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Abstract: Persoonia (family Proteaceae) is a diverse genus of 99 species, mainly of woody shrubs and small trees,
that are endemic to Australia. The fleshy fruits that characterise these plants are an important resource in otherwise
resource-depauperate ecological communities. However, this genus is highly under-represented in restoration and
conservation programs, as its species are notoriously difficult to propagate and transplant in the wild. Understanding
the mechanisms that control seed production, viability, dormancy and germination will hasten progress on Persoonia
propagation. Here we review Persoonia studies to reveal the nature of, and variability within, the genus. We identify
key factors that need to be addressed; specifically, those affecting fruit set, endocarp degradation and subsequent
propagation of Persoonia. This synthesis of current knowledge provides important material to inform management of
this taxon in the landscape, and outlines several important priorities for future seed biology research on the genus. We
outline several important priorities for future seed biology research on the genus.

Keywords: Endocarp, germination, plant ecology, propagation, restoration, seed production

Cunninghamia (2018) 18: 089-107
doi:10.7751/cunninghamia.2018.18.006

Cunninghamia: a journal of plant ecology for eastern Australia © 2018 Royal Botanic Gardens and Domain Trust
www.rbgsyd.nsw.gov.au/science/scientific-publications/cunninghamia


mailto:nathan.emery%40rbgsyd.nsw.gov.au?subject=

90 Cunninghamia 18: 2018

Introduction

Success in many natural revegetation and restoration
projects depends on the establishment of a wide range
of species, but is often limited to those that are easy to
collect, propagate and establish. Proteaceae are important
keystone species in many restoration projects (Roche et
al., 1997; Koch, 2007b; Stingemore & Krauss, 2013), be it
at the landscape scale, with species of Banksia, Grevillea
and Hakea being commonly used, or the translocation of
a single threatened species (e.g. Persoonia pauciflora).
Seed production in woody-fruited Proteaceae can vary
significantly, from zero to tens of thousands of seeds on
a single plant in any given season (Groom & Lamont,
1998). Seeds of some Proteaceae species are relatively
easy to germinate but because many species occur in fire-
prone habitats, germination may be cued to fire, and can
be difficult to germinate due to specific conditions being
required to break the complex dormancy mechanisms (Van
Staden & Brown, 1977; Morris, 2000; Morris et al., 2000;
Arnolds et al., 2015; Chia et al., 2016).

Persoonia is one genus within the Proteaceae that has very
complex dormancy mechanisms. This genus includes many
species that are the subject of restoration or conservation
projects and include Persoonia longifolia (southern Western
Australia), Persoonia pauciflora (Hunter Valley, NSW),
Persoonia hindii (Newnes Plateau, NSW) and Persoonia
hirsuta (Sydney Basin, NSW). However, their inclusion
is hampered by consistently poor propagation success
(Cambecedes & Balmer, 1995; Ketelhohn et al., 1996; Bauer
& Johnston, 1999). For example, Persoonia longifolia plants
were present in areas of Western Australian jarrah woodland
prior to bauxite mining in the 1960s (Koch 2007a; 2007b).
The mine site restoration plan for these areas included a
target of restoring the ecosystem to a state comparable with
pre-mining, but although Persoonia longifolia had viable
seeds, they could not be germinated and were absent from
rehabilitation projects (Koch, 2007b). Recent research on the
seed ecology of this species (Chia et al., 2015), including
how seasonality and fire affect in sifu fruit set, dormancy
release and germination, identified the seasonal conditions
and length of time required for dormancy to break and
germination to occur in the soil (Chia et al., 2016).

We see a focus on plant ecology to be of great value for
progress in conservation and restoration. It is evident that
re-establishing new populations, or augmenting extant
populations through translocation, requires a detailed
understanding of how the plants interact in the natural
environment, if they are to have long-term success. We argue
that progress on Persoonia seed production and propagation
will be facilitated by understanding the mechanisms in
nature that control seed production, viability, dormancy and
germination. This review aims to identify major research
priorities and develop a logical framework to guide future
investigations towards a more systematic approach to resolve
species persistence in the landscape. Such an approach could
also have benefits for other Proteaceae with a similar seed
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biology to Persoonia, and may be relevant to other families
with similarly deep, intractably dormant seeds.

The genus Persoonia

Species of Persoonia (family Proteaceae) range from low
prostrate or spreading shrubs to small trees (Appendix 1);
they are characterised by light green foliage with high
morphological variability across species, and yellow
hermaphroditic flowers (Weston 2003; Fig. 1). A maturing
ovule forms a fleshy drupaceous fruit comprising a single
hard woody stone containing either one or two seeds (Fig. 2),
and an embryo can have up to nine cotyledons (Weston,
2003). All 99 species are endemic to Australia, and together
the genus occupies 64 of the 87 national bioregions (IBRA7;
Appendix 1), but is largely absent from central arid regions.
Including subspecies there are 115 taxa, 72 endemic to
eastern Australia, 42 to Western Australia, and one across
northern Australia. Nine species are listed as threatened,
endangered or critically endangered under the Australian
Environment Protection and Biodiversity Conservation
Act, 1999 (eight species occur in NSW; Appendix 1), being
impacted by several anthropogenic factors, including land
clearing, mining, habitat fragmentation, grazing, slashing
and predation. There is a distinct lack of ecological and
seed biology data on Persoonia; much of this research has
been conducted on ecastern Australian Persoonia species
(Table 1).

Fig. 1. Morphological variation within the Persoonia genus.
A- Persoonia myrtilloides plant; B- Persoonia levis plant;
C- Persoonia hirsuta plant, and; D- Persoonia pauciflora plant
(Photos by N. Emery).
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Table 1. Persoonia species that have been studied for breeding system, fruit set and/or seed germination. Several species have had
multiple independent studies that measured one or more component of the reproductive niche (see Appendix 2 for References)

Fire Breeding

Species Distribution (state)  Habitat'  Rarity? response’  System’ Fruit set® Germination®
Persoonia bargoensis NSW DSF, DW  En*, Vuf 1 SC
Persoonia elliptica WA DSF, DW NL 3 39%
Persoonia glaucescens NSW DSF En*, Vut 1 NC 18%; 86%
Persoonia juniperina NSW, SA, TAS, VIC DSF, H NL 2 SC 40%; 30—41.4%
Persoonia lanceolata NSW DSF NL 1 NC 41%; 88%; 97% ~10.0%
Persoonia levis NSW, VIC DSF, DW NL 3 NC 5—55%; 52% 50.0%
Persoonia longifolia WA DSF, DW NL 3 10%; 98.3% 31.8—94.7%
Persoonia mollis subsp. maxima ~ NSW DSF En*t 1 NC 18%; 89%
Persoonia mollis subsp. nectens ~ NSW DSF NL 1 NC 35%; 91% ~40.0%
Persoonia myrtilloides NSW DSF, DW NL 1 NC 10—70%
Persoonia rigida NSW, VIC DSF NL 1 SC 67%
Persoonia sericea QLD, NSW DSF, WSF NL 2 87.5%
Persoonia virgata QLD, NSW DSF NL 1 NC 36'14_8;(;)6%; 853(?:’%??5&;

! DSF = dry sclerophyll forest, DW = dry woodland, H = heath, WSF = wet sclerophyll forest
2 En = endangered, NL = not listed under state or national legislation, Vu = vulnerable; * threatened status listed under state/territory

legislation;  threatened status listed under the national EPBC Act

3 Ability to resprout following fire: 1 = cannot resprout and reliant on seeds, 2 = can resprout from base only. 3 = can resprout from base and

stems; Rymer (2006)

*NC = non-compatible breeding system, SC = self-compatible breeding system; reference list available in Appendix 2

3 Fruit set from outcrossed pollination reported in the literature as of 23/04/2018; reference list available in Appendix 2

¢ Germination results reported in the literature as of 23/04/2018; reference list available in Appendix 2

Field ecology behaviour

Some Persoonia species occur across multiple climatic
zones, but others are more localised including several of
the rarer obligate-seeding species in the Sydney region, and
these species often establish alongside roads and tracks. For
example, Persoonia hirsuta plants occur in drainage lines
along track edges with the largest populations along disturbed
road easements (N. Emery, pers. obs. 2017). Myerscough
et al. (2000) postulated that soil disturbance events might
substitute for the effects of fire, particularly in environments
with long inter-fire intervals.

Persoonia species lack the proteoid roots (characteristic
of most Proteaceae species) that aid inorganic nutrient
absorption, yet plants often occur in well-drained, nutrient-
poor acidic soils such as the sandstone and shale soils of
the Sydney region (Myerscough et al. 2000; Weston 2003).
As individual plants can thrive in their environments it is
possible that unknown mycorrhizal associations might occur
in the roots. Persoonia pauciflora plants often occur at
the base of Broad-leaved Ironbark (Eucalyptus fibrosa) or
Spotted Gum (Corymbia maculata) trees (N. Emery, pers.
obs. 2017), which might indicate a possible relationship
between these species.

Flowering times

Peak flowering in most Western Australian Persoonia species
occurs over winter and spring, and eastern Australian species

predominantly flower during summer and autumn (Bernhardt
& Weston 1996; Table 2). Some species such as Persoonia
pinifolia can produce flowers for most of the year. Eastern
Australian Persoonia species experience a high frequency of
hybridisation (Myerscough et al. 2000) that could be explained
by a combination of coinciding distributions, flowering times
and/or pollinators, as well as a lack of pre-zygotic barriers for
interspecific pollen (Bernhardt & Weston 1996).

Pollination

Many Proteaceous species produce large inflorescences
with copious amounts of nectar, making them well-suited
for vertebrate pollination (Carolin, 1961; Collins & Rebelo,
1987). Persoonia species, in contrast, have small yellow
flowers that are most notably pollinated by bees and wasps
(Carolin, 1961; Collins & Rebelo, 1987; Bernhardt &
Weston, 1996). It was originally postulated that a mutualistic
relationship exists between Persoonia and small native, hairy
Leioproctus bees (Hymenoptera: Colletidae) (Bernhardt and
Weston 1996). Leioproctus have since been observed to
pollinate numerous Persoonia species including Persoonia
glaucescens, Persoonia lanceolata, Persoonia mollis subsp.
maxima, Persoonia mollis subsp. nectens and Persoonia
virgata (Wallace et al., 2002; Rymer et al., 2005). Other
bee pollinators known to visit Persoonia include Exoneura
spp. (Bernhardt & Weston, 1996), Tetragonula carbonaria
(formerly Trigona) (Wallace et al., 2002), and the European
honeybee Apis mellifera (Bernhardt & Weston, 1996;
Wallace et al., 2002; Rymer et al., 2005; Chia et al., 2015).
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Native bees are thought to be more effective pollinators than  across multiple plants (Rymer et al., 2005). Furthermore, Apis
the introduced Honey Bee Apis mellifera as they have been  mellifera may collect floral resources without pollinating the
observed to travel greater distances, and visit more flowers  flower (Paton, 2000).

Table 2. Peak flowering times of 115 taxa (including all 99 species) of Persoonia obtained from Benson & McDougall (2000) and
ABRS Flora of Australia Online (http://www.anbg.gov.au/abrs/online-resources/flora/). Taxa are arranged by the Australian state
or territory that the species mostly occurs in.

Peak flowering time (month)

Species Distribution winter spring summer autumn
(state)
J J A[S O N|D J FIM A M
Persoonia acicularis WA
Persoonia angustiflora WA
Persoonia baeckeoides WA
Persoonia biglandulosa WA
Persoonia bowgada WA
Persoonia brachystylis WA
Persoonia brevirhachis WA
Persoonia chapmaniana WA
Persoonia comata WA
Persoonia cordifolia WA
Persoonia coriacea WA
Persoonia cymbifolia WA
Persoonia dillwynioides WA
Persoonia elliptica WA
Persoonia filiformis WA
Persoonia flexifolia WA
Persoonia graminea WA
Persoonia hakeiformis WA
Persoonia helix WA
Persoonia hexagona WA
Persoonia inconspicua WA
Persoonia kararae WA
Persoonia leucopogon WA
Persoonia longifolia WA
Persoonia manotricha WA
Persoonia micranthera WA
Persoonia papillosa WA
Persoonia pentasticha WA
Persoonia pertinax WA
Persoonia pungens WA
Persoonia quinquenervis WA
Persoonia rudis WA
Persoonia rufiflora WA
Persoonia saccata WA
Persoonia saundersiana WA
Persoonia scabra WA
Persoonia spathulata WA
Persoonia striata WA
Persoonia stricta WA
Persoonia sulcata WA
Persoonia teretifolia WA
Persoonia trinervis WA
Persoonia falcata QLD, NT, WA
Persoonia amaliae QLD
Persoonia iogyna QLD
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Peak flowering time (month)

Species Distribution winter spring summer autumn
(state)
J J A|S O N|(D J F|M A M

Persoonia prostrata™® QLD
Persoonia tropica QLD
Persoonia adenantha QLD, NSW
Persoonia cornifolia QLD, NSW
Persoonia media QLD, NSW
Persoonia sericea QLD, NSW
Persoonia stradbrokensis QLD, NSW
Persoonia tenuifolia QLD, NSW
Persoonia terminalis subsp. recurva QLD, NSW
Persoonia terminalis subsp. terminalis QLD, NSW
Persoonia virgata QLD, NSW
Persoonia volcanica QLD, NSW
Persoonia acerosa NSW
Persoonia acuminata NSW
Persoonia bargoensis NSW
Persoonia chamaepitys NSW
Persoonia conjuncta NSW
Persoonia curvifolia NSW
Persoonia cuspidifera NSW
Persoonia daphnoides NSW
Persoonia fastigiata NSW
Persoonia glaucescens NSW
Persoonia hindii NSW
Persoonia hirsuta subsp. evoluta NSW
Persoonia hirsuta subsp. hirsuta NSW
Persoonia isophylla NSW
Persoonia katerae NSW
Persoonia lanceolata NSW
Persoonia laurina subsp. intermedia NSW
Persoonia laurina subsp. laurina NSW
Persoonia laurin subsp. leiogyna NSW
Persoonia laxa* NSW
Persoonia marginata NSW
Persoonia microphylla NSW
Persoonia mollis subsp. caleyi NSW
Persoonia mollis subsp. ledifolia NSW
Persoonia mollis subsp. leptophylla NSW
Persoonia mollis subsp. livens NSW
Persoonia mollis subsp. maxima NSW
Persoonia mollis subsp. mollis NSW
Persoonia mollis subsp. nectens NSW
Persoonia mollis subsp. revoluta NSW
Persoonia myrtilloides subsp. cunninghamii NSW
Persoonia myrtilloides subsp. myrtilloides NSW
Persoonia nutans NSW
Persoonia oblongata NSW
Persoonia oleoides NSW
Persoonia oxycoccoides NSW
Persoonia pauciflora NSW
Persoonia pinifolia NSW
Persoonia procumbens NSW
Persoonia recedens NSW
Persoonia rufa NSW
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Peak flowering time (month)

Species Distribution winter spring summer autumn
(state)
J J A|S O N|(D J F|M A M
Persoonia subtilis NSW
Persoonia subvelutina ACT, NSW, VIC
Persoonia juniperina NSW, SA, TAS, VIC
Persoonia asperula NSW, VIC
Persoonia brevifolia NSW, VIC
Persoonia chamaepeuce NSW, VIC
Persoonia confertiflora NSW, VIC
Persoonia levis NSW, VIC
Persoonia linearis NSW, VIC
Persoonia rigida NSW, VIC
Persoonia silvatica NSW, VIC
Persoonia arborea VIC
Persoonia gunnii TAS
Persoonia moscalii TAS
Persoonia muelleri subsp. angustifolia TAS
Persoonia muelleri subsp. densifolia TAS
Persoonia muelleri subsp. muelleri TAS

Manipulative pollination experiments suggest that Persoonia
species have a breeding system that favours out-crossing
(Krauss, 1994; Cadzow & Carthew, 2000; Wallace et al.,
2002; Table 1). In Persoonia mollis, for example, 20% of out-
crossed flowers set fruit compared to just 1% of selfed flowers
(Krauss, 1994). Furthermore, pollen tubes were not present
in the ovaries of self-pollinated flowers. The experimentally-
manipulated result for out-crossed flowers also reflected the
natural pollination level, with 17% of unmanipulated flowers
setting fruit (Krauss 1994). Similarly, Persoonia virgata
pollination experiments showed weak self-compatibility, as
fruit set was significantly lower in self-pollinated flowers
(6.6%) than cross-pollinated flowers (48.9%) (Wallace
et al., 2002). Krauss (1994) first noted the possibility of a
post-zygotic mechanism within Persoonia seeds that caused
the majority of selfed fruits to be prematurely terminated
between 4 and 30 weeks following pollination. In Persoonia
Jjuniperina it was reported that 76% of selfed fruits terminated
during the maturation period compared to 33% for open-
pollinated fruits (Cadzow & Carthew 2000). Alternatively,
self-compatibility has been reported in Persoonia, as pollen
tubes were frequently observed in self-pollinated flowers
of Persoonia rigida, and final differences in the number of
matured fruit from self- and cross-pollinated flowers were
not statistically significant (Trueman & Wallace, 1999).
Self-compatibility has also been documented for Persoonia
Jjuniperina and Persoonia bargoensis (Cadzow and Carthew
2000; Field et al. 2005).

Fruit set success

Flowers of Australian Proteaceac are hermaphroditic and
typically produce a very low rate of fruit set — around 5%
(Ayre & Whelan, 1989). Fruit set success varies considerably
among Persoonia species, and has been documented in

re-sprouting and obligate seeding species (Table 1). Fruit
set in Persoonia longifolia was reported to be more variable
among plants within a population than between populations,
and to be positively correlated with plant height and time since
last fire (Chia et al., 2015). The availability of carbohydrates
that could be transferred from branches to the fruits was
reported to be positively correlated with fruit size in Persoonia
rigida, and fruit set on leaf-bearing branches being 4-6 times
higher than defoliated branches (Trueman & Wallace 1999).
Minimal vegetative growth during fruit maturation was
observed on Persoonia virgata plants (Bauer et al. 2001).
The slow development of Persoonia embryos coupled
with the requirement of nutrient uptake for embryo growth,
suggests that most of the plant resources are allocated to fruit
development during the fruiting season (Strohschen, 1986).

Fruit maturation

Persoonia peak flowering and fruit set precedes a long and
highly variable period of fruit maturation reported to require
at least 2 months. In some species it can take up to a year
for fruits to fully mature and drop from the maternal plant
(Trueman & Wallace, 1999; Benson & McDougall, 2000;
Wallace et al., 2002; Weston, 2003; Rymer et al., 2005; Chia
et al., 2015). It has been reported that Persoonia pinifolia
embryo maturation is significantly slower than other
Proteaceae genera such as Macadamia, and the endosperm
is almost completely replaced by the embryo at 34 weeks
post-anthesis (Strohschen 1986).

Fruit dispersal

Seed dispersal beyond the maternal plant environment
may be limited to fruit-drop from the maternal plant (Rice
& Westoby, 1981), but the fleshy Persoonia fruits are
also likely to be consumed and dispersed by birds and
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mammals (Weston, 2003; Auld et al., 2007). In one study,
90% of Persoonia lanceolata fruits were consumed by
Swamp Wallabies (Wallabia bicolor) with 98% of these
still being viable after being collected from scats (Auld et
al., 2007). Persoonia longifolia fruits have been reported
to be consumed by Brush Tail Wallabies (Macropus irma),
Western Grey Kangaroos (Macropus fuliginosus) and
Bobtail Lizards (7iliqua rugosa) (Chia et al. 2015). Many
native birds consume Persoonia fruits, including the Olive-
backed Oriole (Oriolus sagittatus), Silver-eye (Zosterops
lateralis), Pied Currawong (Strepera graculina), Regent
Bowerbird (Sericulus chrysocephalus), Satin Bowerbird
(Ptilonorhynchus violaceus), Red Wattlebird (Anthochaera
carunculata) and Lewin’s Honeyeater (Meliphaga lewinii)
(Barker & Vestjans, 1990). However, it is not known
whether these vertebrates facilitate dispersal of viable seeds
in their scats. Persoonia longifolia fruits are commonly
found in Emu (Dromaius novaehollandiae) scats, but the
germinability of these remains very low (Mullins et al.,
2002). Cockatoos and other parrots have also been observed
to predate on immature Persoonia fruit (Weston 2003;
K. Chia, pers. comm. 2016). The removal of Persoonia
seeds may correlate with the rarity and size of plants, as
macropods were found to remove significantly more fruits
of two common Persoonia species (Persoonia lanceolata
and Persoonia mollis subsp. maxima) compared with two
rare species (Persoonia glaucescens and Persoonia mollis
subsp. nectens) (Rymer, 2006). Furthermore, seed removal
was significantly positively correlated with plant height in
common species only, although plant population size was
not reported to be influencing removal (Rymer, 2006).

Seed biology

Within the fleshy Persoonia exocarp and mesocarp is the
woody endocarp (Fig. 2), which restricts germination as
a form of mechanical dormancy. In Persoonia longifolia
laboratory trials, germination only occurred when all or
half of the endocarp was removed (78% and 68% success,
respectively - Chia et al. 2016). Norman and Koch (2008)
determined that Persoonia longifolia endocarps were
permeable to water, (increasing in weight by 10-30%
following 30 hours of imbibition), but the permeability and
hardness of buried endocarps did not significantly differ
from the controls after a 2-year soil burial trial, suggesting
that endocarp weakening over time is slow. A recent study on
Persoonia longifolia noted that the removal of the endocarp
lid did not increase the rate of imbibition (Chia et al., 2016).

Coupled with the mechanical dormancy mechanism
imposed by the endocarp is the physiological dormancy of
the embryo, which may require treatment using a chemical
stimulant such as gibberellic acid (GA,), or a combination of
warm and cold stratification to improve overall germination
success (Mullins et al., 2002; Chia et al., 2016). Mullins et al.
(2002) suggested that Persoonia longifolia seeds required an
unknown period of cold temperatures over winter to maximise
overall germination. By contrast, Persoonia myrtilloides and
Persoonia levis seeds showed significantly reduced and no
germination, respectively, following a chilling pre-treatment
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(Nancarrow 2001). A recent study on Persoonia longifolia
suggested that the environmental conditions the endocarps
are exposed to are more important than the actual burial
time. Specifically, germination was highest when endocarps
were treated with two simulations of summer rainfall events
and a constant summer temperature of 30°C (Chia et al.
2016). Adding more complexity, a heat spike treatment
(50°C) improved germination when moisture was limiting,
but germination was significantly reduced if long wet cycles
were introduced.

It is possible that the proportion of physiologically dormant
seeds may be species-specific or vary among years depending
on conditions during fruit maturation. Some studies have
found that the addition of GA, made no difference or had
highly variable results, to overall germination (Ketelhohn
et al., 1996; Nancarrow, 2001; Chia et al., 2016). For
example, GA, increased germination of Persoonia virgata
seeds by at least 50% (Ketelhohn et al., 1996; Bauer et al.,
2004). Similarly, it increased germination of Persoonia
levis seeds, whereas Persoonia myrtilloides seeds were
unaffected (Nancarrow, 2001). As seeds from Persoonia
myrtilloides only germinated after 4 months in storage, it
is possible that a period of after-ripening or stratification is
required to alleviate physiological dormancy. Furthermore,
as no indication of viability was given, it is also possible
that viable embryos of both species were damaged during the
removal of the endocarp.

Exocarp

Testa
Mesocarp

Embryo

Endocarp

Fig. 2. Diagrammatic cross-section of a typical Persoonia fruit
(not to scale), comprising mostly a fleshy mesocarp behind a
leathery external layer (exocarp). The mesocarp covers the woody
stone (endocarp), which protects the seed. Persoonia seeds are
predominately made up of a testa and non-endospermic embryo, and
may contain one or two seeds within the endocarp. The endocarp is
the key structure that prevents germination from occurring.

Early studies on Persoonia pinifolia and Persoonia longifolia
noted that germination was negatively affected by microbial
contamination (Mclntyre 1969; Mullins et al. 2002), but
the recommended disinfecting and germinating of seeds
under aseptic conditions, has produced mixed results for
germination success (Bauer et al., 2004; Chia et al., 2016).
Interestingly, contamination of Persoonia longifolia seeds
was most prevalent in those treated with the smoke stimulant
karrikinolide (Chia et al., 2016). Persoonia pauciflora seeds
treated with GA, also suffered from severe contamination
despite being surface-sterilised (N. Emery, unpublished data).
Microbial growth within the seed could be promoted by both
GA, and karrikinolide as similar chemical derivatives have a
microbial origin (Brian et al., 1954; Light et al., 2009).
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Fig. 3. An example of the framework for Persoonia longifolia seed
ecology research. Seeds have been tested for germination as part of
large mining rehabilitation projects (Abbott 1984; Koch & Ward
1994), conservation studies (Dixon et al. 1995; Norman & Koch
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2008), and propagation studies (Mullins et al. 2002; Norman &
Koch 2008). Successful germination was not achieved until 2002,
when endocarps were physically compromised and seeds were
treated with gibberellic acid (GA,). Germination remained low
(25 — 40%); however, there was an indication from direct sowing
that germination was higher following cooler temperatures. This
link with climate was then rigorously examined in recent studies on
the developmental phenology and the endocarp (Chia et al. 2015;
Chia et al. 2016). Seed germination was reported to be highest
following three years of soil burial, and, moreover, wet and dry
cycle length interacted with the rate of endocarp weakening. These
results now raise the possibility of fire or heat being used as a
management tool for endocarp weakening, and whether endocarps
degrade at a faster rate than seed viability in situ.

Soil seedbank persistence

In the soil seedbank the endocarp is expected to decompose
over time, thereby increasing the rate of oxygen and water
reaching the embryo, and allowing the embryo to ‘push out’
of the weakened endocarp. Previous research has reported
mixed results of recruitment success in Persoonia and,
therefore, long-term persistence of seeds in the soil (Auld
et al. 2007; Ayre et al. 2009; McKenna, 2007; Chia et al.,
2015). Persoonia pinifolia fruit, for example, were estimated
to have a half-life of one year in the soil seedbank (Auld
et al., 2000). The viability of Persoonia elliptica seeds in
the soil seedbank declined from 39% to 5% after one year
(Nield et al., 2015). Persoonia longifolia seeds showed a
comparatively smaller decline in viability from 93% to 68%,
recorded after three years (Chia et al. 2016). In contrast, four
Persoonia species (two rare and two common) experienced
a significant decline in viability to around 30% following a
1-2 year soil burial (McKenna 2007). Interestingly, viability
decline also significantly varied among populations, which
could indicate local variation due to genetic or environmental
factors. However, such a decline in viability might not
adversely affect recruitment success where annual fruiting
events produce an accumulating seedbank. For example, 476
Persoonia mollis subsp. nectens seedlings emerged following
a wildfire from a population of 25 adult plants (Ayre et al.
2009). An additional 381 seedlings emerged following a
second wildfire four years later, and before the first seedling
cohort reached reproductive maturity (Ayre et al. 2009).
These results suggest that the population had a large and
persistent soil seedbank, capable of withstanding multiple
fires. Auld et al. (2007) estimated that although the number
of Persoonia lanceolata seedlings that emerged post-fire was
6-7 times greater than the pre-fire adult numbers, there was at
least 72% of available soil seedbank that did not germinate.

Natural recruitment: the role of fire and smoke

It was originally reported that seedling recruitment of
Persoonia is most likely to occur following a disturbance
such as fire (MclIntyre, 1969). Fire was thought to be a crucial
factor for the recruitment of Persoonia elliptica seedlings
in jarrah woodlands in Western Australia, with only one
seedling observed in plots that had not been burnt (Nield et
al. 2015). With fire comes the risk of seeds being destroyed
by the combustion (Chia et al., 2015); fire intensity is likely
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to be an important factor influencing seed survival, but has
not yet been investigated for Persoonia.

Auld et al. (2007) remarked that since most Persoonia
lanceolata fruits were found in the top 5 cm of soil, contact
with smoke during or shortly after a fire was a distinct
possibility. However, smoke has not been commonly used
in Persoonia germination experiments or shown to have a
positive benefit on germination success. In a comprehensive
study of the effect of smoke water on the germination of
plants in Western Australia, Persoonia longifolia seeds did
not germinate when treated with smoke water (Dixon et al.,
1995). However, this study used fresh, non-aged seed which
would not reflect the ecological priming of soil-stored seed
in nature and the post-fire germination found in this species.
A subsequent study also found no change in germination
success of Persoonia longifolia when smoke was applied
at different times prior to sowing; however, again non-
aged seed was used (Mullins et al., 2002). Similarly, there
was no additive effect when smoke water was applied with
GA,. This could be due to both smoke and GA, having a
similar mode of catalysing germination, through opening
the respiration pathway by stimulating the conversion of
oxygen to superoxide in the seed (Sunmonu et al., 2016).
Furthermore, it is known that smoke catalyses the production
of enzymes such as amylase, mobilising starch compounds
from the endosperm to other parts of the seed (Cembrowska-
Lech & Kepcezynski, 2016; Sunmonu et al., 2016). Whether
the application of smoke stimulates other mechanisms,
particularly for species with non-endospermic seeds, remains
unknown. However, this might explain why using smoke as
a pre-treatment has no additive effect on the germination
of Persoonia as the seeds lack an endosperm at maturity
(Strohschen 1986).

The variability in germination success reported in Persoonia
species means that further testing is required to determine
the environmental and population factors needed for optimal
seed collection, storage and germination conditions. We
consider that while a disturbance such as fire may be required
to break the mechanical dormancy in Persoonia seeds (i.e.
the woody endocarp), smoke water provides no greater
benefit for overall germination success of fresh seed than
GA,. However, if the role of smoke on germination is to be
examined in an ecologically relevant manner, then trialling
a possible interactive effect on soil-aged or seasonally-
stratified seeds would be an appropriate future study.

Discussion

Much of our knowledge of Persoonia seed biology is
derived from ex situ propagation research, be it for seed
germination, dormancy status or viability. However, we also
need to understand how the plants interact with their local
environment in sifu, i.e. their ecology. Once the main factors
driving fruit set and dormancy are determined, we can use
this knowledge to include particular species in propagation
and restoration programs. An example demonstrating the
relative benefits to ‘progress’ upon changes from ex situ
germination testing to in situ ecological requirement studies
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can be seen in our synopsis of Persoonia longifolia research
(Fig. 3). Following on from this and other Persoonia species
research efforts, we outline the major knowledge gaps for
restoration practice and, therefore, the research priorities for
future work on this taxon.

Climate and phenology

A major omission in many Persoonia studies to date is a
quantifiable link between phenological events and climatic
factors, namely temperature and rainfall. For example,
changes in the timing and duration of flowering can have
flow-on effects for other phenological events. In several
Proteaceae species, a decline in mean daily germination (due
to enforced seed dormancy) correlating with an increase of
1.4°C and 3.5°C during seed incubation has been reported
(Arnolds et al. 2015). Below-average rainfall was postulated
to cause the mortality of several Persoonia species
following fire (McKenna, 2007). If the flowering phenology
of Persoonia can be linked with climate, then this could
provide better predictions of the species niche, as well as
determine appropriate growing conditions and the adaptive
timing for fruit set and maturation. Since Persoonia species
have a breeding system that preferences outcrossing and are
predominately pollinated by native and exotic bee species,
the effect of the timing of flowering on interactions with
pollinators warrants further investigation.

Recent work on Persoonia longifolia illustrated the
importance of climatic events on both in situ and ex situ
seed burial. For example, brief wet events over summer,
such as a thunderstorm, were reported to greatly improve
overall germination by breaking mechanical dormancy in the
endocarp (Chia et al. 2016). As Persoonia longifolia seeds
are physiologically dormant, this means that an interactive
effect, in the sense of warm and cold stratification, is also
required to alleviate dormancy in the seed. Furthermore, as
post-fire germination is not always immediate, it is possible
that heat exposure, rather than smoke, weakens or cracks
the endocarp allowing germination to commence sooner
(McKenna, 2007; Chia et al., 2015).

Rethinking the role of fire

If endocarp degradation commences in the soil after fruit
drop and follows wet and dry cycles (Chia et al., 2016),
then the timing of fire could have a significant effect on
seed germination and viability. For example, seeds from
populations of Persoonia glaucescens and Persoonia
bargoensis (both obligate seeders) that had been burnt,
declined in viability over 12 months (McKenna 2007). By
contrast, seed viability in unburnt populations did not vary
over the same time. Auld et al. (2000) reported that seed
viability in Persoonia pinifolia (an obligate seeder) declined
to 28—40% following 2 years of soil burial, and suggested
that a prescribed burn midway through the experiment may
have contributed to seed death. However, seed death did not
significantly increase post-burning when compared with
pre-burning, and it was thought that seed ageing was the
main factor contributing to viability loss (Auld et al., 2000).
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Persoonia endocarps are water-permeable, and poorly-timed
fires could essentially pressure-cook any partially imbibed
seeds (Norman & Koch, 2008; Chia et al., 2016). While fire
may hasten the relaxing of mechanical dormancy, if a portion
of the soil seedbank has already experienced some level of
degradation, a fire could then scorch and kill the more water-
permeable seeds. This outcome could be the underlying
reason for significantly higher germination of Persoonia
mollis subsp. nectens seeds following a medium-intensity
burn, compared to a high-intensity burn (McKenna, 2007).
Chia et al. (2015) suggested that fire had killed Persoonia
longifolia seeds in the seedbank, as recruitment events only
occurred following post-fire fruit set. Taken together, these
results suggest a fine balance for endocarp degradation
through wet and dry cycles and fire. This raises the question
of whether endocarps require a fire and, if so, when should a
fire occur relative to fruit drop? It is also plausible that a low-
intensity burn following seed-sowing might lead to a shorter
time to recruitment.

To determine whether either the prescribed burning of
Persoonia soil seedbanks or ex situ ‘priming’ of seeds by
burning is likely to be important, the in situ seed longevity must
be known. Previous evidence indicates that seed longevity
varies among Persoonia species (Auld et al. 2000; Norman
& Koch, 2008) and suggests that seed longevity and endocarp
degradation might be intimately linked. If seeds lose viability
before the endocarp breaks down in the seedbank sufficiently
to allow germination to commence, an early controlled burn
could shorten the time for endocarp weakening.

However, some obligate-seeding Persoonia species require
an interval of at least § years between fires to allow juvenile
plants to reach reproductive maturity (Weston, 2003). This
part of the life-cycle is still poorly understood; the length of
the primary juvenile period for only six Persoonia species is
known (Appendix 1).

Seed production areas

The goal for any species being re-introduced to an ecosystem
is to produce self-sustaining populations. Genetic variation
in local provenances is also an important consideration for
restoration practices. For example, non-locally sourced
material could have negative consequences for persistence
due to factors such as maladaptation, where the non-local
material is selected against local genotypes, leading to
higher mortality rates (Bischoff et al., 2010). However, there
may be occasions when non-local material is required, such
as providing sufficient genetically-diverse material to buffer
rare species from future environmental change (Broadhurst
et al., 2008). It is not our intention to discuss the various
merits of local vs. non-local material. Rather, we describe a
more immediate requirement of generating a source of high
quality seed.

Seed is often sourced from the wild in large quantities for
restoration projects (Broadhurst et al. 2015) but issues
including reproductive failure, low abundance, plant age
and phenological variation can hamper the availability of
large seed collections. Rare species often have life-history
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traits that can create barriers to fecundity and survival (Abeli
& Dixon, 2016; Reiter et al.,, 2016). Rare or threatened
Persoonia species, including Persoonia pauciflora and
Persoonia bargoensis, have poor seed-production years.
Successful translocations of rare species (and, indeed,
other restoration practices) rely on an understanding of the
ecological requirements of the species (Abeli & Dixon 2016).
Tellingly, in an analysis of 249 plant species worldwide a lack
of species biology knowledge was found to be a main cause
of reintroduction failure (Godefroid et al., 2011). A lack of
data on the pollination biology was concluded to have caused
failure in previous orchid reintroduction attempts (Reiter et
al. 2016) and there is strong evidence that an understanding
of pollination ecology is also important for rare Persoonia
species (Rymer et al., 2005).

Plants from known sources can be established in seed
production ‘orchards’ to provide seed that is genetically
diverse and representative of a robust population, and as an
alternative to overharvesting wild populations (Nevill et al.
2016). This requires an agronomic approach for maintaining
and harvesting and the ecological requirements of a species
can be implemented to produce large quantities of high-
quality seed for collection. In Persoonia, for example,
manually hand-pollinating flowers to promote outcrossing
could result in a higher fruit set of large quantities of seeds
for restoration programs. Many situations may also require
short- or long-term ex situ seed storage prior to restoration
projects. In this regard, ex sifu seedbanks provide an
important supportive role. High-quality collections ensure
that seeds are more robust for ex situ storage conditions.

Conclusions

There is great potential for Persoonia species to be
successfully mass-propagated from seeds and included
more widely in restoration and horticulture projects.
Research to date has added several pieces to the puzzle;
however, the focus on optimising germination success has
meant that the ecological factors affecting this process have
not been widely tested. We also stress that maximising
germination does not necessarily translate into maximum
seedling survival. Similarly, assessing one seed batch from
a population does not provide any interpretation for that
population’s health beyond the collection year. Persoonia
propagation requires integrated collaboration between
the restoration and horticulture industries with rigorous
scientific research to achieve successful reintroduction and
conservation practices. We have highlighted several key
areas for future Persoonia seed research (summarised in
Fig. 4). The ecological requirements of Persoonia, in terms
of climate, plant-pollinator interactions, and seed biology,
are important for obtaining sufficient quotas of high-quality
seed to meet the growing needs of conservation, restoration
and horticulture.
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Key areas for advancing Persoonia seed germination research
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Fig. 4. Key areas that must be addressed for progressing Persoonia seed research. This requires an integrative approach, where data from
environmental and genetic factors help to inform key questions surrounding seed biology and the breeding system.

Acknowledgements

We thank Katharine Catelotti for initial supportive
discussions and Kerryn Chia for helpful suggestions to
improve an earlier version of this manuscript. This work
was initially funded by the NSW Office of Environment and
Heritage, Newcastle, and the Australian Coal Association
Research Program (ACARP) from mid-2017.

References

Abbott I. (1984) Emergence, early survival, and growth of seedlings
of six tree species in Mediterranean forest of Western Australia.
Forest Ecology and Management 9, 51-66.

Abeli T. & Dixon K. (2016) Translocation ecology: the role of
ecological sciences in plant translocation. Plant Ecology 217,
123-125.

Arnolds J. L., Musil C. F., Rebelo A. G. & Kriiger G. H. (2015)
Experimental climate warming enforces seed dormancy in
South African Proteaceaec but seedling drought resilience
exceeds summer drought periods. Oecologia 177, 1103-1116

Auld T. D., Denham A. J. & Turner K. (2007) Dispersal and
recruitment dynamics in the fleshy-fruited Persoonia lanceolata
(Proteaceae). Journal of Vegetation Science 18, 903-910.

Auld T. D., Keith D. A. & Bradstock R.A. (2000) Patterns in
longevity of soil seedbanks in fire-prone communities of south-
eastern Australia. Australian Journal of Botany 48, 539-548.

Ayre D. J., Ottewell K. M., Krauss S. L. & Whelan R. J. (2009)
Genetic structure of seedling cohorts following repeated
wildfires in the fire-sensitive shrub Persoonia mollis
ssPersoonia nectens. Journal of Ecology 97, 752-760.

Ayre D. J. & Whelan R. J. (1989) Factors controlling fruit set in
hermaphroditic plants: studies with the Australian Proteaceae.
Trends in Ecology & Evolution 4, 267-272.

Barker R. D. & Vestjens W. J. M. (1990) The food of Australian
birds 2. Passerines. CSIRO Publishing, Australia.

Bauer L., Johnston M. & Williams R. (2001) Rate and timing
of vegetative growth, flowering and fruit development of
Persoonia virgata (Proteaceae). Australian Journal of Botany
49, 245-251.

Bauer L. M. & Johnston M. (1999) Propagation of Persoonia
virgata for the development of a new floricultural export
croPersoonia Australian Flora Foundation Final Report,
University of Queensland.

Bauer L. M., Johnston M. E. & Williams R. R. (2004) Fruit
processing, seed viability and dormancy mechanisms of
Persoonia sericea A. Cunn. ex R. Br. and Persoonia virgata
R. Br. (Proteaceae). Seed Science and Technology 32, 663-670.

Benson D. & Mecdougall L. (2000) Ecology of Sydney plant
species. Part 7b: dicotyledon family Proteaceae to Rubiaceae.
Cunninghamia 6, 1016-1202.

Bernhardt P. & Weston P. (1996) The pollination ecology of
Persoonia (Proteaceae) in eastern Australia. 7elopea 6, 775-804.

Bischoff A., Steinger T. & Miiller-Schiarer H. (2010) The
importance of plant provenance and genotypic diversity of seed
material used for ecological restoration. Restoration Ecology
18, 338-348.

Brian P, Elson G., Hemming H. & Radley M. (1954) The plant-
growth-promoting properties of gibberellic acid, a metabolic
product of the fungus Gibberella fujikuroi. Journal of the
Science of Food and Agriculture 5, 602-612.

Broadhurst L., Driver M., Guja L., North T., Vanzella B., Fifield
G., Bruce S., Taylor D. & Bush D. (2015) Seeding the future—
the issues of supply and demand in restoration in Australia.
Ecological Management & Restoration 16, 29-32.

Broadhurst L. M., Lowe A., Coates D. J., Cunningham S. A,
Mcdonald M., Vesk P. A. & Yates C. (2008) Seed supply for
broadscale restoration: maximizing evolutionary potential.
Evolutionary Applications 1, 587-597.

Cadzow B. & Carthew S. M. (2000) Breeding system and
fruit development in Persoonia juniperina (Proteaceae).
Cunninghamia 6, 941-950.

Cambecedes J. & Balmer J. (1995) Lomatia tasmanica and
Persoonia muelleri propagation and commercial horticulture.
Parks and Wildlife Service, Hobart, Australia.

Carolin R. (1961) Pollination of the Proteaceae. The Australian
Museum Magazine 13, 371-374.

Cembrowska-Lech D. & Kepczynski J. (2017) Plant-derived smoke
induced activity of amylases, DNA replication and B-tubulin
accumulation before radicle protrusion of dormant Avena fatua
L. caryopses. Acta Physiologiae Plantarum 39, 39

Chia K., Koch J., Sadler R. & Turner S (2015) Developmental
phenology of Persoonia longifolia (Proteaceae, R. Br.) and the
impact of fire on these events. Australian Journal of Botany 63,
415-425.

Chia K. A., Sadler R., Turner S. R. & Baskin C. C. (2016)
Identification of the seasonal conditions required for dormancy
break of Persoonia longifolia (Proteaceae), a species with a
woody indehiscent endocarp. Annals of Botany 118, 331-346.



100 Cunninghamia 18: 2018

Collins B. G. & Rebelo T. (1987) Pollination biology of the
Proteaceae in Australia and southern Africa. Australian Journal
of Ecology 12, 387-421.

Dixon K. W., Roche S. & Pate J. S. (1995) The promotive effect of
smoke derived from burnt native vegetation on seed germination
of Western Australian plants. Oecologia 101, 185-192.

Godefroid S., Piazza C., Rossi G., Buord S., Stevens A., Aguraiuja
R., Cowell C., Weekley C. W., Vogg G. & Iriondo J. M. (2011)
How successful are plant species reintroductions? Biological
Conservation 144, 672-682.

Groom P. K. & Lamont B. B. (1998) Seed and seedling biology of
the woody-fruited Proteaceae. Australian Journal of Botany 46,
387-406.

Ketelhohn L. M., Johnston M. E. & Williams R. R. (1996)
Propagation of Persoonia virgata for commercial development.
Pages 157-164 In: Considine J. & Gibbs J., (eds) Third
International Symposium on New Floricultural Crops, Perth,
WA.

Koch J. M. (2007a) Alcoa’s mining and restoration process in south
Western Australia. Restoration Ecology 15, S11-S16.

Koch J. M. (2007b) Restoring a jarrah forest understorey vegetation
after bauxite mining in Western Australia. Restoration Ecology
15, S26-S39.

Koch J. M. & Ward S. C. (1994) Establishment of understorey
vegetation for rehabilitation of bauxite-mined areas in the
jarrah forest of Western Australia. Journal of Environmental
Management 41, 1-15.

Krauss S. L. (1994) Preferential outcrossing in the complex species
Persoonia mollis R. Br.(Proteaceae). Oecologia 97, 256-264.

Light M., Daws M. & Van Staden J. (2009) Smoke-derived
butenolide: towards understanding its biological effects. South
African Journal of Botany 75, 1-7.

Mcintyre D. K. (1969) The germination of dormant Persoonia
pinifolia R. Br. seeds by the use of gibberellic acid, Canberra
Botanical Gardens Report 69/6.

Mckenna D. J. (2007) Demographic and ecological indicators of
rarity in a suite of obligate-seeding Persoonia (Proteaceae)
shrubs. University of Wollongong

Morris E. C. (2000) Germination response of seven east Australian
Grevillea species (Proteaceae) to smoke, heat exposure and
scarification. Australian Journal of Botany 48, 179-189.

Morris E. C., Tieu A. & Dixon K. (2000) Seed coat dormancy in
two species of Grevillea (Proteaceae). Annals of Botany 86,
771-775.

Mullins R. G., Koch J. M. & Ward S. C. (2002) Practical method
of germination for a key jarrah forest species: Snottygobble
(Persoonia longifolia). Ecological Management & Restoration
3,97-103.

Myerscough P., Whelan R. & Bradstock R. (2000) Ecology of
Proteaceaec with special reference to the Sydney region.
Cunninghamia 6, 951-1015.

Nancarrow C. D. (2001) Germination of Persoonia myrtilloides
and Persoonia levis. Pages 166-170. Combined Proceedings
International Plant Propagators Society. International Plant
Propagators Society

Nevill P. G., Tomlinson S., Elliott C. P., Espeland E. K., Dixon K.
W. & Merritt D. J. (2016) Seed production areas for the global
restoration challenge. Ecology and Evolution 6, 7490-7497.

Nield A. P, Monaco S., Birnbaum C. & Enright N. J. (2015)
Regeneration failure threatens persistence of Persoonia
elliptica (Proteaceae) in Western Australian jarrah forests.
Plant Ecology 216, 189-198.

Norman M. A & Koch J. M. (2008) The effect of in situ seed burial
on dormancy break in three woody-fruited species (Ericaceae
and Proteaceae) endemic to Western Australia. Australian
Journal of Botany 56, 493-500.

Paton D. C. (2000) Disruption of bird-plant pollination systems in
southern Australia. Conservation Biology 14, 1232-1234.

Emery & Offord, Managing Persoonia in the landscape

Pyke G. (1982) Fruit set in Lambertia formosa Sm. (Proteaceae).
Australian Journal of Botany 30, 39-45.

Reiter N., Whitfield J., Pollard G., Bedggood W., Argall M., Dixon
K., Davis B. & Swarts N. (2016) Orchid re-introductions: an
evaluation of success and ecological considerations using key
comparative studies from Australia. Plant Ecology 217, 81-95.

Rice B. & Westoby M. (1981) Myrmecochory in sclerophyll
vegetation of the West Head, New South Wales. Australian
Journal of Ecology 6,291-298.

Roche S., Koch J. M. & Dixon K. W. (1997) Smoke enhanced seed
germination for mine rehabilitation in the southwest of Western
Australia. Restoration Ecology 5, 191-203.

Rymer P. D. (2006) Are seed dispersal and predation in fire-
sensitive Persoonia species (Proteaceae) associated with rarity?
International Journal of Plant Sciences 167, 1151-1160.

Rymer P. D., Whelan R. J., Ayre D. J., Weston P. H. & Russell K. G.
(2005) Reproductive success and pollinator effectiveness differ
in common and rare Persoonia species (Proteaceae). Biological
Conservation 123, 521-532.

Stingemore J. A. & Krauss S. L. (2013) Genetic delineation of
local provenance in Persoonia longifolia: implications for seed
sourcing for ecological restoration. Restoration Ecology 21,
49-57.

Strohschen B. (1986) Contributions to the biology of useful
plants. VI: Anatomical studies of fruit development and fruit
classification of Persoonia pinifolia R. Br. Angewandte Botanik
60, 257-265.

Sunmonu T., Kulkarni M. & Van Staden J. (2016) Smoke-water,
karrikinolide and gibberellic acid stimulate growth in bean and
maize seedlings by efficient starch mobilization and suppression
of oxidative stress. South African Journal of Botany 102, 4-11.

Trueman S. & Wallace H. (1999) Pollination and resource
constraints on fruit set and fruit size of Persoonia rigida
(Proteaceae). Annals of Botany 83, 145-155.

Van Staden J. & Brown N. (1977) Studies on the germination
of South African Proteaceae-a review. Seed Science and
Technology 5, 633-643.

Wallace H. M., Maynard G. V. & Trueman S. J. (2002) Insect
flower visitors, foraging behaviour and their effectiveness as
pollinators of Persoonia virgata R. Br. (Proteaceae). Australian
Journal of Entomology 41, 55-59.

Weston P. (2003) Proteaceae subfamily Persoonioideae. Botany
of the Geebungs, Snottygobbles and their relatives. Australian
Plants 22, 62-78.

Manuscript accepted 30 October 2018



101

Emery & Offord, Managing Persoonia in the landscape

Cunninghamia 18: 2018

4 I IN SOPIOTUAM[[I] H qQnuIys 39919 IVIN VM D1]0J1p10D DIUOOSAD]
Jon
1 ¢ IN B)R[0d0UL ] ASM ‘Asd [[BWS IO qIIYS }031d ONN MSN p1oUN(i0d PIUOOS.LdJ
qniys HAS OIS
I 4 IN BULmE] dSM ‘Md WIqUINIJP 0130310 IS ‘AIY ‘SSN VNV DIA ‘MSN D.10}f11.12f1100 D1UOOS.I]
qnays
C 4 IN BIOJRRI9L H ‘Md dsd Suipeards 0110010 VMS AV( ‘SAD ‘MAY VM DIDULOD DIUOOSIad
4 IN eueruewdey) isa QRUIYS 19319 VMS ‘SAD ‘MAY VM pupiupudnyd PIUOOS.IdJ
1 1 IN B)R[0dOUR ] H 4ISsa qnuys 9rensoxd qdAS ‘HAS dDS MSN sdpdavwnyd p1uoos.og
INIA dAS ‘dAS ‘HAS
0dS ‘dOS ‘ATd ‘SSN
1 4 IN At (Vehlit:y| ASa qnuys 9ensord ONN ‘LAN VAV DIA ‘SN 2onadanvunyd P1UOOS.1dJ
qnuys
z IN BIO[JIJIY H Surpeaids 03 10019 TVIN dSH VM SIYODYA1A2.41G DIUOOSAD ]
[ IN BJB[O30UET] ASM ASa qnigs 19319 HAS DdS  DJIA ‘MSN D1]0f142.1q DIU0OS.L2]
qnays
4 IN BI[OJ1)QIQ], H Surpeaxds 03 10019 SAD VM S141sAYyo0.1q PIUOOSAD]
qniys
I IN siarouanbuing H‘Md Surpeaids 03 10019 VA ‘SAD AVD VM ppP3IMOq DIUOOSIDJ
qnuys
[ [ IN BI[OJNRI9L H JUIQUINJAP 03 JO3Id TVA ‘SAD VM DSOINPUD|SIq DIUOOSII
1 S 1 Inp ‘,ug  eyejodOURT Md ASda QnUIYS 19310 qgAS MSN S1SU2034Dq DIUOOSAD]
I IN BIR[0dOUR] H qQnUIYS 19319 AVIN VM §2p102Y22Dq DIUOOS.LD ]
qnays
1 1 <UL B1R[0d0UL ASM ‘H 19912 03 21ensord HAS DdS VAV DIA ‘MSN pniadsp pIU0OS.Ldg
EEhil
1 1 IN 83I0QIY ASM [[BWS IO qNIyS Jo319 HAS ‘LAN VNV DIA D2.40G.ID DIUOOSADJ
VMS
1 z 1IN siazouanbuin() H‘Ma QnIYS 30919 gV ‘SO ‘00D ‘MAV VA DAOJ1ISNSUD DIUOOS.IDJ
ods
4 € IN BJB[0DUR] IA ASa 201 0} QIS 39210 ‘Ao ‘DIND ‘Ngd aid 2DV DIUOOSADJ
ASM 201}
1 ¢ IN [l (Vehliig | A ‘H ‘ASa [[BWS IO qnIys 19319 OAS MSN ‘d10 DYJUDUIPD DIUOOSADJ
qnuays
1 N BJB[O0UR] ASM Surpeaids 0y oyensoxd HAS ‘ONN ‘LAN MSN DIDUIUNID DIUOOSADJ
1 4 N siazouanbuing) HIN qnuys 30319 TVA ‘SD VM SLIDJNDIOD DIUOOSADJ
1 1 LA BJB[00URT Asa qnuys Surpeaids gAS ‘HAS MSN DS0420D DIUOOSAD]
sunu SEN As£g ,dsax (e35)
o WLIdD) smAQ  Jnig  pog - Arey LAUdgo[Ayg Jejqey ULIO} )MO0.15) uordaorg ————_— saadg

*D1100S12g JO (SIS g6 [[& SUIpN[IUI) eXe) ST JO SINSLIdIBIRYD SIS [£2130[093 pue [BIIF0[01q JO d[q¥) Aseqeie(

I XIANAddV



Emery & Offord, Managing Persoonia in the landscape

Cunninghamia 18: 2018

102

qniys pINjoAd
1 1 Laug BJR[0ddUR] asa juequnonp Surpeaids s ‘SSN MSN “dsqns pns.ary viuoos.oJ
I 4 LUH BJR[0ddUR] asa uyopur  qnuys SULIdONS [[ewWS gas MSN 1puty pIUoos.dJ
qniys
I IN siazouanbuing) Ma Surpeards 03 10910 TVA ‘SAD ‘MAV VA PUOSDXDY DIUOOSAD]
qnuys
[4 C IN erejodue]  HIN ‘H ‘Md Surpeaids 03 19210 TVIN 4S9 ‘00D VM Xijoy v1uoos.iad
qnuys
[4 IN erojad],  HIW ‘H 4Sd Surpeaxds 03 10010 TVIN ‘MAV VM SIULIOJIaYDY DIUOOS.I]
ASm
4 N uunn T4 ‘HVY qnIys 30319 gMI USL ‘HOL “144 SVL Huung vI00S.o4
qnuys
4 I IN BOUIWIRID) H ‘Asa JUSQUINOJP 0 10910 AVM AVI VA DUNUD.AS DIUOOSLDJ
I %98 DN 1 inp ‘,ug  ejejodoue] Asa qQnIys 30919 gAS MSN SU2IS20ND]3 DIUOOSLDJ
qnuys
4 IN SOPIOTUAM[[IQ H Surpeaxds 03 10019 dsa VM p1]0f1Xa]f D1U00S.1DJ
I 4 IN siazouanbuing H qQnUIYS 19319 VMS ‘SAD VM stuLiofifif viuoos.aog
qnuys
z z IN B1B[0d0UL MJ ASa Surpeaids 03 10019 LAN ‘sg9g MSN vIv131ISD) DIUOOS.LDJ
1dM ‘dIA ‘MIL MDd
‘dAO ION ‘dOW
4N DN ‘dso
‘Ndo ‘NId ‘nNaa “1va
Ova‘ava dAd
oY ‘H 3N DOND MED ‘VAD VM
4 € IN BIOJNRI9L ‘Md Asa [[ews 01 quIys 10010 ‘S ‘Ngd dIV DIV~ LN ‘10 DIP2IDY DIU00S.I]
Jon
4 %6¢€ 3 N Bje[0ddue] Madsa [[EWsS 0} qIYS 1215 YVM ‘VMS VI dSH VM oudl]]2 DIUOSI
qnuys
T IN SOpIOIUAM][I(] H Surpeards 03 10910 dsd VA sapro1udmy]ip pIU00SLdg
1 1IN BJR[0QJUR ] Md 4Sa qnuys 9rensold 1AN MSN saprouydpp p1uoos.Log
z z N ele[0ddue | O¥ ‘H qnuys Surpeaids TVIN dSd VM D10fiquidd v1100S.LO]
1 1IN BJR[09JUR ] Md 4Ssa qQnIys 30919 sdadg MSN p.42J1p1dsnd v1U0OS.12]
qnigs gAS ‘HAS ‘Al
€ IN BJB[09oUB] Ma Aasda Surpeards 0330210 ‘SSN “LAN ‘d0D ‘s MSN DIOfia N DIU00SAd]
qnuys gAS ‘0dS ONN
I [4 IN BjejoadueT] Md Asa Surpeaids 03 10010 ‘TAN ‘NVN ‘sgd MSN ‘d10 D1]0f111.10 DIUOOS.L2]
TVA NN
qniys “IVIN ‘AVI ‘dAD
C C IN BJR[0dUR HA ‘H Surpeaids 03 10019 ‘SO ‘00D ‘MAV VM DaOD1LOD DIUOOSID]
(sak
Junu NEN B I ,dsax ‘ (s1K) (31®)5)
o ULIdD) SnA0  wniy  podig - Anaey  Auddoidyg Jeyqey cwﬂwm roBuor] ULIOJ (IMOID) L uordaorg I saadg




103

Emery & Offord, Managing Persoonia in the landscape

Cunninghamia 18: 2018

qniys
I 4 N ©1B[090UR] ASM Id 9 0T Surpeards 03 30910 O4S ONN LAN  MSN ‘d10 DIpaut DIU00Sd]
qQnIYS JuUequINOIP
T 4 IN BIB[Od0UR ] isda 03 Surpeaids AdN ‘HAS MSN DIDULSADUL DIUOOSAD J
Qo
e IN siarouanburng) S ‘0¥ [[eWsS 10 qNIYS 30319 IVA YN ‘MAY VM DYOLIIOUDUL DIUOOSADJ
Qo1
%S6 C %86 € 1IN eI[0JI13u0] Md Asa [[BWS 1O qnIYS 10910 YVAL ‘VMS AV[ dSd VM ij0fiduo] v100s.od
ASM oon  gAS ‘0ds ‘HAS DdS
4 € N BJR[090UR ] ‘Ma Isa [Tews 10 qnIys 30319 ‘SSN ONN ‘LAN ‘S99 JIA ‘MSN S1ID2UI] DIUOOS.Id
0 dAS
%0$ C %SS ON € IN Ble[OddUE] Md asa 09< [[ewWs 10 qnIys 10910 ‘OFS ‘HAS ‘OdS ONN  DIA ‘MSN §149] D1UOOSLOd
qnuys
z IN ©)R[020UE ] H JUIQUINOAP 03 301D AN ‘00D VA 1030doona) pIUOOSId]
qniys
z IN BJR[0dOUR ] Asa Surjomp-punois qdAS MSN DXD] DIUOOSADJ
qniys vud3ora]
I 4 IN BULINE Asa 001—0S Surpeards 03 10010 dAS ‘HAS MSN “dsqns purinwy iuoos.Log
qniys puLIND]
I [4 IN ejejoddue] 48d 09—¢¢ Surpeards 0339010 gAS ‘HAS “‘SSN ‘ONN MSN “dsqns puLnmD] PILOOSI
qniys pipauLidul
I T IN BJR[0d0UR] Asa 09—S¢ Surpeards 03 10010 qdAS ‘HAS MSN “dsqns purinv) viuoos.ioq
qniys gAS ‘0ds
%01~ [ %L6 ON I IN Bjejoodue] 4sd 89 09—¢¢ Surpeords 0330010 ‘HAS DS ‘ONN ‘LAN MSN Djp]020UD] DIUOOSLdJ
Jon
IN BJR[0dOUR ] H “Sd [[BWS IO qnIys 10910 ONN MSN aD.12]DY DIU0OSAdJ
T IN BI[OJ1}QID], S qQnIys 30919 TVA VAL DADADY DIUOOSADJ
NIA ‘AML
“ASL ‘dSL ‘SNI TANL
‘HOL ‘dAS ‘HAS DdS
qnuys - dOS dON ‘ddIN ‘NIY  DIA ‘SVL
[4 %¢E8 oS [4 N BJB[03dUE] H 4sa Surpeords 0330010 NV N ‘G714 “THI VS ‘MSN putipdiun{ v1oos.L2g
qniys
I I IN BJR[0d0UR] Mda Surpeaids 0 30010 qAS MSN vjjdydost vioos.ioq
Jon
1 IN BJR[0JOUR] ASM ASa [[ews 03 qnuIys 30919 Ods aid pud3o1 vIUOOS.12J
qnIys
T IN BIO[JIINY HIN ‘H Surpeaids 0 10010 00D ‘MAV VAL pno1dsuodIUl PIUOOSAD ]
qniys pins.ty
I I Leug BJB[0d0URT Asa juequnonp Surpeards gs ‘SSN MSN “dsqns pns.y viuoos.iag
(sak
wnu §EN A4S ,dsax < (s1K) (9e38)
Ry ¢ 8 Anaey  Auddoidyg Jejqey poLg ULIOJ YIMOID) L uordaorg saadg
AqMAQ  naj  padag EX IR} Anp Adguor uonnqLysiq




Emery & Offord, Managing Persoonia in the landscape

Cunninghamia 18: 2018

104

qnuys

1 4 N BJR[0dJUR ] ASd ‘H Surpeaids 0y arensord  gAS ‘HAS DAS ‘SSN MSN $2P1022024X0 DIUOOSAD]
qnuys

I T IN BJR[00UR] ASM ASa Surpeaxds 03 10010 ONN ‘LAN MSN $2p102]0 DIUOOSAD ]
(0): qniys

C 1 IN [l (=hliicy | ‘Md ASa Surpeaids 03 10019 dAS ‘HAS ‘SSN MSN pIP3U0]qO DIUOOSLdJ
qnuys

C 1 Laug BJR[0dUR ] MNa Surpeards 03 10910 dAS MSN SUDINU DIUOOSLdJ

qniys saprojn4qw ~dsqns

[4 ON I IN elejodoueT  H ‘Md ‘ASd Surpeaids 0 10910 dAS ‘HAS DS MSN SaIO][1144Ut DIUOOS.A2]

qniys nunySuruund ~dsqns

4 %0L ON I IN BIB[O30UET] Ma dsd Surpeaxds 03 10010 dAS ‘SSN MSN sap1o]] 1t p1u00s.L2g

934 HMIL ¥SL 1a]nut

4 N 1uungy ASM ‘HV [[ews 01 qnIys 10210 ‘S ‘SN.L ‘HOL “1d9 SVIL  dsqns wojjanu p1uoos.ad

kil vijofisuap

4 IN uung H [[ewWS 03 qnIys 10919 AML NUSL SVL  dsqns niojjonu piuoos.iod

v1jofirsndun

[4 IN fuung 44 ‘HY qnIys 30210 ML “YSL ‘SNL ‘HOL SV1  dsqns rojjonu piuoosiog

ASMm

e IN nuuno ‘T ‘HV qnuys 9rensoxd dML SVL 11]p2SOUL DIUOOSAD ]

qQnIys JUSqUINOOP pinjoaal

4 1 IN BJR[0dUR] Asa 0 ojensoxd gAS ‘HAS DdS MSN “dsqns syj0ut ruoos.Lg

qnuys sua1oau

%01~ T %16 ON I IN BJR[0d0UR] asa p< 10019 0 ojensoxd dAS MSN “dsqns s17j0w v1U00OS.12 ]

qniys sijjout

4 I IN BJR[0d0UR] Asa 10212 0 oyensoxd dAS ‘HAS MSN “dsqns s1jj0ut 1UOOS.LDJ

puIxXDUL

4 %68 ON I LxUg EjB[0adue] ENe 0l quuys 39919 qAS MSN “dsqns s1jj0u DIUOOS.O

suaan]

[4 I IN BJB[090UB] Mmda asa qoas 35319 €gAS ‘HAS MSN “dsqns sjj0u p1U00S.O]

vjjAydoida)

z 1 IN BJR[09JUR ] MNa qQnIys 30919 dAS ‘HAS MSN “dsqns syjou pruoOSs.LDJ

vijofipa]

[4 I IN BJB[09OUB] 48d qnugs 30919 gAS ‘HAS DS MSN “dsqns syjj0u D1U00S.I2]

qnays 14210

C I IN BIR[0dJUR ] Asa 10212 0 91ensoid dAS ‘HAS ‘©DdS MSN “dsqns syjou p1UOOS.LDJ
qniys

I N eIR[0dOUR ] Asa 10010 0} ojensord dAS ‘HAS OdS MSN pjjdydototut p1U00S.D ]
qQnIYSs JU2qUINJAP

z I lug 1D BOUIWIERID) OY ‘H 03 arensoid dsa VAL DADYIUDLOTUL DIUOOSADJ

(sak
Junu NEN B I ,dsax ‘ (s1K) (31®)5)
o ULIdD) SnA0  wniy  podig - Anaey  Auddoidyg Jeyqey cwﬂwm roBuor] ULIOJ (IMOID) L uordaorg I saadg




105

Emery & Offord, Managing Persoonia in the landscape

Cunninghamia 18: 2018

RNl
! € IN Blejoadue] 4Sd [[ews 03 qruys 33919 OdS ONN  MSN ‘ATO  SISU2yoLqp.s viuoos.od
qnuys
I 1 IN siazouanbuin® H Surpeaids 0 30010 TVIN ‘dSH VM vIpnyIds DIU00S.12J
RNl
1 e IN eULINE] Asa [[ews 10 qNIys 19919 HAS DdS  DIA ‘MSN DODAJIS DIUOOSAD]
qnuys - gAS ‘OdS ‘SSN ONN
%88 4 [4 IN EJB[0d0uET] ASM dSa Surpeards 0110010 LAN ‘NVN ‘d¥d ‘S MSN ‘d'10 DaoLias Druoosiad
qnuys
1 C IN siazouanbuing) HIA Surpeards 03 10010 TVIN dS4d VAL DAGDIS DIUOOSAD]
TVA
qniys VMS YN “TVIA
C IN BI[OJ1IRIQ], H ‘H Surpeaids 03 10019 ‘SO ‘00D ‘MAV VM DUDISAIPUNDS DIUOOSAD ]
qniys
4 4 N BI[OJ1IAIQ], Md asa Surpeaxds 03 10010 AVM ‘VAS AVT VM DIPIIVS DIUOOSIDT
qniys VMS
[4 4 IN Blopjyy H ‘H ‘Md Suipeaids 0110010 “TVIN AV[ ‘SAD ‘MAY VM DA0}fifint D1U0OS.O]
qniys
1 1 IN BJR[0dUR ] 0¥ ‘A4sa Surpeards 03 10910 ONN ‘LAN MSN pfint DIUOOSADJ
1 1 IN siazouanbuinQ) Asa qnuys 30919 VAS ‘SAD ‘MAV VM S1pnd DIUOOSAdJ
qniys  NIA ‘AR ‘GAS ‘HAS
[4 %L9 oS I IN BJB[0ddUR] 4Sd 2QUINOIP 0130210 “DFS ‘SSN ‘S ‘VNV  DIA ‘MSN DpISLL DIOOSId]
qnuys
1 IN BJR[0d0UR] Asa Surpeaids 0y oyensoxd qdAS MSN SUaPaIAL DIUOOS.ID]
HI ‘H qnrys VMS “TVIN AV
I 4 IN siaouonbuin®d ‘M ‘ASA Surpeards 01 10010 ‘STD dSH ‘00D ‘MAV VM siapuanbuinb viuoos.iag
QIS JU2QUINOJP
I T IN BIR[0d0UR ] H 0} Surpeaxds SAD ‘MAV VM sua3und v1uoos.aJ
S‘H
xXq B)JR[Od0UR] ‘Md ASa qnuys dyensoxd O4aS a1d vp.4150.4d DIUOOSAD]
I IN BJR[0d0UR] Md 4Sda quuys ojensoxd ONN ‘LAN MSN Suaquind0.4d v1UO0SI2 ]
Jon
I I IN BjejoadueT] 48d S 09—¢¢ [[BUS 10 qUIYS 19319 qAS MSN vijofiurd piuoos.oq
qnuys
4 N ©JB[O0URT Ma Surpeaxds 03 10010 dAD ‘00D VM xvuipiad v1uo0sidq
qniys TVA
4 4 N eueiuewdey) H Surpeaids 03 10019 AN ‘SAD ‘MAY VM vyonsviuad DIUOOS.IDJ
I I LeID BJB[0d0URT MJ ASa qnays Surpeards q9AS MSN p.ao]f1onpd vIUo0S.LdJ
1 IN siaruanbun() S QOIS 19910 SAD VM vsojjidod v1uoos.iaJ
(sak
Junu NEN A4S ,dsax ¢ (s1K) (©13D)]
o ULIdD) SnA0  wniy  podig oty Anaey  Auddoidyg Jejqey cwﬂwm roBuor] ULIOJ YIMOI5) Juordaorg I saadg




Emery & Offord, Managing Persoonia in the landscape

Cunninghamia 18: 2018

106

7 x1puoddy ur 9]qe[IBAE ISI] 90ULISJAI (8 T(T/40/ET JO St ImeIal] ay) ur pajrodar anjeA uorjeuruirdd 1soySIy

(9007) TowAY woy paureiqQ
7 xipuaddy ur ojqe[reAe 1sI] 90U19Ja1 810 7/H0/€T JO Sk uoneul[jod uado wouy 3os 31y a5ejuad1ad 1soySIy

¢ xipuaddy ur ojqe[reae Js1] 20uU212JaI ‘WR)SAS Surpaalq d[quedwos-Jjos = DS ‘WsAs Furpaaiq sjquedwos-uou = DN ,

(9007) 1owAY ‘swo)s pue aseq wolj Jnoidsar ueo = ¢ *A[uo aseq wolj Jnoidsar ued = g ‘spaas uo Juel[a1 pue Jnoidsar jouued = | :211J Suimo[oy noidsar 03 AN[Iqy

10V DA [BUOHBU A} JOpUN PI}SI] SNJB)S PAUSILAIY)
L ‘uonersi3o] £1011110)/01e)S JopUN PA)SI| SNILIS PAUSILAIY) 4 ‘O[qBIUNA = NA ‘PAUSILAIY) = Y], ‘UON)B[SISA] [BUONEU IO 9JL)S IpUn PaJsI| J0U = TN ‘JoUnXe = Xg ‘paroSuepus = ug ‘paroSuepuo A[[eonio = 1)

(£007) uoIsap woy paurelqQ
15910J QUIA = JA 15210 [[AydoIa[as 1om = JSM ‘surejdpues = § ‘sd01oIno Ay001 = Oy “ISI0Jurel = 3 ‘Yieay 9wl = HIN YedY = H ‘PuB[poom AIp = M 15910J [[ydoidos A1p = JS ‘yreay auidje = Hv ¢
(0007) 118NN 7 UOSULE WO PaureqQ ;

(8107/10/€T U PassaddE) s9p0d-/E1q1/eIq!

/20UQI0S/SIU/PUR]/NE'AOT JUILUUOIIAUD MMM /-1 WOIJ d[qR[IRAR OIR SOWERU PUB SIPOI UOISAI £ d] ISI] A ‘§10T/H0/€T U0 (Ne'310° B[R AR) WNLIBGIOH [BNMIA S BI[RISNY WOIJ PAJORIIXD dIoM SuoIgaiolg

LR
1 IN BJR[Od0UR ] ASM ASa QnIys 30919 OdS MSN ‘ad10 DIIUDI]OA DIUOOSADJ
OdS ONN
%001 [4 %61 ON I IN BIB[O30UET] 48d qunigs 19319 OND ‘sdd ‘Ndd  MSN ‘dT10 DIDZAA DIUOOSAD
oom
T IN BJR[0d0UR] ASM ASd [[ewsS JO qIYS 19919 19dM ‘nid aio vo1do. PIUOOSI2]
qniys VMS “TVIN
I T IN siaRuanbum)  HN ‘H ‘Md Surpeards 0110010 JV[ ‘SAD dSH ‘MAV VM S1A42ULL) DIUOOSADJ
qnuys SHDUIULIDY
T 1 IN BJR[0d0UR] Asa Surpeaids 03 30010 LAN MSN ‘10 ‘dsqns sypuiuiia) viuoosioJ
qniys DALNIIL
z I IN BJR[0d0UR] asa Surpeards 0330010 1AN ‘S99 MSN ‘1O dsqns sypuiuiia) viuoos.aJ
qnIys
[4 IN BI[OJaIo], HIW ‘H Surpeards 0330210 TVIN AV ‘dST ‘MAV VM v1jofijaia) v1U0OS.L
qnuys 0dS ONN
[4 [4 IN BJB[090UB] H ‘4sa JUIqUINDP 03 39319 LAN ‘NVN ‘sdd  MSN ‘a10 DI10finua} DIU00S.a]
qnIys
z z N siarouonbumd)  OY ‘MA Surpeaids 03 30010 VAS AV ‘MAYV VA DIDOINS DIUOOSADJ
201 Jrews JIA
! IN Bal0qQ1y ASM ‘mda Io qniys Surpeaids HAS ‘SSN VAV ‘MSN LDV DUnnaAqns bItoosad
qQIIYS JU2qUINOOP
[4 C IN BlejoadueT] Ma dasda 01 3urpeards sdd ‘Ndd MSN sinqns bruoos.ad
TVA
4 IN BI[OJaIoL ma quiys Surpeaids AN ‘SAD ‘MAV VM DIoLYS DIUOOSId
qniys TVIN
I 4 N siaruanbun() HIN ‘H Surpeards 0310010 IV dSH ‘00D ‘MAV VM DIDLIIS DIUOOS.IDJ
(sak
Junu NEN B 1Y ,dsax ‘ (s1K) (31®)5)
o ULIdD) SnA0  wniy  podig - Anaey  Auddoidyg Jeyqey cwﬂwm roBuor] ULIOJ (IMOID) L uordaorg I saadg



http://avh.ala.org.au
http://www.environment.gov.au/land/nrs/science/ibra/ibra7-codes
http://www.environment.gov.au/land/nrs/science/ibra/ibra7-codes

Cunninghamia 18: 2018

Appendix 2

References for the data on Persoonia breeding
system, fruit set and germination listed in Table 1
and Appendix 1.

Breeding System

Cadzow B. & Carthew S. M. (2000) Breeding system and
fruit development in Persoonia juniperina (Proteaceae).
Cunninghamia 6, 941-50.

Field D. L., Ayre D. J. & Whelan R. J. (2005) The effect of local
plant density on pollinator behaviour and the breeding system
of Persoonia bargoensis (Proteaceae). International Journal of
Plant Sciences 166, 969-77.

Nancarrow C. (2006) Hybridisation in three sympatric Persoonia
species: P. chamaepitys, P. myrtelloides and P. levis. Institute
for Conservation Biology and Law, Australia.

Rymer P. D., Whelan R. J., Ayre D. J., Weston P. H. & Russell K. G.
(2005) Reproductive success and pollinator effectiveness differ
in common and rare Persoonia species (Proteaceae). Biological
Conservation 123, 521-32.

Trueman S. & Wallace H. (1999) Pollination and resource
constraints on fruit set and fruit size of Persoonia rigida
(Proteaceae). Annals of Botany 83, 145-55.

Fruit Set

Auld T. D., Denham A. J. & Turner K. (2007) Dispersal and
recruitment dynamics in the fleshy-fruited Persoonia lanceolata
(Proteaceae). Journal of Vegetation Science 18, 903-10.

Bauer L., Johnston M. & Williams R. (2001) Rate and timing
of vegetative growth, flowering and fruit development of
Persoonia virgata (Proteaceae). Australian Journal of Botany
49, 245-51.

Cadzow B. & Carthew S. M. (2000) Breeding system and
fruit development in Persoonia juniperina (Proteaceae).
Cunninghamia 6, 941-50.

Chia K., Koch J., Sadler R. & Turner S. (2015) Developmental
phenology of Persoonia longifolia (Proteaceae, R. Br.) and the
impact of fire on these events. Australian Journal of Botany
63, 415-25.

Chia K. A., Sadler R., Turner S. R. & Baskin C. C. (2016)
Identification of the seasonal conditions required for dormancy
break of Persoonia longifolia (Proteaceae), a species with a
woody indehiscent endocarp. Annals of Botany 118, 331-46.

Nancarrow C. (2006) Hybridisation in three sympatric Persoonia
species: P. chamaepitys, P. myrtelloides and P. levis. Institute
for Conservation Biology and Law, Australia.

Nield A. P, Monaco S., Birnbaum C. & Enright N. J. (2015)
Regeneration failure threatens persistence of Persoonia
elliptica (Proteaceae) in Western Australian jarrah forests.
Plant Ecology 216, 189-98.

Rymer P. D., Whelan R. J., Ayre D. J., Weston P. H. & Russell K. G.
(2005) Reproductive success and pollinator effectiveness differ
in common and rare Persoonia species (Proteaceae). Biological
Conservation 123, 521-32.

Trueman S. & Wallace H. (1999) Pollination and resource
constraints on fruit set and fruit size of Persoonia rigida
(Proteaceae). Annals of Botany 83, 145-55.

Wallace H. M., Maynard G. V. & Trueman S. J. (2002) Insect
flower visitors, foraging behaviour and their effectiveness as
pollinators of Persoonia virgata R. Br. (Proteaceae). Australian
Journal of Entomology 41, 55-9.
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Germination

Bauer L. M., Johnston M. E. & Williams R. R. (2004) Fruit
processing, seed viability and dormancy mechanisms of
Persoonia sericea A. Cunn. ex R. Br. and P. virgata R. Br.
(Proteaceae). Seed Science and Technology 32, 663-70.

Chia K. A., Sadler R., Turner S. R. & Baskin C. C. (2016)
Identification of the seasonal conditions required for dormancy
break of Persoonia longifolia (Proteaceae), a species with a
woody indehiscent endocarp. Annals of Botany 118, 331-46.

Ketelhohn L. M., Johnston M. E. & Williams R. R. (1996)
Propagation of Persoonia virgata for commercial development.
In: Third International Symposium on New Floricultural Crops
(eds J. Considine and J. Gibbs) pp. 157-64, Perth, WA.

McKenna D. J. (2007) Demographic and ecological indicators of
rarity in a suite of obligate-seeding Persoonia (Proteaceae)
shrubs. In: Biological Sciences. University of Wollongong.

Nancarrow C. D. (2001) Germination of Persoonia myrtilloides
and P. levis. In: Combined Proceedings International
Plant Propagators Society. pp. 166-70. International Plant
Propagators Society.






