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PREFACE

The family Proteaceae comprises of 62 genera and
approximately 1 400 species. The largest variety of
Proteaceae occur in Australia where approximately 2¢
genera and 760 species are indigenous. However, the 400
South African members of the Proteaceae family are as a
group the most attractive with an outstanding potential as

cut flowers.

It is therefore appropriate that the first International
Protea Research Symposium was held in South Africa. This
meeting was combined with the 3rd International Protea
Conference. The Symposium was organised under the
auspices of the International Society for Horticultural
Science and the Conference under the auspices of the
International Protea Association.

This first Protea Research Symposium was the outcome of
the work of the Protea Research Working Group which was
formed under the Ornamentals Section of the ISHS in March
1984. The main emphasis of the Symposium was placed on
formal sientific meetings at which papers were presented
on a variety of the most recent research aspects of protea
growing, from breeding and propagation to post-harvest
handling. These papers are compiled in this volume of
Acta Horticulturae. Several technical excursions were
olfered to allow participants to acquaint themselves with

protea growing in South Africa.

The combination of growers and scientists at the same
meeting led to very fruitful discussions and excellent
co-operation in future is envisaged.

I have to thank all the people, scientific, technical,
administrative and growers who have devoted time and
energy to this Symposium and Conference and thus
contributed to an even greater success than was expected.
The 150 participants from nine countries around the world
made full use of the opportunity to communicate and I
truly believe that the foundation was laid for increased
activity in protea growing and research.

The generous financial support of the Department of
Agriculture and Water Supply is recognised with thanks.

Dr D I FERREIRA
Co-chairman, Organising Committee

Acta llorticulturae 185, 1986 15
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RESELRCH PLANNING AND INTERPRETATION

John C. Seeley

Department of Floriculture and Ornamental Horticulture
Cornell University

Ithaca, New York 14853 U,S.A.

Abstract

Research may be defined as a critical and exhaustive investigation
or experimentation having as its aim the revision of accepted
conclusiovns in light of newly dliscoverid facts,

Or we may shorten it to say that research is the acquiring of facts
tedgad un carefully cunducted saperisments and Gooper fnterpretation
of research data. University, college, experiment station, and
industry researchers may conduct studies at various levels of
sophistication with a proper balance between the so-called "applied"
and "basic" research,

An experimental outline, and some examples of interpretation are

presented.
* k k Kk K

I. Experimental outline

Before one starts an experiment, a detailed research outline must
be developed, as suggested in the following:

l.1. Title

The title should be a concise heading but include information
so the reader can tell what the research is to be.

This describes whvy the research is to be conducted. If the
research relates to specific horticultural crops, one may wish to
glve information about the monetary value of the crop, and potential
financial benefit of the research.

1.3. Review of literature

Before preparing one's own outline of research methods and
techniques, it 1is essential to review previous literature on the
particular subject in order to benefit from observations In previous
research as well as to prevent costly duplication of research
efforts,

1.4. Methods and materials

Outline the methods and techniques to be employed in conducting
the research. Include materials, equipment, and labor thaf will be
required. If conducted in a glasshouse, or controlled environment

Acta Horticulturae 185, 1986 17
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chambers, these facilities must be included.

1.5. Probable_duration and cost

An estimate of the duration of the experiment along with the
previous Y{sting of materials, equipment, labor, glasshouse or
controlled environment space and other costs such as computer time,
etc. provides the basis for determining the potential cost of the
research project. These data help in determining the source of
supporting funds such as university, college, government, and outside
grants.

s Incernég£ﬂ£ipn of research results, and conclusions

The conclusions must be based on specific research data. In
interpretation of data, one must be aware of potential limitations of
the experiment. Seldom is it possible to study a single factor in an
experiment so one must be aware of potential interactions as one
develops the experiment and interprets the results.

3. Some examples of research planning and interpretation

Some researchers assume that the environment and growing
conditions are uniform throughout a glasshouse but this is not so.
Because of variations of light and temperature in various locations
of the glasshouse, plants and plots must be randomly located
according to good statistical design. Even in the controlled
environment room, only a relatively small area in the central part
has uniform environment, =l

In field research, experiment design and plot layout are very
critical because of potential variations in soil structure and
drainage, natural fertility, and sofl moisture. This 1s very
important if one is studying the growth and flowering of various
cultivars under field conditions. o

If the research is a nutrition study, it 1s desirable to
supplement the field research with allied experiments having plants
in containers of a standard substrate with controlled nutrient and
moisture supplies.

3.2, ﬁfﬁeit_q{ cultivar
Results obtained with 1 cultivar or species cannot be assumed
to apply to all other species or cultivars of a particular species.
Consider conducting the research on more than one species or cultivar.
An extremely important factor Is the test plant. Cathéy and
Stuart (1961) found marked differences among 55 genera and species {n

response to the growth retardants Amo-1618, phosfon, and CCC.

A marked effect of culgfvar on results of research on the
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phytotoxicity of some paint volatiles to Chrysanthemum
morifoliumuwas reported by Seeley (1979), who obaerved
severe axillary bud abortion of 'Wild Honey' while 'Yellow Paragon’
had none. 'Bright Golden Anne' and 'Yellow Mandalay' were
intermediate in response. If the research had been conducted with
only 'Wild Honey', conclusions would have been opposite to those with
'Yellow Paragon' as the test plant.

Many experiments on plant response to photoperiod and
temperature have been conducted with natural photoperiods, but there
must be an awareness of the effect of weather, especially close to the
period of ‘critical photoperiod.

For instance, flowers of Euphorbia
pulcherrima initiate when the dark period is greater than
12% hours at temperatures from 15 to 21°C, with some variation due to
cultivar. At a latitude of 35°N, the critical photoperiod for
poinsettia occurred in late September (Larson et al, 1978).
Patronella (1976) observed that flower bud initiation of 'Annette Hegg
Dark Red', 'Annette Hegg Diva', 'Annette Hegg Supreme', and 'Mikkel
Super Rochford' grown with air temperatures of 15 to 17°C in
glasshouses in Columbus, Ohio (latitude of 40°N) occurred between
September 26 and 30 in 1975. Starting September 18, plants of each
cultivar had been placed in long photoperiods and at 3 to 4 day
intervals, some plants were moved to natural photoperiods until
flowering. ’

There is a hazard to many experiments conducted with natural
photoperiods. It must be recognized that rainy and cloudy weather
naturally reduces the photoperiod and, if this occurs near the time
of critical photoperiod, flower bud initiation occurs earlier than
if the days were clear.

In Ithaca, New York, in 1977, there were 17 rainy and cloudy
days and only 4 clear days between September 16 and October 6. Thus
many of these days were short photoperiods for the poinsettia, and
flowering occurred earlier than in other years.

In additfon, in research on flowering of photoperiodically-
sensitive plants, the effects on flower bud initiation must be
differentiated from those on flower bud development. Often
experiments have been conducted without definition of the effect of
factors on these two stages of plant growth.

3.4. Effect _of temperature om_plant_growth
Temperature is another factor that must be well controlled in °
experiments., It may be satisfactory in controlled environment rooms,

but there the light intensity usually is not equivalent to that of a
glasshouse. :

In the glasshouse, temperatures fluctuate quite a bit even with
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the most sophisticated controls., Temperature must be measured in
close proximity to the plants, not at a sensing element a meter or so
above the plants, and not shielded from the sun. Results of some
research make it appear that plant tissue temperature may be more
fapsreant than the amblent air temperature.

‘The interrelationship between the effect of temperatures in the
dark period and the light period must be considered in relation to
results obtained with constant temperatures during the 24~hour day.

In studies withEuphorbia pulcherrima,
Langhans and Miller (1960) found that as constant day and night
glasshouse air temperatures increased from 10 to 27°C, shorter
photoperiods were required for flowering. Also, the required number
of short photoperiods increased. )

Subsequently, with 'Barbara Ecke Supreme' poinsettia, Langhans
and Larson (1960) observed similar interactions of photoperlod and
temperature, as well as interactions between day and night
temperature. With 4 temperatures (10,16,21, and 27°C) and 2
daylengihs (natural and 9-hour), the warmer the day temperature with
any ! night temperature, the sooner the plants flowered in the
glassiouse, With increasing night temperatures up to 21°C, the faster
the crup matured. With 27°C, however, plants did not flower when
grown with the natural daylength of [thaca, New York, but did flower
with 4 9-hour photoupetind, ' ’

Larson and Langhans (1963) determined that for the poinsettia
cultivar, Barbara Ecke Supreme, the cricical'phocoperlgd for flower
bud initiation varied with temperature in the glasshouse., At 18 and
21°¢, the critical photoperiod was 12 1/2 to 12 3/4 hours, whereas at
16°C, the critical was 13 hours, which is approximately September 23
in !thaca, New York (latitude 42°N). T

These research reports emphasize the importance of recognizing
the interaction of temperature and photoperiod as one conducts and
interprets research on the growth and flowering of photoperiodically-
responsive plants.

Often it 1s not easy to study a single element in plant
nutcilion research because of the potential effect of one element on
another. In research on magnesium nutrition of poinsettia, Cox and
Seeley (1980) found that the amount of potassium (K) in a nutrient
solution had a very important effect on the expression of magnesium
(Mg) deficiency symptoms when the supply of magnesium was low.

With 235 parts per million (ppm) of K and 5 ppm of Mg, no
deficlency symptoms appeared. But with 420 ppm of K and 5 ppm of Mg,
deficiency symptoms appeared on lower leaves, indicating a decrease
of Mg in the plant by the higher-level of K. This was confirmed by

20

tissue analyses. Thus in conducting and interpreting autrition
research, it is essential that the influence of concentration of one
element upon the activity of another element be recognized.

Often research is conducted to determine the specifié cause of
a problem so proper alternate cultural practices can be developed.

Stuart (1949) and Seeley (1949) described a leaf burn or leaf
scorchof L1lium longiflorum'Croft', which was a
physiological disorder causing death of cells at the apex of a leaf
resulting in a dark brown necrotic tip, or in some cases, semi~
circular areas along the margin of the leaf.

It was found that, in commercial production of Easter lilies,
the leaf burn problem could be prevented by using a root medium with
a relatively low level of phosphorus (very little superphosphate),
high pH and adequate calcium from ground limestone, and a steady
supply of nitrogen by fertilization with calcium nitrate and potassium
nitrate, However, the basic cause of the trouble was unknown.

About 20 years later, Conover and Poole (1971) reported the
induction of foliar necrosis of several foliage plants by fluoride
from several sources such as single superphosphate and German peat
moss, both of which contained fluoride, as well as irrigation water
which sometimes contained fluoride. Shortly thereafter, Marousky and
Woltz (1975) showed that the leaf scorch of Easter lily was the result
of too high a concentration of fluoride in the plant, With this
research information, it was possible to develop recommendations to
prevent leaf scorch in commercial production.

A similar scenario occurred in the case of chlorosis, leaf
cupping, leaf burn, and loss of lower leaves of poinsettia. The basic
cause was not known until the research report of Jungk et al (1970).
The physiological disorder was due to molybdenum deficiency. With
this knowledge, recommendations were developed easily to eliminate
the problem in commercial poinsettia production.

4.  Summary

Although there are many kinds of research including field,
glasshouse, controlled environment chamber, and laboratory, these few
examples emphasize the need for careful planning, and honest
interpretation based on properly accumulated data. \
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THE INFLUENCE OF GENOTYPE, TERMINALITY AND AUXIN FOPMIATION ON
THE ROOTING OF LE UCOS P ERMUM CUTTINGS.

G.J. Brits

Horticultural Research Institute
Private Bag X293,0001 PRETORIA,
South Africa

Abstract 2

Terminal and subterminal semi-hardwood cuttings of six clones
of L e uc ospermunm cordifolium and some
L eucospermum hybrids were rooted in Autumn, with
and without bottom heat and mist {rrigation, at 23,0 ?* 0,8
°C and 12,7 A 2,0 *C respectively. IBA in four formulations
was applied as a basal dip at concentrations of 5 g ¢7° solution
or 10 g kg powder. Genotype and temperature influenced
rooting percentage the strongest and interacted strongly with
each other as well. Rooting temperature also interacted with
the other two factors. Terminal cuttings rooted consistently
better at the higher but not at the lower temperature. Auxins had
little effect on rooting percentages at the higher, but influenced
rooting strong{{ at the lower temperature. At the lower tempera-
ture 10 g kg IBA powder increased mean rooting percentage
significantly above 5 g € IBA in S50% ethanol alone or combined
with NAA and ethephon. It was concluded that a knowledge
of " the temperature requirements of individual L e u c o s
p er mum cultivars is required when using unheated rooting
frames. Economizing applications are discussed.

it

1. Introduction

The develpoment of commercial cultivars of Proteaceae of South
African origin is a relatively new, but vigorously growing
international industry (Brits, 1985). Many of the new cultivars
originate from L e u c o 8 p e r m u m (pincushion) species
and their hybrids (Matthews & Carter, 1983). These cultivars
are propagated almost exclusively from stem cuttings. A number of
factors influencing the rooting of L ¢ uc o 8 p e r m um
cuttings have been investigated, including cutting maturity and
length, collection time, composition of rooting medium and auxin
concentration (Rousseau, 1967; Vogts & Rosseau, 1976; Jacobs and
Steenkamp, 1976a,b). NAA and ethephon promoted the rooting of

P r o t e a cuttings (Rousseau 1967; Criley & Parvin, 1978).
IBA in combination with NAA led to higher rooting percentages in
P er s oon i a (Proteaceae) cuttings than IBA alone (Ellyard,

1982). The use of terminal L ¢ u c o s permum cuttings
is recommended by Jacobs & Steenkamp (1976h). . '
Ty )

Although the optimum temerature for the rooting of cuttings is
generally accepted to be in the range of 20 to 25 °C (Ellyard,
1982), little quantitative evidence is available to substantiate
this in the case of Leucospermum. Published infarmation

]
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whe anteraction of factors, is lacking. Two present problems
of commercial L e u ¢ o 8 p e r mum cutting propagation are
a) the poor rooting of certain species and clones, and b) the
cemparatively poor economics of rooting cuttings in heated
mist beds. The present work was undertaken to study some of these
aspects. .

. foreciels and aathods
Giz L 2 u ¢ o 8 p e r mum clones cultivated at Tygerhoek
~«perimental Farm near Riviersonderend, Cape Province, were used in
this experiment:

(1) L. cordifolium "Vlam"; ({i) L. lineareXHL.
tottum"Totsiens"; (i1i) L. cordifoliumXL., tot
t um "“Caroline"; (iv) L. cordifolium XL. tottum
“T 74 10 11"; (v) L. conocarpodendronXL., cune
iforme " 75 11 24"; and (vi) L. c.ordil f-oli
u m "Gold Dust”. Vlam, Caroline and Gold Dust are commercially
grown cultivars. Terminal shoot sections, 300 mm long, of the
currcnt season's growth were cut and divided into halves on April
15, 1977. The resulting terminal and subterminal cuttings were
stripped of leaves on their basal half, taking care not to damage
the phloem excessively. A fresh cut was made at the base of each
cutting before dipping the basal 2 mm for three seconds in one of
the following preparations: (1) control, 50% ethanol; (ii) 50%
ethanol tollowed by a dip in "benkap, 10X¥ fungicidal powder mixed
with 1BA at 10 g kg (1%):(ii1) 5 g ¢~ IBA in 50% ethanol; (iv)5 g
4 IBA plus 0,5 g ¢ NAA plus 0,5 g ¢ ethephon in 50%
ethanol (cocktail). All cuttings dipped in liquid were subsequent-
ly dipped in "benkap 10%", consisting of talc with benomyl at 5%
a.i. and kaptab at 5% a.i. concentration.

Cuttings were planted in a mixture of 50% (on volume basis) of
pallclined polystyrene foam and peat moss (pH( o)or 5,2) inplastic
propagating traya. These were placed on *k sand bed in well
ventilated but wind-protected lath house structures under 50% shade.
In one lath house hottom heat was provided st 23,0%0,8 °C, by an
electi-ic vable burled in the sand bed; mist irrigation was supplied
by mistir, nozzles, at 30 ¢/h for 20 s of every 10 minutes between
08 hOO and 16 hOO. In snother lath house an unheated sand bed was
yuad; the uverage rooting temperature was measured at 12,7
- 2,0 ¢, Cuttings in the latter bed received irrigation via
microjets, at 30 ¢/h for four minutes every 2 h during the same
daily period as applied in the mist bed, thus equalling the
amount of irrigation.

Treatments (clones, cutting terminality, auxin formulation)
were completely randomised within the two rooting beds (two temper-
atures). Two replications of six cuttings per treatment were used.
Propagating trays. were rerandomised on a daily basis. Cu;tings
were scored for adventitious root development at 6 and 12
weeks. Scores were based on an ordered rooting scale (Snedecor &
Cochran, 1967) of 2 = transplantable (Jacobs & Steenkamp, 1976a);
1 = roots present but not transplantable; O = no roots. The total

-

24

¢! L weer enc 12 weoer. uLCres were expressed @s a percentage of the
potential maximum score and transformed to arcsin percentage values
{Snedecor & Cochran, 1967). The results were subjected to

analysis of variance and to statistical analysis by the LSD method.

3. Results and discussion

The difference of 10,3 °C between ambient and artificial temperatu-
re treatment resulted in a large average difference of 31,1%
in rooting response (Table 1). Root formation was observed to be

very slow at low temperature.

]
Clonal differences had an extreme effect-on rooting percentage
ond interacted strongly with temperature (Table 1). The latitude
in rooting response was 45% at 23,0 °C and 38,4% at 12,7 °C.
Cv. Gold Dust rooted well at both high and low temperature but

cv. Caroline only at high temperature.

'Table 1 - Effect of two temperatures on mean percentage rooting
(arcsin) of six Leucospermum clones

Temperature Viam Tot- Carol- T 7410 T 75 11 Gold LSD Mean

siens ine 11 24 Dust P¢,05
23,0 °C 46,9 71,9 74,8 65,8 29,8 60,7 9,2 58,4
12,7 °C 21,5 36,4 29,6 13,2 12,3 50,7 4,7 27,3

Terminal cuttings rooted moderately and consistently better at
23,0 °C, by 16,9% on average, than subterminal cuttings (Figure 1).
At the lower temperature, however, subterminal cuttings rooted

better in cvs. Totsiens, Caroline and T 74 10 11, realizing a
slightly higher mean rooting percentage (3,4%) in subterminal than

in terminal cuttings. The results suggest that subterminal
cuttings root reasonably well. However, in ldrge-scale

commercial operations the significant interactions of genotype and
terminality should be taken into account. Genotype also interacted
with cutting terminality in commercially propagated G re v i 11 -
e a (Groesbeck & Rauch, 1985). !

At 23 °C the applications of auxins had very little effect (3,5%
average improvement)on rooting percentage (Figure 2). At 12,7 °8,
however, auxin treated cuttings rooted much better than controls.
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A3

A2 = 1% IBA powder,

Al = control,
0,5% IBA solution, A4 = 0,5% IBA + 0,05% NAA + 0,05%

two temperatures.
ethephon solution.

(t+ = terminal, t- = subterminal) at two temper-

atures.
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Table 2 - Percentage germination of Protea compacta achenes which were
‘imbibed for 24 h in 200 mg £~} gibberellic acid,
benzyladenine, promalin (GA+/GA7 plus benzyladenine), or a
combination of gibberellic acid and benzyladenine,
respectively before being incubated at 10° or 20°C.

Incubation temperature

Treatwent

10°C 20°C
Control 28+10 2+2
Prowalin (GAy/GA7+benzyladenine) 70+3 40+6
Benzyladenine 8+5 o]
Gibberellic acid ’ 22+6 o]
Benzyladenine+gibberellic acid 14+9 4+2

The results presented in Table 2 clearly shows that an incubation
temperature above 1l0°C is detrimental to the germination of Protea
compacta achenes. Promalin which contains a mixture of GA4/GA7 and
benzyladenine increased germination significantly. Even at 20°C which
is detrimental to germination promalin was still effective. Neither
benzyladenine, gibberellic acid nor a combination of these two
hormones could substitute for promalin. From the available evidence it
would appear as if the cytokinin alone could not stimulate germination.
This can apparently only be done by GAs and GA7 as gibberellic acid
was also ineffective. From these results it would seem as if the
endogenous cytokinin changes which occurred in the achenes during
incubation were related to the resumption of growth and not to the
breaking of dormancy. GAs and GA; are apparently. concerned with the
breaking of dormancy in pepper seeds and not with an increase in cell
division responsible for radicle elongation (Watkins and Cantliffe,
19683). This role is probably the most likely one-to be attributed to
the endcgenous cytokinins in achenes of Protea compacta. The 60 day
stratification treatment and the promalin treatment both improved
germination to the same extent, whereas benzyladenine alone_was
ineffective. This suggests that it is the gibberellin levels that are
enhanced as a result of stratification and indicates that the
endogenous levels of these hormones require investigation.
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ESTABLISHING PROTEA LEUCOSPERMUM AND SERRURIA IN VITRO*
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Department of Agriculture and Univ. Stellenbosch
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Abstract

Shoot parts of Protea cynaroides,
Leucospermum cordf ium X
L. 1Tineare hybrid and S e ria florida were
successfully established in v i Selection of explant
material is very important to the successful establishment of

fo
rr
tro.
uccess
Proteaceous plants in vitro. P.cynaroides shoots
e be
P
i

1
u
0
s

sprouting from the lignotuber were the best source for explants for
this species. Shoots of Leucospermumand

P. compacta x P. neriifoliawhichwere too
soft and hairy failed to grow.

Serruriagrew well on AND, MS and WPM media.
Leucospermum and Protea cynaroideswere
tried only on AND medium and grew well. Growth was best on paper
bridges in Liquid media or on agar containing charcoal.

Buds of Serruria and Leucospermum resumed
growth shortly after explanting. Buds of Protea
cynaroides sprouted in vitro.only if treated with
GA. .

Auxin was not needed and inhibited the successful establishment of
cultures. BA was not shown to be essential for the establishment of
the cultures but when used at 5 ppm caused proliferation of
Serruriadshoots.

1. Introduction

There are 3 main reasons for growing Proteaceous plants i n
v itro: rapid vegetative propagation, preventing spread of
disease and insects by shipping clean plants, and the study of the
unique nutritional requirements and growth physiology of these
plants.

Complete methods for ¥ n v i t r o propagation have been worked
out only for Grevillea (Gorst et al. 1978 and Ben-Jaacov
and Dax 1981) and indeed these are the only Proteaceous plants at
present being propagated commercially by tissue culture (George and
Sherrington, 1984). Other research on tissue culture of Proteas has
been carried out mainly by Van Staden, studying callus formation in
seedlings of Leucospermum (Van Staden and Bornman,
1976} and callus and proteoid roots on seedlings of Protea

* This work was supported by a grant from the South African
Department of Agriculture and Water Supply.
** On sabbatical leave from A.R.0. Volcani Center, Bet Dagan, Israel.
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neriifolia (Yan Staden et al. .
al (1985) were successful in propEEaané 1?8;)] oRﬁcgnﬁly seelye et
speciostssima in vitro.

Rapid, 1 n v {tro vegetative propagation may be useful for
the initial increase of newly developed clones of
Leucospermum Serruria and some other easy to
root proteaceous plants. But, in some proteas, especially the
difficult to root cultivars such as some P. neriifol i a
liyurids, this method seems to be indispensible.

Propagating and selling protea plants in the test tube may prevent
the danger of spreading serious diseases and insects. New cultivars
are being developed around the world and vegetatively propagated
plants are shipped from one place to another, It seems that many of
the protea diseases and certainly the insects are stil) restricted
1n their spread (Ben-Jaacov, 1985 and Knox-Davies et al., 1985).

For these reasons limiting shipping of vegetatively propagated
plants to those in the test tube would prevent spread of diseases
and insects. :

The use of tissue culture would help in better understanding the
unique nutritional requirements of Proteas as well as the physiology
of their growth pattern. The effect of different nutrient media,
and the level of phosphorus required can be studied, The mechanism
and growth substances responsible for dormancy and sprouting of buds
n various speci-. of Proteaceous plants can be evaluated.

2. Mierial and methods

Explants were collected from plants commercially qrown
He!ghts in the Stellenbosch district, Rep. of Sou{thfric:f P;ﬁ:ea
climate is Mediterranean with cool wet winters and hot dry summers.
The annual rafnfall is 700 am. The plants were neither irrigated
nor fgrt1]ized. Insects and diseases were controlled by regular
spraying program. Leaves were cut off leaving 1-2 mm petioles. The
stems were cut into 6-7 cm long pieces and surface sterilized by
constantly stirring them in 2% NaOCl solution containing a few drops
of Agra] (a commercial surfactant) for 20 minutes. After-3
successive rinses in sterile distilled water the stems were tut into
segments with 1-2 buds each and placed on the media.

2.2 Media

Nutrient media used, Anderson {AND), Murashige and Skoog (MS) and
Woody Plant Medium (WPM), were prepared according to Hartmann and
Kester (1983) with the following changes in AND stock solutions to
be: .0025 g/1 CuSO .5H20, .03 g/1 KI and .0025g/1 CoCl, .6H,0.
Yitamins levels useﬁ as Tn MS and WPM. The stock so]utigns wgre
frozen in batches of 10 ml and used when needed. Three percent
sucrose was added to the media. Growth regulators used were of
analytical quality except "Promalin” which contains 194/1 of each
6-berzyladenine ana GAge7 and "ABG-3034 liquid concentrate" which
contains 21 g/1 6-benzyTadenine, both materials manufacured by
Abbott Laboratories.
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L . were incubated in a growth chamber 1it for 12 hours
ph?tc?~ 1od with cool white fluorescent tubes providing 62 u mol
STm” = 400-700 nm) at plant height. The temperature was kept at
25 ai °C respectively for the dark and light hours.

3. R ..ts and Discussion

3.15errurla florida

Tn 4 factorial experiment, the effect of explant support (agar
solidified medium and filter paper bridges in 1iquid medium), three
different nutrient media (AND, MS and WPM) and-three levels of NAA
and BA on the growth of Serruria stem explants were evaluated, using
10 test .tubes with a 2-bud stem segment in each as an explant.

The stem segments used were 1.5 - 4 mm in diameter of partially
lignified wood taken 10 - 15 cm below the shoot apex. Results were
taken after 37 days in culture. Contamination ranged from 0-7 reps
per treatment. The proportion of successfully established cultures
is presented in Table 1. An evaluation of the growth of the best 3
reps are presented in Fig. 1 and 2 and in Table 2).

Growth appeared better on the )liquid media. An interaction
between the supporting systems and the nutrient media was observed.
With the low nutrient media, AND and WPM, growth was moderate, both
when agar or liquid media were used. But, when the high nutrient,
MS medium was used growth was superior on the liquid media (Fig. 1 &
2, Table 1). ! .

Growth regulators were used at the rate of 0, 0.1 and 0.2 ppm NAA
and 0, 1 and 2 ppm BA. The addition of NAA even at low
concentration or in combination with BA, suppressed bud break and
shoot growth (Table 1 & 2). The addition of BA had no effect on the
growth of the explants. When cultures started on 0, 1 or 2 ppm BA
(Fig. 3) were transfered to MS liquid medium containing 5 ppm BA
terminal growth ceased or died and side shoots started to grow (Fig.
4).

It may be concluded that buds on shoot segments placed on AND, MS
or WPM liquid media sprouted. When transferred to MS medium with 5
ppm BA the sprouting shoots proliferated to form many side shoots.

Only limited observations were made using "Red Sunset” (a natural
hybrid between L. cordifolium and L. 1ineare)
andon L. cuneiforme. "Red Sunset" is one of the main
commercial cultivars grown at Protea Heights and
L. cuneiforme represents a species with persistent
rootstock (lignotuber).

With "Red Sunset", soft and semi-hard wood shoot segments were
used. With L. cune i formeonly soft wood stems sprouting
from the lignotuber were used. Softwood explants failed to grow.
Semi-hard wood “"Red Sunset" explants were established successtully
and buds sprouted in a number of cases (Fig. 5). :

The use of wood which was too soft, especially in very hairy

4l



species of the P roteaceae (triedwithP. compacta
X P. neriifolia hybrids, Mimetes arboreus
and Leucospermum) seems to be unsuccessful. Surface
sterilization is difficult in addition to which it appears that the
matted indumentum of crisped hairs (Rourke, 1972) caused explants to
be covered by a layer of 1iquid. Reducing hairiness may improve the
success of culturing.

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

3.
--—-==22

Cultures of Protea cynaroides were started from
seeds, shoot segments and tips of one-year old seedlings and from
ten-year old matured plants growing at Protea Heights.

The fine hairs present on the seeds were removed by rubbing them
off (Van Staden et al., 1981) then the seeds were rinsed for 10
seconds in 75% ethanol and stirred for 20 min. in 3.5% NaOCl
solution, with a few drops of Agral, followed by 3 successive rinses
in sterile distilled water. The seeds were placed on AND liquid
medium supported by paper bridges and incubated in growth chamber at
;ight and dark temperatures of 25° and 10° respectively for 12/12
rs. .

Only 5% of the seeds sterilized germinated successfully. The fact
that Benic et al. (1983) were able to improve germination of
P. compactaby hot water treatment and that NaOC1 did not
prevent latent contamination suggest that the seeds were internally
contaminated. '

The media were supplemented by 0, 1, 5 and 10 ppm BA. In the
absence of BA normal seedlings did develop, although growth was very
slow. With 1 and 5 ppm BA normal shoots developed but without
roots. When the medium was supplemented with 10 ppm BA the roots
did not grow as with the 1 & 5 ppm BA. The shoots, however,
developed into a unique structure. The area where the coltyledones
were attached to the stem was much enlarged and many 3ide shoots
proliferated at the axis of the cotyledones (Fig. 12). ™.

One-year old P . cynaroides seedlings grown in the
growth chamber were used for a preliminary factorial experiment,
examining the effect of Promalin spray on the mother plant and the
subsequent growth of terminal shoot harvested from these plants, on
different media in culture. The 10 - 15 cm tall plants were cut
back to a height of 5 cm and sprayed once a week, for 6 weeks with
0.1% promalin to which a few drops of Agral were added. Two months
after the last spraying, when the shoots were harvested the sprayed
plants had many more sprouting shoots than the contro] plants.

The terminal shoots harvested were placed on AND medium; liquid
supported by paper bridges, 0.6% agar and 0.6% agar with 2.5%

activated wood charcoal. The factorial experiment included 3 levels
of BA; 1, 10 and 100 ppm and 3 levels of NAA 0.3, 3 and 30 ppm.
All explants placed on highest Tevels of BA and NAA died. Plants
survived better at the lowest level of NAA, (0.3 ppm) than at the

intermediate level (3ppm). There was no difference between 1 and 10
ppm of BA.
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Considering the 3 support media, plants lookgd pest on agar medium
containing activated charcoal, second on the liquid medium, and
poorest on the agar medium (Fig. 6). No difference was noted
between terminal shoots taken from promalin treated plants and the
control. All the explants, even those on the agar w1th.the
activated charcoal, ceased to grow despite an increase in leaf size

healthy appearance.
angxperimeitspzith plant material harvested from 10-year old, )
matured plants growing at Protea Heights fall 1nto_two categories:
experiments started in August and November 1984 using the current
year's growth of unpruned plants, and experiments §tarted from
January to April 1985 using shoots sprouted from lignotuber of
plants pruned to ground level in November 1984.

Two experiments were done with plant material harvested from the
unpruned plants. The first experiment started in August 1984 us!ng
one bud, one c¢m long shoot segments. The medium used was % MS with
0.6% agar with a factorial combination of 0, 1 and 1 ppm NAA and
Benzyladenosine- riboside. A callus was produced by many of the
explants, especially in the high NAA treatments, but none'of the 90
buds cultured sprouted up to the termipation of the experiment six

-months later.

The second experiment started in November 1984 using resting
terminal buds which were either placed directly, unexposed on the
media or after most of the protecting bud scales were reMOVfd. The
medium used was AND in factorial combination of normal and °/
level of phosphorus in liquid and semisolid forms, and with 0 and
0.2 ppm NAA in combinatfon with 0 and 2 ppm 2 ip, .1 ml/1 and 1 ml/1
promalin. The general observations in these experiments are as
follows: a. Lowering the level of phosphorus usually reduced growth
rate and in any event did not improve growth. b. Exposed buds,
especially when placed on agar containing media, turned brown, and
in particular the tissue immersed in the agar. Even when exposed
buds stayed green and alfve for long they ceased to grow. c. The
only good growth achieved in this experiment was thgt of thg @ud
surrounding the unexposed buds placed on liquid media containing 0.1
ml/1 Promalin (approximately 2 ppm BA and 2 ppm GA4+7), with 0 or
0.2 ppm NAA (Fig. 7). We failed to subculture the side shoots
developed. )

Experiments with shoots sprouted from lignotube(s. Previous
experiments indicated that with P . cynaroides un]1kg
Serruria floridaadleucospermumitis
very difficult to force the buds on the the explant to sprout.
Pinching the 10 cm sprout 2 weeks before explanting enhanced
sprouting of buds in the culture but still the newly formod growth
was temporary and ceased after the expansion of the first few
leaves. The possibility of forcing buds to grow by GA treatment was
tested. o . .

Treating the explant with gibberellic acid is possible 1n.severa1
ways. There are conflicting reports regarding the destruction of GA
by high temperature.” Abdel-Rahman et al. (1981) indicated that GA,
is decomposed at temperature above 50°C. Still Goussard (1984)
obtained significant effect of GA, on YV i t i s even thnugh the GA
he used was autoclaved with the media. There are three ways of



Shoot terminal segments of Protea cynaroides
grown for 60 days on AND media as affected by different
supporting systems; a. agar, b. agar and activated
charcoal, and c¢. liquid with paper bridges.

Unexposed resting terminal bud cultured for 60 days on liquid
AND medium containing 0.1 ml/1 Promalin. Note the growth of
the substanding buds.

Sprouting bud of Protea cynaroides 90 days
after placed on an AND liquid medium containing 0.05 ml/]
filter sterlised promalin. :

Sprouting bud of Protea cynaroides 90 days
after being dipped for 5 minutes in 5 ml/1 filter sterlised
promalin and cultured on AND liquid medium.

on sprouting of Protea

cu]turgd for 30 days on AND media

containing left to right; 0, 1, 10, 50 ppm GA;.

des

cynaroi

Figure 10.- The effect of autoclaved GA
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Note the broadening
Photographed 100

newly developed shoot
3-

on Tiquid AND media.
{a) left to right 0 and 1 ppm BA

{b) left to right 5 and 10 ppm BA (c) a close-up of
d~in medium containing 10 ppm BA.

ing see

t

Figure 11 - P rotea cynaroides

cultured for 70 days on AND media containing agar and
germina

charcoal with 10 ppm of autoclaved GA

of the terminal leaves. .
Figure 12 - The effect of BA on germination of P rotea

cynaroides
days after sowing.
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Tabln »~ - The eflect of NAA and BA on side shoot growth (1-5 scale,
vhere 1 = bud is inoctive, 2, 3, 4 & 5 are increasing shoot
growth rates) of Serruria florida stem
segiments cultivated 5 weeks on liquid MS media (mean of

3 Lest reps).

BA (ppm)
NAA .![l.‘:l; 0 1 2
0 % 3.6 3.0
.1 2.3 2.6 2.0
o2 2.0 1.6 2.0
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GERMINATION OF ACHENES OF LEUCOSPERMUM CORDIFOLIUM

N.A.C. Brown and J. Van Staden G. Jacobs

UN/CSIR Research Unit for Department of Horticulture
Plant Growth and Development University of Stellenbosch
Department of Botany Stellenbosch 7600
University of Natal Republic of South Africa
Pietermaritzburg 3200

Republic of South Africa

Abstract !

Treatments for overcoming poor germination in Leucospermum were
investigated. Studies on the imbibition of water by the fruits showed
that water uptake is relatively rapid during the first 48 h of imbibi-~
tion and seeds were fully imbibed within 72 h. Alternating tempera-
tures of 10°C and 20°C and a constant temperature of 15°C gave the best
germination results, Samples of "medium" weight (91-110 mg) achenes
generally gave a higher percentage germination than samples of lighter
or heavier achenes. Treatments which gave the most improved germina-
tion were soaking in GA, or "Promalin" (containing GAy, GAz and
benzyladenine). Ethrel and ethylene gas also improved’'germination in
some seed samples. Preconditioning achenes in polyethylene glycol
(PEG) solutions generally improved germination, but responses were not
always consistent.

1. Introduction

Of all the South African species of Proteaceae those belonging to
the genus Leucospermun confront both the researcher and horticulturist
with the most serious problems with respect to germination. While most
of these species are currently propagated vegetatively, breeding
programmes require high rates of germination if they are to be success-
ful. For these reasons methods of overcoming poor germination have
been investigated and an understanding of the underlying reasons for
low seed viability and seed dormancy in the genus is being sought.

Some preliminary studies done by Van Staden and Brown(1973)suggested
that the outer and inner pericarp played a role in imposing dormancy
as their removal increased germination. High oxygen tensions signifi-
cantly increased germination of intact seed, suggesting that the
covering structures exert their influence by acting as a barrier to
oxygen diffusion to the embryos. Brits and Van Niekexrk (1976) used
hydrogen peroxide to improve the germination of seed of Leucospermom
cordifoliwm and suggested that the increase in germination was related
to the improved oxygen supply to the embryo.

As successful as these treatments are on many seed samples, other
samples are frequently encountered which do not respond or respond
only poorly, suggesting that other factors may be contributing to poor
germination. The aim of this project therefore was to attempt to
improve germination hv ‘nvestigating the effect of a range of seed
treatments, most of which had not previously been applied t®
Leucosperma. .
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2. Materials and methods

The fruits of Leucospermum cordifolium (Salisb. ex Knight) Fourcade
used in this study were collected from Protea Heights experimental
farm, Stellenbosch, Cape. The fruits are one-seeded and termed achenes.

A N

The embryos are enclosed by a pericarp consisting of two layers. The
outer layer is thin and brittle and can easily be removed. The inner
pericarp layer is hard and woody and is approximately 0.5 mm thick.
While the inner pericafp shows no visible change upon imbibition, the
outer layer becomes soft and gelatinous and apparently interferes with
gaseous exchange to the embryo. "emoval of the outer coat results in
improved germination (Van Staden and Brown, 1973). 1In this study the
outer coat was removed routinely once achenes had become imbibed.
Achenes were germinated in petri dishes on Whatman No. 1 filter paper
molstened with distilled water. Unless otherwise stated, achenes were
incubated under alternating temperatures of 10°C for 8 h and 20°C for
16 h., Light (11 Wm™*) was provided, using cool white fluorescent
tubes, to correspond with the period of higher temperature. The
splitting of the inner pericarp and the protrusion of the radicle was
used as the criterion of germination. Unless otherwise stated, there
were five replicates of ten achenes (i.e. 50 achenes) for each treat-
ment and each trial was carried out three times. The results are
given as mean percentages of these three trials.

3. Results and Discussion

In a preliminary experiment to investigate the effect of temperature
on germination, samples of achenes were incubated at 10°C, 15°C, 20°C
and alternating temperatures of 10°C for 8 h and 20°C for 16 h. The
results in Table 1 show that the 15°C and 10?/20°C treatments gave the
highest percentage germination. The latter temperature regime was ’
therefore used in all subsequent experiments. e

Table 1 - The effect of temperature on the germination of unsorted
achenes of Leucogpermwn cordifoliwn. Figures represent
means (+ SE) of three trials of 50 achenes each.

Temperature (°C) 10 15 20

Germination % 4+2 9+1 1+1 10+2

In a preliminary characterization of the achene sample in terms of
individual achene mass, the mass of each of 100 achenes was determined.
The results in Table 2 shows that 54% of the achenes fell into the
category 91-100 mg; 20% in the category <91 mg; and 26% in the
categoxy >110 mg. Achenes in these categories were designated as
"medium™ weight, "light"™ or "heavy", respectively.
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Table 2 - Characterization of achenes of Leucnspermun cordifolium
in terms of achene mass. Mean mass per achene = 91.6 mg.

41 - 50 2 T

5L - 60 o

61 - 70 2 200 light
71 - 80 6

8l - 90 B A

9l - 100 26 ] 54% medium
101 - 110 28 i
111 - 120 18 267 heavy
121 - 130 6
131 - 140 2 : B

Achenes of each mass category were imblbed in distilled water and
the change in mass monitored at regular intervals for 148 h. In all
three mass categories water uptake was relatively rapid during the
first 48 h with no further increase in mass after 72 h. The rate of
water uptake and the final percentage increase in mass was significant-
ly greater in the light achenes, when compared to medium and heavy
achenes. This is possibly due to the fact that many of the light
achenes contained immature and shrivelled embryos. Results for all
achenes also suggest that the pericarp does not hinder water uptake
by the achene.

In an investigation of the relationships between achene mass and
germination, samples of achenes of each category were germinated under
standard conditions. -The results in Table 3 show that "medium"” and
“light" achenes gave the highest pericarp germination. This indicates
that seed sorting treatments involving flotation (Van Staden and
Brown 1973) are not necessarily a satisfactory means of eliminating
non-germinable seeds.

Table 3 - The germination of samples of "1light", "medium"” and "heavy"
achenes of Leucospermum cordifolium under alternating
temperatures of 10°C for 8 h and 20°C for 16 h. Figures
represent means (+ SE) of three trials of 50 achenes each.

N Light fledium Heavy Unsorted
Mass Category  41.90 mg 91-110 m3  111-140 mg 91.6 mg
Germination (%) B8+l 9+2 4+ 1042
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PROSPECTS OF DELAYING FLOWERING TIMEOF LEUCOSPERMUM

G. Jacobs, D.N. Napier and D.G. Malan
pepartment of Horticulture

University of Stellenbosch

7600 Stellenbosch

Republic of South Africa

Summary ;

Leucospermum plants grow vegetatively during spring
and summer. Reproductive development commences in autumn after
shoot extension growth has terminated and the inflorescences develop
during winter. The inflorescences open in spring. Secondary flower
buds develop below the primary inflorescence. Floret
differentiation in these buds has progressed to the stage where the
perianth initials are visible. Further development of the secondary
flower buds are inhibited by the primary inflorescence. Removal of
the primary inflorescence causes secondary flower buds to develop
‘thus delaying the flowering time.

Axillary buds below the secondary flower buds are completely
inhibited. These buds can develop into inflorescences if they are
released from correlative inhibition between April and the end of
June. Factors related to the induced state for flower formation are

discussed.
Introduction

Marketing prospects of non-European cut flowers to Europe lie
essentially in the European winter months from November to March
{H6rmann, 1978). The flowering time of Leucospermum
cordifoli{ium and hybrid clones of
Leucospermum grown commercially is restricted to a short
period during spring. In the southern hemisphere {South Africa)
the Leucospermum cutflower crop thus comes too early
(September/October) while in the northern hemisphere the crop comes
too late (March/April) for the period of peak demand in Europe. In
South Africa the overproduction of Leucospermum during
September and October results in low prices on the Euopean market.
Between November and March the supply of Leucospermum

does not meet the demand.
)

This paper reviews the present knowledge of flower initiation and
development in Leucospermunmn and the progress made in
delaying flowering time. The first part of this paper reviews the
growth and development of the inflorescence. Subsequent sections
deal with the secondary fiower buds and flower initiation.

1. Flower development . N

The genus Leucospermum (Proteaceae) with its 47
species is confined to Southern Africa (Rourke, 1972). They are

Acta Horticulturae 185, 1986
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evergreen woody perennial plants and most species are erect shrubs
or small trees (Rourke, 1972). Cut flowers are harvested mainly
fromL. cordifolium L. patersoni.
L. 1ineare, L. conocarpodendron and L.
vestitum growing under cultivation or in the wild. An
increasing number of interspecies hybrids are grown commercially
« (such as hybrids between L. cordifolium x L.
lineareand L. cordifoliunm,
L. conocarpodendron) as clonal selections
propagated from cuttings (Jacobs, 1985).

The vegetative and reproductive growth of
Leucospermum follow in sequence. The plants grow
vegetatively during spring and summer. Individual shoots have

‘strong apical dominance. Reproductive development commences in
autumn after shoot extension growth has terminated and the flower
heads develop during winter. The flowers open in spring (Jacobs
1980, 1983, Jacobs et al. 1979).

The growth and development of "Red Sunset" inflorescences can be
divided into four stages viz. the pre-floret, floret initiation,
floret differentiation and enlargement stages. The pre-floret phase
is the initial growth of the bud and lasts until the first week in
May. Growth is slow, the first bracts are formed without floret
initials in the axils. These bracts finally make up the involucre
covering the pedunclie. The floret initiation phase is characterized
by the appearance of the first floret initials in the bract axils of
later bracts and lasts until the cessation of floret initfation
during the third week of June. The drymass increase during this
phase is slow. The floret differentiation phase is from the
completion of the floret initfation to the near completion of organ
differentiation of the basal florets by mid-August. The growth rate
s slow at first but increases rapidly as organ differentiation
advances. The enlargement phase is from near completion of organ
differentiation in the basal florets to anthesis in early October.
The growth rate is rapid during this phase (Napier, 1985).

The inflorescence is a capitulum arising from axillary buds
situated distally on a shoot. They are borne solitary in spp.
having large inflorescences (L. cordi folium,

L. lineare, L. conocarpodendron) or in
?roups of up to 10 in spp. having small inflorescences
L. oleifolium L. parile) (Rourke, 1972).

2. Secondary flower buds

The developing inflorescence correlatively inhibits other axillary
buds from developing (Jacobs 1983, 1985}. The degree of inhibition
of the axillary buds depends on its position on the shoot. The
first 6 to 10 axillary buds immediately below the developing
inflorescence are only partially inhibited since they develop to ca.
5 m in diameter. Floret differentiation in these buds has
progressed to the stage where the perianth initials are visible.
They are buds referred to as secondary flower buds. Buds lower down

on the flowering shoot show no signs of development and are

~
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apparently completely inhibited. When the primary inflorescence is
removed one or more of the uppermost secondary flower buds resume
development {Brits, 1977, Brits et al., 1983).

Removal of the primary inflorescence thus causes a segcndwry
flower bud to develop which flowers later. Flowering time of cv.
golden Star can effectively be delayed until December by removal of
the primary inflorescence during the first week of October (Jacobs
et al., 1978). The developmental period of the secondary flower
Buds becomes shorter the later the primary inflorescence s removed
due to the rising temperatures of spring and summer (chobs et al.,
1979). The cv. Golden Star required ca. 920°C heat units above 5,8
base temperature to mature 90% of the secondary flower buds. These
heat units accumulated over a period of 107 and 83 days respectively
for disbudding dates of 5 August and 7 October respectively (Jacobs
et al., 1979). Disbudding primary inflorescences too late
TNovember) resulted in resumption of shoot growth since the
secondary flower buds have aborted (Jacobs, 1980). The secondary
flower buds subsequently abscised. Delaying the flowef1ng time of
Leucospermum by releasing the correlative inhibition of
the secondary flower bud is therefore limited up to ca. mid October
‘in cv. Golden Star. Secondary flower buds which reach anthesis
during December are of a poorer quality (Jacobs, 1983). The dry
weight is less and there are fewer styles than in primary
inflorescences flowering in September/October. In addition the
colour is paler. High temperature during flower development is
possibly the cause. Shading during this period was not effective in
restoring the quality of the flowers (Jacobs, 1983).

3. Flower initiation

In Leucospermum cv. Red Sunset the induced state for
flower initiation has been attained by the first half of April
(Jacobs, 1983; Napfer, 1985). This is indicated by the development
of an inflorence when shoots are cut back to a completely inhibited
axillary bud. Shoot growth occurred when shoots were cut back prior
to this date. Flower initiation can only occur after cessation of
shoot growth. Applying growth regulators (Indole ace tic
acid, Gibberellic acid, Ethephon;
Benzyladenine, Abscisic acid and the growth
retardant C C C) as a single spray did not advance or delay the
onset of the induced state (Napier, 1985). Shading during the high
light intensity period of summer reduced the percentage shoots
forming an inflorescence. Long shoots are less responsive to
inhibition at low light intensities than short shoots (Jacobs,
1983). Long days delay the onset of the induced state. Apparently
flower initiation in Leucospermum takes place ift
response to high light intensities during the vegetative phase and
in conjunction with short days.

3.2 Loss of the induced state

Leucospermum cv. Red Sunset remained induced for 2 to

63



3 months after which there was a gradual loss of the induced state.
Gibberellic acid, ethephon and shade hastened the loss ‘of the
induced state while the growth regulators {Benzyladenine, Indole
acetic acid, Abscisic acid and the growth retardant CCC) tested had
no eftect un the time of loss of the induced state (Napier, 1985).

Apparentiy shade and ethephon acted synergistically since the
induced state can be overcome almost immediately by a combination of
low light intensity and ethephon. It is therefore possible that the
loss of the induced state is related to the low light intensity of
winter (Napier, 1985).

Napier (1985) studied changes in carbohydrate levels in leaves and
shoot of cv. Red Sunset plants in full sun and 80% shade during
winter. Shading plants at the onset of the induced state caused a
rapid decrease in leaf starch and to a lesser extent leaf and shoot
sugar. Concurrently shoot starci: increased to double that of the
control plants grown in full sunlight. It therefore appears that the
initial reaction of the plants to shade is to mobilize large amounts
of carbohydrate reserve in the form of shoot starch. Whether the
associated changes in leaf and shoot carbohydrates are the reason
for the loss of the induced state is uncertain. It appears that the
capacity to form flowers is lost when leaf carbohydrate levels are
Jow in "Red Sunset" plants.

Flowering time in Leucospermum can also be delayed by
" cutting back shoots to an inhibited bud. This effect can be
obtained until the end of June, Inflorescences developing from
these inhibited buds will flower later than control shoots. A
procedure worth testing 1s to cut back shoots and subsequently
remove the developing inflorescence.
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[MPROVING STEM LENGTH AND FLOWER QUALITY OF LEUCOSPERMUM
WITH GROWTH REGULATORS

Napier, D.R., Malan, D.G., Jacobs, G. and Bernitz, J.W.
University of Stellenbosch

760@ Stellenbosch

SOUTH AFRICA

Hybrids of L eucospermum conocarpo den -
dron x L. cordifolium produce flowering stems
which are too short to market. Treating plants with gibberellic acid
stimulates shoot growth. Both internode length and number of inter-
nodes are increased.

Flower quality of Leucospermum cordifolium
x L. lineare cv. Red Sunset was improved by benzyladenine
treatment. Spraying plants during the latter half of March caused an
increase in the number of florets per inflorescence and the dry weight
of the inflorescence.

1. Introduction

Short flowering stems of Leucospermum conocar-
podendron and clonal selectionsof * L. cordifo-
1 ium 1limit their value as commercial cut flowers. Promotion of
shoot elongation with gibberellic acid (GA;) has been well documented
(Marth, Audia and Mitchell, 1956; Sachs, ?956; Gray, 1957). Part of
this paper reports on extending of the shoots of a L. <c¢cono-
carpodendron x L. cordifolium hybrid
with a spray application of GA3.

Leucospermum flowers borne on long thick stems are of
better quality than those on short thin stems (Jacobs and Minnaar, 1980;
Jacobs, 1983). Benzyladenine (BA) increased the mass of carnation
flowers and chrysanthemum inflorescences (Jeffcoat, 1977). We report
on the improvement of inflorescence quality of Leucospermunm
cv. Red Sunset (a natural hybrid between L. cordifolium
x L. lineare) by spray application of 6-benzylaminopurine
(BAP).

2. Materials and Methods

The experiments were carried out in a commercial L e uco&sper
mum plantation propagated by cuttings and grown under dry land
conditions on the farm Protea Heights in the Stellenbosch district,
Republic of South Africa. The climate is Mediterranean with conl, wet
winters and hot, dry summers. The annual rainfall is between €50 and
750 mm. The plants were spaced at 0,75 m in the row end 1.75 m between
rows, clean cultivated and not fertilized.
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Shoo' ¢lungation

T?:ru-jwqf oid planis of L. conocarpodendron
* L cor difolium were pruned on 14/5. Pruning con-
fluled ol removal of all but 4~5 shoots, which were cut back to 20 cm.
Flants were sprayed with a 1 boo mg/8 GAy solution prepared by dis-
solviry Berclex tablets (active ingrediefits GA, 1 g/10 g) in water and
addirg 1 drop/€ Agral as slicker. Plants were sprayed to drip-off with
& hand-spray. Untreated plants were left as controls. All new shoots
were allowed to develop. Since the plants were still in the induced

state for flower formation on the date of pruning, inflorescences formed

instead of shoots. These were removed by hand. Treatments were repli-

cated 5 times with a single plant/replicate in a randomised block design.

Plants were rprayed on 15/5, 15/6, 15/7, 15/8, 15/9, 15/10,
15/11, 15/12 and 15/1. Treatment 1 received only one application on
15/5 and 15/6 and so on, up to treatment 9, which received nine appli-
caticns un i/, 15/6, 15/7, 15/8, 15/9, 15/10, 15/11, 15/12
and 15/1. Untreated plants were left as controls. Shoot elongation
was completed by die middle of March. All shoots were measured on 20
March. At the end of April representative shoots were selected from
each plant and the following variables measured: internode length,
length of the basal part of the shoot covered with scale leaves, shoot
diameter at the third fully developed leaf from the distal end, the
number of nodes/shoot, leaf area (10 representative leaves randomly
selected/shoot), dry weight of the leaves and dry weight of the shoot
(dried for 7 days at 99°C). Leaf damage caused by the GA; sprays was
rated from O to 3, i.e. O for no damage and 3 for severe 18af discolou-

ration and necroses. .

~

Similar planls to these used in Experiment 1 we}ehpruned in mid-~
August as described in Experiment 1. Plants were sprayed at 3-weekly
intervals on 12/9, 3/10, 24/10, 15/11 and 5/12. The GA, concentrations
used were 290, 500, 750, 1000, 1 250 and 1 500 mg/4. Bata collection

was an in baperiment 1.

Flower gsalitl

Current season's shoots (35-45 em long) of seven~-year old Red Sunset
plants were selected in Autumn after elongation growth had stopped.
BAP solutions, przpared by autoclaving commercial promalin for 20 mi-
nutes at 1 atm, were applied to individual shoots with a paint brush.
BAP (200 meg/£) was applied once on 29/3, twice on 29/3 and .30/h, three
times on 29/3, 30/4 and 30/5 or four times on 29/3; 30/%, 3/,5 and
30/6. \Untreated shoots were left as control. Only the primary inflo-
rescence was allowed to develop on each. shoot.

Inflorezcence dry wuight~(dr1ed at 110°C for 3 days), shoot diamcter
and Sewwncle lobgth (from the point of shoot attachment to the point
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where the flowerhead broadens out) were measured and the number of
florels/inflorescunce counted.

%. Results and Discussion

Bep e

Shoot elongation

The effects of sequential GA, applications on stem quality are pre-
sented in Table 1. No increase”in shoot length was obtained with up
to 4 sprays due to the plants still being in the reproductive phase at
the time when the chemical was applied. Shoot length'of plants recei-
ving 5 or more spray applications increased rapidly with increasing
number of sprays. The GA; is thus effective only when the plants are
in the vegetative phase and when conditions for shoot growth are favou-
rable. The first application should thus be made not earlier than
15/9. The only noticeable effect of the GA; application before 15/9
was the stimulation of internode lengthening between the bracts at the
base of the stem. Continuation of GA, application after 15/9 increased
the internode length, the number of nddes produced and the dry weight
of the shoot, but caused a reduction in the dry weight/cm of the shoot
and the dry weight and area of individual leaves. Shoot diameter
appeared to the unaffected by GA, applications. Similar and conflic-
ting results have been found in &ther plants (Marth, Audia and Mitchell,
1956; De Hertogh and Blakely, 1972; Greene, 1983; Abdul and Said,
1984;  Arteca, 1984). GA, at 1 000 mg/f resulted in leaf damage during
the vepetulive nhase. 7

The effects of different GA, concentrations are presented in Teble
2. GA, at 750 mg/f applied 5 éimes at three-weekly intervals appears
to be éhe optimum for shoot elongation. GA; concentrations higher than
750 mg/£ did not result in increased shoot fength due to the higher
concentrations destroying the shoot tip. In addition, the node number
decreased as a result of shoot tip abortion and the severity of leaf
damage appeared to increase at concentrations higher than 750 mg/£.
Internode length, however, increased throughout the concentration range.

GA, application resulted in an increase in shoot dry weight and a
decredse in shoot diameter, dry weight/cm shoot and individual leaf
dry weight and area, whereas different GA; concentrations appear to
have no effect on these parameters, the léngth of the basal shoot sec-
tion covered with bracts was not affected by GA; as the basal section
was a': - .ly formed at the time of the first spray.

Flower Qualit

Shoot diameter, dry weight of the inflorescence and length of the
peduncle increased linearly with increased number of BAP applications
(Table 3, Fig. 1). A single application of BAP on 29/3 greatly increa-
sed the number of florets. A second and third application caused a
further but slight increase in the floret number, while a fourth appli-
cation had no effect (Fig. 1). The increase in inflorescence dry weight
by BAP agrees with work done on chrysanthemums (Jeffcoat, 19777, How-
cver, Jeffcoat (1977) recorded no increasc in floret number of chrysan-
themums after BAP application. BAP is thus effective in improving the
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quality of Leucospermum flowers by increasing the
inflorescence dry weight and the number of florets per inflorescence
but also causes excessive and unwanted peduncle growth. For this
reason, BAP should be applied as a single spray at the end of March.
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Table 1 - The effect of sequential applications of GA3 on shoot cha-
racteristics of a L . conocarpodendron x

L. cordifolium hybrid
No. of Shoot length Length of Stem dry Dry No of
applications (cm) shoot base weight weight/ nodes
covered with (g) cm
bracts (cm) stem (g)

Control 23:47 ab 3.58 a 2.67 ab 0.43 a 33,30 a
1 18.79 a 4.61 a 1.56 a 0.35 b 21.24 b
2 21.94 ab 5.46 ab 2.3t ab  0.31 D0 28.84 ab
3 22.04 ab 5.18 ab 2.81ab 0.47 a 28.50 ab
4 26.21 be 7.18 bd 3.05 ab 0.40 ab  32.50 a
5 32.40 ¢ 10.74 ¢ 4,13 abe 0.31 b 41,32 ¢
6 46.08 d 9.30 cd 5.98 bc 0.31b 50.05 d
7 47.70 d 10.40 ¢ 5.45 bc  0.21 ¢ 46,62 cd
8 57.62 ¢ 9.56 ¢ 5.73 bc 0.20 ¢ 50.70 d
9 57.97 e 9.38 ¢ 7.23 ¢ 0.20 ¢ 53,44 d
Table 1/Cont.
No of Node length  Avg. lea Avg. leaf  Leaf Shoot
applications (cm) area (cm“) dry weight damage diameter

(g) (cm)
Control 0.61 ac 12.45 a 0.23 a 0.00 6.54 ab
1 0.76 ab 11.84 a 0.25 ab 0.00 5.95 ac
2 0.87 bde 12.60 a 0.25 a 0.00 6.42 ab
3 0.65 ac 12.67 a 0.28 v 0.00 6.99 b
h 0.56 ¢ 11.81 a 0.22 a 0.00 6.91 b
5 0.62 a 9.61 b 0.17 ¢ 0.20 7.06 b
6 0.77 a 0.22 b 0.17 ¢ 0.40 6.47 ab
7 0.83 bd 6.57 ¢ 0.114d 0.47 5.80 ac
8 0.97 de 7.50 be 0.12 d 0.h7 5.42 a
9 1.04 e 7.84 be 0.114d 0.40 5.69 ac

Values within a column not followed by the same letter differ signi-
ficantly at the 5% level, Tukeys D-test.

71



Table 2 - The effect of different concentrations of GA3 on shoot cha-
racteristics of a L. conocarpodendron
x L. eordifplium hybrid

- e = e e ame e men e e e e e am e B e G me mae fee e b e e e = e = e

vorcen-  fhout- Length of Stem dry Dry No of Node

testior  length shoot base - . weight weight/ Node length

(ppm) covered with (g) cm : (cm)
_bracts (cm) . atem (g)

e e e el e e e e =

Control 19.83 a 3.44 a 1.79a 0.45a 27.36a 0.53 4

250 35.55 bd 4,56 a 307b  0.22b  39.16 b 0.89 be

560 31.93 b 5.08 a 2.7% ab 0.21 b¢ .34.30 ab 0.77 b

750 46.18 ¢ 5.58 a 3.61b. . 0.8 bc 41.16 b  0.89 e

1 000 h2.54% cd - k.70 & 3.35b -0.18 bc . 36.22b 1.02 cd

1 250 39.03bc  5.82'a 3.8 b  '0.16 bc 31.02 ab 1.08 cd

1 500 41,29 cd 5.64% a 3.11b 0.6 ¢c- 32.02 ab 1.12 d

Table 2/Cont.

Concen-  Avg. teaf Avg. leaf  Shoot Leaf

traticn  dry weight are diameter = damage

(ppm) (g) (ca®) (mm)

Control 0.23 a 12.01 a 6.63 a 0.07 a

250 0.13 b 9.55 b 7.78 b 0.33 ab

500 0.10 b 6.16 ¢ 5.45 ¢ 0.33 ab '«

750 0.11 b 8.00 be 4.78 ¢ 0.17 a .

1 000 0.1 b 8.19bc  4.81¢ -  0.53ab i

1250 0.10 b 7.55 be 4.78 ¢ 0.83 b

1 500 G.11 b 8.84 b 4,62 ¢ 0.80 b

Values within a column not followed by the same letter differ signi-
ficantly at the 5% level, Tukeys D-test.
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‘Pable 3 - Effect o repeated applications of BAP on shoot diameter,

inflorescence dry weight, floret number and peduncle length
in Leucospermum cv. Red Sunset. Analysis of

variance.

Source F. ratio Significance
level
Inflorescence dry weight o
Number of applications
Linear 8.2 0.01
Floret number
Number of applications
Linear 7.2 0.02
Quadratic 7.5 0.02
_Peducle length
Number of applications
Linear 12.6 0.00
90 13
300
60 12
At
70 2 R 2
. - 3 -
= Pre)
250- & 40 -, a
S o~
s
C £ !
[} m 50 a, ~
g |g¥ 2l ST T mmon e
2 2 o
5 | & %
2
swol B | >
- Q kel
30 .
&0 peduncie length
20 &l A _ . _a floret number \
O_ Odry weigth
30 10 5 T T T
° 1 3 4
number of BAP applications
Fig. 1

Eifect of repveated sprays with BAP on infloregcence dry weight,‘number

of florets eand veduncle length of Leuwucospermum cv.
Red Sunset. Values are means of five replicates and five shoots per

replicate.
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GEED GERMINATION AND SEED SET IN SOUTHERN AFRICAN PROTEACEAE:
ECOLOGICAL DETERMINANTS AND HORTICULTURAL PROBLEMS

A.G. Rebelo J.P. Rrurke
FitzPatrick Institute Compton Herbarium
University of Cape Town Naticnal Rotanical fardens
Rondebosch 7700 Private Bag X7
south Africa Claremont 7735

South Africa

summary

The domestication of the Proteaceae is a unique
enterprise, in that large wild stocks still occur in the
countries of origin. Many of the horticultural problems

encountered in the domestication of the Proteaceae stem from
ecoloyical adaptations of the taxa to their natural

environments. This allows "~ a two tier approach to
horticultural research: a predominantly physiological
approach solving specific problems; and an ecological

approach in which environmental and evolutionary constraints
are studied. The combination of these two complementary
approaches should reduce the research time needed to resolve
specific horticultural problems. To this end an ecological
data base for the southern African Proteaceae 1is being
compiled. The application of the ecological approach is
demonstrated with two examples: by reviewing the literature
on seed germination in the southern African Proteaceae in an
ecological context; and by comparing patterns of seed set
in the different Proteaceous genera in an attempt to
explain why such a low seed set is observed.

1. Introduction

The domestication of the major crop and animal species
occurred in prehistoric times. By contrast, the
domestication of the Proteaceae is still in its initial
stages, having been begun this century (Parvin, 1984). Very
large natural gene pools exist in both South Africa and
Western Australia, from which selected species are being
grown commercially. As a commercial industry, the Proteaceae
only became important during the last 20 years (Davies,

1984). Proteas are currently being cultivated in Hawail,
California, Israel, New Zealand, Zimbabwe and the Transvaal
{South Africa), in addition to those areas in which they

originated (Australia and the Cape (South Africa)){Parvin,
1984).

Research into the horticultural problems encountered by
the industry has to a considerable extent been purely
physiological in approach. The dormancy of Proteaceae seeds
(achenes botanically) was identified as a major problen

Acta Horticulturae 185, 1986 ’ 75
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early in the development of the industry (Vogts,
has received much attention.
physiological
of the Proteaceae have seeds which are dispersed and
by ants (Sllngsby and Bond, 198l1).
physiological ;esearch been undertaken in parallel,
apparent anomalies may have been resolved earlier. .

1960},
It was only after 20 years of

In this

and;

research that ecologists discovered that many &
stored ¢
Had the ecological and :
many .

context 'the donestication of the Proteaceae offers an 4§
opportiiity for physiologists, studying proximal influences:-
(eig' .c+;@at§c factors influencing the physiology of flower
?uu initiation), and ecologists, studying ultimate |
xnf}uences (e.g. the pollinator phenology and long-tern
epv;runmental factors which have influenced flowerinl
tlme§), to co-operate in their research approachesg
Combined, more progress can be made than any researcﬂ
programme undertaken in isolation. This may become critical
for an understanding of some of the industry's problems
such as the control of insects in the flower heads o%
Protea or the manipulation of flowering time in
Leucospermum.

In this paper we will first review the data on seed

germination in the light of the ecological constraints which
may have moulded the patterns evident. Secondly
utilizing ecoloyical data currently being analysed (Rebelé
and Rourke, unpublished data), we will review the observed
patterns of seed set in the southern African Proteaceae, and
highlight areas worthy of physioloyical study. ’

2. Germination

The major ecological dichotomy in Proteaceae seed-biology

is the storage strategy employed. The genera P r ot e a
(most south-western Cape species), Aulax and
L e ucadendr on (in part) store their seeds in

closed heads in the canopy (Kruger,
genera, including some species inLeucadendro n

have_ seeds with an elaiosome, which results in their beiné
ca;rled underground into ants' nests (Bond and Slingsby

1983). Doth strategies (serotiny and myrmecochory) not onl§
protect the nutrient-rich seeds from fire, but also from
avian and rodent predation in an otherwise nutrient-poor
environment (Rebelo, unpublished data).

1983)." The remaining

2.1. Serotiny

_ hmong serotinous species, seeds are maintained in the
infructescences on the plant until they are released by the
death of the plant, usually as a result of fire (Brits
1980?. Since seeds are released into a ‘'fire-sterilized',
fertilized, unoccupied substratum, the only requirement
?heorgtically missing for germination is water. Therefore
inhibitors to germination are thecoretically not
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except to prevent germination in the unfavourable warm d4ary
summer in the winter-rainfall region. This can theoretically
be regyulated by means of a low temperature requirement. Horn
found no effect of low temperature On germination,
1975a) and Deall and
stratification

compacta

.Brown and van Staden (1973a,b,c,
(1981) found that low temperature
germination of viable P.

and P. m agnifica seeds. Seeds germinate
rapidly and uniformly after rains (Brits, 1980), with about
803 of viable seeds germinating within eight weeks of the
onset of suitable conditions (van Staden, 1966, Mitchell et

al., 1985). 1

but
Brown
enhanced

Seeds not germinating in the first rainy season
subsequent to fire would probably be predated {Breytenbach,
1984). It is therefore unlikely that seeds should be long-
lived once released. Membrane and chromatin damage has been
observed in harvested seeds stored over relatively short
periods of time (van Staden et al., 1975a,b, 1976}, but
published information on Proteaceae seed longevity is

generally lacking.

Germination is infrequently obgerved in living
infructescences, despite their filling up with water during
the rainy season in many P r ot e a species (pers obs.).
However, viable seeds germinate readily once released.
while the lack of oxygen may inhibit germination in flooded
infructescences, a possible factor inhibiting germination
may be the inability of the seed to absorb water. Until the
seed has become detached from the involucral receptacle it
is apparently unable to absorb water through the radicle
end. The trichomes on Protea seed play an
essential role in germination (Horn, 1962), possibly by
orientating the radicle end to the soil surface for water
uptake, in addition to protecting the seeds from heat
damage on the soil surface, where temperatures may exceed
70'C  in summer (Cowling, pers. comm. ) . Serotinous seeds
germinate optimally when lying on the goil surface, and
may fail to grow when sown at a depth of 20mm (Meynhardt,
1974). In serotinous seeds germination commences with the
growth of the radicle, wnich anchors the seeds to the
ground, in contrast to myrmecochorous seeds where
germination commences with the seed coat splitting before
radicle elongation occurs (Brits, 1980, Mitchell et al.,

1985) . , \

2.2.

influencing ygermination are more complex in the
Proteaceae with nut-like seeds. Seeds ripen within two
months of flowering (Vogts, 1982), and are immedigtely
removed by ants to their nests, where parts of the outer
pericarp are consumed (Bond and Slingsby, 1983, 1984a,b}.
The outer pericarp is not eaten outside the nest presumably

Factors

11



in order to prevent other ants from stealing the
implying that the time required to remove the
exceeds that of carrying the seed to the nest.

of the pale, fleshy outer pericarp (which,
becomes papery with age) significantly enhances germination
possibly by allowing oxygen to reach the seed
(van Staden and Brown, 1973b).

elaiosome

Germination under mature vegetation in a nutrient-poor
environment would not favour establishment of young plants,
because the low dispersal distances inherent in
myrmecochory would result in competition between seedlings
and adults (Bond and Slingsby, 1983); and, because of the
high risk of seedling predation (Breytenbach, 1984), all of
which are considered as factors influencing the evolution of
myrmecochory (Breytenbach, 1984, Milewski and Bond, 1982).
Seedlings apparently only appear after fire (Bond and
Slingsby, 1983), with seeds germinating under optimal
growing conditions - in cleared, 'fertilized' soils after
fire.

Factors synchronizing seed germination to the immediate
post fire period have been elucidated by Brits (1980).
These include temperature fluctuations in devegetated soil
exposed to sunlight and, possibly, sterilization of the soil
surface by fire. Two other factors possibly also play a
role: the improvement of the availablity of oxygen and
especially of the oxygen to carbon dioxide ratio in ants
nests in the post fire environment, and the drop in pH with
the likely leaching of formic acid from destroyed ants
nests, which would be coupled with the first rains. Both
increased oxygen concentration and acid treatment have been
shown to increase seed germination in —"L.e u c o s per -
m um (van Staden and Brown, 1973a, Brits and van Niekerk,
1976). However, these experiments have used short term
exposure to strong acids, and the effect of long-term
exposure to weak acid is unkown. Brits (pers. comm.) has
shown that L e u ¢c osp e r m u-m seeds
germinate in cycles parallelling cooler periods during
which cold fronts brought rain. The search for an inhibitor
which may be progressively leached out of seeds, which
dominated the early Proteaceae seed research (van Staden and
Brown, 1972, wvan Staden and Brown, 1977), was.the result of
igno;ance concerning heathland séed biology, in which
germination is distinctly linked to short periods
immediately following fire in the wild.

The depth to which seeds are buried by ants is unkown,
but 20mm is the deepest recommended sowing depth for
Leucospermumn- seeds (Meynhardt, 1974). It is
knowp for how long seeds of myrmecochorous species
survive in ant nests, but this period may exceed 15

(Rogrke, 1976). Data on fire intervals in nutrient-poor
environments suggest a natural fire frequency of once

six to 40 years (Kruger, 1983), suggesting that seeds
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should have longevities in this range. Recent evidence

jndicates that ants secrete pow?rful fungicides which
inhibit pollen germination (Beattie et al., 1?84). Th;
effects of these chemicals on seed longevity, _ Bee

germination or seedling survival are unknown. In addxtio:é

data on ant predation on stored seeds seeds is required
fully understand myrmecochorous seed biology.

myrmecochorous seeds

O cano stored seeds
ekt vais L : -~ unless the ants

are relatively safe from predation

themselves are major predators - because they are stored
underground (Bond and Slingsby, 1984a5b). The storage of
myrmecochorous seeds for several fire cycles 1is thus

Consequently, seed germination may

oreticall ossible. i
S 5 Seeds predestined to survive for

1980).

appear low (Brits, .

longer periods should theoretically be larger and haye a
thicker testa than seeds that may be expected to germinate
after the next fire. Conflicting results relating to the

relative short-term germination success of plump-dense verse
small-light seeds (van Staden and Brown, 1973a, Brown and
van Staden, 1985) may relate to long-term/short-term
strategies seed longlevity. No studies to date have
attempted compare  the proportion of Qense—plump to
small-light seeds in similar habitats of different ayes,
and relate these to soil nutrient status and probability of
a fire in the immediate future.

of
to

There are two further categories of seeds found in the
southern African Proteaceae, both conflped to the genus
Leucade-ndr on, which require mention:

2.3.1. Nuts of Leucadendron subsection Nucifera
nut-like seeds have no elaiosome and are

into the surface litter. In some
lay in the litter for long periods, but
11ii they are extensively predated
by rodents (pers. obs). This suggests'tbat they may .be
cached underground by rodents, with surviving seeds lying
dormant until the following fire. It is unlikely that any
seeds lying on the soil surface would survive the heat
generated by the fire. We may therefore expect thgse seeqs
to approach those of the myrmecochorous species in their
germination behaviour.

These very large
apparently dropped
instances they may
in L. burche

germination of L. daph -
noides has been undertaken (Brown and van Staden,
1973a,b,c, 1975b, van Staden and Brown, 1973a). Germination
was increased by 600% by high oxygen concentrations, 100% by
scarification, and 50% by chilling, which suggests that
the seed coat may play a role in dormancy. In pattern of

Extensive .- research into
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improved germination, therefore, the nut-like seeds resemble
myrmecochorous seeds,. although the response is greater
Due to this marked response, nut-like seeds resemblé
serotinous species in their germination rate under high
o;ygen concentrations, but under ‘normal’ conditions behave
l%&e iy riuecochorous seeds. Until more is known about the
d§§5§;;al and storage mechanisms im nut-like seeds, it ig
difficult to idencify he factors which may influence
germination. Two questiorfs, hbwever, deserve attention: Why
are nut-like seeds so large?, and, In a
envngnment, why rely on a seed predator as a dispersal
agen = 4

2.3.2. _The goft obovoid achenes of Leucadendron
subsection Villosa and the triangulate winged seeds of L.
subsection Ventricosa - :

Seeds in these categories -have no elaiosome and are not
stored in the canopy, but are liberated within five months
of flowering and presumably lie in the litter layer (Rebelo
and Rourke, unpublished data). These seeds also germinate
after fire and are therefore expected to display many of the
features of myrmecochorous and nut-like seeds. However,
these seeds apparently have thin coats, more in line with
those of the serotinous Leucadendron species.
No research has yet been undertaken on the germination or
ecoloyy of these seeds.

2.4.

It is surprising that so few Proteaceae which inhabit :

sandy habitats near the coast have seeds which germinate
readily between fires in constantly disturbed areas, where
conditions appear suitable for seedling [recruitment in
mature vegetation. Interfire recruitment has .been observed
among some species of S erruri a (pers. obs).
The interfire germination of Proteaceae seeds in disturbed
areas may be relatively common in the Sand Plain Fynbos
(sensu Moll et al., 1984), where the relatively drab or
small flowered Proteaceae have not attracted much
horticultural or ecological attention.

3. Seed set
The
a proplem for breeding programmes with some genera..  This is
especially evident in-hybridization experiments for the
prod?ction of new horticultural strains (Vogts, 1960, Brits,
1984).

There are three major sets of theories explaining the

low usced set observed in many plant taxa (Bawa and Webb,
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1984). The 'pollination limitation hypothesis' subsumes two
distinct hypotheses: low seed set is due to a shortage of
pollinators, or, 1is due to the inadequate transfer of
compatible pollen. The ‘'resource limitation hypothesis’
suggests that resultant seed set may be due to spatial and
temporal shortages in total resources available to the
plant. The ‘sexual selection hypothesis' is based on the
sexual differences in resource allocation between the two
sexual functions of the plant. Male success is usually
limited by the ability to gain access to female gametes,
whereas female success is limited by the ability of the
plant to provide resources for ovules and 'seeds. Flowers
not developing seeds may thus serve only a male function,
while embryos may be selectively aborted to regulate the
genetic quality of the seeds (Lloyd, 1980).

African Proteaceae was first
(1945) and Horn (1962). Most
P r ot ea species were found to be self-infertile,
while some Leucospermum gspecies and S e r -
r uria £florida exhibited low levels of self-
fertility (Horn, loc cit.). current data (Table 1) confirm
the trends observed, viz. that while species of most genera
have a low seed set, those of the genera Aulax and
L e u cadendron tend to have a high seed set.
Note that the figures for percentage germination reviewed in
van Staden and Brown (1977) are for hand-sorted seeds only
(Brown and van Staden, 1973, Horn, 1962, van Staden, 1966).
This is not equivalent to percentage seed set, which was
calculated in this study (Table 1) as the number of seeds
with apparently viable embryos over the total number of
flowers per inflorescence. The pattern of seed set in the
southern African Proteaceae (excluding Brabe3j um
and F aurea)shows a clear dichotomy: species with
hermaphroditic flowers have a low seed set, while the
dioecious species have a very high seéd set on female
plants. A further distinction is possible in the remaining
genera in that species with conflorescences (inflorescences
comprised of numerous capitula) have a significantly higher
seed set than species with flowers borne in gingle
inflorescences (Tables 1 and 2), with the exception of
', eucospermum a' (those L. species bearing
large, mainly bird-pollinated, inflorescences).

Seed set in southern
investigated by Jordaan

\

eucadendron and
it is hard to
the species

Proteaceae

for example, L
have similar plant size ranges,’
argue that resources could limit seed set in
with hermaphroditic flowers, even though most
species grow on nutrient-poor soils. On average, species
in the former genus produce ten times as many seeds as the
latter (Rebelo and Rourke, unpublished data), although only
twice as many seeds are needed in dioecious species.
However, while the relative cost of pollen production to

Because,
P rotea
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seed production is not known for plants (Bawa and
1981, Bawa and Webb, 1984),
as much as seed production, It is also unlikely that
ability to absorb nutrients ultra-efficiently evolved
independently in the two dioecious genera. Rather, these
patterns suggest that nutrients are not the limiting factor
controlling the proportion of flowers that set seed. In
addition, were resources to limit the proportion of seed
set, then a negative correlation between seed production per
season and the size of the seeds should be evident between
Proteaceae species. Figure 1 shows that no such trend is
evident.

Beach,

the

view that
seed set

Twq other 1lines of evidence support the
nutrients are not the proximal cause of the low
observed. Firstly, in Protea grandiceps
ovules start aborting before anthesis commences (pers.
obs.), suggestipng that the number of seeds set are under
genetic control, and responses to short-term or local
changes in nutrient levels are thus precluded. Secondly,
were all the flowers in the majority of genera with
hermaphroditic flowered species to set seed, there would be
insufficient space in the infructescence to contain them.
This also appears to be true for some of the Australian
Proteaceae (Lamont, 1982). From Table 2 it can be seen that

a large proportion of species of the Proteaceae bear seeds
in an inflorescence containing two or less seeds. This
‘clutch size' appears to have evolved independently in

several genera. The exceptions to this clutch size rule are
either bird-pollinated, or dioecious. However, the bird-
pollinated Protea and 'Leucospermu m a'
have large inflorescences, and in many cases appear to bear
as many fertile seeds as the physical space in the
infructescence allows. This suggests that the majority of
the flowers, which do not set seed, function only as pollen

donors, i.e. the Thermaphroditic  Proteaceae exhibit
functional andromonoecism (Bawa and Beach, 1981,
Stephenson, 1981). —

If pollen is the limiting factor influencing the seed set
in the hermaphroditic Proteaceae, then, because the mode of
pollen presentation and reception are similar throughout the
family in southern Africa, the diocecous genera, L e u c a -
d endron and A ul a x, should have ratios of male
to female flowers similar to those of hermaphroditic
genera. From Table 3 it can be calculated that the
effective seed set in L. stelligerum and L.
Xanthoconus is 14% and 7% of all flowers produced,
assuming a 100% seed set in female inflorescences. This is
not significantly different from the ratio those
Proteaceae with single inflorescences not
conflorescences) (Table 1).

for
(i.e.

The high ratio of male to female flowers may stem from.
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stigmatic groove. The

rea of the ¢
the small surface a partially hidden

mics of pollen germination on the dry. : €
Zi?gmatic pgpillaeg are unknown. The stigmatic groovi 1;9
situated distally to the pollen presenFer on thells yof%
where it is exposed to wind and rain, which wash pg e:i s
the pollen presenter (pers. obs.) an? presumably the s mgll
as well. It is therefore possible that the s al
probability of a pollen grain reaching the gggove1982¥
require a high pollen to ovule ratio. .Vogts (19 é'qmatic
suggested that pollen had to be forced %nt9 Fhe s ldtain
groove to effect pollination, but th}s is 'not ceg Se;
Mechanical cross-pollination may result in a lower see
than observed in open pollinated flowers (Lamont, pers.

comm. ) .

geeds in P r o t e a
it is possible
bases of

Since the position of
infructescences does not appear to be fixed,

i the
that seeds are being selected( perhaps on
genetic quality of the offspring as nggegted by plO{G
(1980). This may require further investigation, especially

in the light of the need for hybridization for horticultural

cultivars. Species such as P r ot ea longifol1la

wide of other

which hybridize naturally with a range
P r o yt e a species (Rourke, 1980), may be suitable
subjects.

If the low seed set observed in the Proteaceae is due to

a high pollen to ovule requirement, then hopes fo;
increasing seed set for the large 'scale production g
hybrids are misdirected. Increased seed- production by
plants, under conditions of additional nutrient supply, 1is
therefore predicted to . occur by the production of ¥§§§

inflorescences, rather than by an increased seed set.
prediction needs to be tested.

4, Concluding remarks

The ecological approach to solving horticultuya} problems
in the Proteaceae is not new. It has been utllxze@,. for
example, to provide clues to some og the nut;xtlonal
problems encountered by horticulturalists {Hock%ng and
Thomas, 1974, Lamont, 1985). A combived physiological and
ecological approach can reduce the {equl;ed research effo;t
by providing a useful framework in which Fesults can g
interpreted, and by allowing a more predictive riseatgn_
approach. Horticultural research ip the Proteaceae gf irs -
exceptional opportunity to combine both ecologica a :
physiological studies, because of the large natura
populations still available for field studies.
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Know them and

of seeds per inflorescence and
species according to ‘clutch size'
of southern African Proteaceae.

Table 2 - Average number
distribution of

in the genera

Genera with inflorescences grouped into
conflorescences are indicated by asterixes. The
genus Leucospermum is devided into
‘a' (Sect. Crassicaudex, Conocarpodndron,
Tumidifolium, Brevifilamentum, and Cardinistyly)
and 'b' (Sect. Leucospermum, Diastelloides,

Crinitinae and Hamatum). Source of informationt
Rebelo and Rourke, unpublished data.

Genus Number of N Number of species
seeds per in 'Clutch size'
conflorescence categories:
/inflorescence

Number of seeds
Mean + S.D. <1 1 2 3 4 >4

Aulax 20.3 + 6.8 3 0 0 0o o o0 3

Orothamnus 15.0 ~ 1 0 0 0 0 0 1

Leucospermum a 13.5 + 5.0 28 0 0 0 0O O 28

Protea 18.1 ¥ 24.3 43 0 0 2 2 2 37

Leucadendron 33.4 ¥ 23.4 87 0 1 0 1L 085

Vexatorella 3.0% 1.0 5 0 0 2 1 2

Leucospermum b 2.1 + 0.9 21 0 512 3 0 1

Diastella 1.0 + 0.0 9 0o 9 *

Sorocephalus 10.6 ¥ 9.0 11 1 7 2 1

Mimetes 68.1 ¥ 50.1 12 1 5 6

Paranomus 10.5 ¥ 5.9 18 10 8

Serruria 24.4 ¥ 64.1 46 40 0 1 1 1 3

Spatella 8.1 + 3.0 20 18 2
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SEED VOLUME (mm )

Table 3 - Relative flower ratios in two species
Leucadendron grown at Kirstenbosch

' Botanical Gardens. N is the sample size.

of
National

Species Sex' Mean number of Mean number of X
ratio inflorescences flowers per ;
M : F per plant infloresc. -
(N = 50) (N =5) (N =5) i
L. stelligerum 1.28 Male 121.8 + 63.0 153.6 + 26.6 ﬁ
Female  55.0 + 20.7 42.4 + 12.6 N
L. xivthocenus 1,20 Male 245.6 + 41.6 181.5 + 71.0 %
Female 80.4 + 63.7 35.3 % 3.6 %
______________________ e e e e e e il
______ b
.
. X
»
]
] .
4001 , " N: 297
. .
. R:-0.045
] [
. P(R) : 0.441 .
] .
. : - y: =0.001xX 80.3
l: " ) ’ '{
- » v
200 1.,_ - ;
[ n -
" —— :
- a -
[ s EER o
n
| § . ¥ R}
20000 40000
ANNUAL SEED PRODUCTION ¢
Figure 1 -~ Seed volume verse annual seed production in
species of the southern African Proteaceae. The
resource limitation hypothesis predicts a
negative correlation between seed production per
season and the size of the seeds produced. While
the data appears curvilinear, log transformation .
of the data does not improve the correlation 3%
(R = -0.012, P(R) = 0.836, ¥ = .005 x X + 1.74). &
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Summary

Recent interest in heathland nutrient cycling has underlined the
extremely low nutrient budgets under which these communities exist.
Hutrient additions to and losses from these systems are incompletely
quantified and even poorly understood. Based on the limited data
available we suggest that intense wildflower picking and frequent veld
burning may severely deplete community nutrient reserves.

" Data on quantities of wildflowers removed from specific areas and
communities are noun-existent and therefore accurate quantification of
nutrient losses 1s virtually impossible. Total Protea nepens head con-
tribution to the aerial nutrient pool in Cape coastal fynbos is in the
region of 14,1 (N}, 12,6 (P), 10,7 (Ca), 9,6 (Mg) and 25,2% (K) while
Banksda cones in Kwongan heath, Western Australia represent 25,4 (N),
30,3 (P), 13,5 (Ca), 16,5 (Mg) and 26,3% {(K). Casual observations show
that moderate picking levels of +10% per season may remove 4,1 (N) and
9,6% (P) from individual bushes of Bankala hookerana. Estimates for
nutrient removal from cultivated fynbos stands give annual losses

(live cones only) of between 1,6 (P) and 2,3% (K).

Fire-induced nutrient changes for these systems are also poorly
documented although indications are that non-volatilisable elements are
generally retained in the ash. However concern is expressed at the
fates of nutrients after fire, particularly during the winter rains.

We conclude that urgent studies are needed'to assess the effect of
wildflower picking and fire on the nutrient capitals of heathland
communities and that the Wildflower Industry can play an extremely

constructive role in this regard.

1. Introduction

The Proteaceae have evolved as a distinct southern family {Johnson
and Briggs, 1975), centres of distribution being located in the south- "~
western Cape, South Africa (Goldblatt, 1978, Kruger, 1979 and Taylor,
1978), and south-western and south-eastern Australia (Specht, 1979).
The family ranks prominently in the two floras and 320 (3,8%) (Bond and
Goldblatt, 1984) and 384 (15,1%) (Beard, 1981 and Lamont el af., 1984)
species respectively occur in the heathland zones of the Cape and south-
western Australia. Distribution of Proteaceae in the heaths of both
these regions is widespread {George ef al., 1979, Lamont el al., 1984
and Kruger, 1979) although in the Cape, factors such as high altitude
and seasonal waterlogging tend to preclude this family (Kruger, 1979
and Taylor, 1978).
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Both regions are characterized by extremely low levels of total
soil nutrients (Bettenay, 1984, Kruger, 1979, Low, 1980, Low, 1981,
Low, 1984, Low and Bristow, 1983, Low et al., 1984, Milewski, 1983
and Van Daalen, 1984) which are in marked contrast to their "nutrient
rich" winter rainfall counterparts in California (chaparral), Chile
{matorral) and the Mediterranean Basin (maquis) (Bradbury, 1977, De
Bano and Conrad, 1978, Di Castri, 1981, Rundel and Parsons, 1980 and
Specht, 1979). The heathland flora has developed a range of adapta-
tions to its low nutrient environment ‘(Lamont, 1983 and Low, 1680)
and the Proteaceae in particular are extremely adept ar extractirg
nutrients and moisture from the soil through well developed protcoid
roots (Lamont, 1973, Lamont, 1981 and Lamont, 1083).

Criy recently =zva nutrisnt-lingsg z2.7185 zos- TTTINIET Ir otne
Fynbos Biome (Mitchell, 1980) although focus on this aspect was under—
lined at the 1980 Mediterranean Ecosystems Conference held in
Stellenbosch, Cape (Day, 1983 and Kruger et af., 1983). A start has
been made on similar studies in the Kwongan heath (Beard and Pate,
1984) of south-western Australia (Low and Lamont, 1985) and prelimi -
nary data show some interesting differences in community nutrient
allocation between sandplain heaths here and in the western Cape.

Our interest in the Proteaceae stems from their ability to survive
admirably under conditions of restricted nutrient supply and often of
marked summer moisture stress, at the same time commanding a dominant
position in many climax communities of the two subcontinents. In
view of the extremely low nutrient capital of these communities, we
are concerned about potential (irreversible) nutrient losses in this
group which often represents the bulk of the community mass and
nutrient pools. In this paper we examine their contribution to heath-
land nutrient pools and the possible consequences of wildflower
picking and fire.

2. Contribution of the Proteaceae to comﬁdhify‘nquient pools
2.1

Table 1 gives aerial masses and major nutrient pools for
western Cape mountain and coastal fynbos; non-proteaceous communities
are included for comparison. Dense stands of Proteaceae make up >80%
of the community mass with heads contribution up to >20%. Contribu-
tion to the nutrient pool is correspondingly high. In closed climax
coastal fynbos, Protea Aepens contains >93% of all major nutrients,
with heads making up 14,1 (N), 12,6 (P), 10,7 (Ca), 9,6 (Mg) and 25,2%
(K). We have no like data for mountain fynbos although Leucadendron
cones at the Kogelberg site (table 1) represent only 1,9% of the
i and Low (unpub. data) found a figure
of 5,1% for a leucadendron salignum community in the Winterhoek
mountains near Porterville. Neither of the sites could be considered
as dense climax proteoid veld. The Australian heaths {table 2) show
much lower values than Cape fynbos and in the Kwongan this is thought
in part to be a reflection of a lower soil nutrient status (Low and
Lamont, 1985). However, of great significance in the Banksia community
is that cones make up a far higher proportion of the aerial nutrient
pool (25,4 (N), 30,3 (P}, 13,5 (ca), 16,5 (Mg) and 26,3% (K)).
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Phytomass and major nutrient pools (g m™?) from selgc;e?l
heathland communities in the western Cape winter rainfa
region. Compiled from Low (1983 and unpub..data). Le
Maittre (1981), Van Wilgen (1982) and Van Wilgen and Le

Maittre (1981).

Table 1 -

Dry mass N P Ca Mg K
—CO“SEQE_EZQ?9§
forz fortein non-protecid i us8 7,67 0,73 17,47 1.00 3,67
11y (total aerta2l} e n
(post-fire litter 273 1,26 0,08 1,99 0,16 0,18
388 ) e
Mamre proteoid 6 817 20,80 1,43 26,59 8,28 13,;3
17y non-protcoid 146 1,00 ,06 1,77 0,79 ,-;_
Protea = =  ecmeecemmmmcmm e
repens total aerial 6 963 21,80 1,49 28,36 8,57 _lf:?f_
-------------------------------- 0,7 0,5 1,7
% i heads (of tot. aer.) 0,5 0,7 0,9 ,
é é;:g heads (" " * ) 10,8 13,4 1n,7 10,0 9,1 23,5
% proteoid (of tot. aer.) 97,9 95,4 96,0 93,8 96,6___?f:3_-
__—--—-----__Iitter 1232 6,57 0,27 17,49 1,36 1,37
Mountain_fynbos
Zachariashoek non-proteoid 558 2,44 0,08 1,10 0,44 _i:?E_
12 (total aerial) -——=—-e=ecomm -

’ litter 182 0,87 0,03 0,50 0,10 0,10
Kogelberg proteoid 385 - - - : :
20-22 y non-proteoid 648 - - - T
Leucadendnon =—eemem oo m oo oo -
Laureolum total aerial 1033 3,89 0,20 2,87 1,48 _2:??-

% cones 1,9 5 & 2 = :

% proteoid 37,3 - - - _: ________

I;;E;; 390 2,11 0,07 0,86 0,21 0,20
Jonkershoek proteoid 3 240 - - - : :
21y non-proteoid 409 - - = = R
Protea = = e e
repens total aerial 3 649 10,52 0,64 6,99 1,56 _?lf?__
P. nendi4- —-—-——---—-------------—-—--------------: ----- - -
folia % proteoid 88,8 - - .

I;;;;; 1 430 9,27 0,29 2,99 0,71 0,57
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Table 2 - Phytomass and major nutrient pools (g m~?) from two selec-
. ted heathland communities in the winter rainfall region of
Australia. Compiled from Low el af. (1984 and unpub. data),
Low and Lamont, (1985) and Specht ef af. (1958)

Dry mass N P Ca Mg K
Eneatla proteoid 1476 3,63 0,19 2,95 0,89 1,89
(SW Aqstralia) non-proteoid 288 1,65 g 1,54 0,25 ,60
BaARARR = W emmemeee e e e ek e e e R e
atlennata total aerial 1764 5,28 0,25 4,49 1,14 2,49

Bi: HOBRENAHA  mmememoii e e bt s B e oo
B. menziesi{L % live cones 2,2 4,2 6
% dead cones 15,7 1 21,20%%24

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

litter 323 -1,16 0,04 1,35- 0,11 0,12
Keith proteoid 745 3,69 0,14 1,02 1,12 1,54
(SE Australia) non-proteoid 1 100 6,49 0,16 3,30 2,0 ,91

By  eeeemmeane- e e ————
Banraia oinala total aerial 1 845 10,18 0,30 4,32 3,17 4,45

" % proteoid 40,4 36,2 46,7 23,6 54,6 34,6

Nutrient guantities present in certain flowering stems utili-
zed by the Wildflower Industry (WFI) in fynbos and Kwongan heath are
shown 1n table 3. Amounts in Bankaia hookerana are-clearly higher
than in Protea and this is ‘due chiefly to a greater contribution of
cone and leaves to the flowering stem coupled with higher concentra-
tions for certain nutrieonts, notably N and P. -

3. Mutrient losses through wildflower picking

3.1 Utilization of Proteaceae in the WFI

3.1.1 Impoertarce of the Proteaceae

fespite the ubiquitous occurrence of Proteaceae in the south--
westeen Australian and associated sclerophyll vegetation (George et al.,

1979 and Lamont el af., 1984) less thar 30% of this family's species
iz utilized in the WFI, representing 21% of the total number of
species empluyed in the latter (Burgman and Hopper, 1982). For the
Cape these figures are about 25 and 38% respectively (Van der Walt
et al., 1984).

A large part of the WFI is d:icated to the marketing of
proteaceous species with large, attractive heads, most of which have
the added advantage of being §pitable 1n the dried state (Van der Walt
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Table 3 - Dry msss (g) and ma jor nutrient content (mg) of flowering
stems of Protea {western Cape) and Banka{a (south-western
Australiia). Stems 30-50 cm long, mean +3§ cm (Paotga) and
current and previous year's growth (Banka<ia). Nutrient
concentrations from Low, Struthers and Le Maittre fall
unpub. data), and Van Wilgen and Le Maittre (1981).

e OB s

- Mass (g} N P Ca Mg K
;;olea nepens Head 17 45,9 3,4 11,9 2,8 62,9
(mountain fynbos) Leaves 11 60,5 2,2 44,0 5 33,0

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

Total 42 130,2 17,0 97,9 19,3 1
Protea nepens Head 17 80,1 6,2 92,6 21,4 10
(coastal fynbos) Leaves 11 58,9 3,0 89,6 13,2 27

Stem 14 45,6 3,3 79,2 18,1 22,

%;tal 42 184,6 12,5 261,4 52,7
;notea compacia Head 14 37,8 2,8 9,8 5,6
(mountain fynbos) Leaves 17 77,0 2,8 56,0 7,0

Stem 7 1,9 0,7 21,0 3,5 25

Total 35 126,7 6,3 86,8 16,1 116,9

Protea neniifofia  Head 21 56,7 4,2 14,7 8,4 17,1
(mountain fynbos) Leaves 10 55,0 2,0 40,0 5,0 30,0
Stem 7 11,9 0,7 21,0 3,5 23,1
T;tal 35 123,6 6,9 75,7 16,9 130,8
Banka{a hookerana  Cone 29 106,7 10,8 ,5 30,1t 59,4
{Kwongan heath) Leaves 17 112,2 . '85.3 41,7 17,2 42,5
Stem 7 27,5 019 3 312 2715

et al., 1984). Large-headed Proteaceae (Protea, Leucadgndaon or
Leucospermum) invariably form an open to closed canopy in mature
mountain fynbos where conditions permit the development of a three-
layered community (Kruger, 1979 and Taylor‘f 1978). .In_the Kwongan
(sandplain heath) of south-western Australla,_BankALa is the Protea
"analogue", although Dnyandna (Leucospenmum-Like in looks) may also
fill this position.

3.1.2 Quantilies picked

Records of numbers and/or kg of stems picked per species are
well documented for Western Australia (Burgman_and Hopper, 1982)‘but
much less so for the Cape (Van der Walt et af., 1984 and SAPPEX
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Recently compiled data for Banks{a hookerana heath at Eneabba,
south-western Australia (Struthers, unpub. data and Turner, 1984)
indicate that live cones from this species were removed at a rate of
9,7% (1984 season) which amounts to a 4,1 and 9,6% loss in N and P
respectively per shrub. )

Picking of dead heads, including Banka{ia, for dried flowers or
even seed collection forms a major part of the WFI in Western
Australia (Burgman and Hopper, 1982). In the Cape WFI, of the S0
proteaceous species with large heads or cones recorded by Van der Walt
et al. (1984) (Appendix 4), 41 {82%) are used as dried and fresh, or
solely as dried flowers. Dead heads make up between 9,1 (Mg) and
23,5% (K) of the aerial nutrient pool in coastal fynbos (Protea repens
$ ales : : (table 1) while.dead cones comprise between 11,7 (Ca) and 24,0% (P) of
‘although pvosfig;:;ypt;::gg 22;; ?r; ava;labledfor Cape proteoid stands & the same fraction in Kwongan heath (Bankaia). Regular removal of
; +4 s Obsgeved feyoval vates of 3 Lo large quantities of dead heads or cones is thus likely to deplete the

newsletters (1976 to 1984). The latter, unlike the Western Australian
report, .gives only total exports with no breakdown into species or
regions. Quantities for annual fresh flower exports (Proteaceae and
Cape greens (chiefly Ericaceae, Bruniaceae and Asteraceae)) range
between 1,4 and 1,7x10® kg (SAPPEX newsletters 1977 to 1984) of which
. 70% may be ascribed to ProZea and Leucospermum (Davis, 1984). During
the 1980-81 season in Western Australia 13,8x10% stems were reported
picked. Of the 20 species most heavily exploited, 7 were Proteaceae,
?ggggising 3,5x10% stems or 25,4% of the total (Burgman and Hopper,

§ nqoksi rg e e i D

3.1.3 Nutrient losses

LA BN

v

3:1p:;sa22:2 :Zi;czée;;mgndéurA:r:h? :ﬁger extr?mg, nearly 100% remo- i nutrient stocks in climax proteoid communities. Parallel with this
area and this is probabl .d . Wi A O Rlve?sdalg practice is the removal of seed-containing heads from serotinous
concern for the ﬁ21g-geiz :? zg plckerslzn %easgd land showing little ? species and in particular where seed survival is short. Near Klein-
tion gathered f a4 & 2k LAY bavis, 1984). Ipforma- - mond, Slingsby and Bond {1980) have shown that post-fire regeneration
idea gr T L 1p the Klednpona-Hernanag Ares glyes soue ) by Protea compacia was severely reduced where intensive picking of
Proteacegzss gﬁ:?;gltggr?;§2 g;cggggogfgo:;a;d;ogfsiulglzas?d : live heads had previously occurred. Under continued intensive
Z =S i em a were i g o A x
picked giving a nutrient removal rate in the order of 2 006 (N), E;gté?griOEZioz:pgii;:2:3 of obligate seed-regenerating species would
logl(Pzi 1 ;18 (Ca), 268 (Mg) and 1 956 (K) g ha~! (extrapolated from ]
able 4). This represents 1,9 (N), 1,6 (P), 2,0 (Ca), 1,9 (Mg) and h ¢
2,3% (K) of the aerial nutrient pool in dense Protea gro;th (table 1) - 4. MNutrient losses through fire
at Jonkershoek. ) Fire is an acknowledge natural factor in heathlands which at the
same time are regarded as being fire-prone (Specht, 1979). Our con-
v cern with regard to fire in these systems stems from possible net
Table 4 - Esti -1 ; I . nutrient losses which we believe may occur under current high fire
' figémiﬁfiiSZEZQegﬁotgjzzzuggszgnd; ;g :;éd&;oyer p;ck1ng ; frequencies. The latter are man-induced whether through present
Hermanus area. Number of stems reported roret;gzn1_s [ management policies, accident or vandalism. To date comments on the
Nutrient data for individual headspfrom table 3 _Tgtsi 5 subject have been rather speculative due to an extreme paucity of
Proteaceae data (see above) extrapolated from Piot o i¢ data inboth subcontinents. Van Wilgen and Le Maittre (1981) estimated
(34%) and assuming similar nutrient contents in Leea Ztems . post-fire nutrient releases from aerial and litter material in moun-
dron and Leucospermum (2 613 (47%) and 1 063 (19%?caten— b tain fynbos of between 50 and 80%. Evans and Allen (1971) demonstrated
% Shees : considerable nutrient losses in British Calluma heath for N and S

respectively).
which are easily volatilised. They concluded that critical elements

[S

: . ho. dry m;;; _______________________ ETIT S i such as P showed little change as they were retained in the ash. Van
Stemsilh hends  abues L Loriy N P Ca Mg K § Wyk (1985) monitored nutrient in- (rain and dry deposition) and output
- ha e 3 . (streamflow) in a mountain fynbos catchment and even after fire,
Protea compacia 982 34,4 TR Rem O ON G ki - found input to exceed output for several cations examined. N and P
P. fLongifolia ! 24,4 6,2 85,2 15,8 114,8 2. were not detected but then again loss through smoke or ash was not
Ey: e s investigated.

P. neriifolia 248 8,7 3,6 1,7 18,8 4,2 32,4 ‘ We argue that heathland systems may be partly "leaky" due to
Prot et et e P T i \ extremely poor colloidal statuses (e.g. low clay contents in [ynbos
rolea grandiceps 485 20,4 63,1 3,4 47,4 9,4 68,9 3 soils (Lambrechts, 1979)) and that leaching of nutrient: after fire

P. Lacticolox and an ensuing heavy spate is exacerbated. Nutrient replenishment
from parent material in these systems is insignificant (Rundel et al.
1983) and input through rainfall is considered too small to have any
redeeming effect (Allen e¢f al., 1969, Chapman, 1967 and Groves, 1981)
particularly where higher fire frequencies are found {Stock, 1985).

N replacement through symbiotic (Bowen, 1956 and Haxen, 1978} and
free-living (Low, 1984) N-fixation is however likely, but it is the
geochemically cycled elements, notably P, which cause the greatest

concern.

Protea compacta 160 4,0 14,3 0,6 12,4 1,7 10,4

o Hy

Protea total 1875 67,5 232,4 11,9 163,8 31,3 226,5

SR
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Table 1 - A comparison of quality of soil and water in Israel % Table 3 - Protea and Banksia production in Israel 1982 - 1985.
(coastal sandy soil and national water pipe respectively) i llectarage, quantities and prices.
and Stellenbosch, South Africa. B ’
""""""""" """"g;]f]"’"""""""----‘;---"--———-—--—-—-- * Hectarage (hectares) Quantities Price F.0.B.
. ater . (000 flowers) (U.5. cents)
Israel S A Israel S A Sl eeeeeciecreridiran cseccseersemoonoos comcoserooroeenes
pit >7.0  <6.0 S7.0 <60 B
EC (raho's . au”!) > 0.4 < 0.4 ~0.6 £ 0.2 82/83 83/84 84/85 82/83 83/84 84/85 82/83 83/84 84 /85
Free Yine present  absent present absent : ;
(hard) (softy o| T e
: Leucadendron _
discolor 0.5 1.0 3.5 70 80 100 15 13 13
' Protea o '
‘obtusifolia 0.5 1.0 1.5 3 6 15 60 50 55
Table 2 « List of fungi isolated from Proteas and Banksias in Israel.
panksias 15.0 13.0 12.0 80 120 120 75 45 50
Isolated from roots Isolated from leaves )
.............. cererrorrennreesy e - Leucospermum 0.5 1.0 2.0 30 70 20 16 22 16
Name of fungus No of cases Name of fungus No of cases Total 16.5 16 19 183 276 255 . - -
Fusarium sp. 51 Alternaria -_ 14 ;
Fusarium moniliforme 1 Bdtrytis RO 2 : '
i . T P  Figure 1 - A key to climate diagram
Fusarium solani 1 Cladosporium ' 1 ' a - monthly mean temperatures (C°)
Phycomycetes (unidenli- 9 Colletotrichum 1 y : b - monthly mean precipitation {mm)
Fd) . 1 _ ¢ - monthly mean precipitation above
; : 100 mm in a scale of 1:10
Phytophthora sp. 3 Gloeosporium 5 < SELAVIVEZe ) 108 d - equal 10°C and 20 mm precipitation
: ; e - water shortage
»Phytophthora citrophtohra 1 Helminthosporium 2 : f - excess water \
Phytium 11 Didiopsis 1 g - months when absolute minimum lies
I 5 : 4 below 0°C
Rhizocntonia solani 4 Stemphy1ium 1 ho mm S - summer
Rhizopus 2 Do R p— N Bl w - winter i
ot ; Tel-Aviv - location of station
Sclerotium bataticula 9 ; : " SR (3m) - altitude .
Verticillium 2 Diplodia 13 ol ez vz 9 19.1° - mean annual temperature (C°)
: A b w 476 - mean annual precipitatien (nm)
(isolated from stems) o s w s 8.5 - mean daily minimum of coldest
.................... S AR R AR S R RIS S S A & month (C°)
& -1.1 - absolute minimum (C°)
108 r 109



Figure 2 - Climatic diagrams of main Protea growing areas in South
Africa, Australia and New Zealand, California and Israel
(revised from Walter and Helmut, 1967).
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Abstract

Leaf browning of several P r o t e a spp. after harvesting is
one of the most important problems in the protea industry.

The use of a flower preservative is essential to retard leaf
browning of proteas. The objective of this study was to determine
the effect of sucrose in a vase solution on leaf browning of
harvested P r ot ea neriifolia. Sucrose is an easily
assimilable substrate and replaces the depleted intracellular carbo-
hydrates and also retards the degradation of other organic

components.
" P, ner it foldi a stems were placed in a vaser solution
containina labelled !*G-sucrose (U 14C) for 18 hours. A greater

amount of '4C accumulated in the flower heads than in the leaves.
When placed in a vase solution containing 14C_sucrose and 1% sucrose
a significant quantity of ¢ accumu” .ed in the flower head within
12 hours. A pulsing period of 12 hours would thus ensure an efficient

tigerivetinn of sucrnee threueNeout the vhole i-flavesne--2,
Tn experimente wirth onlv sucrose in the vase soiur’r~n It wrs
Capmt it Tmmemtope s Y g s TR T S SAPME I [T T

the onset of leaf browning of P.ner i1 {01 {1 a inflorescences,
Concentrations greater than 1% sucrose were harnful to the leaves

and enhanced leaf browning.

1. Introduction

Leaf browning of several P r o t e a spp. after harvesting is
one of the most important problems in the protea industry. According
to De Swardt (1977), Mulder (1977) and Uys (1980) the two main
factors associated with leaf brownine are the presence of flavonoids
such as pro-anthocyanidins and the loss of water due to transpiration,
Panll et al. (1980) state that water stress in cut proteas always
nrecedes leaf browning, A water stress at the cellular level leads to
an increase in membrane permeability (Bell et al., 1971), which
plays an important role in tissue browning (Thomas et al., 1973).
The rate of leaf browning can possibly be related to the rate at
which the membrane system collapses (Mulder, 1983).

The continued supply of nutrients such as sucrose, to cut flowers
is essential for the maintenance of membrane integrity (Coorts,
1973). Sucrose 1is a readily assimilable substrate and can be used
effectively as a preservative in a vase solution (Gay and MNichols,

1977). Sucrose replaces the depleted intracellular carbohydrates
and also retards the degradation of other .organic components
(Marousky, 1968).

The present investigation was carried out to determine the effect
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in leaf blackening.

.The leaf is, however, not the only component of the protey
inflorescence which depletes the food reserve., The bracts and florets
also need substrates for respiration. Moreover, the respiration
of the less developed tlorets tends to be higher than that of the
leaves, bracts and fully developed [lorets (rable 2), and would
theretore demand more substrates for respiration than the other
compunents of the inflorescence. Chin and Sacalis (1977) reported
that in roses these substrates were translocated from the leaves
to the flower tissue. The respiration rate of the florets may there-
fore have an influence on leaf blackening. An investigation into
the intluence of the stage of development of a protea inflorescence
on the iespiration rute of the florets on the peduncle, revealed
the results shown in figure 3, The respiration rate of both the
group of florets in the centre and on the periphery of the peduncle
evinced a typical climacteric pattern when plotted against the stages
of development. The florets in the centre of the peduncle tend to
have a higher respiration rate than those on the periphery of the
peduncle, while the climacteric minimum and maximum occurred at
later stuges of development of the inflorescences. The florets in
the centre were less developed than those on the periphery of the
peduncle and that probably explains the difference in respiration
rate patterns, When the inflorescences were harvested at stage 3
of their development and kept in water for 13 days, a different
pattern emerged (figure 4). The change in the respiration rate of
the florets on the periphery corresponds well to the respiration
pattern observed in figure 3, starting at stage 3, However, the
change in the respiration rate of the florets on the centre of the
peduncle did not display a sharp increase as observed in other cases.
This might have been caused by the sampling periods (3 days apart)

or because of a depletion of the substrates available for respiration.

The vase-life of protea inflorescences 'including a decrease in
the rate of leaf blackening, can be extended when the flowers are
kept in a prescrvative solution containing sucrose,
8-hydroxy-yuinoline sulphate and citric acid (Ferreira, unpublished
results). Based on the results obtained in thiss investigation it
is suggested that, apart from water loss, an abnormal. high respira-
tion rate due to high temperature can also initiate leaf blackening
of proteas. Flowers should therefore be cooled soon after harvest
and kept in cold storage, preferably also during the time of traus-
port. The flowers should furthermore not be packed in, or covered
with polyvethylene,

A detcraination of the changes in the substrates available for

respiration under conditions described above is needed to confirm

the inflivuce of regpiration on leaf blackening, while the develop-
ment of u pulsing-solution should enhance the vase-life of cut protea
flowers.,
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A rapid method for the determination of the
some P r o t e a species.

Table 1 - Respiration rate of leaves of P, ner i1 folia at
different temperatures, one day after harvest of the
inflorescences.

e S ~-
Standard error

Temperature Respiration rate
o (cm’ oxygen absorbed/kg
fresh tissue/hour)

25 176.2 27.4
40 611.5 % 96,2 .
B) 1 877.3 412.6




Table 2 - Respiration rate of various components of a
P.neriif ol ia inflorescence one day after harvest Fresh mass )
(% of original mass) % Leaf blackening
T 100
Inflorescence Respiration rate Standard error = R = *- —e
component (cm® oxygen absorbed/kg P 95 - . NRPRIEY i, N O prmmeaamep |-100
X A fresh tissue/hour) ac 2 Vi
a5 " 90 -1 4 ’ - 90
X ] Vi ’
leaves 170.4 24.3 ‘f! \\ / ':'
bracts 152.6 21.2 _f 85 - N ., |80
florets: ' F{ !
outer 166.4 ' 25.0 7z 80 . ! 70
niddle 191.3 29.4 ¥, ¢ k
inn 239.9 32.1 ¥ . !
= : 75 ; ; L 60
g '
" ! .
'y ’ 1]
'- 70 . / i
[} 1)
! !
Fresh mass 65— ! g - 40
(% of original mass) % Leaf blackening _ d !
1007 ] 60~ "' ,’ - 30
L]
95+ I' 0'}5 0
55 4 4 . L 2
90 ;! o
50~ '; ‘p’ L 10
85. & i
z 454 L SR 4 - 0
80 ’:‘4" T T L} T T T ¥ v
1S 30 45 60 75 90 105 120
.
75 Time (min)
‘1. Figure 2 — Change in fresh mass and percentage of blackening of leaves
70 of P. neriifoliapacked in polyethylene bags at different
ﬁ temperatures for various periods
65, T ®  © Freshmassat 40°C
) lo) O Leaf blackening at 40 °C
60 i ® ® Fresh massat 50°C
. ' O O Leaf blackening at 50 °C
oo Fresh mass at 40°C . 55 s A A Freshmassat 65 °C
O----0 Leaf blackening at 40 °C i o s A& & Leaf blackening at 65 °C
m——a Fresh mass at 50 °C s i [
O ----0 Leaf blackening at 50 °C ‘&. &
a——a Freshmassat 65°C * B
ooe--6 Leafblackeningat65°C 457 o A
T T T T T T T T S b
15 30 45 60 75 90 105, 120 " g
Time (min) . L
) -

Figure 1 — Change in fresh mass and percentage of blackening of leaves
of P. neriifolia at different temperatures for various periods i
Ay
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Réspimtion rate (cm® oxygen sbsorbed/kg fresh tissue/hour)
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1se
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Stage of development

Figure 3 — Respiration rate of florets of a P. neriifvlia inflorescence at different
stages of development :

o—o floretsin the centre
o--0 florets on the periphery

Respiration rate (em® oxygen absorbed/kg fresh tissue/hour)
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Days after harvest .
Figure 4 — Change in the respiration rate of Norets from P. neriifolia inflorescences

after harvest
@&——& florets in the centre

O-==-<O florets on the periphery

129



POST HARVEST INFORMATION FROM A PROTEA GROWER, SHIPPER
AND IMPORTER'S VIEWPOINT

e T T

-

: B.H. LaRue
- R.L. LaRue
N ’ Sea-Bar Ranch Nursery
? 5 Hollister Ranch #71
Gaviota, California 93117
United States of America

Abstract

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

- build each individual's reputation with their buyers
as a producer of quality cut flowers

- justify highest and best prices paid to growers

- increase the demand for cut Protea

- operate at a profit

In the writers' opinion proper post harvest proce-
dures must be adhered to in order to ensure these goals.
The methods and suggestions shared herein have evolved
over more than ten years of experiences and experiments
by the writers in a profitable commercial Protea growing
and marketing operation. A great deal of information
has been published on post harvest treatment of cut
flowers; however, the writers suggest that thorough
scientific investigations should be done specifically on
e ; each aspect of Proteas -- from the selection of proper
mature flowers, when and how to cut, post harvest treat-
ments, packaging, and the care and handling by buyers.
Until these studies have been completed and reported, we
Protea growers will not be able to obtain the aforemen-
tioned goals and therefore will be greatly handicapped
in the highly competitive worldwide flower markets.

CwF

R

1. Introduction

The writers (husband and wife) own a one hundred acre
farm in central California adjacent to the Pacific
Ocean. In 1972, we planted ten acres of Protea includ-
ing twenty different species. Since then, we have
increased our Protea plantings to approximately thirty
acres. Our climate is frost free, but very windy. Our
soil types are less than ideal ranging from heavy clay
loam to shale, all of which range from PH 4.1 to 6.2.
We have always marketed our own flowers direct to whole-
salers throughout the U.S.A., Hawaii and Canada. In
an effort to improve our product, we have continued to
experiment in growing and cultural methods, post harvest
procedures, and marketing. Because we have more demand
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than we can supply, we started importing cut Protea from
Australia and New Zealand four years ago. This import-
ing, because of the reverse blooming seasons, has en-
abled us to- furnish our buyers Proteas year-round.

We concluded in the early years that it made little
sensze to go to the effort and expense to produce beauli-
ful flowers ii they were to reach the ultimate consumer
in poo: condition with a short vase life thereby reduc-
ing futoce demand. We have read all the printed mate-
rial we know of on post harvest treatments. From this
material and from our own experiments, we believe the
most lumportant factors affecting cut flowers are:
temperatu:e, water supply, food supply, ethylene, dis-
ease, maturity, light, handling, and packaging.

Our slide presentation will illustrate most of the
above factors. These slides were prepared by Dr. Mich-
ael Reid of the Department of Environmental Horticulture
at the University of California at Davis in conjunction
with his work on post harvest handling of cut flowers.
His conclusions, we believe, are pertinent to cut Pro-
teas. We hopefully await conclusions to future studies
which we might use to improve our methods.

_ Because we want each cut flower to arrive at the

packing shed while it is still cool from the night tem-
peratures and also when the stem and head are still full
of water and food, we start cutting early each day.
Starting early also allows harvest before the honey bees
begin collecting, especially in Protea repens. If flowers
must be cut while wet from dew or rain, be sure they are
dry before cooling. T

Mature flower selection .

2.2

We cut only after the flower head has matured but
before it has had a chance to open. Each species is
different but there is an optimal time for each when the
bracts are ready but have not yet sprung loose. Cutting
at this stage allows us to prolong the shelf life on many
species up to two or three weeks longer than if we har-
vested open flowers. This method can also allow harvest-
ing if rain is forecast. Our post treatments can also
adjust the flower opening time of most species.

2.3 Flower care while field harvesting

Flower cutters collect into their arms a comfort-
able carrying load before placing the arm load into a
cardboard picking box (12"x20"x44",
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30x51x112 cm) which
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is always kept out of direct sunlight. Each half hour
the flowers are taken to the packing shed. Because the
flower cutters are looking for the right stage of opening
for market demands, their only pruning is limited to
unsaleable flower heads. Other necessary pruning is done
at another time. Cutters are required to bring to the
foreman's attention unusual conditions such as insects,
rodent pests and any change in general plant appearance.

3. Packing shed procedures

3.1 stripping_and selection i

Upon arrival at the packing shed, the flowers are
carefully placed on work tables for the first culling
selection and stripping of leaves on the lower one-third
of the stem. This stripping is done to ensure that
leaves will not be covered by the water solution. 1In
most species this stripping is done by hand. Some spe-
cies require each leaf to be removed to be cut by clipper,
eliminating severe damage to stems. We now know that
hand stripping does cause damage to stems and can result
in poor quality market flowers. Unmarketable flowers are
destroyed as we make our first quality selection. We
consider stem length and straightness, leaf condition,
flower maturity, size and uniformity factors.

We have only recently begun to recut stems while
held under water. Recutting stems under water greatly
reduces the chance of air entering the stem water passage
ways. A great deal of work will be necessary to improve
on speed and efficiency in our procedures. We have been
talking with other flower growers and find that they also
have problems in this regard. We normally cut off
approximately one inch or two and one-half cm. to reopen
the trachea in the stems. Our question, Mis it best to
make a straight cut or a diagonal cut," remains unan-
swered.

each is placed immediately
into a solution of warm water (90-100°F, 38-40C) and a
commercially prepared flower preservative (Florever
produced by Smither-Oasis) containing citric acid, sugar
and silver thiosulphate salt (STS) along with a fungi-

cide and biocide. Always use good clean water.
containers are always cleaned and sanitized before use.
The flowers are then left at room temperature for two to
three hours before they are placed in the cold room.
This time, before cooling, 1s necessary so the stems
have a chance to draw in the warm perservative solution.

Once stems are recut,
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w
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OQur cold box is kept at approximately 40-50°F,
4-6C and the cool air is kept circulating at all times.
We also leave the lights on to help the flowers continue
to open. We had problems some years ago with leaf
blackening or browning on P. exima and P. neriifolia
until we began leaving the lights on. We do not know if
the lights solved -the problem and, if so, how, but we
always have plenty of light in the cold room. The box
1s also kept clean and we maintain around ninety-five
percent humidity. All flowers are coded overnight
hefore shipping.

3.5 Insect control

We do not have a large problem with insects,
however, when we do find any insects, the flowers are
sprayed with a commercial insecticide before cooling.
We do not export flowers but if we did, we would begin a
regular insect control program.

4. Packing flowers for shipment

4.1 What to send

The packers make final quality selection sending
only those flowers meeting our specific requirements.
We havq built our reputation with our buyers by shipping
only first quality flowers cut at the right maturity
stage to give the ultimate consumer the longest shelf
life. We recommend that all growers sell only top qual-
ity flowers. ’

Ninety-five percent of our shipping boxes are
44"x20"x12", with five percent one-half that size. They
are full telescoped where the entire top slides all the
way down over the packed box. Depending on which flo-
wers are being packed, our usual mixed box will weigh
between thirty-five to sixty pounds (14 kg to 24 kg).
We use strong wood cleats to hold the flowers from
 slipping around while in transit. The cleats are nailed
or stappled in place before the top is put on.

_ We prepare our boxes before packing to ensure
insulation and control dampness. We line each box with
dry newspapers on the bottom and sides, leaving the side
papers so that, when the box is fully packed, the side
sheets also fold over the top of the flowers. Over the
newspaper, we also line each box with waxed paper for
moisture control. We pack only dry, cooled flowers.
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4.4 Insect control while in transit

We do not have insect problems. However, we do
import Protea and have worked out with our overseas
growers several ways to ensure that no live insects
arrive in the import boxes. The best insect control is
field spraying on a regular basis and control at all
times while preparing to ship. The New Zealand growers
are now using a small sponge holding insecticide and
several are put throughout each box and continue to kill
any insects as the box moves to its destination.

Most of our shipments are transported by refriger-
ated trucks throughout the United States. Keeping the
flowers cool dramatically reduces respiration and aging.
I1f flowers are allowed to heat up and then be recooled,
then heated up again, the aging process seems to acceler-
ate and the ethylene gas effects cause rapid decay. If
you must ship by air or non-refrigerated trucks, try to
deal only with shipping agents who understand the fresh
cut flower needs and who will provide rapid transit.

We have made it a habit to follow our shipments
when we begin transporting to a new buyer in an area we
have not shipped to before. We try to be at the buyer's
place of business on arrival, and at any transfer point
from one truck to another, to determine if the boxes are
being handled correctly. Poor or improper handling in
transit can only lead to unhappy buyers.

5. Care and handling instructions to buyers

No matter who you sell to, be sure that each
buyer, in turn, gets instructions as to how to handle
Proteas. Instructions provided by you, the grower, are
very important to ensure reorders in the future. Make up
printed information that can be passed on explaining to
recut the stems, to use preservatives, to allow leaves
to be covered by water, and to change the water regu-
larly. We even explain that most Proteas dry easily and
how best to do drying.

6. Experiences & problems of importing Protea into the
United States

I1f growers around the world will utilize the informa-
tion shared herein, they should have fewer problems
trying to import to the U.S.A. All imports must be
completely free of disease and insects to pass U.S.
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agriculture 1inspections. Communications with your
bgy:-:s must be simple and understood by each party. We
have prepared informational instructions (based on

experience) which_ we send to growers. These instruc-
ticns have kept misunderstandings to a minimum.

RTINS Y
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il Yuu are a commercial Protea grower or if you aie
one who grows Protea for sheer joy, you must become
proticient 1in proper post harvest treatment of your
rlowers.  You must also support with your money addi-
tional reseairch by the experts within the educational
institutions and agricultural related industries that
can help solve our problems, increase our awareness, and
add to our profits. We must combine the practical
experience and knowledge of Protea growers with the
rescarch by technical experts to improve our product.

PR

e

A PHELTMINARY STUDY OF INTERACTIONS BETWEEN NITROGEN, PCTASSIUM
AND PHOSPHORUS TN THE NioownBRAL RUTKITION OF SEEDLINGS OF
LEUCADLLINIEDRORN SALIGNUHN BERG. (PROTRAVEAL).

N.W. Pamenter

Departinant of Biclggical Scienas
University of Natal

Durten

4001, South Africa

R.D. Heinsan

Manl Seba Ntane Besave
Pilgrims Rest

120, Sath Africa

Astract

“fe awoniun nitrogen, nitrate/amoniun nitrogen, potassium and phosporus
mireral nutriticnof Leucadendron salignum Perg.
(Motemceze) seadlirgs in weter ailbre were investigated by monitceing their
grawth  axd nutrient levels under varying concentrations of supplied mitrients.
Amuniun nitrogen supplied in relatively high levels pronoted goth,
nilvate nitregen at high levels was txie, and optimm growth ocarred at
intennliate potassium and phosphorus concentrations. Interesting interactions
wre alwo foad ad ave discussed.

Depite e preliminary nature of the studies, in view of large ants of
material lost during bloam harvesting, the fatilisation of adtivita] proteas
is recanmgxkd.

1. Inlrcduction

~“The danrd Tor a regular supply of high quality protea tloans fiss resulted in
a derge in production methads., Historically, bloams were renwved fran Ue veld
bt in reeent years bloams have been produced under inbensive cultivaticn.
This, in tum, has resulted in extensive research an aultivation practices, bt
theve is still a critical sorteage of data on nutrient requiremmts.

In their natural hebitat most proteas grow on mutrient deficient soils of
low (il ard their success may be related to their ability to arvive and curpete
wader axch conditions. However, it is possible that proteas may benefit fram
akked ntrients. Moreover, it is likely that, becawse of the ramval of
mitrients by bloan harvesting, proteas under cultivation require fertilisation.
Te avnal  yield (1984 - 1635) of five year old Protea
neriifolia RB. bushes gron in the Easterm Tremsvadl, Scuth
AMyica, at a density of 1000 bushes ka™' was two tomnes fresh ar 700 kg dry
weight material ba™'. In camparison, for maize in South Ayica in 1981 @
avercpe of 120 kg hat fertiliser wes applied for an averege yield of o
Loy ham! (Billet, 1985). For adltivatad proteas prodxcing a similar yield
there is mo nkrient retum. The question therefore arises as to vheller
nbrient retm is necessary to maintain pradxtion et presont levels. Iu s
peosivle tet frrtilisation may even resull in increcsad groWth and produetion.

Little is lown of the nutrient requirannts of proteas clbyr then that
Uhy are suisitive to high levels of toth nitrate ad  pogphaus (Clawsas,
1981, Niduls,181; Vgls, 1982). This investigition wes desiged a5 @
preliminery suady into the nutrient requiranaits of proteas.

fota Horticulturose 185, 1986
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2. Mibrrials axl wethodds

"Tixmnthaold Leucadendron salig n um, ovdlitgs wrn
gon in witer adbae  for G diys. The tasie rutriet salution is given in
Teble 1. Ntrinmit solitions wre kapt AL a anstant wolume of 1) 1 Ly Ue
aditian of de-lnisod woter and after P days, all salutions were replarad.
Qlture olutions weve aeraled using a low air flow rate to minimice mluion
trtulexce ad haxe root distuwtance.  Nitrient concantrations were viviad
indeprrvdmtly in a logarithmic maner, with the basic madiun agpplying e
highest. concentration. To sty te effect of nitrate, thre nitrate/immnivn
ratio v varind, with total N being mintainad &t 3mmwls 1. As a ontiml
sedlirgs were g in de-ionised water only. Treatmonts were roplicat al fjve
times.

Exporimaits vae caducted in @ gremdowse with a mrn troperitiee 70
relative humidity of 26° C and TU%. Wird was supplied using m electric fin.

Senllings wore harvestad &b regular intervals ad dary weights avl aotrmts
of N (Kjeldenl), K (atanic absaption) ad P (molybdeum blue) wore  debryminad
o individual replicates. Results ware expressed as mean relative growth rate
(R) wver the pericd between havest intervals. This desaribes plat growth in
terms of the initlal amunt of material present ad over a given time intrival,
memn relative gvwth rate (R) my be calaulatad as:

R(1-2) =legeW(2) - legeW (1)
t@ -t (1)

vhere Wz plant dry weight and € = time.

3. Pemlts asl Disassion

Figwe T illwtrates Rof L. salignum seellirgs gows in do-iraisl
vater only. For the first 50 days seedlirgs grew cn accumilated reserves i
aly Urn v there amarked drop in R. It wes astumed that aoly aflme €0 days
did scedlitps beaome mutrient  limited and therefove, effrels of tre virions
ntrients on R zd ntrient sbsorption ware confined to the 50~ O doy grovdh
pericd. .

Figre 2 illuwslrates the R of seallings in the four experimmts. Thae wo
e imreate in R with increasing supply of ammnium N (Figure 23). The highert
amniun N ooneentration tested was 3mmls 7' bt present studies awprest,
that grueth repods to at least 10 omols 171 anmenium N.

Were N ves spplied as both nitrate ad ammnium, high levels of nitrate
yieldol lew R values (Figure 2b). Three of the five replicates at Ur higherd,
nitrate/amoniun ratio died, ad the R for Uids treatmant is Ue mom of e
anrviviig two plats.

Inlrrinliste  levels of K ad P gave meximm R values wilh gttt reduelion
Aprrent ab the highest concentration fur toth elanmts  (Figuwes 2 and o).
Tz, it wuald appear that high levels of ammiun N occbined with srderate
levds of ¥ add P are optimm for growth.

T ::f«:_(,b.:u_va;i effects of rutrients on growth could have Lean a direst realt,
of th individal elamnts or an’indirect effect due to irhibition of uptae of
Ye other essmtial ions. FPossible  interactions wre assessed  fivm

AR TP YO fL pes e e

te frua

arratrations of te diffeert elamyits in the plts g on trale ‘
diffrrent, treatmmts. N ocoomtrations increnoed with ixﬁ'ﬂm‘.rg agely "\f
qamrnitm N, but high nitrate  levels depressad N ocheaptdn (Fipaess 4 .nl1
1. This confirms that ammium N is bereficial to L. salignum . tr -
nitrat. N, especially at high levels, is growth detrimrtal. Vayire K ) '
lovels did mot influmce N @sorprion. Plat K 1evels. incrersnd . Lk
oenilitions of increasing K supply (Figare lla) and, vhile varying ccneentrations
of toth ammnium N ad P did mt affect K uptake, high nitrate levels r"'."I‘llthi
in  redoeed K absorption (Figae W). P syply did not g}weatly affrct. plaat, P
crvrrntration exoept, for the highest level of ayplied P, at vhich thore .w!“.‘ 3
miked increase in plat. Pooveentration (Figre 5). The presayy »f ot
mirients bed o influrre o Pptae.

For both K aed P, althaph highest plant ('YYYY]'I‘,I','If.i’!\". arl 'hd:»E : mats
orvured in plants growirg an the highest mtrient. conombration, g whwe
saub-optinnl uder these caritions. Under axditions of snn—qtmrflv "‘l.{ﬂ?/)
. s al i gnum amears to aord both K amd P in excess of nnfv?im.v
reqniramnts. These stored nutients may be availzble for later growth _1‘1”')?
agply beoames limitirg. Sch a pheormen. has ben 'b:m,n':n:ﬂtv? in r‘
mtritionof Banksia ornat a , @ Notralin merter of e
Notenoeae  (Jeffrey, 1964), but has mot before been reported for protm

ndrition.

Secific wilisation rate (U wth rate per tnit plant marient <'m‘.n'.’)
p;‘vx;déglcalfestimbe of the e'ffgi;((:tiemy of wilisstin of ebsorbed mArimts. U
of ammnium N increases slightly with ammiun N syply (Figure ga). Al the
Avorbed N is being utilised, superting the spgestion that these plants ae N
limited. Wen N is supplied as nitrate axd ammium there w&s ™ of'rr_v;t, m i}
witil the highest nitrate level at vhich poirt U vas acturlly nepative (Fig -:‘:
fb). It is probeble that for the other nitrate/ammiun treatm{fs the L'gxln:..:
wre grawirg at the expmse of the amrniun N dxfrﬂ.m. For teth V. ‘_u. :'
(Fipres 6c axi d) the high sborption but recned prowth is reflected in doe
at, highest. levels of K ad P agply.

fs part of a investigtion into the desirability of fertilising intrmsively
cultivated proteas, the response of Leucad enn.jron salignum
sxdlings to added mitrients wes oS follws: oftimm g,rr)«:th szx:’fvli at,
amoniun N concentrations  greater  thm ad eqml to 3 mmis | X :
arpentrations of 0.08 - 0.31 mols 17, axd P coromtrations of 0.0 - ».'_.1(;
mmls 17, Nitrate N was mot an efficient N surce ad at a ceneentration of .5
mnls 17! was toxic. It is sggestad that intensively cultivatad protess 1w
berefit fram fertiliser aplication and frtbar ivestigations  into
mtrient buipet of cultivited proteas ae undor wey.
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e 1 - Uamcd caposilion of the basic ntrient solition

Moruuariats —

Gneentration” Maartrients Cenontration
(mmils 17') (unls 1)

Armonium sulphate 3.0 Boric acid -0.0075
Fotassiun chloride 1.5 Mnganese chloride 0.0045
hotassium dihydrgeen Copper alpute 0.02

pospate 0.5
Caleiun chloride 1.5 Zinc ailphate 0.000%
Foagrsiim sldphate 1.5 Milytdic acid 0.00%%
Iray adghate 0.5
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Figae 1 - Generalised grovth etiem of Lo sal ignum seallirgs
gron in de-icnisad witar oaly.
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Figue 2 - Relative growth rates of L. sal ignum seedlings gron uder
varying:
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(a) Amnium nitrogen concentrations (mmoles 17')
([K] at 1.25 ad [P] at 0.5 mmles 17 kept constant)
(b) Nitrate/amonium ratios
([N] at 3.0; [K] at 1.25 ad [P at 0.5 mmoles 1" kept constent)
(c) Potassium concentrations (mmoles 1)
([N] at 3.0 ad [P] at 0.5 mmoles 1" kept constnt)
(d) Posdorus concentrations (mmles 17)
(IN] at 3.0 add [K] at 1.5 moles 17" kept ocnstent).

PLANT NITROGEN (ONCENTRATION

knmols g-11
2 }// \/\\

T 1t T T 1 T !
19 15 300 Y 05 1 25

X102
a ¥

Fipre 3 - Plant nitrogen oconcentration of L. sal ignum seadlirgs

o wder varying:
(&) Amoniug nitregen concentrations Gmoles 17')

([K]) at 1.25 and [P) at 0.5 mmoles 17" kept constant)
(b) Nilrate/amonium ratios

([H] at 3.0; (K] ab 1.25 and [P] at 0.5 mmles 17! kept oonsteant)
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PLANT POTASSIUM CONCENTRATION
{mmois g~

Fighe 4 - Plant potassium cocentration of L. sal i gnum sallings
groan uder vayirg:
(a) Totassium concentrations (mmales 17)
([N] &t 3.0 and {P] at 0.5 mmles 17 kept constant)
(b) Nitrate/amonium ratios
([N] at 3.0; (K] at 1.5 ad [P] at 0.5 mmwles 17 kept constant)

PLANT PHOSPHORUS CONCENTRATION
Immots g-1] '

-~

xioh 24

1~ "

i I T I 1
02 08 3 1225 50

x10°2

PHOSPHORUS CONCENTRATION (mM)

Figee 5 - Flat phoglous cocentration of L. s al i g num seallirgs
gon uder varying gosporus oonomtrations (mmoles 171 )
([N] at 3.0 ad (K] at 0.5 mmles 17" kept constant).
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Figwe 6 - Secific wilisationrate of L. salignum anedlings
gron uner varying:
(a) Amonium nitrogen concentrations (mmiles 17')
([K] & 1.5 ad [P} at 0.5 mmles 1" kept. constant)
(b) Nitrate/ammonium ratios
((N] at 3.0; (K} at 1.5 and {P) &t 0.5 mmies 17" kept constnt)
(e) Potassiun corcentrations (mmles 17')
({N] at 3.0 ad {P) &t 0.5 mmles 1" kat anstat)
(d) Rnsprons aonomntrat.ions (mmles 17')
([N] &t 3.0 ad (K] at 1.75 mples 1" krrt oAt
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UskE G PTSSUE A2y SOV SAMPLES TO ESTARLISH MIMRITIONAL STALDARDS IN
PROTEA

P. E. Parvin

University of Hawaii
Honolulu, Hawail

United states ot America

hbstract

The first proteas in Hawaii grown for commercial cut flower
praduction sere planted in Kula., Few nutritional disorders were
encountered. The soil in the Kula series is a member of an ashy,
isothermic family of ‘Iypic Entrandepts. BAs the area for protea
praduction expands, an increasing variety of soil types are beinjg
encounlered, and what appears to be nutrient deficiency symptoms ave
appearing in certain species.  In order to try and establish
nutritional standards for proteas in Hawaii, a series of soil and plunt
tissue sampling was inaugurated to provide baseline data for both
"normal” green plants and "abnormal” chlorotic plants.

bach plant. was sampled 4 times over a 12 month period, starting in
July, 1984. Juncvile and recently matured leaves were analyzed on an
X-Ray fluorescent quantameter. Comparisons were made between age of
leaf and between green and chlorotic leaves. Soil from around each
plant was analyzed by the Soil Testing Scrvice, U.H., using the rapid
chemlcal method, and the Plant Disease Clinic, U.H., tested additicnal
soil sanples and reot sections for the presence of nematodes.

Specivs sampled included Leucospermum cordifolium, Protea
cynaroides, P. eximia, P. neriifolia, and P. hybrids "Yellow Bebe” and
"May Day".

1. TIntroduction
The nutritional requirements of species of Proteaceae cultivated for
commerciv? cut fluver production are ill defined (Claassens, 1980)
(Groves et al., 1976) (Parvin et al., 1973) (7ibbits et al. 1981)
("homas, 1979, 1980, 1981) (Vogts, 1982). Much attention has been
directed to the role of proteoid roots in the growth and development of
Lhe plant (Ooils, 1284) (Lanont, 1983) (Voyts, 1982) (Voster, 13584).

Phosphorus, with a very low concentration reguired in the leaves of
some species for maximum photosynthesis (Barrow, 1977), has been
reported as a factor in death rates of Western Australian Banksias
(Ellyard et al., 1978) and to reduction in yield of Leucospermug roots
grown in sand culture (Claassens, 1980). Nichols et al. (1979)
reported synptoms of phosphorous toxicity in some native Australian
Proteaceae, and showed that high calcium aggravated the necrotic leaf
sviptam of high phosphorous while high nitrogen and potassium levels
glewicret o ieholn el oal,, 1581). Parvin et al. (1973) reported

Aota Hortioultarae 185, 1686 1y



a decrease in calcium levels in leaf samples cowparing green leaves
with red leaves.

As protea production in Hawaii expands from loamy soils to volcanic
cinders and ash, the need for establishing nutritional guidelines as a
basis for fertilizer recommendations is becoming of increasing
importance.

2. Material and method;"

Three commercially important genera of Proteaccae were selectexd:
Banksia, Leucospermum and Protea. For the first stage of the project,
both juneville and mature leaves were collected from each plant
sanpled. "Juneville" leaves had expanded to almost full size, but were
very soft, and were collected within the apical 5 to 8 an of the
stem. "Mature" leaves were fully expanded, firm, and collected from
the basal portion of the most recent vegetative flush of growth.
"Recently matured” leaves is also an apt description. A sufficient
number of leaves were collected to yield 5 gms of oven dried tissue.
Leaves were weighed, washed, patted dry with paper towels and placed in
a drying oven for 20 hours at 45 C. They were then weighed again for %
moisture determination. Number of leaves required te vield 5 gms dry
weight varied from 3 mature leaves of Protea cynaroides to 150
juneville leaves of Leucospermum cordifolium. Except for Leucospernun
cordifolium, for which only green leaves were sanpled, both "Green" -
normal healthy foliage, and "Chlorotic" — yellow to red foliage, were
collected from each species sampled. Tissue was analyzed on an X-Ray
fluorescent quantameter in the Plant Diagnostic Center, University of
Hawaii.

Duplicate 0.5 liter soil samples were collected from the root zone
of each plant sampled. One was analyzed for nutrient levels by the U.
H. So0il Testing Service, using the quick chemical method, and the other
sample was analyzed for the presence of nematodes by the Flant Discase
Clinic, U.H. ~

Plants sampled were located both on the Experiment Station and in
adjacent growers fields. Where data is reported for all eleven plants
(table 1 and table 2)the first Protea cynaroides G & C, and the first
and last Protea neriifolia G & C, are from the Experiment Station. The
second P, cynaroides and the second and third Protea neriifolia are
from commercial fields, as are the Banksia occidentalis and Protea

eximia sanples. Where data is reported for three species (table 3, 4,
5) the samples were averaged together, regardless of location.

3. Results

Moisture percentages varied from a low of 50% for mature green
Protea neriifolia leaves to a high of 68% for juneville chlorotic
Protea cynaroides leaves.

With only 4 samplings over a 12 month period completed, the data is
inadequate to establish nutritional standards at this time. Sampling
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i acheduled to continue for 2 more years, after which sone conclusions
moy be drawn. In comparing the tissue analysis of green and chiorotic
leaves of three genera of Proteaceae (table 1), no consistent tremnvls
are apparent except for calcium and manganese, which again siiw
significant decrease in levels from green to chlorotic. The s0i1
analysis (table 2) does not show a similar decrease in calcium.

The comparison of nutrient levels in junevile and mature leaves
(table 3) reports data from analysis of green leaves, only, while the
comparison of nutrient levels in green and chlorotic leaves (table 4)
averages together the appropriate juvenile and mature leaf samples.
ceasonal comparisons (table 5) report the average values of junevile
and mature leaf samples for green leaves, only.

4. Discussion

Concerns regarding appropriate fertilizer applications to commercial
protea plantations have arisen as production areas expand byond nat ive
habitats. Proteas, having evolved on soils of low fertility, are
uniquely adapted to survive with little or no supplemental feeding.
However, with the extremely high cost of land in Hawaii, "survival® is
not enough. It is the goal of the commercial grower to do what ever is
reqiired to produce the highest quality cut flower possible. Iong
stems, vivid colors, good vase life, all are essential ingredients for
survival in the highly conmpetitive international marketplace.
Appropriate fertilizer recommendations must necessarily be based on an
understanding of the nutritional requirements of the crop. In Hawaii,
we are embarked on a three year testing program to develop some
information on the nutritional status of the
crops we are growing. We welcome suggestions from any quatter and will
be pleased to discuss the possibility of cooperative projects on
proteas.
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Table 2. .Soil Analysis-Root Zone of 7 Species of Proteaccae ¢ ‘table 3. Comparison of Analysis of Juvenile and Mature leaves In
i Three Species of Proteaceae
Pounds Per Acre L S o
SPECIES pH P X Ca Mg ) . L. cordifolium’ P. cynaroides? | f;.ﬂ?rf'ipl’i7 _
R . ‘_ % ELEMENTS Juvenile | Mature Juvenile | Mature | Juvenile | Hature
hl
BANKS IA .94
occidentalis G 6.2 <25 120 4800 1700 % N 1.10 1.27 1.07 0.88 1.05 .S
occidentalis C? 7.1 <25 220 6000 2000 Y
I s P 0.10 0.08 0.11 0.08 0.10 0.09
LEUCOSPERMUM 0.63
cordifolium G ' 6.47 <25 110 5250 1000 ; % K 0.44 0.5S 0.44 0.56 0.51 .
PROTEA : % Mg 0.19 0.24 0.12 0.19 0.15 0.16
cynaroides G 6.77 <25 - 130 5000 1250
' % Ca 0.38 0.67 0.62 1.05 0.53 0.63
cynaroides G 6.75 <25 140 6000 1100 010
cynaroides C 6.6 <25 165 5850 1350 %S 0.11 0.16 0.08 0.08 0.08 0.
eximia G 6.45 <25 180 5850 1100 I % Si 0.04 0.03 0.01 0.01 0.02 0.02
eximia C 6.4 <25 112 5750 875
% Cl 0.32 0.17 0.12 0.13 0.13 0.13
May Day G 6.8 <25 240 5800 1000
Yellow Hebe C 6.47 <25 120 5800 1000
PPM AL 195 186 22 56 77 119
neriifolia G 6.87 <25 160 5500 2000
neriifolia C 6.7 <25 150 5250 >2250 PPM Cu 6 6 6 6 6 8
neriifolia G 6.75 <25 220 5900 900 PPM Fe 119 117 92 96 117 106
neriifolia C 6.6 <25 200 5900 1100
: T PP Hn 187 309 93 152 63 83
neriifolia G 6.57 <25 205 5700 950 .
neriifolia C 6.47 <25 80 5650 550 PPM Zn 5 24 18 19 | 20 I LU
neriifolia G 6.55 <25 193 5833 1100 Yaverage of 4 sampling dates from 1 plant.
nerijfolia C 6.2 <32 225 6000 | 1350 ?pverage of 4 sampling dates from 2 plants.
3pverage of 4 sampling dates from 4 plants.
YGreen Leaves: 2Chlorotic Leaves
e

150 151
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Table 4. Comparison of ‘Analysis of leaves from Green and Chlorotic
Plants of 3 Species of Proteaceae

L e | e e e [ vwen | Chibiaci™

LY 1.ls 0.97 1.22 0.99 1.13

. u. Gy 6710 0.11 0.09 0.10

% K 0.49 o.'so 0.56 0.57 0.62

% Mg 0.22 0.15 0.16 0.15 0.14

% Ca 0.53 0.83 0.42 0.58 0.34

S 0.14 0.08 0.06 0.09 0.08

% Si 0.03 0.01 0.01 0.02 0.02

% Cl 0.25 0.13 0.12 0.13 0.16

PPM AL | 190 39 40 98 114

PPM Cu 6 o 8 7 8

PPM Fe 118 94 87 112 107

PPM Mn | 248 122 48 73 a4

PiM Zn 30 18 17 20. 19

l/\vcr:.xgc of juvenile § mature leaves on 3 sampling dates--1 plant.
2average of juvenile § mature leaves on 3 sampling dates--2 plants.
Javerage of juvenile § mature leaves on 3 sampling dates--4_plants.

16!

¢

B L= TR s

Table §. Coumparison of Analysis of leaves sampled at 4 seasons
ol Ycur.
SPECIES Falll Winter? spring’ Summer"
Leucospermua cordifolium
N 1.24 1.14 1.20 1.08
p 0.12 0.08 0.08 0.07
K 0.48 0.55 0.52 0.42
Mg 0.16 0.14 0.16 0.33
Ca 0.82 0.52 1.09 0.82
Protea cynaroides
N 0.84 0.96 1.14 0.95
p 0.12 0.10 0.11 0.68
K 0.43 0.49 0.68 0.41
Mg 0.16 0.18 0.12 0.17
Ca 0.27 0.44 0.66 0.92
Protea neriifolia
N 0.81 0.78 1.37 1.11
P 0.08 0.06 0.10 0.10
K 0.56 0.52 0.64 0.59
My 0.06 0.24 0.24 0.13
Ca 0.40 0.46 0.56 0.66
ISeptember; *November; *March; *June \
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PHOSPHORUS NUTRITION OF LEUCADENDRON "SAFARI SIMSET”

M. Prasad D.J. Dennis
Levin Levin

New Zealand New Zealand
Abstract

A range of available soil phosphorus concentrations was obtained by
adding superphosphate to potting mixtures and field soil or by the
application of amendments to field soil.

Growth was good over a range of available phosphorus concentrations
suggesting that Leucadendron was tolerant to high rates of apnlied
phosphate. Growth was increased at the lower application rates in
pots but not in the field.

Available phosphorus was related to application rate but not to
phosphorus uptake. Amendments reduced soil pH and phosphorus uptake
but did not give a yield response.

1. Introduction

High soil phosphorus (P) has been generally accepted as detrimental
to Proteaceous plants (Claassens, 1981) and shown to be harmful in some
situations (Thomas, 1974; Nichols et al., 1979) but no critical soil
P values specifically for Leucadendron "Safari Sunset" were available
in the literature.

Following a resurgence of interest in Proteacéous cut flower
production in New Zealand sites previously used for market gardening
were being considered for the cultivation of these crops particularly
Leucadendron. These sites were high in soil P due to previous
phosphate fertiliser applications.

Consequently, pot and field experiments were conducted to determine
the growth response to a range of available soil P concentrations. In
addition, plant and soil responses to soil amendments aimed at
reducing P availability on a high P site were assessed.

2. Materials and methods

One glasshouse and two field experiments were done.

2.1. Glasshouse study

Rooted seven node cuttings were grown in 0.7 litre containers in
a four replicate randomised block designed experiment with six P rates,
and two media.

The rates of superphosphate (9% P) were 0, 50, 300, 450, ANO and
750 ma/1. The media (by volume) were (1) Hauraki Peat 90V and ~nil
10% (ii) Pumice 60% and soil 40%.

The soil used was Levin silt loam which had a high P yatention
(R0%) and low available P (8 ppm). A bhase fertijliser appliratinn {per
litre) consisting of ammonium sulphate 2.0 g, potassium sulrhate 1.7% a
dolomitic limestone 4.0 g, and fritted trace element FM?255 400 ma, was
2pplied to all treatments.

—
1l
(o)

Acta Horticulturae 185, 1986
Protea



During the last three months of the experiment supplementary liquid
fertiliscer of N 200 ppm and K 150 ppm was given at fortnightly
The plants were grown at 16 C heat and 22°C ventilation
The experiment was started on 21 August 198l.

intervals.
set points.

e yeat old container-grown plants in a peat/pumice medium
(equal proporitions by volume) were used in an eight P rate, three
replicate experiment on Levin silt loam. The superphosphate rates of
0, 2, 4, 6, 8, 10, 13 and 16 t/ha were applied 12 months prior to
planting. Dicts were € w? und contained two equally spaced planis. A
nituegen oo (Usuwote 26-0-0) was applied at a rate of 50 ¢
per plout ar the start of each season. Since this soil had a
moderately high level of exchangeable K (220 ppm) no fertilizer K was
added.

This study commenced in December 1983 and plant performa
followed for two years. Plant analyses were done on 21 May 1984 and
2) Mareh sunn and o) analyues on O becenbiec 1983 and 2 April 1984.

1licer

Twelve month old container-grown plants in the same medium as
in 2.2 above were planted on 28 August 1982 into 1 m? single plant
plots.  The awendwents had beea uniformly applied to the soil surtace
one month bhetoure planting., The treatments were; (i) sulphur 2 t/ha,
(1i) terious sulphate 5 t/ha, (1if) a combination of (1) and (ii),
and (iv) a non-treated control. A randomised block design with eight
replications ur treatmunts was used. The amendments were repeated on
21 June 1945,

Mo fertilizers were added during the experiment because the
exchangeable K was high (346 ppm) and the site had previously beun in
pasture for some years.

ccsemept of elfects

Growth was assessed in both field experiments by stem width
measurcment with callipers (calliper) at 150 mm above ground level and
by counts of shoot production eiusar total shoots (2 rates study) or
those at least lOO mm in length. The amendment study also included
yield and guality measurements. For yield, flowering stems were cut
when the cone showed at least 25% of its length beyond the inner
surround of bracts. First grade stems were at least 300 mm in length,
straight, unblemished, uniformly coloured, with a minimum primary
‘flower' dismeter of 60 ms. Non=flowering stems were not graded.

The extent and inctensity of red pigmentation in.the shool tips
was ratecd ouoa 1-5 scale.

Leat samples were tuahen of at least 20 youngest mature leaves
on non-flowering shoots. They were dried, ground and digested with
HpS0, and selenium and analysed for P, N, K, Ca and Mg by standard
methoeds (O'Heill and Webb, 1970). Soil analyses were done on samples
drawn fivin & iandom 0-150 mm depth cores for each plot. After the
samples were dried and ground, P was extracted with sodium bicarbonate
(Olsen et al., 1954) and determined colourimetrically. Methods for
the determination of soil K, and pH werc those given in M.A.F.
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(1979) .

In the greenhouse study, shoot dry welght was determined aftev
drying above-ground parts of the plant at 105°C for 24 hours, The
relationships between dry weight production and both soil available P
and leaf P was found bz fitting a square root second order function

of the form y = a + bx? + cx.
3. Results
3.1. Glasshous: " ady

The growth response to available soil P (figure 1) was similar
for both media though the size finally achieved was greaicr for the
peat/soil medium. While the response was steep for the lower values
reached a plateau at about 25 ppm available P, Leaf P was negatively
correlated with growth but only for the peat/soil medium (r= -0.35)

For plants in the peat/soil medium leaf P ranged from 0.017 to

0.175% dry matter (dm) and was not significantly related to available
soil P. In soil/pumice leal P was related to available P (r=0.36,
F0.08).

Iado B xate Fiole stusy

The concentrations of available soil P from a sample taken on
6 December 1983 were significantly correlated with those from a
sample taken 2 April 1u84 (r = 0.99, P = 0.001) and only the results
lrom the tirst sampling will be reported.

There was a relationship between the amount of superphosphate
applied for both available soil P (r = 0.99, P = 0,001) and leaf P
concentration (21 Mar 1985) the latter being negative (byx<0, P = 0.0
L.eaf P concentration declined between samplings.

Since stem calliper and shoot number were highly correlated
(r = 0.85, P = 0.01) only shoot data (table 2) will be given. Shoot
numbers showed no significant differences between the levels of
phosphate apwlied nor was there indications of an upwards or downward
trend in the means using linear regression. No symptoms suggestive
of P toxicity were apparent at any time in the experiment.

3.3. Soil amendment study

3.3.1, Soil and plant analyses

Comparcd with the control, all three amendment treatments
significantly reduced soil pH one month after planting (table 3).
The greatest reduction occurred with the sulphur and ferrous sulphate
This combination was more effective at lowering the pH
than was cach component separately. Immediately before re-applicatio
ol the amendments, 10 months after initial treatment, similar effects
on pH were still apparent except that the pH under the sulphur
treatinent had fallen further, and no longerxr differed from the
combination treatment.

combination.

it

5)

n
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The available soil P following planting did not differ betweon
treatments (table 3) but at the second sampling prior, to
re-application it was significantly higher under both treatments
containing sulphur. Ferrous sulphate alone did not reduce available
soil P significantly.

. Approximately a month before the second soil sampling (21 June,
table 3), significant reductions.in leaf P content were found in both
treatments receiving sulphur even though available soil P was
increased. Ferrous sulphate did not significantly affect the P
content of the leaves.

There was a highly significant relationship between leaf P at
25 May (table 3) and pH at 21 June (r = 0.73).

v 3.3.2. Growth and yield

Stem calliper, shoot counts and yield in the first season
revealed no significant differences between any of the treatments,
Mean stem calliper and shoot count per plant over all treatments were
8.3 mm and 6.6 in October, 10.3 mm and 6.0 in December and 15.1 mm
and 9.5 in April. Total flowering stem yield ranged between 2 and
3 per plant.

In the following season a significant yield difference was
apparent between sulphur and the combination in the non-flowering
component (table 4). Although the mean yield of total flowering
stems was highest on the FeSO, treatments there was no significant
difference between treatments.

There was no significant correlation between leaf P on 25 May
and the number of flowering (r = 0.04) or non-flowering (r = 0.05)
stems. The range in leaf P concentrations was from 0.055 to 0.145% dm.

3.3.3. Pigmentation
In both seasons the treatment receiving sulphur alone resulted
in a significant increase in redness of the shoot tips when compared
with the control (table 5). Treatments containing ferrous sulphate
were not different from the control in this feature. The treatment
receiving sulphur showed a significant increase in redness compared
with the combination treatment. S

4. Discussion

Leucadendron "Safari Sunset" grown in containers was not very
susceptible to high P uptake provided realistic levels of phosphate
were applied. At no time was there any indication of toxic symptoms
on the foliage attributable to excess phosphate such as those reported
by Nichols et al., (1979). On the contrary, our trials showed that
low available s0il P would impede the growth of Leucadendron "Safari
Sunset”. Values of available P of over 25 ppm were adequate, In
addition the field trial showed that leaf P was not positively
correlated with superphosphate rate over the range used and on this
soil. Consequently, it was not possible to propose critical leaf P
values for this crop.

These results contradict the general view that members of the
Proteaceae are very sensitive to phosphate concentration in the soil
Growth reduction at the highest rates of superphosphate was not as
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wrenmimend as those found by other authors for Protearpons nlants in

containers. Both Thomas (1980, 1974) and Nichols et al., (1979) used
very high rates of soluble P (300 and 177 mg P/litre) and these wunlq
be high even for the usual range of container grown nursery stock and
potted plants.  For example the recommended rates of soluble P afded
Lo mixes in Europe and U.S.A. ranged between 26 and 120 mg per ljtre
(Bunt, 1976) and in New Zealand 90 mg was recommended (Prasad, 1283).
While reductions in soil pH, brought about by the amendments, were
acsociated with reduced leaf P concentrations no major yield responses
attributable to this change in pH occurred., Providing a yield
response was likely within the range of leaf P concentratxons}fognq,
then it is possible that the sulphur amendment in particular inhibited
an expression of this effect. The increase in shoot redness (taple 5),
when interpreted as induced chlorosis, supports this interpretation.
The application of sulphur amendments to soils of this type would
not be an appropriate strategy to adapt sites with high available P

I

The increase in soil P availability suggested by the increase in

Olsen P under the sulphur amendments was possibly an artefact ~f{ the
extraction method.
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table L .- The effect of superphosphate application rate on available 2
soil P and leaf P concentration for Leucadendron "Safari x
Sunset". -
Soil p Leaf P’ ’ Leaf p g
Fane © Dec 1983 2] May;1984 21 Mar 1ush
(L) {ppm) (% dm) (% dm) ;
R ., | 0. 1t ! ) 18 4
o .G (S C - 0
: : . L 1. 93 45 4. Y6 43 980
2 20. 4 3 B
p 27 o g‘ i: g' g; . S5 4 Fuso, 4. 71 45 4. 29 56 0.070
i : : . Control 5. 28 46 5. 18 46 0.1129
g 4.0 0. 16 0. 06 . comtRO? oo 2 B
40. 9 0. 16 0. 06
: MSD {S% 0. 20 3.1 0. 26 5. 2 0.015
10 60. 6 0. 14 0. 05 mSD 5w - 0.20 3.1 0.2 5.2 0.015 >
13 72. 7 0. 14 0. 05
le 83, 8 0, 11 0. 06
Msp {5%) 8. 3 0.053 0.012
Table 4 - Yield of stems (count/mz) for the soil amendment study in
1984
Flowering Non-Flowering
Treatment Total First Grade Total (count/mz)
S 10. O 3.5 6. 8
T ' FeSOy, 15. 3 - 6. 9 5. 4
S + FeS0, 9. 8 4. 8 3.4
Contiul 13. 6 5. 6 4. 8
Table 2 - Effect of superphosphate application rate on the jicduction MSD (5%) 11. 4 6. 1 3. 04
of new shoots for Teucaleadion "Safari SURSET™. B e oo So oo
Rate Shoot numbers (count/plant) ‘
(/i) 2} bec 83 2 Apr 84 4 Mar 65
v 1.7 8. 5 33. 8
2 ) 8. 5 37. 3 )
4 1. 2 9, © 41. 3 Tuble 5 - Red plgmentation on shoot tips at two dates. (1 g?le,
6 1. 8 6. 3 39. 5 5 intense)
8 2.3 6. 7 34, 7 T T T T T T T e e e e e T T T T T e e e s s
10 1. 7 7. 8 33. 8 2} Jun 1983 13 Apr 1984
13 2. 3 8. 2 4.5 & mmmmeememeeae—mmeos eeeecceomem oo
lé 1, 2 8. 2 32. 8 S 4. 00 3. 69
MSD (5%) 1.79 4.19 11.29 FeS0,, 2. 63 2. 63
______________________________________________________________________ S + FuSO, 3. 13 2. 89
' Control 2. 63 * 2. 75 .
ML (L) 0.668 0.679

100



mean dry weight (g/plant)

13

equations of fitted curves

peat/soil

y=—11.8+8.63x2 -0.767x,r2=77.5%
soil/pumice :

y=-25.5+14.5x%2~1.46x,r2=96.1

10 20 30 . 40
available soil P (ppm) <
Figure 1. Relationship between growtfm'(dry

weight) of Leucadendron 'Safari Sunset’
and avallable Soil P for two composts.

m peat/scil A Soil/pumice
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THF SIGNIFICANCE OF PROTEOQID ROOTS IN PROTEAS

Byron B, Lamont

School of Biology

W.A. Institute of Technology
Perth 6102, Australia

Summary

Dense clusters of halry rootlets, called proteoid roots, are a feature
of all cultivated species of protea. They form a 2-5 cm thick mat at
the soil surface and are most prolific where there {s decomposing
litter. They -are most abundant under the plant's canopy but can extend
for much greater distances. Their prime function is to enhance
nutrient uptake but they probably have a major role in water uptake as
well, Their formation is suppressed by high nutrient availability,
clayey soils, waterlogging and drought and enhanced by organic matter,
soil bacteria (which do not invade the root) and moisture. Crop
management practices should emphasise minimal root disturbance: a)
rotavating 1s not recommended, b) weed control is important, via
slashing or contact herbicides, ¢) restraint should be exercised with
applications of chemicals, especfally fertilizers high in phosphates,
d) build up of a surface mulch diminishes the need for fertilizers, e)
plants in fertile soils will need more regular watering during dry
periods, f) delay fertilizer-application immediately after transplant-
ing.

1. Introduction

Proteoid roots are dense clusters of rootlets that are produced by
all cultivated species of protea., Individual proteoid roots vary in
length from a few mm to over 10 cm in length and may consist of
hundreds or even thousands of hairy rootlets (figure 1). The aim of
this paper is to review the current status of knowledge about these
peculiar roots, with particular reference to their role in horti-
cultural practice.

2. Taxonomic distribution

A1 species and plants of proteas in cultivation probably possess
proteoid roots. Every species so far examined in the following
commercially-grown genera has proteoid roots: Leucaden dron,
LeucospermumMimetes, Protea,Serrur ia,
Banksia Dryandra, Grevillea, Isopogeon and
Telopea, and all others which so far are only grown in gardens
or picked for the trade from the wild (Lamont, 1982, 1983a).

3. Occurrence in root system

Seedlings usually possess scores of proteold roots by the end of
their first growing season. By the second year they may account [or up
to 56% of the weight of the root system (Lamont, 1972b; Brits, 1983).
As the plant ages, proteoid roots make up an increasing proportion of
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annual gro<th of the surface root system. They tend to be concentrated
i a 2-5 cm thick band at the soil surface (Jeffrey, 1967; Lamont,
1973; Lamont et al. 1984; Brits, 1983). When decomposing litter is
present they are even more concentrated in this than in the humus-
containing laver bencath., Proteoid roots will grow up into the litter
under i ia ts by the litter decomposes, Al)l specles tend to form a
surfete naiv ol protecic roots, but 1t is most extensive in Banksias
s Coysndras (Jeffrey, 1967). Protecid roots can arise efther from
onguing gruwth of the laterals - they have been located up to 9 m away
from 1.5 m wide plants of several Banksia species (Lamont et al.,
1985). They also develoup on new laterals produced adventitiously,
often nuer 'he base o tue paient plant (Lamout, 1972a). Proteoid
roots arc wiuch more concentrated under the plant's canopy than outside
(Lamont, 1973), but many may belong to other plants.

4, Function

The suriace area to welght ratiov of proteofd roots is almost 15x
that of the parent roots inLeucadendron laureolunm
(Lamont et al., 1984). This large relative surface_area was early on
held responsible for up to 13x greater uptake of 2p added under
experimental conditions (Green, 1976 in Lamont, 1962). More recently,
I have shown that tihis structurc provides greater access to soil
particles and so shortens the diffusion path for nutrients (Lamont,
1983b; Lamont et al., 1984). In a series of outstanding chemical
papers, Gardner and his colleagues have demonstrated for the legume,
Lupinus albus, that its proteoid roots have a strong
reducing, acidiying and chelating capacity for poorly-soluble sources

‘of manganese, iron and phosphorus (Garduer et al., 1981, 1982a, 1983)
— this results in increased rates of nutrient release, diffusion to
and exchange at the root surface. Proteoid roots act like a sponge as
well as a mat, but their undoubted role in water absorption has
received little attention from researchers. They readily form in
localized wet pockets of soil, even during summer when the rest of the
surface roct system is dry (Lamont, 1976).

b

5. Castse o feettoe pegteoid root formation B

.

The number of protecid roots in Lhe rool system varies greatly with
soil type: as tne proportion of clay to sand was increased, shoot
growth fell slightly in three B ank s { a species, but proteoid root
produciion dropped markedly - even to 0 in B, aemul a (Siddiql and
Carolin, 1976). As plant growth increase. lu response to increasing
801l nutrient availability, the number of proteoid roots at first
increases, then it decreases (figure 2}. If the initial levels of the
same or oil.r nrtrients ia the soil or plant are higher, the only
response obscived may be a decieuse i proteoid root production when
extra nutricnts are applied (also see Gardner et al,, 1982b). When
given organtc Certilizer Ligh in phosphate, 18 month-old plants of
Levcadendroan Jaureolunmin sand-peat grew 20%
JarguF, Luu the aunber of proteoid roots fell from 390 puer g root
welght Lo 0 loadsunt el s1., 1984 .

Hakea prostratawasgrovwn in sand culture for 6 months
at different levels of nitrogen (N) and phosphorus (P). Plants at high
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levels of nutrients lacked proteoid roots and had high shool/root
ratios compured with those possessing proteoid roots (figure 3). In
this case, absence of proteold roots implies increased susceptibility
to drought, for a given shoot welght is supported by a much weaker
root system than in plants with proteoid roots, In G r e v 111lea
rosmarinifolia Hakea suaveo 1 ens and two
Banks i aspecies, plants only produced proteoid roots when N and
P were omitted from the nutrient solution in sand culture, usually
sceonpanie] by an increase in root growth but not always a drop in
shoot growth (liicholls, Jones and Beardsell, pers. comm. 1379; Nieciols

et al., 1981).

There 38 an inverse relationshin between nutrient confent of the
shoots and percentage of the root system that is proteoid (Lamont,
1973; Gardner et al. 1982b). Cuttings of Grevillea'Poorinda
Firebird' were grown in soil mixeg which received 1.5 or 3.0 kg 2U0-
day resiu-coated fertilizer per m” or blood and bone at 2.5 kg/m~.
Planls which attained 10-20 g shoot weight possessed 10-20 proteoidwyy
roots, while those less than 10 g possessed only 0-3 proteoid roots
(rigure ta). The former results were achieved when clay-loam soil was
added to the soil mix (1:3) - the soil fixes P and buffers its
potential toxic effects. The poor growth of the plants in unamended
soil was clearly due to P toxicity, and this is associatcd with lcw
protecid root production (figure 4b).

Top-dressings or localized pockets of partly decomposing organic
matter stimulate root growth generally and proteold root production in
particular (Lamont, 1973; Lamont and McComb, 1974; Lamont et al.,
1984). Thnils appears to be related to the extra nutrients available, as
there 1s no stimulus when plant nutrients are already high. Another
related cause is the greater microbial activity in these layers: there
i5 now reasonable evidence that certain soll bacteria have an inductive
role in initiation of proteold roots. However, these microorganisng
never invade the roots, and there is no truth in earlier ideas that
protecid roots are a type of mycorrhizal symbiocis (Lamont, 1972a).

In seasonal climates, proteoid root production is seasonal as it is
tied to growth of the surface parent roots (Lamont, 1976; 1983).
Limited additional water in summer can produce new shoot growth with—
out new rools. Greater awmounts of water will induce new root growth,
including proteocid roots, as well. Total root growth, as well as
percentage of the root system that is proteoid, is greatest at 1-2x
field capacity and least at permanent wilting point in two It a k e a
speclies (Lamont, 197¢). The root system and total proteoid root
production are retarded at even higher levels of water application,
the number of proteoid roots per unit weight of root system
There i{s limited evidence Lhat pruning of young
al root growth as well as the contribution of
but this nevds study at the adult

although
may actually increase.
plints may reduce gener
Lroteoid roots to the root system,
Tevel (Lawont, 1973).

6. Manapement implications

Iroteoid roots, and Lhelr supporting lateral rocts, form a dense hat

at the soil surface. This is best developed under the plant canopy but
cun extend 6x beyond the width of the canopy in old plants. This
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surface mat appears to have n vital role in nutriont and waler uptake
by the plant, especially during the growing season. loi exomple, 17
week-old plants of Hak ea 1laur inagrev 26% larger when the
proteoid root mat was in the uppermost 12 cm of the soil profile, than
when it was shifted artificially to a depth of 2U-36 cm (figure 5).

The mat develops at the soil surface, whether it is high in organic
matter or not. However, it is much better developed in the presence of
actively—decomposing litter. Use of black plastic as a mulch/weed
suppressant has the disadvantage that it stops the proteoid roots
growing up into the litter as it accumulates on the surface. The more
recently-marketed woven matting has more to recommend it in this
regard, but to what extent it strangles older roots has not been
tested,

These observations imply that rotavating, especially close to the
plant, could be lethal - the most important part of the root system 13
in danger of destruction. Other approaches to weed control must be
adopted - post-emergence contact herbicides or mowing are to be
favoured. It also follows that control of weeds is important - thelir
shallow roots will actively compete with the proteoid roots. If hand-
pulling is unavoidable, this should be done in such a way as to
minimize root damage.

The presence of the mat implies that the plant is particularly
sensitive to chemical treatments applied at the soil surface: applic-
ations of fertilizers, nematocides and fungicides have all been known
to induce toxicity symptoms at levels recommended for other plant
groups. It is especially important to delay applications of these
after any type of root disturbance, as the damaged rootlets lose
control over rates of uptake. Goodwin (1983) found that some species
previously considered phosphorus-sensitive were mnot so in his
experiments, He considered that plants only became sensitive to P when
exposed to root damage, eg through transplanting, weeding, water
deficits, frost, root pathogens and pests., Goodwin therefore advocated
pasteurization of nursery soil and delaying fertilizer-application
until at least two weeks after transplanting. Even so, there is much
to be said for the sparing use of fertilizers and those low in avail-
able P, such as hoof and horn and ilsobutylidenediurea in soil-less
potting mixes (Nichols and Deardsell, 1981). An alternative approach
is to incorporate material with high P-fixing propertles, such as
humus and clay-loam soil. These should also be valuable as top-
dressings for row-crop plants. '

Another approach to avolding a sudden and lethal uptake of nutrients
in response to heavy fertilizing, is to have high initial levels of
nutrients in the potting mix or field soil. This reduces the presence
of proteoid roots in the root system and buffers the effects of a
sudden influx of chemicals. However, it carries the risk of nutrient
toxicity, reduction in growth and flowerling and increased susceptib-
ility to drought, through an increased shoot/root ratio. There can Le
no denying that the presence of abundant proteoid roots is a sign of a
healthy plant, whether in a pot or in the fleld. Much more attention
needs to be given to the importance of the root system in affecting
the welfare of the whole plant.
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Figure 1, Scannlng electron micrograph of proteoid roots of L e u ¢ a-
laureolum &) Proteoid rootlets just emerging
from parent root. Scale 0.2 mm. b) Young proteoid root. Scale 1 mm. ¢)

dendron

Mature proteoid rootlets densely covered in root hairs. Scale 1 mm. d)
Proteoid rootlets affixed to sand grains and soil films via root
hairs. Scale 0.1 mm. From Lamont et al. (1984).
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SOME ASPECTS OF THE NUTRITION OF PROTEAS

A.S5. Claassens .
Department of Soil Science and Plant Nutrition

Iniversity of Pretoria
Pretoria 0002
Republic of South Africa

Abstract .
Several protea species were grown in sand cultures where the

of salt concentration, N, P, K and Na supply and N source on rtheir
growth and nutrient uptake were studied. Nutrients were supplied by
means of a half strength Hoagland nutrient solution modified to supply

influence

N mainly as NHu.

Species differences in response to the treatments were observed and
these differences were also found for a single species from different
localities,

The largest differences were obtained by varying the N supply.
spacies did not grow well with NOy only while all did well with Kil,
only. Relatively high concentrations of KH could be tolerated. With
the addition of Na to the nutrient solution even higher N, concentra=

tions could be tolerated.

Some

All species were sensitive to high P concentrations. Relatively high
total salt concentrations could be tolerated if the P concentration was
within acceptable limits., Relatively low concentrations of the various
nutrients are required for normal growth.

1. Introduction
1o recent years the cultivation of proteas for cut flower production

has developed considerablv. In South Africa. where it is common
practice to harvest flowers from the veld, the situation is changing
because of competition and quality demands from overseas markets and
it has become necessary to produce more and better quality flowers
under intensive cultivation. However, information on the nutrient
requirements of proteas is limited., Up to now very little fertili=
zation has been done on proteas because under natural conditions it
is observed that growth is usually favourable on highly teached,
well drained acid soils (Vogts, 1958; 1977a; 1977b). This has, in
fact, also been observed for other plants of the proteaceae family
(Jeffrey, 1964; Moore, 1966; Hocking and Thomas, 1974). Although
the nutrient demands of the protea plants may be low conciderable
amounts of nutrients may be removed by regular harvesting of flo=
The question arises however, whether continued production of

wers.
be maintained without replenishing these

pood quality flowers can
nutrients.

The primary objective of this investigation was therefore to pain

more information on the nutritional requirements for the satisfac=
tory growth of proteas, with particular reference to salt concen=

tration and variation in nutrient element supply.

Materials and Methods }
Different experiments were carried out in a glasshouse in sand
ture. Sixteen kg washed quartz sand was used in Mitscherlich vege=
tation vessels, with one plant per pot which was supplied with nine

cule=
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du’ of nutrient solution. Excess nutrient solution was recycled
vegularly and water loss due to evapo-transpiration repleunished
with delonised water. The nutrient solutions were replaced
every eight weeks,

As test muterial, rooted cuttings of different protea species were
taitial period of growth in a modilicd half strength
tluugiand fio 2 nutrieat solution (Bonner & Calston, 1952), plants
were selected for uniformity before applying the treatments. Plantsg
were harvested prior to the flowering stage, four to six months af=
ter planting. Dry mass (65°C) of top growth was recorded and this

was pooled ior chemical analysis,

used. After au

Ca, Mg and K were determined on wet ashed samples by atomic absorbs
tion spectrophotometry (Chapman & Pratt, 1961;) N, S and ¥ by auto
analyzer (Basson & Bdlmer, 1977; Technicon Auto Analyzer II, 1977),

Variation in nutrient element supply was based on modifications of
the Hoagland No 2 culture solution to provide for different total
salt levels, P, K and N and NH, vs NO; ratios. As a control an
approximately 0,6 strength Hoagland solution (0,6 H) was used with
N msinly as N, being balanced by SO,. No effect of varying 50,~
supply was expected on the basis of earlier work (Hamner, 1940; Mul=
lizon, 1941; Grobler, 1976).

In experiment | a protea hybrid known as Ivy (Protea longiflora x
P lacticolor) and Leucospermum cordifolium were used. The objec=
tive of this experiment was to determina the influence of variation
in total salt coacentration, P-supply and nitrogen source. The
trealments were replicated four times and are given in Table |.

Table 1

Nutrient treatments, experiment 1,

7ﬂ'e:d!.—‘ . =
L lon concentration me/dm
__ta_ Mg ¥ NTT, NO;,  1i;P0, 50, c1
1 12 6 9 9 3 1,5 28,5 3
2 8 4 6 6 2 | 19 2
3 (coutrel) 4 2 3 3 1 0,5 9,5 1
4 | 0,s 0,75 0,75 0,25 0,13 2,37 0,25
5 4 2 3 7 0 0,5 14,5 1
6 4 2 3 6 1 0,5 12,5 i
7 4 2 3 5 2 0,5 10,5 1
8 4 2 3 4 3 0,5 3,5 1
9 4 2 3 2 5 0,5 5,5 0
10 4 2 3 0 7 0,5 1,5 0
" 4 2 3 3 1 0,13 9,87 1
12 4 2 3 3 1 2,0 8,0 "

The species L cordifelium (locality, Highlands) and L patersonii
(locality, Witvoetskloof) were used in experiment 2. The objective
of this experiment was to determine the influence of varying the P
supply with difterent nitrogen sources and varying the total nitro=
gee supply.  Treatwents were replicated three times and are given
in Table 2. )

It vxperiment 3 Procea repens, from two different localities was
uued {(Pearly Beuch and Oudebusch). Treatments were replicated thiree
Limes and the objective vas to determine the effect of varying the

Fmss

total salt coucentration, nitrogen source, K and Na supply as given
in Table 3. :

Table 2 Nutrient treatments, experiment 2

izist= Ion concentration (me/dm °)
Ca Mg £ Ni. NO, H,P0, 50, Tl
1 control & 2 3 3 1 0,75 9,75 1
2 4 2 3 0 7 1,0 0,5 0,5
3 [ 2 3 0 7 0,5 0,5 i
4 4 2 3 0 7 0,25 0,75 1
5 4 2 3 0 7 0,1 0,9 1
6 4 2 3 3 4 1,0 6,0 1
7 b 2 3 3 4 0,5 6,5 1
8 4 2 3 3 4 0,25 6,75 1
9 4 2 3 3 4 0,1 6,9 1
10 4 2 3 9 3 0,25 13,75 1
11 4 2 3 6 2 0,25 11,75 1
12 4 2 3 1 0,3 0,25 8,45 1
Table 3  Nutrient treatments, experiment 3
Traats= lon concentration (me/dm )
s Ca My R Na  Nil, NO, P s 1
1 10,5 0,75 0 1,75 0 0,125 3,625 0,25
2¢ontrol) 4 2 3 o 7,0 0 0,25 13,75 1
3 12 6 9 0 14 0 0,25 38,75 2
4 4 2 3 0 4 3 0,25 8,75 1
5 4 2 3 0 0 7 0,25 0,75 1
6 5 =2 1 o 7 0 0,25 13,75 1
7 & 2 1 37 0 0,25 15,75 I
8 4 2 3 3 7 0 0,25 17,75 1
9 4 2 6 0 7 0 0,25 17,75 1
10 4 2 6 3 7 0 0,25 20,75 1

In experiment 4 the objective was to determine the amount of nu=
trients removed by the regular harvesting of flowers each year by
weighing and analyzing flower heads ready for marketing.

Significance of yield differences between nutrient treatments was
calculated according to Duncan's multiple range test (Steel & Torrie,
1960) .

3. Results and discussion
Experiment 1 .
Dry matter yield of top growth and nutrient levels are given in Ta=
ble 4. Treatments one to four evaluated the total salt effect. Ivy
plants died in the highest salt treatments (T; and Tz) while the
control (T,) grew fairly normally. Lower salt treatments (T,) re=
sulted in poor growth. Failure of growth with high salt supply
should, however, not necessarily be attributed to a high salt effect
per se. 1In comparison with treatments at a lower and higher P sup=
ply (Tyr and T;2) than in the control (T;), the P was probably at a
harmful level in T and T; since T;) with a lower P-supply yielded
Dboetter than the control (T3). It seems that™ the control also we=
ceived an excessively high P supply and the higher P content of (T,
vs Tyy) coufirms rhiz deducrion. The lower yield in T, compared to
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the control is probably due to a low nutrient supply, especially of

‘N, as indicated by its lower leaf N value. M

Table 4 Dry yield (65°C) and nutrient levels for Ivy and Leucospermum

Y

cordifolium (Experiment 1)
{Means with the same letter are not significantly different at
the 57 level by Duncan's multiple range test).

bler, 1976); this could also explain the higher yield of Ivy with
increasing NOj:NH, ratios. This advantage probably counteracted the
growth limiting effects of NO; per se, as in Tg and T;o where plants
died. A reduced uptake of P with increasing NO;y supply is indicated
by a lowering of leaf values in Ts to Ts. The real problem with NOj
-N could not be determined from these data because the N content
showed little variation and the NO, content (not given here) was

negligible. L cordifolium was less effected by the N source than
Ivy and higher NO; concentrations could be tolerated.
Experiment 2 "

Table 5 Dry yield (65°C) and nutrient levels for L patersenii and

L cordifolium (Experiment 2).

the 5% level by Duncan's multiple range test).

Treat= Mean

L patersonll

Treat= Ivy
ment Mean Z in leaves {dry mass basis)
No yield Ca Mg K N P

1 0 = - - - -

2 0 - - - : - =
3" 60,9 ab 0,44 0,06 0,98 1,14 0,14
4 18,7 dc 1,06 0,1 0,85 0,85 0,03
5 45,2 bed 0,54 0,06 1,02 1,72 0,29
6 52,4 abe 0,47 0,07 1,13 1,15 0,2
7 71,8 ab 0,48 0,07 0,88 1,49 0,17
8 86,9 ab 0,64 0,08 0,97 1,28 0,1
9 0 - - = - =
10 0 - = £ o =
11 96,8 a 0,47 0,05 0,89 0,78 0,02
12 0 - - - = =

Leucospermum cordifolium

1 0 - = - - -

2 91,5 a 1,13 0,23 1,85 1,38 0,19
3 95,0 a 1,05 0,2 1,39 0,86 0,12
4 49,9 be 1,69 0,28 0,66 0,68 0,04
5 90,9 a 0,75 0,16 1,45 1,3 0,14
6 96,6 a 0,96 0,19 1,36 1,23 0,16
7 88,7 a 1,03 0,23 1,42 1,16 0,06
8 90,2 a 1,25 0,24 1,51- 1,26 0,11
9 94,8 a 1,25 0,23 1.4 1,0 0,06
10 16,8 ¢ 1,52 0,47 1,85 1,56 0,23
1" 79,8 ab 0,95 0,21 1,47 © . 0,87 0,05
12 0 - - - = -
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With L cordifolium salt effect and P-supply is apparently a lesser
problem than with Ivy, although excessive P also appeéfs to be a
problem. Only at the highest salt concentration (T;) did the plants
die. At the lowest salt level T, yield was reduced, probably due to
N deficiency as described for Ivy. As with Ivy, any harmful effect
of high salt concentration could be masked by the excessively high
P-supply in T) where growth failed,
cal level of P is higher for L cordifolium than for Ivy but in T,
the high P supply also appeared to be harmful.

With regard to N source, (NH, vs NOj, Ts - T,4), exclusion of either
ion species resulted in lower yields, particularly when NO; was the
only N-source, in which case growth of Ivy failed and that of L cor=
difolium was extremely poor. Yields of Ivy increased as the ratio
of NO;:NH, increased (Ts to Ts) but at high ratios (Tq and T,q)
growth failed.

As mentioned previously P supply was probably too high in the NH,
vs NOj comparisons and could have masked some of the real effects
involved. Other workers also reported that increasing NO; supply
reduces the harmful effect of P (lHamner, 1940; Mullison, 1941; Cro=

It would appear that the criti= .~

ment yield % in leaves (dry mass basis)
No g/pot Ca M K N P
1 122,4 abc 0,65 0,22 1,41 1,06 0,07
2 227,1 a 0,56 0,24 0,92 0,5 0,08
i 178,9 abc 0,69 0,32 1,19 0,77 0,06
4 105,3 ¢ 0,63 0,29 1,11 0,64 0,04
5 155,4 abc 0,59 0,31 1,13 0,63 0,02
6 152,7 abe 0,71 0,27 1,37 0,77 0,15
7 220,8 ab 0,46 0,22 1,12 0,70 0,08
8 151,7 abe 0,73 0,24 1,29 1,13 0,06
9 173,6 abe 0,49 0,23 . 1,10 0,78 0,03
10 130,0 abc 0,47 0,13 1,34 2,20 0,08
1 124,7 abe 0,54 0,22 1,12 0,89 0,04
12 93,8 ¢ 0,57 0,29 1,49 0,26 0,06
L. cordifolium T
1 1446 abe 0,44 0,11 1,32 0,70 0,08
2 68,2 bc 0,71 0,27 1,67 1,50 0,29
3 69,1 be 0,72 0,29 1,36 1,30 0,18
4 141,8 abc 0,64 0,23 1,16 1,01 0,07
5 55,6 c 0,72 0,33 2,02 1,71 0,09
6 141,8 abe 0,47 0,13 1,27 0,84 0,19
7 129,2 abc 0,47 0,14 1,11 1,12 0,11
8 142,2 abc 0,53 0,15 1,48 1,24 0,08
9 185,0 a 0,36 0,11 1,10 1,10 0,06
10 165,5 ab 0,42 0,13 1,36 2,03 0,08
11 187,7 a 0,43 0,11 1,17 1,32 0,09
12 60,0 bc 0,57 0,16 1,32 0,40 0,09

In this experiment another species L patersonii (locality Witvoets=

kloof) was compared with I Fordifolfqm—ziocality Highlands) and da=
ta for yield performance and nutrient uptake are given in Table 5.

L patersonii showed no differential effect on yield or nutrient up=
take due to variation in P supply and N source (T, to Ts). In this
experiment, however, the highest P level was lower than in experi=
ment 1 (Ime against 2me H;PO./dm ). This species could also, con=
trary to findings in experiment 1, grow with NO3;-N only but these
plants showed symptoms of chlorosis and did not appear to develop
as many flower buds as the plants that received NHy and NO,.



I. cordifolium also showed no consistent yield response to variation site had not been exceeded. This effect of Na and K on P repeus

in P P supply (T2 - Ts). Excepting for a lowering of the P content of - from Oudebosch, must have been indirect since no real differences
leaves with, reducing P supply other nutrient element contents were could be found in the plant nutrient levels. A possible explana=
not affected. ! tion could be that the addition of another cation (such as Na) pre=

vented NH, from being taken up at a rate which caused it to accumu=

Un average, yields were higher with a combi 3
ge, ¥ ity wbination of NH, and NO, late at harmful levels. This could have occurred shortly after re=

vhiar woith 9y onlv (T, - Te vg T - 7T P o : 3 2
al- howed 3';pL$m; ;f ch;orosi; andgiery i?:t:er?IELZinru§O§ only w:al of the nutrient solutions every eight weeks, at which time

gon-igh 5 bud devge 3 ; ; :

= % 5 : . MH, uptake is rapid. From experience with proteas rowth normall
1o L, ege results ag i v y : e z ; ; " & Y
J.‘N & ik e again shoved chac NO; is not an ideal source improves markedly when N is applied after a period of withholding
it.

Yield of both species decreased with decreasing N supply (compare Table 7 Dry yield (65°C) and nutrient levels for Protea repens from

Tio, Tiz, Ty oand Lz in order of decreasing N supply). 1ln the case pearly Beach and Oudebosch (Experiment 3) ]

i& tl'L%:;ﬁ:ﬁﬁfﬁh;:;e:zs:::; N-supply depressed yield, probably due (tieans with the sawe lutter are not significantly different at
w hlg : . bl the 5% level by Duncan's multiple range test),
Experiment 3 Treat= Mean P repens from Pearly Beach
Because of the great difference in response to differential nutrient ment yield %2 in leaves (dry basis)
supply betveen species, and even within species from different loca= No g/pot Ca Mg K Na N P S
lities, the behaviour of Protea repens, from two localities (learly 1 99,7 a 0,42 0,08 0,76 0,1 0,62 0,27 0,03
Beach and Oudebosch) was investigated in this experiment, 2 87,5 a 0,38 0,11 0,64 0,046 2,06 0,18 0,16
g 2 . 88
Table 6 ZIoil analyses, from sites where plant material was collected 2 108,2 : g'gz 8.15 ?'?; 8'82 f’gz g'g; 8'39
» ’ » 1] » 1 3 r
Resis= P Ammonium acetate extractable 5 137,7 a 0,67 0,15 1,02 0,08 2,72 0,32 0,1
pil tance Bray 2 6 70,9 a 0,38 0,11 0,5 0,08 2,02 0,12 0,35
H,O ’ ’ ’ » ’ ] » »
Re0) (ve) ppm Ca M8 (5pm) O K 7 68,9 a 0,53 0,11 0,7 0,12 2,28 0,16 0,17
P repens 8 89,8 a 0,38 0,1 0,8 0,008 2,1 0,14 0,14
(Pearly 7,15 4 450 7,5 885 29 8 9 9 76,6 a 0,38 0,1 0,79 0,006 2,44 0,14 0,2
?
Beach) 10 93,6 a 0,27 0,1 0,63 0,009 2,17 0,09 0,23
)] b} 2
P repens P repens from Oudebosch
{oudebosch) 5,9 2 760 7,5 3N 96 57 32 l 53’] ab ?’25 (_)’08 ?’9 (_)'008 1'09 ?'48 ?’06
i , ) 3 0 T T
Ihe sandy soll from Peariy Heach is derived from sandstone overlying 4 65.8 a 0.27 0.08 1,13 0,005 2,13 0,63 0,1
a calcrete deposit, The soil from Oudebosch is a loamy sand on 5 46’2 a8 0.26 0'08 0,81 0’006 2'51 0’59 0.16
shale and quartzite, Except for a lower pH{H;0) and electiical re= 6 o S e o 2l e - i
s{stance at Oudebosch, there appears to be little difference in che= 7 202 b 0.23 008 052 0.01 1.95 0.28 0.23
mical properties between the two soils, (Table 6). 8 33,6 b 0'2 0'08 0'59 0’01 1’97 0’19 0'72
’ * 4 » ’ » ? » » ’
Yield and nutrient uptake data for these species are given in Table 9 43,4 ab 0,16 0,06 0,69 0,006 2,11 0,26 0,22
7. With P repoes frow Pearly Beach no marked differences in yield 10 41,2 ab 0,17 0,07 0,59 0,01 1,98 0,26 0,3
;r; “';d[“"; Ll?mhln‘r?d”ed salt level of the nutrlensamedlum (1, - The N source did not have an influence on P repens from Pearly
'3). Even Ty with a high NH, concentration (14 me/dm *) had no dif= Beach, while the yield of P repens from Oudebosch was depressed
ferential elfect over the control (f;). P repens from Oudebosch, when N was provided in the form of NOj only (Ty vs Ts)

houveer, showed markediy deprussed growth with increasing salt le=
veis; wven tine control [ailed completely. This detrimental effect
could be due to a high NM, concentration, rather than a high salt
level, because growth was better where some N was supplied as NO, in
contrast to N supplied as NH, only (T,) at the same salt level. flowers harvested,

The detrimental effect of high NH, supply was reduced by the addi= P neriifolia removes approximately 5,3 kg N, 0,8 kg P and 4 kg K,
tion of Na for P repens from Oudebosch. Cowparing Ty and Ty no This is a relatively small amount. However the 20 000 flower heads
growth occured in the absence of Na as opposed to some growth with as a production figure is quite conservative and higher yields are

Na. This pattern was even more apparent at higher K and Na levels possible. In the case of L cordifolium the removal figure'is more
(te, 19 and Tyo). or less the same for flowers picked from the veld. This figure

. . agreed fairly well with figures obtained in‘a culture medium with
wltﬁ P‘rapens from Pear!y_Beach the °ffe9‘ of N was not apparent, low nutrient supply which gave relatively low dry mass production.
prubuliy wecause the critical NHy level for the species from this

Experiment 4

In this investigation the amounts of nutrients removed by flowers,
are calculated according to average yields of dry mass, amount of
and chemical analysis (Table 3).
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When more nutrients were supplied, yields increased drastically asg
well as the nutrient content of some elements. This indicated that
for a high yield, higher nutrient levels were necessary which means
higher nutrient removal as well.

From this data it is obvious that proteas do not remove a very large
amount of nutrients with the harvest but under certain circumstances

* the soil would not be able to replenish these nutrients, especially
in highly leached acid sandy soils. In these cases fertilization of
nitrogen would certainly be beneficial for production.

Table 8 Calculated nutrient removal with harvesting of Protea flower

heads
Species Nutrient con= Dry mass For a yield Nutrient
tent of flo= of flower of (flowers removal
wer heads 7 head (g) /ha) (kg/ha)
P neriifolia N 0,53 50 20 000 5,3
(Unfertilized P 0,08 0,8
veld plants) K 0,4 4,0
Ca 0,4 4,0
Mg 0,04 0,4
L cordifolium N 0,5 30 50 000 7,5
(unfertilized P 0,08 1,2
veld plants) K 1,4 2,1
Ca 0,6 9,0
Mg 0,2 3,75
L cordifolium N 2,0 30 50 000 30,0
(In culture P 0,15 2,25
K 1,6 2,4
Ca 0,6 9
Mg 0,25 3,75

4, Conclusions )
It appears that considerable differences can be expected in growth
response to nutrient elements in sand culture, particularly N-sup=
ply, between protea species, and even within the same protea spe=
cies collected from different sites, ’

Although several species are usually found on higﬁly_]eachcd soils
under natural conditions, a relatively high concentration of nu=
trients does not appear to be a problem in culture medium. However,
problems may occur with a high level of a particular element.

The P requirement of proteas is low and this is associated with low
P levels in leaves where growth is normal. Although differences
occur between species, P supply appears to be harmful even at a le=
vel of halfstrength Hoagland solution (0,5 me li;P0./dm ). N
appears to be a nutrient of particular importance in protea culti= -
vation. More favourable growth was always associated with increa=
sing N supply, particularly of NH,. The species studied could all
use NHu-N even at levels which may be harmful to many other plants.
Although species like L patersonni and P repens from Pearly Beach
could use NO; to some extent, NH, was in most cases preferable,
while Ivy failed to grow with NOj only.

Inclusion of Na in the nutrient medium apparently improved growthecf
certain species, particularly at excessively high NH,-levels. This
may be due to Na lowering the relatively high and harm{ul rate of
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NHy uptake.

Proteas remove relatively small amounts of nutrients with the har=
vest, but these can become considerable over the years and fertili=
zation, especially with nitrogen, would be beneficial.

References

Basson, W.D., and Bohmer, R.G., 1977. An automated procedure for the

determination of sulphur in plant tissue, Analyst 97; 266-270.

Bonner, J., and Galston, A.W., 1952, Principles of plant physiology
W.H. Freeman and Company, San Francisco.

Chapman, H.D., and Pratt, P.F., 1961, Methods of analysis for soils,
plants and waters. University of California, Div. of Agric. Sciene
ces. ’

Grobler, D.C.S.C., 1976. Die groei en voeding van koring (Triticum
aertivum S. cv. vulgare McKey) onder differensiéle nitraat-, fos=
faat- en sulfaatvoorsiening. MSc- thesis, University of Pretoria,
South Africa.

Hamner, C.L., 1940. Growth responses of Biloxi soybeans to variation ir
relative concentrations of phosphate and nitrate in the nutrient so=
lution. Botanical Gazette, 101: 637:649.

Hocking, P.J., and Thomas, M.N., 1974, Fvolution of the Proteaceae and
cultural implications. Annual J. of the Royal New Zealand Inst. of
Hort. 2: 18-25.

Jeffrey, D.W., 1964, The formation of polyphosphate in Banksia ornata,
an Australian heath plant. Aust. J. Biol. Sci. 17: 845-85.

Moore, C.E.W., 1966. Nutrition of Grevillea robusta. Aust. Plants, 4:
39-47,

Mullison, W.R., 1941. The effect on Barley seedlings of some interrela
tions of cations and anions in a three-salt nutrient solution.
Plant Physiology, 16: 813-820.

Steel, R.G.D., and Torrie, J.H., 1960. Principles and procedures in
statistics, McGraw.Hill Book Company, Inc. New York.

Technicon Auto Analyser II, 1977. Individual/simultaneous determina=
tion of nitrogen and/or phosphorus in BD acid digest. Industrial
method No. 329-74 W/B.

Vogts, M.M., 1958. Proteas know them and grow them. Afrikaanse Ters
Boekhandel, Johannesburg, South Africa.

Vogts, M.M., 1977. The Bearded Proteas. Farming in Scuth Africa No,
B. 8/1977. - E e

Vogts, M.M., 1977. Protea cynariodes (L} L. intensive cut flower pro=
duction Part II. Farming in South Africa No. B. 10/1977.

179



P

PO v

THE FLOWER PICKING INDUSTRY IN RELATION TO MOUNTAIN CATCHMENT
MANAGEMENT IN THE FYHNBOS

B.W. van Wilgen and A.J. Lamb

South African Forestry Research Institute
Jonkershoek Forestry Research Centre
Private bBag X5011

stellenbusch 7600

South Africa

Abstract

Private land in proclaimed catchment areas must be
managed to ensure an optimum sustained yield of high
quality water through maintainance of the vegetation, Wild-
flower picking is a form of landuse practised in many
catchment areas. Current restrictions call for the removal
of not meore than 50% of the blooms of a plant each year,
provided that no picking is carried out for one year prior
to a planned fire, This paper presents data on the utili-
zation levels of Proteaceae on prlvate land in the western
Cape. These levels are often well above the recommended
50%. The viability of canopy stored seeds declines at
varying rates depending on the species. More realistic
rules should prescribe different levels of utilization for
different species to ensure sustained yields, but the
problem is complicated by the cffects of season of fire
which canse considerable variation in seedling recruitment.
Unplanned fires burn 60% of the mountain areas, and heavy
picking followed by unplanned fires can result in very poor
regeneraltion. The lack of a sound understanding of seed
biology and an inability to prevent unplanned fires
currently make the picking of wild populations of serotinous
Proteaccac risky. The practice should therefore be dis-
couraged in favour of cultivation.

1. Introduction

The Mountain Catchment Act (Act 63 of 1970) provides for
the formal proclamation of privately owned land in recog-
nised catchment areas. Proclaimed catchments must be
managed to ensure an optimum sustained yvield of high
quality water. Practices which result in degradation of
the catchment or which affect water quality are discouraged.
Privately owned land in 9 catchment areas in the Western
Cape Forestry Region amount to ¢. 500 000 ha (6l% of areas
jdenti. o) «s catchments). This land is divided among c.
800 owners, of whum a minimum of 11% utilize the land for
flower picking in some ftorm or another.

The wildflower picking industry has moved from its early
beginnings as a purely opportunistic trade to a relatively
more ordered stale today. During the season of 1980, Euro-
pean traders spent about R3 million on fresh fynbos material,

Acta Horticulturae 185, 1986 181
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approximately 60% of it infloresences of the Protecaceae,

The industry is, however, one where the activities of parti-
cipants are not readily accounted for, and one whose struc-
ture allows no easy means of monitoring the flow of produce

(Davies 1984).

Thé long-term effects of wildflower picking are not knocwn.
The natural fynbos vegetation is the most cost-effective
catchment cover and should therefore be maintained (Wicht
and Kruger 1973). The possible detrimental effects of
flower picking in natural vegetation in catchment areas
include serious depletion of seed stores, trampling and
erosion, mortality through serious damage to individual
plants, the spread of diseases such as Phytophthora and a
drain on nutrient pools from the ecosystem. Fires are
common in the Cape mountains, and many species of Proteaceae
rely on canopy stored seed reserves to regenerate after fire,
Picking intensities should be at a level which will leave
sufficient seed to provide for adequate regeneration. Pre-
liminary restrictions, which call for the removal of not
more than 50% of the blooms or of 50% of the foliage of any
plant (including members of the Proteaceae) each yecar were
set, provided that no picking is carried out for one year
prior to a planned fire. This rule has not yet been criti-
cally reviewed. The setting of meaningful rules and the
monitoring of flower picking activities are both major
problems facing catchment managers in the fynbos.

This paper presents some data on the utilization levels
of Proteaceae on private land in the western Cape and the
decline in viability of canopy stored seed in two selected
species. Other.available data on the seed biology of
Proteaceae are discussed in relation to"their value for
drawing up guidelines for wildflower picking.

2. Methods

2.1 Estimation of utilization levels
The utilization of dominant Protea species for
flower picking was estimated at a number of sites. Shrubs
were selected using the wandering quarter method (Catana
1963) at each site. On each shrub the degree of utilization
was estimated by counting the number of cut marks from the
current season and remaining current flowers.

Seeds were taken from flowerheads of 20 P. neriifolia
plants in August 1982 and 25 Leucadendron xanthoconus plants
in February 1980. Cones and flowerheads were aged according
to year of seed set for each species. Seeds set in the
years 1978 - 1981 for P. neriifolia and 1976 - 1979 for L.
xanthoconus were collected. In the case of P. neriifolia
only plump, filled seed were used. Five hundred seeds from
each year were planted into trays and watered. In the case
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of P. neriifolia only 490, 290 and 220 seeds were planted
from the 2, 3 and 4 year old flowerheads respectively.
Planting dates were April 1983 for P, neriifolia and May
1980 for L. xanthoconus., The trays were monitored daily for
germination, until no further germination occurred.

3. Results

3.1 Utilization levels

Utilization levels of some Protea species are pre-
sented in table 1, The mean percentage utilization at all
sites surveyed was 48.9%, but species such as P. magnifica
and P. cynaroides which fetch good prices are often heavily
utilized. 1In cases where utilization exceeds 70% (as for
P. magnifica in the Langeberg mountains) serious depletion
of seed reserves may lead to poor regeneration following
fires.

Table 1 - Mean number of flowers per plant and percentage
of flowers harvested for various populations of
wild Protea species in the wq.tern Cape Province.

Percentage
Mean number of flowers
flowers per plant harvested

Langeberqg P, magnifica 4. 9 70. 4
Langeberg P. holosericea 1, 6 49. 5
L.angeberg P, magnifica 3. 0 45. 0
Langeberg P, magnifica 1.1 23. 8
Winterhoek P. magnifica F5r 5 59. 0
Winterhoek P. magnifica 5. 1 34. 0
Winterhoek P, magnifica 5. 0 56. 0
Hawequas P, repens 1" 5 32, 4
Hawequas P, cynaroides 3. 6 64. 8
Hawequas P, neriifolia 32, 0 54, 1

e o e et e e S T D G - R e S S M = Sa e R A e e e D > A s e o o

Results of the germination experiments are shown in
figure 1. Seed viability declined from 49.4% in one-year
old seed to 33.2% for four-vear old seed of P. neriifolia.
vVan Staden (1978) showed that seed viability declined from
86% in 8 month o0ld P. neriifolia seed to 40% in one year
old seed. We did not test fresh seed as these were not
ripe at the time of collection. The decline in viabflity
was far more marked in L. xanthoconus, from 31,8% to 3.2%
for 1 to 3 year-old cones. L. xanthoconus would therefore
appear to rely far more heavily on the current seed crop
than P. neriifolia for regeneration following fires.
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Figure 1 ~ Percentage germination for different ages of
seed from two species. (@) = P, neriifolia,
(0) = L. xanthoconus.

4. Discas:iion

4.1 Seed stores_in_serotinous Proteaceae

Serotiny in Cape Proteaceae is comparitively weak and
a large proportion of the store of viable seed is found in
the currcant crop of flowers (Bond 1985). The degree of
serotiny varies between species. The longevity of viable
cancpy stored seed (figure 1) contributes significantly to
the degree of serotiny. Bond (1985) showed that seeds from
earlier scasons contributed half the total viable canopy-
stored seed reserves in five out of 10 species of the genera
Protea and Leucadeandron, but that this was between 50 and
25% in three other species and less than 25% in the remain-
ing two species. Provided that the current crop of flowers
are not harvested one year before a planned fire, seed
reserves will amount to the whole current crop plus 50% of
previous years seeds (which will be reduced through loss of
viability). From our data, it seems that more cones must
be left on L. xanthoconus than flowers on P, neriifolia to
ensure the same level of seed availability following fire,
as seed viability declines far more rapidly in the former
species. Populations of species which survive fire by
sprouting, for example P. cynaroides, can survive occasional
unplanned fires even if most flowers have been removed.
. Different picking intensities for individual species would
" therefore seem advisable, but reliable fiqures for the louss
of viability need to be collected for various species to
determine realistic picking intensities in wild populations.
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The problem of determining the level of seced necessary
to ensure adequate regeneration following fire is complicated
by season of fire effects. There can be more than a three-
fold difference in the number of viable canopy-stored seed
depending on the time of year (Coetzee 1984, Bond 1985), but
there are often 10 to times more seedlings per parent
plant following autumn tires when compared to spring fires
(Bond et al. 1984, Van Wilgen et al. 1985). These differen-
ces result from attrition of seeds following release. Fire
season may therefore have more of an effect on populations
of serotinous Proteaceae than ‘the level of flower picking.
The period of maximum seed availability and of maximum seed-
ling recruitment co-incides with the period when most fires
occur (January - March).. The current rule assumes that wild
flowers produce a harvestable surplus of seeds, but this is
unlikely seen in an evolutionary context, as wild populations
would not gain benefit from such a strategy., If the level
of seed availability at the time when fires are most likely
optimises seedling recruitment, then depletion of these seeds
through excessive picking will erode populations over a num-
ber of fire cycles. Fires in unfavourable seasons, for
example spring, will simply accelerate the rate of decrease
in population numbers.

The present rule requiring that only 50% of blooms
are removed from a plant each year was set as an insurance
against accidental fire. It relies heavily on the assump-
tion that most fires will be planned. Unplanned fires are,
however, a common feature of the Cape mountain environment.

Table 2 - Areas burnt in planned and unplanned fires from 1
April 1981 to 31 March 1984 in 9 catchment areas
in the western Cape Province.

Total area burnt {(ha.)
Unplanned fires Planned fires

Cederberg 14 108 9 984
Groot Winterhoek 5 285 2 610
Kouebokkeveld 6 939 9 614 \
Matroosberg 23 299 1 656
lHawequas 40 263 15 704
Rivicrsonderend 8 970 7 381
llottentots-Holland 15 356 9 964
Langeberg-West 6 444 9 203
Langeberg-East 1 711 10 730
Total 122 375 76 846
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Table 2 shows data for fires over 3 years in Lhe western
Cape Province (from Departmental records, unpublished).

More than 60% of the total area burnt was hurnt in unplanned
fires.' An unplanned fire following shortly after picking
will mean that fresh, viable seed available for regeneration
will be reduced. '

D e d s R S s s d e e e S e e e e A - ————

Before realistic rules for flower picking can be
formulated, the degree of serotiny for each species and the
number of seeds necessary to replace populations needs to
be known. Data on seedling survival to maturity and the
factors affecting it need to be collected. The data
currently available show that 50 to 75% or more of available
seed comes from the current crop of flowers, depending on
the species. An unplanned fire following heavy picking will
result in low seed numbers despite some flowers being left
from previous years., Better fire control to reduce the
frequency of unplanned fires will ensure that a protected
crop of current flowers can be bhurnt in a planned fire,
thereby ensuring adequate seed levels. Until adequate fire
control 1s achieved, however, flower picking in wild popu-
lations for sustained yields is risky. In addition, it is
difficult to control wildflower picking activities in
catchment areas. Prescriptions laid down are often exceeded
in private catchments and the theft of flowers from state-
owned land is common. The other problems associated with
wildflower picking (mentioned above) add to the undesir-
ability of allowing the practice. Sustained yields in the
long term will be best achieved from plantations of Proteas.
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1. Introduction

DISEASES OF PROTEAS AND THEIR CONTROL IN THE SOUTH-WESTERN CAPE

P.S. Xnox-Davies P.S. van Wyk ’ W.F.0. Marasas

" University of University of the National Institute for
Stellenbosch Orange Free State Nutritional Diseases
Stellenbosch Bloemfontein Tygerberg
South Africa South Africa South Africa
Summary

Most local protea diseases are caused by fungi helonging to the
Inguloascomycotina and Deuteromycotina, There are no records of any
rusts, smuts, powdery mildews, downy mildews, or bacterial or viral
diseases. Many leaf specks, leaf blotches and leaf spots reduce the
value of cut flowers. Important leaf spot diseases are those caused
by Mycosphaérella proteae on Protea neriifolia and Protea
grandiceps, Dy Leptosphaeria protearum on Protea magnifica und by
BatcheToromyces proteae on certain Protea cynaroides ecotypes.
Canker, die-back, anthracnose and blighiing of shoots and twigs are

‘especially common in older plantations. Colletotrichum

loeosporioides is important on Protea compacta and other species,
%EEFEE§__E_‘UFEchslera Sp. cauEEE——Eiiﬁﬁfgﬁg_Ef certain Leucospermum
cordifolium cultivars. The role of Botryosphaeria spp. 1s not
cTear, though they seem to be extremeT?'—EEEgEEETUT opportunistic
colonizers of protea shoots, flower parts and seeds. Scab is caused
by an Elsinoe sp. Corky lesions develop on stems and Tleaves,
particularTy of L. cordifolium, and flowering is reduced. Control
of above-ground  fungal diseases 1is largely by applying sanitation
measures, by avoiding susceptible species and cultivars, and by
strategic use of fungicides. Witches' broom is an important disease
of P. cynaroides, P. neriifolia and P. compacta X P. neriifolia
hybridsT — Control Ts by controlling The mlge Aceria proteae and by
strict sanitation. Damping~-off and seedling bJight occur
sporadically. Some common pathogens are involved, but only
C. gloeosporioides has been studied to any extent. It 1is controlled
By ~thiram seed treatment. Phytophthora cinnamomi root rot is
particularly severe on Leucadendron Er%enteum, Leucospermum
cordifolium, Leucadendron discolor and Leucadendron tinctum.” Losses
are reduced by avoiding sofls with a history of root rot and by
planting tolerant species or cultivars. Cuttings sometimes die in
mistbeds. A preplant treatment with captafol has given promising
control. Postharvest diseases include rhizopus and botrytis decay
of L. cordifolium blooms and blackening of Protea leaves. Use of
disease-resistant cultivars is an important general disease control
measure. But erosion of disease resistance in breeding programs
means that shifts in importance of the different pathogens could
occur. There is also the danger that indigenous pathogens will be
disseminated on breeding material distributed to growers,

+ ~

It is generally recognized that the South-Western Cape Province
of South Africa has a distinctive vegetation {the Cape Floral
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Kingdom) which  became isolated after the  break-up of the
Gondwanaland supercontinent and the intrusion of the cold Benguela
ocean current between Africa and South America.” The break-up of
Gondwanaland began 100 million years ago (King, 1978). At the same
time many groups of plant-pathogenic fungt (especially Ascomycotina
and related Deuteromycotina) were diversifying and co-evolving with
their hosts (Pirqzynski, 1976). In addition to higher plants, there
are therefore also very many fungal pathogens unique to the
South-Western Cape {Knox-Davies, 1981?.

The first South African proteas to be commercialized were
collected in their natural habitats. Today, though, large numbers
of proteas are being grown in pure stands in commercial
plantations. The species and cultivars used are selected largely on
the basis of flower characters. Little attention {s given to
disease resistance. MWith this crowding together of genetically
uniform material, growers are being confronted with increasing
numbers of disease problems. On the one . hand are the
wide-host-range diseases commonly associated with "agricultural
crops; on the other are the indigenous protea-specific diseases.

This paper briefly reviews the occurrence and control  of
important diseases of proteas (Protea, Leucospermum and Leucadendron

spp.) in the South-Western Cape.

2. Diseases not recorded on proteas in South Africa

Fungal diseases not recorded on proteas in South Africa include
rusts, smuts, powdery mildews and downy mildews. No bacterial
disease has been recorded, despite reports of bacterial Teaf spots
on Protea cynaroides in England (Paine. & Stansfield, 1919) and
Australia T{Wimalajeewa et al., 1983). -There is-also no record of
any disease caused by a virus, viroid or nutritionally fastidious
prokaryote.

3. The main groups of protea diseases

We have grouped the different protea diseases as follows :
Leaf speck, leaf blotch and leaf spot diseases
Shoot blight, canker and die-back diseases

a. Drechslera blight
b. Anthracnose
c. Botryosphaeria canker and die-back
d. Leaf browning and die-back of .'*ings
e. . Other
Scab !
Witches' broom and fasciation
Soil-borne diseases
a. Damping-off and seedling blight
b. Root decay
c. Decay of rooting cuttings
d. Other sofl-borne disease problems
Postharvest diseases
Other
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Dark mycelium and fruiting structures {sporodochia, ascocarps) of

“many fungi develop superficially on protea leaves. Fruiting

structures occur as discrete leaf specks on green leaves. Or,
together with the mycelium, they form Huil grey, lustreless blotches
or smudges. Sometimes the underlying tissue becomes yellowed. In
stilT other cases the superficial mycelium 1{s so compact and dark
that the disease is more aptly described as a leaf spot. Leaf spots
range from these superficial sooty spots to necrotic, often
extensive lesions.

Leaf speck, leaf blotch and leaf spot diseases reduce the value
of cut flowers. . Particularly spectacular are the leaf spots caused
by Mycosphaerella proteae (Syd.) VYon Arx on Protea neriifolia and
Protea grandiceps, by Batcheloromyces proteae Marasas, Van Wyk &
Tiox-Davies on certain P. cynaroides ecotypes and by Leptosphaeria
protearum Syd. on Protea magnifica and cv. Sheila, a natural  hybrid
{probably between P. magnifica and Protea burchelli). But the
relative importance .o Fe different” diseases could change with
shifts in emphasis on the different protea species and cultivars
grown. Fungi recorded as leaf speck, leaf blotch and Teaf spot
pathogens on proteas in South Africa are given in Table 1. The
authors are at present updating the host list of these fungi.

Only a few leaf disease fungi (Batcheloromyces, Leptosphaeria,
Vizella) have been cultured in the laboratory. Unfortunately they
all _grow extremely slowly under standard cultural conditions, so
that little is known about infection processes and the environmental
factors favouring leaf diseases.

Control s achieved by avoiding highly susceptible cultivars, by
applying sanitation measures and by using fungicidal sprays, For
the past six years G.J. Brits (H.R.I. and Tygerhoek Experimental
Farm, Riviersonderend, personal communication) has been using
mancozeb alternated with a benomyl/captab mixture. Seedlings and
young plants are sprayed at 2-week intervals when wet weather
coincides with a growth flush.

3.2.1. Drechslera blight

Von Broembsen (1985) recently recorded drechslera biight on
Leucospermum spp. and cultivars from many parts of the South-Western
Tape. Tommercially cultivated pincushions are especially severely
affected, with symptoms including leaf lesions, stem cankers and
premature death of flower heads. She described the causal fungus as
hrechslera dematioidea  (Bubak &  Wroblewski) Subram. & Jain,
Siigjested control measures are the use of resistant cultivars, seed
treatment, and spraying with fungicides such as iprodione.

This drechslera blight 1{s probably f{dentical to the ‘leaf
spotting and shoot die-back' caused by Drechslera biseptata on
Leucospermum  spp. in Australia (Greehalgh, 19817, 'Rovral
Tiprodione] appears to reduce disease severity' (Greenhalgh, 1981)..
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3.2.2. Anthracnose

Anthracnose, caused by Colletotrichum gloeosporioides (Penz.)
Sacc., ‘was first described” Tocally on Protea compacta (Benic &
Knox-Davies, 1983b). Symptoms include cankers and other Tesions on
stens and shoots, leaf blight, seedling blight and pre- and
post-emergence damping-off. Since then, the first author (P.S.
Knox-Davies, unpublished data) has recorded C. gloeosporioides on
bli,ited Frotea (P. cynaroides, P. eximia, P. Tongifolia,
P. wpociusa, FoosiSkoei) seedTings. Schwabe TH.F.S. Schwabe, FFTRT,
Zteiienbosch, personal communication) has also found
C. gloeosporioides associated with die-back of Protea, |eucospermum
and Serrurfa spp. P. magnifica was particularly susceptible, but
Leucadendron spp. were resistant. In Australia, Greenhalyh (iubl)
Tisved” “the “ollowing Protea spp.  susceptible to colletotrichum
die-back : P. magnifica, "P. compacta, P. neriifolia, P. cynaroides,
P. coronata, P, iongifolidf P obtusTfolTa, P. stokoei and P. repens.

C. gloeosporiofdes has many hosts besides proteas, and there is
considerable data available on conditicns favouring disease and on
disease control.

Sced treatment {1s advised to control damping-off and secdling
blight. Benic & Knox-Davies (1983b) obtained good seed germination
and seedling survival after the following seed treatments : zd4h 40°C
thiram soek; thiram dusting; 30 mwin hot water (50°C) treatment
followed by thiram dusting.

Foliage fungicides have also been used in anthracnose control.
Some years ago Schwabe ({personal communication) controlled protea
die-back on an experimental basis with captafol, captab and
mancoceb.  In  Australia, where colletotrichum die-back of Protea
seedlings has been described as a ‘major _disease of economic
imporience’ (J.  Maughan, Plant Research Institute, Burnley,
mimeographed data, undated}, difolatan and prochloraz were the most
effective of 31 fungicides tested against the disease, though
nursery trials were less successful than those in the glasshouse.

Benic & Knox-Davies {1983b} suggested that the \practice of
burning plantations as  they become unproductive = reduces
Colictorrichum and gdotryosphazria inoculum.

3.72.3. Botryosphaeria canker and die-back

A number of different Botryosphaerias (some with Dothiorella .

anamorphs) have been 1isolated from shoot lesions, seed heads and
seeds of different proteas (Knox-Davies, Marasas, Wingfield & Von
Broembsen, unpublished data). - Benic & Knox-Davies (1983b)

frequently isolated 'Botryosphaeria’ from anthracnose lesions on
P. compacta plants and suggested that 1t 1is 'a secondary invader
which colonizes tissue after infection by C. gloeosporioides'. Von
Broembsen (1985) found Botryosphaeria dothidea {Moug, ex Fr.) Ces. &

de Not to be 'an important secondary pathogen of the stem canker
caused hy D, dematioidea’, It seems that a variety of

192

Botryosphaeria spp. occur as extremely successful opportunistic
colTonizers of protea shoots, flower parts and seeds, with
environmental stress factors possibly increasing the susceptibility

~of host tissue to infection (cf. Schoeneweiss, 1981}).

3.2.4. Leaf browning and die-back of cuttings

Leaf browning and die-back of cuttings are scmetimes a problem
while cuttings are being rooted in mistbeds. Jacobs  {198la)
suggests that most disease problems of rooting cuttings can be
related to immature wood, too close spacing, poor air circulation
and  overwatering. Nevertheless, both he (198l1a, and personal
cemmunication) and J.C. Steenkamp (Protea Heights, Stellenbosch,
personal communication) suggest that rooting cuttings should be
sprayed regularly and routinely with fungicides. Steenkamp
alternates a mixture of captab and benomyl with one of mancozeb and
iprodione at-weekly intervals. Sub-irrigation whould also reduce
the incidence of foliage diseases while cuttings are rooting.

3.2.5. Other shoot blight, canker and die-back diseases

Blighting, cankering and die-back of shoots and stems are seen in
many older protca plantations., They have still to be diagnosed and
evaluated. The Phoma sorghina stem canker described by Gorter
(1976) on L. cordifolium 1in the Transvaal has not been recorded in
the South-Western Cape.

Scab is an important disease of Leucospermum cordifolium, and has
also been recorded on other Leucospermum spp. (L. conocarpodendron,
L. lineare, L. oleaefolium), a Teucospermum hybrid~ (L. cordifolium X
[. YotfumJ, “two Leucadendron ~spp. (L. laureolum, ~ L. pTatyspermum)
and Serruria florida (Benic & Knox-Davies, 1983a and unpubTished
data)T Different cultivars and seedlings differ greatly in
susceptibility to scab. L. cordifolium cv. Red, Sunset is exthemely
susceptible. -

Symptoms resemble those of citrus scab. Corky lesions develop on
the leaves, but they are most conspicuous on shoots and flowering
branches. Heavily infected shoots become twisted and distorted, and
flovering is reduced. Infection apparently occurs in wet weather
during & growth flush (Benic & Knox-Davies, 1983a). -

Measures suggested for scab control {Benic & Knox-Davies, 1983a)
include the use of resistant cultivars, choosing sites with good air
drainage, judicious overhead frrigation and spraying during a growth
flush with fungicides such as captafol and mancozeb (contact) or
benomyl (systemic). ¢

3.4. Witches' broom, fasciation

vitcivs' brooms occur on a number of Protea spp. They are



especially common on P. cynaroides and P. nitida, but can be locally
important on other species. We do not know what causes the disease,
though the mite Aceria proteae is involved fin some way (Rust,
1984). There is no experimental evidence to support the suggestion
(Rust & Myburgh, 1976) that witches' broom is caused by a mycoplasma.

Rost (1984) gives: the following control measures for witches'
broom :

a.) legislation preventing the sale of diseased plants;

b.) care by growers to buy disease-free propagating material
from nurseries that have been free from the disease for at
least a year;

¢.) spraying with carbaryl at three-weekly intervals.

Fasciation is rare enough to be regarded as a curiosity rather
than a disease. Shoot tips become broadened and flattened,
sometimes with twisting and curling. The cause is unknown.

3.5. Soil-borne diseases

3.5.1. Damping-off and seedling blight

Seed-borne C. gloeosporioides causes damping-off and seedling
blight of a number of Protea spp. (Benic & Knox-Davies, 1983b, and
unpublished data). Teed treatment {s effective in disease control
and is discussed in relation to anthracnose.

Linda Benic and the first author (unpublished data) have also
frequently isolated common wide-host-range pathogens such as
Rhizoctonia solani Kilhn, Botrytis cinerea Pers. ex Fr., Macrophomina

haseolina (lassi) Goid., Fusarium oxysporum Schlect.” and other
Eusarwum spp. from damped-off and bTighted protea seedlings.

There 1is 1little information on damping-off or seecdling blight in
commercial undertakings, but numerous seedling diseases have been
experienced at the Kirstenbosch Botanic Garden, the Harold Porter
Botanic Garden at Betty's Bay and the Assegaaibosch Nursery of the
Cape Department of Environment Affairs. At Kirstenbosch the problem
has largely been resolved by treating nursery soil with methyl

. bromide and seeds with thiram dry seed dressing (Linda Benic,
personal communication). ;

In Australia, Greenhalgh (1981) reported that a soil drench with

Benlate {benomyl) was effective in controlling damping-off caused by ~

Fusarium and Rhizoctonia.

3.5.2. Root decay

Phytophthora cinnamomi Rands 1is the most important protea root

decay fungus. VYan Wyk (1973a,b) described it as the cause of a

sudden death of Leucadendron argenteum, and provisionally listed the
reactions of 13 Protea spp., / Leucadendron spp. and 2 Leucospermum
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spp.  to the fungus (Van Wyk, 1973a). P. cynaroides was resistant
and he suggested that the antifungal substance,
p-Hydroxybenzoylcalleryanin, which he and Koeppen (1974) extracted
from the bark of P. cynaroides roots# is important in conferring
resistance to P. cinnamomi.

Yon Broembsen & Brits (1985) i{solated P. cinnamomi from
22 Leucadendron, 24 Leucospermum and 9 Protea spp. from commercial
fieTds in the South-Western Cape. Tn Tnoculation studies they
confirmed the relative resistance of Protea spp. but extreme
susceptibility of many Leucadendron and Teucospermum spp., as
previously reported by Van HWyk (1973a) and Greehalgh (1981). They
also reported that Leucadendron and Leucospermum spp. were subject
to phytophthora root rot even on well-draining sites, whereas Protea
spp. were rarely affected. -

In Australia, Greenhalgh (1981) found L. cordifolium and many
Leucadendron spp. (e.g. L. discolor, L. daphnoides, L. laureolum,
[ argenteum, L. eucalyptifolium, [. salicifolium] to be highTy
susceptibTe” to P.” cinnamomi. Protea ~spp. were generally more .
tolerant : ‘'Observaftions indicate that P. neriifolia and P. repens
are tolerant to the fungus and that P. magnifica, P. compacta and
P. cynaroides are susceptible’. - -

Soils suppressive or conducive to P. cinnamomi have frequently
been recorded elsewhere, but there are no data on P. cinnamomi
suppressive/conducive protea soils in the South-Western Cape.”

Control s difficult, especially i{f, as Yon Broembsen & Kruger
(1385) suggest, P. cinnamom! 1is ‘an indigenous component of the
native ecosystems'.” Recommended control measures at present (Brits
& Yon Broembsen, 1978; Von Broembsen & Brits, 1985; G. Jacobs,
personal communication) include :

a.) avoiding poorly draining soils and soils with a history of
root rot; .

b.) using resistant material (e.g. Protea spp.) on suspect
soil;

c.) using disease-free nursery material.

Systemic fungicides have given inadequate control or are phytotoxic,
and decontaminating river water for irrigation is too costly (Von
Broembsen & Brits, 1985).

3.5.3. Decay of rooting cuttings

Protea cuttings 1in mistbeds often turn brown from the base and
from wounds caused when leaves are removed during preparation of the
cuttings. Isolations made from the lesions have yielded many
saprophytes and wide-host-range pathogens such as Rhizoctonia
solani, Botrytis cinerea and various Fusarium spp. (unpubiished
data¥. -

Preliminary tests with P. repens suggest the following control
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measures (G. Jacobs, personal communication). Cuttings are stripped
of their lower leaves, dipped in 0.05-0.15% (m/v) captafol in H,0
and dried briefly. The bases are then dipped in rooting compound
and the cuttings are planted §n mistbeds.

3.5.4, Other soil-burne disease problems

Must  lucal research effort has been concentrated on phylophthora
root rot, and there has been a tendency to ascribe all cases of
sudden death or poor growth of protea plants to P. cinnamomi. [t is
becoming apparent, though, that other pathogens might™ sometimes also
be involved - as well as abiotic factors such as moisture or heat
stress, and nutritional factors.

3.6. Postharvest diseases

— e - e A e e e G Gy -

A Rhizo?us sp. and Botrytis cinerea are sometimes -problems on
L. cordifolium blooms ~after harvest. Suggested control measures at
present include dipping the flowerheads in dicloran and benomyl and
drying them thoroughly before packing (G. Jacobs, 1961b and perscnal
cummunication). In Hawaii, Cho (1977) recovered benomyl tolerant
. B. cinerea from L. cordifolfum plants and other Proteaceae sprayed
Toulinely with benomylT™ Bénodyl dip treatments to control Botrytis
" postharvest decay would almost certainly lose their effectiveness if
benomyl were used routinely as a foliage fungicide in the field.

Blackening of protea leaves during storage was  ~ discussed by
Jacobs {1981b). Protea spp. particularly prone to leaf blackening
included P. compacta, P. eximia, P. magnifica, P. repeas and

P. neriifolia.

Leaf blackening 1s a 'complex problem', '...though the severity can
be reduced by (a) selection of less prone genotypes (b} proper
handling during transit especially temperature control and (c) the
use 2 preservative solutfons' (Jacobs, 1981b). -

\'-

3.7.1. Phosphorus toxicity

Phosphorus levels normal for other plants are toxic to many
Proteaceae (Nichols, 198l1}. Phosphorus toxicity could therefore be
a problem where old agricultural lands are wsed for  prciea
cultivation. Sympturs inciude leaf necrosis and death of young
plants, 2ad can be confused with those caused by soil-borne
pathogens.  Hichols {1981) listed the sensitivities of 33 species of
Proteacese to phosphorus toxicity and suggested that there might be
some genetic variation in tolerance within a species. Phosphorus

toxicity is apparently not an important factor {n protea production

in the South-Western Cape (G. Jacobs, personal cummunication).
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4. Concluding remarks

It is accepted that protea breeding programs should be more
concerned with flower characters than disease resistance. But one
consequence of this must also be realized - that the natural disease
resistance of wild parents is inevitably eroded during breeding and
selection. Examples of this are the extreme susceptibility of cv.
Sheila, a presumed P, magnifica X P. burchellii hybrid to
leptosphacria leaf spot “and of L. cordifolium cv. Gold Dust to

Elsinoe.

Loss of wild host resistance will have particular significance
near the protea centres of origin (South-Western Cape} where minor
pathogens on the wild plants could become major. pathogens on the
"improved' cultivars, and be disseminated with them. Local protea
breeding programs should recognize this and evaluate the resistance
of breeding material to a wide range of indigencus pathogens, but at
the same time ensure that the materfal 1{is disease~-free when
distributed to growers. The local protea industry should also
consider maintaining a cultivar bank 1solated from both commercial
plantations and wild proteas in their natural habitat.

P. cinnamomi is a major pathogen in the cuitivation of proteas.
Little 1s known locally about the susceptibility of proteas to other

wide-host-range fungi such as Rhizoctonia solani, Fusarium oxysporum

and Macrophomina phaseolina.,” The impact of these pathogens will
becom¢ wore apparent as more seedlings and cuttings are raised in
nurseries and as more use 1is made of old agricultural lands for
protea production. )

Despite the many leaf speck, leaf blotch and leaf spot diseases,
there has been only sporadic research on the use of fungicides in
disease control. In most cases we need to know much more about the
causal organisms and disease cycles before we can plan meaningful
strategies in protea disease control with fungicides.
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TARLE 1 - Leaf speck, 1leaf blotch and leaf spot pathogens on

proteas.

Pathogen Synonym Reference

Larchetoromyces leucaden-
dri Van Wyk, Waracas %
Knox-Davies
Batcheloremyres proteso
Harasas, Van Hyk { Knox-

Yan Wyk et al. (1985a)

Marasas et al. (1975),
Smit et al. {1983)

Davics

Coleroa senniana (Sacc.) Aphysa senniana Doidge (1950}, Van Wyk

g?n er } . {Sacc.) Doidge et al. (1975a)
lasterosporium nroteae Van Wyk (ly

R T ke (1313)

Coniothyrium sp.
Didymosporium congestum
Syd.

Helicnsingula Teucadendri
Van Wyk, Marasas, Baard &
Knox-Davies

Leptosphaeria protearum Syd.

Yan Wyk {1973a)
Doidge (1950)

van Hyk et al. {1285b)

Doidge (1950}, VYan Wyk
et al. (1975a)
Van Wyk et al. {1975b)

Mycosphaerella jonkers-
oekensis Van Wyn, Marasa
T Knox-Davies :

Mycosphaereila proteae 0ligostroma ma- Doidge (1950), Van Wyk
T3yd. T Von Arx culiformis (Wint.) et al. (197%a)
Uoidge
Phyllachora proteae Unpublished studies Doidge (1950), Van Wyk
WakeT. by the authors et al. (1975a)
suggest that this T
fungus 1s a '

Butryosphaeria sp. -
Stinmina protearum Tércospora protea- Doidge (1950), Ellis

TCooke ) M.0. ETTis rum Cooke (1972), van Hyk
(1973a)

Teratosphacria fitritlosa Doidge (1950), Van Wyk

gyd. et al. (1975a)
eratospnaeria proteae- Van Wyk et ai. {1u/5b)
ar50reae'Vdﬁ“WyE, Marasas

% Knox-Davies .
Trimmatostroma macowanii  Coniothecium maco- Noidge (1950), Ellis

[Zrce. VB EIN s 7 acc. {1976), van Wyk

wanij Sacc.
) (1973a)
Vizella intarrupta
[Winter) Haghes

Entopeltis inter-  Doidge (1950), Van Wyk
rupta {{int.) (1973a), Van Hyk et
on Héhn. al, (1976)
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Summary ‘

Root rot caused by Phytophthora cinnamoan i
is a limiting factor in the production of cut flowers from
Lencospermum Leucadendron, Serruria
and Banksiaspp. in South Africa. Prevention remains the most
ettective method of controlling this disease. However, the wide-
spread occurrence of Pecinnamonm i in mountain fynbos vegeta-
tion and rivers of the southwestern Cape Province poses special
problems in preventing rool rot. Cultural methods which reduce or
.avoid conditions favourable for disease are also an important means
of contrul. Attempts to develop fungicide trcatments wiich give
good field control for highly susceptible proteas have been largely
unsuccessiul, Fiant breeding is probably the most promising
approiach to dJdiscase control. There is considerable resistance in
the genus P r o t e a and the more resistant Proteaspp. can
he used on infested lands., There is also tolerance in the genus
lLeucospermumuwhich might be utilized in breeding programs
and {ur rootstock development.

Phytophthora cinnamonm i Rands was first

associated with sudden die-back of silver trees (Leucaden-
dron argenteu m) and other Proteaccae occurring in the
southwestern Cape Province in 1973 (Van Wyk). Phytophthora root rot
was subsequently recognized as a serious disease problem in commer-
cial protea plantings (Von Broembsen and Brits, 1985). 'The disease
occurs in the main production areas thruughout the coastal regions
of the Cape Province and in the Transvaal. P, cinnamomi
has been recorded on 63 species of field-grown proteas from eight
indigenous and two Australian genera (Von Broembsen and Rrits,

1985).

Phytophthora root rot is a limiting factor in the production of
certain kinds ot cut-tlower proteas in South Africa, especially

LeucospermumandlLeuvcaden d r on spp. (Brits and
Von Brocmbsen, 1978; Von Broembsen, 1979: Von Broembsen and Brits,
19895). Losses incurred include reduced cut-flower profits,
increased  production costs for fungicide treatments and re-

establishment, and the decreased value of Phytophthora-infested land
for susceptible crops. . Disease losses of e v c o s permum
4 dendron spp. under cultivation have disconraged

and Loe u ¢
alterna-

their horticultural production as a Uinancially attractive
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tive to picking from the wild, In aldition, atteapts to cstablisy
commercial production of Serrur iaandBaaksiaspp. have
been hampered by losses. Phytophthora root rot is also a problen
in protea nurseries (Brits and Von Broembsen, 1978; Von Broembsen,
1984a).

* This paper reviews research on the control of FPhytnphthora roe
rot of proteas in South Africa. It also evaluates what progress has
been made toward adequate control of disease and discusses future
approaches to research.

2. Current knowledge of control methods

_The primary means of controlling Phytophthora root rot of cut-
flower proteas in South Africa are:
- exclusion,
- cultural practices,
-~ chemical control, and
- plant resistance.

2.1 Exclusion

Exclusion entails primarily the use of Phytophthora-free propaga-
tion material, irrigation water and field sites, and the prevention
of subsequent infestation of plantings. Production of Phytophthora-
free propagation material has been described previously in detail
(Brits and Von Broembsen, 1978; Von Broembsen, 1981) and will not
be dealt with. further here.

The endemicity of Phytophthora cinnamomito
mountain fynbos vegetation of the southwestern Cape Province (Von
Broembsen and Kruger, 1985) and its widespread occurrence in tlhe
region's river systems (Von Broembsen, 1984b).grebi1y increase the
difficulty of exclusion. An often unforeseen problem is soil infes-
tation resulting from the use of land cleared of fynbos vegetation
or from spread of the fungus from nearby fynbos vegetation. Irriga-
tion water can be de-contaminated by filtration to 5 microns or by
chlorination (Von Broembsen, 1984b), but this is costly for field
use. Storing irrigation water vor 3-4 weeks in farm dams g}eatly
reduces but does not completely eliminate the fungus. The fungus

can also be introduced from infested areas to disease-free plantings

through surface run-off or soil carried on equipment. Methods of
preventing introduction to natural and cultivated areas: by these and
other means have previously been presented (Brits and Von Broembsen,
1978).

Cultural practices which reduce or avoid conditions favourable
for disease play an important role in the control of Phytophthora
root rot of proteas (Brits and Von Broembsen, 1978). Severe root
rot is often associated with poor drainage (Von Broembsen and Brits,
1985).  Low-lying or poorly draining sites should therefore be
avoided. Drainage can sometimes be improved through the installa-
tion of underground drainage systems or plants can be grown on
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1idges to achieve better drainage. Regular removal and destruction
of plants that have died of root rot reduces build-up of inoculum.
iighly susceptible proteas should not be planted to field sites with
a previous history of root rot.

The use of non-competitive cover crops or natural fynbos as
ground cover to minimize soil disturbance and promote the activity
of beneficial soil micro-organisms has been recommended Aas a control
method (Brits and Von Broembsen, 1978). Recent studies of the
factors affecting sporulation of P. ¢ i nna momi at cultivated
and fynbos field sites (Von Broembsen and Van der Merwe, unpubli-
shed) indicate that ground cover has important effects in reducing
sporulation of the fungus. Soil moisture and temperaturr~ fluctua-~
tions are moderated by ground cover. The temperature/moisture
requirements for sporulaton occur more frequently and for longer
perinds in bare cultivated soils. Furthermore, sporulation often
takes place following rain during mid-summer to early autumn
(Janvary to March) in bare cultivated soil but not in soil with
ground cover. This not only indicates the importance of ground
cover but also highlights the need to understand more about how
irrigation practices influence sporulation. Research on the effects

"of type and amount of ground cover on sporulation is underway with

a view to selecting the best cover crops and cover cropping methods
to reduce root rot.

2.3 Chemical control

Development of fungicide treatments for controlling Phytophthora
root rot in field plantings has been largely unsuccessful in South
Africa, FEffective timing of fungicide application has been hindered
by the lack of information on the disease cycle under local condi-
tions. Field studies of the seasonal sporulation of P. ¢ i n n a
m o m i in cultivated protea fields (Von Broembsen and Van der
Merwve, unpublished) show that sporulation occurs mainly in Octoher
through December and in April. Testing of fungicide application
schedules which protect proteas during these periods should lead to

improved control. However, proteas are a minor crop in South Africa
and there is, consequently, little financial incentive for chemical
companies to develop field application methods. The 1lack of

standard production practices for this newly developing agrirultural
crop further complicates the task of developing field application
techniques.

Most of our research on fungicide control (vnpublished) hos been
carried out on the commercially important and highly susceptible
pincushions (. e u ¢ 0 8 p e r mumapp.). Althoueh =eralaxyl
rives reasonably good field control of root rot, it is unacceptably
phytotoxic to pincushions at the rates required for contrnl under
Incal Ffield conditjons. Fnsetryl-Al is less etfective than meta-
Taxyl, but it is also much less phytotoxic to pincushieons and less
expensive. Some phytotoxicity is experienced if fosetyl-Al is used
at transplantation time when plant growth is temperarils «lowed
down, but these effects are later overcome, Fosetyl-Al can be nsed
As a protective treatment for pincuchions, Isolated spnts of
disease in pincushion plantings can be contained hy disinfesting
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planting sites with vapam and treating .the remaining plants with
fusetyl- Al.  Once root rot has become established in a planting,
fosetyl-Al can be used to reduce losses. However, this is not chL
etficient in many situations.

2.4 Planr resigtaree

it is considerable field resistance in the genus P r ot ¢ a
(& .15 aad von Broembsen, 19/9; Von Broembsen, 1979; Von Broembsen
citd drits, 1985).  Several importafnt commercial P r o t e o spo.

('.cynaroides, P.neriifoli a, P.repens, and
P. ¢ ompact a) display strong mature-plant resistance. These
sproies are successfully used to replant Phytophthora-infested
lands. However, two commercially important species, P r o t e a
magnificaandP. grandiceps, are somewhat more
susceptible and field losses can occur. P. ¢ i nnamomi
infects seedlings of many P r o t e a spp. (Von Broembsen, 1984a;
Von Breembsen and Brits, 1985). losses of even the more field
resistant species sometimes occur in the nursery or during field
establishment if infected plants are used. It is therefore impor-
tanl that evaluation of resistance in breeding prograns tor
Pr ot easpp. does not relay too heavily on data from seedlinge
or juvenile plants.

The important commercial genera, L e u ¢ o s permumand
Leuvcadendronare highly susceptible both as juveniles and
as mature field plants (Brits and Von Broembsen, 1978; Vou
Broembsin, 1979;  Von Brouembsen, 1984a; Von Broembsen and Brits,
1955). lunere appears to be only limited field resistance or tole-
rance available within these genera for resistance breeding. This
suggests that evaluation of resistance in breeding programs should
be based mainly on field evaluations. In pot trial inoculations of
various kinds of proteas, the time elapsed .befpre death occurred
wus, however, a useful indicator of field resistance or tolerance
(Yon wroembsen and Brits, 1985).

Produrtton of cut flowers from B a n k s 1 a spp. has met with
seriuns JVhytophihora root rot problems in south Africa. Resistance
breeding for this highly susceptible penus is underway in._Western
Australia (lixon et al., 1984). Only one species of the genus
Serruria, S florida, is commercially cultivated. It
is highly susceptille both in the secdling and mature plant stages
(Yon Broembsen and Brits, 1985). There is little field information
for other indigenous gnera with commercial potential such as
Aulax, Mimetes, and Paranomus, but seedlings of
representiative species are moderately to highly. susceptible (Von
Broeubaea and Brits, 1985).

Over the past few years we have been evaluating resistance within
the genus L e u c 0 8 p e r mu musing more than twenty selected
pincushion species and hybrids (unpublished). Pot trials using
one-yr-old plants inoculated with zoospores have shown that all
these lines are susceptible to infection by P, c i n namomi,
but that some lines are more tolerant to infection and subsequent
disease development. Shoot cuttings from these lines have also been

~.
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iroculated using methods similar to those of Jeffers et al. (1981)
and Dixon et al. (1984) to determine if a shoot assay can be used
to screen for tolerance. Problems with the reliability of these
inoculation techniques have been encountered with detached shoots
of ..e uc os permumspp. Preliminary results at field sites
with high inoculum levels and soil conditions conducive to rvot ot
tndicate that an L. r e f 1 e x u m selection is the most tolerant
line rested and that certain selections or hybrids of L. ¢ un e i-
formeand L, c onocarpodendr on also have some
tolerance. llowever, the tolerance shown at field sites with more
moderate inoculum levels and soil conditions not favouring discase
appears to he much greater for most of the breeding lines. This
indicates the importance of considering the field conditions undur
which tolerance is evaluated.

3. Future research on control

Apart from improvements in chemical control, future advances in
control are most likely to come from the manipulation of cultural
practices to reduce disease and the exploitation of the resistance
available within the Proteaceae by plant breeding.

The use of cultural practices to reduce disease is a challenging
prospect. Knowledge of factors influencing the disease cycle of the
fungus could be used to predict how the cycle might be interrupted
or inhibited by specific cultural practices. For instance, the poor
survival of P, ¢ i nnamomi in soil outside living roots (Marks
et al., 1975; Shea, 1975) suggests that the use of fallow to reduce
or eliminate the fungus from infested soils should Le explored.
Another approach would be to investigate what limits disease in
natural ecosystems such as the fynbos. P. cinnamomi occurs
naturally in the fynbos in the presence of highly susceptible hosts
withoul causing signiticant disease (Von Broembsen and Kruger,
1984). Comparison of factors affecting disease at such sites with
those at cultivated sites may indicate factors that could be promo-
ted by specific cultural practices, The ground cover research
discussed above ic an example of this approach.

It is also important to examine how present cultural practices
influence root rot. What are the effects of irrigation practices
on disease? Can disease be reduced by controlling irrigation
frequency and intensity? Do soil cultivation practices or the use
ot plastic mnlches influence disease? Does the form or method of
nutrient application aftect disease? Important control methods may
lie in the answers to these questions. .

Plant resistance is thé ultimate means of control, but it
reynires considerable research and testing to develop resistant

cultivars for commercial use. Resistance aml tolerance within
comicrcially  important, susceptible genera such as L e v ¢ o s~
permuwmand Levecadendronneed to be fully evaluated

under defined conditions of discase pressure in the field. Inocu-
iations of seedlings aud cuttings can give useful indications, of
field resistance if inoculum dosages and the time after inoculation
until death occurs are considered. Shoot assays are likely to be
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more v >fal 1o cempare reactlions within other geuers ol the Protea-
ceae with more resistance than L e v c o s per mum. Rrerding
programs should also include species with little apparent commercinl
potential. Even limited tolerance in highly susceptible genera
could be wuseful, especially when combined with other control
methods. Such tolerance should be incorporated into breeding
programs to determine if useful additive genetic variation for tole-
rance is available, :

Resistant rootstocks have been successiully wuscd agninst
Phytophthoraspp. on other crops and are an impnrtant
potential control method. However more research on grafting is
needed to evaluate this possibility. If sufficiently resistant
material in highly susceptible genera cannot be found for develop-
ment of resistant rootstocks, the possibility of intergencric
grafting to resistant material should be tested. Other modern
breeding methods such as the use of polyploids or mutagens may even
be used for protea breeding in the future.

the most promising means of achirving
control of Phytophthora root rot. With the breeding of proteas only
in its infancy, many opportunities exist for plant breeders to
incorporate disease resistance into breeding programs.

Plant resistance is

Bibliography

Brits, G.J., and Von Broembsen, S.L., 1979. Protea cultivalinn:
Phytophthora root and collar rot. Farming in South Africa leaf-
let B.5.1., Government Printer, Pretoria:1-7.

Dixon, K.W., Thinlay, and Sivasithamparam, K., 1984. Technique for
rapid assessment of tolerance of B an k s i a spp. to root rot

caused by Phytophthora cinnamomni. Plant
Dis. 68:1077-1080. o
Jeffers, S.N., Aldwinkle, H.S., and Arneson, P.A., 1981. Fxcised

twig assay for the study of apple tree crown pathogens in vitro.
Plant Dis. 65:823-825. '

_Van Wyk, P.S., 1973. Root and crown rot of silver trees. J. S.
Afr. Bot. 39:255-260. T
Marks, G.C., Kassaby, F.Y., and Fagg, P.C., 1975. Variation in

population levels of Phytophthora cinnamonmi

in eucalyptus forest soils of eastern Victoria.

23:435-449,
Shea, S.,R., 1975. Environmental factors of the northern jarrah
forest in relation to pathogenicity and survival of P h y-

tophthora cinnamomi. For.
Perth, Western Australia:1-83.

Von Broembsen, S.L., 1979. P hy tophthora cinna-
m o m i -5 a threat to the Western Cape [lora? Veld & Flora
65:53-55.

Von Broembsen, S.L., 198]. Control of Phytophthora ront rot and
other soil-borne diseases of forrst nurseries, S. Afr. For. J.
117:37-40.

Yon Broembsen, S.L., 1984a. Occurrence, of P h ytophthora
cinnamomion indigenous and exotic hosts in South Africa,

Dept. Bull. 85,

~ .

206

Aust. J. Bot. -

Von

Von

Von

with special reference to the South Western Cape Province.
Phytophylactica 16:221-225.
Broembsen, S.L., 1984b. Distribution of Phy t op ht hora

cinnamomiin rivers of the South Western Cape Province.
Phytophylactica 16:227-229.
Broembsen, S.L., and Brits, S.J., 1985.
of commercially cultivated proteas in South Alrica.
69:211-213.
Broembsen,
thora
vegetation in South Africa.

Phytophthora root rot
Plant Dis.,

S.L., and Kruger, F.J., 1985, Phytoph-
cinnamomi associated with mortality of native
Plant Dis. 69:715-717.



208

INSCCIS - A HAZARD TO THE PROTEA INDUSTRY
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Bpstract

A crop which is cultivated in its natural habitat is attacked by a
wide spectrum of insects. The insects on Proteaceae can be divided
into three groups according to the damage they cause: (a) flower
visitors, some of which cause serious phytosanitary problems (b)
leaf feeders and 1leaf miners (c) borers, including both stem and
seed borers. Natural fynbos which borders on cultivated proteas
creates problems with the control of these pests since it serves as
a source of re-infestation. To control this wide spectrum of pests
an integrated pest control programme must be developed. Such a
programme should include chemical and biological control, as well as
correct cultivation methods. The use of insecticides should play a
subordinate role. A thorough knowledge of the biology and ecology
of the different pests and the effect of the pests on these plants
are important requirements for this programme. Without an efficient
pest  control programme proteas cannot be cultivated successfully in
their natural habitat.

1. Introduction

Plants belonging to the family Proteaceae are grown on a
commercial scale in South Africa in their natural environment.
Advantages are that climatic and soil conditions are suitable, but
the great disadvantage is that indigenous pests are also present.
These can be very abundant, as in the case 5f Protesceae, since the
insects had a chance to adapt to the plant aver a long period of
time, In contrast, a plant growing outside its natural environment
can be expected to have a narrower spectrum of pests of which only a
few may be dominant. These consist of a few insects from the
natural fauna that could adapt to the "foreign" plant and those that
normally feed on the plant and succeeded in tollowing the plant to
its new habitat.

In an undisturbed natural environment a dynamic yet delicate
halance exists between the host plant, the insects that feed on it,
ond natural enemies of the herbivores. The baiance between the
components of the food chain is influenced in the short term Dby
environmental factors such as the climate, and in the long term by
ca-evolutionary processes. This nsually ensutes  that the numbers
never  increase Lo exceptionally high levels nor do they decrease to
very low levels. Plants as a group are therefore never without
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damage, but the damage 1is seldom so severe as to cause them to die
on a large scale.

Not all insects associated with the Proteaceae are pests: in
certain instances the association between the Proteaceae and insects
is mutualistic : These pollen and nectar feeders obtain food and
shelter from the plant, but they also pollinate the plant (Coetzee &
Giliomee, 1985). A most interesting mutualistic relationship, known
as myrmecochory, exists between certain ant species and some of the
Proteaceae (Slingsby & Bond, 1981). The seeds contain elaiosomes
which attracts ants that carry the seeds to the safety of their
nests.

In this paper attention will be given to past research on the type
of damage caused to Proteaceae by insects, problems related to
control measures, and the implementation of an integrated pest
control programme.

Figure 1. Flower insects «collected in ten P. .neriifolia
inflorescences -

2.1 Current state of research on protea insects

The first article on the insects of the Proteaceae was published
.by Tooke (1944). It delt with the borer, Sphenoptera sinuosa
(Castelnau & Gory) which attacks the silver tree, Leucadendron
argenteum (L.) R.Br. Gess (1968) drew attention to the large number
of insects found on proteas. A number of articles dealing with the
destructive effects of insects on different protea species then
followed (Myburgh et al. 1973; Myburgh et al. 1974; Myburgh &
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Rust, 1975a; Myburgh & Rust, 1975 b). A comprehensive study of the
insects associated with Protea repens (L.)L. was undertaken by
Coetzee (1984). Based on these sfugles, the pests of proteas can be
divided into three main groups: (a) flower visitors (figure 1], (b)
leaf feeders (figure 2a) and leaf miners (figure 2b) and (c) borers
(figure 3a & 3b) which include stem and seed-borers.

A faunal 1list for the Proteaceae was compiled from these
publications and other unpublished data and includes 233 species
{Coetzee & Rust, unpublished). This 1ist is incompiete, mainly
because the identity of many of the insects is still unknown, and
several of these will probably be described as new species. In
order to facilitate the f{dentification of protea insects, a
reference collection of over 3 000 insect specimens has been
compiled, mainly by D. J. Rust. The first entry dates back to
1959. The collection is still being enlarged and as many of the
insects as possible are being identified. The collection is housed
at Stellenbosch in the Entomology Section of the Horticultural
Research Institute.

It is obvious from the above that research on protea insects fis
still in 1{ts 1infancy, but a firm foundation has been laid with the
collection and identification of 1large numbers of protea insects.
An assessment ‘has been made of the destruction caused by certain
species and of possible control measures. However knowledge of the
biology and ecology of most species is lacking.

2.2 Damage and control of protea insects

Insects and mites which occur mainly in the inflorescences of the
genus Protea consist of a great variety of species (figure 1). In
the inflorescences of P. repens, 45 insect species have been found
(Coetzee & Giliomee, 19857. Some of these play an important role in
pollination, but give rise to phytosanitary problems. In order to
comply with the strict export regulations, no insects may be present
in the inflorescences, and therefore all flowers must be treated
with a chemical insect spray before they are packed.

Leaf feeders destroy approximately 10% of the leaf surface area of
P. repens in 1its natural habitat (Coetzee, 1984). This level can be
tolerated by the plant, but is unacceptable to the grower, as it is
cosmetically unacceptable to have damaged leaves (figure 2a & b) on
the flower stem of marketed inflorescences.

The barers cause destruction of the growing points (figure 3a),
flower buds (figure 3b) and seed. Nine economically important
borers are found on proteas. They have an adverse effect on both
flower and seed production {Coetzee, 1984). Although it is possible
to control borers with chemical sprays, 1t is both difficult and
costly; therefore sanitation has been the most acceptable method of
control in protea plantings.



Figure 2a. P. cynarcides with leaf Figure 2b. Leaf miner damage
damage caused by Teaf feeders. caused by Fucosma sp. on the
leaves of E. neriifolia.

2.3 Pest vontrg!l problems of cultivated Proteaceae

A number of factors make 1t difficult to cultivate Proteaceae in
their natural habitat. Not the least of these is the fact that all
the natural pests of proteas are present, The problem of
controlling protea pests in commercial plantings is “aggravated by
the fact that such plantings are usually adjacent to areas where the
same and closely related plants grow naturally. .Normally insect
numbers are able to recover quickly after a spray application as
spraying usually affects the natural enemies as much or. more than
the pest insects themselves. [t also lessens competition between
the various species of insects. As there is in the case of proteas,

a source of re-infestatifon in the immediate surroundings pest

numbers can recover even more rapidly.

When Proteaceae are cultivated commercially in plantings, the extent
of damage normally caused by a specific insect species or complex of
insect spacies is not acceptable to the producer. 1t is expected
that the number of insect pests will increase to.higher levels in
commercial plantings than in the undisturbed natural environment,
since planty of the same kiud are grown in a dense monvcul ture.  In

this situation there 1is no shortage of suitable food for pest
species, which could possibly be a limiting factor in the increase
of natural insect populations. As a result insects need not
unnecessarily expend energy searching for food or places to lay
eggs, allowing more energy to Le channelled into reproduction.
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The selection of new cultivars can result in a change in the

flowering period. fhis can adversely affect certain insects which
attack the f!owcrs but on the other hand it might be an advantage to
others. This was the case with the infestation of flowers of

P. repens by Euderes lineicollis. The infestation was much lighter
on the Stellenbosch mountain where the 1inflorescences flowered
eartier than those in Jonkershoek (Coetzee, 1984). On the other
hand P. repens cultivar Guerna, which flowers in summer,’ is attacked
by the luarvie of the protea butterfly Capys alphaeus, which is not a

problem on winter flowering P. repens.

Figure 3a. C. ammopleura borers in Figure 3b. C. ammopleura
the stem of P. neriifolia causing feeding in the 1nvoiucral
the growth point to wilt. receptacle of P. repens.

2.4 Problems regarding the application of integrated pest control
TIPCY to protcas

It has already been noted that there are three main insect pest
groups of proteas: flower visitors, leaf-feeders and miners, and
borers. Any pest control programme will have to take into
consideration the dirfferences between these types of pests.

A prerequisite for the compilation of an IPC programme is a
thorough knowledge of the bioloyy and ecology of the relevant pests
and  their natural enemies. Biological control, which usually plays
an important role in IPC programmes, seems to have limited
possibilities in the case of protea pests, as the harmful insects
reach pest status in the presence of the full complex of natural
enenties. h

The reyular and large scale use of insecticides in commercial

213



orchards must be seen as a short-term approach, because it will give
rise to resistance, secondary pests and cause the poisoning of many
harmless organisms, Efforts should therefore be made to develop an
IPC programme in which the use of insecticides plays a subordinate
role. Such a programme will be more acceptable ecologically, but
will stand no chance of acceptance by the producer unless it is
effective, economical and reliable. .

The plant phenology also has an effect on the IPC programme,  The
growth pattern of individual cultivated protea plants is irregular
and can differ from plant to plant. This complicates the
development of an IPC programme as there is continually new growth
which must be protected from insect attacks.

Finally, there 1is the problem of determining economic injury
levels, i.e. the level that pest numbers can attain before economic
damage is done. This is influenced by a complex of factors, such as
the effect the insects have on the plants, the value of the crop,
and the cost of control measures. Furthermore, since chemical
treatment 1in an IPC programme 1is based on insect numbers, simple,
yet reliable monitoring systems will be required for the major pests.

3. Conclusion

There is little hope for cultivating proteas commercially in their
natural habitat unless successful insect control measures can be
developed. For this reason an IPC programme is of the utmost
importance.

Research is therefore planned to develop an IPC programme. The
aim will be to obtain: (i) a faunal Tist of insects associated with
the most important economic protea species; (ii).a 1ist of insects
which should be regarded as important economic  pests; (i1i)
information on the life cycles of the most important pest specics
through biological studies and (iv) the possible correlation between
the distribution of plant pathogens and insects. Control programmes
are drawn up for exclusive use in planted orchards, sipce pest
control is practically impossible where proteas grow naturally. A
great deal of attention 1is also being given to the control of
insects which occur in the flowers after they have been harvested.

From the above it is clear why there has been, and will be a great
demand for efficient and acceptable control measures against protea
pests. Therefore knowledge is required of the identity, biology,
ecology and damage caused by the different pests and of the control
strategies which should be followed.
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POFULATION LCOLGGY OF WESTI.RN AUSTRALIAN BANKSIA SFECIES
INPLICAYIONS POR oMY WILDFLOWER INDUSTRY

R.M. Cowling B.B. Lamont

Botany Depurtment School of Biology

University of Port Llizabeth Western Australian Institute

Port viiicabelh, Cape frovince of Technology

South africa Perth, Western Australia
Hustralia

The harvestiing of blooms and cones of Bankasia
species from natural stands comprises an important
component of the Western Australian wildflower iadustry.

" Therefore the management of banksia populations in the
wild should enjoy a high priority. Our research on the
population ecology of Veslern Australian banksias in
relation 1o fire has important implications for the
indusiry, The jnrensity of flover and cone harvesting
should be constrained by the seed bank dynumics, variation
of cone and follicle production and seed viability of
individual species. IMire regime effects may have a
profound affect on the recruiltment of banksias. The
possibility that certain horticultiurally valuable species
mighe be driven to extinction as a resuli of inappropriate
fire munagement, canmmol Le ruled ont. The iadustry should
therefore actively support research on the management and
conscrvation of banksia populations in the wild.,

1., Introduction

Of the 73 described specics of Ban k s ia, 58 grow
in the ftire-prone shrublands and woodlands of southwestern
Australia (George, 1981). B an ks i a flowers and fruits
are an imecortant component of the export wild flower '
industry in Jestern Australia (Hopper 1983; Lamont 1983).
Only 72 ha was under cultivaiion in 1982 for the production
of B3anksia flowers; mozt Tlowers are cut under
license from naiural stands and it seems likely thzt this
practice will persist for many years to come (Jatkins

1983). Therefore a sredictive knowledge of the manzgemeat
of banvuiag in the wila is esseantial for the growth and
puceos i Lhe Jestiern Lustraliaa wildflower industry.

Fire ie cenirel Lo the manzgement of vegetlation in
vhich bualsias are conspicuous (Gill aad Groves, 1361). .
major research challeange is the ideatiricaiilon of the
crivical lamits o1 siecies Lo virious cowponeals aof the
fire regime (purtvicularly fire fruquency and ceasoa of
burn) so lhat the extinelions of horiicullurally vuluable,
specics cun be avoided. In this rezpect it is essential
1o have a lmowledge ol thc losation und sive of viable
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seedbanks, together with an understanding of the faclors
which contribute to the production and attrition of seced
(Cowling et al. 1985, Lamont 1985). It must be remembered
that by harvesting flowers, the wildflower industry is
responsible for lowering the reproductive potential of
species, . '

This paper reviews data on the reproductive and popu-
lation ecology of four B a n k s 1 a species which are
relevant to management practices for the maintenance of
their populations in the wild. The fouxr species, along with
their modes of regeneration and seed storage characteris-
tics are (George, 1981): B. a t t e nu a t a (resprouter,
serotinous), B. 1 e pt o p hy 11 a (non-sprouter,
serotinous), B. me n z i e s i i (resprouter, weakly
serotinous) and B. pr i on o t e s (non-sprouter, weakly
serotinous). Serotiny refers to canopy storage of seed,
The four species represent just about the full spectrum of
regeneration types associated with B a n k s 1 a in south-
western Australia (ef. George, 1981). The studies were
undertaken at Mount Adams, 300 km north of Terth, where all
four species co-occurred in scrub-heath (for details see
Cowling et al., 1985). We will, where appropriate, make
reference to relevant data from other banksias growing on
the sandplain sdrub-heath north of Perth.

2. Seed banks

2.1. Canopy-stored seed
A1l banksias have massive woody infructcscences

(cones) in which are embedded none to many follicles
(fruits) each containing two or less seed (George, 1981).
For many species seed are held in the cones for many years
and only released after fire or plant death (serotiny); in
other species seed are released spontaneously (famont and
Cowling, 1984). There is no evidence of a soil-stored
seedbank (Cowling et al., 1985). The degree of serotiny
can vary enormously within a species, depending on climnte
and other factors (Cowling and Lamont,1985). The degrec of
serotiny of a species can be easily assessed by determining
the proportion of empty follicles on older cones. B.
leptophyllaand B.attenuat a are strongly
serotinous whereas B, men z i e s 1iiand B. pr i on o-
t e s are weakly serotinous and lar ely dependeﬂt on the
current years crop for recruitment (table 1). For sero-
tinous species in general, it will be possible in any year
to harvest intensively flowers and the current years cone
¢rop without seriously reducing recruitment potential.
For weakly- or non-serotinous species sufficient blooms
and cones should not be harvested to ensure that the =ize
of the seedbank is always large enough to ensure adequate
recruitment after a fire.
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Phere are large differences in cone and follicle
production among speeies (table 2) and also large year-to-
year variations in reproductive output (figure 1).
Generally, however, sprouting species (e.g. B, a t t e-
nuataand B, menzies i i) have the lowest
follicle set {the percentage of flowers which develop into
follicles). mow follicle set is compensated for by the high
post-fire sprouting success of these specles (Cowling and
l.amont, unpublished data).

The low and highly wariable follicle production
(figure 1) is cause for concern in terms of flower and
cone harvesting. Topulations should be harvested on at
least a three year rotation in order to ensure th~:t one
good year of follicle production replenishes seed rrserves,
Carcful monitoring is required in order to prevent over-
exploitation. The causes of low follicle set in tanknias
are complex and probably related to resource limitalions
(aibbott, 198%; Lamont et al., 196i5) which are beyond the
5cope of management.

Almost all banksia seed show no innate dormancy and
the sced of most southwestern australian banksias will
germinate readily at 15-20°C (table 3). The germinatlion
success of B. me n 2 1 e s 1 i was low, possibly duer %o
fungal infection. The relatively low temperature reoutre-
ment {or germination of banksia seed confers a droupght-
avoiding dormancy; seed will only germinacte with ihe onset
of cooler (and wetter) winter weather. Furthermore, bank-
sia growers should not attempt to germinate seed outdoors
during the hotter months since rot only is germination
success low at high temperatures (table 3) but there is
rvidence that high summer soil temperatures reduce seed
viability.

There was a decliae in the germination success of
seed irom ocld.r vones of benksias, although this was least
marked for B. 1 e ptophyl1la (table 4). Tune:efore
the existence of a large cone crop with firm seed should
not be taken as a justitication for intensive and sustained
annual harvesting; sced viability will decline with in-
creasing age and this will reduce recruitment rotentizl,

3. Deed release

el nies 0.6l s C-'l.'l.(ll-'./f WECU s Ll e e Lot
im0l usibraliag banlecia grow-cs oare [aniliar . ith tha
e bien of exiractiag seed irom conog.  oxpsrime L oy
Sieevin Libal when burnt cones were periodically inmer. -4 ia
gor aad thon atlowedt to dry, 5.-d reloasd increnasd nany-
told convred Lo navreatsd coalrsis (Lisure 2).  In cach
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Whelan, R.J. and liain, A.R., 1979. Insect grazing and Table 4 - Germination of diffgrent aged seeds of B a n k-
post-Tire succession in a Souith-west Australian wood- s 1 a species at 15°C. Mean % germination of
land. dust. J. Bcol. 4:387-398. three replicates of 15 seeds each after 30 d.

Data from Cowling et al. (1985).

Speeies M3 A6 T-9  9-12
Ta.lu 1 - lereentags: contribution of firm seed to tolul A E T YR A 75 60 51 -
cancpy-stored firm seed crop of four Bank s 1 a B. T 5 tophyl2la 100 100 100 64
species, 15 plants of each species were ] h' L AR 11 8 7 -
asgessed.  Data frow Cowling et al. (1985). B prionotes 76 42 40 -
Cone e T T TS E S e
(yr) T2 3 4 5 6 7T 8 9 10 11 12
B.leptophyllal 20 2 44 33
B.attenuata 18 14 14 9 11 19 7T 5 .2 1 0
B.menziesii 73 18 2 o 5 1 1 0
B.prionotes 61 15 6 3 1 6 2 4 0o 2
Table 2 ~ Cone and follicle production by four B a n k& sg-
i a species, Values are means - standard errors. CfOp age yr
15 plants of each species were asseassed. Data
from Cowling et al. (1385). 1 2 3 4 5 6 7 8 910 11 12
___________________________________________________________ I A T s W v >
Ho. cones Ho. follicles Follicle B.Ieptophylla . L e '
per_plant_ per cone . ._.set _____
B.altenuala 25.4 T 3.5 3.3 ¢ 1.2 0.1 7 0.1 ' B.attenuata @ ®6 00 e OOQ o o
B.leplophylla 52,3 b 5.6 25.2 . 15.8 © 4.7 ¢ 3.0 :
B.menziesii 15.4 = 4.0 2.9 = 1.6 0.3 - 0.2 B .. 0 ® o O . e o o
B. priocuotcs 7.9 = 1.7 32,22 5.8 2.420,6 - B.menziesii
' ; e o o e e O e
y B.prionotes @ O O
Table 3 - Germination of seeds of Ban k s 1 a species o pe O . ‘
. at dirferent temperatures. Mean ;5 germination 7 o
of three replicates or 15 seeds each after 0 d. 0 125 26-50 51-75 76-100 %
Cowling and Lamont, unpublished data. .
oo 5= ———————— e e e
Species .I.IETP;L.(‘..)_ ________ S —
e e e PSR - S 0 __ 25 30
B.attenuata 0 70 50 0 0 Fig. 1 - Follicle production by four Ban k s 1 a specles. The
B.hookXxerana 0 100 100 27 0 results are expresssed ns percentages of the Lest year's
B.lanata 0 87 8% 7 0 production.  From Couling et al. (1985) .
"B.lepvptltoprnylla 0 93 1 0 0
Bo.menziesii 0 3 5 0 0
*B.prionotes 0 80 17 20 0
225
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PATHOLOGICAL PRO » ASSOCTATED WITH PROPAGATION MATERTAL IN
PROTEA HURSERICS . SQUTH AFRICA

L.M. Benit¢

National Botanic Gardens
Private Baq X7

Claremont . 715

Republic of South Africa

Summary

Preliminary 'surveys were made of indigenous Profecaceae in
nurseries and botanic gardens in the South-western Cape to determine
to what extent pathological problems are associated with propagation
material. Diseased material collected from nursery beds and mistbeds
indicate that the most significant local nursery diseases are caused
by soil and seed-borne fungi. Monitoring of seed, seedling and
cutting diseases has shown that pre- and post-emergence damping-off
and seedling blights, are the most prevalent in nursery beds,
particularly on the genus P v o t e a. Dieback of cuttings in mist-
beds, caused by a range of organisms includingCol letot ri-
chum gloeosporioides is widespread, and species of
leucospermum Leucadendron,Serruria
and P r o t e a are susceptible to cutting dieback. Organisms
frequently isolated from all sources of propagation material included
Fusariumspp.;Rhizoctonia solani;Phyto-
phthora cinnamomiandBotryosphaeriaspp.
Provisional control recommendations are given for specific propa-
gation diseases. Seed treatments found to be effective in cuntrolling
damping-off discases are also discussed.

1. Introduction

Proteaceae form a dominant element ‘of the unique Cape fynbos and
are probably one of the most intensively researched groups of the
fynbos plants. Pioneering in cultivation of these plants led to the
development of an economically important indigencus cut-flower
industry. South Africa, the land of origin of most cultivated proteas,
is faced with many problems, as native pathogens subsist on protea
communities growing in their natural habitat and consequently exert
continuous pressure on the cultivated plant. A horticultural approach,
together with improved breeding and selection programes, is an_ -
essential part of successful commercial protea production. This move
towards intensive cultivation placed increased demands on the nursery.
Diseases and the threat they pose in protea nurseries have become a
Hi:jor conceri,

Studies on a seed-borne disease of Protea com pactaR. Br.
(BeniC and Knox-Davies, 1983) highlighted the need for further
investigation on secdling and other propagation diseases. Surveys

were made of disease problems in protea nurseries and a list of the
dominant fungi associated with diseased material was compiled.
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Control recommendations formulated from existing and acceptail nursery
disease control practices are discussed for specific seedling and
cutting disease problems.

2. Pathological problems associated with propagation material

b
Diseased material ‘collected from nursery beds and mistbeds at
Kirstenbosch, Betty's Bay, Assagaaibos, Protea Heights and Tygerhoek
Research Farm indicate that the most significant local nurscry
diseases are caused by soil and/or seed-borne fungi.

2.1. Nursery bed problems
Pre- and post-emergence damping-off and seedling blight diseasecs
were the most prevalent nursery bed problems, particularly on the
genus Prote a.

2.1.1. Damping-off diseases of seedlings in seedbeds

Colletotrichum gloeosporioides,
the causal organism of damping-off of P. comp a ct a (BeniC and
Knox-Davies, 1983) was the dominant organism isolated from infected
seedlings of several other species of the genus P r ot r a (Table 1).
Typical symptoms developing on infected seedlings were pre- and post-
emergence damping-off, necrosis of cotyledons and leaf and stem
necrosis. Cankers typically formed around the base of leaves,
extended down the stem and girdled the stem. Fungi isolated less
commonly from damping-off seedlings included a Fu sa r iumsp.;
Rhizoctonia solani;Phytophthora cinn-
amomiandaPythdiumsp. Inoculations of young P. ¢ o m-
pactaandProtea cynaroides (L.)L. sendlings,
with these fungi resulted in the development of a range of typical
damping-off symptoms. Symptoms caused by the different fungi were
similar and often indistinguishable from one another. Acervuli usually
‘developed on the cankered stems of seedlings inoculated with C.
gleocesporiodes. Seedlings inoculated with R,~s o 1 an i
also developed symptoms on the cotyledons. This is often a symptom
associated with seed-borne diseases; however, it is not yet known
whether this organism is seed-borne. Repeated experiments using secd
of the same species but taken from different seed lots to check for
the presence of these fungi, did not always give consistent results.
Disease occurrence and severity of the infection varied from one seed
sample to another. In some cases no infection occurred. Inconsistency
of results made it difficult to determine which damping-off infections
were caused by seed-borne fungi and which resulted due to seed being
contaminated by soil-borne fungi in planting media. Certain fungi
reqularly developed on potato-dextrose agar from seed of several
different species of Proteaceae but were not isolated from damped-off

seedlings. These include Phomopsissp., Phomaspp.,
Botryosphaeria dothidea,Alternaria
spp., Stemph y liumspp., Curvulariasp,anda
Pestalotiasp. During this survey damping-off symptoms were
not encountered on L euvucospermumorleucadendron

spp.
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2.1.2. Seedling blight on young plants

Seedling blight symptoms ranged from severe dieback of terminal
<hoots and leaves to minor necrosis of leaves. The age that plants
pecame infected varied. C. gl oeosporioideswas
frequently isolated from dying back, girdled shoots on young plants.
A number of P rot e a spp. were susceptible to C o l1letotri-
¢ h um dieback. Greenhalgh (1981) reported Co 1 let ot r i-
¢ h umdieback to be an economically important disease of many
species of the genus P r o t e a in Australia. The importance of
Colletotrichum gloeosporioidesasa
pathogen in protea nurseries in South Africa was clearly shown in the
present survey. This fungus is also known o cause anthracnose of
miture P. c ompa c t a (Beni¢ and Knox-Davies, 1983). Pature
Serruria floridaandsome additional P ro L o a spp.
arc also susceptible to this organism (Table 1). So far C.
gloeosporioides has not been isolated from ree-!lings,
young plants or mature plants of Leucospermumor
Leucadendronspp., suggesting that they are resistant.

Other fungi were also isolated from plants with blirht symptoms
similar to those caused by C. gl oeasporioides.A
Fusariumsp., was occasionally isolated from plants showing
blight but no root symptoms. Botryosphaer ja dothi-

d e a, a fungus found to be a secondary invader of the canker and die-
hack disease of mature P. ¢ omp a c t a (Beni¢ and Knox-Davies,
1983) was sometimes isolated together with C. g loeosporio-

i des. This fungus was also isolated alone from young P. c o m p-
acta;Protea grandicepsTratt.;andlL euvcaden-
dron spissifolium/(Salisb. ex J. Knight) [.J. Williams
plants showing symptoms of canker and dieback.

2.1.3. Root and collar rot

Phytophthora cinnamomiwas isalated from
the roots of young L eucadendronspp., especially L.
xanthoconnus {(Kuntze) K. Schum.; L. salignum
Bergius; L.cordifoliumandOrothamnus

zeyher iPappe ex Hook. f. Symptoms were similar to those on
older / mature plants j.e., yellowing of upper parts of plants;
arrested growth and the death of some shoots in the collar region.
Blackening and girdling of the lower part of the stem was common. In
the survey P. ¢ i nnamomi often appeared in patches amongst
densely packed nursery stock, usually killing all plants in the
affected area. Leucadendron agrenteum(L.)R.
Br. was particularly susceptible to P. cinnamom i and
resulted in death and loss of large numbers of plants. P.
cinnamomi was isolated from youngP. cynaroides
plants with symptoms of dieback from the tip of the stem and necrotic
areas of leaves. Typical root symptoms were not apparent and roots
appeared healthy. P. ¢ i nn a mo m i was isolated from many plants
(Renié, unpublished data). P. ¢ 1 n.namomi occurs commonly in
nurseries in the South-western fape (Von Broembsen, 1984). It was
also isolated from typical root and collar rot symptoms on P.
cynaroides.P.cynaroides has been known t be
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fairly riusistent to this fungus (Von Broembsen, 1984); however,
reculls have shown that young P. c ynar o ide s plants are
suscaptible to root rot caused by P. c innamomi (Benic,
unpublished data and Von Broembsen). Fusarium oxyspor-
U mowas uften associated with diseased roots of young plants,
parzicuiariy on b rotea maynificalinkand many of the
Levwcadendronspp.Macrophomina phase o
i i nawas isolated from a group of drought stressed planis. Plunts
were Llightly yellowed and yenerally lacking vigour.

2.7, Nistbed_problems

~ Vegetative propagation by rooting cuttings in mistbeds is
widely used technique for the propagation of many members of the
Proteaceae. Cuttings are highly stressed plant tissue and are there-
fore more subject to invasion by disease organisms tian are ruoled
plants. Thqse resulting diseases may kill cuttings and cause severe
losses during propagation or in later stages of plant growth. Such
losses were observed during this survey.

2.2.1, Cutting dieback

Cutting dietack was caused by a wide range of fungi. C.
eosporioides was consistantly isolated from diseased
tea repens (L)L, hybridP.compacta x
tea neriifoliaR. Br.andSerruria f1lor-
1da (Thunb,) Salisb. ex J. Knight cuttings. Cankers devefoped teom
cut tips and cxtended up into the stem, girdling the stem as it
projressed. Necrosis of leaves and in severe cases, defoliation
folluwed. This infection resulted in the loss of up to seventy percent
of the cuttings. R. s o 1 a n i was isolated from P, r e pen s and
many of the hybrid L e u c 0 s pe rmumcultivars. It caused many
losses in the nursery. Basal stem necrosis and defoliation were the
most common symptoms observed. Preliminary pathogenicity tests with
these two fungi, produced symptoms similar to those on naturally
infected cutting material. Symptoms appeared within ten to-twelve days
after inoculation. B.dot hidea, Fusariumsp.,, "._
Phovsopsissp.,,S5clerotiniasp.,adaPesta-
1ot ia, were scmetimes isolated from diseased cuttings. Basal and
tip dieback 4nd necrosis of leaves were typical symptoms. P e s t a-
1ot ia- infected cuttings developed acervuli on the necrotic
leaves. These funyi were occasionally isolated together from the «ame
cutting. Most of the hybrid Leu cospermuumn cultivars were
susceptible to infection. Botryt is cinereawas
repeatedly isolated from a group of S. fl or i'da cuttings. The.e
cuttings were taken from mother plants in an orchard in which many of
the ;lauis showed scvere symptoms of shoot and flower blight from
which 8. ¢ i ne re awas isolated. This indicates that the
Botryt is inoculumwas initially brought into the mistbed on
infected cutting material collected from the mother plant. Irrequla-
rity of disease outbreaks in the mistbed have made it difficult to
determine which species of Proleacease are sugeeptible to cutting die-
back. I tors such as overwatering of cuttings, soqgy planting media,
wousuir g and drought stress due to cuttings drying out, all seem to
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favour infection. P. c i nnamomiwas found to be a further
problem in the mistbed, causing dieback and root rot of rooted and
rooting cuttings. Blackened basal stem lesions extended from cut
surfaces up into the stem. This was often accompanied by girdling
and reddening of the stem above the crown lesion in rooted cuttings.
Many of the L. cord i folium hybrids were highly susceptible
to root rot.

2.2.2. Scab and blight in the mistbed

Symptoms of scab were observed on isolated groups of cuttings
in mistbeds. The disease is characterised by corky leaf lesions; more
extensive stem lesions and stem twisting (BeniC and Knox-Davies,
1983). The disease resulted when cutting material was collected from
scab-infected mother plants brought into the mistbed. The causal
jungus (£ 1 s inoesp.)can survive on scab lesions as resting
mycelium, stromatic tissue, chlamydospores and microsclerotia
inside the host tissue (Beni and Knox-Davies, 1983). Latent infec-
tions occur on new growth flushes and when cuttings are taken, these
infeclions are not noticed on the plant material, since no distinct
symptoms are visible (Benil, unpublished data). Free moisture and
coul temperatures enhence disease expression. New growth on the
cutting is highly susceptible to scab infection. Leucos per-
mumandLeucadendronspp.andSerrur ja flor-
i d aare susceptible to scab (Beni&, unpublished data).

Dreschlera dematioidea,the causal
organism of blight of L euc ospermumspp. (Von Brocmbsen,
1985), was isolated frum cuttings showing typical symptoms of blight.
Bright red cankers developed from the tip of cuttings and extended
along the stem, sometimes collapsing in the region of the canker.
Leaf lesions were yellow-brown; irregularly shaped with distinct outer
margins. Hybrid L eu cospermum cultivars were most suscepti-

ble to this organism.

2.3.1. Provisional recommendations for the control of
Colletotrichum gloeospor joides

in the nursery

C.gloeosporio i de s can be associated with
discased seed, seedlings, young plants or cuttings. Qontro] of §h1s
organism in the nursery is thercfore important. Previous work with

P.compacta showed that a hot water treatment at SQOC for 30
minutes, followed by a thiram dusting was the most effective seed
treatment for controlling damping-off caused by C.gloeospor-
ioides (Benig and Knox-Davies, 1983). further wogk with seed
treatments has shown that a hot water treatment at 50°C for 30
minutes, followed by a benomyl dusting was equally effective,.in con-
trolling the disease (BeniC, unpublished data). Treated seedlings
rarcly damoed-off in seedbeds; however, untreated control p}ants of
susceplible specics damped-off cuntinually, resulting in major losses
of seedlings. Nursery losses of P.compacta;Protea



TongifoliadAndrews; Protea o btusifolialuek
ex Meissner and P rotea n an a (Bergius) Thunb. were 90%; 95%;
95¢ and 100% respectively, from severely infected seed samples (Benig,
unpublished data). After treatment, seedling survival in treated
plants was above ninety percent. Infection by C. gl oeospor i-
0o ides has been shown to vary from one seed sample to another and
from one season to the mext (Beni¢, unpublished data). The two seed
treatments given above, have been tested on several of the Protea
spp. found to be susceptible to C. gl oeospor ioides and
are presently being used as an effective control for seedling damping-
of f caused by seed-borne organisms. A1l seed should be treated with
thiram or benomyl dust if no facilities are available for hot water
treatment. Soil drenches with thiram have been used on severely affec-
ted untreated seedlings to reduce disease severity.

Colletotrichumdieback on young plants can be
reduced with regular sprays of effective fungicides. Maughan and
Greenhalgh (1983) evaluated certain fungicides for the control of
Colletotrichumdieback of protea seedlings. Difolitan was
recommended (1981) as an effective fungicide for reducing severity of
Colletotrichumdieback. Similar experiments with selected
fungicides showed that the use of difolitan reduced the occurrence of
seedling blight in protea nurseries (Beni&, unpublished data).

A preliminary recommendation for the control of cutting dieback
caused by C. gloeosporioides inmistbeds is a pre-plant
fungicide dip of cuttings. Care should be taken that material collec-
ted from mother plants is clean and disease-free. Cuttings should then
be dipped into a solution of the fungicide (difolitan; captan or
benomyl). A combination of difolitan together with benomyl can also be
used. After planting, cuttings can be sprayed regularly with difolitan
or difolitan combined with benomyl.

2.3.2. Control of cutting dieback, scab and blight in mistbeds

) Pre-planting dipping of cuttings followed by regular sprays
w1th effective fungicides (see above) can help to prevent cutting
disease from developing in mistbeds. Difolitan, captan and benomyl have
been used to spray cutting material in mistbeds. Difolitan is parti-
cg]arly effective for the control of scab and certain cutting dieback
diseases. Ipriodine is effective against Dre s ch 1l e r a (Green-
halgh, 1981; Von Broembsen, 1985). Mother plants can be sprayed before
cuttings are taken to keep them free of disease during the last
growing season. It is critically important that cuttings are taken
from disease-free mother plants. This survey has shown that scab,
Dreschlera blight and cutting dieback caused by Bot ry t is,
resulted when infections were brought into the mistbed on the infect-
ed cutting material. Distribution of such infected ruttings could
therefore result in spread and outbreaks of these uiseases. !

2.3.3. Control of root and soil-borne organisms in the nursery
Root and soil-borne diseases can become a serious problem if

they become established in the nursery. It is always more effective
to prevent these diseases than to treat them. Contrc be accom-

234

plished by planting disease-free propagating material in a pathogen-
free soil medium, irrigating with pathogen-free water and ma1n§a1n1ng
a program of sanitation in the nursery go prevent recontamination
(Von Broembsen, 1981). In protea nurseries, control of P.cinna-
momi is extremely important since planting out of infected
material can lead to mass infestation in the commercial orchard.
Several measures should be adopted to control and prevent.P hyto-
phthoradisease outbreaks in the nursery. The most important of
these are briefly listed:-

- All soil and planting media should be sterilized or pasteurized.

- Containerised plants should not be introduced from other nurseries.

- Infected and dying plants and their containers should be removed
and burnt.

- Flow of surface run-off water into the nursery area should be
prevented.

- (Contact between containers and underlying soil should be prevented
by covering nursery area with stone chips and placing containers on
slotted benches.

- Traffic into and within the nursery should be controlled.

- Weeds and all plant debris should be removed from the nursery.

= Susceptible species should not be grouped together but should
rather be spread out in the nursery.

3. Concluding remarks

This paper has shown that disease prob]ems occur on all forms gf
propagation material in protea nurseries in South Africa. Production
of disease-free nursery stock is necessary to prevent spread of
disease. Seed should be treated to prevent seed-borne diseases'from
entering the nursery and to minimize local and international dispersal
of these diseases. Transfer of seed-borne diseases is part1cular1¥
important for P r o t e a spp. Control of diseases of footed cuttings
has become more important with the development of.cu1t1vars_wh1gh
require vegetative reproduction. Since these cultivars are distributed
to nurseries throughout South Africa, distribution of infected
material could result in large scale quarantine problems and the
introduction of disease to one production area from another.

Much research is required before these complex pathological problems
and their solutions are fully understood in Proteaceae nurseries. A
study of this nature is extremely involved since one is working with
so many different host plants within the family Proteaceae. Each_
genus can be regarded as 3 separate group, with certain of the disease
organisms being host specific while others show no specificity.
Intensive studies and surveys are being continued.
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Table 1 - Susceptibility of commercially-cultivated species of
Proteaceae toColletotrichum gloeos-
porioides

Young Mature
Species Seedling Plant Cutting Plant
Protea
compacta R. Br, XXX XXX XXX XXX
cynaroides (L.) L. X - - -
eximia (Salisb. ex J.

Knight) Fourc. XX X - XX
grandiceps Tratt. XX X - -
Tacticolor Salisb, XX X - XX
laurifolia Thunb, XX X - X
lepidocarpodendron XX X - X

{1, . .
longifolia Andrews XXX XXX - tOXXX
magnifica Link XXX - - -
mundii Klotzsch X X - X
nana (Bergius) Thunb. XXX XX - XXX
neriifolia R. Br. XX X - X
obtusifolia Buek ex

Heissner XXX XX - X
pudens Rourke XXX XX - XX
repens (L.)L.. X X XXX -
scolymocephala (L.) .

Reicherd XX X - XXX
susannae £. Phillips XX X - X

Serruria
florida {inunb.) Salisb.
ex J. Knight - XX XX XXX

xxx  highlv susceptible

XX moderately susceptible

X susceptible

- no chservations recorded
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EXTENSION OF HARVISTING PERIOD INL EU © ™ S PE RMU M BY MEANS OF
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Abstract .

Cut flower harvesting period inLeucospermum can be
delayed by deactivation of primary inflorescence buds, but late
treatment can cause loss ol yield through poor resumption of
secondary bud development. Primary inflorescence buds of S-year old
plants of three normally and two late flowering
Leucospermunm cultivars were sprayed with ethephon 258 mg
1 ™ in 1984 on August 1 or debudded by hand on August 14. Although
the time of harvest was later, the length of the actual harvesting
period was reduced in all treated plants. The 50% harvesting dates
in ethephon treated and hand debudded plants coincided, confirming
an approximately 14 day longer resumption time of bud development in
the former. Treatments delayed 50% harvesting dates in normally
flowering (blamcspike, Yellow bird, T77 10 67) and late cultivars,
(Vlam, Caroline) by an average of 37 and 20 days respectively, thus
extending the harvesting period of controls by 67% in normally and
9% in late flowering cultivars, Mean yield loss as a result of
ethephon treatment and hand debudding was 11 and 3% respectively,
tending to involve flowering stems of poorer quality. It was
concluded that all 5 cultivars may safely be hand debudded and cvs.
Flamespike, T77 10 ¢7 and Vlam be treated with ethephon, up to
August 1.

1. Introduction

The short natural flowering period of Leucospermum
R.Br. plants causes a major cut flower marketing problem (Brits,

Jacobs & Vogts, 1983).

A pumber of axillary capitula develop distally on
Teucospermum flowering branches (Rourke, 1972) up to the
stage where floret primordia are discernible (Malan, unpublished
Gata). These young capitula are termed inflorescence buds. The
uppernost inflorescence bud inLeucospermum
cordi folium, and other species with large inflorescences,
normally develop into a marketable primary inflorescence (Brits,

W97 .

Cut flower harvesting period in pincushions can be delayed by
deactivation of the primary inflorescence bud. Both hand debudgan
and spraying plants with ethephon (e.g. “ethrel") are effective
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treatments (Brits, 1977: Jacobs & loneyborne, 1978). Sccoixary
inflorescence buds on branches sprayed with ethephoun resume
development approximately 14 days later than on hand debudded plants
(Brits, unpublished data).

Late treatment (August onwards) can cause loss of yield through
poor resumption of secondary bud development (Brits, 1977; Jacobs &
Honeyborne, 1978). Yield loss increases progressively with later
treatments. Cut flower quality can also decrease. Cultivais
reacting favourably to treatment will therefore have to be selected
(Brits, 1977).

This work was undertaken to study the effects of late treatment

on harvest distribution and yield loss in normally and late
flowering cultivars.

2. Materials and methods

Five-year old plants of 3 normally and 2 late flowering
Leucospermum cultivars were given_a full cover spray
with ethephon at a concentration of 250 mg 171 on August 1, 1984, or
primary inflorescence buds were removed by hand on August 14.

Four replications of 3 to 5 plants wer~ used in a randomised
block design. The number of flowering branches cut per week,
exceeding 38an in length, was recorded.

3. Results

The results are summarized in Figure 1. Flowering time in
untreated normally and late flowering cultivars commenced at
approximately the same time. The principal difference between
normally and late flowering cultivars was a naturally extended
flowering period in the latter.

N

Ethephon spraying and hand debudding had much the same effect on
harvesting dates. Coniciding harvesting graphs confirm an '
approximately 14 day later resumption time of bud development in
ethephon sprayed than in hand debudded plants. Length of secondatry
inflorescence development and harvesting periods were reduced in all
treated plants, due to higher seasonal development temperature
(Jacobs & Honeyborne, 1979), but the actual harvesting times were
nevertheless notably later.

The 5% harvesting dates in treated plants were delayed by an
average of 37 and 20 days in normally and late flowering cultivars,
respectively. Harvesting period of controls when combined with
treatments was extended by 67 and 9% on average, in normally and
late flowering cultivars, respectively.

Averase yield loss relative to controls was 1l and 3% as a result
of ethephon treatment and hand debudding, respectively. Yield loss
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PERCENTAGE HARVEST/YIELD LOSS

was due to non-resumption of inflorescence bud development, mos;ly
on weaker, thinner and shorter flowering branches. Flowgr quality
in treated plants was apparently slightly poorer, but still
acceptable for marketing.

FLAMESPIKE YELLOW BIRD T 77 10 07 VLAM CAROLINE

Late Late

Normally Fl. Normally F1. Normally F1.
]

Control

Hand

Combined Ethephon

N DS O
DATES, 1984

Distribution of percentage harvest, and yield loss (Eﬂ)
of 5Leucospermum cultivars after hand
debudding or spraying with ethephon; and harvesting
pattern with combined non-treated and ethephon sprayed
plants.

Figure 1

4. Conclusions

Both manual and chemical pruning can be used as a practicalmeans
of extending the harvesting period of pincushions.

Al 5 cultivars may safely be hand debudded and cultivars
Flamespike, T77 19 07 and Vlam may be sprayed with ethephon up to
August 1.
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Peaks in the combined graph indicate that a number of sequential
treatments of different plantings will improve the overall harvest
distribution even more - e.g. fortnightly from June 15 to August 1
(4 treatments).
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Abstract ‘

Protea repens is structurally a complex plant and can therefore
provide a diversity of niches for insects to exploit. The plant can
be divided into three main niches: (a) flower heads housing flower
visitors and pollen and nectar feeders, (b) leaves housing leaf
feeders and/or visitors and (c} seed heads and stems housing the
borers. Insects create major phytosanitary problems for marketing
P. repens cut flowers. Leaf damage is caused by 32 species of leaf
Teeders. This group includes the leaf miners, which are responsible
for most of the leaf damage. The ten borer species found in seed
heads have a significant effect on the reproduction of the plant.

Introduction

Protea repens (L.)L is one of the economically most important cut
flowers whlcE is both grown in cultivation and harvested in its
natural environment. Heavy insect infestations in natural stands
cause ¢great pressure on adjacent cultivated stands. To produce a
high quality flower it is important to control the insect pests of
these plants. [t is therefore necessary to have an in-depth
knowledge of the natural insect fauna of P. repens. The plant can
be divided into three main niches: (a) flower heads, (o) leaves and
(c) seed heads and stens.

The object of this study was to determine which phytophagous
insects occur in the three main niches of P. repens under natural
conditions.

haterials and methods

A census of the phytophagous insects of winter-flowering

P. repens, growing in its natural environment, was made over a
pericd of two years. Using methods described previously (Coetzee
and Giliomee 1985) we collected flower head visitors during the
ilowering period at 29 of the many areas in which P, repens occurs.
Arporeal insects were collected by means of the beating method.

red heads and stems were collected in the Stellenbosch area at
three-weekly intervals. The seed heads and stems were dissected
after collection and examined for insects and insect damaqge.

~ »
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Table 1 Insects which visited the flower heads of winter
flowering P. repens (L.)L. in the natural environment,
during the flowering stage

COLEOPTERA .

Halticidae
Chirodica calcoptera Germ.
Chirodica wollastoni Baly
Chirodica sp. (Ac.HRP.639)
Chirodica sp. (Ac.HRP.640)
Chirodica sp. (Ac.HRP.641)
Ac. HRP. 642

Nitidulidae
Pria cinerascens Er.
Carpophilus hemipteris (L.)
Carpophilus binotatus Murr
Carpophilus dimidiatus F.
Carpophilus sp. (Ac.HRP.647)
Meligethes rimulosus Reitt.
Meligethes viridulus Reitt.
Soronia marmorata Grouw

Cucujidae
Phyconomus tricolor Woll
Phyconomus pallidus Woll
Phyconcmus sp {Ac. HRP.653)

Staphylinidae
Atheta sp. (Ac.HRP.654)
Phloeonomus sp. (Ac.HRP.655)
Melolonthidae
Diaplochelus longipes F.

Histeridae

Platysoma capense Wied.
Anthicidae

Formicomus coeruleus Thumb.
Mordellidae

Anaspis sp. (Ac.HRP.658)
heloidae

Lytta nitidula F.

Scarabaeidae
Genuchus hottentottus F.

Cryptophagidae

Micrambe tenuicornis (Grouw)
Cetoniidae

Trichostetha fascicularis F.

Curculionidae
Ceutorhynchus sp. [Ac.HRP.664)
Ceutorhynchus sp. (Ac.liRP.665)
Ceutorhynchus sp. (Ac.HRP.666)
Sibinia sp. (Ac.HRP.667)

HYMENOPTERA

Formicidae
Iridomyrmex humilis {(Mayr.)
Technomyrmex albipes (F. Smith)
Acantholepis capensis (Mayr.)
Anoplolepis custodiens (F. Smith)
Camponotus niveosetosus {Mayr.)
Camponotus rufoglaucus (Jerdon)
Monomorium sp. (Ac.HRP.674)
Myrmicaria sp. (Ac.HRP.675)

Apidae )
Apis mellifera L.

Colletidae

Hylaeus unmarginatus Alfken
Yespidae

Ac.HRP.679 ~

THYSAHOPTERA
heolothripidae
Homothrips sp. (Ac.HRP.680)

DIPTERA
Drosophilidae
Ac. HRP,681

Leaf damage is caused by 32 species of leaf feeders (Table ?)
which include ten sap-sucking species, 1Y chewers and three leaf
miners. Leaf miners are responsible for most of the damage to
leaves. The nethod developed by Fuentes et al. (1980) was used to
estimate the proportion of the surface area Teaf damage. Based on
this formula on average just over 10% of the leaf surface area was

damaged by insects.
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Table 2 Insects in association with the leaves of
P. repens (L.)L in its natural environment.

COLEOPTERA

Curculionidae
fuderes lineicollis (Weid.)
Eremnus sp. 1 [Ac.HRP.664)
Eremnus atratus Sparrman
Eremnus sp. near parcus Boheman °
Eremnus sp. 3 (Ac.ARP.B667)
Tanyrhynchus affaber Boheman

Buprestidae .
Sphenoptera sp. A
Sphenoptera sp. B

Phaiacrlgae
0librus aerotus Champ
01ibrus natalensis Champ
OTibrus sp. (AC.HRP.674)

Halticidae
Podagrica sp. (Ac.HRP.674)
Lanprosomatidae

Qomorphus sp. (Ac.HRP.675)
GaTlerucidae

pseudorupilla sp.{Ac.HRP.676)

ORTHOPTERA
uryllioae

(Ac .HRP.G77)
Tettigoniidae
{(Ac .HRP.678)

HENIPTERA

Pentatomidae
Antestiopsis variegata Thunberg
Orthoschizops lineaticeps Stal
Ac .HRP. 681

Lygaeidae
Poeanthus nr. velox Bergroth
Taprhiobia similus (Scudd.)
ysiys sp. [AcC.FRP.684)
Coreidae
Ac .HRP.685

Cixiidae (Fulgoroidea)
Ac .HRP. 686
Coccidae
Ac .HRP.1067
Psv1lidae
Psyila sp. {Ac.HRP.559)

LEPIDOPTERA
Geometridae
Ac .HRP.68%a
AC.HRP.669b
Pyralidae
Bostra conspicualis Warren

Microlepidoptera

Phyllocnistidae
Phyllocnistis sp. [Ac.HRP,75)
Ac JHRP. 1068
Ac .HRP. 1066

COLLENMBOLA
{Ac.HRP.839)

PSOCOPTERA
(Ac.HRP.758)

Ten different larvae {borers) [Table 3) are associated with
P. repens, from the commencement of flower head developrient, up to
the seed head stage. Three other insect species and five ant
species were also collected. The larvae of three Coleoptera
species, 1.e. Genuchus hottentottus, Sphenoptera sp. A. and fuderes

lineicollis and two Lepidoptera splcies, V1.e. Argvroploce sp. and
[inea sp., were responsible for all the damage to seeds in the seed
head. Almost 85% of the stored seed reserve of P. repens would be
destroyed by insects after two years (Coetzee & Tiliomee, in

preparation.)
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Table 3 Insects found in the seed heads of P. repens (L.)L.
in its natural environment. =

COLEOPTERA DIPTERA
Scarabaeidae Cecidomy{idae
Genuchus hottentottus F. Resseliella proteae Gagné
Buprestidae
Sprenuptera sp. A HEMIPTERA
Lygaeidae

enoptera sp. B
Curculionidae

Euderes lineicollis Weid.

Oxycarenus maculatus Stal
Machiademus diploterus Stal

HOMOPTERA
LEPIDUPTERA Pseudococcidae
Olithreutidae Ac .HRP. 1069
Argyroploce sp. Ac.HRP.380
Tineidae HYHENOPTERA
Tinea sp. Ac.HRP.349 Formicidae
Oecophoridae Crematogaster liengmei Forel
Cryptolechia ammopleura Meyerick Crematogaster perinqueyi Emery
Pyralidae Camponotus werthi Forel
Bostra conspicualis Warren HeranoplTus peringueyi Emery
Lycaenidae [ridomyrmex humilis Hayr.

Capys alphaeus (Cramer) )

No borers were found in the growth points of stems. ' Two borers
i.e. Cryptolechia armopleura and Sphenoptera sp. B, were found in
the involucral receptacles of flower and seed heads.. These borers
were occasionally found in stems. P. repens .is structurally very
complex - such architectonically complex plants will, according to
Lawton (1963), provide a diversity of favourable niches and "
eneny-free areas for insects. This hypothesis could partly explain
why P. repens accommodates so many insect species.

All flower visitors are regarded as econonically important pests,
since their nere presence in exported flowers is unacceptable. The
most important leaf insects are the leaf miners. They cause
unsightly leaf damage which is unacceptable on cut flowers. UBorers
destroy the seed bank but are not otherwise important economically.
However, the borer Cryptolechia ammopleura not only destroys the
flower heads, but can also create phytosanitary problews in cut
flowers and must therefore be regarded as an economic pest.

Information on the life cycles of insects on P, repens is needed
to develop a pest control programme for cultivated plants. The
present faunatl list will be used in conjunction with information
from studies of the seasonal occurrence of the most important pests
affecting P. repens, to draw up a_provisional centrol program.

2ny
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Summary

Only two mite specfes associated with Proteaceae can be regarded
as of economic importance in South Africa, namely Proctolaelaps
vandenbergi, the itch mite and Aceria proteae, the witches' broom
mite. The itch mite does not affect tEe plant adversely since it
feeds on pollen and nectar, but it causes significant phytosanitary
problems in cut flowers as well as skin irrftation to humans.
Aceria proteae is found on numerous proteas and is probably the
vector which conveys the agent causing witches' broom.

1. Introduction

Twelve mite species (Acari) have been collected on plants of the
family Proteaceae (Table 1). Two species, namely Proctolaelaps
vandenbergi Ryke and Aceria proteae Meyer, can be regarded as
economlcaily important pests. P. vandenbergi (Ascidae) is found in
the flower head of the genus Protea. e nymphs and adult stages
feed on pollen and nectar. P, vandenbergi causes no damage to the

kin and al

plant, but irritates the human s also causes significant
phytosanitary problems in cut flower.

- Table 1 List of mites (Acari) found on Proteaceae

Aceria proteae (Erjophyidae)
Proctolaelaps vandenbergi (Ascidae)
0Tigonychus coffeae (Tetianychidae)
OTigonychus proteae {Tetianychidae)
Agistemus africanus {Stigmaeidae)
Aculus sp. (Erlophyidae?
Thyreophaqus sp. {Acaridae)
Paralorryia sp. (Tydeidae)
i TyphTodromus (Onthoseius) saevus (Phytoseiidae)
¢ istiostoma sp. (Anoetidae)

Mioxognium sp. (Celaenopsidae)
Exemo%es ventricosus (Pyemotidae)
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A. proteae (Eriophyidae) is microscopically small and is found
under the bracts in dormant leaf buds and in flower buds (unopened
inflorescences). It also occurs in highly proliferated outgrowths
known as witches' brooms. On account of the presence of A. proteae
in witches' broom outgrowths, Rust and !yburgh (1971) claim that —
there must be a connection between the mites and the abnormal qgrowth.

Figure 1 Electronmicrograph

of P. vandenbergi

Figure 2 Flower head of
P. neriifolia infested

wi tﬁmnbergi :

21Proctolaelaps vandenbergi Ryke

The itch mite Proctolaelaps vandenbergi (Figure 1) occurs in
great numbers in especially the bearded proteas (Figure 2), but they
also occur in the flower heads of other species such as P. repens.
Great numbers of eggs, nymphs and adults night be present on the
flower heads at the picking stage. Myburgh et al. (1973) have
recorded more than & VU0 wmites on one flower head of P, laurifolia.
when flowers are cooled during the post-harvest treatinent, the mites
move to the centre of the flower head. On subsequent exposure of
the flowers to room temperature, the mites crawl out to the
surface. Ffrom there they can easily be transferred to the human
skin, and cause a severe irritation. The adult nites are oval, and
greyish white in colour. They can be clearly seen with the naked
eye.

- 2u8

M s bttt s o

Figure 3 Electronmicrographs of Aceria proteae; (a)dorsal;
(b) ventral.

2.2 Aceria proteaece Heyer

Acéria proteae is one of the most important mites of Proteaceae,
because Tt 1s associated with witches' broom. HMeyer (1981) has
described the mites on plants belonging to the genus Protea.

Aceria proteae has an elongated wormlike body. The female is
211768 uni Tong and 43 um wide, and is invisible to the naked eye or
through a hand lens. The dorsal shield (Figure 3a) is
sub-semicircular. Seventy five rings with microtubercules occur on
the thanosome and the telesome consists of about seven rings (lleyer
1981). The ventral coverflap (Figure 3b) that covers the female
genitals has 10 longitudinal ribs. These eriophyoid mites have only
three pairs of legs. A. proteae is mainly distributed by wind, but
spreaa by infested plant material is an important neans of
distribution. There is no proof that witches' broom can spread by
means of secec.

Seedlings infested with witches' broom (Figure 4) grow poorly,
resulting in stunted plants except for the proliferations. Such
seedlings will never become viable plants. When adult plants are
infested with witches' broom, their normal growth is affected ond
flower production is low. Witches' brooms also serve as a suitable
niging place for insects. *



Figure 4 Witches' broom growth

seedling of P. cynaroides. on adult
P. cynaroides plants.

Figure 5 Witches' broom on

Tpere is no proof that A. proteae is the vector of the organism
causing witches' broom, but it can be accepted that a connection
between the abnormal growth (Figure 5) and the mite exists. This
abnormal growth has been observed in 16 Protea spp.{Table 2).
Although the mites have been collected on P. repens, witches' broom
has never been reported on this species. Triophyoid mites were also
collected on Leucospermum and Himetes, but it could not be
established whether they belonged to the same species. It is not
c]ei; whether witches' broom can spread from one Protea sp. to
another.,

Table 2 Protea spp. on which Witches' broom has been recorded.

P. nitida P, compacta

gz cynaroides LB epsaocarpodendron
. caffra 5

P. neriifolia gf Eﬁggﬁg?frlfOI‘a

P. Taurifolia P. punctata

P. eximia P. gTabra

P, suTphurea P. cryophila

P magnifica B scolymocephala
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Conclusion

Itch mites can not be practically controlled in the field.
Control will therefore have to be achieved through harvesting of
flowers at the correct stage of opening and through post-harvest
treatment of flowers. The insecticide dichlorvos gives effective
post-harvest control of itch mites.

Eriophyoid mites can be chemically controlled, but there is no
specific pesticide registered against A. proteae in South Africa.
Al though chemical control will restrict tEe distribution of the
mites, it has no effect on existing witches' brooms. Sanitation is
the only practical control measure against witches' broom. It is
therefore important that only mite-free cuttings be used for
vegetative propagation and that al) plants with witches' broom
symptoms should be immediately renmoved from plantings and destroved.
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THE EFFECT OF CONTAINER MEDIA ON THE GROWTH AND ESTABLISHMENT OF
LEUCADENDRON "SAFARI SUNSET"

D.J. Dennis and M. Prasad
Horticultural Research Centre
Ministry of Agriculture and Fisheries
Levin, New Zealand

Abstract

Plants were propagated in container mixes based on peat or bark
with 10% of mineral soil and compared with those grown in a mineral
soll mix used by nurseryman. Responses to a regular supplementary
1iquid fertilizer were also measured. Performance in contaliners was
followed for six months before planting in the field after which
growth and yileld responses were measured for two seasons. Media based
on peat or bark gave an édvantage which was maintalned over the first
season after planting. The propagation advantage gained from the sup-
plementary fertilizer was subsequently lost.

Introduction

Proteaceous plants have been regarded as difficult container sub-
jects with rates and types of base fertilizers, particularly phos-
phorus (P) and nitrogen (N) in soilless mixtures, being cited as the
greatest source of difficulties (Thomas, 1974). Long term slow release
nutrient sources markedly reduced P toxicity as did the use of loam
in mixtures based on peat or wood wastes (Nichols, Jones and Beard-
sell, 1979). Nevertheless scme New Zealand nurserymen still reported
that fleid establishment was unsatisfactory when plants were grown in
media containing high proportions of peat (Harre, 1981 personal commu-
nication).

Three propagation media were compared under three levels of supple-
mentary nutrition. Two of these were based on peat (90%) or bark (90%)
with a 10% mineral soil addition. Plants were selected [rom all media
and two supplementary nutrition levels for a field trial and the per-
formance followed for two growing seasons.

Methods and Materials

Details of the prepared peat or bark based media are given in table
1. These were compared with a medium prepared by a commercial nursery-
man. It consisted of silt and pumice in undefined proportions and with
nutrients added at undisclosed rates. Supplementary fertillizer at two
rates (table 1) was compared with no supplement; this was commenced
about 3 months after potting. This supplement was given weekly at 50
ml per 0.7 1 container.

Plants were propagated from seven node cuttings, potted into the
media on 22/10/81 and placed on an outdoor capillary bed (White, 1981).
For the field study plants were selected randomly from the three

media treatments which received elther a nil fertilizer supplement

or the I rate. These were incorporated into an eight replication ran-
domised block experiment on Levin silt loam, a yellow brown loam, with
a high P retention characteristic. Available P on the site was ap-
proximately 20 ppm. Proteoid root development was assessed at planting
by scoring for the presence of structures on the compost surface in
contact with the container. The following five point scale was used;
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1 = non visible, 2 = 1 visible, 3 = 3 visible, 4 = up to 6 visible,
5 = more than 6 visible.

Growth in the fleld was assessed by stem width measured with calli-
pers (calliper) and by a count of shoots 'longer than' 100 mm both
{lowering and non-{lowering.

Results and Discussion .

Leucadendron ‘'Safarl Sunset' grew well in both the peat and bark
based media (flgure 1), the performance in these being better than in
the commercial mixture. The growth in the peat based medium was signi-
ficantly improved by supplementary fertilizer at rate I. Similarly the
growth in the commercial mixture was substantially improved by supple-
mentary fertilizer but even so plants in this medium did not achieve
the size of those in the media based on bark or peat. Plant and com-
post ahalyses {n April 1982 showed lower tissue N values for plants
receiving no supplement compared with the I rate but little difference
in N between plants in the media was apparent. Compost analyses hou-
ever revealed low N and K levels in both the peat based and commercial
mixtures suggesting that the responses noted resulted from the supply
of these nutrients.

Proteoid root development (table 2) was less pronounced where sup-
plementary fertilizer had been given but media showed no significant
differences in this feature.

The marked growth effects generated by the media during propagation
were sustained after planting. Plants raised in either the peat or
bark based medium produced significantly more growth than those pro-
duced in the commercial mix (table 3). The benefits conferred by sup-
plementary fertilizer were not sustained however and by the end of the
first growing season had dissipated. Tissue samples taken in May 1983
showed significantly higher P levels in plants grown in peat (but not
the bark mix) compared with the commercial mix. The plants grown in
the peat mix subsequently produced significantly higher numbers of
flower stems than both bark and the commercial mix even though the
total numbers of shoots produced did not differ between the peat and
bark based mixtures (figure 2). In the second season:-there were no
significant differences in flowering stem production but.the number
of non-flowering stems was significantly less for commercial mixture
compared with both the peat and bark based mixtures. Plants from all
treatments established well. None showed chlorotic symptoms and none
died during the two season experiment.

This work has shown that proteaceous plants such as Leucadendron
"Safari Sunset" benefit from being produced in media with a balanced
addition of fertilizers. These benefits were enhanced with supplements
of N and K. Furthermore, the advantages conferred by production in
properly formulated media were sustained after planting out and led to
increased growth and yield in the first season. No disadvantages of
using peat or bark as a main bulk ingredient were revealed. The dif-
ferences in proteoid root development which resulted from the supple-
mentary fertilizer did not appear to affect growth, yield or establish-
ment of the plant in any other way.

The difficulties ascribed to the use of peat in propagation mix-
tures by New Zealand nurserymen might be attributed to factors such as
disease (von Broembsen, 1979), excessive phosphorus (Thomas, 1974) or
to plant management either in the container or at the planting site
rather than the use of peat per se in well formulated, hygienic mixes.
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-TABLE 1 - Composition of peat and bark based media and supplementary

fertilizer.
Ingredient Peat Bark
Hauraki peat 90% (Vol.) nil
pinus radiata bark nil 90%
Levin silt loam 10% 10%
(8 ppm avail. P)
dolomitic lime 4.0 g/L 2.0 g/
Sierrablen 8-9 mth 2.0 " 2.0
(19-2.6-8.3 + Fe) . 2o -
ammonium sulphate 0.56 0.
potassium sulphate 0.3 " 0.3 "
trace elements yes yes

(Woods, 1966)

N X Nu4 : No3

Rate (ppm)
I 100 83 1 :1.8
11 200 166 1 :1.8



TABLE 2 - Effect of propagation tréatments on proteoid root score
(1-5) at planting (3-6-82)

Medium " Supplement 400
iu—a—r__ Eaik_ -C_ocim.._ :S‘;D .’lii N _I_ B ksﬁ“»D 360+ . bark
Length . peat
1.63 1.71 1.59 0.466 1.83 1.44  0.381 of
. i primary b
__________________________________ shoot | comm, -
(mm)
2801
, J MSD 5%
" . )
TABLE 3 - Carrxy-over effect of the propagation treatments on main stem* -
calliper (mm) after planting.
2002 . - :
__________________________________ (o] I ]
Date Medium " ‘Supplement Rate of supplementary fertllizer
Peat Bark Comm. MSD nil I MSD
5% i 54 Figure 1:
The effect of supplementary weekly fertilizer and three container
4 Oct 82 5.9 6.0 4.6 0.42 5.2 5.8 0.34 media on the shoot growth of Leucadendron "Safari Sunset"
11 Jan 83 9.5 9.5 7.1 0.72 8.3 9.0 0.59
13 Apr 83 16.2 16.1 12.9 1.12 15.2 14.9 1.37

* Measured 50 mm below the primary shoot.

' A 1983
J —18 —a
yleld |
and 10 Al shoota at
growth | b least 10cm
MSD Oiong (13.4.83)
Ir:?n.a °] 6% i tlowaring
per 1 am b D .
plant) 24 pe o [
o A 550 b
peat bark comm,
Figqure 2:

The carry-over effects of propaqation“mixes on the prodaction
of shoots and flowering stems of Leucadendron “"Safari Sunset"

after planting in the field.
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THE PRODUCTION OF AUSTRALIA'S MAJOR PROTEACEAE AS FLORIST CROPS

Steven Dupee

Ryde School of Horticulture
P O Box 462

Crow's Nest, NSW 2065
Australia

Introduction

Within the 45.genera of Proteaceae native to Australia, a number
of species of Banksia, Dryandra, Grevillea, Isopogon and Telopea are
suited for commercial cut flower production. With this genetic
diversity a systematic approach should be used by plant breeders and
growers to determine which species or variants of proteaceous
flowers and foliage to select and cultivate. This paper examines
those factors and selecticn criteria which influence those species
which are grown as commercial crops. Examples of each genus are
highlighted as to their suitability for cut flower production.

Selection Criteria

The species described are considered as major florist crops
because of the (1) flowering qualities, ie conspicuous flowers, good
color and form with long, strong stems, (2) keeping quality (3)
number of flower stems produced (4) market trends and (5) in
relation to species of the same genus. Foliage species are
considered for (1) interesting form and shape (2) long lasting and
(3) pleasing colors, especially used with other flowers. Since the
production of these species in cultivation is relatively new, some
of the natural forms possess flowering attributes which readily lend
themselves directly as florist crops.

The ten species described have been charted based on the
flowering characteristics, growth factors important for field
production, and key economic factors in relation to their
productivity as florist crops. A detailed study of each species and
their natural habitat will assist in the successful growing of these
plants.

Field Production

After investigation of market trends and species ecology, site
selection is determined by the type of soil and climatic factors,
especially rainfall, temperature and latitude. Soils with good
drainage and low available nutrients are required. Summer rainfall
and humidity are detrimental for some species. During dry periods,
younqg plants should be irrigated, preferably by drip systems to keep
water from the foliage and reduce disease occurence.

Field layout in Australia is commonly in single rows with
spacing depending on the spread of each species. Weeds are
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cont;olled by spFaying or provision for sod between rows. For most
species propagation is by seed, sown in autumn or spring, otherwise
cuttings are best taken from leafy semihardwood shoots.

Telopea speciosissima (Waratah) has been planted more
extensively than any other Proteaceae native to Australia. Worrall
estimates that 50 hectares have been planted in Australia. This
planting continues to increase, with an increase of 15-28 hectares
per year. Nursery stock that is two or three years old in
containers is usually planted out in autumn.

~ host of the acreage planted with Waratah in Australia has been
in Victoria. The best quality commercial blooms in Australia have
been produced from this state. Due to the short flowering season of
gach area and the large number of blooms that will be produced, care
is necessary in controlling the market in terms of price, quality
and continued supply while in season. .

In New South Wales, Telopea speciosissima exhibits considerable
va;lation in flower form and color, vigor, and leaf shape. The rare
white Waratah is not vigorous but flower size is ideal. Most of the
Waratahs in New South Wales are harvested from the bush, where fire
significantly affects bloam production. Usually three or four years
after fire flowering returns to normal,

Most of the production of Banksia inflorescences is from Western
Australia, mainly due to favorable soil and climatic conditions.
Most of the cultivated stock has been propagated from seed. The
flowering periods of some Banksia may change as certain species are
brought into cultivation from the wild. Pruning should be light
because those species with no lignotuber are usually killed by fire
and regenerate from seed. The stems taken with flowers remove
encugh wood to allow remaining dormant buds on leafy stems to shoot.

: Banksia hookeriana has ideal plant size and shape coupled with
: good production of inflorescences. The size and color of Banksia
coccinea warrants increased planting of this species. Flower form
and color also vary, with an orange form having growth habit and’
vigor similar to the red form. Banksia coccinea is susceptible to
Phytophthora cinnamomi as are other Banksia species. Some species
such as Banksia ashbyi and Banksia ericifolia flower well but side
branches tend to grow around each inflorescence.

Although most of the Dryandra and Isopogon species are from
- Western Australia, selected specles are being grown in other
Australian states. Isopogon tend to have shorter vase life but many
are useful as foliage. Grevillea have not been grown in large
" quantities for cut foliage. In the field selected Grevillea can be
. planted as windbreaks.

The stage of picking is the main facﬁo: affecting the vase life
of Australian Proteaceae. Normally inflorescences should be picked
when 5 - 10% of the individual flowers are open. Picking should be
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done during cool periods and blooms placed in shade or cooled as
soon as possible. The blooms must be packed dry to reduce fungal
infection.

Retail florists continue to demand Australian Proteaceae for a
variety of floral decorations. This includes large arrénqements,
table decorations, posies, bouquets and wreaths. 'Banksxa and
Dryandra are used for many dried arrangements. Size (not )
necessarily large) and quality of bloocms will bring premium prices.

The market for flowers in Australia has indicated significant
dumand for selected Rustralian Proteaceae. With the upsurge of
production of other proteaceous flowers, the market ylll increase
for Australian species. This expansion will be considerable
compared to roses, carnations, chrysanthemums and orchids.

In the systematic approach of species select%on, the following
criteria have and will continue to be important in the crop
production of Australian Proteaceae. These are: (1) flowercolor
and size (2) vase life (3) length of flowering season (4) stem
length and (5) disease susceptibility. In this rgqard both p}ant
breeders and flower growers have the same vested interests which

ultimately lead to better cut flower production.
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FLORAL CHARACTERISTICS

NAME OF VASE LIFE STEM LENGTH INFLORESCENCE INFLORESCENCE OTHER
SPECIES (DAYS) A RANGE (CM) COLOR(S) DIAMETER (CM) NOTES
TELOPEA SPEZIOSISSIMA 13 30-100 DFEP RED, PALE PINX 10-16 WIDELY RECOGNIZED
ARD WHITE EEAVY STEMS
BANKSIA COCCINEA 15 30-90 SCARLET OR PALE RED 8-10 INFLORESCENCE 3-6 CM LONG
WITH GRAY, ORANGE
BANKSIA ERICIFOLIA 14 20-50 ORANGE RED TO YELLOW 3-6 FOLIAGE, SPIKES 7-22 CM
. TO BROWN IONG, SIMILAR TO B. SPINULO
BANK.SIA ASHBYI 14 20-80 BRIGHET ORANGE 6-8 DRIES WELL
BANXSIA HOOKERTANA 15 15-30 ORANGE TO 8-10 SIMILAR TO B. BURDETTII
LIGHT ORANGE
DRYANCRA FORMOSA 17 30-60 YELLOW AND BROWN L-8 USED AS FOLIAGE
DRYANDRA QUERCIFOLIA 15 20-30 YELLOW AND BRONZE 2-6 FOLIAGE IS STIFF WITH
! DIVIDED LEAVES
GREVILLEA LONGISTYLA 13 30-90 RED, PINK AND 2-5 FOLIAGE HAS SPFT
] WHITE APPEARANCE
CRTVILLEA 'POORINDA PETER' 20 '30-90 ROSY FIN® 2-3 FOLTAGE, TOOTHBRUSR
' i INFLORESCENCES
A = AT 20°C IN DISTILLED WATER
GROWTR CHARACTERISTICS
NAME OF ORIGIN SOIL HEIGHT  SPREAD CULTURAL
SPECIES REQUIREMENTS (M) (M) NOTES
TELOPEA 3FECIOSISSIHA VARIOUS PARTS OF WARM WELL DRAINED SAND, 2-3 1-2.5 NEEDS SEVERE PRUNING
EASTERN N.S.W. LOW PHOSPHOROUS _AFTER FLOWERING, BORER
BANKSIA COCCINEA SOUTHWEST W.A. DEEP WHITE OR 2-6 2-3 NO LIGNOTOBER, ERECT, FAST
GREY SAND GROWING, HARD TO FLOWER
BANKSIA ERICIFOLIA CENTRAL AND NORTH SANDY LOAM OR SHALLOW 2.5-5 2-4 NO LIGNCTUBER, WIDELY
COAST N.S.W. SAND OVER SANDSTONE CULTIVATED, DENSE OR OPFN
BANKSIA ASHBYI CENTRAL WARM DEEP RED SAND 4-8 2-3 NO LIGNOTUBER, OPEN, DWARF
COASTAL W.A. FORMS, DRY AIR
BANKSIA HOOKERIANA ENAEBBA AREA DEEP YELLOW OR 2-3 2-3 NO LIGNOTUBER, LIGHT PRO[VZ
OF W.A. WHITE SAND BUSHY, FROST SENSITIVE
DRYANDRA FORMOSA SOUTHWEST W.A. SHALLOW POOR OR CIAY 2-5 2.3 DENSE OR OPEN HRABIT
SOIL, SANDY, DRAINAGE
DRYANDRA QUERCIFOLIA SOUTHWEST W.A. SAME AS DRYANDRA 1-2 2-2.5 REQUIRES LITTLE PRUNING
FORMOSA :
GREVILLFA LONGISTYLA EASTERN SANDY, WELL DRAINED 2-4  1.5-2.5 'FAST GROWING, WILL TAKE
QUEENSLAND OR SOME GRAVEL EEAVY PRUNING
GREVILLEA 'POORINDA PETER™ GIPPSLAND SAND, LOAM OR SOME 2l 3.4 FAST GROWING, SPREADING
VICTORIA HEAVY SOIL OPEN SHRUB

1 SOPOGON CINFATNR
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5‘; < < E ;5 < < and account for up to 6@% of total species. .
&) v P e) [ o D) . .
0 A o = by b :‘7’: E ‘:—j o7 Although P. cinnamomi is an important pathogen in Australia and
o & ™ = K] Q ] ) é i3 o elsewhere (Zentmyer, 1988) the mechanisms by which damage is caused
64 | w S 2 £ é 3 E g ¢ g Zj to host plants are not well understood. Little is known of the
9:16' G 8 £ % K b o ‘T] 5 o o interactions between P. cinnamomi and inorganic mineral putrition.
[ 2% - :
=3 VI - < < < & 2 . ' 5 = . . .
za ‘nﬁ P 7 a a g 2} g ':i é u Soils for avocado cultivation (P. cinnamomi-suppresive) are
E 2 ¥ £ b = = & tﬁ o < characterized by high ammonium-N (Broadbent‘& Baker, 1974), while
. S & = P & a8 S % @ Marks et al (1972) found that fertilization increased the
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susceptibility of eucalypts to P. cinnamomi. ) The effects of N
appear variable and depend on pH, organic Cter, host plant and the
availability of other nutrients.

Phosphorous and calcium are both deficient in many WA soils.
Disease responds variably to supply of these nutrients
{(Schmitthenner & Canaday, 1983). In New Zealand (Newhook & Podger,
1972) correction of P deficiency has checked the spread of
P. cinnamomi and this affect persisted for sixteen years, with
treated trees making excelllent growth. In WA, supply of Ca (as
CaC0,) suppresssed P. cinnamomi root rot in jarrah (Boughton et al,
1978). The soils used for avocado cultivation in which P. cinnamomi
%s naturaly suppressed (Broadbent & Baker 1974) had high Ca. Ca is
important in cell wall formation, and might play a role in reducing
infection by P. cinnamomi (Graham, 1983).

Studies have been undertaken to determine whether levels of N, P
& Ca affect susceptibility of Banksia species to P. cinnamomi.
Preliminary work is with B. grandis, where very high levels of
colonization are observed.
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FOST-HARVEST STUDIES WITH NSW WARATAH

R.E. Lill and D.J. Dennis

Levin Horticultural Research Centre
Ministry of Agriculture and Fisheries
Private Bag

LEVIN

MAbstract

The NSW waratah (T e lopea speciosissima)isof
increasing importance as a cut flower in New Zealand. Experiments
studying its post-harvest handling have shown that refrigeration after
harvest is critical for achieving satisfactory performance in the vase.
Flowers harvested at an immature stage had longer vase life than mature
flowers and treatment with floral preservatives did not give consistent

results,

Introduction

The striking scarlet bloom of the NSW waratah has been developed
as a cut flower in New Zealand., Little however has been published on
post-harvest methods (Worrall 1983), and this information is of critical
importance for the successful transport and marketing of the crop.
Problems encountered by shippers included browning of the bracts, nectar’
spillage in the packed boxes, nectar moulding during transit and flowerhe

decay.

The value of some post-harvest techniques i.e. refrigeration, stage ¢
maturity at harvest and floral preservatives was investigated. The aim
to improve flower quality to consumers,

Methods
1. Flower maturity at harvest:

Eleven blooms from clone no. 6 (Levin HRC clonal collection) were
harvested to cover a wide range of maturity. They were conditioned im
water for 3 h, packed in film lined fibreboard boxes, and held at 18°C
for 90 h to simulate tranport to market, The stems were recut and placed
in vases of distilled water and held at 20°C t 2°C and 70-80% RH with 12
illumination (2w/m? cool white and daylight florescent). Vase life and
flower opening were assessed.

The end of vase life was determined as the stage when the flowers
showed discernible deterioration, with noticeable wilting and blueing

of the florets.
2. Effect of refrigeration:

To establish the effect of refrigeration during the first four days
after harvest, flowers of four clones (no. 6, 25, 8 and 11) were
conditioned in water for 3 h, packed in film lined fibreboard boxes
and held at 2°C for varying lengths of time. For the balance of the
period, they were held at 18°C. After the treatment period the stems
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Culture vessels were 200 ml glass jars (figure la) closed with 3. Other Proteaceous genera:

vented translucent polypropylene screw lids,grfﬁa'culture room was » - ¢ S
heated to 25°C * 2°C and the shelves were i1fluminated for 16 hours BothLeucadendron 5h g i ; T st b
dai 2400 lux with cool white fluorescent tubes. Leucospermunmn cor

g ° culture using the same procedures and medium as for T e l opeabut
additional surface sterilisation was necessary to obtain contaminant

Studies were conducted ‘on the response to BA, IBA and GA,
free cultures.

concentrations during shoot proliferation and elongation as well as

r?Ot PETEIORRT Wil (RIS pRe. After five months L. cor di fol ium had produced 5 cm long

Results and Discussion shoots with well-developed leaves. Following subculturing into nodal
segments and placement onto the Te 1 op e a proliferation medium,

A AERRMED, Begilatars. ank Bralieoras o ’ further shoot development occurred with some achieving lengths of 4 cm

within 10 weeks.

Shoot .numbers, but not shoot size, increased when BA concentration
was increased from zero to 2.0 mg/l1 in the absence of GA,; however :
while axillary buds of L. £ 1 o r £ d i u m expanded and produced

small shoots in 5 months these subsequently died.

there was a corresponding decrease in shoot quality (figure 2)
characterised by the formation of many fasciated shoots on the half
basal elongation medium. At the lowest BA rate (0.3 mg/l) the number
of visible shoots and size, (figure 3) as well as their quality,
improved with the addition of GA, at 1.0 or 3.0 mg/l. The addition
of GA, overcame the earlier requirement for a separate elongation
medium prior to exflasking. A rate of GA, less than 3.0 mg/l may be
optimal since this concentration produced excessive stem elongation.
At 1.0 or 2.0 mg/l BA and GA, at 2.0 mg/l, shoot elongation was
suppressed.

The proliferation medium which provided the best compromise of
growth regulators consisted of 0.05 mg/l IBA, 0.3 mg/l BA and 2.0 mg/1l
GA,. This medium produced adequate multiplication (figure 1b) of
consistantly higher quality shoots without the requirement for a
separate elongation phase on a different medium. While IBA was
included, studies on its effect on shoot multiplication could not
demonstrate any consistant advantage in its use.

2. Rooting and Exflasking:

IBA concentrations of 3.0 and 10.0 mg/l added to the half basal
medium were suitablé in initiating roots in culture. Root elongation
occurred after transfer of theseshoots to hormone free basal medium.
Excessive callus tissue developed on shoots from the highest IBA rate.
Root development in vitro was also induced after two weeks following
basal end dips of 1000 mg/l IBA and then re-setting shoots onto half
basal medium. Up to 90% of shoots initjiated roots out of culture
under enclosed mist after a basal dip of 250 or 500 mg/l IBA.

Exflasking either rooted or non-rooted shoots into standard
greenhouse open mist facilities resulted in rapid collapse and death:
The use of an enclosed polythene tent along with mist gave good
survival and growth (figure 4a). A nutrient free fine pumice medium
was used for shoot support. This allowed rapid root growth and the
formation of proteoid root structures (figure 4b). After 6 weeks, once
new leaf growth had occurred, humidity was gradually reduced by
opening the tent in small stages over many days. Figure 1 - Shoot development from single node explant (A).

p In vitro shoot proliferation (B).

Plants were potted into a mix df 50% pumice and 50% pine bark and
peat with added nutrients.
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FLOWERING PATTERNS IN CAPE PROTEACEAE

J. J. Midgley and J. Vlok
Saasveld Forestry Research Centre
P. Bag X6515

6530 George

South Africa

Abstract

Post-fire regeneration levels of Cape Proteaceae depend on the
size of pre-fire seed stores. Based on seed maturation data, mainly
for Leucadendron species, the most favourable season of burn is
suggested for 9 sub-divisions of the fynbos biome. These
suggestions conflict in part with suggestions based on climatic
models.

Introduction

The welfare of the Cape Proteaceae depends on management burning
operations being restricted to the most favourable periods. Bond
(198d) and Bond, Vlok and Viviers (1984) have shown that post-fire
regeneration levels are not static and can result in differences in
seedling to parent ratios, of several orders of magnitude.

There are many factors which managers must consider when deciding
whether an area of fynbos must be burned. This is because many
factors determine whether post-fire regeneration levels of Cape
Proteaceae will be adequate to maintain populations after fires at
different times. For example, a management fire in vegetation which
is too old (senescent) or too young (immature) will deplete, or even
eliminate, certain populations of the Proteaceae.

Another important factor in determining regeneration levels of
the Proteaceae after fires during different seasons of the year is
the relative contribution of the latest years seed crop, to the
total seed store. A fire just after the latest years seed crop has
matured will result in the maximum number of seeds being available
for regeneration. In contrast, if a fire consumes developing seeds
or causes developing seeds to be released, then regeneration levels
will be depressed because these immature seeds will not contribute
to the total seed store (for details see Midgley 1985a).

The present study was initiated to determine which months of the
year will be the most favourable for burning to obtain optimum
Proteaceae regeneration, for different areas of the fynbos biome.
As will be demonstrated, there is a considerable difference in
flowering times between closely related species from different
geographic areas. Also, there is considerable synchrony in
flowering and seed maturation periods in each geographic area.
Leucadendron (79 extant species in the [fynbos area), was chosen for
this study because; species are widespread and the repraductive
phenology is well known (Williams 1972). Protea species are very
variable in regards to the development time of seeds Voyts (1982).

r
-
ad
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The only other work aimed at prescribing optimal burning times
for different geographic areas of the fynbos is by van Wilgen (1984) °
who used a climate model. A comparison between the burning seasons
suggested for management, based on seed maturation phenology (this
study) and that from the above climate model, indicates some
differences. '

Methods

Using the informatioh provided by Williams (1972) in a detailed
monograph on Leucadendrdn, all species have been allocated to;
1) 9 geographic districts (Map 1)
2) seed maturation times (month).

Some species occur in several geographic areas. The seed
maturation time was taken as the first month if Williams (l.c.)
indicated that seed maturation or flowering was spread over more
than one month. Therefore, these times are conservative and
represent a minimum date for seed maturity.

Results and Discussion

Table 1. The geographic trend of flowering phenology of closely
related Leucadendron species (each pair is from the same
sub-sectlon).

West flowering month East flowering month

1)dubium 8 galpinii 11

2) platyspermum 9 nobile 12

3) argenteum 9 dregei 11

4) macowanii 6 conicum . : 11

5) uliginosum : 11 loeriense _~7 7 . 12
(Outenikwa mts.) (Eastern mts.)

Table 1 indicates that flowering time is mainly spring-summer in
the east and winter-spring in the west, as was noted by Williams
(1972). The important implication of this is, that the seed
maturity period is also earlier westward; late summer in the west
and late autumn in the east. Therefore fires should also take place
later in the year in the east.

Table 2. Seed maturation times for the different geographic areas

number of species that mature seeds during listed months

geographic

areas Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul
Cedarberg 1 3 7 6 4

Westcoast 1 4 3 7

Peninsula 2 2 2 1

Central 1 1 5 5 8 ’

Bredasdorp 1 1 4 7 4 3

Langeberg 2 2 2 1 1 2

Cutenikwa 2 2 1 1 2

Swartberg 1 2 4 2 1 .3

East 2 1 N1 1 2 1

274

Table 2 suggests that the best time to burn in the north-west is
from February (late summer) onward and for the more eastern areas
from April (late autumn) onwards because by these times most species
have matured the latest years seed crop. These suggestions are
supported in part, when considering the phenology of other fynbos
Proteaceae (Midgley 1985a).

Table 3. Proposals for burning prescriptions in the fynbos.

Geographic areas Optimum burning time
This study van Wilgen (361 : 1984)
Cedarberg February-May Nov-January
Peninsula February-May Jan-March
Central +  February-May Jan-march
Bredasdorp April-June Dec~February
Langeberg April-June Dec-February
Outenikwas April-June June~Auqust
Swartberg Ma;y-July Nov-=January
East May-July Dec-February

Table 3 indicates that there is conflict between the suggested
season of burn from this study and the study by van Wilgen (1984).
We suggest that the Cedarberg is not burned before Februvary whereas
van Wilgen (l.c.) suggests burning from November onwards. Arid
areas, such as this, are particularly sensitive to season of burn.
Thjis is because serotinous species are largely absent from these
areas (Midgley 1985b) and also because summer drought mortality is
higher in these areas (Midgley 1985c). In mesic areas adequate
rainfall ameliorates summer drought conditions and an abundance of
serotinous species confers more flexibility as regards burning times.

References

Bond W J, 1988, Fire and senescent fynbos in the Swartberg, southern
Cape. S. Afr. For. Jnl. 144: 68-71.

Bond W J, Vlok J & Viviers M, 1984. Variation in seedling
recruitment of Cape Proteaceae after fire. J. Ecol., 72: 209-221.

Midgley J J, 1985a. The controversy of season of burn (in prep.).

Midgley J J, 1985b. The adaptive significance of serotiny, with
special reference to the genus Leucadendron (in prep.).

Midgley J J, 1985c. Relative drought mortality along a moisture
gradient, of Proteaceae seedlings in their first summer. (in
prep) .

Van Wilgen B W, 1984. Fire climates in the southern and western Cape
and their potential use in fire control and management.

S. Afr. J. Sci. 8@: 358-362.

Vogts M, 1982. South Africas Proteaceae - know them and grow them.
Struik. Cape Town.

wWilliams I J M, 1972. A revision of the genus Leucadendron
(Proteaceae) . Contr. Bol. Herb.»‘%}.

—

2

Please see map on following page.

275



‘76

CORRECT TERMINOLOGY FOR PROTEA INFLORESCENCES

J Pretorius

Department of Botany

Rand Afrikaans University
Johannesburg

South Africa

The situation is frequently encountered in the literature that an
inconsistent terminology is used when reference is made to the
Protea inflorescence. Terms such as flowers, flower heads,
infloréscences, inner flower bracts, outer flower bracts, peduncles,
stems etc are commonly and indiscriminately used.

The following terminology for the inflorescence and sub-parts of
the inflorescence of the Genus Protea is recommended:

- The inflorescence is called a flower head and is borne at the
end of a flowering branch (Fig 1).

- Each flower head consists of many florets (individual flowers)
crowded on the involucral receptacle and surrounded by the
involucral bracts (Fig 2).

- The involucral bracts are grouped into series, e g Protea
magnifica having 9-18 rows; P. neriifolia having 1l rows and
P. grandiceps having 8 rows.

~ The bracts of the lower (outer) rows are shorter and scaly and
are called scaly bracts whereas the bracts of the inner rows are
longer and showy and are called the inner or coloured bracts
(Fig 3).

- Individual florets are sessile on the receptacle and have four
perianth segments which consist of 3 adaxial fused segments and
1 abaxial free segment. .

Suqggestions recommending various inflorescence parts of the other

genera of the family Proteaceae will be welcomed by the author.
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Flower head

.;} Flowering branch

Flgure' 1 Inflorescence of Protea neriifolia
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Inner involucral bract
(Colour bract)

Outer involucral bract
(Scaly bract)

Figure 2 Flower head to show colour (inner)
and scaly (outer) involucral bracts
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Florets
(Individual flowers)

Involucral
receptacle

Figure 3 Flower head to show individual flowers
on involucral receptacle

MICROPROPAGATION OF TE L O P EA SPECIOSISSIMA

J.F. Seelye

S.M. Butcher

D.J. 'Dennis

Horticultural Research Centre
Levin, New Zealand

Abstract

The New South Wales waratah is a woody proteaéeous plant cultivated
for cut flowers. Seed-raised plants vary in cut flower quality
characteristics. A micropropagation method was developed to rapidly
increase the number of plants of forms selected for cut flowers.

After establishment in culture, single node explants initiated shoots
on a modified MS medium. Shoots proliferated on a basal medium
supplemented with IBA, BA and GA, a six-fold increase being achieved in
six weeks.

Rooting was achieved both in, and out of culture. Precise control
of temperature and humlidity was essential for survival and the
subsequent growth of the plantlets.

The applicability of these techniques toLeu cospermum and
Leucadendr onhas been assessed.

Introduction

In New Zealand Te lopea speciosissima is
cultivated for cut flowers. A selection programme was initiated because
seed raised plants show considerable variation in flower colour and
form, post-harvest quality and plant habit. In vitrg techniques of
vegetative propagation were investigated so that improved forms could
be rapidly increased in number from a limited base stock.

Methods

Vegetative shoots taken from both field and greenhouse grown plants
provided the material to initiate cultures. Single node segments, with
petiole removed, were surface sterilised by dipping in ethanol for a
few seconds, washing in a 0.6% Sodium hypochlorite solution for 20
minutes and rinsing in sterile distilled water. The ‘'basal’ medium
comprised of Murashige and Skoog (MS) minerals, 0.4 mg/l thiamine-HC1,
100 mg/l myo-inositol, 30 g/l sucrose and 7.5 g/l agar. ‘A ‘half
basal' medium which had only the MS macroelement salts reduced was
used for proliferation and elongation. Media was adjusted to pH 5.7
before autoclaving. The growth regulators used were indole-3-butyric
acid (IBA), G-benzyl-aminopurine (BA) and gibberellic acid (GA,), the
latter being filter sterilised. '

Explants were established and developed shoots after two months
(figure la) on a modified basal medium which contained 0.05 mg/l 1BA,

0.3 mg/l BA and 0.1 mg/1 GA,.
' ./
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