

Herbaceous 
Semi-hardwood 
Hardwood 

Rooting % 

5 c· 
78 a 
43 b 

• Different ¡etters represent significant difference between treatments. 

l •• ; 

lnnuence of the physiological age on rooting of P. oblllSifolia cuttings. 
The cuttings were treated with IBA 2000 ppm. .;.r ; I 

I
;~ I Physiologlcal age Rooting% 
l. , 

hJ-u-ve-n"""i'le-("'I-y-e-ar-o'ld"")-----'""'6"'0-a"".---------I Il ¡ 
Mature (8 years old) • ' 
uRed" 
"Pink" 

13b 
lO b 

• Oifferent ¡etters represent significant difference between treatments. 
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Table 4: Rooling of cullings from 2 clones o f 1'. ohtllsifolia and Pink Ice laken from 3 
conseculive generalions. The cUllings were Irealed wilh IBA 2000 ppm. Dala 
collecled 10 weeks afier Ihe cullings were sluck. 

Planl Rooling % 

Generalion 1 Generalion 11 Generation 111 

Pink Ice 43.2 b· 75.0 ab 87.5 a 

Clone C-82 37.5 b 68 .7 ab 8 1.2 a 
Clone LK-I 37.5 b 62.5 ab 75 .0 a 

• Different letters represent significant differcncc bct"'ccn trcatmcnts . 

Table 5: Rooting of P. oblltsifolia cullings takcn from mother plants grown undcr 30° ó or 
50% shading neIs, afier 6 and 10 \\'eeks. all clIttings \\-ere treatcd with I HA ~OUO 
ppm. 

Treatment of mother plants 

30% shading 
50% shading 
Control non-shaded 

Rooting % after 
6 wecks 10 wccks 

40 
55 
10 

70 
80 
30 

Table 6: Influencc of the season on rooting of 1'. OhlllsijiJlia clIttings. Cutting s were 
treated with IBA 2000 ppm. Cutlings were takcn on 15th of e\'ery month. 

Rooting % 
Clone 

Monlh LK-I C-82 

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

e 
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INTROOUCTION OF PROTEAS FOR CUT FLOWER ANO FOLIAGE IN TENERIFE 
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Abstract 
Ouring t he last six years, most of the Australian and South Afr ican 

proteas species cul tivated for cut flower and f ol i age, have been plan te d 
in several experimental plots located in the north side of Tenerife, 
between 100 and 750 m aboye sea level. The best results have been 
obtai ned at heights of 500-750 m a . s.l., where environmental conditions 
seem t o be optimum for protea cul tivation. Ameng the species which are 
being culti va ted successfully are : Banksia ashbyi, B. prionotes, B. 
speciosa , Leucadendron coniferum , L. laureol um , L. meridianum, 
Leucospermum cordi f o lium, Protea cynaroides, P. eximia, P. grandicep s , 
P. longifolia, P. neriifolia and P. obtusifolia. 

Introduction 
The need to find alternative crops in order to improve the profits of 

the farros located in the zones called "de media nías" of Tenerife, 
between 400 and 800 m of altitude aboye sea level, and to substitute 
partialy banana plantatio ns, wh ose profits had gradua lly decreased 
during the last years, move us to introduce pro tea cultivation in the 
island, as in other islands of similar volcanic origi n (Maui, Madeira), 
they were being cultivated successfully. 

field trials 
In 1982, the flrst spec ies were planted ln the·experimental plots of 

the Aclimatization Garden (Puerto de la Cruz) and in a small farm in 
Redondo (lcod de l os Vinos), at lOO and 750 m a .s.l., respective l y, ln 
order to observe pro teas behaviour in the subtropical coastal area, oc­
cupied mainly by banana plantations, and in the "medianías" area wlth a 
mediterranean c limate and with c rops of potatoes, corn, apples, plums, 
etc. The Garden soil had a pH of 5.9-6.9 and an electrical conductiv it y 
(EC) of 0.7- 1.0 dS/m, whl1e ln Redondo, the so11 had a · pH of 5 . 5 and an 
EC of 0.3 dS/m. Ouring the f ol lowing years, we could see that the plants 
grew better in Redondo than ln the Garden and that some species did not 
tole ra te envlronmental coastal conditions. The species that, up to now , 
have grown well in the Garden are: Banksia ashbyi, Leucadendron 
argenteum, L. coniferum, L. linifolium tortum , L. meridianum, L. nobil e, 
Leucospermum cordifolium, Lsp. reflex um, Lsp. praecox and Protea 
obtusifolia . In Redondo: Leucadendron laureolum , Leucospermum 
cordifolium, Lsp. reflexum, Protea burchel1ii , P. compacta , P. 
cynaroides and P. laurifolia. 

Ouring 1985 and 1986, Australian and South African s pec ies were 
planted in Palo Blanco (Los Realejos) , in the fie l ds of a school , at 
about 650 m a.s.l. The soi l was acid (pH=5.0 - 5 . 5 ) and had a l ow EC 
(0 . 4 - 0.6 dS/m). Nearly al l the species (about 30) are pe rfec tly 
growing and s ome of them have already bl oomed, the flowers havlng been 
s old in the loca l market . Among the cultlvated species are: 
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Banksia ashbyi, B. occidentalis, B . prionotes, B. speciosa , Leucospermum 
cordifolium, Pro tea cynaroides, P. eximia, P. grandiceps, P. l ongifolia, 
P. neriifolia, P. obtusifolia and Te l o pea speciosissima . The c ultivaled 
area is of 0.25 acres . 

In the end o f 1986 a new experimenta l piot o f abou t 1 acre was 
established in Valle Guerra (La Laguna) at 150 m a.s.l. The soil had 
a pH of 6.0 - 6.5 and a EC of 1. 5 - 2.0 dS/m. More tha n 30 species and 
cu lti va r s oC So uthaCri ca n and Australian proteas had been planted, 
but most oC them ha ve not tolerated the enviro nm en tal conditions oC 
the place, having su Cfered chlorosis and o ther nutritional disorders. 
Banksia integrifoli a, Leucadendron meridi anum, L. 'Safari Sunset · I 

L. uliginosum ssp. uligi nosum, Leucospermum cordifolium , Lsp. cunei­
forme and Lsp. patersonii a re growing wel.l or showing some symptoms oC 
chlo r os is. 

In 1987, 26 SouthaCrican and Austra li an spec i es were pl an t ed in La 
florida (La Or otava) , at 520 m a.s.l. The pH o f the soi l was about 7 
and the EC=0.3 - 0.4 dS/m . Most oC the species are growing we ll a nd the 
following have a lready bloomed: Banksia prionotes, B. speciosa, Leu ­
cospermum cordifolium, Protea eximia, P. l ongifo lia, P. neriifo lia 
and Serruria florida. The cultivated area is o C 1.5 ac r es . 

fl o rican, an importa nt co - o perative o C Cl o wer growers oC Cer ed in the 
beginning of 1988 , a plot in Lo s Rode os (La Laguna), at 600 m a.s.l. 
Cor trials on proteas . The soil had a pH oC ab o ut 5 and an EC o f 0 . 7 
dS/m . Up to now, 27 Australian and SouthaCrican sp e c i e s and cultivars 
had been planted. Mos t oC them are growing we ll . 

All the plants in the experimental plots have been obtained fr om 
seeds impo rted Crom South Afri c a and Australia, with the exeption oC 
Leucadendron 'Safari Sunset', Leucospermum cordi[ol ium 'Rive rl ea ' , Ls p. 
'Harry Chittick' and Lsp. patersonii, whic h we re imported Crom Ne w 
Zealand a s cuttings an d r ooted in o ur propagatio n un it that is wo rking 
s ince the end oC 19 86 . 

Conclusions 
The results obtained up to n o w show that pro teas ca n be c ultivated in 
the north side oC Tene r i Ce, belng the best p l ace s those l ocated' be tween 
500 and 75 0 m· above Sea lev e l. 
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. should be held in high light conditions, if possible. The fact that blackening is 
substantially accelerated in the dark indica tes a means by which growers or 
breeders could select cultivars of species such as P. eximia and P. neriiJolia that 
are less affected by the problem. Many seedlings could easily and rapidly be 
screened by placing their cut flowers in a warm, dark environment for a few 
days. Lastly, the possibility that leaf blackening couId be delayed by harvesting 
flowers in the afternoon, when their carbohydrate status is greatest, warrants 
examination. 
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POST-HARVEST WATER RELATIONS OF LEUCADENDRON CV. SIL VAN RED 

K.A. Street and R.H. Sedgley 
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Ned lands, WA, Australia 6009 

Abstraet 

Vase life of mature stems of Leueadendron cv. Silvan Red (Ld. laureoIum x Ld. 
salignum) fel! from six to four and a half weeks, after exposure to a transient water stress, 
in the fonn of strong drying conditions for 30 hr, during whieh leaf water potentia!s feH to 
-3200 kPa. 

Vase life was identified by the appearanee of localised desiccation of leaves, starting 
from the tips and extending towards the leaf-base. Ion leakage from the leaves, as a 
whole, was not detected, but localised leakage of solutes within leaves may have occurred 
and not been detected. Leaf water relations, were similar for both treatments, with turgor 
declining from 1300 kPa, initially, to zero by about day 37, and solute potential increasing 
frorn -1450 kPa, initially, to -1150 kPa by day 37, indicating los s of solutes. The lalter 
was consistent with loss of dry weight. Transpiration of stressed stems fluctuated in the 
experimen t but fell to a level, similar to the controls and after 45 days had fallen steadily to 
one fifth of the initial value. Leaf turgor in ev. Silvan Red can be expected to respond to 
various treatments e.g. pulsing solutions, to improve food supply, but it is not known 
whether such treatments wi ll alleviate the effects of severe transient stresses on vase life. 

1. Tntroduction 

Vase lift: of cut flowers dept:nds on ct:ll turgor, i.e. plant eel! water relations. Yet, 
measurements of plant water relations are seldom reported in studies of post-harvest 
treatments designed to prolong vase-life of flo wers . In the present study we studied the 
effect of a water stress on Leueadendron ev. Silvan Red, which is widely grown as a 
commercial cultivar in Australia; cv. Silvan Red was chosen for its reputedly long vase 
life. 

2. Methods and Materials 

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

Stems were exposed to a constant temperature of 20 oC, and to light from a bank of 
Sylvania 'GROW-LUX' fluorescent tubes, which provided, over a 12 hr perlod each day, 
150 micro-Einsteins m-2 s-1 of radiation (measured at half-stem height), whieh was 
predominantly in the bluc and red bands of tlle speetnlm. 
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2.2. Wa!eLS!r~sj¡ !r~a!m~n!. On the day of harvest ing, one half the number of stems was 
taJeen out of wate r and exposed 10 a forced draught of air under continuous li ght for 30 hr. 

At the end of this period leaf water potentials varied between -2800 and -3200 kPa. By 
day 25, no evidence of stress was visible; and so the stress trea tment was repea ted. 

2.3. MeªsJJ.rs;.ms;.n!s. Ion leakage across the plasmalemma was measured on single 
leaves, 4 -8 cm below the involucral bracts , initiall y every 4 days until day 8, and 
thereafter every 8 days. The method involved cutt ing lea ves inlO thin slices, and used a 
standardized procedure, involving successive rinsings. Finally, the preparation was 
incubated with gentle agitation for 130 minutes, rinsed, and electrical conductivity of the 
solution measured after 15 minutes with a PT-1 8 ACTIVON digital conductivity meter. 
This procedure was designed to confine ion leakage, during measurement, to ions 
originating from the symplast. This was indicated by a steady state conductivity 
response , which followed an initial rapid increase in conduc tivity of the osmoticum, 
interpreted as resulting from an initial flu sh of read ily diffusing ions fram the apoplast. 
LeaJeage was expressed as a percentage of the total conductivity, determined as above, on 
solu tion left to equilibrate for 48 hr at 20 oC, after cen disruption by two cycles of snap 
freezing in liquid N . 

Leaf water potential ('VI), salute poten ti al ('Vs) and relati ve water content (RWC) were 
determined at 4-7 day intervals, on leaves (6 replica tes) taken from 4-8 cm below the 

involucre, p rior to the onset of the light cycle. 'VI was determined by pressure bomb 

(Scholander et al , (1965 ), 'Vs, on expressed sap, by thermocouple psychrometer, and 

RWC by the method of B arrs (1968). Leaf turgor was calculated using the relationship 'VI 

.~ = 'Vs + 'Vt, where 'Vt is the leaf turgor potential and usuany takes positive values; 'Vs, 
the solute potential is always negative and has the same value, but opposite sign to the 
osmotic pressure of the cell sap. 

Transpiration, absorption of water, and fresh weight were determined from records of 
weight changes of vase solution and single stems (4 replicates) sealed into a conical fl ask 
and exposed to the same conditions as for the main experiment. Leaf diffusion 
conductances were determined (10 repl icates) by porometry at mid-day every 4- 8 days on 
the abaxial side of leaves 4-8 cm below the involucre. Bracts on treatment stems exhibited 
signs of desiccation after the second stress cycle and so it was decided to repeat 
measurements being made on lower leaves on the bract tissue for both treatments on days 
37 and 46. Drying rates of initiany turgid, detached lea ves and bracts (4 replicates) of both 
treatments, were determined under prevailing light conditions, a t 0.5 to 2 hour intervals 
over a 12 hour period at the beginning and the end of the experiment. 

Pressure-volume (PV) curves were determined on leaves (4-6 cm below the involucre) 
of freshly harvested stems taJeen through a drying cycle, using the method of Wilson et al 
(1979), excepting that holding times were greater, varying from 20 minutes , for pressures 
<1500 kPa, to 30 minutes for pressures > 1500 kPa. Leaves were wrapped in plasuc film 
and left overn igh t in water to .become fu ny turgid. Only leaves with an initi al balance 
pressure of <100 kPa were used and their fresh weight taken as the fully turgid weight for 
RWC de terminations. The inverse balance pressure was plotted aga in st corresponding 
RWC and the data from 4 replicates pooled for curve fittin g. Wiltin g point was es timated 
as the negative of the bal ance pressure at the intersec tion of curves fitted to the linear and 
curvilinear pans of the pI o!. 
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i. Results 

At day 27 no physica l differences in the stellls eould be deteeted between treatments. 
I3y day 15 up 10 60 per cent of stems in both trea tments had initiated two sman lateral 
shoots arising fmm the below the invo lucre. By day 46 these had trebled in size. 

Durin g the seeond stress eyele start in g at day 27 , 15 per cent of stressed stems had 
symptoms of irreversible desiccation localized at the tips of the bract leaves. Up to 40 per 
cen t of the bracls [rom each s tem were affec ted; drying progressed from the tip 
downwards, for a distance of about 5 mm. This condition worsened as the stems aged. 
By day 46, 77 per cent of the stressed stems showed varying levels of dessication (Table 
1). The severi ty of the desiccation vaned fmm 3-4 bracts affected per stem te aH the bracts 
being totally dry and the in volucre dead . By contrast only 8 per cent of the control stems 
had bracts, which were beginning to dry out. In both treatments dessication was confined 
to the brae t or the cone. 

Table 1 - Stem condi tion at the end of the experiment. 

Number of stems with symptoms of aging 

Observation 

Cone dead or dying 
Bracts clrying 
Bract and lower leaves drying 
Cone and bracts dry ing 
Total ly dry 
Lateral shoots 

Control 

O 
4 
O 
O 
O 
28 

Stressed 

5 
15 
1 
7 
3 
25 

Ion leakage stayed esse ntially constant, for bracts and leaves of the two trea tments, 
throughou t the experiment, at approximate ly 7 per cen t of to tal conductivity. 

Stomata stayed open durin g the light period as indicaled by leaf conductances, which 
were similar for both treatments. AIso drying curves for leaves and bracts, under standard 
dry ing conditio ns, were the same after 46 days. These data did nOl corre late at aIl with 
transpiration, which in the cont rol, declined steadily over the 45 day period 10 one fifth of 
the ini tia l value. Stressed stems' transpi rat ion rate was initially 40 per cent of the control 
rising to 100 per cen l at day 14 and thereafter declining rapidly over a 10 day period to 
reach a simil ar level to the contrals. The initial rapid rise in water usage in the stressed 
stems, was not observed after the second stress cycle. 

Absorption of water was essentiaIly the same as transpiration for both treatments 
throughout the expe riment , but this was not reflected in stem fresh weights, which stayed 
fairly constant at abou t lOO per cen t of initial fresh weight until day 24, but thereafter 
declined steacli ly to 94 per cent in both treatments. Weight of dry matter also decli ned, by 
abo lll 14 per cent in both trea tments, indicating a net loss of water ancl of solutes. 

Leaf waler relations, as indica ted by water poten ti al s, were similar for both treatments 
blll varied over the experiment (Fi gure 1) . Turgor was estimated by difference be tween 

the 'V I and 'Vs and dec lined fro m 1300 kPa, initially, to zero by abollt day 37. Solute 

potentia l increased from -1450 kPa initiaIly to - 1 150 kPa. The rise in 'Vs is interpreted as 
a loss of solutes, and is consistent wi th the decline in dry matler referrecl to aboye. Since 
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the decline in \jI1 was much greater than could be accounted for by a loss of solu tes, it 
represents an increasing water deficit in the leaves. This was probably due to increasing 

hydraulic resistance, in the stem conducting vesse ls, which may have accompanied 

shrinkage of stem tissue as its water content declined. Since \jIs was detennined al the end 
of the dark period, the evidence of a waler defic it also indicales that tran spiration was 
taking pla'ce during the dark period, i.e. that the stomata were staying open. 

The criticalleaf water potential (\jIcrit) (Cowan, 1965), i.e. the va lue of \jI1 when tu rgor 

pressure (\jiu = O, at which pronounced wilting occurs, was estimated from lhe plot of 

l/\jIl V. RWC (Figure 2), as approximalely -18 kPa. This value relates lO fresh un stressed 

material at the start of the experiment and compares with a \jI1 of approximalely -30 kPa, in 
lhe stressed material, also at the beginning of the experiment. 

4. Discussion 

Vase life of c.v. Silvan Red was of the order of 6 weeks. The experiment failed lO 
delec t any generalloss of membrane integrity as would be indicated by solule leakage from 
cells. However the imposed water stress reduced vase Jife by at least 10 days, the end of 
which was identified by the appearance of local ised desiccation of leaves, starting from the 
tips and extending towards the leaf base. These observations appear to be simi lar in kind, 
and probably have a similar origi n to the phenomenon of leaf browning common ly 
observed in Pro tea spp. (eg. Ferreira, 1986). However they are far milder in intensity 
and this may be due to a number of factors, including differences in the re lative sizes of 
assimilate sinks and sources in the flower head, and leaves and brac ts, respectively, as 
well as in the abundance of specific compounds, ego phenolics, in the lea ves. 

The experiment indicates that when bacterial plugging of xylem vessels is not a serious 
factor limiting tne water supply, vase life of cv. Silvan Red \vill tend to b~ correlated wit!¡ 
a decFii~ih~leafjind .bract turgor, .caused by reduced osmOlic.pressure of lhe cell sapo The. 
data also show that asevere transient water stress may still over-ride, and shorten, any 
slower, longerteíüi decline, and as a result, reduce lhe vase-life of lhe s tressed stems. .-
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Ihroughoul Ihe ripening period, and therefore eslablish any naws in Ihe gas 
sampling lechniques. 
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Abstraet 

Pulsing Leueadtndron 'Silvan Red' stems with sucrose solulions of 200 g 1-' (20% ) or 
highcr fur 24 h at I'C prevenlcd lear desiccation during 42 days dry slorage al I'C. Slcms 
pulsed wilh sucrosc for 24 h al 20'C absorbed signilicantly more sucrose than s¡cms pulsed al 
I'C. Dcspilc this, Icaf dcsiccalion was signilicantly higher in stems pulsed al 20'C, indicating 
a possible tuxic eITect due to an oversupply of sucrose. Fresh weight was nol afTectcd by 
sucrusc pulsc conccnlration before or aftcr storage. Sorbilol and mannilol pulses also had no 
cITecl on flower fresh weight , but aeeclcralcd Icaf dcsiccation, suggesting Ihat the inhibilion 
a ( lea( dcsiccation by suerose was not a resull or improved leaf hydration. Tolal soluble 
sugar conlcnt in lear lissuc dcclined during starage; this decline was signilicanJly inhibiled 
by a ;::20% pre -s lorage suerose pulse . A 24 h pulse with t'C-sucrose indicated that sucrose 
was distribulcd primarily to Ihe leaves. It is possible that exogenous sucrose prevented lear 
dcsicca tion in Lwcadendron by maintaining membrane integrity. 

KC)1I'ords: Leaf desiccatiun ; Leucadendron; Sucrose; Coal storage 

1. Introduction 

Pre-storage sucrose pulsing is known to increase the subsequent longevity of 

cut ftowers (Halevy and Mayak, 1981) by improving the osmolic concentration 

of nower pelals (Acock and Nichols, 1979) and replacing depleted carbohydrates 

(Halevy, 1976). Sucrose was also thought to enhance the 5torage performance of cut 

nowers by replacing carbohydrates depleted during storage at temperatures aboye 

<rC (Goszczynska and Rudnicki, 1988). Sucrose can a150 act as a protectanl against 

damage during freezing, as applied sucrose protected carnation petals from tissue 

damage during five days slorage at -4'C (Heins el al., 1981). Most sludies in lhis 

• Fax: +61 (3) 800-3521. 
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Fig. 1. Mo'phology or uucad.ndron 'Silvan Red ', showing lhe lerminal conc·,hapcd nowc r, 'uro 
rounded by leaves. 

arca have concentrated on cut Ilowers ami petal tissue (Goszczynska and Rudnicki, 
1988), and little is known of the possible role of sucrose in reuucing storage uamage 
in foliage tissue. 

The hyhrid Lellcadendr(J/! 'Silvan Reu' is g~own extcnsil'e!y in 5Uuth-castern Aus­
tralia anu has beeome a major export crop. l11C genus LCllcodmdrUII is uillecious, 
with the 5mall male and female Ilowers borne in terminal eones. Deep reu and 
green-coloured leaves surround the female Ilower in 'Silva n Red', and cxtenu uo"'n 
the stem forming an attractive uisplay (Fig. 1). 

Preliminary storage trials inuicated that vas e life uf 'Silvan Red' was signilicantly 
reuuceu after 42 days dry storage at l·C, primarily due to an increase in leaC 
uesiccation (Jones and .Faragher, 1991). LeaC desiccation during storage in Lmea­
dendron ' Silvan Red' was significantly inhibited by a pre-storage pulse with 20'.1: 
sucrose and 100 mg 1- 1 50dium dichloroisocyanurate (OleA) (lones, 1991). This 
paper further characterises the beneficial efTects oC pre-storage sueros/; pulses on 
cut Leucadendron Coliage during dry storage. . 
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2. Materials nnd methods 

PlulIf marcrial 
Stcms uC LC/lcadellclroll 'S ilvan Red' were harvesteu anu transponed tu the 

laboratory in water within 1 h. Vase JiCe was cunsidered terminateu by pronounct!u 
leaf dcsiccation, ",hich <1ppe<1reu as sm<111 areas oC dry, necrotic tissue, in ~S leaves . 
Those stems shuwing signs oC leaf dt!siccation immediately after ury sturage were 
uiscarued, anu vase Iife, thereCore, was only assessed on unmarkeu stems. Each 
treatment \Vas replicateu at least ten times and each experiment "'<15 repeated at 
least twice . 

StOf(/¡:C lrials 
Stcms "'ere trimmeu (in air) to 30 cm, weigheu and placed in inuiviuual test-tubes 

containi ng solutions oC: 100 mg 1- 1 OleA as a germicide, anu 2, 5, lO, 20, 30 or 
·HJc:'c sucrose. Stems were pulsed Cm 24 h at 1 or 20·C; solutions were precookd to I 
or 2U~C (representing eoo l store and roum temperatures, respective ly) before stellls 
"'cre pulsed. Frcsh ",eight oC inuiviuual stems was measured by weighing stems and 
the solution (+ test-tube) before anu after the pre-storage pulse. 

Stems "'ere thoroughly sprayed with iprodione (wettable powuer, SD% a.i.; 
commercial name: Rovral, Rhone Poulenc, Australia) to guard against fungal attack 
uuring storage, then wrappeu in newsprint and 35 J,Lm polyethylene p lastic ilnu 
placeu in a uark coolroom set at I·C and 90% relative humidity (RH) Cor 42 days. 
After storJge, stems were assessed for leaf desiccation, weigheu, and 20 mm was 
cut from the base of each stem before being placed in distilleu water at I·C for 
24 h as a rehydration treatment. Stems were then placed in distilleu water undcr 
constant conuitions (20·C, 65% RH, under constant cool fluorescent light oC lO 
¡/mol m- 2 5- 1) for vase-life assessment. Fresh weight and vase Jife were assessed 
uaily by weighing each Ilower stem, and inspecting leaves for signs of desiccation. 

The pussible osmotic efTects oC sucrose pulses were tested by comparing the 
efTects of sucrose with sorbitol and mannitol. Stems were placed in O, J D, 20, 30 or 
-lI¡r¡· sucrose, sorbitol or mannitol (BOH, Poole) for 24 h at I·C, storeu anu assesseu 
as ucscribcd above . 

Iutal soluble Jltgar al/alyJis 
' r¡llal sugars were assayeu before and after storage in stems pulseu with 0, 10, 

20, 3U and 4U % sucrose for 24 h at I·e. Tissue was Creeze-drieu and total soluble 
~ugars were analyseu after Haslemore and Roughan (1976). Suga r content was also 
<lssayeu in stems pulse u with 2U% sucrose at 1 anu 20·C Cor O, 2, 4, 6, 8, 16, 20 and 
24 h. Replicate (pulseu) stems were storeu for 42 days at l·e anu assesseu for Icaf 
ucsiccation aCter storage. 

DistrilJLttioll o[ 14C-sucrose durillg pulse !realmell! 
Stems uf 'Silvan Reu' were trimmed to 30 cm anu placed in pulse solutions uf 

uistilleu water or 20% sucrose containing 1 J,LCi ml- I [U_ 14 C] sucrose (Arnersham, 
Syuney, Australia) within 1 h of harvest. The amount oC labelled sucrose audeu to 
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dislilled waler (30 /11) was low enough lo be consiuereu negligible, anu lhe sucrnse 
concenlralion of lhe dislilleu waler solulion was lherefore consiuered lo be ()« . 
Slems were pulsed for 24 h anu uiscs (1 g) were cul from leaf anu fluwerh e;¡u lissuc 
and placed in 10 mi of scinlillalion liquiu (Re;¡uyS;¡fe, Beckrn;¡Il, Fullerloll , USA). 
R;¡dioaClivily was measureu on a LKI3 \Vallac 1215 Rackbcla scintillalilln ClltlnlL'r 
(LKI3 \Vallac, Finlanu). 

3, Results 

Slorage In'als 

Approximalely 30% of unlrealeu Lcucae/cm/ron 'S ilvan Reo' stems o is l'layco 
severely desiccaleu leaves after 42 uays dry Slor;¡ge al 1°C (Fig. 2) . A pre-slor;¡ge 
sucrose pulse of 20% al ¡'C resulleo in the complete inhibition of le ;¡f UeSilC;¡tion 
(Fig. 2). The temperature at which the pre-storage sucrose pulse was conuucteo was 
significanl as sucrose pulses of ~¡O% applieo al 20' C result eo in a sh;¡rp incre;¡ se in 
leaf desiccation (Fig. 2). 

Post-storage vase life, assessed by determining leaf desiccalilln each U;¡y after 
slorage, was slighlly improved in stems pulseo with 20 or 3D':} su crosc fllr ~~ h at 
¡'C compared wilh slems pulsed with dislilleu waler (Fig. J). Lower conccnlraliom 
of sucrose (2 and 5%; Fig. 3), as well as higher pulse concenlralions (40'C) hau lillle 
eITecl on posl-storage vase life , In an eITorllll delermine lhe possible osnllllic effecls 
of sucrose pulses, stems were pulseo wilh 10- 40% sorbilol or mannil o l (Fig . J) . 

Leaf desiccalion was nol observed immeuialely afler Sl or;¡ge in slems Ire;¡l e u wilh 
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Fig . ~ . E fTecl o f a pre -slo rage 24 h pulse a l 1°C of sucrose (O), so rbi101 (O) and mannilo l (e ) (al O, lO, 
~ O, JO, and 407<) on "ase life, de lermined by Icaf dcsiccalio n, of L<ucadtlldron 'Silva n Red ' afl e r 42 
da!", slorage al l'e. Dars represenl SE. 

sorbitol or mannitol (dala not shown), bul appeared rapiuly afler slorage, resulling 
in a significant decline in vase life (Fig. 3) , 

Tu/a/ solllb/I! Jllgar alla/ys;s 
Tolal soluble suga r conlent of 'Silvan Red' leaves declined significanlly during 42 

d;¡ys dry storage at ¡'C (Table 1). Loss of total sugar content was markedly higher in 
unlreated leaves or in leaves pulsed with 10% sucrose before storage . The decline in 
sugar contenl was significantly reduced in leaves treated with ~20% sucrose pulses, 

TJ~1e I 
LJcplcli o n o f 10 la1 solu hle sugar conlenl in Ieaves of L fllCadtndron 'Silvan Red ' during 42 days slo rage 
" I'C. Slcms were pul sed hcfore Sl orago in O, lO, 20, 30, and 40 % su crose fo r 24 h al lOe. To tal 
,0Iu~le sugar conlenl (afler Haslemore and Roughan, 1976) was delermined afler pulsing, and afler 
42 days dry slmage al lOe. Deplelion of sugar is e.pressed in mg g-I dry weighl, and as a pcrccnlage 
o f 1055 (hased on suga r co nlenl afler pulsing). Each value represenls lhe me an o f 20 leaves , a nd lhe 
cxpcrimcnt was rcpc3lc:d twice. . 

Pulse conccntr3tion Tolal sugar loss lblal sugar loss 
('7c) (mg g- l) (%) 

O 18.2 a 34.0 a 
10 20.4 a 35.9 a 
20 7.2 b 13.3 b 
.10 7.2 b 12.9 b 
40 5.2 b 9.0 b 

Values in Ihe same column wilh difTering !ellers are significanlly dilferenl al P = 0.05 . 
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20% 5UCrose al teC (O) and 20"C (O) . Stcms ..... crc rcm U\cu hom (he pul!ic !it11utitm afler 2. -a . ('. ~ . 1(, . 

20 and 24 h. Leaves "'ere strippcd fl0m 5tcms, hcclc ·dricu :lnLl :l~ s Jyl'd fOI tOI:\1 stllut-Ic ~u~:lr « l"l e nl 
artcr H34lcmo rc and Roughan (1976) (n = 20) . (JalS rcpre<cnl SE. 

Sugar levels declined only marginally (5 .2 mg g- I, or Yo/r ) in Icavcs trcated with a 
40% pre-storage pulse, for example, eompared to IH.2 mg g- I (ur 3F;') in untrea t.:d 
leaves (Table 1)_ 

A time course of total soluble sugar content in leaf ti ssue pul st:d wilh ~W"( 

sucrose at 1 and 20°C is shown in Fig. 4. Uptake uf the sucrme s(llution rcsu lt ed in 
a rapid increase in total sugar content in the first two hours of the pulse !reatment : 
29.6 mg g-I in leaves pul sed at 1°C, and 44.4 mg g-I in Ic avcs pulsed at 20'C (Fi¡: . 
4). This amounts to 54.8 and 42.3%, respecti\'e ly, of the tutal su¡:ar uptake O\'er 2.t 
h. lotal sugar content increased to a level more than 60% hi ghc r in It:a\'cs pulsed a t 
2U'C than at lOe. 

ViSlribuI;oll o/ He-.H/emse afler pulse Irca/IIII!!I I 
The distribution of the pulse solutiun within leal'es and fluwer tissues of 'Sil\'an 

Red' during a 24 h pulse at 20'C was investigated using Il c.SUCf(lSC (1;ll>l e 2) . O\'er 
3 times mure radiuactivity was recorded in the fl owe r heads th an in Ih e kal'e s (.r 
'Silvan Red' stems pulsed with labelled distill cd water, in contrast to stems pul~etl 
with labelled 20% sucrose, where 2.3 times more ratlioac ti\'ity was recorded in the 
!caves than in the flowerheads (lable 2). Making due allowance fm the hal ;lIll'e 
hetwecn the weights of fluwerheads and Icm'es, label uptake hy stel1ls pul setl with 
20% sucrose \Vas significantly higher (167 % increase) than when pulsed \\ it h rabel 
alone. 

e 
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~ . Uiscussion 

Uptake trials witl1 14c.sucrose (Table 2) indicated a fundamental change in the 
I'attern of pulse solution distributiun when sucrose was applied. Labelled distilled 
water was directed preduminately to the flowerhead, while labelled 20% sucrose was 
distrihuted primarily to the !caves. /\. similar pattern was reported in cut rose fl owers 
during a 1 h pulse with Ilc.sucrose (2%), which was directed exclusively to the 
leaves and stem tissue of cut roses (Sacalis and Durkin, 1972). The labelled sucrose 
was later rcdistributed to the flowerhead when the rose fluwers were plaeed in 
distillcd water. This change in vas e solutiun distribution indicates that a significant 
pcrcentage of exogenously applied sucrose reached the leaf tissue and was available 
tu proteet against desiccation during dry storage. 

Suerose conecntration did not alTee! stem fresh weight during the 24 h pulse, 
nor did it arTeet sulutiun uptake in a 24 h rehydration phase after storage (datn nut 
shown). Significantly, pulsing stems with 10-40% sorbitol or mannitol also had no 
clTcet on fresh weight or solution uptake before or after storage (data not shown), 
hut aUl'crsely arTeclt:d vase life, due to an increased and acce lerated inciuenee uf 
!t:a[ dcsieea tion (Fig. 3) . These results indica te th at the beneficial erTects uf suerose 
(ln stured 'Silvan Red ' stems were not due to improved leaf hydration prior to dry 
storage. 

I'ulsing \Vith sucrose before storage appeared to inhibit the rate of carbohydratc 
dcplction in 'Silvan Red' leaves during storage (Table 1). Prolonged coul storage 
gene rally results in accelcrated senescence and membrane degradation in cut flowcr 
tissues (Goszczynska and Rudnicki, 1988), primarily due to the depletion of carbu­
hydr;¡te reserves. Glucose and fructose levels, for example, declined significantly in 
an thurium fluwers stured at 4°C (Pritchard et aL, 1991). Total sugar leve ls dec lined 
in a simi lar manner in 'Silvan Red' leaves during 42 days dry storage (Table 1) . 
/\.lthough the storage temperature (1 °C) was low, metabolic activity within the 
lea\'es would probably cuntinue at a reduced rate, resuiting in the reu uction of 
('arhuhydrates. 

The decline in sugar levels was significantly less in leaves tre a ted with ~ 20% 

Tlhk ~ 
Le,eI, () f "e c\pro,eú as " h,olule "alue, (coun" per minule /g fresh weighl) and percenlage o f lo tal 
oni"il)' ll c lel'lcú (in hrackcISJ in Ihe le a"cs and nowerheads of LCllcadrndron 'Si l\'an Re d ' afler a 24 
" pul<e al 21)"C in 0'1- (ú i'l ill cd "'"I e r + I II C i 011 - 1 "c.,ucro,e) o r 20 % ,uero,e + I IICi 111 1- 1 

I 'C·~ urw~c . M e:l n frc ~ h \r. c ight uf ,he Ica\'c5 and flowcrhcads useo in hoth tr calmC lll S is rollo~\' cLl ny 
SE (in hrockc l<). 

SUlIO(.C CPlln'nlr:ll io n ( ,.~ ) Lea r Flowe rhead 

11 194 .9 a 6 19.4 b 
(10.1% ) (32.2%) 

~O 770 .4 b 338.9 a 
(40.0% ) (17.7 % ) 

Fre, h "eigh l 6. t7(0.74) 3.94 (0.51) 

\'"Iu e, in (he .. me column wilh difTcring tellers arc ,ignificanlly d ifTerenl al P = 0.05 . 
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~ucrosc bcfore storage Ihan in unlrealcd Icaves (13 'ió eL 3~ t;}; -Llbk IJ. ,\ltltough 
Irealed Icaves conlained more sugar hcforc ~I()rage. Ihey loSI prppprl i(lnally less. 11 
is poss ibl e lha! exogeno us sucrose inl craelcd direc lly ..... ith membranes. a~ suggested 
by Goszczynska el al. (199U), and wa~ nol available for melablllic aet il·ity. ,\ d irc ct 
intcraclion of suerose wilh cellular IllCmbrallcs e(luld al ~o eXl'lain thc illltibitl ln' 
eHeel of sucrose on leaf desiccal ion. 

The exac! manner in which applied sucrose proteelcd 'Sil" an ReJ ' I cal 'c~ from 
dc~iec;tli(Ht during long-Ierm dry sloragc (Fig. 2J is nol kllll\\"1I ami reqllires fllrlher 
invesligali on. A 24 h pulse of 20% sucrose proleel cd carnation pct a ls againsl 
freezin g injuey during five days al _4°C (lIeins e l al.. 198 1). Tite lowest lcml't:ra lure 
rccordeu during Ihe slorage period in our lrials wa s -O.4<C (data IIlII sllll\\"n) . nol 
low cnough lo cause lransienl freezing and damagc lolt:af lisslIc. Soluhk sugar s ;IH: 

also known lo prolecl membranes during seeu desiccalion or fn:ezing by prel'cnling 
membrane fu sion, phase lransi li on anu phase separalion (Cco\\"e anJ Crowe . I <J1'6: 
Caffrey el al., 1988; Crowe el al., 198R; CroI\'e and Crowe. 19<J2 ). Sirnilarly. applie J 
~ucrose efreclively slabilise d spinaeh memhran es during lo\\" lemperalure str ess 
(Sanlarius, 1973) and, al 5- 10%, prolecleJ lipid \'esiclt:s from dehydralilln (Slrauss 
and Hauser, 1986). 

In cul nowers, applied sucrose has many funcli ons. such as aiJing in 11(l \\"e r 
opening (Evans and Reid, 1988; Van Doorn el al.. 1991) and maintaining Ihe 
membrane inlegrity of pelal lissue (H alevy and Mayak. 1979). Tite waler -holding 
capacily of carnalion pelals was, concomilanlly, dependenl (ln membranc inlegrily 
(Borochov and Woodson, 1989)_ Exogenous sucrose also reduced lh e age-induced 
increase in membrane lipid microviscosily in rose pelals (Goszczynska el al.. ILJ90) . 
Our resulls suggesl lhe possibilily lha l applied SUL"f(lse aelcd in a si milar manncr in 
LC/lcadcndron leaf tissue during dry slorage. 

This lrealmenl could be applicable lo olher LCllwt/CIlt/rrm spceics witlt :t ~Iwrter 
vas e life, nolably L. saligllllfll , L. /al/reo/I/m , L. UriCIlIa/C, and L. di.lcu/ur. Suno~t: 
pulsing would be particularly useful in ensuring successful slorage and tramporl in 
lhese species, and in exlending lhe markeling periou of LeucadcmlrOI/ foliages wi lh 
a shorler flowering periodo 
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FLOWER lNITIATION I N PROTEA ANO TELOPEA 

S. A. Dupee and P.B. Goodwin 
School of Crop Sciences 
~niversity of Sydney 
Sydney , N.S.W. 2006 
AUSTRALIA 

Abstraet 

Growth measu r ements of Protea neriifolia ' Salmon Pink' and Protea 
cynaroides 'Long Leaf' after flowering indicate multiple flu sh~ 
growth . Floral initiation occurs in f. neriifolia after the fi rst 
spring flush. f . cynaroides may i ni tiate flower heads only during 
tvo short periods after Che two flushes each year. Floral primordia 
of Telopea speciosissima were examined using dissection and scanning 
electron microscope techn ique s . 

1. I ntroduc tion 

Pr o tea n¿ riifolia and Pro tea cynaroides seed lings flower only 
after passing t hrough a juvenile phase. As seedlings grow through 
the juvenile phase. branching oecurs and stems thichen, given good 
gr 0~ini tonditi ons. Root g r ow th must occur rapidly to supp ort both 
t he shoot and future inflorescence development. A seedling of Pro tea 
ne riif o lia will produce its first flowers usually two or th ree years 
fr om planting . The Long Leaf variety of Prot ea cynaroides often 
produces one inflo r escenc e th ree years fr om planting, alchough flower­
i ng oc casionally occurs In Cwo years. Plants of P. nerlifo lia gro'~ 

from cutt lngs may flowe r as rooted cuttings if mature ~ood 15 pres ento 

The Prote a cut flower industry must depend on a suffieient supply 
o[ fl owers with good quali t y blooms. The cur rent market supply for 
man y Pro t eace ous species varies eonsiderably during Che year with 
sho rtages of flowers at some perioda and a glut at ochers. As part 
oC understanding the control of flowering it is important to 
eata~lish when flower initiation oecurs i n the annua l cycle f o r 
ea~ h species. 

The current work investigates the initiation of fl owering in 
Prc·tea neriHolla 'Sa lmon Pink ', Prote a cy~aroides ' Long Leaf' and 
Telop~ speciosissima . This has be en done by dissection studies 
a~d electron microscopy. 

2 . Na t er ials and Nethods 

B0th vo ge tative and reprodu c ti ve shoot ti ps of Protea neriifolia 
' 53 1~o n Pink ' a~d the Long Le a f varieant of Protea~oidea ha ve 
be en disse c t ed. The 'Sa lmon Pink ' s e lection has lnfloreseences whic h 
gro~ aboye the terminal l eaves, anJ mediu~ slzed flowers. The color 
cE the outer bracts is a so ft pastel pin k . The fl owers s how very 
little bra c t burnin g or curllng. The clone origina t ed iri Victoria , 
~here it flowers [rom Apr11 to November. 

Ac ta Hocticul turae 26~. 1990 
Pro tea Researeh 
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Shoot and flower tips were eollected from 2 year old Pro tea 

neriifolia 'Salmon Pink' and Pro tea eynaroides and 4 yea~ 
Telopea speeiosissima grown in the fíeld at a plantation near Peats 
Rídge, New South Wales. After the autumn flowering season in 1988, 
five shoots on eaeh of 20 Protea neriifolia 'Sa lmon Pink' and Protea 
eynaroides were labelled in Hay . During the middle of eaeh mo~ 
vegetative growth on eaeh branch was ree orded. lnCloresc ence bud 
development was noted on all plants. Floral buds eolleeted from 
~. spceiosissima shoots were disseeted and all braets removed. Resin 
moulds of the shoot tips were made by impressions usin g Spurr's 
resin. The floral apiees were eoated with platinum or gold and then 
examined under the seanning eleetron mieroseope. 

3. Results 

Both Protea showed a spring growth flush , with other flushes during 
the year (Figs. 1, 2). P. neriifolia 'Salmon Pink' grew with sueeess­
ive flushes during the s~er, while ~. cynaroides showed a significant 
reduction in growth during December (su~er). Flower buds of P. 
neriifolia 'Salmon Pink' were found to be initiated from late October 
to early November at Peats Ridge . A reeep taele begins to develop 
on the end of terminal shoots (Figs. 3, 4) whieh then develops int o 
determínate flowers. Early during initiation a few flower buds abort 
with no flower. These shoots were observed not to develop further . 
By early Deeember the flower buds had eompleted initiation and "bypass" 
or lateral shoots began to develop . In February some early flowers 
had blaek fur tip s on the outer braets. 

Mature plants of K. eynaroides 'Long Leaf' developed flower buds 
during May with another 1nitiation period in Deeember . During both 
these times some braets appeared to be remnants of floral buds which 
grew into vegetative shoots. A reeept ae l e develops und er the apieal 
meristem as the stem widens. Braet development, flower head enlarge­
ment and elongation occurred over a 5-6 month peri od. 

Shoot tips eolleeted from Telopea speeiosissima showed th e first 
evidence of initiation in mid De eember (Figs. 5, 6). Floral bud s 
developed more r apidly on older shoots as compared to the curr~nt 
season's gro~th. Floral primordia emerged from mid January to 
February. Pairs of florets differentiated as a new floral cone 
developed (Figs. 7, 8). 

4. Díseussion 

Protea neriifolia 'Sa lmon Pínk' has a deCinit e e)"ele of gro'o-th 
a~d fl owe ring. Flower initiation oeeurs just aCter t he first main 
flush of growth in spring. Two further flushe s oC s id e shoots or 
s:nall stems will occur given adequate moisture. Tite a bo n i on of 
flower heads oceurs only within a limited time, perhaps due to higher 
than normal te~peratures or moisture relations at t hat ti me. During 
winter , s hoots grow very little and flowering of the pre~iou. year 's 
buds eontinues at a slow rate. 

The in1tiatíon of flower heads in Protea ey na r o i dos 'Long Leaf' 
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seems to oeeur for - short periods twiee ayear. 
ha s the ability to set quiekly or to revert to 
Further research is warranted to de termine how 
lt is no t uneommon to find inflorescences with 

as br ac ts. 

", 
" 

The apieal meristem 
vegetative growth. 
and why this oeeurs. 
1eaves whieh appear 

Telopea spee'i9sissima has a primary flush of growth fr om November 
to January. Floral primordia initiate over a 6-8 week period after 
whieh there may be another vegetative flush of growth on the plants. 
A few plants flower in Mareh and Apri1 whieh may mean that flowering 
may be ehanged given a eertain stage of growth or eonditions. 
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Figure 4 - Cl ose up (left) and compari son of Protea ner11f01ia 
'S almon Pink' floral and ve ge tative shoots in early 
Nov embe r at Peat s Ridge , New Sauth Wales. 
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Scanning electron micrograph of th e aplcal merlstem of 
flora l pr lmord ia of Telopea speciosissima _ 

FI~" r " 6 - Scannlng electron mic rograph of differ en t la ting br act s 
. and floret s of T_ spe cios is sima. 

7b 

~. e ,., 
'". 

Figure 7 - Scanning ele c tron microg raph of individual flowers 
developing in February on l. specios issima apical meristem. 

Figure 8 - Scanning ele c tron micrograph of l . speciosiss i ma floral 
head show ing dev eloping paired fl Dwers. 
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EF FEGT OF TEMPERATURE, DAYLENGTH AND GROWTH REGU LATORS ON' FLOWERING 
I N PROTEA, TELOPEA A.'m LEUGOSPERNUH 

S.A. Dupee and P.B. Goodwin 
Schaol of Grop Sciences 
University of Sydney 
Sydney , N.S .W. 2006 
AUSTRAL IA 

Abstract 

Flowering of 27 clonal plants of Pro tea neriifolia ' Sa l mon Pink ' 
.as recorded a t each of four Pr o t ea plantations in sou t heastern 
Au s tralia. Significant differences have be en found in both pe riad of 
flowering and numbe rs of blooms . Flowering of Telopea speciosissima 
was recorded on tagged plants at five field sites . A warm winter 
advanced and enhanced fl owering more so in cooler areas. Treatments 
with gibbe rellic acid and cytokinins applied in July promoted ea rly 
flowering in Leuco spe rmum cordifolium. Di sbudding delayed fl owering 
by two t o thr ee weeks . 

1. In t r oduc t i on 

Plants grow and fl ower at different periods of time in r esponse to 
the environme nt in field produced Protea. The r esea r ch described 
in this paper aims to e s t a bl ish a fl awe ring date base far four l acations 
and t o de termine what environmental fac t ors determine t he t ime of 
flowe ring in Prote a neriifolia ' Salmon Pink ', Tel opea sp eciosi ssima 
and the Long Leaf varian t o f Pr otea cynaro ides. 

A separa te experimen t has be en conduc t ed t o t es t the effec ts of 
disbudding and grow th r egula t ors on the flowering of Leucospermum 
cordifolium . Other researchers have fo und th a t flowering in ot her 
Leucospermum can be delayed by deheading (Jacobs and Honeyborne, 1978 
and Brits, 1986) or by using e thephon and that growth re gu1ator s can 
alt e r flo.ering (Ja cobs , Na pier and Halan , 1986 and Ha1evy, 1983). 
The f10we ring of secondary inf10rescences of Leuc os permum was found 
to depend on the mean dai1y temperature (Jacobs and Honeybarne , 1979) . 

2 . Ha t erials and Hethods 

The experiments were conduc ted at five separa te commercial Pro tea 
planta t ions in coa s t a 1 New South Wales and southeastern Queensland . 
The geographica 1 and soi1 data are given in Tab1e l. A1l the areas 
receive summe r rain fa 1l with sp rlng being the driest period of the 
year . The maximum and minimum daily t empe ra tures and precipi t a tion 
recorded at each site. 

Acta Horticul turae 264 , 1990 
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During April. 1987. 27 one year old clonal plants of ~ 
neriifolia ' Salman Pink' were ~lanted at eich pla ntation except site 
No. 2 in a complete random designo All plants were watered a(ter 
plan ting and thereafter reeei ved on ly natural precipitation . Weed ma t 
or mulch is used to cont rol weeds. One year after planting. selec ­
tive pruning of weak o r l ow branehes was earried ou t so t hat each 
plant had 12 to 22 branches at lea s t 20 Cm l ong . The fl owering date 
of eaeh inflorescence was ree orded as the time when the i nner braets 
of eaeh flower head began t o separate a t the t op of the ir.(loreseenee. 
After flowering eaeh inflore see nee was pruned, removing as little 
of the stem as possi ble. 

Table 1 - Location and Soil Type o f Fi ve Protea Plantations in 
Southeastern Australia 

No. 1 
Plantation 

No. 2 
Charaeteris ti e Springbrook Taree. 

No . 
Peats Rid ge 
N. S . W. Queens l and N.S.W. 

- - - -- - - - --
Latitude 28°14'S 31 0 52 ' S 33°19'S 

Longitude 153°17'E 152°28'E 151 0 15'E 

Altitude (m) 610 1 70 280 

Aspeet southeast north northeast 

Soil Type reddish brown ye llow 
sUty elay sandy elay sandy 
loam loam loa m 

SoU pH 5.0 4.7 5 . 2 

2 . 2 Telopea Phenology 

No. 4 

Kurr ajong 
N. S .l~. 

33°30'S 

150 0 35 ' E 

580 

east 

dark 
silty ela, 
loam 

4 . 8 

No . 5 
Robe rt son 
N.S . W. 

34°35 'S 

150 0 37 ' E 

740 

east 

r eddish 
sandy 
elay l oam 

4.8 

Healthy 3-5 year old seedling Telopea speeiosissima were ehosen 
in April. 1987 to record flowring using metal l abels . Plants were 
seleeted at rand om at all five plantations and observations of flower­
ing were made during spring 1988. Each inflorescenee was eonsidered 
to be flowering when the first style was r eleased on the f lower head. 
Sorne dates were es t imate d due to time and distanee fae t ors . The 
infloresee nees were pieked by growers and stems cut baek severely 

~ on eaeh mother planto 

" " 
"" 

" 
" , .. 
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2.3 Growth r egulator t reatments 

Ten flower buds on eaeh of four plants of Leueospermum cordifoliurn 
were sprayed with a number of growth regulator treatments on 25 July 
1988 between 10am and lpm . All plants were a t plantation No . 4 near 
Ku r rajong Heigh t s. New South Wales. Shoo t s with single dominant 
flower buds were tr eated at r andom on eac h planto 

The tre a tments eonsisted of : 1) a free flowering control 2) 250 mg/l 
of Grocel GA

3 
(active ingredient: 100g/kg Gibbe r ellie aeid 3) 1 . 25 ml/l 

of Cytokin (GA + ) 4) 0.025 g/l of benzyl aminopurine (BA) 5) disbud 
the termin a l bud oí Ehe shoot 6) l25ml/l of Bonzi (active ingredient: 
4g/1 Paclobutraz ol) 7) 200 ml/lOOl o f Pro-Gibb (active ingredient: 
100g/1 Gibberellie acid and 8) disbud the terminal bud and spray with 
Cy t okin (1.25 ml/ l ). Dates of flowering were reeo r ded as the first 
style was released on eaeh infloreseence. 

3. Results 

l .l ~r~t~a_P~e~olo~y_ 

The flowering of Pro tea neriifolia 'Salmon Pink' is summarized 
in Figu re l. The first flower opened at Peats Ridge in Nareh. 1988. 
The last flower to bloom was at Robertson during mid October. 

Plants at Springbrook produced the most flowers as shown in Table 2. 
The average flowers per plant at Springbrook was 4 . 3 compared to 1.0 
flower per plant at Robertson . 

l · ~ reloEe~ ~h~n~l~gz 

Bloom periods for the Te l opea speciosissima plants are given in 
Figure 2. First fl owers oeeurred in Springbrook where plants had the 
greatest number of blooms per planto Table 3 indic a te s tha t an 
uneven number of plants were observed at eaeh site . 

3.3 ~r~w!h_R~g~l~t~r_T~e~t~e~t~ 

The flowering o f ea eh plant of Leucospe r mum cordifoliu~ is 
sho.~ in Table 4. The control flowered under natural eonditions. 
In contrast o shoots with Groce l . Pro-Gibb and Bonzi partly became 
vege tative during November or ceased development . 'Disbudding t he 
primary bud r esulted in the most eonsis tent delay in flowe rin g . 

4 . Discussion 

The flowering of Protea neriifolia ' Salmon Pink' shows highly 
significant differences in flowering between f our commereial plantation s 
in terms of number of blooms and the period of flowering. This c l one 
generally flowers in a utu mn bu t due t o cool wi n t er t emperatures 
flower rate of developmen t slows considerably until September. It may 
be possible to alter flowering by either pruning o r ehemical means. 
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Furthe r f l owe r ing data is required for Te l opea ~eciosissima t o de­

termine t he effec t s of climate f r om one yea r t o ,,"o l her . l IJe spec l es 
p r odu c es can y flowe r s wi t h in a very s ll o rt pe ri od o This wlll cause more 
di fficu lt y in a tt empts t o ex t end . tlle flowerillG peri o d o I/ o.weve r , some 
p l an t s flo~' er i n autumn. The 1988 season ~'as ~'e t . ·hi r h illcre Rsed bud 
rot in hoth p l antations 1 and 2. Tll e W8rln wlnter ad v.1llc e d rt owering 
more in t he southe r n distr i c t s. I nf l orescence deve10pment slloll l d not be 
re l ated t o day l e ng t h whereas flower initiation m.1 y be . 

Leucospermum cordifolium fl ower buds do respnnd t n snme g ro~' 1I1 re¡;u ­
lators by promo ting or delayin g [l o~'ering . Bnth cnokillillS and Pror: i bb 
app l ied to flo~e r buds advanced fl owe rill g by one to t il r e c weeks . 
Disbudding na)' be used t o de1ay f 10~' e r ing by two t n tllrc" ~' e e k s but i s 
l ess effec t ive as the spring temp e ratures inc re ase . 
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Fig u re l . The fl owering of Pr o t ea n e rii fo li a ' Sa l mon Pin k ' 
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T ab l e 2 - Da t a ~ nalysis o f Pro t ea n e ri if o l i a ' Sa lm on Pink ' 

f l owering f o r 1 9-8-8-.--

Hean i ~ S.E. me.:l:1 Number o f Flower ;bortio n; 
S i te J u 1 i a n D. F l o wers , ize(mm ) 

124 3.21 1 12 124 

1 13 4 . 30 68 1 16 

4 132 2 . 78 90 1 2 1 

5 232 5 . 8 1 26 108 

Total 296 I 2 

Table 3 - Co mparis o n o f Fl owe rin g oC Tel opea speciosissima 
a t five si tes i n southeastern ~ us tr a l ia 

Hea n in S.E 
S it e J u li a n D. 

~ 50 6.77 

2 268 9 .3 0 

3 257 5.25 

4 266 4.89 

5 268 4.88 

Gr and Flowe r ing Hean: 263 

... 

''\., 
"", 

'''-. 

mean Number o f Number o f 
PI a n t s F l o we rs F Va I u e 

- - - -

25 2 ~ 9 15.45 

24 133 1 6 . 84 

57 24 9 5. 12 

4 8 249 14 .69 

57 268 6.97 

. .1, 
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Figu r e 2 . The r a te of flowering oE Telopea speciosissima 
at f i ve p r ote a p lant a t io n s du rin g 1 988 . 

85 



' . 

• • . . e 
rabI e 4 - r he e ffect oC g r o wt h r eg uIat o r s on fl o wer i ng o C 

Leu co sp e r mum cor di Co I ium. 

Days oC F l owe r o f a ll Pl an ts 
S . E . 

P l ant ~ um b e r 

Treatmen t 
1, 

292 30¿ 298 29 1 2 . 95 

280 298 300 293 3.77 

285 29 0 285 288 3. 70 

287 298 287 284 3 . 45 

5 30 3 301 308 

6 

8 

, 
" , 

'" " " 

296 301 

292 289 

290 2 93 

305 3 .42 

298 266 4 . 02 

281 285 3 . 73 

287 282 3.66 
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FLOWER STRUCTURE AND THE 
FLOWER INITITATION OF 
(PROTEACEAE) 

D.G. Malan and G.J. Brits 

INFLUENCE 
SERRURIA 

OF DAYLENGTH ON 
FLORIDA ' KNIGHT 

Vegetable and Ornamenta l Plant Research Institute, 
P/Bag X293, 
0001, Pretoria 
South Africa 

Abstract 

Reproductive devel opment of Serruria florida commences 
during March with the termina l infl orescenc e slowl y 
increasing in weight while the apical meristem is 
producing peduncular bracts (pb). Following pb 
initiation the growth rate increases, the apical 
meristem enlarges and produces 30-40 bracts of which 10-
15 abort shortly afterward . Incandescent light applied 
from 5 March 198 8 from 6 pm to 8 am prevented flower 
formation indicating that the natural short days of 
winter are required for flowering. 

Introduction 

Serruria flor i d a is commercially grown as cut flower 
under winter rainfall conditions in the Republic of 
South Africa . The major problem in marketing the crop 
is a ve r y short flowering periodo The development of 
the genus Serruria as flowering pot plants is also 
h i nde r e d b y a n ina bility t o c ontr ol its flowering time. 
The plants grow vegetatively during spring and surnmer . 
Reproductive development commences during autumn after 
extention growth has terminated, and flowers open during 
July and August. 
The purpose of this study was to investigate the 
morphological development of the conflorescence and the 
role of photoperiod in induction of flowering. 

Materials and methods 

Plant material. Serruria florida plants grown in a 
commercial pl a ntation were used. The plants were 4 
yea r s old a nd were propagate d from seed. The plants 
were clean cultivated and not irrigated or fertilized. 
The mean annual rainfall for the area is 600-700 mm. 
The plants were interplanted between Protea cv. Carnival 
and spaced 1,5 rn in the row and 3,5 rneters between rows . 

Conflorescence structure . Twenty shoots were randoml y 
selected on 13 July and the following determined: the 

Ac ta Horti culturae 264, 1990 
Pro tea Resear ch 
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on four proteaceous species 
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Department of Horticu/ture, University of Hawaii al Manoa, Hono/u/u. Hawaii 
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Sequential applications of three pre-emergence herbicides were made to four specics of newly planted 
proteas. Herbicides were applied at three-month intervals over a two-year periodo Protea trunk diameter 
growth in response to herbicide treatments and two types of synthetic mulch were recordcd after a one-year 
establishment periodo Pro tea neriilolia R. Br. growth was significantly reduced by oryzalin at 6.7 kg a .i. ha - l. 
Banksia menziesii R. Br. growth was reduced in untreated plots where weeds were removed by hoeing: 
growth of all other proteas was improved with weed removal. Growth of aH other Protea species was 
unaffected by herbicide applications. Synthetic mulches of woven black polypropylene and a polyester 
spunbound fabric did not adversely affect protea growth. However, the polyester mulch coHected soil. 
providing a surface for weed-seed germination and growth through the fabriCo AH herbicides tested provided 
adequate weed control, but oryzalin provided only marginal control of a leguminous weed, Medicago 
tllIncatula Gaertn. 

Keywords: Protea: Herbicides: Weed control: Growth: Mulches: Hawaii 

Protea is a commonly-used collective tcrm applying 
to several genera of the family Proteaceae used for 
eut flowers. Proteas are indigenous to South Africa 
and are grown commercially in Australia . Israe l. 
Southern California, Hawaii and New Zeillilnd . In 
1986, sales of proteas (cut flowers) from Hawilii 
amounted to 9.5 million U.S . do llars (Dilvies. 19H6) 

Weed control is an important problem with 
proteas due to their shallow proteoid roots (dense 
surfaee roots used for nutrient absorption) which are 
easily damaged by hand-hoeing. In Hawaii. Nishi­
moto (1975) reported that triflurualin (1 .2 and 22 kg 
a .i. ha -Il. nitrofen (4 .5 and H.9 kg a.i. ha 1). 
oxadiazon (3.4 and 6.7 kg a.i . 11<) 1). diphenamid 
(6.7 and 13.5 kg a.i. ha 1) and DCPA (22.4 kg a.i . 
ha -1) caused only slight injury to Pro tea eximia 
(Salisb. ex Knight) Foureade. Leucadendron disco/­
or Buek ex Phillips & Hutehinson and Leucosper­
mum cordifo/ium (Salisb . ex Knight) Fourcade when 
evaluated four months after application. In a subse­
quent experiment, diehlobenil at 4.5 and 8.9 kg a .i. 
ha -1 caused only slight injury to P. eximia. L. 
cordifolium and Banksia menziesii R. Br. Simazine 
at 8.9 kg a.i. ha - 1 caused slight to moderate injury 
to B. menziesii and P. eximia but had negligible 
effeet on L. cordifo/ium. Ametryn (4.5 and 8.9 kg a.i. 
ha- 1

) and diuron (3.4 and 6.7 kg a .i. ha- 1) caused 
moderate injury to P. eximia, L. cordifo/ium and B. 
menziesii. EPTC, applied as a pre-plant incorporate 
treatment, caused modera te to severe injury on P. 
eximia and L. discolor a t 3.4 and 6.7 k~ a.i. ha - l

, 

respectively. EPTC at 6.7 kg a .i . ha- killed L. 
cordifolium. In New Zealand, Cox (1985) reported 
that dichlobenil at 8 kg a.i. ha -1 damaged Leuco­
spermum and Leucadendron species but did not 
affect Pro tea species . A herbicide mixture of ter­
buthylazine and terbumeton (5 kg a.i. ha- 1

) and 
simazine (3 kg a.i. ha- 1

) damaged Leucospermum. 

• Present address: Department of Horticulture, 3190 
Maile Way, Honolulu, Hawaii 96822, USA 
Joumal Series NO.3452 of the Hawaii Institute of Tropical 
Agriculture and Human Resources 

Oxadiazon and oxyfluorfe:l (r,)leS J10t re ported) 
ca used negligible cffeclS nn ¡:-III sl)t:cie ~. The conflict­
ing reports (Jf phytotoxicltv wl ih dich lobenll be­
tween Hawali and New leala nd could be attributcd 
to the differences in soil orgilJllc 1l1.1tter con ten!. Soil 
organic matter ilt the Hawailan slle was lJ' ;~, and 
sandy soils were used in New Ll'aland (Nishimoto, 
personal communicat íon). In California. Besemer 
and Elmore (1 987) evaluateo severol pre­
emergence herbicídes on a one-vcilr·old planting of 
Protea neriifo/ia R. Sr. ('Pink mlOk'l. App lication of 
oxyfluorfen (J. I and 2.~ kU <1 .1. h" 1). orvzil lin (4.4 
and 8.9 kil <1. 1. ha 1). simazlOc (~~ kg .0. 1. 'hil 1) and 
oxadiazon (2.2 and 4.4 kg <1 .1. hd 1) did not cause 
any phytotoxic effec ts. H OWCVl'r. oxau lazon díd 
appear to be delaymg proll'a grmvlh. 

In all these experiments. crop growth was evalu­
a ted after a single herblcide ilpplicatIOJ1 . Weed 
con trol in commercial operations requires sequen­
tiill herbicide applications to malOtai n a weed-free 
area around the base of the plan!. The objective af 
this research was to determine growth and weed 
control in response to sequen tial applications of 
pre-emergence herbicides during the estilblishment 
of newly planted pro teas . 

Materials and methods 

The experimen t was conduded at the University of 
Hawaii's Kula Branch station on the island of Maui 
in the Hawaiian island chain. Elevation of the fann 
was 914 m with an average an nual rainfall of 726 
mm. The soil type was a Kula loam (subgroup. Typic 
Eutrandepts) with organie matter conte nt 01 13.3% 
at a pH of 6.6. 

An experimental unit encompassed an area of 1.5 
x 4.5 m and contained four plants. Treatments were 
replicated four times, using a randomized complete 
block designo Each experimental unit contélined o ne 
seedling or rooted cutting (one-year-old) of each of 
the lollowing proteas: Leucéldendron hyb. cV. 
'Safari Sunset' , Leucospermum cordi!o/ium {Salisb. 

0041 -3216/90/040360-03 
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control rating 90 days after the third 01 a sequence 01 herbicide applications to pro tea plants 

Weed control rLltings" bv spccies 
Rate 

(kgha - I
) A B C O [ F 

Weeded control 0.0 0.0 75 0.0 00 2.5 
Unweeded control 0.0 2.5 2:, 0 .0 0.0 7.5 
Oxadiazon 4.5 9.0 9.8 10.0 7.H 7.5 9.5 
Oxyfiuorfen 2':;'. + Oryzalin 1 % 3A 8.8 10.0 10.0 75 7.8 8.8 
Oxyfiuorfen 2% + Oryzalin 1°;'. 6.7 8.8 10.0 10.0 7.5 tU 9.:'l 
Oxyfiuorfen 2% + Oryzalin 1 % 10.1 10.0 10.0 10.0 7.5 S .8 9.5 
Oryzalin 2.2 7.:'l 10.0 9.0 55 70 8.8 
Oryzalin 4.5 8.8 10.0 8.1' ;,:) íU 10.0 
Oryzalin 6.7 85 10.0 9.1' 6.0 7.5 10.0 
Black polypro~lene woven ground 10.0 9.3 lOO 10.0 10.0 10.0 

cover (BPW C) 
9.0 95 Polyester geotextile labric (PGF) 9.5 8.:~ 10.0 ().5 

LSD (0.05) 13 2.2 :U lA 12 3.3 

• Zero rating, no control: ID, complete control 
A Penniselum cJandestinum Hochsl. ex Choiv.: B. Sonchus o lemceus L: C. Ricinus communis L. : D. Medlcil!Jo 
tr~nculala Gaertn.: E. Trifolium repens L: F. Oenothera laciniala Hill 

. ex Knight) Fourcade cv. 'Pincushion', Banksia 
menziesii cv. 'Pink Frost Banksia' and Pro tea 
neriifolia cv. 'Pink Mink'. The lirst herbicide applica­
tion was made on 18 April 1986 with subsequent 
applications 90, 182, 267, 357 , 448,535 and 640 

. days later. AII plots except the unweeded check 
were weeded belare each sequential herbicide 
application . The herbicides applied were a granular 
lormulation 01 oxadiazon (2°1<,) at 4.4 kg a.i. ha - l. a 
granular lormulation 01 oxyfluorgen (2'7:.) + oryzalin 
(1':\.) at 3.3,6.7 a nd 10.1 kg a.i. ha - l . and oryzalin 
at 2.2.4.4 and 6.7 kg a.i. ha - l. Oryzalin was applied 
with a CO~-powered sprayer using Spra,ying Sy~­
tems Co. 8004 LP nozzles delivering 350 1 hil - 1 at il 
pressure 01 125 kPil . Herbicide applications were 
made to weed-Iree plots with sprays directed to the 
bases 01 plants . Granulilr herbicides were carelully 
applied to avoid retention by protea leaves. Control 
treatments consisted 01 plots hilnd-hoed at each 
herbicide re-application date and unweeded plots. 
Two synth etic mulches. a blilCk polypropylene 
woven ground cover (BPWGC) and il gray, spun­
bound polyester geotextile labric (PGF) were com­
pared as weed control treatments. Both milterials 
allow lor the passage 01 air and water. Irrigation WilS 
provided as needed with a single drip-irrigation line 
placed in the centre 01 each plot. No lertilizers were 
applied at any time during the course 01 the 
experiment. Pesticides sprays lor insects and dis­
eases were applied as needed lor commercial 
production . 

Visual ratings 01 weed control were made before 
each herbicide application. A weed control rating 
made 267 days after planting (90 days alter the 
previous herbicide application) will be reported as 
representative 01 herbicide performance throughout 
the experiment. Weed control was rated on a scale 
0-10. A zero rating indicates weed control equal to 
t!-e ",::~eated p\ots I.hand-weeded controls) and 10 
T.ci=-:!> ::-::·--;:\e:e weed control; a rating 01 7 is the 
'!lllnlmIUTn i OT commercia\ly acceptable weed con­
trol. At 357 days alter the start 01 the experiment, 
lrunk diameter at 100 mm above the soil level was 
recorded and marked lor subsequent measure ­
:ve-:::; ;.. :;;.al dlameter was taken 367 days late r 
(72'; Cc):s af¡e r start). The increase in trunk diameter 
between these two dates was used as a measure 01 
protea growth. 

Weed control riltings ilnd increilse in trunk dia ­
meter were subjected to an ilnalysis 01 variil nce . Tlle 
data presented lar protea growth 15 the mean 01 lour 
p\ants 01 eilch species . 

Results and discussion 

The mean 01 weed control ratlngs. made 90 days 
alter the thi rd herbicide appliciltion. are contilined in 
Table 1. The predominant weeds rated lor control 
were: Pennisetum clandestinum Hochst. ex Choiv . 
(kikuyugrass), Sonchus oleraceus L. (ilnnuil l sow­
thistle ). Ricinus communis L (cilstorbea n). Medica­
go truncatula Gilertn. (medic), Trifolium repens L 
(wh ite c1over) and Oenothera laciniata Hill (cutleal 
evening primrose). The weeded control was not 
maintained in a weed-Iree conditio n throughout th e 
experiment - rilther. weeds were removed at the 
time 01 each herblcide reilpplication. thus permitting 
regrowth. The appilTent control 01 o. laciniata In the 
unweeded control is d ue lo competition Irom other 
weeds, primarily P. clandestinum. 

The data indicate tha t commerciillly acceptable 
weed control was obtained with herbicides and 
mu\ch treatments on a ll weed species present, wilh 
the exceptio n that a ll ra tes 01 oryzalin showed 
weakness in controlling M. truncatula. T repens was 
marginally controlled at th e low Tilte 01 oryzalin. 
Near perfect weed control was obtilined with 
oxadiazon and with oxyfl uorfen (2%) + oryzalin 
(1°1c.). 

By the end 01 the experiment, the composition 01 
th e weed spectrum had changed somewhilt. 
Although da ta are not presented , it was c1ear that 
Bidens pilosa L (Spanish needle) was not being 
controlled by the oxadiazon. AII other herbicide 
treatments maintained control 01 this weed through­
out Ihe experiment. 

Weed control by the synthetic mulches was 
mixed. The BPWGC controlled a ll weeds lor the 
duration of the experiment. PGF permitted soil 
accumulation, allowing weed-seed germination and 
growth. Several weeds were also lound sprouting 
lrom the PGF even though no soil was present. The 
cosl 01 PGF and the accumulation of water-carried 
soil on it make it an unacceptable mulch for weed 
control. . 
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Table 2 The in crease in trunk diameter 01 protea plants in response lo weed control treatments. Growth measurements 
lor 367 days lollowing a 1-year establishment period 

Increase in trunk diilmeter (mm) 
Rate 

Treatment (kg ha -1) A [3 e D 

Weeded control 19 18 20 24 
Unweeded control 5 9 5 18 
Oxadiazon 4.5 34 24 20 23 
Oxyf1uorfen 2% + Oryzalin 1 'X. 3.4 24 24 21 27 
Oxyf1uorfen 2% + Oryzalin 1 % 6.7 30 24 22 33 
Oxyf1uorfen 2% + Oryzalin 1 n;. , 10.1 32 25 22 15 
Oryzalin 2.2 33 21 18 26 
Oryzali n 4.5 29 24 22 16 
Oryzalin 6.7 29 21 22 9 
Black pOlyprop¿,lene woven ground 38 25 19 :\1 

cover (BPW C) 
Po~ester geotextile labric (PGF) 31 25 15 23 
LS (0.05) 11 5 11 14 

A. Banksia menziesjj; B. Leucadendron hybrid ; C. Leucospennun cordifolium (Salisb . ex Knigh t) Fourcade; D. Protea 
neriifolia 

The data of trunk growth a re contained in Table 2. 
Applications of oryzalin at 6.7 kg a .i. ha -1 and the 
highest rate of oxyfluorfen + oryzalin were the only 
herbicide treatments to cause a growth reduction in 
Pro tea nerijfolia . During the course 01 the experi­
mento no visible adverse affects of the herbicide or 
mulches were observed on any species . The re­
duced growth in the weeded control lor Banksia 
menziesii in comparison with all other herbicide and 
mulch treatments (with the exception of oxyfluorfen 
+ oryzalin at 4.4 kg a.i. ha -1) de monstrates the 
sensitivity of this species to hoeing for weed 
removal. Even with careful hoeing. it was impossible 
to remove weeds without damaging some surface 
proteoid roots. Growth in all unweeded plots was 
significantly reduced in all species with the excep­
tion of P. neriifolia. 

Conclusion 

Commercially acceptable weed control can be 
obtained in proteas with granular lonnulations 01 
oxadiazon. oxyfluorfen + oryzalin and sprays of 
oryzalin . Leguminous weeds may be marginally 
controlled with oryzalin spray applications . Protea 

growth is not affected by seq uential applications 
(approximately 3-month intervals) of oxadiazon. 
S equential herbicide applications. containing oryza­
Iin. should not exceed 3 kg a .i. ha - 1 in plantings of 
P. nerijfolia. Woven black polypropylene ground 
cover suppresses weeds and is superior in this 
regard to polyester geotext ile labric wh ich accumu­
lates soil and allows weed growth through il. Pro teas 
under synthetic mulches (as described here ) grew 
no nnally and VJere free of weed competition. 
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Post harvest disinfestation of export proteas 

J.R. MacFarlane, Plant Research Institute, Swan Street, Burnley, Victoria 
3121,Australia. 
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Summary 
A comparison of treatments for the post 
harvest control of spiders and eaIWigs in 
export proteas showed that a combination 
of permethrin (0.036 g a.i. m·l ) and di· 
chlorvos (0.038 g a.i. m·l ) was more satisfac­
tory than either permethrin alone or a com­
bination of pyrethrins (0.008 g a.L m·l ) and 
dichlorvos. Subsequent commercial use of 
the permethrin and dichlorvos treatment 
resulted in no detection of spidet·s or ear­
wigs in proteas exported to Japan and 

U.SA 

Introduction 
Export of proteas, especially to Japan, has 
been hampered by the presence of live in­
sects and spiders which has resulted in costly 
fumigation treatments at the port of entry 
and 1055 of quality due either to the treat­
ment or to delays (Brinson 1987). 

Most prol ca cxportcrs conduct disinfesta­
tion treatments before packaging. An ac­
cepted treatment in South Africa has been 
the use of dichlorvos, either as a vapour 
treatment or by spray injection (Mcynhardt 
1976) . More recently, methyl bromide was 
recommended, although sorne phytotoxicity 
was shown and nOI all insects and mites were 
completely controlled (Wit and van de Vrie 
1985). 

Materials and methods 
Tests were conducted in the coolroom at 
Protea Australia, Silvan, from October until 
December, 1987. The room had a volume of 
32 m3 and contained two-tiered wooden 
shelving on each si de and in the centre. It 
was sealed and fitted with an cxhaust fan. A 
thermostaticalIy controlIed fan heater was 
used for temperature control. An average 
temperature of 20°C (range 18-22°C) was 
maintained during the treatment time of two 
hours. The relat ive humidi ty varied in each 
test between means of 70 and 87%. FolIow­
ing treatment, the room was exhausted for 
half an hour (tests for dichlorvos using a 
Driiger detector showed that this was suffi­
cient to remove all traces of the gas). 

The treatments tested wcre (a) pyrethrins 
+ dichlorvos (b) permethrin and (c) per­
methrin + dichlorvos ea eh replicated five 
times. Thcy were completely randomised 
over the two mont h period of the trial. Pyre­
thrins (as c.I.G. Pestigas(R» and dichlorvos 
(as c.I.G. Insectigas-D(R» came in gas cylin­
ders and were introduced to the room 
through a nozzle giving a gas flow of 6 
g sec·1• Dosage was controlled by means of 
an automatic timer. A dosage of 0.008 g a.i. 
m·3 was used for pyrethrins and 0.038 g a.i. 
m·3 for dichlorvos. Permethrin (as Pea Beu 
Control) carne in an aerosol pressure can 
with a lockable nozzle which allowed the 
contents to be exhausted. This gave a dosage 
of 0.036 g a.i. m·3. 

AlI tests were conducted on buckets of cut 
protea flowers. Space was made on the lower 
shelves (92 mm above the floor) for three 
large (69 x 59 x 8 mm) plastic trays on each 
ofwhich was seated a bucket of eight flowers 
of Protea magnifica L in water. These were 
located on each side of the room and in the 

centre. The sides of the trays were coated 
with Fluon (polytetrafluoroethylene) to pre­
vent the spiders and earwigs from escaping. 

The P. magnifica flowers contained sorne 
spiders (0-3 per bucket) and earwigs (0-8 per 
bucket) but they were insufficient and too 
variable for significant results. Therefore, 15 
spiders and 15 earwigs were added to ea eh 
test bucket of flowers and alIowed to settle 
in for one hour before fumigation . These 
arthropods were obtained from a protea 
plantation on the morning prior to treat­
ment. 

Following treatment, aU arthropods were 
collected from the test flowers, the trays and 
the water in the buckets and held separately 
in crumpled tissue in plastic vials with wire 
mesh lids for assessment of mortality after 
24 and 48 hours. Similar numbers of un­
treated arthropods were also held in vials for 
assessment of control mortality. Analysis of 
variance procedures and a generalised linear 
model using a binomial error distribution 
were used to compare the three treatments. 

Results 
Both analyses gave similar interpretations 
and results from the analysis of variance are 
presented here. 

The numbers and mortality of spiders and 
earwigs remaining in the flowers after each 
treatment are shown in Table 1. There was 
no significant difference between the treat­
ments in the perccntage of spiders remain­
ing in the flowers or in their mortality after 
24 h. There was a significantly lower (P < 
0.01) percentage of earwigs in the flowers 
after the permethrin trearment compared 
with the other two treatments but the per­
centage mortality of ¡hese earwigs was also 
signifieantly lower (P < O.Ol)~ 
The mortality of aU spiders and earwigs i.e. 
fro m the flowers, trays and buckets, is shown 
in Tab le 2. Both the permethrin and per­

methrin + dichlorvos treatments gave a sig­
nificanrly higher (P < 0.01) percentage mor­
tality of spiders than the pyrerhrins + di­
chlorvos trearment after 24 and 48 h. There 
was no signifieant difference between pyre­
thrins + dichlorvos and rhe other two treat-

Fumigation tests in Australia with methyl 
bromide, carbon dioxide, nitrogen, sulphur 
dioxide, pyrethrins and dichlorvos, con­
firmed that methyl bromide reduced vase 
life of proteas and showed that a combina­
tion of pyrethrins and dichlorvos was the 
most suitable treatment (Maughan 1986). 
The combination was effective in killing a 
high percentage of the major pest species 
and did not affect vase life. However, sorne 
live arthropods, inc1uding spiders, could oc­
casionally be found in export flowers and 
trus did not satisfy the strict requirements of 
the Japanese market 

Table 1. Mean percentage (dead + alive) and mortality (24h) of spiders and ear­
wigs remaining in flowers after treatment. 

The present work was aimed at fmding a 
more satisfactory treatment for the control 
of the black house spider Badumna insignis 
(L Koch) and the European earwig Porfí­
cula auricularia L, the most prevalent ar­
thropods in cut proteas in Victoria (Brinson, 
pers. comm). The pyrethroid permethrin was 
tested because of its registration as a house­
hold space treatment for a range of pests 
inc1uding spiders. 

Trearment 

Pyrethrins + Dichlorvos 
Permethrin 
Permethrin + Dichlorvos 
L.S.D. (P=0.05) 

(P=O.OI) 

% remaining 
in flowers 
(dead + alive) 

Spiders Earwigs 

36.1 14.3 
24.3 4.7 
28.5 18.2 
20.5 7.0 
28.7 9.7 

% mortality 
wirhin 
flowers 

Spiders Earwigs 

80.6 83.2 
94.2 41.7 
88.0 96.8 
20.8 19.3 
29.2 27.5 
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T:tble 2. Mean percentage mortality of all spiders and earwigs at 24 and 48 h 
following treatment. 

Treatment Percentage Mortality 

Spiders 
24h 

Pyrethrins + Dichlorvos 83.7 
Permethrin 96.0 
Permethrin + Dichlorvos 96.7 

L.S.D. (P=0.05) 7.8 
(P=O.Ol) 10.9 

ControlA 1.9 

A Not included in analysis 

ments in the percentage mortality of ear­

wigs, but permethrin + dichlorvos gave sig­
nificantly higher mortality than permethrin _.24 h (~ < 0.05) and 48 h (P < 0.01). 

"IIIIII)lscusslOn 
Dichlorvos, as a 12 hour vapour treatment or 
an individual flower injection, was found in 
South Africa to give effective control of 
most insects (Meynhardt 1976). It was not 
tested on its own in these trials because of its 
relative ineffectiveness against spiders 
(Maughan 1986). Maughan's best treatment 
of pyrethrins + dichlorvos was, therefore, 
used as the standard for spider and earwig 
control. Her recommendation was for a 
treatment time of six hours but, as Protea 
Australia were obtaining reasonable results 
"';th pyrethrins + dichlorvos using a ~o 
nour trcatment time, this was used in these 

= 
_~ :-.;>eraturc of 20°C was chosen for 

'l:S:S. ¡¡;, ! ':-..?bnce bctween a tempera ture 
¡(\ ¡;J\'c eifcctive pest control 

~-.::ly short trC:llment time of 
."_I!l.'!!..r enough nO! to damage the 

Al i1 wu. sorne stress may have 
on the nowcrs in this experi­

Ihe Irealmenl room was also 

Earwigs 
48 h 24 h 48 h 

87.3 94.6 96.4 
98.8 93.3 93.3 
97.5 99.1 99.4 

7.2 4.7 3.8 
10.1 6.6 5.4 

2.7 O 0.3 

the coolroom and had to be heated from 5 to 
20°C before trealmen!. Despite this, there 
was no visual evidence of shortened vase life 
eilher in the flowers used in the tests or in 
the export shipments by Protea Australia. In 
practice, however, it would be advisable for 
growers to fumiga te when flowers are first 
delivered to the packing shed, before cooling 
them prior to packing. 

Protea magnifica flowers were used in 
these tesIS because Ihcy "";ere considered to 
be more infested wilh spiders and earwigs 
than most other species, due to the size and 
shape of their inflorescence. The compact­
ness of the floral bracts also makes it more 
difficult to reach pests with fumigants or 
ae rosols. The results obtai ned for P. magni­
fica should, therefore, be applicable to other 
Protea species and may be bettcr for less 
compact fl ower heads. 

The arthropods remaining in the flowers 
were assessed separately because prelimi­
nary tests had indicated that although per­
methnn dld not give 100% control of ear­
wigs, it did tend to drive them out of the 
fl owers. The current tests showed that there 
was a significantly lower percentage of ear­
wigs in the flowers after the permethrin 
treatmen!. However, the percentage mortal­
Ity of thcse remaining earwigs was also sig-

nificantly lower than in the other two treat­
ments. 
When the total mortality of spiders and ear­

wigs from the f1owers, the trays and the 

buckets was considered, the permethrin + 
dichlorvos treatment was significantly better 

t~~n permethrin for earwig control and sig­
mflcantly better than pyrethrins + di­

chlorvos for spider control. Although com­
plete mortality of spiders and earwigs was 
not achieved, the high mean levels attained 
(97.5% and 99.4% respectivcly after 48 h) 
should be sufficient to ensure that none are 

detected in export produce. This is sup­

ported by the fact that Protea Australia used 

the two hour permethrin + dichlorvos treat­
ment for all export flowers to Japan and 

U.SA. in the 1987/88 summer season and 

no spiders or earwigs were detected by the 
importers. 
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A PRELI~IC'lARY STUDY OFTHE NITROGEN NUTRlTIONAL STATUS 
OF MEMBERS OF THE SOUTH AFRICAN PROTEACEAE 

O. A. M. LE\\IS and W. D. STOCK 

(Deparrmem oJ BOIO/l\'. U/lil'ersir" vJ ["pe TOII'/l) 

ABSTRACT 
An investig:3!ion of rhe free amino compounds of Leucwlendroll :wmhocollus and 

PrVfea lepido('urpodt!miroll Icaves indicate very low concentrations of these compounds 
prescnt. An analysis of (he xylem sap of L. .ram/IOCOl/lIS, P. lepidocarpvclel/llrul/. P. 
Itmr~rol;a and Brabeiw1I srdlarifo/iu11l 31so reveals very lo\\' levels of nilrogen transponing 
compounds presen!. the spect rum of these compounds being dominated by nitrale and 
ammonium ions . and glutamine. Feeding experimenls with K;-;O, and NH.CI indicate poor 
ut"isation of additional nitrogen supplies by L. .wl/lhocol/I/s shoots. panicularly in the case 
of nitrate feed ing. ":-; feeding experiments do. however. ,how limited nitrate reduclion 
opability in the leaves of L . .</1I/(ho('01l1/.<. 

UITTREKSEL 
'" VOORLOPIGE STUDIE VA:--J DIE STIKSTOF-VOEDI;-;GSSTATUS VAN LEDE 
V AN DIE ScrD-AFRIKAA:-<SE PROTEACEAE 

'n Ondersoek van die \'rve aminoverbindinee van Leuclldemlroll :Wf1fJWCOI/UJ en Prolea 
lepiducarpoéit'ndrulI blare venoon die JanWeSi2heid V;Jn baie lae konse ntrasic s ,"'3n hierdic 
\"t~rbindinge. Oplossings van Jie .'<il eemsap \'3 n-L. J"wulwcolI/ls. P. /t!pidOClIrpod{'ndrof1, P. 
!uuri(o/ia en Bruhei/l11/ srdlwi/oJiIlI11 bcs it ook ·n bJie be konsentrJsie van ~tikslOt\·en·()c r~ 
vcrhinllinge. mCI nitraal- en ammoniakione. en glut;J,mien as Jie hoot"komponcme. VoeJings­
~ksrerimente mt;![ K:'\O .l en ~H -iC I ve noon swak benutting V:.IO sul"-e bykomendc stikstof­
bronne lIcur uitspruitsels van L. .WJ1lhuc{)I/l(J. veral in die ge\·al van nitrJ3t\"oeding. 1:,:\ 
voedingseksperimente hcr egter bewys dal die blare van L . :wl1lhoCVI1IlJ oor ·n beperk te 
vermoe beskik om nitraat te reduseer. 

Although the fynbos of the South Westem Cape has been known tO civiliset.l 
man longer than any other vegetation type in Southem Afríea. it remains one of 
the most pooriy studied of these types. especially in relation 10 its eeophysiologi­
cal relationships. This apparen! neglect of Ihe countf)' s most spectacular flora is 
probably occasioned by three main facto rs : the complexity of Ihe flora itself; the 
raet that the topography and soils outside the regions exploiled early in the 
eountry' s history are not favourab le for agronomy; and the physieal and ehemical 
charaeterislics of the natural vegetation which make it unsuitable for feeding . 
livestoek or for other forms of eommercial usage other than eut flowers. 

The investigation to be deseribed is a preliminary study of one aspect of 
fynbos nutrition: the nitrogen status of the fami ly Proteaeeae and its eomparison 
with that of non-fynbos families. in an attempt to understand this feature of the 
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nutritional stralegy of lhe fynbos employed in coping wilh lhe severe nUlrilional 
limimions. of the soils of lheir vegelalional arca. . 

In lhis sludy lhe foll owing four aspecls of lhe nitrogen nutrilion of represenla­
live species of Proleaceae have been invesligaled:-

1. The spectrum of free nitrogen compounds found in lhe lea ves of lhe species. 
lhe quanlilies of these compounds presenl and a co01parison of lhese dala Wilh 
lhal of non-fynbos planls. 

2. The speclrum and relali ve quanlilies of lhe lranslocalory nilrogen compounds 
responsible for conveying nilrogen from soil 10 leaf via lhe xykm slream of 
lhe rOOl and slem, and a comparison of lhese dala wilh relalive dala oblained 
for non-fynbos represenlalive species. 

3. The effecl of feeding addilional supplies of nilrale or ammonium ion s 10 lhc 
Sh001S of lhese planls 10 ascenain whelher these supplies can be ulilised ando if 
SO, lheir influence on nilrogen melabolism in lhe leaf. 

4. The nitrale reducing propenies of the leaves of lhese plants and an assessment 
of lhe role of nilrate in leaf nilrogen nutrition. 

PLAi'T MATER!."L and METHODS 

Four species of Proleaceae, Proteo /epidocarpodelldroll L. , Pro Tea /ol/riJo/io 
Thunb .. Lel/cadelldroll xamhocollus O. Ktze. and Brabeil/m sTel/aTiJo/ium L. were 
investigated. PrOTeo /epidocarpodelldron and Lel/codelldroll xomhocolll/S were 
growi ng at 300 m on the N.W.-facing slopes of Orange Kloof, Table Mountain. in 
so il derived from Table Mountain SandSlone. PrOTeo /al/riJo/io and Brabeil/m 
sTel/aTifo/il/m were growing respectively on the N.E.-facing slopes and lhe river 
va lley floor of Happy Valley. Bains Kloof in Table Mountain Sandstone derived 
soi l al an a!tilUde of 630 m. Sampling was carried ou t during April and May 1976. 
i. e. in late autumn. 

Leof Samp/ing onJ Amino Compotllld EXTraCTion. When leaf samples were 
removed from plants in the field, lhey were immediately killed and frozen by 
immersing lhem in liquid nitroge n. These frozen samples were retumed to the 
laboratory where known weights of leaf malerial were homogenized in cold 80 % 
ethanol (100m t 80 % ethanol for 5 g leaf malerial) using an Ultra Turrax 
homogenizer. The preparalions were allowed lO eXlract for 2-l h at O ° in a sealed 
flask with occasional shaking. filtered and reduced in volume 10 10m t under an 
airstream. 

Xy/em Sap EXTracTion . Xylem sap was eXlracled from lhe plants by cutling off 
leafy lwigs in the field and app lying pressure 10 lhem inside a Scholander Bomb. 
The xylem sap extruded from the cut surface of lhe lwig slem was collecled and 
frozen irnmedialely. 

Soi/ NiTrare Ana/vsis. Soil samples were collecled in plaslic bags from und.:r 
lhe experimental planls and frozen immedialely by immersing them in liquid 
nitrogen. thus killirrg lhe so il bacleria. These were lransponed 10 lhe laboralory. 
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dried al 30 °e and e:macled by shaking in dislilled waler (1: I weighl/volume) for 
30 mino Nilrate ana lysis was performed on soil eXlraclS and xylem sap using an 
Orion Nilrale Probe coupled to an Orion Model 701 pH Meler. 

Alllillo Compol/llJ Allo/ysis. Amino acid and amide contenl estimates of leaf 
eXlraC1S and xylem sap were made on a Beckman 120e Amino Acid Analyser 
using the lilhium buffer melhodology described by Lewis (1975). 

N irrote Olll/ Amll/Ollil/III IVIl Fadillg . Ni lrale ion and ammonium ion Solulions 
were fed 10 delached shoots of Lel/cadelldroll .wmhocvlll/s in the field as follows: 

Sh001S were delached from plants at 10hoo. their severed ends recut unde r 
water !O prevenl xylem airblocks and placed into beakers containing either a 200 
¡;.g N m f-

I KN0 3 so lution or a 200 ¡;.g N O1f-1 NH,e l So lulion. These Sh001S were 
allowed 10 pholosymhesize in sunlighl alongside lhe planls from which lhey had 
been delached for 8 hours. ",hen they were frozen and eXlraCled as described 
aboul. Reference Sh001S were removed from lhe plants for analysis al lhe 
beginning of the experiment and al lhe end of lhe 8-hour periodo 

A funher experiment in which nitrale was fed continuously 10 detached Sh001S 
of L. xomhacolll/s for 24 h was performed in a "Conviron" controIled environ­
menl cabinel under conSlant lighl (16000 lux), a temperalure of 16 °e and a 
relative humidi lY of 80 %. 

The duplicated resullS of lhese feeding expe ri menls are reponed in Table 3. 
I.'.V Isorope Stl/dies 011 Nitrare Utilisarioll . In lhis experiment a leafy shoot of L. 
.wmhvcolll/s was fed a Solulion of 200 ¡;.g ''N m (-1 K ":-10.1 for 24 h in a 
controIled environment cabinet under lhe condilions described aboye. 10 delermine 
whClhe r lhe Sh001S of lhis plant are able 10 reduce and utilise nilrale. 

Afte r extraclion. the amino compounds of the extrac t were separaled on a 150 
x 1.8 cm Beckman M-84 ion-exchange resin column and cOIlecled in a fraction 
collector. The amino compound samples were prepared for ":-1 atomic emission 
analysis by Kje ldahl digestion and ammonia distillalion. These analyses were 
performed on a Stalron (Packard) alOmic emission spectrophotometer following 
o.~ida lion of the ammonia wilh sodium hypobromite by the method of Faust 
( 1967). 

RESL: LTS A:<D D¡sCL:ss tOS 

Free Aminv Campol/nds in Tite /em'es vf P. lepidocarpodendron olld L. xanlho­
conus 

The levels of free amino compounds occurring in these lea ves are indicaled in 
Table 1. AIso shown in this table are the relalive figures fo r a non-fynbos plant 
typi fied by Darura sTral110llium L. growing in fenilised agricultural soil near 
Cape Town. The same amino-compound extraction procedure was used fo r Darura 
as for the fynbos planls. 

From lhis table il can be observed that lhe free amino acid and amide levels in 
lhe lea ves of P. /epidocarpoJendron and L. XOltlhOCOlllIS are extremely low when 

e 
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TABLE 1 
The concenlralions (ILmol g fr. WI. -1) 01" Ihe free amino compounds of Ihe leaves of 1" 0 

members of lhe Proleaceae compared wilh Datllra s/ramoniwn. 

Amino Acids Leucadelldron Pro/eu DUlIIra 
:wmhocolltls lepidocarpodellllroll Jlramn"ifll1l 

Aspan31e 0.13 0.16 2.67 
Threonine 0.10 0.07 1.16 
Serine 0.30 0.26 0.94 
Asparag!ne 0.04 0.07 0.69 
Glul3m31e 0.30 0.36 3.68 
Glulamine 0.03 0.09 1.-15 
Proline 
Glycine 0.26 0.25 0.08 
Alanine 0.10 0. 13 0,.l8 
Valine 0.01 0.02 0.01 
Cvsline 
~1elhionine 
Iso leucine 0.03 0.03 0.26 
Leuc ine 0.03 0.03 0.07 
Tvrosine 0.02 0.02 0.13 
Phen vial an inc 0.02 0.03 0.04 
Lvsi~e 0.25 0. 15 0. 13 
H'islidine 0,10 0.05 0.04 
Arginine 0.01 0.01 1.00 

compared wilh those of D. s/ramOlliwll, with serine, glycine and glutamatc 
dominating the amino acid spectrum. 

This low free amino eompou nd level is an indication that the level of N 
metabolism activity in these fynbos plants is low in comparison with that of plants 
adapled to li ving under more favourable soi l N nutrilional conditiC'ns. 

Free Amillo Compol/I,ds ill /he X y!em Sap of P. lepidocarpodendron. P. neriifolia. 
L. xanthoconus alld B. stellatifolium 

Table 2 shows a quantitative comparison of the amino compounds. nitrate and 

ammonium ions being transported from root te leaf via the xy lem sap in the four 
Proteaceae species with those of D. slramonil/m. In the Proteaeeae speeies the 
extremely low concentrations of nitrogen compounds found in the xylem sap are 
immediatel y obv ious, indieating th e very restricted supply of nitrogenous nutrients 

te the shoot in comparison with a planl adapted to a more favourable nutritional 
en vironmenl. 

In all four fynbos plants, g lutamine is the dominant amino compound present 

in the xylem sapo reflecting the importance of this amide as a transloeater of 
reduced nilfOgen from root to leaf in many plants. The major utilisable nitrogen 

carrier appears te be ammonium ions. 
The unreduced nitrogen supply to the leaf in the fonn of nitrate present in Ihe 

xylem sap, is greater than the total reduced nitrogen supply (amino compounds + 
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FIG. 1 (a) 
Nirrate CQntent of "ylem sap of Ll'uca(/t'ndrOIl 
.wlllhocolIl/s (LX ) (IWO samples) Prolea ¡epi. 
docarpadelldrall (PL) BrabeilllTl Slellllliji>¡illlll 

(BS ) Prolea ¡al/rifvlia (P~) 

FIG. I (b) 
Nilrale conlen l of so il s in which Ihe planls 

were growing. 

FIG. I (e) 
pH of soi ls in which lhe plants "'ere growing. 

e 
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ammonium), but there is strong doubt as to whether this supply can be utilised by 
the leaf as the experiments to be described indicate. 

The quantiry of nitrate present in the xylem sap appears 10 be direclly relaled 
10 so il nitrate Contenl and soil pH. Fig. 1 shows the correlalion belween xylem 
nilrate conlenl, soil nilrale conlenl and soi l pH. The lower nilrate levels in the 10110' 
pH Bains Kloof so ils are probably a manifesl3lion of Ihe well known phenomenon 
of nilrifying bacteria inhibition in acidic soils. 

rhe EffecI of N itra le al/(I AlIllllOlliulII f Oil F eedillg 011 ¡'Vi(rogell .\ferubolislIl ill 
Phorosyllfhesdllg shoors of L. xanthoconus 

The results of the nitrate feeding experiments in which 200 J1.g :-.¡ mi-' was 
red 10 pholOsynthesizing shoots via Ihe xylem Slream in the rOml of potassium 
nitrate are reponed in Table 3. An inspeclion of this lable shows no significant 
differences belween the aminograms of experimenlal plants with their conlrols 
after a feeding period in Ihe light of 8 h. After a 24 h feeding period there is a 
slight increase in the level of the N-incorporaling amino acid , glulamic acid. 
indicating a small degree of nitrate ion utilisation by Ihe shools of L. Xt/lllhocollus . 

The results of the ammonium feeding experiments in which 200 J1.g N mí-' 
was fed 10 photosynthesizing shools in the forrn of ammonium chloride 'are also 
shown in Table 3. An inspection of thi s lable shows a considerable increase in the 
glulamine levels of the experimenlal plants compared with Ihe conlrol plants. 
indicating that the additional ammonium supply can 10 a large extent be incorpo­
raled into shool metabolism. Glulamine has been shown 10 be an imponanl 
cont ributor of reduced nitrogen 10 plant amino acid synthesis via Ihe glutamate 
synt hase pathway (Lee & Miflin, 1974) and is known to accumulate in planls 
receiving high nitrogen nutrition (Lewis & Berry. 1975) 

Nilra l e Redl/uioll by 5hools of L. xanthoconus 

The 15N enrichment of three imponan t free amino acids 01' the leaf of L. 
.wllfhocollus after feeding K "NO" (99 alOm % excess) at the 200 J1.g N m (-1 leve l 
for 24 h is shown in Table 4. These enrichments are extremel y 10110' for a 24 h 
feed ing period and confirrn the poor nitrate processi ng propenies of L. xUlllho· 

COIIUS shoots. It nevenheless appears that the shoots do ha ve limited nitrate 

T., BLE ~ 

I "' ~ enrichmt!nt of glutamate. 3spart3tc and rhreonine in IC3ves of L. XClI/IJW('OI1tH red 
K ":'-10 , (200 ¡J.g "N m ( - 1) through lhe xy lem Slream fo r 2~ h. 

GLUTAMATE 
ASPARTATE 
THREONINE 

e 

"N CONC. 
(A TOM % EXCESS) 

6.3 
5.0 
1.6 
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reducing propenies whieh may be funher induced after prolonged exposure to 
high nitrate eoneemrations. 

CO!'CLlSIOJ';S 

If the speeies investigated in this repon ean be eonsidered representative of the 
Proteaeeae. it wou ld appear that this fami ly has adapted to the poor nutriem status 
of the so il s in whieh it grows by evolving a low intensi ty nitrogen metabolism to 
eorrespond with a slow growth habit. It would al so appear that the shoots of L. 
.t<lllfhoCOIlIlS are unable to utili se 10 any great degree high Ic\'els of nitrogen 
supplied 10 them. espeeially if the nitrogen is provided in the form 01" nitrate. 
Other workers (Groves & Keraiti s_ 1977) have shown. indeed. that high le\'els of 
nitrogen (250 ¡Lg N me- ') and phosphorus feeding can prove fatal to BClllks i(/ 

serra/(J. an Australian member of the Proteaeeae. eontirming the restrieted ni trogen 
proeessing potem ial of the family . 

R EFERE,CES 

F' L·ST. H .. 1967. Probenehcmie I.';'¡- markiener Stickstoffverbindungen im \likro- bi s 
1\anomolbereich lü r die em issionsspektrometri sche I so t ope~anal, se. ¡-",r"pell­
rmuis 3: 100- 103. 

GROVES. R. H. and KERA IT IS. K.. 1976. Survival and growth of seedlings of th ree 
sc lerophy ll species at high levels of phosphorus and ni trogen. A IIST. J . B" r. 2-t: 
68 1-690. 

LEA. P. J. <lf1d MIFI.! :-J . B . J .• 1974 . An alternJtive route lar nitroeen assim il ~Hion 
in hig her plants. :\'¡¡fUre . LOI/J. 251: 614-616. -

LF\\'IS. O. A. M .. 1975. An "N-"C studv of the role of the leaf in the nitrogen 
nutrit ion 01' ¡he sec-u 0 1' Dowru slrW;Wlliul1! L. 1. t!xp. Bor. 26: 361-366. -

LE" ". O. A. M. and BERRY . M. J .. 1975. Glutamine as a major acceptor of 
reduced ni<rogen in leaves. Ploma 125: 77-80. 

-




