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ABSTRACT
Propagation of Persoonia virgarta for the development of
a new floricultural export crop.
Lynda Bauer (ne Ketelhohn) and Margaret Johnston, School of Land and Food, The
Univers i ty of Queensland

A study of the propagation, growth and development of Persoonia virgata

was conducted to form a basis for the domestication of this species. P. virgata is an

attractive, yellow-flowered shrub endemic to Australia. Stems are harvested

commercially from naturally-occurring populations all year round, and sold on both the

export and domestic flower markets. The cultivation of P. virgata as a

floricultural crop is currently restricted by its propagation difficulties.

Consistent results from the seed germination experiments showed that at least half

removal of the endocarp from the P. virgata fruit is essential for germination. This was

attributed to the endocarp restricting embryo expansion and development. The

morphology of Persoonia fruit makes the endocarp removal process extremely difficult.

The endocarp is extremely hard and 1 - 2 mm thick, and is surrounded by 6 - 8 mm of

mesocarp. Nonetheless, it was shown that by first removing the mesocarp, and

then using pliers of correct size (by a skilled operator), the endocarp could be

cracked open and the seed released. The success of germination also relied upon

the reduction of microbial contamination of the seeds. This can be aided by removing the

mesocarp using hydrochloric acid, and disinfesting the seed and the endocarp (E+S) with

a 2 hour soak in bleach before culturing aseptically.

Rooting success of P. virgata cuttings was highly dependent on the use of

juvenile cutting material, which was supported by the success of rooting seedling

explants and the complete failure of rooting mature explants in vitro. Cuttings from the

different seedling genotypes showed a high variation in rooting success.

This study showed that the propagation of P. virgata, both sexually and asexually,

is possible. Further research is required to make the propagation methods outlined more

commercially-viable.
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1. INTRODUCTION

The genus Persoonia belongs to the Proteaceae family, and was named in 1798 by

Edward Smith in honour of Christiaan Hendrick Persoon (1755 - 1836), a South African-

born mycologist (Baines 1981; Closs and Orchard 1985). The genus has been

taxonomically reviewed, with the latest review stating that there are 98 Persoonia species

(Weston 1995). Most species are commonly known as geebungs, which was derived from

the Aboriginal term jibbong, meaning 'the fruits of certain species' (Baines 1981;

Closs and Orchard 1985). P. sericea A. Cunn. ex R. Br. has been given the common

name of Silky Geebung (Baines 1981; Neldner 1992) but no record has been found of a

common name for P. virgata R. Br.

Persoonia virgata is an attractive, yellow-flowered shrub (Plates 1.1 and 1.2)

endemic to coastal areas of south-east Queensland and northern New South Wales.

Stems of P. virgata are harvested commercially from naturally-occurring populations all

year round, and sold on both the export and domestic flower markets. The most accurate

data on the number of stems of P. virgata and other Persoonia species exported has been

obtained from Environment Australia, who issue export licences for Australian

native species (Table 1.1). This table shows that stems of P. virgata have been exported

since 1990, with small quantities exported until 1995. However, in 1996 almost one

million stems were exported, and for the first two months of 1997, 491 000 stems

had been exported to the Netherlands, Germany and Switzerland. P. longifolia R. Br., a

Western Australian species, is also bush harvested and exported in large quantities.

This species has been exported since at least 1987, with half a million stems exported in

1996 and 460 000 stems exported in the first two months of 1997.
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Plate 1.1: A flowering Persoonia virgata plant growing on a roadside at Tuan,
near Maryborough.

Plate 1.2: A close-up of the flowering stems of Persoonia virgata.
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Table 1.1: The number of stems of Persoonia species exported from Australia
between 1987 and February 1997 (Source : Environment Australia????).

Year Persoonia
virgata

Persoonia
longifolia

Persoonia
saccata

Other
Persoonia
spp.

1987 0 13 791 1 1 152

1988 0 7 360 6 25

1989 0 6 818 0 28

1990 4 400 6 503 0 11

1991 770 9 070 651 1

1992 3 100 37 224 5 915 36

1993 0 84 186 2 500 18 193

1994 4 610 193 708 14 630 1 502

1995 9 500 156 180 29 300 1 350

1996 981 900 578 970 71 705 500

to Feb 1997 491 000 460 000 0 0

The selling of P. virgata from the Brisbane flower market (Christensen Flower

Market, Rocklea Markets, 1998 pers. comm.) occurs all year round, whether the

stems are in flower, bud, fruit or a vegetative state. About 150 bunches are sold per

week, with 20 stems per bunch, at A$3.95 per bunch. However, during busy periods

such as Christmas and Valentine's Day, the number of bunches sold is increased to

150 per day. The constant demand for this foliage would make it attractive to a flower

grower to provide a constant cash flow during periods when seasonal foliage / flower

crops are not available.

The Australian wildflower industry was reviewed by Karingal Consultants (1994,

1997). They presented indicative data of heavily bush harvested native species from

Western Australia, with P. longifolia being sixth in 1993 with 798 558 stems bush

harvested, and then fourth in 1995 with 1.36 million stems. The changing levels of

exploitation of different genera in Western Australia has been related to factors such as:
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(i) changes in conservation practices, (ii) seasonal factors, (iii) fashion changes,

and (iv) urban development. Urban development was proposed as being a major

factor to the loss of access to wildflowers for commercial harvesting (Karingal

Consultants 1997). Therefore, to maintain the quantity and continuity of supply

required for the export markets, which pay premium prices, a change is needed to move

from reliance on bush harvesting to the cultivation of commercially-valuable native

species.

Even though markets exist for the foliage of P. virgata, it has not been introduced

into commercial cultivation due to extreme propagation difficulties. Markets

therefore rely solely on a bush-harvested product, and the natural habitats of P. virgata

will suffer if the level of harvesting or exploitation is continued at its current rate for

many more years. Another problem of bush harvesting is that the supply and

quality of the product is controlled by drought, bushfires, grazing, land development,

pest and disease outbreaks and nutritional deficiencies. Watkins (1982) believes that

cultivation of commercially valuable plants is essential to provide the quality and

continuity of supply required by the export market. Other important environmental

aspects of bush harvesting to consider are: damage to perceived low value plants which

hamper the picker; the repeated removal of superior stems and flowers may have a long

term effect of changing the natural genetic diversity of the population; reduction of the

seed bank decreasing regeneration after fire; and the possible spread of plant pathogens,

weed seeds and insects through ecosystems (Webber et al. 1996).

Many of the problems of bush harvesting can be overcome by the domestication of

these commercially-viable plants. The domestication of a native plant species

has been described as involving three processes (Webber et al. 1996). Firstly, a study

of the plant in its natural environment, including areas such as taxonomy and

distribution. The second and often most difficult process is to investigate possible

propagation methods. The final process is the selection of elite types, which may be an

ongoing process throughout domestication.

The domestication of plants in the Old World was reviewed by Zohary and Hopf
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(1994). It was stated that genetically, domestication of fruit trees meant changing the

reproductive biology of the plants, "by shifting from sexual reproduction (in the wild) to

vegetative propagation (under cultivation)". Clonal propagation assured the dependable

supply of desired genotypes, with fruits that were readily propagated by

vegetative methods becoming the first domesticated fruits in the Near East.

Frith (1990) believes that the future development of Australian species on the

export market will depend on the maintenance of breeding programmes. This allows

for the development of new cultivars to meet the changing tastes of a fashion

industry. However, prior research on the desired crop, such as pollination biology

and seed germination protocols, need to be developed before a breeding programme can

begin. The selection of superior forms of flannel flowers (Actinotus helianthi Labill.) (von

Richter and Offord 1996), Conospermum species (Seaton and Webb 1996) and Baeckea

behrii (Schlechtendal) F. Muell. (Slater 1996) are currently being investigated, which has

only been possible due to the prior development of successful seed and vegetative

propagation techniques.

The growing demand for cut stems of Persoonia virgata on the export and

domestic markets suggests that domestication is essential. This species and many others

from the genus Persoonia also have potential as ornamental crops. One Melbourne

wholesale native plant producer has reported that "Persoonia pinifolia is also

increasing in popularity, and despite increasing production numbers every year, the

nursery still cannot produce enough to satisfy the demand" (Saunders 1997).

The development of propagation protocols for P. virgata could be used to

aid the conservation of endangered species. In the 1996 edition of Rare or Threatened

Australian Plants, there are 44 Persoonias listed, of which two are presumed extinct

(Briggs and Leigh 1996). A Conservation Research Statement and Species

Recovery Plan for P. nutans R. Br. [classified as being endangered by Briggs and Leigh

(1988, 1996)] has been prepared by the New South Wales National Parks and Wildlife

Service (G. Robertson 1996 pers. comm.). Robertson stated that P. nutans is

"restricted to a tertiary alluvium that only occurs on the Cumberland Plain (the plain
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bounded by the Blue Mountains, the Hawkesbury River, and higher sandstone

areas to the south and east)". Urban development of Western Sydney is severely

reducing the area of suitable habitat. The development of propagation protocols is

essential for recovery programmes of endangered species in this genus.

The work reported here is to form a basis for the domestication of P. virgata, with

the long term aim of introducing this species into commercial cultivation. This will

lead to: a reduction in the reliance of bush harvesting for commercial quantities;

helping conserve the communities exploited; producing a more reliable source of

harvested material of better quality; and providing a new crop for commercial flower

growers that can be harvested all year round for continual cash flow. The specific

objectives of this study were to:

1 Determine the major factors affecting seed dormancy and develop a

method for germinating seed of P. virgata.

2 . Determine the factors influencing the rooting ability of P. virgata cuttings

and develop a method of vegetative propagation.

2. Germination of Persoonia species

2.1 Introduction

McIntyre (1969) and Abbott and Van Heurck (1988) reported that regeneration of many

Persoonia species in the wild usually occurs after a disturbance, such as bushfires.

Germination after bushfires may occur because of the fracturing of the hard seed

coverings due to the high, dry temperatures (Gill 1975), or due to the smoke produced

from the combustion of vegetation (de Lange and Boucher 1990; Brown 1993; Dixon et

al. 1995).

It was believed that the hard woody endocarp and a dormant embryo prevented the

germination of P. pinifolia R. Br. seed, as germination was only achieved with extracted

seed when gibberellic acid (GA3) was applied (McIntyre 1969). Seed extracted by pliers
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did not germinate when stratified for 3, 6 and 12 weeks at 1 to 2°C (34 to 36°F). A hot

water treatment was applied to fruit that had the mesocarp removed by using a scalpel.

The fruits were then cracked open and the seeds removed, and this also gave no

germination. GA3 was applied at 400, 266, 66.5, 13.3 and 0 ppm to extracted old (>1 year

old) and young (current season's) seeds in petri dishes kept in the dark at 21°C (70°F). No

untreated seed germinated but old and young seed germinated when treated with GA3.

The best results achieved were approximately 30% germination of old seeds with 400

ppm GA3, and approximately 50% germination of young seeds with 266 ppm GA3.

However, these experiments were severely contaminated and no statistical analyses were

undertaken.

It was then suggested that an endogenous inhibitor may have been responsible for

limiting the germination of P. pimifolia seed (Rintoul and McIntyre 1975). Extracted

seeds treated with GA3 at 350 and 500 ppm gave 40 and 30% germination respectively

(10 seeds per treatment). Once again, 60 - 70% contamination occurred, which limited

total germination.

Emergence, early survival and growth of seedlings of six tree species in Western

Australia has been investigated, including P. longifolia and P. elliptica R. Br. (Abbott

1984). Three random sites on undisturbed litter were caged to prevent fruit theft, and 30

fruit of each species placed in each site. Germination of the other species commenced

within 1 month of starting the experiment, and this was when soil moisture exceeded

15%. The Persoonia species did not germinate. Further experiments investigated the

effect of shading with no shade cloth, 50 and 80% shade; and the effect of the type and

quantity of litter, comparing leaf litter removal by light raking or low intensity fire, and

the addition of Eucalyptus marginata Donn ex Sm. litter. Five fruits of both Persoonia

species were distributed within each of three sites for both experiments. The Persoonia

species did not germinate under any of these treatments, which the author suggested may

explain the low abundance of these species in the jarrah forest.

Abbott and Van Heurck (1988) applied numerous treatments to P. elliptica seed, though

precise details of the treatment were not given. Treatments included: 12 hour photoperiod
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versus continuous light; soaking seeds in distilled water; cool storage of seed at 4°C for

several weeks; filing the ends of the seeds; hot water submersion for 15 minutes; acid

scarification for 3 hours; GA3; burning; and varying the litter type and depth as a growing

medium. None of the treatments induced seed germination, even though it was found that

the seed viability (tested using tetrazolium chloride) of this species was high, ranging

from 48% to 100% viability depending on the population. However, a limitation of the

study was that no treatments were applied in combination, preventing any interactions.

Seeds of 94 species native of Western Australia which were known to be difficult to

germinate, including P. longifolia, have been fumigated with smoke to enhance

germination (Dixon et al. 1995). Sown punnets received cool smoke in a sealed tent for

90 minutes, after which they were transferred to a glasshouse. It was not stated if the

fruits had been scarified or not. P. longifolia did not germinate in either the control or

smoke treatments. If the concentration of the smoke was too high germination may have

been inhibited (Brown 1993). Of five species of Proteaceae tested by Brown (1993), only

Protea compacta and Serruria phylicoides R. Br. showed improved germination with

smoke extract treatments. It was stated that this was the first report of a positive response

to smoke application of any species in the South African Proteaceae.

Thus previous attempts to germinate Persoonia seed have been unsuccessful. Controlled

germination experiments have been limited by contamination problems. A variety of

treatments have been applied to overcome of dormancy of Persoonia seed but none have

given better than 50% germination. This suggests that several interacting dormancy

mechanisms may be involved, namely;

(i) The mesocarp surrounding the seeds may contain germination inhibitors.

Leaching the fruit or removal of the mesocarp by either fermentation or acid treatment

may overcome this problem.

(ii) The hard, woody endocarp surrounding the seeds could inhibit germination by

either limiting embryo development or expansion, or limiting oxygen and/or water

permeability to the embryo. An increase in oxygen availability or the scarification of the

endocarp (mechanical or acid) could relieve this inhibition.
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(iii) P. pinifolia seeds may have dormant embryos. Embryo dormancy has been released

in some species by stratification, leaching or the application of chemicals.

The aim of this study was to determine whether these dormancy mechanisms regulate the

germination of P. virgata seed.

2.2 General materials and methods

Fruit collection

Fruits of P. sericea were collected from Murphy's Creek on 2 and 19 June and 14 July

1992. Fruits of P. virgata were collected from Landsborough Road on 6 September 1993

and 11 November 1997, Tuan on 13 September 1994 and Toolara State Forest 1004 on

22 July and 9 September 1995. Unless otherwise specified, the fruits were collected into

paper bags and stored at ambient temperatures.

Mesocarp removal

Three mesocarp removal techniques were used throughout the germination studies. The

acid treatment involved soaking the fruits in 32% hydrochloric acid (HCl) for 3 hours,

with occasional stirring of the fruits. The fruits were then washed through a sieve with

water to completely remove the mesocarp, and the endocarp enclosed seeds (referred to

as E+S) were left to dry at ambient temperatures. Alternatively, fruits were fermented by

placing them in warm water and leaving them to cool and soak for 3 days. The fruits were

stirred periodically during this time. These fruits were also washed through a sieve to

completely remove the mesocarp, and left to dry at ambient temperatures. This process

was similar to that outlined by Macdonald (1986). A control treatment involved drying

the fruits intact. The fruits were placed on germination trays lined with germination

paper, and placed in a drying incubator at 20°C ± 2°C until the mesocarps were dried.

The time for this to occur varied with the fruits, and generally took from 1 - 3 weeks. The

dried fruits from all treatments were stored in plastic bags at ambient temperatures.

Chemical scarification of the endocarp

Fruits (or E+S) were soaked in either 98% sulphuric acid (H2SO4) or 5% caustic soda
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(NaOH) for varying lengths of time. The fruits (or E+S) exposed to H2SO4 were rinsed in

a solution of 5% sodium carbonate (Na2CO3) for 15 minutes prior to the tap water, to

neutralise the acid (Macdonald 1986), while fruits (or E+S) exposed to NaOH were

rinsed in tap water only.

Chemical application

After the fruits (or E+S or seeds) had been surface disinfested, the chemicals were

applied by soaking the fruits (or E+S or seeds) in the chemicals for 22 hours in a laminar

flow unit. The chemicals applied were either a control treatment of sterile distilled water,

hydrogen peroxide (H2O2), or filter-sterilised gibberellic acid (GA3), at varying

concentrations.

Aseptic culturing

For each experiment, fruits (or E+S or seeds) were cultured aseptically following surface

disinfestation, due to contamination problems reported in germination studies of P.

pinifolia seeds (McIntyre 1969; Rintoul and McIntyre 1975). The fruits (or E+S or seeds)

were disinfested in a solution of sodium hypochlorite (NaOCl) containing 2000 ppm

chlorine, with the addition of a wetting agent (Tween 20® at a rate of 2 drops per litre).

The container with fruits (or E+S or seeds), NaOCl and the wetting agent was shaken

periodically for 30 minutes, during which a vacuum was applied to remove air bubbles

from the surface of the fruits (or E+S or seeds) and improve contact with the disinfecting

solution. Fruits (or E+S or seeds) were rinsed with sterile distilled water in a laminar flow

cabinet until cultured.

The basal medium used is listed in Table 2.1. It contained the basal salts of de Fossard

(1981) at half strength plus sucrose and Difco-Bacto-agar. The pH of the medium was

adjusted to 5.8 before autoclaving at 121°C for 25 minutes. The medium was placed into

either 65 mL glass jars (containing 10 mL of medium when more than one seed was used

per replication) or 30 mL polycarbonate tubes (containing 8 mL for single seeds).
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tetrazolium solution to form a red, stable, non-diffusible dye (formazan). This red

staining makes it possible to distinguish the living (respiring) parts of the seed from the

colourless, dead parts (Moore 1973).

The viability of Persoonia elliptica seed has been checked with tetrazolium chloride

(Abbott and Van Heurck 1988), though no details of the procedure undertaken were

specified. It has been stated that specific procedures such as soaking times are often not

critical to successful staining (Weber and Wiesner 1980). The procedure used in this

study involved removing at least half of the endocarp from the seeds. The testa

surrounding the seed also had to be broken to allow sufficient penetration of the

solutions.

The seeds were imbibed for 24 hours in distilled water, at ambient temperatures. The

seeds were then placed in a small glass jar, and a 1.0% (w/v) solution of 2,3,5-

triphenyltetrazolium chloride (TTC) was added to cover the seeds. The enclosed jar was

placed in an incubator, in the dark at 40°C, for 24 hours. The TTC solution was then

discarded and the seeds rinsed in distilled water. The seeds were cut longitudinally to

expose the embryo, with viability determined from the degree of staining of the embryo.

When the whole of the embryo stained a deep red to deep pink, the seed was recorded as

being viable; a white to pale pink colouration was recorded as being non-viable (Plate

2.1). A viability percentage was calculated.
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Plate 2.1: The viability of Persoonia virgata seeds was determined from the degree of

staining of the embryo. Viable (bottom) - embryo stained a deep red to deep pink; Non-

viable (top) - embryo stained pale pink or remained white.

Statistical methods

All seed germination experiments were a completely randomised factorial design. There

was a degree of non-orthogonality in these experiments due to the variation in the number

of contaminated seeds removed.

For experiments with multiple seeds in each replication, a chi-square analysis was

applied using the theoretical variance (Steel and Torrie 1980). The experiments were

analysed using a general linear model with the statistical package SYSTAT (SYSTAT

1992). Data enumerating the proportion of seeds that germinated were transformed to

angles using an arcsine transformation, with the angles expressed in radians. The arcsine

transformation was used as the percentages covered a wide range. Before transformation,

zero and 100 percent germination values were increased or decreased by l/4n percent

respectively, where n was the number of uncontaminated seeds remaining per replicate

(Steel and Torrie 1980; Gomez and Gomez 1984). Analyses of variance were applied to
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the germination data, to obtain the treatment and interaction sums of squares required for

the chi-square analysis. Least significant differences (Fisher's LSD [Ott 1993]) were

calculated at 5 and 1% levels of significance, allowing for different replication numbers

due to contaminated seeds.

For experiments with single seed replicates, a chi-square analysis was applied using r x c

contingency tables (Steel and Torrie 1980; Zar 1984). Mean separations were made using

the normal approximation at a 95% confidence interval (Steel and Torrie 1980).

Any contaminated seeds within a treatment were disregarded in calculating germination

percentages, to minimise any effect contamination may have had on germination

percentages. Data enumerating the proportion of seeds that were contaminated, for

treatments in which germination occurred, were analysed using the chi-square statistic for

an r x c contingency table (Steel and Torrie 1980). Mean separations were made using the

normal approximation at a 95% confidence interval (Steel and Torrie 1980).

The mean number of days to germination was calculated only for treatments where seeds

germinated. The data was subjected to a log transformation due to the exponential

distribution of the number of days to germination. This data was then analysed using

analysis of variance with least significant differences (Fisher's LSD [Ott 1993])

calculated at 5 and 1% levels of significance.

2.3 Fruit morphology of Persoonia virgata and limitations to the study.

The fruits of Persoonia species are drupes (Plate 2.2), with a succulent exocarp and a

thick, woody endocarp (Johnson and Briggs 1975).


