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ABSTRACT

Leucospermunplants have a relatively short flowering periodd greak flowering periods
often coincide with low prices on the export markewo field trials were therefore carried
out at Pinfields farm Ruwa, Zimbabwe from 2002 @02 to investigate the effect of two
cultural practices, pruning and deheading, on linedring behaviour of twh.eucospermum
cultivars: Scarlet Ribbon and Saxosum. The firisi investigated the effect of pruning and
deheading two different aged plants (2%2-3years ‘ahd 1-1% ‘young’) of Scarlet Ribbon.
The second experiment compared the response tangrand deheading of two cultivars,
Scarlet Ribbon and Saxosum, on flowering time. Meawents taken in all experiments
included the period from pruning to harvesting, éixéension to harvest time after deheading
of the primary inflorescence, length of harvestiedvéring stems, inflorescence diameter of
harvested flowering stems, grading of stems andeksn harvest due to pruning and
deheading. Pruning of plants was carried out atemdint times from January to July,
including the control treatment (normal farmer pic) for both experiments. Deheading of
the primary inflorescence bud was at 0-5 mm, 6-10, mnd 15-20 mm and was compared
with a control (disbudding all but the primary buddruning and deheading treatments
significantly (P<0.05) extended harvest time fditlad experiments. The extension to harvest
varied with pruning time, deheading diameter, afglants and cultivar. Pruning early
(Jan/Feb) and deheading early in the induced reptoed phase resulted in a longer
extension to harvest time compared to late prugisgy/Jun and Jun/July). Old plants had a
shorter extension to harvest time compared to yqlagts. Harvesting of flowering stems
post pruning was earlier for old plants by 2 weekspared to young plants of Scarlet
Ribbon. The significant (P<0.05) age x deheadirgnditer interaction resulted in long stems
for old plants for all the deheading diameter meaits. Quality and quantity of stems and
earnings from old plants were higher than for yoplamts. Pruning and deheading old plants
of Scarlet Ribbon resulted in the least losses ({1Wikh regards to harvested stems compared
to young plants (12.5%). Results indicate theitgthalf old plants with more plant matter to
effectively resume growth and development toftbering stage due to more assimilates
facilitating this compared to young plants. Whea ttvo cultivars were compared, Scarlet
Ribbon had a longer extension to harvest time axosum. The result was similar when
comparing the extension to harvest after deheading.effects of pruning and deheading are
cultivar specific as was demonstrated in this stuélyhough in Zimbabwe both Scarlet
Ribbon and Saxosum are regarded as early flowaritige industry, Saxosum was harvested
much earlier by 2.4 weeks than Scarlet Ribbon. Elovg and harvest period for Saxosum
was shorter (5 months) compared to Scarlet RibBomd@nths). In addition, a difference in
flower head complexity resulted in early flowerifigr Saxosum. Saxosum is naturally
multihneaded thus exerting less apical dominanceutiit correlative inhibition of the
secondary bud. The secondary bud resumed growtfiamered earlier than Scarlet Ribbon,
which produces solitary inflorescence naturallyargt Ribbon produced longer stems than
Saxosum. The significant (P<0.05) cultivar x prgntime interaction showed a reduction in
stem length for Saxosum. There was no significéférénce to the inflorescence diameter of
harvested stems for both cultivars. Losses in tsamwere high for Saxosum (16.7%) than for
Scarlet Ribbon (12.5%) when the plants were delteatl&-10 mm. Deheading late in the
season from late July to September at a diamet&éb-&0 mm produced the highest losses.
Deheading resulted in different quality stems Fa two cultivars however, the stems were of
marketable quality. Scarlet Ribbon produced moosvédlring stems of higher quality and
correspondingly high earnings compared to Saxos@carlet Ribbon had the most
favourable response to pruning and deheading ovefiog time compared to Saxosum. It is
therefore recommended that pruning be done eaalyK&b and Mar/Apr) and deheading at
0-20 mm diameters up to mid July as harvest pecand be extended up to November for



Scarlet Ribbon with good quality stems, earningd amnimal losses in the Ruwa farming
area. Old plants respond better to pruning andatéhg than young plants.
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CHAPTER 1
1.0 INTRODUCTION
Members of theProteaceaefamily are commonly referred to as proteas. Thmilia
originates mainly in southern continents (Leonhamid Criley, 1999). The main centres of
occurrence are Africa, especially South Africa @adbtralia with a few outliers present in
South America and New Zealand (Salinger, 1985). Hitndeaceadamily comprises of over
60 genera (Leonhardt and Criley, 1999). Howeventgl&om about 12 genera are grown or
used for cutflowers or foliage (Salinger, 1985)tRas are always woody and perennial. A
unique characteristic of the family is the preseoicproteoid roots. These are dense clusters
of hairy rootlets that form a 2-5 cm thick mat ke tsoil surface (Leonhardt and Criley,
1999). This is essential for efficient nutrient algg from soils with low nutrients where the

Proteaceaevolved.

The family comprises some of the most beautiful ardtic looking flowers in the world.
From a floral point of view the attraction is oftemthe bracts and coloured leaves, which
surround the flowers (Salinger, 1985). The flowdi®ve a relatively longer vase life
compared to other cutflowers like roses. They aspwell and dried flowers provide an
alternative outlet when there is a glut of frestwkrs on the market and for poorer quality

material (Salinger, 1985).

Protea growing in Zimbabwe began in the early 1970& high level of interest in protea
growing resulted in the formation of the ZimbabwetPa Association (ZPA) in 1983. The
ZPA represents the grower’s interests with regaodghe Horticultural Promotion Council
(HPC), Government policies and Reserve Bank Regukst research and general

simulation/support of the industry (Percival, 200@pmmercial production d?roteaceaas



mainly confined to the Eastern Highlands, Hararardk Norton, Darwendale, Makondi,
Vumba (Zimflora, 2003). The flowers are grown adflowers mainly for export to the
United Kingdom, Holland, Germany, Switzerland, F@&nAustria, Japan and the United
States of America (Zimflora, 2003). Protea produttnot only creates employment, but also

earns foreign currency for the country.

In deciding which proteas to grow, many growersZimbabwe have found that some
cultivars 'choose' them (with respect to soil typed prevailing microclimate) rather than the
other way round (Archer, 2000). The genera grown Zimbabwe include mainly
Leucadendron, Leucospermuf@ommonly known as pincushionsprotea and others.
Leucadendrorare grown for their attractive foliage and frugimeads, whiledProtea and
Leucospermunare grown for their flowers (Webb, 1997). A suneayried out by the ZPA
indicated thatl.eucadendrorcomprised 46%l.eucospermun27%, Protea10% and others

(17%) of the protea produced in Zimbabwe (ZPA syre®03).

While protea growers in parts of the world like frata and New Zealand concentrate on a
single cultivar, Zimbabwean growers tend to grovieast three different cultivars from the
genera indicated, as a hedge against changing trteekels (Archer, 2000). The genera are
grown from rooted cuttings, as seedlingd_eticospermunandProteaare variable and will
not produce the consistent quality that the madeshands (Archer, 2000). Cultivars are
usually selected from the South African generacaigfin some have been sourced from

Australia and New Zealand.

The Leucospermungenus, which is grown commercially from rootednsteuttings, is

popular amongst Zimbabwean growers due to its \wigesl availability. In addition, the



genus has a wide variety of species giving a wideice to farmersLeucospermunare
evergreen woody perennials with growth habits tiaaitge from small trees to spreading
shrubs to prostrate ground covers (Leonhardt anlkyCr1999). Although the genus is
popular amongst growers, one of the problems imthgketing of the.eucospermunarop is
the relatively short flowering duration (Jacobs &wheyborne, 1978) in comparison to other

cutflowers like marigolds and poppies (Ireland, 200

In Zimbabwe, the main flowering period for thesé¢ ftowers is from April to October with a
peak in August/September (Archer, 2000) dependmgudtivar and growing area. These
flowering periods present problems, as the culsivare at peak production during summer
months in most of Europe. During those periodsiethe a wide variety of locally produced
non protea flowers at cheap prices resulting itua @n the market and therefore a decrease
in selling price not only foLeucospermurbut of all cut flowers. Because of this, flowering
in Leucospermunhas been studied and manipulated to enable piediahd control of the
process to produce flowering stems during the effsen periodlf the flowering period of
Leucospermuntould be delayed or if the plants were made twdloearlier, the harvest
could be spread over several more months. Thisdvimgrease profitability, as production

would be targeted for off peak production in nicharkets.

Control of flowering comprises of both stimulaticend prevention of inflorescence
development (Wellensiek, 1961). Certain culturagices in the production of pincushions
have been employed to delay flowering. Pruning @etieading are some of the practices that
could be employed to achieve this. Pruning enthis cutting back of both flowering and
non-flowering shoots (pruning and harvesting angalig synonymous because a substantial

amount of plant matter is removed during harvestargl timely pruning strongly influences



flowering time (Gollnow, 1995). Deheading involvekysically removing the primary bud
by hand or by use of chemicals such as ethephaminiinal or primary flower head inhibits
the development of other buds into flowers (Jacixs Honeyborne, 1978). The removal of

the primary bud promotes the development of seagrulads into flowers.

The cut flower harvesting period can be delayeddsctivation of the primary inflorescence
bud (Brits, 1986). The term deheading has at tinees confused with disbudding. The latter
refers to the removal of surplus lateral buds amdarried out several times a month
depending on the cultivar (Kroll, 1995). Deheadnag been successful in delaying flowering
of Leucospermum cvGolden Star in South Africa (Jacobs and Honeywp11978). By
removing the primary flower head, one or more bsigated proximally to the primary
flower head is released from inhibition and devsloyo an inflorescence much later than the

primary inflorescence, which develops and flowerdier (Jacobs and Honeyborne, 1978).

An understanding of flower induction, initiationdadevelopment is necessary to determine if
flowering over a longer period can be achieveds lenvisaged that by combining these
cultural practices, the flowering period can be ipalated to suit the grower’s needs. While
attempting to manipulate the flowering time, thalgy of the flowers has to conform to the
prevailing market requirements for it to be prdflea Cultural practices therefore provide
opportunities to manipulate the timing of flowerjingoviding an opportunity for farmers to
increase their earnings by selling flowers durimg off-season period.

1.1 Aim of Study

The overall aim of this study was to investigate fbasibility of using cultural practices such
as pruning and deheading to manipulate the timihdloavering to off-season periods,

thereby increasing earnings from the sale of flewer



1.1.1 Specific Objectives
* To determine whether age of plant affects the flovge response to pruning and
deheading ok cv. Scarlet Ribbon.

* To investigate the response to pruning and dehgaufih cv. Scarlet Ribborand L.

Saxosum on the flowering time.

1.2 Hypotheses
The hypotheses tested were as follows:
» Age of plant affects the flowering response to prgrand deheading ib cv. Scarlet
Ribbon andjuality of harvested stems
* L cv. Scarlet Ribborand L. Saxosum cutlivars respond differently to pruningl an

deheading.



CHAPTER 2

LITERATURE REVIEW

2.1 Characteristics of theleucospermum Genus

Leucospermunspecies are evergreen woody perennials with grdwathits that range from
small trees to spreading shrubs to prostrate gramawer (Leonhardt and Criley, 1999). In
Zimbabwe, the maiheucospermurharvested for export ate glabrum x tottum cv Scarlet
Ribbon, L. saxosum, L. lineare ‘Diadem’ x glabrumT@ngo, L. cordifolium *Yellow Bird’ x
patersonii cv High Goldand L. lineare Rouke (1972) and Jacobs (1985) describe the
inflorescence as a capitulum that develops fronaxahary rather than a terminal bud, but

that appears to rise distally.

The inflorescence may be solitary, as Lincordifolium and L vestitum or in clusters
(conflorescences) as intottumandL mundii(Leonhardt and Criley, 1999). The attraction of
the flower heads lies in the colour of the extensligtes and the coloured perianth segments
at their base (Salinger, 1985). The perianth chdsk to display a prominent style; the
striking appearance of the whole inflorescence pémnoflowers resembles a pincushion

(Leonhardt and Criley, 1999).

Leucospermumplants grow vegetatively during spring and summ&eproductive
development commences in autumn after shoot externgiowth has terminated and the
inflorescences develop during winter (Jacebsl, 1986). Naturally the stems are short and
curved. Horticulturists have developed managemeacttiges to improve stem length and
straightness for their use as cut flowers (Leonthand Criley, 1999).Leucospermurgrown

in Zimbabwe are available in the following main aais: orange, red salmon pink and



yellow and the flowering time is between April af@ctober with a peak in August/

September (Archer, 2000).

2.2 Establishing aL eucospermum Plantation

The only micro-climatic barrier to establishing acsessful plantation in Zimbabwe is a
locality prone to severe frosts. In areas thatfesst prone, the grower should attempt to
establish the plantation in spring rather thanutuann to enable as much growth as possible
before the frosts can be expected (Archer, 2000ature plants can tolerate slight frosts of
short durationLeucospermuniike other proteas, are generally very droughgrant but it is
vital that the soil is kept wet in the first weekf establishment. In very hot areas, the
metabolism of the plants is speeded up and whéatplcome into bearing sooner, their

reproductive life is usually reduced (Archer, 2000)

2.3 Propagation and GrowingLeucospermum

Although Leucospermumnspecies can be grown from seed or cuttings, pedmay of
commercial cultivars oleucospermums by using rooted stem cuttings (Leonhardt and
Criley, 1999). While cuttings can be rooted at a@tma@any physiological stage of
development, a preferred cutting is the recentlyuneal new growth, known as a semi-
hardwood cutting (Malan, 1992). Cutting materianhmmally gathered after shoot growth
terminates in autumn. Cultivars are usually seteétem the South African genera, which
include LeucospermuimLeucadendron Protea and others, although some liklkaratah
TelopeaandBanksiahave been sourced from Australia and New Zeal&hd.advantage of
using vegetatively propagated plant material i¢ thare could be saleable flowers after the
first year (Parvin, 1979) thereby maximizing retufar the grower. In comparison, seedlings

tend to grow slowly and will produce a flower fraime second year onwards. In addition,



seedlings are variable and will not produce thesmtent quality that the market demands

(Archer, 2000).

Although Leucospermunand other proteas can be grown on flat ground; geeform best

when planted on ridges. The advantages of usingsidccording to Archer (2000) are:

)] ridges are constructed using topsoil and effegtiyebvide the plant with a double
layer of topsoil and consequently extra nutrients.

i) the protea roots are in well-aerated soill.

i) water drainage is enhanced

2.4 Flower Initiation and Development inLeucospermum

Plants grow and flower at different periods of tinmeresponse to the environment in
fieldproducedProtea (Dupee and Goodwin, 1990). The process of flovgenequires the
vegetative meristem (buds) to change into a remtbd meristem (Saupe, 2002). The
transition to flowering is one of the major changlest a plant makes during its life cycle.
The transition must take place at a time that amsure maximal reproductive success. To
meet these needs a plant is able to interpret it@pobendogenous and environmental cues,
such as changes in plant hormones levels, and rsdasotemperature and photoperiod

changes (Wikipedia, 2008).

The process of flowering in therotea genus is dependent on a number of factors, which
influence the growth, and development of root systevegetative shoots and flowering
stems (Dupee and Goodwin, 1990). Leucospermuin flowering is dependent on

photoperiodic changed.eucospermumare short day plants. Evidence for the short day



requirements ofLeucospermunfior flower initiation come from experiments usiagificial

lighting (Malan and Jacobs, 1987; Malan and Jact®®80). Long days were simulated by
continuous incandescent lighting or night breakd prevented flowering. The short day
response is quantitative and the critical dayleragitt number of inductive days needed for

flower initiation varies between species.

The inflorescence develops from a distal axillandbbut appears to be borne terminally.

Floret differentiation is normally completed by lgawvinter, and a rapid enlargement phase

follows leading to anthesis in late winter or eatying (Crilyet al.,1990). The development

of the inflorescence was divided into four stad¢ap(eret al, 1986):

)] during the pre-floret stage peduncular bracts amaéd and dry mass accumulation is
low;

i) the growth rate remains slow during the floretiation stage; basal florets develop
first;

i) the floret differentiation phase lasts about twonthe during which a rapid
accumulation in dry mass occurs;

iv) organ development is completed in the floret edargnt phase, and the rapid

increase in dry mass continues to anthesis.

2.4.1 Development of the Secondary Inflorescence

The developing primary inflorescence correlativehhibits other axillary buds from
developing (Jacobs 1983, 1985). The degree of itndmbof the axillary buds depends on its
position on the shoot. The first 6-10 axillary builsmediately below the developing
inflorescence are only partially inhibited sinceyttdevelop to about 5mm in diameter. Floret

differentiation in these buds has progressed tctidge where the perianth initials are visible.



They are buds referred to as secondary flower duds lower down on the flowering shoot

show no signs of development and are apparentlpited (Jacobgt al, 1986).

The increasing suppression of axillary bud develepimand the resulting decrease in
morphological development of inhibited buds furthgray from the most dominant axillary
position suggests a dominance gradient. The loriger distance from the primary
inflorescence, the stronger the dominance (Malaal., 1994). It seems that it is not the 1AA
concentration of a single organ or its inherentitgtio export IAA, which is responsible for

the inhibition (Malanet al, 1994). IAA apparently diffuses from all develogibuds. As

active meristems are the source of plant growtlstamges (Salisbury and Marinos, 1985),
and the buds closer to the primary infloresceneepaysiologically more active, the level of
IAA moving basipetally in the shoot may be highartlier down the shoot. Thus it may
rather be the total amount of IAA moving in the ghéLim and Tamas, 1989), which is
possibly related to the IAA transport ability ofettshoot (Brenneet al, 1987), that

determines the extent of auto inhibition of IAA expfrom the inhibited organ (Bangerth,

1989; Malaret al, 1994).

2.5 Importance of Quality in Protea Flowers

Growing proteas is a long-term investment and pg@kgrowers need to take various factors
into consideration before embarking on such a ventin cutflower production, not only is
the number of flowers produced per hectare or peiai® metre important, but also the
quality of the flowers and the time of harvest (idsthet al, 1997). The productive life of a
protea plant can vary from three to fifteen yearsnore with seven to ten years being the
average (Archer, 2000). It is imperative thereftwelay down a good foundation from

establishing the plants to harvesting and marketirggn. Returns per hectare will vary

10



considerably depending on the age of plants, plgntlensities, management skills and

market trends (Archer, 2000).

Proteas grown for export to the European cutflomarket must be cultivated with emphasis
on quality and time of production (Gerbetr al, 1995). Salinger (1985) has laid down the
following criteria for marketabl®roteaceagwhich growers have to take into consideration
when producing these flowers:

* Long straight stems

» Clear bright colours

* Prominent terminal blooms

» Good packing and travelling properties

* Good lasting ability with colour retention and metrlappeal.
In Zimbabwe growers tend to follow these generakia, although the exporting company
provides extra guidelines which growers use whepaming their produce for export, as

listed in Appendix A.

2.6 Basic Principles of Pruning

Pruning is one of the most important cultural ps for maintaining woody plants,
including ornamental trees and shrubs, fruits antd (Wade and Westerfield, 1999). Pruning
involves the selective removal of specific planttpdor the benefit of the entire plant. While
pruning usually involves the removal of branchesan include removal of roots, seedpods,
or flower buds (Evans, 2003). It involves bothaat science: art in making the pruning cuts
properly and science in knowing how and when toertor maximum benefits (Wade and

Westerfield, 1999).

11



2.6.1 Plant Responses to Pruning

Pruning is an invigorating process for the plantd @anbasic understanding of how a plant
responds to pruning is essential for one to achitne desired objective. The terminal

vegetative bud on a shoot produces a hormone (gtirahinhibits the development of lateral

buds alongside the shoot. When the terminal vagethtd is removed, the lateral buds near
the cut become active and grow (Evans, 2003). VdadéNesterfield, (1999) also report that
by removing the apex, pruning temporarily intersuppical dominance and stimulates the

growth of lateral buds into shoots.

Pruning also reduces the size of the above groonibp of the plant in relation to the root
system. As a result, the undisturbed root systemwices a smaller number of shoots and
buds. The relative uptake of water and nutrientshieyremaining shoots and buds increases,
and a flush of growth (re-growth) occurs (Wade atdsterfield, 1999). The effects of
pruning in plants will differ according to speciegowth habit and desired effect by the
grower. Johnson (2006) reports that the best blam@msisually produced on vigorous plants

and when camellias are pruned, growth is more wig®and blooms are often larger.

2.6.2 Types of Pruning

Five basic techniques are used for pruning shipibshing, heading back, thinning, renewal
pruning and shearing (Evans, 2003). Some plantsireegnore than one method, but good
pruning is usually a combination of several meth(@lsns, 2003). The types of pruning are

briefly described as follows:

12



Pinching - this involves the removal of the terminal portioha succulent, green shoot
before it becomes woody and firm. This type of pmgnis common in roses and

chrysanthemums.

Heading back— this involves removing the terminal portion ofvaody branch by cutting it
back to a healthy bud or branch. This type of prgns practiced in proteas. Heading back

will stimulate shoot growth below the cut thus nmkthe plant dens€éEvans, 2003).

Thinning — this is the least conspicuous method of prunimd) r@sults in a more open plant
without stimulating excessive new growth. Plantangd by the thinning method include
crape myrtle Ilagerstroemia indicg magnolia Magnolia cylindricg, viburnum Yirburnum
dentutun), spirea $piraea japonicg smoketree Gotinus obovatys and lilac Syringa

vulgaris) (Evans, 2003).

Renewal Pruning (rejuvenation)— this method entails removing the oldest brandfes
shrub by pruning them near the ground, leaving oindy younger, more vigorous branches
which may also be cut back. Examples of plants guluthis way include abeligAbelia
chinesi3, deutzia Deutzia crenaty forsythia Forsythia onaty mockorangeRhiladelphus

delavay), spirea, weigela and lignotuberous varietiesrotga (Evans, 2003).

Shearing— this involves cutting the terminal of most stwowith shearing of hedge clippers.

This method should not be used on foundation plantsshould be restricted to creating a

formal hedge (Evans, 2003).

13



2.7 Pruning of Proteaceae

Pruning in allProteaceads essential for optimum growth and flower yieRtuning entails
the cutting back of both flowering and non-flowerishoots and is done using sharp
secateurs. The secateurs must be disinfectedarggwlith a biocide such as sodium
hypochlorite to avoid transmission of diseases (WYel©97). Several fungi can cause
dieback from pruning wounds as such, pruning dureg weather should be avoided to

minimise the risk of infection (Gollnow, 1995).

Pruning of Proteaceaebreaks apical dominance, resulting in growth ofetative shoots
from lateral buds, which elongate by successivevtirdlushes (Gerbeet al, 1995). Many
of the Proteaceadbenefit markedly from a regular yearly prune (Mats, 1993). As listed
by Oertel and Oertel, (2001), there are reasonspmaging is essential in protea production.
These include:

* To lengthen the productive lifespan by cutting bfxokn time to time.

* To adjust the shape of the bush to provide moteetier flower- yielding branches

» To remove diseased branches before the infectioeadp to other parts of that plant or

other bushes.

The degree and severity of pruning will vary acaagdo the age of the plant and with the
species (Matthews, 1993). The time of pruning ddpeon the grower’s choices and
preferences. Pruning should be carried out at tithe$ best complement the growth
characteristics and flowering trends desired (Watke Westerfield, 1999). The following are
some reasons listed by Oertel and Oertel (200fh)eabest times to prune:

 just before the plant undergoes its growth spurt;

» as part of cutting the flowers (harvesting the #0sy;

14



» during the early stages of budding, when the nundiebuds present is reduced by
removal of those that look weak and have shortstem
» anytime when there is disease encroachment ordhioetle be a trend the farmer does not

want to continue.

Pruning in the different protea genera will diffend can be manipulated to attain certain
effects that the grower may desire. In the gdPnadeafor instance, pruning has been done
at different times of the year to achieve variobgectives. Prunindrotea cv.Carnival in
spring induced a biennial bearing pattern whilenprg in autumn induced an annual bearing
pattern (Hettasckt al, 1997).Leucadendrorare normally tip pruned to promote side shoot
development, as is the case with soRretea (Gollnow, 1995). Work done in Israel by
Wolfson et al (2001) showed that soft pinching (removal of teeminal portion of a
succulent, shoot before it becomes woody and fohbeucadendromy. Safari Sunset stems
enhanced branching and increased the number oftegpality stems per plant. However,
the timing of pinching is crucial for obtaining ¢gr numbers and best quality of the cut

branches.

In Leucospermumboth manual and chemical pruning can be used @adical means of
extending the harvesting period (Brits, 1986). Stendard for pruningeucospermunafter
each flowering season in South Africa is to leaveaximum of six bearers in year one, 12 to
16 bearers in year two and not > 20 to 24 in sulbsetgyears (Blomerust al, 1998). In
Zimbabwe, growers leave up to 50 bearers in sortwars. It is recommended that farmers
prune a third of the foliage of the plant at a tiasesevere pruning usually affects subsequent
plant growth and flowering may be restricted foear two years (Webb, 1997) and may

even kill the plant if done too hard (Gollnow 1995)
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2.7.1 Pruning Plants With Lignotubers

Some protea species have a large swelling of tinkMoot just under or at the soil surface
called a lignotuber (Oertel, 2001). This is comnmothe Proteagenus and in some species
in the Leucospermunmgenus. The lignotuber acts as an underground tamdk is an
adaptation to surviving fire or severe physical dge The lignotuber has dormant buds that
shoot after fire or drastic pruning of the plane(@l, 2001). Plants with lignotubers have a
longer life span than those without and shouldrbatéd differently when pruning. Heavy
pruning, which is removing all the branches by pmgrthem off at ground level every 5-20
years, will rejuvenate any plant species with adigber (Protea Atlas Project, 200R).
these plants, flowers should be cut with as lorsiean as possible (right down to the root

stock) in order to stimulate new buds to grow (PacAtlas Project, 2002).

2.8 Principles of Deheading and Disbudding

Bud removal on plants can either be through dehgadr disbudding. Deheading involves
physically removing the primary bud by hand or Ise wf chemicals such as ethephon
(Jacobs and Honeyborne, 1978). Disbudding refetise@emoval of surplus lateral buds and
is carried out several times a month dependingherctltivar (Kroll, 1995). In addition the
timing of bud removal is critical, as deheading ambudding too early or late in a season

will not delay flowering time.

The bud removal type used depends on the plantespand desired effect. The removal of
flower buds concentrates the plant's energy ondéheslopment of fewer flowers (Virginia

Camellia Society, 2004). In most cut flowers, bd#heading and disbudding are practiced.
In pot chrysanthemums (Yoder Brothers Inc, 200@) ases (Sagers, 2006), disbudding is

done to improve the size and quality of the flowdt.lateral buds are removed and only the
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terminal bud is allowed to remain and develop ochestem. On trees and some bushes,
disbudding is most suitable. In young avocado tygashing and disbudding is generally
necessary to suppress the extension of the shwaitmterfere with the uniformity of growth

and regularity in the formation of the future t{&makel, 2006).

2.8.1 Deheading irLeucospermum

After shoot growth cessation, a number of distadlary buds start developing. One of these
buds develops faster, attains dominance over otlad develops into a solitary
inflorescence. This solitary inflorescence is nefdrto as the primary inflorescence (Maédn
al., 1994). Three to eight buds surrounding, but tpds¢low, the primary inflorescence
develop to the floret initiation phase and are mef# to as secondary inflorescences. When
these buds reach about 5mm in diameter, their dpiednt stops, due to correlative
inhibition by the primary inflorescence (Malat al, 1994). However, upon removal of the
primary flower head, one or more buds situated iprally to the primary flower head is
released from inhibition and develops into an irdkzence much later than the primary

inflorescence which develops and flowers earliacgbs and Honeyborne, 1978).

The degree of inhibition of an axillary buds depeioa its position on the shoot (Jacabs
al., 1986). It is this aspect that forms the basigefying flowering by removal of the
primary inflorescence. If the first flower to dewplis removed, a second will take its place.
Development of the secondary bud is slower initjalhowever upon deheading, the
secondary bud then leads to production of an ieflcence at a much later time. By removing
flower buds (deheading) before normal flowering,igt possible to delay flowering in
Leucospermunby up to two months without weakening the planto{€a Atlas Project,

2002).
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The characteristic of being able to produce mutifidwers does present the opportunity to
better distribute the flowering season or work loafda specific variety (Malan and le Roux,
1996). The farmer can plan for the best time tbutis with regards to prices on the market
as well as managing produce at peak periods. Norntale first flower to develop will
prevent further flowers from developing, but onywstrong shoots, more than one flower
will often develop. This is natural in species likeerubescensandL. saxosurrand flowers

are marketed with more than one inflorescence (Mafed le Roux, 1996)

Growers in Zimbabwe tend to concentrate on the ldpugent and flowering of the primary
bud and will disbud the secondary and any otheiskihdt may develop to get a saleable
stem. Deheading the primary buds and leaving tberskary buds could extend flowering in
pincushions. However, late treatment can cause dbsseld through poor resumption of

secondary bud development (Brits, 1986).

2.8.2 Methods of Deheading

Deheading has normally been done manually; howekier,is considered too laborious for
commercial practice (Brits, 1977). As such, rededras been carried out to find a suitable
chemical pruning agent. Work done by Brits (197@)Locordifolium showed that ethephon
sprayed at concentrations ranging from 250-2000 amgprimary buds resulted in the abrupt
cessation in development of the primary bud wittible enlargement of secondary buds six
weeks after spraying. The period of delay in flong of the secondary buds depended on

the stage of primary bud development at which dtbepvas applied.

Research has also been carried out to try and flelagring using growth regulators. Dupee

and Godwin (1990) carried out trials using Groc@ls(zcytokinin, benzyl aminopurine, bonzi
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and Pro-Gibb. The primary buds of some stems war®ved while some of the stems were
left to flower naturally. The growth regulators wesprayed otheucospermunsordifolium

shoots with single dominant flower buds. Dupee @oeddwin (1990) observed that although
both cytokinin and ProGibb applied to flower buddeaded flowering duration by one to
three weeks, and disbudding the primary bud resuite the most consistent delay in

flowering by two to three weeks, but was less eifecas the spring temperature increased.

2.8.3 Factors to Consider When Deheadinigeucospermum
Malan and le Roux (1996) have listed some factarsconsider when deheading

Leucospermurspecies:

Not all cultivars respond similarly to the deheadireatment and early cultivars respond

better.

» If a shoot bears two buds of similar size at theetof deheading, the treatment will not
be effective unless both buds are removed.

» Deheading too late will result in at least 20% clags as a result of shoot growth instead
of flower development.

* Weak shoots do not respond well to deheading, &g ténd not to form the secondary
flower even if disbudded early.

In pot chrysanthemums, late deheading reduces fleize, slows down the crop and may

lessen the intensity of flower colour (Yoder Brothinc, 2006).
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CHAPTER 3

GENERAL MATERIALS AND METHODS

3.1 Characteristics of Research Site

The study was carried out from 2002 to 2004 ati®loig, a commercial farm in Ruwa, which
is about 40 km east of Harare. Ruwa lies in NatRegdion lla at an altitude of 1585 m above
sea level and the area receives a mean annuahltaahf700-1050 mm, which mainly falls
during summer (October-March). The soil type on then is sandy loam derived from
granite. The soil is classified according to theutBoAfrican Binomial Soil classification
system (MacVicar and Co-workers, 1991) as havitmtton ortchic A-horizon with a clay
content of less than 5% and a red apedal B-honxidm a clay content of 25%. Prior to
growing Leucospermuncultivars, the farmer practiced a tobacco and iatmra Rhodes

grass rotation for over 20 years after which timel Iy fallow for two years.

Weather conditions over the study period are asvshm Fig 3.1 and 3.2. The highest
temperature for the study period was 28.@nd was recorded in November 2003 while the
lowest temperature was 8GL which was recorded in July 2003 (Fig 3.1). Fig $hows the
monthly rainfall totals and monthly relative huntidifor the study period. Season 1 had
(474.2 mm) a lower rainfall total than season B37(2 mm). The highest monthly total was
274.4 mm, which was recorded in March 2003. Rdirdaturred during the hot summer
months. Relative humidity was also high during shenmer and low in winter. High relative

humidity was recorded in months with high monttdinfall totals for each year (Fig 3.2).
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Fig 3.1 Mean monthly max and min temperature for Pafields farm, Ruwa, Zimbabwe
for the 2003 & 2004 production periods. (Source: Dmartment of Meteorological
Services Harare, 2005)
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Fig 3.2 Total monthly rainfall and mean monthly reltive humidity for Pinfields farm,
Ruwa, Zimbabwe for the 2003 & 2004 production perids. (Source: Department of

Meteorological Services Harare, 2005)
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3.2 Description of Cultivars Used in the Study
The cultivars used in the study were selected erb#isis that they were readily available for

the trials on the farm and are among the top fivieenicospermurgrown in the country.

Leucospermum cv. Scarlet Ribbon

Leucospermuntv. Scarlet Ribbon (common name Scarlet Ribbom Southern African
hybrid whose parentage ks glubrumx L. tottum It is an early flowering cultivar, which
produces flowers that are pink salmon in colour atems are marketed with a solitary
inflorescence. The natural flowering time is Agdittober with peak production in June.
Production of flowers in the first and second yisab-8 stem per plant and 15-20 stems per

plant respectively (Zimflora, 2003).

L eucospermum saxosum cv Saxosum

Leucospermunsaxosums aleucospermunspecies indigenous to Zimbabwe and is grown
as a cultivar. It is also early flowering, produgiarange-red flowers. This cultivar tends to
be multiheaded (i.e. produces 3-4 heads per stathjhas is acceptable on the market. The
natural flowering time is April-September and peadriod is June-July. Production of
flowers in the first and second year is 2-5 steras gdant and about 15 stems per plant
respectively (Zimflora, 2003).

Production figures and peak flowering periods depem management practices carried out

and also on growing area.

3.3 Experimental Procedures

At the commencement of the trials, the plants vedready established in plantations on the

farm. The plants were grown under drip irrigatidnagplant spacing of 0.75 m within row
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and 1.8 m between rows. Selection and pegging aftplfrom the established plantations
was based on uniformity in plant rows (i.e. healplgnts and no missing gaps within rows).
Eight plants/bushes were used for each pruningniesa and two plants as borders between
treatments. Complete single rows were borders leatwlee blocks. When pruning began, the
pruning date was noted. A third of the primary gsamere pruned per plant (normal farmer
practice). Five stumps were labelled on the pruplatits and from these, new secondary

lateral shoots grew.

The regrowth of the pruned plants occurred for avgear and shoot growth was monitored
and recorded. Two plants in each pruning treatr{tene of pruning) were used for the sub-

treatments (deheading) the following year. Thregomus and straight lateral shoots per
stump were randomly selected and used for eacheofléheading treatments. This involved
removing the primary inflorescence, at the spegifieheading diameter on each stem, and
leaving one secondary bud (Fig 3.3). The differdaheading diameter treatments were
obtained by measuring the diameter using stringtapd measure. All other buds were also
removed and the date of deheading of the primdtgrascence was noted. For the control

treatment, all buds except the primary infloreseemere removed

Potentially, 15 harvestable stems could be obtapexdplant if the pruning and deheading
were carried out successfully. However, some ptuzed deheaded stems could fail to
produce a flowering stem due to continued vegetagirowth at the expense of floral growth,
or abortion of the secondary flower buds could oc@e fertilizer applications, irrigation
scheduling, and pest and weed control were caroed by the farmer as per
recommendations and guidelines of the ZimbabweeBrdtssociation hand book (Archer,

2000).
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Fig 3.3 Schematic presentation df eucospermum cv. Scarlet Ribbon shoot. The
developmental stage represented is the onset of reguctive growth. Shoot growth has
stopped, primary inflorescence is developing, ancesondary flower buds are visible
(Adapted from Jacobs, 1983)

3.4 Measurements

Secondary shoot growth and growth rate

Growth measurements of secondary shoots commeiced tnonths after pruning until

shoot growth cessation. Some shoots from earlygoryslants (Jan/Feb) developed floral
buds during the reproductive phase in the first yggrowth. The buds were removed as the
stems were too short (<10 cm) to be marketableshndt growth measurements continued.
Shoot growth was determined by measuring the leafjthe longest shoot from the base to
the apex using a tape measure. This was done mqgehlplant per pruning treatment. The
increase in growth per month was calculated byraabhg the shoot length of the previous

measurement date from current shoot length.

Flowering time

The number of days post- pruning to harvesting rgasrded for each pruning treatment as

well as the number of days it took for the secondaitorescence to flower after deheading.
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Harvesting

When the flowering stems reached the commercialydstable stage, they were harvested.
This involved picking and counting the number awering stems that exceeded 30cm in
length and counting secondary stems that faileflotwer per treatment. This was done
weekly until the entire crop was harvested. The@atiage crop loss (for secondary shoots
that failed to produce an inflorescence after ddimgg for each treatment was calculated
using the following formula:

Crop loss = (x/n) x 100%
Whereby x = number of deheaded stems that faildidwer

n = total number of stems harvegtiedse that flowered and those that failed)

Quality of flowers

Quality of stems was determined through a gradiysiesn. The grading of the harvested
stems was carried out at the packing shed. Thesstarme graded according to the Zimflora
Co-op Ltd Recommended standards for export (Appeddi Zimflora Co-op Ltd is a
marketing company that exports 95%FRrybteaceaggrown in Zimbabwe. The farmer exports
flowers through this marketing company. For theppges of this study, the stems were then

assigned grades according to the stem length eb schle whereby:

Range of Length (cm) Grade
70+ 1
60 - 69 2
50 - 59 3
40 - 49 4
30-39 5
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Harvested stems were also grouped and classifieat@ing to the range of the stem length.
The diameter of inflorescence was measured usitgp@ measure during grading of the

stems for each treatment.
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CHAPTER 4

EFFECT OF AGE OF PLANT, PRUNING AND DEHEADING ON FL OWERING OF
LEUCOSPERMUM CV. SCARLET RIBBON

4.1 Introduction

The vegetative and reproductive growthLeluicospermunollows a seasonal sequence. The
plants grow vegetatively during late spring and sien(November to March in the Southern
Hemisphere) and reproductive growth commences ifnnaw after shoot extension growth
has terminated (Malan and Jacobs, 1990). In Sodtltad the flower heads eventually
develop in winter (Jacobet al, 1986). In Zimbabwd,eucospermurgrow vegetatively from

late spring to summer and produce flowers from eviid late spring.

The timing of pruning is important as it stronghfluences flowering time (Gollnow, 1995)
whereby plants can be manipulated to flower atriqudar time. Over time and with an
understanding of the flowering pattern throughdielbservations of a particular crop,

growers eventually develop a pruning pattern depegnoin their choices and preferences.

The degree and severity of pruning will vary acaagdo the age of the plant and with the
species (Matthews, 1993). Depending on cultivaw pknts are normally pruned 4-6 weeks
after planting and establishment (Gollnow, 1993)isTencourages branching of the plants
(Archer, 2000). On mature bushes, harvestingasihin pruning operation. Any additional

pruning or general cleaning up should be done @sechs possible to the beginning of the
vegetative growth phase (Gollnow, 1995). In Zimbapgrowers normally prune a third of

the plant at a time. The pruning is mainly carred during harvesting of flowers as a lot of

plant matter is removed in the form of floweringres. At the end of the flowering season
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the bushes are cleaned and shaped up to promatéhgob long vertical stems for the next

season.

Previous work has concentrated on the influencerohing on shoot growth (Malan and
Jacobs, 1994) and the extension of harvesting ¢ghénibeucospermunby means of manual
and chemical pruning methods (Brits, 1986). Thereary little documented work on the
effects of pruning different aged plants lofucospermumThis experiment was therefore
carried out to determine whether or not age ofplaat affects the response to pruning and
deheading on flowering time of Scarlet Ribbon. Hswhypothesized that age of plant will

affect the flowering response to pruning and deimggith Scarlet Ribbon.

4.2 Materials and Methods

4.2.1 Treatments and Experimental Design

The experimental design was a 2 x 4 x 4 factonah isplit-split plot design arranged in a
randomized complete block design with 3 replicatiorhe age of the plant was the main plot
factor factor A) with two levels: plants aged 2%2-3 years old ('pldnts) and 1-1%2 years old
('young' plants) (net plot size of 24 plants). Hyes of the plants used in the trial were based
on availability on the farm. Pruning period was slud-plot facto(factor B) with four levels
including normal farmer practice as the controkt(plot size of eight plants) and these are

listed as follows:

Factor B Pruning period

1 End January - beginning February
2 End March - beginning April

3 End May - beginning June

4 Control (farmer practice June-July)
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The pruning of plants was carried out as deschbegction 3.3.
The deheading diameter was the sub-sub- plot féfsotor A) with four levels including a

control (net plot size of two plants) and theselisted as follows:

Factor C Deheading diameter

1. 0-5mm

2. 6-10 mm

3. 15-20 mm

4, Control (farmmmactice: disbud all but primary bud).

Deheading of the primary inflorescence was carmigdas described in 3.3.

4.2.2 Measurements

Measurements and records taken were as descrilsedtion 3.4.

4.2.3 Data Analysis

The experiment was analysed as a 2 x 4 x 4 fatfarasplit-split-plot design (age of plant x
pruning time x deheading diameter) using the GenStatistical Package (2002). Means
were separated using the Fisher's Least Signifiddfgrence (LSD) when P<0.05. Analysis
of variance (ANOVA) was carried out for growth ratestem quality and losses. Data for

losses was checked for normality to see if it regfitransformation and it did not.

4.3 Results

4.3.1 Shoot Growth of Old and Young Plants of Scaet Ribbon

The growth of the secondary shoot was slow to begiin during the winter months (May-
July) for all the pruning treatments and plant agémwever it rapidly increased during the

warm summer months (Fig 4.1). Plants pruned eadynfJan to Apr produced longer
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secondary shoots (55-70 cm) compared to plantsegriater from May to Jul (30-50 cm)
for both plant ages. The Jan to Jun pruning treatsnesulted in a mean sprouting delay of

about three months, but longer (four months) lerIun/Jul treatments for both plant ages.
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Fig 4.1 Mean monthly stem length of old and younglants of Scarlet Ribbon following
pruning on four different dates as indicated

4.3.2 Comparison of Shoot Growth Rates of Old and &ng Plants following pruning
Tables 4.1-4.4 show growth rates for the two pkges of Scarlet Ribbon at four different

pruning times. Where growth rate was significarmdifferent (P<0.05), the old plants had a
higher growth rate than the young plants for af pnuning treatments. Growth rate was not
significantly different (P>0.05) between the twauul ages from July — Sept 2003 (Tables 4.1
and 4.2) and Nov-03 (Table 4.3) and May 2004. Gnosate was slow from winter to spring
and rapidly increased during the hot summer mob#fsre gradually declining as winter

approached the following year. (Tables 4.1-4.4)
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Table 4.1 Growth rates for old and young plants prmed Jan/Feb

Growth rate/ month (cm)
Age Jul-03 Aug-03 Sep-03 Oct-OBlov-03 Dec-03 Jan-04 Feb-04 Mar-04 A4 May-04
Old plants 3.6a 3.9a 5.2a 7.4a 9.0a8.2a 6.6a 5.7a 5.2a 7a4. 4.2a
Young plants 3.3a  3.6a 4.7a5.9b 7.1b 6.5b 5.7b 4.0b 4.0b 3.7a 2.8a
P value 048 0.51 0.13 0.020. 05 0.04 0.02 0.02 0.03 0.26 0.09
SED 0.27 0.35 0.19 0.21 0.40 0.35 0.12 0.20 1.00 0.64 0.47
LSDg o= NS NS NS 0.80 1.86 1.50 0.52 0.87 0.87 NS NS

Means followed by the same letter in a coldare not significantly different at P<0.05

Table 4.2 Growth rates for old and young plants prmed Mar/Apr

Growth rate/ month (cm)
Age Sep-03 O@-0Nov-03 Dec-03 Jan-04 Feb-04 Mar-0Apr-04 May-04
Old plants 30a 5.3a 8.7a 8.6a 7.6a7.0a 6.4a 5.6a 4.0a
Youn 3.7a 3I3. 5.8b 5.3b 4.1b 5.0b 4.6b 3.3b 3.3b
P value 0.07 0.03 0.04 0.01 0.05 0.04 0.02 0.05 0.27
SED 0.06 0.35 0.60 0.35 0.84 0.50 0.27 0.50 0.64
LSDg o NS 149 259 1.50 3.62 214 1.15 2.20 NS

Means followed by the same letter in a coldimre not significantly different at P<0.05

Table 4.3 Growth rates for old and young plants prmed May/Jun

Growth rate/ month (cm)
Age Nov-03 Dec-03 Jan-04 Feb-04 Mx  Apr-04 May-04
Old plants 65a 9.8a 8.0a 6.9a 5.9a 4.5a 3.7a
Young plants 59a 7.5b 5.5b 5.1b 3.8b 3.6b 3.2a
P value 0.20 0.02 0.02 0.01 0.01 0.04 0.19
SED 0.38 0.31 0.35 0.15 0.15 0.17 0.20
LSDg o: NS 1.30 1.52 0.66 0.66 0.77 NS

Means followed by the same letter in a coldmre not significantly different at P<0.05

Table 4.4 Growth rates for old and young plants prmed Jun/Jul(control)

Growth rate/ month (cm)
Age Jan-04 Feb-04 Mar-04 Apr-04 May-04
Old plants 6'8a 6.5a 5.7a 4.6a 3.7a
Young plants 5.4b 4.5b 3.9b 2.9b 2.6a
P value 0.00 0.00 0.02 ®.0 0.09
SED 0.15 0.07 0.20 0.20 0.36
LSDg g 0.63 0.29 1.00 8D. NS

Means followed by the same letter in a coldimre not significantly different at P<0.05

4.3.3 Harvest Dates and Duration of Harvest Periodf Old and Young Plants

Harvesting of flowering stems for Scarlet Ribbomeoenced in May 2004 albeit at different
dates and was spread over six months (up to Ocgfliit) for both plant ages. Harvesting of
old plants commenced on the™6f May 2004, while harvesting of young plants bega

the 30" of May 2004.
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4.3.4 Effect of Age of Plant, Pruning Time and Delaling Diameter on Days to Harvest
Flowering Stems
Plant age (P<.001), pruning time (P<.001) and d#ihgadiameter had a significant effect

(P<0.05) on days to harvest flowering stems aftanipg. There was a significant (P<0.05)
pruning time x deheading diameter interaction ogsd harvest flowering stems after

pruning (Appendix B22).

The old plants produced flowering stems earlierddy5 days than the young plants as
reflected by the number of days to harvest fromtithe of pruning (Table 4.5)

Table 4.5 Effect of age of plant on date of harvesif flowering stems after pruning

Age of plants Days to harvesting after pruning
Old plants 436.8b

Young plants 481.3a

P value <.001

SED 1.29

LSDo .05 5.53

Means followed by the same letter are not signifiigedifferent at P<0.05

There was a significant (P<0.05) pruning time xeabating diameter interaction on date of
harvest of flowering stems after pruning (see Agjrel1). However, their effects cannot be
considered separately as they are confounded wikisignificant (P<0.007) interaction on
date of harvest of flowering stems after pruninge Tinteraction is seen (Fig 4.2) in the
differential inconsistent effects of deheading pdaatt different pruning times. The interaction
resulted in a significant reduction in the numbedays to harvest flowering stems for the
control pruning time (June/Jul, normal farmer pictfor all the deheaded treatments. The
control disbudding treatment had significantly fkast number of days to harvest (308.8
days) for the same pruning time. There was an as&én the number of days to harvest for
the Jan/Feb pruning time with the 0-5mm deheadiegtinent, resulting in the most number

of days to harvest (602.1 days). There was no feigni difference when a large deheading

32



diameter was used while the control disbuddingttneat had the least number of days to
harvest for the same pruning time (Fig 4.2). Fa khar/Apr and May/Jun pruning times,
there was no significant difference in the numbkedays to harvest when deheading was
done from 0-20 mm. However, the control disbuddirgatment had significantly the least

number of days to harvest flowering stems for hgtining times(Fig 4.2).
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Fig 4.2 Interaction between pruning time and deheadg diameter on days to harvest
flowering stems after pruning (bars inttate SED at P<0.05)

4.3.5 Effect of Age of Plant, Pruning Time and Delaling Diameter on Days to
Harvest Following Deheading of the Primarynflorescence

The age of plants (P<.001) and pruning time (P<0.0tad a significant effect on days to
harvest following deheading of the primary inflavesce while the deheading diameter did
not have a significant effect. There were no sigaift interactions on days to harvest

flowering stems following deheading of the primarfforescence (Appendix B23).
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The young plants took a longer time (by 14.8 dé&ysjlowering stems to reach harvestable
stage following deheading of the primary inflorasoe compared to the old plants as shown
in Table 4.6.

Table 4.6 Effect of age of plants on days to harve®llowing deheading of the primary
Inflorescence

Age of plants Number dhys to harvest
Old plants 13 0)

Young plants 101.3a

P value <.001

SED 0.46

LSDO_05 1.98

Means followed by the same letter are not significa P<0.05

The effect of pruning time on days to harvest flang stems following deheading was
significant (P<0.007). The Jan/Feb pruning time ka& most number of days to harvest
flowering stems while the control pruning treatmédun/Jul, normal farmer practice)
produced the least number of days as shown in Bg Phe number of days to harvest
flowering stems was not significantly different féhe Mar/Apr and May/Jun pruning

treatments (Fig 4.3).
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Fig 4.3 Effect of pruning time on days to harvestdllowing deheading of the primary
inflorescence (bars indicate SED at B<05)

4.3.6 Effect of Age of Plant, Pruning Time and Delaling Diameter on the Length of
Harvested Flowering Stems
The effect of age of plants (P<0.02), pruning tifr€0.01) and deheading diameter (P<.001)

on length of flowering stems was significant. Themas a significant (P<0.05) age of plant x

deheading diameter interaction on the length ofiéiong stems (Appendix B24).

Effect of pruning time on stem length was significé<0.01). The Jun/Jul (control), normal
farmer practice) treatment produced the longestst&ith the shortest flowering stems being
harvested from the May/Jun pruning time as showRign4.4. Length of flowering stems

declined as pruning was deferred except for thérabfnormal farmer practice) treatment.
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Fig 4.4 Effect of pruning time on length of flowerng stems (bars indicate SED at P<0.05

The age of plants (P<0.02) and deheading diamé&er001) had a significant effect on
length of flowering stems. However, their effecésgot be considered separately as they are
confounded within the significant (P<0.01) age lanp x deheading diameter interaction on
length of flowering stems. The interaction is sé€ig 4.5) in the differential effect of
deheading old and young plants at different diamsefEnhe interaction resulted in a decrease
in stem length as the size of the deheaded pritmaalyincreased from 0-5 mm to 15-20 mm.
The situation was different for the control treatin@emoval of all bud the primary bud).

Stem length increased significantly for both plagés (Fig 4.5).
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Fig 4.5 Interaction of age of plants and deheadindiameter on the length of flowering
stems (bars indicate SED at P<0.05)

4.3.7 Effect of Age of Plants, Pruning Time and Dedading Diameter on Inflorescence
Diameter of Harvested Flowering Stems
The effect of age of plants and pruning time ornongiscence diameter of flowering stems

was not significant while the effect of deheadingnteter was significant (P<.001). There
were no significant interactions treatment effemtsthe inflorescence diameter of flowering

stems (Appendix B25).

The control treatment (removing all but the primamjlorescence) produced the largest

flower head while the 6-10 mm deheading diametsulted in the smallest flower head (Fig

4.6)
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4.3.8 Quality of Harvested Stems for Old and Youn@lants of Scarlet Ribbon

The quality of harvested flowering stems for olddaroung plants of Scarlet Ribbon are
shown in Table 4.7. The old plants generally haghér quality stems compared to the young
plants. When considering the pruning treatments, an/Feb pruning time had a high
percentage of good quality stems (Grade 1-3) ferold plants compared to the young plants
for the same pruning time. The young plants hati bigrcentage stems mostly in grade 3 for
the Mar/Apr, May/Jun and Jun/Jul (control). The ygpulants also had high percentage

stems in the lower grades (grade 4 and 5) compartt old plants as shown in Table 4.7.
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Table 4.7 Quality of harvested stems for old and ymg plants of Scarlet Ribbon

Pruning No. of Percentage of total

Treatment stems Gradel Grad Grade 3 Grade 4 Grade 5
Old plants

Jan/Feb 150 27.8+3.628.9+2.7 31.9+1.2 11.2+4.3 *
Mar/Apr 111 25.9+0.9 25.8+1.3 30.6%4.1 17.9+1.3 *
May/Jun 71 24.0+2.4 29.4+3.8 29.3+8.2 17.4+3.5 2.243.9
Jun/Jul (control) 83 20.3+2.9 21.7+2.9 19.315.8 15.0+5.0 6.7£7.6
Mean 103.8 18.1+4.0 22.0+4.1 25.8+5.0 17.8+1.3 .3#2.3
Young plants

Jan/Feb 110 18.2+3.321.845.0  16.5+5.8 10.6+4.7 2.7¢3.1
Mar/Apr 90 19.0+3.3 18.045.7 20.7+7.6 21.8+3.8 3.7t4.1
May/Jun 70 11.3+0.6 18.9+0.9 11.3+0.6 21.9+1.2 0.410.7

Jun/Jul (control) 66 16.9+2.2 8.8+3.0 28.3+4.9 10.845.2 6k2.9
Mean 84 16.4+1.3 19.4+2.2 19.2+3.0 16.3+t1.9 12.4+14

Values are mean * S.E of 24 plants per pruningdrtreat (* no value recorded)

4.3.9 Crop Loss Due to Deheading of the Primary Bufibr Old and Young Scarlet
Ribbon Plants.

In old plants the highest crop losses were obtaired the May/Jun pruning time (10%) at a
deheading diameter of 0-5 mm while the least lossex® from the Mar/Apr (3.8%) at a
deheading diameter of 0-5 mm (Table 4.8). For theng plants, the highest crop losses were
from the Jan/Feb pruning time (12.5%), at 15-20 owheading diameter while the least
losses were from the Mar/Apr pruning time (5.7% aleheading diameter of 0-5 mm (Table
4.8). Generally the older plants had less cropel®ssompared to the young plants. The
control pruning time (Jun/Jul) had no losses dudedioeading because a different treatment
was applied whereby all other secondary buds wareved and the primary inflorescence

was left to develop and flower.
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Table 4.8 Crop losses due to deheading for old arydung plants of Scarlet Ribbon

Pruning Deheading Deheading Stems % crop loss
Time date diameter Harvested
Oold Young Old Young old Young
Jan/Feb 6/08/04 26/07/04 0-5mm 35 25 5.7£2.9 128
24/07/04 15-20 mm * 24 *  12.5+4.2
Mar/Apr  6/07/04 31/07/04 0-5mm 35 23 3.8+1.6 5.A5:2.
26/07/04  24/08/04 ®fim 28 21 7.4+£3.7 512.2
May/Jun  6/09/04 24/07/04 0-5mm 20 21 10.0+2.0 6.31£2.8
28/08/04 6-10 mm * 17 * 11.842.9

Values are mean = S.E of 24 plants per prunindrreat (* no value recorded)

4.3.10 Comparison of Distribution of Harvested Flowring Stems and Monthly Gross
Average Prices for Old and Young plastof Scarlet Ribbon
The best price for Scarlet Ribbon in 2004 occuirelflay (Euro 0.738 per stem). However,

very few stems were harvested during that perioabbdSprices were also obtained in the
months of January, November and December. The topree was in March (Euro 0.275

per stem). Peak production was from June- Augusbdth plant ages (Fig 4.7 a & b) when
prices were declining. However, more stems weredsded from the older plants than the
younger plants. The harvest period for both plgeisavas mostly spread over 6 months from

May 2004 to October 2004 (Fig 4.9 a & b)
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4.3.11 Mean Stem Counts and Earnings for Old and g Plants of Scarlet Ribbon
Earnings of plant both ages are shown in Table .4Tk Jan/Feb pruning treatment
produced the most number of stems and correspdgdmgh earnings in both plant ages.
The May/Jun pruning time resulted the least nunabastems and earnings for the old plants
while the May/Jun and Jun/Jul (control) pruningatmeents produced the least number of
stems and earnings for the young plants. In gener@lold plants produced the most stems
and corresponding earnings for all the pruningtineats compared to the young plants

(Table 4.10)

Table 4.10 Mean stem counts and earnings for old dryoung plants of Scarlet Ribbon

Old plants Young plants

Pruning time Mean Stem Mean Earnings Mean Stem Mean Earnings

counts (Euro) counts (Euro)
Jan/Feb 50.0+2.0 32.7 36.7+4.2 .823
Mar/Apr 37.0+27 22.8 30.0+£2.0 19
May/Jun 23.7+£2.1 154 243+1.1 .815
Jun/Jul (control) 27.7+2.1 18.5 22.0+2.0 15.2
Mean 346+0.3 22.4 28.2+1.3 18.6

Values are mean + S.E of 24 plants per pruningrreat
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4.4 Discussion

Vegetative growth of Scarlet Ribbon occurred duting hot summer months (September -
February) when growth rate was relatively high, levmeproductive growth occurred during

the cold winter months (May - July) when growtheratas low. This was observed for both
the old and young plants, reinforcing observatiopgacobs (1983) on the growth patterns of

Leucospermum

Pruning and deheading were effective cultural jpcastin extending the time of harvest of
flowering stems of both old and young plants of ri&taRibbon. Flowering for old plants
commenced two weeks earlier than young plants &ml was attributed to the plant
structures of the respective plant ages. Althougjhird of the plant for each age group was
pruned, the old plants had a bigger and more dpedi@lant structure. This facilitated the
quick growth of the new shoots as more assimilat® channelled to the secondary shoots
and subsequently to the developing inflorescencegluhe reproductive phase. The results
obtained are also supported by Wade and Weste(fi&@9) who report that a pruned plant
re-grows to restore a balance between the shootamdsystem. Their work on pruning of
shrubs showed that pruning a young plant will statesvigorous shoot growth and will

delay the development of flowers.

The interaction of the two cultural practices résdilin a much longer by 293 days (Jan/Feb
pruning time and deheading at 0-5 mm compared néJdlupruning time with a disbudding
control) time from pruning to harvest the flowerisgems compared to the normal farmer
practice. This was because plants pruned earlyt@&pr) had a much longer growth cycle
and therefore a longer time to grow and produce lifowering stems compared to plants

pruned later (May to July). The reduction in numbgdays to harvest flowering stems for
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the Jun/Jul (control, normal farmer practice) pngnireatment, was attributed to the fact that
the inflorescence produced was from the primaryoragcence of which there were no
interruptions to growth due to deheading. In consoay, the other pruning treatments
produced an inflorescence from a secondary budebhsatling had been done. The period
between growth and harvesting is thus shorter Herdontrol disbudding treatment. When
deheading was carried out, harvesting for old gladrlier for by 14.8 days than young
plants. This was also a result of differences m ttspective plant structures. Growth and
development of younger plants with a less complartpstructure (with regards to branching
and root density) continues for a longer periochtbéd plants with a more complex plant

structure. This agrees with observations by JafbR5)

The earlier the plant is pruned the longer the sféhis is because the time taken for the
secondary shoot to grow up to flowering and coneetiy harvesting is longer for plants
pruned early (Jan/Feb) compared to plants prunted (8ay/Jul). The 0-5 mm and control
deheading treatments resulted in the longest stanshown by the interaction between the
age of plants and deheading diameter on lengtlafelsted stems. This can be explained by
the fact that the 0-5 mm inflorescence is obtaieedy enough to facilitate the rapid
resumption of growth of the secondary bud, whichseguently flowers with the flower stalk
elongating to its maximum length under the induegatoductive phase. In comparison, there

is a period of waiting for the larger primary by@s10 mm and 15-20 mm) to be deheaded.

Growth of stems from the control disbudding treatm@ormal farmer practise) was not
interrupted by deheading and therefore the prinvdtgrescence develops fast, giving rise to
a longer stem, compared to the deheaded stems wimdbrgo a ‘stop’ ‘start’ process.

Another aspect to this result is that because efthall size of the bud deheaded at 0-5 mm
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there is less influence of its apical dominancesecondary buds such that when deheading is
done, there is rapid response in resumption of tiroe¥ the remaining secondary bud.
Consequently there is a longer time for the flogtatk to grow and elongate to its maximum
length compared to deheading at larger diameted® (6im and 15-20 mm) where apical

dominance is stronger.

Old plants had longer stems than young plants linhal deheaded treatments. Due to the
physical nature of old plants, the response tqti@ing process is stronger compared to the
young plants. This was due to the fact that oldgldnad a more established architecture,
allowing it to absorb high nutrient levels in adudlit to its high photosynthetic capacity,

which allows it to produce high levels of photoiasktes. These were then supplied to the
meristematic regions to facilitate the rapid growtithe stems as reported by Saupe (2002)

compared to young plants with smaller plant stnesu

The deheading diameter treatments affected theosittee inflorescence of harvested stems.
Malan and le Roux (1996) suggested disbudding thmgpy bud at 10 — 15 mm to obtain
optimum results when deheading. In this study, ddimg a large primary bud (15-20 mm)
resulted in a large inflorescence while deheadihga asmall diameter produced small
inflorescence. This was linked to the time of delveg When deheading was carried out
early during the induced reproductive state, emvitental conditions (short days and low

temperatures) favoured deheading at a larger darttedn at a smaller diameter

The quality of the stems is very important to avwggn This is because the longer the stems,

the better price the grower obtains, especiallypedk production when there is a glut.

Therefore cultural practices that enable the graeebtain long stems are favourable. Stem
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length becomes less important at off peak prodocperiods as prices are normally
favourable. Quality of stems ibheucospermummproves with age of plant after the first
harvest and continues until the plant reaches maxirproduction (Archer, 2002). This was
confirmed in this study as old plants had high fuatems compared to young plants. It has
also been observed in the field that the first #osvare borne on the longest stems (Jacobs,
1983). Old plants had longer stems especially ie #an/Feb pruning treatment and

consequently a higher grade, which were harvesidy.e

Crop losses due to deheading were higher in yolsgtgocompared to the old plants. This
can be attributed to the size of the plant stredwat the respective plant ages. Old plants
have larger structures and make and absorb enautgleriis and assimilates to support the
resumption of growth of the secondary infloresceafter deheading. Deheading late (late
July- August) using large deheading diameters (6ah® & 15-20 mm) resulted in high crop
losses especially for young plants. These resuéisraaccordance with those reported by
Jacobs and Honeyborne (1978). Their work showed|dita treatment (deheading) (August
onwards) could cause loss of yield through pooumgdion of secondary bud development.
In addition, Malan and le Roux (1996) observed thstbudding too late (mid to late August)
would result in at least 20% crop loss as a reetilshoot growth instead of flower

development.

Deheading when temperatures begin to rise in sm@gmed to have detrimental effects on
floral development of the secondary inflorescerseeflected by the higher crop loss figures
for both plant ages. This agrees with Jacobs andefAmrne (1979) who report that the
developmental period of the secondary flower buelsomes shorter the later the primary

inflorescence is removed due to the rising tempeeat of spring and summer. Deheading
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early during the induced reproductive state gives $econdary bud a better chance of
developing and consequently flowering, as showrnthgy proportion of flowers harvested

from deheaded plants harvested after the peak fiogveeriod.

From the results, the older plants had a higherbauraf stems harvested per pruning treatment
compared to the younger plants. This can be exgiainy the way that pruning is carried out.
The grower normally prunes a third of the planadtme. Considering the plant ages in this
study, an older bush will have more stems prigortaning than a younger bush. When pruning
is then done, the proportion of secondary stemsghav and develop into flowering stems
will be much higher in older plants than in youngsants. Production figures of Scarlet
Ribbon at different ages (Zimflora, 2003) also mup this. In addition, the results obtained
can be attributed to the fact that older plantsehawigger plant structure that facilitated and

supported reproductive growth of more stems congpréhe younger plants.

With regards to total earnings, the prevailing @rat the market and the quality of the
harvested stems determine the final price. In ddahts, the May/Jun pruning time produced
the least number of harvested stems and the laasihgs. This result was a combination of
two factors: fewer stems, low prices on the maggat low quality of stems. The Jan/Feb
pruning time produced the best results with regaodthe quality of stems harvested and

earnings.
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CHAPTER 5

EFFECT OF CULTIVAR, PRUNING AND DEHEADING ON FLOWER ING OF
LEUCOSPERMUM CV. SCARLET RIBBON AND L. SAXOSUM

5.1 Introduction

The time of flowering varies with the species ayjktof planting material chosen (Gollnow,
1995). Plants grown from cuttings will flower earlithan those grown from seed. In
addition, different crop management factors like rigation, pruning and
disbudding/deheading as well as the use of fegttizave an impact on the subsequent time

of flowering (Archer, 2000).

Growers in Zimbabwe have a wide rangelLefuicospermunctultivars to choose from and
normally consider colour and flowering time whetesgng cultivars to grow. In this study,
the response of two different cultivars, Scarleb®n and Saxosum to pruning and
deheading on flowering time were investigated. taility of these two cultivars to pruning
and deheading will enable growers to select thé cadtvars so as to maximize gains. It was
hypothesized that cultivar, pruning and deheadinly affect flowering time in Scarlet

Ribbon and Saxosum.

5.2 Treatments and Experimental Design

5.2.1 Effect of Cultivar on Response to Pruning an®eheading of Scarlet Ribbon and
Saxosum

The experimental design was a 2 x 4 x 4 factonmalai split-split plot arranged in a
randomized complete block design with 3 replicatidultivar was the main plot factor

(factor A) with two levels: Scarlet Ribbon and Saxosum (plet size of 24 plants). The
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pruning time was the sub plot factdagtor B) with four levels including normal farmer

practice as the control (net plot size of eighthfdaand these are listed as follows:

Factor B Pruning period

1 End January - beginning February
2 End March - beginning April

3 End May - beginning June

4 Jun/Jul (Control farmer praejic

The pruning of plants was carried out as descrbegction 3.3.
The deheading diameter was the sub-sub- plot féfsotor C) with four levels including a

control (net plot size of two plants) and theselisted as follows:

Factor C Deheading diameters

5. 0-5mm

6. 6-10 mm

7. 15-20 mm

8. Control (farmer ptige: disbud all but primary bud).

Deheading of the primary inflorescence was camgtoas described in section 3.3.

5.2.2 Measurements

Measurements were carried out as described imsegid.

5.2.3 Data Analysis
The experiment was analysed as a 2 x 4 x 4 fattarasplit-split-plot design (age of plant x
pruning time x deheading diameter) using the GenStatistical Package (2002). Means

were separated using the Fisher's Least Signifiddfgrence (LSD) when P<0.05. Analysis
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of variance (ANOVA) was carried out for growth msitestem quality and losses. Data for

losses was checked for normality to see if it regfutransformation and it did not.

5.3 Results

5.3.1 Shoot Growth for Scarlet Ribbon and Saxosum

The growth of the secondary shoots for Scarlet &iband Saxosum for all pruning times
was slow during the winter months (May-July). Hoeewt rapidly increased during the
warm summer months (Fig 5.1). Pruning early (Jdm/Bed Mar/Apr) produced longer
secondary shoots than pruning in winter when sheteans were obtained. This was similar

for both cultivars (Fig 5.1).
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Fig 5.1 Monthly shoot growth curves for Scarlet Rilbon and Saxosum following
pruning on four different dates as indicated
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5.3.2 Comparison of Growth Rates per Pruning Treatrant for Scarlet Ribbon and
Saxosum
Tables 5.1-5.4 show the growth rates for Scarldétb®n and Saxosum per pruning time.

Where growth rate was significantly different (F3%), Saxosum generally had a higher
growth rate compared to Scarlet Ribbon for theeddht pruning times. Growth rate was not
significantly different for the two cultivars froduly to September 2003 (where applicable)
and towards autumn April to May 2004 for each pmgniGrowth rate measurements
declined as pruning time was deferred during ther yer both cultivars. The hot summer
months resulted in a general increase in growth fiat Scarlet Ribbon and Saxosum which,

gradually declined as winter approached (Table554]) -

Table 5.1 Growth rate for Scarlet Ribbon and Saxosm pruned Jan/Feb

Growth rate/ month (cm)
Cultivar Jul-03 Aug-03 Sep-03 Oct-03Nov-03 Dec-03 Jan-04 Feb-04 Mar-04 Ap#0 May-04
S. Ribbon 3.0a 3.6a 4.7a5.0b 6.4b 6.5b 54a @&b.2 5.2a 3.7a 2.8a
Saxosum 3.9a 5.6a 7.5a9.2a 8.2a 7.9a 6.6a a4.7 4.0a 3.6a 2.7a
P value 0.24 0.10 0.06 0.040.01 0.00 0.12 0.20 0.50 0.95 0.90
SED 0.32 0.69 0.73 0.87 0.15 0.07 0.40 0.27 0.33 0.50 0.61
LSDg o= NS NS NS 3.76 0.66 0.30 NS NS NS NS NS

Means followed by the same letter on a column atesignificantly different at P<0.05

Table 5.2 Growth rate for Scarlet Ribbon and Saxosm pruned Mar/Apr

Growth rate/ month (cm)
Cultivar Sep-03 Oct-03Nov-03 Dec-03 Jan-04 Feb-04 Mar-04 A4 May-04
S. Ribbon 3.7a 8.3 4.5b 6.0b 5.6b 5.0b 4.6b 3.3a 3.3a
Saxosum 4.2a 5.7a 7.0a 7.7a 6.5a 6.1a 5.6a 4.0a 3.7a
P value 0.24 0.00 <.001 0.05 0.05 0.05 0.05 0.21 0.39
SED 0.30 0.27 0.03 0.39 0.22 0.26 0.22 0.58 0.39
LSDg o NS 1.17 0.10 1.69 0.94 1.10 0.94 NS NS

Means followed by the same letter on a column atesignificantly different at P<0.05

Table 5.3 Growth rate for Scarlet Ribbon and Saxosm pruned May/Jun

Growth rate/ month (cm)
Cultivar Nov-03 Dec-03 Jan-04 Feb-04 Mad-0 Apr-04 May-04
S.Ribbon 7.0a 7.0b 5.5b 4.8b 4.2b 4.0a 3.6a
Saxosum 7.9a 8.6a 8.0a 5.9a 4.9a 4.0a 3.6a
P value 0.30 0.04 0.03 0.05 0.05 0.86 0.53
SED 0.61 0.30 0.47 0.29 0.16 0.05 0.09
LSDg o: NS 1.28 2.00 1.23 0.70 NS NS

Means followed by the same letter on a column atesignificantly different at P<0.05
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Table 5.4 Growth rate for Scarlet Ribbon and Saxosm pruned Jun/Jul (control)

Growth rate/ month (cm)
Cultivar Jan-04 Feb-04 Mar-04 Apr40 May-04
S. Ribbon 4.6b 3.3b 3.0b 2.9b 2.4a
Saxosum 5.3a 5.0a 4.0a 2.0a 2.0a
P value 0.00 0.01 0.03 0.14 0.29
SED 0.03 0.17 0.20 0.32 0.20
LSDg o= 0.14 0.75 0.87 NS NS

Means followed by the same letter on a column atesignificantly different at P<0.05

5.3.3 Harvest date and Duration for Scarlet Ribborand Saxosum

Harvesting of flowering stems for Scarlet Ribbord é@axosum commenced in May 2004,
although at different times. Scarlet Ribbon wasvesied from the 29 of May and
harvesting was spread over seven months (May teiber 2004). Saxosum was harvested
from the 13' of May 2004 and the harvest was spread over fivaths (May-September

2004). Harvesting of Saxosum was earlier by 2.4keweempared to Scarlet Ribbon.

5.3.4 Effect of Cultivar, Pruning Time and Deheadig Diameter on Days to Harvest
Flowering Stems after Pruning
The effect of cultivar (P<0.001), pruning time (B&l) and deheading diameter (P<.001) on

the days to harvest flowering stems after prunirag wignificant. There were significant
(P<0.05) cultivar x pruning time, and pruning timeleheading diameter interactions on the

days to harvesting after pruning (Appendix B42).

The cultivar (P<0.001) and pruning time (P<.001d hasignificant effect on days to harvest
flowering stems after pruning. However their efseeare confounded within the significant
(P<0.002) cultivar x pruning time interaction onydao harvest the flowering stems after
pruning. The interaction is seen (Fig 5.2) in thiéecential effect of pruning two different

cultivars at different times. The interaction reésdlin a reduction in the number of days to
harvest flowering stems as pruning was deferred.aflathe pruning times, Saxosum was

harvested much earlier compared to Scarlet RibBon.instance, for the Jan/Feb pruning
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time, Saxosum was harvested earlier by 132.1dags 8carlet Ribbon as shown by the

number of days from pruning to harvesting (Fig 5.2)

700

600

ul

o

o
!

H

N
o
o

Mean days to harvest
w
o
o

N

o

o
!

100

Jan/Feb Mar/Apr May/Jun Jun/Jul (control)
Pruning time

@ Scarlet Ribborl® Saxosum

Fig 5.2 Interaction between cultivar and pruning dgs to harvest following pruning
(bars indicate SED at P<0.05)

The effect of pruning time (P<.001) and deheadirgmeéter (P<.001) on time taken to
harvest the flowering stems after pruning was $icgmt. However, their effects cannot be
considered separately as they are confounded wittensignificant (P<0.009) pruning X
deheading diameter interaction on days to hardestefing stems following pruning. The
interaction is seen (Fig 5.3) when the plants vpeumed and deheaded at different deheading
diameters. The interaction resulted in no considtemd. The Jan/Feb pruning time resulted
in the most number of days (560.8 days for therfrd deheading treatment) to harvest after

pruning for each of the deheaded treatments inotuthe control (disbudding) compared to
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the Mar/Apr, May/Jun and Jun/Jul pruning times.haligh the number of days to harvest
declined from the Mar/Apr and May/Jun pruning timgeere was no significant difference
between the deheaded treatments for both prummgsti The exception was for the control
(dibudding) treatment where the number of days dovdst was significantly lower. The

normal farmer practice pruning time (control, Jut)/desulted in the least number of days to
harvest flowering stems following pruning for alet deheading treatments. The control
(disbudding) treatment for the same pruning pesigdificantly had the least number of days

to harvest (290.5 days) (Fig 5.3).

600

500 -
4 - ]
= 400 - -
=
e
© 300
% —F—
©
S
[} 200 N
=

100 +— —

0
Jan/Feb Mar/Apr May/Jun Jun/Jul (control
Pruning time
O00-5 mmE6-10 mmO15-20 mmO control (disbudding

Fig 5.3 Interaction between pruning time and deheadg diameter on days to harvest
Flowering stems following pruning (bas indicate SED at P<0.05)

54



5.3.5 Effect of Cultivar, Pruning Time and Deheadig Diameter on Days to Harvest
Following Deheading of the Primary Inflorscence
The different cultivars (P<0.02) and pruning tink<(.006) had a significant effect on days

of harvest following deheading while the deheadirameter did not have a significant effect

(Appendix B43).

There was a significant (P<0.001) cultivar x prgnitime interaction on days to harvest
flowering stems following deheading of the primanfilorescence. However their effects
cannot be considered separately as they are catgduwithin the significant cultivar x

pruning time interaction on days to harvest flowgristems following deheading of the
primary inflorescence. The interaction is seeng -#4) in the differential effect of pruning
Scarlet Ribbon and Saxosum at different times duthre year. There was no significant
difference in number of days to harvest for theBaln and Mar/Apr for Scarlet Ribbon while
for Saxosum, the Mar/Apr, May/Jun and Jun/Jul (c@htwere not significantly different.

For each of the pruning times, the number of daylsarvest time following deheading was
more for Scarlet Ribbon particularly the Mar/Apruping time (37.3 days) compared

Saxosum (Fig 5.4)
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Fig 5.4 Interaction between cultivar and pruning tme on days to harvest flowering
stems following deheading (bars indicatSED at P<0.05)

5.3.6 Effect of Cultivar, Pruning Time and Deheadig Diameter on Length of Flowering
Stems
The effects of cultivar (P<0.03), pruning time (F3@L) and deheading diameter (P<.001)

were significant on the length of flowering stemgpendix B44). There was a significant

(P<0.05) cultivar x pruning time interaction.

The deheading diameter had a significant (P<0.@Bkteon length of flowering stems. The
control disbudding treatment produced the longestdring stems followed by the 0-5 mm
deheading diameter. The 15-20 mm deheading diamestelted in the shortest stems. Length
of stems declined as deheading diameter was irenteatile it increased for the control

(disbudding treatment) (Fig 5.5).
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Fig 5.5 Effect of deheading diameter on length ofdwering stems (bars indicate
SED at P<0.05)

There was a significant (P<0.04) cultivar x pruntirge interaction on length of flowering.
However their effects cannot be considered sepwrate they are confounded within the
significant (P<0.04) cultivar x pruning time of efts on length of flowering stems. The
interaction is seen (Fig 5.6) in the inconsistifferential effects of pruning Scarlet Ribbon
and Saxosum at different times of the year. Planised from the Mar/Apr and May/Jun
pruning times, resulted in a reduction in stem terapd which was not significantly different
for Scarlet Ribbon while stem length increased ifigantly for the Jan/Feb and control
(Jun/Jdul) pruning times for Scarlet Ribbon. Withx@um, there was a gradual decline in
stem length from the Jan/Feb to May/Jun prunings$inwhich then increased for the Jun/Jul
(control) pruning time. For each pruning time, $®aRibbon produced the longest stems

compared to Saxosum (Fig 5.6).
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5.3.7 Effect of Cultivar, Pruning Time and Deheadig Diameter Inflorescence Diameter
of Harvested Flowering Stems
The effects of cultivar, pruning time and deheadirameter on the inflorescence diameter of

harvested flowering stem were not significant. Eheere also no significant interactions of

treatments effects on inflorescence diameter ofdsted flowering stems (Appendix B45).

5.3.8 Quality of Harvested Flowering Stems of Scaet Ribbon and Saxosum
The quality of harvested stems for Scarlet Ribbah &axosum is illustrated in Table 5.5 and
5.6 respectively. Scarlet Ribbon produced more lygality stems compared to Saxosum.

Scarlet Ribbon had more high quality stems, in @rade 1 and 2 ranges, for the all the
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pruning times including the control treatment. &axn had a higher percentage of lower

guality stems (Grade 3, 4 & 5) than Scarlet Ribplable 5.5).

Table 5.5 Quality of harvested flowering stems foScarlet Ribbon and Saxosum

Pruning No. of Percentage of total

Treatment stems Gradel Gred Grade 3 Grade 4 Grade 5
Scarlet Ribbon

Jan/Feb 110 18.2 +3.31.8+5.0 28.3+4.9 10.6+4.7 TEB.1
Mar/Apr 90 19.0+8.3 8.0+5.7 20.7+7.6 21.8+3.8 TES.1
May/Jun 70 36.9+2.2 8.8+3.0 16.5+5.8 10.8+5.2 .62.9
Jun/Jul (control) 66 26.7+7.6  3HR.9 21.7+2.9 13.345.8 H5.0
Mean 84 25.243.019.2+1.4 21.842.0 14.1+0.8 2.3#2.2
Saxosum

Jan/Feb 78 5.0+£5.0 20.0+5.0 30.3+1.4 21.747.6 5.0+5.0
Mar/Apr 70 8.3+2.9 8.3+2.9 31.7+7.6 23.3+2.3 25.0+5.0
May/Jun 50 7.7+6.8 6.1+2.8 24.0+1.8 35.9+0.9 20.8+2.9
Jun/Jul (control) 46 20.745.0 3836 21.7+7.6 26.7+7.6 150
Mean 61 10.0+1.6 11.9+2.3 26.9+3.6 26.9+3.8 6.5K1.1

Values are mean + S.E of 24 plants per pruningrreat

5.3.9 Crop Loss Due to Deheading of the Primary lidrescence for Scarlet Ribbon
and Saxosum
Crop losses occurred in both Scarlet Ribbon ansdhSaxr, due to deheading of the primary

inflorescence. The growth and development of tlears#ary inflorescence after deheading
was not successful, instead vegetative shoots ale@las shown in Plate 5.1. From the
results, Saxosum generally had higher crop lodsas Scarlet Ribbon. The highest crop
losses for Scarlet Ribbon were 12.5% from the Jmfffuning time and deheaded at 15-20
mm in late August and 11.8% from the May/Jun prgriime deheaded at 6-10 mm in late
August. For Saxosum, the Mar/Apr pruning time deleelat 6-10 mm had the highest losses

of 16.7%, which was deheaded in late July (Tabi¢. 5.
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Table 5.7 Crop losses due to deheading for Scarletbbon and Saxosum plants

Pruning Deheading Deheading  Stems % crop loss
Time date diameter Harvested
Scarlet Saxosum Scarlet Saxosum Scarlet ax®@sum
Jan/Feb  26/07/04 27/07/04 0-5mm 25 17 +89 7.9+3.4
24/08/04 15-20 mm 24 * 12.524 *
Mar/Apr 31/07/04 O¥bn 23 * 5.7£2.5 *
24/08/04 24/08/04 6+hon 21 12 9.5+2.216.7+2.9
May/Jun 24/07/04 (heleyl 21 * 6.3+2.8 *
28/08/04 27/07/04 6+hon 17 14 11.842.94.3+7.2
27/08/04 15-20 mm * 14 * 14.3+7.2

Values are mean + S.E of 24 plants per prunindrreat (* no value recorded)

Plate 5.1: A secondary stem df. Saxosum that was deheaded late showing several
vegetative shoots indicated by the arrows instead producing a secondary
inflorescence

5.3.10 Comparison of Distribution of Harvested Flowring Stems and Monthly Gross
Average Prices for Scarlet Ribbon an8axosum

Flowering and harvesting for Scarlet Ribbon anddSam commenced in May 2004. More
stems were harvested in May for Saxosum compar&tadet Ribbon (Fig 5.7a & b). Peak

production for Scarlet Ribbon occurred in June Aadust when prices were declining. For
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Saxosum, peak production occurred in May. Thisaded with the best price of Euro 0.777
representing a (Euro 0.551) difference in pricengamn the lowest price (Euro 0.226 in
September) for the harvest period. The harvesb@dor Scarlet Ribbon was spread over
seven months (May- November) while for Saxosumaswshorter, over five months (May-

September) (Fig 5.7a & b).

61



(@) Scarlet Ribbon

Mean stems/ month

\ \ \ \ \ \ \ \
©COO000 00 00O
P N W g1 o N

Harvest period

o
D
Gross average
monthly price (Euro)

I Jan-Feld—1 Mar-Apr B May-Jun i@ Control —@— Price —— —@—

(b) Saxosum
35

1
1
o
©

30+

25+

15+

10+

Mean stem / month
Gross monthly avearage prict
(Euro)

Harvest period

I Jan-Fel——1 Mar-Apr BB May-JunE==1 Control —@— Price —@— —— ‘

Fig 5.7 Distribution of Flowering Stems and Correspnding Gross Monthly Average
Prices for Scarlet Ribbon and Saxosum. ia¢s are means from 24 plants per
pruning treatment (Source of prices: Zirflora Pvt Ltd, 2005)
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5.3.11 Mean Stem Counts and Earnings of Scarlet Rilon and Saxosum

A comparison of the two cultivars showed that mibogvering stems were harvested from

Scarlet Ribbon than Saxosum for the entire prurimgs including the control. Earnings

from Scarlet Ribbon were also higher than for SarogTable 5.8). The Jan/Feb pruning
time resulted in the highest number of stems amtesponding earnings for both cultivars.

Pruning later during the year (May/Jun) and thetrmbrtireatment produced the least number

of stems and corresponding earnings for both ariyTable 5.8).

Table 5.8 Mean stem counts and earnings for ScatIRibbon and Saxosum

Scarlet Ribbon Saxosum
Pruning time Mean Stem Mean Earnings Mean Stem Mean Earnings
counts (Euro) counts (Euro)
Jan/Feb 36.7+4.2 24.9 26107 18.5
Mar/Apr 30.0+£2.0 19.8 243.2 16.3
May/Jun 243+1.1 17.8 16.0.6 12.8
Jun/Jul (control) 22.0%+2.0 16.9 147+ 2.5 12.3
Mean 28.2+1.3 22.4 2@¢40.8 15.0

Values are mean + S.E of 24 plants per pruningrreat
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5.4 Discussion

Results in this study showed that growth of secondhoots for both pincushions after
pruning followed a similar pattern albeit at di#et rates. The growth of secondary shoots
was slow to begin with during the colder winter rien(May-August) in the first year of
growth. The plants were in the induced reproducttate and vegetative growth was
minimal. As the induced state was gradually loghwhe approach of summer, the growth
rate of secondary shoots was rapid for both cultiv@ihe high temperatures and occurrence

of rainfall during this period facilitated the rdpgrowth of the secondary shoots.

In this study, the farmer planted rooted cuttinfScarlet Ribbon and Saxosum cutlivars and
the cultivars commenced flowering at different tepehus confirming observations by

Gollnow (1995) that time of flowering varies withet species and type of planting material
chosen. Although both cultivars are naturally efidyering, Saxosum was harvested much
earlier, by 2.4 weeks, than Scarlet Ribbon. Thelreuld be attributed to differences in

cultivar in terms of genetic make up. In additi@gaxosum is a lignotuber (has a large
swelling of the trunk/root just under or at thel smirface) plant. The lignotuber has dormant
buds that shoot after fire or drastic pruning & ftant as reported by Oertel (2001). Pruning
plants with such a characteristic results in ramuvenation growth and consequently

flowering hence, the early harvesting date for Saro

A similar result was also obtained when the cufswaere deheaded. The period between
deheading and harvesting was significantly shddeSaxosum than for Scarlet Ribbon. In

addition to producing solitary inflorescence, Saxndends to produce 3-4 flower heads on a
single stem and is marketed as such. The abilitgaso suggests less apical dominance

exerted on the secondary buds, which are inhilmtedelatively. This then meant that after
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deheading, resumption of growth and developmernhefsecondary inflorescence occurred
rapidly compared to Scarlet Ribbon, which produsektary inflorescences. In addition,
Scarlet Ribbon has naturally a bigger flower heaith wore styles and therefore it took a

longer period to develop after deheading compareshixosum.

The flowering time of early flowering.eucospermuntultivars can be delayed more than
those of late flowering cultivars (Malan and le Rp@996). This is because, the flowering
stems are produced early during the induced reptogu phase therefore enabling the
deheading process to be successful as the resséicandary inflorescence has ample time to
grow and develop before the induced state startie¢tine. This was observed in this study
with regards to Scarlet Ribbon as harvesting conueenn May up to November. The
situation was different for Saxosum, which is atsoly flowering, as flowering period was

shorter from May to September.

Plants pruned late during the Jun/July (controlknrad farmer practice) and disbudded
produced the least number of days to harvestingpeoed to the other pruning times which
were deheaded as shown by the interaction betwemring time and deheading diameter on
time to harvest flowering. This can be explainedthgt, pruning early results in a longer
growth cycle up to the point of flowering. The datled plants produced a flowering stem
from a secondary bud while for the control (disbnddtireatment), the inflorescence was
from the primary bud. Oheucospermurplants, the primary bud develops and attains &pica
dominance over other axillary buds on the stemdewklops into a solitary inflorescence as
reported by Malaret al (1994). Shue- Lockham, (1965) also reported tlmatmant buds
respond to a flower stimulus provided the flowamsius was forced down by means of

decapitation and disbudding. On deheaded planéspthmary bud was removed and by
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doing this, the correlative inhibition of the pringainflorescence was removed. The
secondary buds then grew and eventually flowered later time, as was the case in this

study.

From the results obtained in this stu®garlet Ribbon produced longer stems than Saxosum.
According to Jacobs (1980), the change from velyetad reproductive growth takes place
during a relatively short period for long shootdieTshoots would therefore produce an
inflorescence and flower early. In this study, Saxa produced shorter stems for all the
pruning times and was harvested much earlier comipsy Scarlet Ribbon. This clearly
demonstrates that observations by Jacobs (1980)faarespecies with similar genetic

composition.

The quality of stems harvested varied for the twibivars as Scarlet Ribbon produced stems
of higher quality and also had higher earnings cameg to Saxosum. The results
demonstrate the difference in response to prunimdeheading treatments due to cultivar
differences. Saxosum produced a higher percentiigevauality stems (although they were
acceptable for marketing) and this showed thato#sdnot respond well to pruning and
deheading treatments compared to Scarlet Ribboe. &tended harvest period (up to
November) for Scarlet Ribbon was an advantageiasgon the market were increasing and
this coincided with the off- peak period. The shuatvest period was only beneficial to the
farmer at the beginning of the harvest period wpeces were high. Had the harvest period

also extended to November, the farmer would hakentadvantage of the rising prices.

Both cultivars had crop losses due to failure todpce an inflorescence by the deheaded

secondary stems. However crop losses were high&alcosum than for Scarlet Ribbon. The
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losses were from stems deheaded late into therselassses occurred in later pruning times
and deheading using a medium deheading diameter (late August) for Saxosum.
Deheading late when spring temperatures were iscrg@aused the deheading process to be
less effective, as reported by Dupee and Goodw8®{)L In addition, Brits (1977) reports
that earlier flowering plants show a greater tegidnwards massive vegetative bud break.
This could explain the short flowering period fax®sum, which was harvested earlier (with
regards to the proportion of stems harvested), tBaarlet Ribbon. Deheading should
therefore be carried out up to mid July for theOOr@m deheading diameters to minimize

losses.

The pruning and deheading treatments in both @kivdid not affect the size of flower
heads. The reason for this could be that althohghdeheading process delayed flowering
time, the deheading diameter range used in the $0480 mm) could have been too small to
make a significant difference on the size of irdkwence for the deheaded stems of the two

cultivars.
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CHAPTER 6
GENERAL DISCUSSION
TheLeucospermungenus is popular amongst Zimbabwean growers dagditability and a
large variety of species from which to choose. Bt&ibbon and Saxosum were selected for
this study because they are among the top five igiovthe country and because they were
readily available at the trial site. The floweringture of this genus is well understood in the
industry worldwide and a lot of research has beendacted to try and manipulate the

flowering time to maximize benefits.

One of the problems in the marketing of theucospermunctrop is the relatively short
flowering duration (Jacobs and Honeyborne, 1978)this study, two cultural practices,
pruning and deheading, were employed to extendetaydthe flowering time of Scarlet

Ribbon and Saxosum.

The growth pattern dfeucospermurmplants was determined by monitoring the growtlesat
of plants after pruning. Théeucospermunplants grew vegetatively during spring and
summer and reproductive development commencedtimauto winter after shoot extension
growth had terminated. The growth pattern was simibr different aged plants but old
plants had a higher growth rate than young plahtScarlet Ribbon. The pattern was also
similar when two cultivars were compared, but Saroshad a higher growth rate than

Scarlet Ribbon.

The transition from the vegetative to reproductibads is usually triggered by an

environmental signal, such as photoperiod and teatye (Saupe, 2002). Results obtained
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reinforce the fact thdteucospermumequire short days for flower initiation as reprotive

growth occurred as day length was shortening diggahe beginning of winter.

The effect of pruning varies with plants, growthadcteristics, flowering and other

objectives desired. For instance in tomatoes, thie fenefits of pruning have been shown to
be larger fruit size (Manyard, 2000). In this stutlye benefits of pruning and deheading
were an overall extension to the harvest time. @é@d of extension varied according to the
time of pruning, age of plant and cultivar. Thelieapruning was carried out the longer the
extension time to harvest. The old plants prodwcetort time to harvesting compared to the

young plants and Saxosum was harvested much dhdierScarlet Ribbon.

Deheading involved physically removing the primarfforescence of the secondary stems at
different diameters by hand. The effect was anrestom to flowering time due to the later
development of the secondary inflorescence. Thmgef delay to harvest after deheading
of the primary inflorescence also varied with agelants as old plants were harvested much
earlier than young plants of Scarlet Ribbon. Tlusald be linked to the fact that old plants
have more plant matter and energy to facilitaterdsumption of growth of the secondary
inflorescence more rapidly than young plants. Ompgaring the two cultivars (Scarlet
Ribbon and Saxosum), the extension to harvest alédieading was longer for Scarlet
Ribbon than for Saxosum. This could be a resultliierences in species composition as

well as differences in flower head complexity betwehe two cultivars.

The length of harvested stems is important as ntrdmutes to quality and subsequently

pricing on the market and because of this, grovabxgsys strive to attain long stems in the

industry. In this study, the early pruning as veslthe control treatment with no deheading
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(normal farmer practice) produced the longest statnisarvest compared to other pruning
times, which were deheaded. This was also obsemsh different aged plants of Scarlet
Ribbon were pruned and deheaded. The pruning amehdeng cultural practices appeared to
be interrupting the normal growth and developmdntlant stems of th&eucospermunby
introducing a ‘stop’ and ‘start’ response with retgato vegetative and reproductive growth.
This was specifically apparent for plants prunedyeg@re-winter). Scarlet Ribbon produced
longer stems at harvest than Saxosum when theultivars were compared, a result related
to differences in species with regards to genetikerup. Saxosum is a lignotuber plant while

Scarlet Ribbon is not.

The inflorescence produced from the normal farnmactce was of a significantly larger size
compared to the secondary inflorescence producmth the deheaded stems for Scarlet
Ribbon. Because the resulting primary infloresceisca product of the disbudding of all
axillary (secondary) buds, the plant’s energy iscemtrated on the production of a solitary
inflorescence, as observed by the Virginia Came8iaciety (2004) on work done on
camellias. Malan and le Roux (1996) suggested dihgahe primary inflorescence at a
diameter of 10-15 mm to obtain good results. Ins tetudy, deheading the primary
inflorescence at a small diameter resulted in allssieed secondary inflorescence, while
deheading larger primary buds early during the cedustate produced a larger secondary
inflorescence. The different deheading diametédsndt affect the size of the secondary
inflorescence for the pruned and deheaded plantsh@fcultivars Scarlet Ribbon and
Saxosum. This could be due to small range diam@&0mm) of primary inflorescence

deheaded.
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Time of pruning varies with plant species. It ifgemmended to prune at times that best
complement the growth characteristics, floweringl ather objectives desired (Wade and
Westerfield, 1999). In this study pruning earlyefjvinter) resulted in an extended period to
harvesting compared to the normal farmer practgceeported by Archer (2000). This was
evident when different ages of Scarlet Ribbon wmtened, and when Scarlet Ribbon and

Saxosum were compared.

The quality of stems contributes to the final prafeflowers on the market. Brits (1986)
reports of a reduction in quality dfeucospermunpruned and deheaded by chemical and
manual means, though acceptable for marketing.hise $tudy, pruning and deheading
resulted in both high and low quality flowers. Yguplants of Scarlet Ribbon produced
higher quality flowers compared to older plant@vwr stems harvested from Scarlet Ribbon
were of superior quality than stems harvested f@amosum when the two cultivars were
compared. Although the flowering stems had differgumality grades, they were acceptable

for marketing.

Losses in harvest were also incurred in both tdals to pruning and deheading. The losses
were a result of the treated secondary stems dattnproduce a secondary inflorescence.
This was mainly due to poor or non-resumption af fecondary bud development after
deheading of the primary inflorescence. The cadgbi® was mainly deheading late in the
season as reported by Jacobs and Honeyborne (d@d8Malan and le Roux (1996). In
addition the increasing temperatures in spring ndleeading less effective as observed by
Dupee and Goodwin (1990). As the induced state deatining, the secondary buds either

aborted or turned vegetative.
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CHAPTER 7

CONCLUSIONS AND RECOMMENDATIONS

The conclusions derived from this study were:

» Pruning and deheading are effective tools in mdatpyg flowering time in
LeucospermumThe effects differed with time of pruning and datieg diameter used,
age of plants and cultivar.

» Pruning early during the year (Jan/Feb and Mar/Apr)l deheading early during the
induced reproductive phase produced the longesnsiin to harvest compared to the
normal farmer practice with regards to number ofsd@ harvest after pruning. This was
common in old and young plants

» Although old were harvested earlier (by two weetk&dn young plants, they respond
better to pruning and deheading compared to youagtp with regards to quality and
guantity of stems harvested. The old plants alsd more stems harvested of good
guality and correspondingly higher earnings esglgdiamm plans pruned early (Jan/Feb).
Losses to harvest due to deheading were minimapaosd to young plants.

» Scarlet Ribbon proved to be the better cultivgorimne and dehead because the extension
to harvest was longer and its harvest was spreadseveral months (seven) thus taking
advantage of good prices on the market especiediyn fSeptember to November (off-
peak period). Saxosum on the other hand was harestrly however extension to
harvest period was short and harvest period wasfosemonths. More flowering stems
and correspondingly high earnings were obtainedhfcarlet Ribbon with minimum

losses to harvest due to deheading compared tcs&iaxo
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Recommendations to growers:

» Pruning and deheading are recommended to extengedtatime oflLeucospermum.
However the success of these cultural practicesighly dependent on the grower’s
requirements and preferences with regards to pealefing periods and prices on the
market. Pruning early Jan/Feb and Mar/Apr and di#ihgaat 0-20 mm diameters up to
mid July will result in extended harvest periodtopNovember for Scarlet Ribbon with
good quality stems, earnings and minimal losseésarRuwa farming area

» It is recommended that pruning and deheading oelgdrried out by growers with large
plantations and cultivating more than dreucospermungultivar so as to minimise risk

of incurring losses should prices on the marketstflate unfavourably.

Recommendations for further research:

» Although deheading resulted in a delay to flowetinge, the deheading diameter range
used in this study was small (0-20 mm). Furtherkwsrecommended using larger
deheading diameters to see if further delays cachreved.

» The study was carried out at only one site, theeeibbis recommended to carry out the
study in other growing areas in Zimbabwe like trestérn Highlands and Karoi, which
have different weather conditions to Ruwa, to fthe effect of growing environment

while pruning and deheadirigeucospermum.
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APPENDICES

APPENDIX A : ZIMFLORA CO-OP LTD: Recommended standards for export
schedule of definitions

The schedule of definitions is a guide, which grmswveave to follow when they prepare
flowers for export with Zimflora. The definitiondsa indicate why a consignment may be

rejected if any of the definitions indicated aregent.

“Blemishes” means any external defect which detrimentally &$f¢be appearance of the
fresh proteas and which is caused by extraneousrgasuch as hail, sun, wind, insects,

mites, handling practises and transport;

"Clean" means free from visible spray residues, exceshiver foreign matter;

"Crooked flower stems" means a flower stem of which the curvature antidlle therefore
deviates by more than 40mm from a straight linevdrérom the base of the flower head to
the point of the stem, or with more than one cumgtno matter how slight;

"Foreign matter" means any material that is not normally presenbmopr between fresh
proteas, excluding:-

(a) residues of agricultural remedies which arem&sible in

proteas; and.

(b) non-toxic colourants which are used to colweslh proteas;
"Immature bud" means a bud that has a hard point, shows no sijmgpening, and
therefore will not complete the full developmenbgess of opening of the flower head or

inflorescence;

"Malformed " means that the shape of a fresh protea of anyespecnot typical of that

species;
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“Overdeveloped bloom or inflorescence” means a bloom of which the outer ring of
individual florets has separated as a result ohaded maturity and which no longer forms a

unit with the rest of the floret mass;
“Sound” means that the fresh proteas are free from liinsgcts and mites, diseases or any
visible external or internal physiological disorslemwhich may detrimentally affect the

guality and appearance of the fresh proteas;

“Wilted” means that fresh proteas have lost their freshaeskthat the leaves show signs

of blackening.
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APPENDIX B: ANOVA TABLES

Chapter 4 ANOVA Tables

B1: Growth rate in Oct-03 for old and young plantspruned Jan/Feb

2 1. 03000 0. 51500 7.92
Age 1 3. 37500 3. 37500 51.92 0.019
2 0. 13000 0. 06500

Sour ce d.f S.S m s V. r F pr
Rep 2 0. 6033 0. 3017 1. 07

Age 1 5.2267 5.2267 18.56 0.050
Resi dual 2 0. 5633 0. 2817

Tot al 5 6. 3933

Sour ce d.f S.S m s v.r F pr
Rep 2 0. 1300 0. 0650 0.35

Age 1 4. 3350 4.3350 23.43 0.040
Resi dual 2 0. 3700 0. 1850

Tot al 5 4. 8350
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B4: Growth rate in Jan-04 for old and young plantspruned Jan/Feb

Rep 2 0. 46333 0. 23167 10. 69
Age 1 1. 30667 1. 30667 60.31 0.016
Resi dual 2 0. 04333 0. 02167

Sour ce d. f S.S m s v.r F pr
Rep 2 0. 30333 0. 15167 1.86

Age 1 4. 16667 4. 16667 51.02 0.019
Resi dual 2 0. 16333 0. 08167

Tot al 5 4.63333

2 1. 96333 0. 98167 15. 92
Age 1 1. 70667 1. 70667 27.68 0.034
2 0. 12333 0. 06167

Sour ce d.f S.S m s V. r F pr
Rep 2 1. 9600 0. 9800 5.44

Age 1 6. 0000 6. 0000 33.33 0.029
Resi dual 2 0. 3600 0. 1800

Tot al 5 8. 3200

81



B8: Growth rate in Nov-03 for old and young plantspruned Mar/Apr

Rep
Age
Resi dual

S. ms. v.r F pr.
0.912 0. 86
18. 027 16.98 0.054
1. 062

Age

. 1233
. 1667
. 7433

0. 5617
8. 1667
0.3717

1.51
21.97 0.043

Age

. 2033
. 6150
. 0900

0. 6017
12. 6150
0. 5450

1.10
23.15 0.041

Rep
Age
Resi dual

0. 4550
16. 3350
0. 1850

2.46
88.30 0.011
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B12: Growth rate in Mar-04 for old and young plantspruned Mar/Apr

Sour ce d. f S.S m s v.r F pr
Rep 2 0. 0533 0. 0267 0. 25

Age 1 4.6817 4.6817 43.89 0.022
Resi dual 2 0. 2133 0. 1067

Tot al 5 4.9483

Sour ce d.f S.S m s V. r F pr
Rep 2 0. 0933 0. 0467 0. 33

Age 1 7. 9350 7.9350 56.68 0.017
Resi dual 2 0. 2800 0. 1400

Tot al 5 8. 3083

Sour ce d.f S.S m s v.r F pr
Rep 2 0.4133 0. 2067 1.11

Age 1 9. 1267 9.1267 48.89 0.020
Resi dual 2 0.3733 0. 1867

Tot al 5 9.9133

Sour ce d.f S.S m s V. r F pr
Rep 2 0. 09000 0. 04500 1.29

Age 1 4. 86000 4.86000 138.86 0.007
Resi dual 2 0. 07000 0. 03500

Tot al 5 5. 02000
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B16: Growth rate in Mar-04 for old and young plantspruned May/Jun

Rep 2 0. 04333 0. 02167 0.62
Age 1 6. 61500 6. 61500 189.00 0.005
Resi dual 2 0. 07000 0. 03500

Rep 2 0. 14333 0. 07167 1.59
Age 1 1. 21500 1. 21500 27.00 0.035
Resi dual 2 0. 09000 0. 04500

Rep 2 1. 560000 0. 780000 117.00
Age 1 6. 406667 6. 406667 961.00 0.001
Resi dual 2 0. 013333 0. 006667

Rep 2 0. 66333 0. 33167 10. 47
Age 1 2. 80167 2. 80167 88.47 0.011
Resi dual 2 0. 06333 0. 03167
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B20: Growth rate in Mar-04 for old and young plantspruned Jun/Jul

Rep 2 0. 16000 0. 08000 0.92
Age 1 5. 22667 5. 22667 60.31 0.016
Resi dual 2 0.17333 0. 08667

Rep 2 1.22333 0. 61167 9.92
Age 1 4.16667 4.16667 67.57 0.014
Resi dual 2 0. 12333 0. 06167

B22: Effect of age of plants, pruning time and deleding diameter on days to harvest after
pruning

Sour ce d. f S.S m s V. r F pr
Rep 2 295. 4 147.7 3.72

Age 1 47477.5 47477.5 1195.82 <.001
Resi dual 2 79.4 39.7 0.02

Prune 3 730978. 6 243659.5 148.57 <.001
Age X prune 3 10724. 4 3574. 8 2.18 0.143
Resi dual 12 19679. 8 1640.0 3.19

Dehead 3 43871.0 14623. 7 28.41 <.001
Age x dehead 3 2828. 4 942. 8 1.83 0.154
Prune x dehead 9 13671. 2 1519.0 2.95 0.007
Age x prune x dehead 9 3316.1 368. 5 0.72 0.692
Resi dual 48 24709. 4 514. 8

Tot al 95 897631. 2
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B23: Effect of age of plants, pruning time and deleding diameter on days to harvest
following deheading of the primary inflorescence

Sour ce

Rep 2
Age 1
Resi dual 2
Prune 3
Age X prune 3
Resi dual 12
Dehead 2(1)
Age x dehead 2(1)
Prune x dehead 6(3)

Age x prune x dehead 6(3)
Resi dual 32(16)

cooo

B24: Effect of age of plants, pruning time and deleing diameter on length of

flowering stems

Rep

Age

Resi dual

Prune

Age X prune

Resi dual

Dehead

Age x dehead

Prt x dehead

Age X prune x dehead
Resi dual 4

=
CCOOWWNWWNEDN
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B25: Effect of age of plants, pruning time and dehsding diameter on inflorescence
diameter of flowering

Sour ce d.f S.S m s V. r F pr
Rep 2 0. 2146 0. 1073 0.74

Age 1 0. 0001 0. 0001 0.00 0.983
Resi dual 2 0. 2916 0. 1458 0. 26

Prune 3 2.3186 0.7729 1.37 0.299
Age X prune 3 1.0819 0. 3606 0.64 0.604
Resi dual 12 6. 7640 0. 5637 1.75

Dehead 3 27.3343 9.1114 28.36 <.001
Age x dehead 3 2.3838 0. 7946 2.47 0.073
Prune x dehead 9 4.9202 0. 5467 1.70 0.115
Age X prune x dehea 9 3. 0062 0. 3340 1.04 0.423
Resi dual 48 15. 4205 0. 3213

Tot al 95 63. 7358

Chapter 5 Anova Tables

B26: Growth rate in Oct-03 for S.Ribbon and Saxosunpruned Jan/Feb

Sour ce d.f S.S m s V. r F pr
Rep 2 1.878 0. 939 0. 82

Age 1 24. 685 24.685 21.54 0.043
Resi dual 2 2.292 1. 146

Tot al 5 28. 854

Rep 2 0. 58333 0. 29167 8. 33
Age 1 4. 86000 4.86000 138.86 0.007
Resi dual 2 0. 07000 0. 03500
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B28: Growth rate in for S.Ribbon and Saxosum prunedlan/Feb

0. 256817 32. 86
3.124817 399.76 0.002
0. 007817

Sour ce d.f S.S

Rep 2 0. 513633
Age 1 3.124817
Resi dual 2 0. 015633
Tot al 5 3. 654083

0. 5117 4.58

Sour ce d.f S.S

Rep 2 1. 0233
Age 1 8.8817
Resi dual 2 0. 2233
Tot al 5 10. 1283

0. 121667 73.00
9. 626667 5776.00 <.001
0. 001667

Sour ce d.f S.S

Rep 2 0. 243333
Age 1 9. 626667
Resi dual 2 0. 003333
Tot al 5 9. 873333

0.1217 0. 53

Sour ce d.f S.S

Rep 2 0. 2433
Age 1 4.5067
Resi dual 2 0. 4633
Tot al 5 5.2133
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B32: Growth rate in Jan-04 for S.Ribbon and Saxosunmpruned Mar/Apr

Rep 2 0. 06333 0. 03167 0. 44
Age 1 1.12667 1.12667 15.72 0.051
Resi dual 2 0. 14333 0.07167

Sour ce d.f S.S m s v.r F pr
Rep 2 0. 2508 0. 1254 1.25

Age 1 1.7604 1.7604 17.53 0.053
Resi dual 2 0. 2008 0. 1004

Tot al 5 2.2121

2 0. 37000 0. 18500 2.58
Age 1 1. 30667 1. 30667 18.23 0.051
2 0. 14333 0. 07167

Sour ce d.f S.S m s v.r F pr
Rep 2 1. 2900 0. 6450 4.90

Age 1 3.5267 3.5267 26.78 0.035
Resi dual 2 0. 2633 0. 1317

Tot al 5 5. 0800
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B36: Growth rate in Jan-04 for S.Ribbon and Saxosunpruned May/Jun

Sour ce d.f S.S m s v.r F pr
Rep 2 0. 3433 0.1717 0.51

Age 1 9. 3750 9.3750 27.99 0.034
Resi dual 2 0. 6700 0. 3350

Tot al 5 10. 3883

Sour ce d.f S.S m s V. r F pr
Rep 2 0. 1033 0. 0517 0.42

Age 1 1.9267 1.9267 15.84 0.051
Resi dual 2 0. 2433 0.1217

Tot al 5 2.2733

2 0. 13463 0.06732 1.71
Age 1 0. 78482 0. 78482 19.96 0. 047
2 0. 07863 0. 03932

Rep 2 0. 243333 0. 121667 73. 00
Age 1 0. 806667 0.806667 484.00 0.002
Resi dual 2 0. 003333 0. 001667
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B40: Growth rate in Feb-04 for S.Ribbon and Saxosurpruned May/Jun

0.
4.
0.

ms. v.r. F pr.
06167 1.37

33500 96.33 0.010
04500

Sour ce d.f
Rep 2
Age 1
Resi dual 2
Tot al 5

0.19

0
1
0

. 01167
. 92667
. 06167

31.24 0.031

Sour ce d.f
Rep 2
Age 1
Resi dual 2
Tot al 5

B42: Effect of cultivar, pruning time and deheadingdiameter on days to harvest after

pruning

Sour ce
pr.

Rep

Cul t

Resi dual

Prune

Cult x prune
Resi dual
Dehead

Cult x dehead
Prune x dehead
Cult x prune x dehead
Resi dual

[ —
DO OWWNWWNEDN

515.
270750.
770.
603451.
38799.
16693.
55075.
691.
16577.
4797.
31121.

257.
270750.
385.
201150.
12933.
1391.
18358.
230.
1842.
533.
648.
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B43: Effect of cutivar, pruning time and deheadingdiameter on days to harvest
following deheading of the primary inflorescence

m s v.r. F pr
216. 4 0. 65

15224. 6 46.07 0.021
330. 5 1.97

1136. 9 6.77 0.006
1650. 9 9.83 0.001
167.9 0. 23

1161. 7 1.58 0.221
294.1 0.40 0.673
927.3 1.26 0.302
571.3 0.78 0.593
733.9

Sour ce d.f.(mv.)
Rep 2

Cul t 1
Resi dual 2
Prune 3
Cult x prune 3
Resi dual 12
Dehead 2(1)
Cult x dehead 2(1)
Prune x dehead 6(3)
Cult x prune x dhd 6(3)
Resi dual 32(16)
Tot al 71(24)

B44: Effect of cultivar pruning time and deheadingdiameter on length of harvested

flowering stems

Rep

Cul t

Resi dual

Prune

Cult x prune
Resi dual
Dehead

Cult x dehead
Prune x dehead
Cult x prune x dehead
Resi dual

[ —
DO OWWNWWNEDN

<. 001

0. 0. 508

10. 72 1.01 O0.446
0 0. 907
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B45: Effect of cultivar, pruning time and deheadingdiameter on inflorescence diameter
of flowering stems

Sour ce d.f S.S m s V. r F pr
Rep 2 39.95 19. 98 0.77

Cul t 1 84. 06 84. 06 3.26 0.213
Resi dual 2 51.58 25.79 1.33

Prune 3 99. 16 33.05 1.71 0.218
Cult x prune 3 77.91 25. 97 1.34 . 307
Resi dual 12 232.03 19. 34 0.91

Dehead 3 44. 09 14.70 0.69 0.560
Cult x dehead 3 58. 72 19. 57 0.93 0.436
Prune x dehead 9 192. 26 21. 36 1.01 O0.445
Cult x prune x dehead 9 157. 09 17. 45 0.83 0.596
Resi dual 48 1015. 20 21.15

Tot al 95 2052. 05
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APPENDIX C: TABLES OF MEANS

Chapter 4 Tables of Means

C1l: Interaction between pruning time and deheadingdiameter on days to harvest

flowering stems after pruning

Deheading Diameter treatments

-50hm 6-10mm 15-20mm  Control

Pruning Time
Jan/Feb 601.2a 571.3a 578.3a 984%a
Mar/Apr 505.8b 518.6b 509.6b 0B5.
May/Jun 473.5c  456.3c 446.0c 4819
Jun/Jul (control) 334.0d 326.3d 330.8d 308.8d

P value SED LSDo.05
Pruning time <.001 11.69 25.47
Deheading diameter <.001 6.55 13.17
Pruning time x deheading 0.007 16.29 33.01

Means followed by the same letter in a coldrare not significantly different at P<0.05

C2: Effect of pruning time on days to harvest follog deheading

Pruning time No. of days to harvest
Jan/Feb 108.9a

Mar/Apr 93.0b

May/Jun 92.9b

Jun/Jul (control) 80.0c

P value 0.007

SED 6.40

LSDo.05 12.05

Means followed by the same letter are not significaly different at P<0.05
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C3: Effect of pruning time on length of floweringems

Pruning time Length of flowering stems (cm)
Jan/Feb 65.04d

Mar/Apr 61.50c

May/Jun 57.42b

Jun/Jul (control) 69.83a

P value 0.01

SED 1.37

LSDg .05 2.99

Means followed by the same letter are not signifityadifferent at P<0.05

C4: Interaction between age and deheading diaroatkngth of stems (cm)

Deheading Diameter treatments
0-5mm 6-10mm 15-20mm  Control
Age of plants

Old plants 69.50a  63.33a 59.75a 74.00

Young plants 63.92b  59.67b 56.08b 65.67b
P value SED LSDo.05

Age of plants 0.020 1.21 5.2

Deheading diameter <.001 4.36 8.87

Age x Deheading diameter 0.011 1.29 2.70

Means followed by the same letter in a colunirare not significantly different at P<0.05

Cb5: Effect of deheading diameter on inflorescencef dlowering stems

Deheading diameter Inflorescenceaaneter (cm)
0-5mm 9.15b

6-10mm 8.70c

15-20mm 9.40b

Control 10.18a

P value <.001

SED 0.164

LSDo.0s 0.329

Means followed by the same letter are not signifiisedifferent at P<0.05
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Chapter 5 Tables of means

C6: Interaction between cultivar and pruning time a days to harvest after pruning

Pruning time treatments
Jaet- Mar/Apr May/Jun  Jun/Jul (control)
Cultivar
Scarlet Ribbon 585.2a 530.2a 479.8a 329.8a
Saxosum 453.1b 423.1b 334.9b 289.2b
P value SED LSDy 05
Cultivar Q.0 4.01 17.24
Pruning time <.001 10.77 23.46
Cultivar x pruning time 0.002 13.78 29.64

Means followed by the same letter in a colunirare not significantly different at P<0.05

C7: Interaction between pruning time and deheadingliameter on days to harvest after
pruning

Deheading diameter treatments
56im 6-10mm 15-20mm  control
Pruning time
Jan/Feb 560.8a 541.2a 527.3a 7.34
Mar/Apr 493.3b 495.9b 482.1b 235.
May/Jun 412.8c 411.6¢c 429.5¢ Y[
Jun/Jul (control) 322.5d 314.5d 310.5d 290.5c
P value SED LSDy.05
Pruning time <.001 10.77 3.46
Deheading diameter <.001 7.35 14.78
Pruning x deheading 0.009 16.67 33.56

Means followed by the same letter a coldrare not significantly different at P<0.05
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C8: Interaction between cultivar and pruning time o days to harvest following
deheading of the primary inflorescence

Pruning time treatments
Jaef- Mar/Apr May/Jun  Jun/Jul (control)

Cultivar
Scarlet Ribbon 104.8a 103.2a 87.6a 80.3a
Saxosum 82.7b 65.9b 64.7b @i.9

P value SED LSDy 05
Cultivar 0.021 3.71 15.97
Pruning time 0.006 3.74 18
Cultivar x pruning time 0.001 5.90 13.30

Means followed by the same letter in a coldrare not significantly different at P<0.05

C9: Effect of deheading diameter on length of flaomg stems

Deheading diameter Length of flowiag stems
0-5mm 59.33b

6-10mm 55.58c
15-20mm 50.96d

Control 61.96a

P value 0.027

SED 0.94

LSDg .05 1.89

Means followed by the same letter are not signifiisedifferent at P<0.05
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C10: Interaction between cultivar and pruning time on length of harvested flowering
stems

Pruning time treatments

Janb~e Mar/Apr May/Jun  Jun/Jul (control)
Cultivar
Scarlet Ribbon 65.58a 61.17a 57.08a 66.92a
Saxosum 53.08b 50.00b 44.83b 57.00b

P value SED SDyos
Cultivar 0.027 1.929 8.301
Pruning time 0.001 1.711 3.272
Cultivar x pruning time 0.038 2.848 6.611

Means followed by the same letter in a colunirare not significantly different at P<0.05
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