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Summary

 

The Victorian Western (Basalt ) Plains grassland is one of Australia’s most
threatened plant communities. Practitioners using seed for its restoration need to know
whether seed can be sown fresh or whether it requires an after-ripening period. This study
assessed the viability and germination of freshly harvested wild seed from 64 grassland
species indigenous to the Basalt Plains of western Victoria. The seed was collected as part
of a broader experiment that examined the potential of direct-sown complex seed mixes for
the restoration of grassland communities. The germination of fresh seed at 25

 

°

 

C varied widely
between species. Comparisons with tetrazolium viability tests for each species indicated
varying levels of dormancy within the species pool. Germination separated into three broad
responses at day 28. One-third of the species failed to germinate, one-third germinated at 1%
to 50% and the remaining species germinated between 51% and 100%. Therefore, if the aim
of a sowing was the rapid and synchronous establishment of most of the sown species, the
use of fresh seed in restoration could be problematic. After 3 months of dry storage, eight
species were re-tested for germination. Each of the selected species had shown high viability
but low initial germination. Only two species significantly increased their total germination at
25

 

°

 

C. The annual species, 

 

Triptilodiscus pygmaeus

 

, increased its total germination from 6%
as fresh seed to 99% after dry storage. Testing the viability and germination capacity of freshly
harvested seed from a large and diverse sample of native grassland species demonstrated
that many of the species were unlikely to germinate rapidly or synchronously when sown in
complex seed mixes soon after harvest. This finding has implications for the scheduling and
management of restoration projects that rely on the use of such seed.
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Introduction

 

I

 

nitially drawing on insights from prairie
restoration in North America, interest in

the restoration of indigenous temperate
grassland communities through species
reintroduction into degraded or greenfield
sites has increased in Australia over several
decades (Morgan 1998; Mortlock 2000;
Lunt 2003). Such projects utilize seed from
a range of local grassland species primarily
to propagate container-grown plants or,
to an increasing extent, for use in direct
sowing seed of single or mixed species
(Clarke & Davison 2004; Gibson-Roy 2005).
There have been recent developments in
native vegetation management schemes
adopted by government natural resource
management bodies that increasingly focus
restoration activities on whole community
reconstruction. This will further test the
capacity of propagators and restorationists
to meet conservation targets.

At the root of the many challenges facing
grassland restoration is the issue of seed
supply and quality (Mortlock 2000; Gibson-
Roy & Delpratt 2005). In the past, and for
the foreseeable future, both seed quantity
and quality will limit the extent to which
practitioners can meet restoration goals via
propagation of plants or by direct seeding.
However, practitioners will be better able
to meet these challenges when information
is available on the viability and germination
capacity of the species to be used.  This
information will increase the capacity to
predict the behaviour of sown seed, thereby
increasing the effectiveness of the use of this
limited resource (Cochrane 

 

et al

 

. 2002).
A number of studies have responded to

this requirement for quantitative information
on seed germination for grassland species
(Lodge & Whalley 1981; Berkeley & Cross
1986; Lunt 1990; Dawson & Winder 1999;
Willis & Groves 1991; Maze 

 

et al

 

. 1993;
Morgan & Lunt 1994; Lunt 1995; Delpratt

1996; Willis 

 

et al

 

. 1997; Morgan 1998;
Shears 1998; Clarke 

 

et al

 

. 2000; Gibson
Roy 2000). In general, these studies report
large variations in germination responses
between species. Some of these differences
will result from differing seed sources,
storage duration and conditions, and the
experimental conditions and protocols
used when testing seed. Morgan and Lunt
(1994) reported differences in germination
responses when experiments were repeated
sequentially in different cabinets, a result
they attribute to ‘undefined cabinet effects’.
Although such factors have the capacity to
confound the interpretation of results
and may lessen the confidence with which
practitioners might use the information
(Baskin & Baskin 1998; Morgan 1998), it is
clear that there is a broad range of germina-
tion responses exhibited across species.

Germination tests are commonly used to
characterize the immediate germination
capacity of wild-harvested seed. Where
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dormancies or an after-ripening require-
ment are expected, however, testing with
chemicals such as tetrazolium (TZ) can be
combined with germination testing to
provide a more comprehensive evaluation
and description of seed characteristics in
the grassland flora (Gravina & Bellairs 1999;
Steiner 

 

et al

 

. 1999). Although such laborat-
ory tests may not always be reliable for
predicting outcomes of direct seeding in
the field (Mayer & Poljakoff-Mayber 1989;
Shears 1998), they can provide information
on a range of cues (e.g. temperature and light
conditions) that singly, or in combination,
may be needed for successful germination
and emergence of seedlings under field
conditions (Willis & Groves 1991).

The purpose of this study was to test the
viability and germination of freshly harvested
seed from 64 grassland species native to the
Basalt Plains Grassland, near Melbourne,
Australia. Testing sought to determine for
recently harvested seed (i) which species
germinate rapidly and synchronously follow-
ing sowing; (ii) whether seeds that fail to
germinate under specific test conditions
remain viable; (iii) whether a short period
of dry storage modified the germination
response; (iv) whether species within
particular functional groups differed in
their germination responses to those in
other functional groups; and, finally, (v) if
it was likely that particular species may
persist in the soil seed bank.

 

Methods

 

Seed resources

 

Seeds used in this study were field harvested
during the spring/summer (Sept–Feb) of
2001/2002 in preparation for a multispecies
direct sowing experiment planned for the
following autumn (April–May) (2002). Seed
lots were harvested from various remnant
grasslands along the Merri Creek corridor
to the north of metropolitan Melbourne.
Sixty-four indigenous species (Table 1)
were collected from the 199 species
recorded for these sites (Hume Freeway
Review Panel 2000). Species were excluded
from the collection if there was insufficient
seed produced during the collection season,
or if fewer than 10 individuals were located
at a collection site.

Seed was collected from as many of the
native grassland species present within the
reference sites as possible, and as close to
the time of natural dehiscence from the
parent plant as was practicable. If im-
mature seed was taken, a section of stem
was removed with seed attached. Seed was
collected from a target number of 50 or more
plants per species and from a minimum of
10 plants in small populations. For each
species, multiple harvests were undertaken
across the collection season. Following
harvest, seed lots were dry stored at ambient
room temperatures until testing.

 

Seed processing

 

Seeds were cleaned (in species lots) by
removing unattached inert matter and
loose protective coverings from individual
diaspores. The diaspores included true
seeds and various dry, indehiscent fruits
(hereafter referred to collectively as seeds).
Before testing, individual seeds were visually
assessed for the presence of a sound
embryo. This was determined through the
characteristic of seeds appearing filled
(plump) or unfilled (pinched). Seed lots
were sorted into filled and unfilled seeds
and all testing used the filled seed samples.

 

Seed mass

 

Seed mass was determined from the filled
seed samples and reported as the number
of seeds per gram. Weights were the average
of three samples of 100 seeds for each
species, except in the case of the small
seeded species from the genera 

 

Wahlen-
bergia

 

, 

 

Microtis

 

, 

 

Hypericum

 

, and 

 

Drosera

 

when three samples of 500 seed were
weighed and averaged.

 

Laboratory germinat ion 
tests

 

Germination tests were carried out on two
occasions. The first test included all 64
species and was conducted at the end of
the harvest period (February 2002) when
seed had been in dry storage for between
1 and 9 weeks. Species were tested under a
single set of conditions (25

 

°

 

C; 12 h light,
12 h dark per day). The second germination
test was conducted 3 months later (May
2002) on a subset of eight species from the
larger collection. Each of these species had
high viability but low germination in the

initial test. They were tested under three
temperature regimes of 25

 

°

 

C constant, 20

 

°

 

C
constant, and 20/10

 

°

 

C (12 h light, 12 h dark,
in each case). For all tests, six replicates of
25 seeds per species were placed within
rectangular plastic germination trays
(21 cm 

 

×

 

 31 cm 

 

×

 

 4 cm) on white absorbent
paper laid over towelling moistened with
deionized water. The trays were placed into
an incubation cabinet set to the required
temperature and light conditions.

Cabinet tests were limited to 28 days
duration (Baskin & Baskin 1998) to deter-
mine the immediate germination capacity
of each species soon after harvest. Each
tray was inspected at 4-day intervals. Trays
were rotated after each count to spread the
effect of any variations in light intensity and
temperature within the cabinet. No fungi-
cidal treatment was applied to germination
trays during the test.

Germination was recorded as the emer-
gence of a radicle. Germinated seeds were
removed after each inspection. For all species,
the following germination characteristics
were determined: total percentage germina-
tion after 28 days (

 

G

 

28

 

); the time between
the start of the test and the first germina-
tion (lag), with species grouped into lag
responses (<7 days, 7–14 days, 14–28 days)
for analysis; the time taken (days) from the
start of the test until 50% of observed
germination occurred (

 

t

 

50

 

), with species
grouped into t

 

50

 

 responses (<7 days, 7–14
days, and 14–28 days) for analysis.

 

Viabi l i ty  tests

 

The viability of seeds was assessed using 1%
2,3,5 triphenyl tetrazolium chloride (TZ)
in two instances. The first was when seeds
had not germinated at the completion of
germination tests (day 28). The second
instance was in May 2002, 3 months after
the end of the harvest, when the stored
seed of all 64 species was assessed. Viability
testing was based on Ellis 

 

et al

 

. (1985) and
Vankus (1997). Samples assessed for viability
at the end of the cabinet tests comprised a
maximum of five, intact, ungerminated seeds
per replicate for each species. Samples from
dry stored seed comprised three replicates
of 20 seeds for each species. Seeds selected
for viability testing were drawn from the
filled seed samples as described above.
Hard-seeded species (impermeable to water)
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Table 1.

 

Germination and viability characteristics of 64 species from the Victorian Western (Basalt) Plains grasslands (nomenclature consistent with
Ross & Walsh, 2003)

 

Species Family Functional group Seeds/g Lag (days)

 

t

 

50 

 

(days)

 

G

 

28

 

V

 

us

 

V

 

ss

 

Acaena echinata

 

Rosaceae H 72 FTG FTG 0 33 71

 

Acaena nove-zelandiae

 

Rosaceae H 240 14–28 14–28 44 24 18

 

Arthropodium minus

 

Liliaceae C 1280 FTG FTG 0 50 60*

 

Arthropodium strictum

 

Liliaceae C 500 FTG FTG 0 53 78*

 

Asperula conferta

 

Rubiaceae CH 200 FTG FTG 0 60 41

 

Asperula scoparia

 

Rubiaceae CH 900 FTG FTG 0 50 25

 

Austrodanthonia caespitosa

 

Poaceae C3 900 <7 <7 87 75 90

 

Austrodanthonia carphiodes

 

Poaceae C3 2000 <7 <7 75 18 64

 

Austrodanthonia duttoniana

 

Poaceae C3 920 <7 <7 100 32 81

 

Austrodanthonia racemosa

 

Poaceae C3 780 <7 <7 95 8 66

 

Austrodanthonia setacea

 

Poaceae C3 760 <7 <7 55 61 78

 

Austrostipa scabra

 

 ssp. 

 

falcata

 

Poaceae C3 240 <7 <7 100 56 17

 

Austrostipa semibarbata

 

Poaceae C3 300 FTG FTG 0 90 48*

 

Bossiaea prostrata

 

Fabaceae L 340 14–28 14–28 13 100 56*

 

Brachyscome basaltica

 

Asteraceae H 5000 <7 <7 4 4 25

 

Bulbine bulbosa

 

Liliaceae C 500 <7 14–28 14 50 81*

 

Burchardia umbellata

 

Liliaceae C 1160 FTG FTG 0 63 28

 

Caesia calliantha

 

Liliaceae C 440 FTG FTG 0 60 31*

 

Calocephalus citreus

 

Asteraceae H 5000 <7 7–14 94 63 52

 

Calocephalus lacteus

 

Asteraceae H 2500 <7 7–14 100 95 63

 

Chrysocephalum semipapposum

 

Asteraceae CH 12 000 <7 7–14 100 56 32

 

Convolvulus erubescens

 

Convolvulaceae H 100 <7 7–14 8 79 72*

 

Convolvulus remotus

 

Convolvulaceae H 50 7–14 7–14 16 74 92*

 

Craspedia variabilis

 

Asteraceae H 3300 14–28 14–28 3 21 73

 

Cullen tenax

 

Fabaceae L 150 7–14 7–14 0 89 64

 

Cynoglossum suaveolens

 

Boraginaceae H 160 7–14 7–14 2 79 49*

 

Dianella longifolia

 

 var. 

 

longifolia

 

Liliaceae H 300 FTG FTG 0 38 44*

 

Dianella revoluta

 

Liliaceae H 290 FTG FTG 0 43 35*

 

Dichelachne crinita

 

Poaceae C3 1800 7–14 7–14 29 26 21

 

Drosera peltata

 

 ssp. 

 

peltata

 

Droseraceae H 45 400 FTG FTG 0 0 0

 

Einadia nutans

 

Chenopodaceae H 1650 <7 7–14 18 42 65*

 

Elymus scaber

 

Poaceae C3 240 <7 <7 88 0 16

 

Eryngium ovinum

 

Apiaceae H 260 14–28 14–28 3 38 33

 

Eryngium vesiculosum

 

Apiaceae H 360 FTG FTG 0 15 30

 

Geranium retrorsum

 

Geraniaceae H 400 14–28 14–28 5 43 66*

 

Geranium solanderi

 

Geraniaceae H 600 <7 7–14 13 86 94*

 

Glycine clandestina

 

Fabaceae L 190 <7 <7 32 97 71*

 

Goodenia pinnatifida

 

Goodeniaceae H 220 <7 7–14 100 46 62*

 

Helichrysum rutidolepis

 

Asteraceae H 2900 7–14 7–14 50 7 4

 

Hydrocotyle laxiflora

 

Apiaceae H 1680 7–14 14–28 95 14 13

 

Hypericum gramineum

 

Hypericaceae CH 100 000 7–14 7–14 4 15 27

 

Kennedia prostrata

 

Fabaceae L 70 <7 7–14 7 99 90

 

Lepidosperma laterale

 

Cyperaceae H 220 FTG FTG 0 36 29*

 

Leptorhynchos squamatus

 

Asteraceae H 4400 14–28 14–28 16 47 57

 

Leptorhynchos tenuifolius

 

Asteraceae H 10 000 7–14 7–14 29 13 31

 

Linum marginale

 

Linaceae CH 800 7–14 14–28 5 90 94*

 

Lomandra filiformis

 

Xanthorrhoeaceae H 100 FTG FTG 0 0 10*

 

Lomandra longifolia

 

Xanthorrhoeaceae H 110 FTG FTG 0 0 8*

 

Microlaena stipoides

 

Poaceae C3 200 <7 <7 100 0 81

 

Microtis unifolia

 

Orchidaceae C 330 000 FTG FTG 0 0 41

 

Oxalis perennans

 

Oxalidaceae H 1600 7–14 7–14 18 35 49*

 

Pimelea curviflora

 

Thymeliaceae H 680 FTG FTG 0 31 0*

 

Pimelea humilis

 

Thymeliaceae H 320 FTG FTG 0 60 63*

 

Poa labillardierei

 

Poaceae C3 1400 <7 14–28 50 18 61

 

Senecio quadridentatus

 

Asteraceae CH 5000 7–14 7–14 53 32 66

 

Solenogyne dominii

 

Asteraceae H 3600 <7 7–14 100 38 54

 

Themeda triandra

 

Poaceae C4 260 <7 <7 25 69 61*

 

Tricoryne elatior

 

Liliaceae C 200 FTG FTG 0 13 43*

 

Triptilodiscus pygmaeus

 

Asteraceae T 2500 14–28 14–28 8 53 80

 

Veronica gracilis

 

Scrophulariaceae CH 3200 FTG FTG 0 8 34

 

Vittadinia muelleri

 

Asteraceae H 1300 7–14 7–14 95 31 58

 

Wahlenbergia communis

 

Campanulaceae CH 58 000 7–14 7–14 14 29 44

 

Wahlenbergia gracilis

 

Campanulaceae CH 55 000 7–14 7–14 100 33 48

 

Wahlenbergia luteola

 

Campanulaceae CH 31 200 7–14 7–14 21 26 67

Functional Groups: C3, C3 grass; C4, C4 grass; C, cryptophyte; CH, chamaephyte; H, hemicryptophyte; L, legume; T, therophyte. Seed/g, mean number 
of seeds per gram; Lag (days), the number of days from the start of the experiment until first germination is recorded; 

 

t

 

50

 

 (days), the number of days for 50% 
of total observed germination to occur (note FTG, failed to germinate by day 28); G28, germination of fresh seed at 25

 

°

 

C constant after 28 days (adjusted 
for chemical assessment of seed-lot viability); 

 

V

 

us

 

, percentage viability of ungerminated seed sample from cabinet test; 

 

V

 

ss

 

, percentage viability of seed lots 
after 3 months of dry storage (* denotes requirement for piercing or breaching of seed coat before TZ staining).
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were cut before imbibition and those
species that were found to have barriers to
the uptake of tetrazolium were pierced
before immersion in the TZ solution.

Each replicate sample was placed into a
labelled plastic vial, covered with deionized
water and left to imbibe for 24 h at room
temperature (ungerminated seed from
germination tests were already imbibed).
Following this, the deionized water was
drained from the vials and the imbibed
seeds were covered with 1% TZ. All vials
were wrapped in aluminium foil to prevent
light reaching and degrading the TZ. The
vials were placed into an incubation cabi-
net set to a constant temperature of 30

 

°

 

C
and left for 48 h. The seed samples were
removed from each vial, rinsed in water
and evaluated under an Olympus dissecting
microscope. Viability evaluation was based
on staining patterns of essential tissue.
Individual seeds were dissected and the
embryos exposed for examination for
evidence of staining. Staining patterns and
intensities were scored for one of four
levels: 0, no or discontinuous staining of
the embryo; 1, staining of the radicle and axis
of the embryo; 2, staining at radicle and
cotyledon tips with light but continuous
stain between; 3, all embryonic tissue stained.

Staining at levels 1–3 was considered to
meet the criteria for viability described in
the International Seed Testing Association
Rules 6.2.A (International Seed Testing
Association 1999), which state that seed
tissue should be stained in those areas
necessary for normal seedling development.
A score of 0 was considered to indicate that
the embryo was not viable.

Results for the TZ tests indicated that the
visual assessment method used to deter-
mine plump seed suitable for germination
testing was not as reliable as assumed (i.e.
each test lot was assumed to be near to, or
100% viable, based on visual assessments of
seed plumpness). Therefore, using these
findings, all final germination test percent-
ages were adjusted to reflect the live seed
component of samples.  All further discussion
of germination percentage figures refer to
adjusted results. This procedure increased
the germination percentage of 42 species
and was thought to more accurately reflect
the germination response of the viable
component of the test samples.

 

Funct ional  groups

 

To examine possible differences between
life forms in their production of viable seed
and their germination responses, all species
were allocated into one of seven groups
(Tremont & McIntyre 1994), where species
displayed similar morphological (therophyte,
cryptophyte, hemicryptophyte; Raunkier
1934) or physiological traits (C3 grass,
C4 grass, legume) (Table 2).

 

Data analys is

 

Data were analysed using the statistical soft-
ware 

 

MINITAB

 

 13 (Minitab Inc.). They were
assessed for normality using the Ryan–Joiner
test. Non-normal germination percentages
were arcsine transformed and non-normal
viability scores were log transformed. One-
way 

 

ANOVA

 

 and Tukey’s post-hoc comparisons
were used to examine differences between
functional group responses in the first
germination cabinet test and seed viability

tests. The same tests were used to examine
within species responses in the second
germination cabinet test. Linear regression
was used to investigate the relationship
between seed mass and germination
response within the total collection.

 

Results

 

In i t ia l  germinat ion

 

Mean percentage germination for all
species at 25

 

°

 

C was 31% but germination
varied widely between species (0–100%)
(Table 1). By day 28, one-third of species had
failed to germinate, one-third had germinated
up to 50% and one-third had germinated
between 51% and 100%. Of the species that
failed to germinate, TZ testing indicated
that four species (

 

Drosera peltata

 

 ssp.

 

peltata

 

, 

 

Lomandra filiformis

 

, 

 

Lomandra
longifolia

 

, 

 

Microtis unifolia

 

) were com-
pletely non-viable at day 28, whereas
numerous species comprised seed that
remained viable but ungerminated through-
out the experiment (

 

V

 

us

 

, Table 1).
Germination was rapid in 33% of species

(lag <7 days, Table 1). This group achieved
a mean final germination of 67% (Fig. 1). A
further 23% of species began to germinate
between days 7 and 14, achieving a mean
final germination of 36%. Twelve per cent
of species started germination between
days 14 and 28, achieving a mean final
germination of 12%.

Seventeen per cent of the total pool
achieved 50% of final germination (

 

t

 

50

 

) in
less than 7 days (Fig. 2). The final mean
germination achieved by this group was

Table 2. Functional group descriptions (Raunkier 1934; Tremont & McIntyre 1994). For species pool collected from the reference plant communities

Life form Functional group Description Pool size

Grasses C3 Grass Possess a C3 photosynthetic pathway 11
C4 Grass Possess a C4 photosynthetic pathway 1

Non-leguminous forbs Therophyte Annual plants that survive the unfavourable season as seed 1
Hemicryptophyte Plants whose buds or shoot-apices destined to survive 

the unfavourable season are situated at the lowest part 
of the stem, protected by soil and withered leaves in the 
soil surface

30

Chamaephyte Plants whose buds or shoot-apices destined to survive 
the unfavourable season are situated on stems that lie on 
or near to the soil surface

10

Cryptophyte Plants with bud or shoot apices destined to survive the 
unfavourable season borne on subterranean stems

7

Leguminous forbs Legume Plants that utilize symbiotic bacterial root associations to 
acquire inorganic soil nitrogen

4

 

emr_348.fm  Page 117  Friday, June 29, 2007  1:14 PM



 

118

 

ECOLOGICAL MANAGEMENT & RESTORATION VOL 8 NO  2 AUGUST 2007 © 2007 Ecological Society of Australia

 

R E S E A R C H  R E P O R T

 

73%. Thirty-three per cent of the total pool
reached 50% of their final germination (

 

t

 

50

 

)
between 7 and 14 days. Their mean germina-
tion was 47%. It took between 15 and 28
days for 18% of the study pool to achieve

 

t

 

50

 

. The mean final germination of this
group was 17%.

Regression analysis showed no signific-
ant relationship between seed mass and
final germination (

 

P = 

 

0.451).

 

Seed germinat ion af ter  3 
months of  storage

 

There was a range of responses within the
eight species that were re-tested after a
further 3 months of dry storage (Table 3).

Three species (

 

Arthropodium strictum

 

,

 

Arthropodium minus

 

, 

 

Pimelea humilis

 

)
still failed to germinate at the same tem-
perature (25

 

°

 

C) or at the new temperature
regimes (20

 

°

 

C, 20/10

 

°

 

C), even though TZ
testing had confirmed the presence of
viable seeds. Conversely, 

 

Austrostipa semi-
barbata, Brachyscome basaltica, Hypericum
gramineum, Linum marginale and Trip-
tilodiscus pygmaeus exhibited significant
increases in germination under some or
all of these temperature settings when
compared to their fresh seed germination.

Two of the tested species displayed
highly significant increases in germination
under one or more of the re-test conditions.

As fresh seed, 4% of T. pygmaeus germin-
ated at 25°C. Following 3 months of dry
storage, 99% of seed germinated under
each temperature regime. Conversely, final
germination in L. marginale increased from
4% with fresh seed to 27% at 20/10°C and
85% at 20°C. However, L. marginale, together
with A. semibarbata and B. basaltica did
not significantly increase their final germi-
nation at 25°C, following storage (Table 3).

Viabi l i ty

Following 3 months of dry storage, all
species were tested for viability using a
standard TZ test. To obtain satisfactory
staining patterns, 26 species required some
breaching of the testa (cut/pierce) before
staining (Table 1, Vus). Fifty-three per cent
of species exhibited greater than 70% viability
and 5% of species exhibited below 20%
viability. Two species, Drosera peltata ssp.
peltata and Pimelea curviflora did not stain.
All other species exhibited distinguishable
staining patterns.

Funct ional  group 
character ist ics

Between functional groups, there were
significant differences (P < 0.05) in mean
germination, but not viability (P > 0.05)
(Table 4).

The C3 grass group achieved the highest
mean germination of 71%. The cryptophyte
group achieved the lowest mean germination
of 2%. The remaining functional groups
exhibited mean germination percentages
of between 4% and 30%. The majority of
species within functional groups displayed
similar germination trends. For example,
all species within the cryptophyte (n = 7)
germinated within the range of 0% to 20%.
Over 50% of the chamaephyte (n = 10), hemi-
cryptophyte (n = 31) and legume (n = 4)
groups also germinated within this range.
Sixty-three per cent of C3 grasses (n = 11)
germinated at between 75% and 100%
(Fig. 3). The single C4 grass species (Themeda
triandra) had a final germination of 15%.

Discussion
Knowledge of viability and germination
characteristics of freshly harvested seed is
relevant to those involved in the restoration
of native grassland. Practitioners aim to use

Figure 1. Lag responses (number of days to first germination) of the total species pool grouped
into four response groups. FTG, species that failed to germinate. Data above bars show the mean
final percentage germination for each lag grouping.

Figure 2. Germination speed (t50) of the total species pool grouped into four response groups
(days to 50% germination). Data above bars show the mean final percentage germination for each
t50 grouping.
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seed that has been stored for at least a year
on the assumption that any dormancy pre-
sent in fresh seed will have been reduced
or removed by after-ripening. In reality,
stored seed from most grassland species is
not available commercially and projects are
seldom funded to collect and store seed in
advance of use (Mortlock 2000). Therefore,
practitioners often use fresh seed to meet
propagation or direct seeding schedules.
The present study gathered practical
information on the state of dormancy and
germinability of freshly harvested seed
from a relatively large and representative
range of grassland species. It also asked
whether, for a sample of the species, these
characteristics altered during a short period
of dry storage. This information was used
to interpret a direct-seeding experiment
undertaken from autumn (May) 2002
(Gibson-Roy et al. 2007).

Seed mass and 
germinabi l i ty

Seed mass was not associated with final
germination. This finding is consistent with
Morgan’s (1998) study of 28 species from
the Basalt Plains flora. He attributed the
lack of a strong relationship between seed
weight and germinability to the small number
of minute seeded species (<0.05 mg) and
large seeded species (>10 mg) in his study
pool. However, the present study included
21 small-seeded species (>1000 seed/g) and
13 large-seeded species (<200 seeds/g) from
a pool of 64 representatives of the Basalt Plains
community and came to the same conclusion.

Fresh seed germinat ion

Germination characteristics of the freshly
harvested seed from 64 grassland species
varied widely under a single temperature
(25°C). Responses indicated varying degrees
of dormancy and non-dormancy within the
test pool (Baskin & Baskin 1998).  Although
a third of the test pool failed to germinate
and another third germinated at low to
moderate rates, most of the ungerminated
seed sampled from these tests at day 28 was
viable. The remaining third of the test pool
germinated to greater than 50% within 28
days, indicating that most of the seeds of
these species were non-dormant soon after
harvest.  Although many species germinated
well at the initial test temperature of 25°C

Table 3. Germination characteristics of eight species tested as fresh seed at 25°C and after
3 months of dry storage under at 20°C, 20/10°C and 25°C. % G25 fresh, mean percentage germination
at 25°C diurnal light over 28 days (seed stored <12 weeks before testing);% G20 3 months, mean
percentage germination at 20°C diurnal light over 28 days (seed stored for 3 months at 20°C);
% G20-10 3 months, mean percentage germination at 20/10°C diurnal light over 28 days, seed stored
for 3 months at 20°C; % G25 3 months, mean percentage germination at 25°C diurnal light over 28 days,
seed stored for 3 months at 20°C. Different letters following values indicate significant differences
within rows (P < 0.05)

Species % G25 
fresh

% G20
3 months

% G20–10
3 months

% G25
3 months

Arthropodium minus 0a 0a 0a 0a

Arthropodium strictum 0a 0a 0a 0a

Austrostipa semibarbata 0a 23bc 12b 2ab

Brachyscome basaltica 1a 18b 15b 2a

Hypericum gramineum 1a 29b 15ab 21b

Linum marginale 4a 85c 27b 7a

Pimelea humilis 0a 0a 0a 0a

Triptilodiscus pygmaeus 6a 99b 99b 99b

Table 4. Differences in mean percentage germination between functional groups at day 28.
Only functional groups with n > 1 were considered for analysis at functional group level (C4 grass
and Therophyte, n = 1 excluded)

Functional 
group

n Mean percentage 
germination

SE Mean percentage 
viability

SE

Cryptophyte 7 2 2 69 7
C3 grass 11 71 10 69 7
C4 grass 1 25 na 61 na
Chamaephyte 10 30 13 75 6
Hemicryptophyte 30 27 7 61 5
Therophyte 1 8 na 80 na
Legume 4 13 7 68 22

Figure 3. The percentage of each functional group pool that germinated within four percentage
bands. C3, C3 grass; C4, C4 grass; C, cryptophyte; CH, chamaephyte; H, hemicryptophyte;
L, legume.
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(constant) (Fig. 1), it is recognized that this
environment was not optimal for many of
the species. Other authors have reported
differences in germination responses in some
of these and related species when exposed
to a range of experimental temperature
regimes (McIntyre 1990; Willis & Groves
1991).

Many species from the families Convol-
vulaceae and Fabaceae have a hard seed
coat that restricts the imbibition of water
and prevents germination (Fenner 1993;
Baskin & Baskin 1998). This dormancy
state, described as physical dormancy, is
commonly alleviated by reducing or ruptur-
ing the hard seed coat, which usually leads
to rapid and synchronous germination
(Fenner 1993). In this study, no dormancy-
breaking techniques were employed to
promote germination. Therefore, it is not
surprising that the four legumes (Bossiaea
prostrata, Cullen tenax, Glycine clandes-
tina, Kennedia prostrata) and two species
from the family Convolvulaceae (Convol-
vulus erubescens, Convolvulus remotus),
exhibited high viability but low germination.

The time taken for many grassland
species to begin germination under growth
cabinet conditions is commonly short
(Dawson & Winder 1991; Willis & Groves
1991; Morgan & Lunt 1994; Morgan 1998;
Clarke et al. 2000; Gibson Roy 2000). How-
ever, this response can be influenced by
the duration and conditions of seed storage
before conducting germination tests (Baskin
& Baskin 1998). In this study, where seed
was tested shortly after harvest, 55% of the
species pool began to germinate within
14 days of testing. Those species that
germinated rapidly (lag <7 days) reached
higher final germination percentages than
those that germinated more slowly (lag
14–28 days). Species with a lag period of
between 14 and 28 days germinated to a
mean of 12%. Interestingly, the species
that germinated both rapidly (<7 days) and
synchronously (t50 <7 days) exhibited the
highest mean germination. These findings
are consistent with several germination
studies that reported rapid and synchro-
nous germination responses were strongly
correlated with high final germination
(Willis & Groves 1991; Jurado & Westoby
1992; Morgan 1998; Clarke et al. 2000;
Gibson Roy 2000).

Germinat ion of  stored seed 
under three temperature 
condit ions

Germination rates of non-dormant and
conditionally dormant seeds are influenced
by prevailing temperatures (Willis & Groves
1991; Morgan & Lunt 1994; Baskin & Baskin
1998) and can be increased as a result of
after-ripening during dry storage (Fenner &
Thompson 2005). After-ripening describes
physiological changes in seeds that result in
a decline in primary dormancy (Probert
1992) and is a function of the storage
environment and duration (Murdoch &
Ellis 1992). It is reported that dormancy is
relieved in many herbaceous species
during 12–18 months dry storage, although
higher storage temperatures can decrease
these times (Morgan 1998; Bell 1999). The
viability of seed decreases as the period of
dry storage increases (Peishi et al. 1999).
Further investigation of the relationships
between seed storage and germinability
for a wide range of grassland species would
provide useful information, not only for
practitioners, but also for those undertak-
ing cost–benefit analyses of seed-resource
infrastructure such as seed banks.

In the present study, eight species were
re-tested after 3 months dry storage (over a
range of temperatures) to quantify any
changes in germinability compared to freshly
harvested seed. Three of the eight species
(Arthropodium strictum, Arthropodium
minus, Pimelea humilis) still failed to
germinate. The remaining five species
(Austrostipa semibarbata, Brachyscome
basaltica, Hypericum gramineum, Linum
marginale, Triptilodiscus pygmaeus)
displayed significantly higher germination,
under one or more of the temperature
regimes, compared to those achieved
when tested as fresh seed. These findings
suggest varying degrees of dormancy is
present in these seed lots (Baskin & Baskin
1998). In two of the eight species, the
annual T. pygmaeus and the small-seeded
perennial, H. gramineum, there is clear
evidence that after-ripening alleviated
or reduced primary dormancy (Table 3).
Otherwise, there is insufficient evidence to
conclude that this short period of storage
had an impact on germinability. The other
species that displayed increased germina-

tion only did so under temperature regimes
that were not used for the fresh seed.
Further research is needed to determine if
this is evidence of after-ripening or if these
seed lots would have shown similar germina-
tion had they been tested at these temperat-
ures as fresh seed.

Viabi l i ty

A limited number of studies have used TZ
staining to assess the viability of Victorian
Western (Basalt) Plains species (Morgan &
Lunt 1994; Lunt 1995; Hall et al. 2006).
This may be, in part, because there are few
reported testing procedures for species
from this community. It may also be due to
reports that this technique had proved
unreliable in testing particular grassland
species (Lunt 1995). Following some trial
and error with respect to preparation of
the stored seed for staining with TZ, most
species produced patterns that were straight-
forward to interpret. Only two species
failed to stain. Although it is not known if
this was a limitation of the technique or
evidence of non-viability, it is worth noting
that both species failed to germinate.

An accurate assessment of embryo viabil-
ity is an important measure of the quality of
individual seed lots and it can be used to
predict the eventual germination capacity
of the seed once primary dormancy (if
present) has been removed. It can also add
critical information to the interpretation of
a germination test. It is tempting to inter-
pret low germination, particularly in fresh
seed, as evidence of dormancy or the need
for specific cues for germination. However,
if a viability test demonstrates a similarly
low percentage of viable embryos, ger-
mination of living embryos was probably
high and the ungerminated seed were dead
rather than dormant. Conversely, if viabil-
ity is high and germination is low, further
investigation of possible dormancy, or the
requirement for specific germination cues,
is warranted.

Chemical testing also proved useful at
the completion of germination tests to
assess the viability of ungerminated seeds.
In the absence of chemical tests, sound
ungerminated seeds are usually assumed
to be viable (Cochrane et al. 2002). This
procedure confirmed that, in most cases,
intact, ungerminated seeds were viable.
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It also highlighted that in some cases,
ungerminated seeds were non-viable even
though they appeared plump and sound.

The ongoing application of standard
viability testing (International Seed Testing
Association 1999) will make a critical con-
tribution to the efficient use of seed for the
large sweet of wild species increasingly
being used in Australian vegetation restora-
tion (Gravina & Bellairs 1999; Hall et al.
2006).

Funct ional  group 
character ist ics under a  
s ingle  set  of  test  condi t ions

Functional groups arise from the recognition
that species can have similar functional roles
within communities (e.g. tussock grasses,
interstitial forbs) (McIntyre et al. 1995;
Naeem 1998). In this study, analysis of
viability and germination within and
between functional groups was valuable for
predicting broad responses in germination,
but not of viability.

Functional classifications and, where
identified, group-specific responses, may
provide restoration practitioners with
useful predictors of seed behaviour (e.g.
the formation of a soil seed bank), and the
timing of seedling emergence under both
nursery and field conditions. For example,
by demonstrating that C3 grass species
exhibited little fresh seed dormancy, this
group was predicted to germinate readily
and synchronously as fresh-sown seed.
Conversely, species in the geophyte and
legume (unscarified seed) life-form groups
are unlikely to germinate quickly after being
sown as fresh seed. Similarly, the therophyte
T. pygmaeus would not be expected to
germinate until its primary dormancy was
relieved, at which time it may germinate
rapidly and synchronously. Information of
this type is clearly of great benefit to those
involved in multispecies reintroductions by
direct sowing. Here, there is the need for
some components of the sown species to
rapidly occupy most niches to minimize
the potential for weed invasion.

Impl icat ions for  grassland 
restorat ion

Despite increasing recognition of their
threatened status and concerted efforts to
conserve and manage them, native grassland

communities remain at great risk. A
growing focus on species reintroductions
(particularly in order to meet catchment
management biodiversity targets or offset
obligations), is likely to exacerbate current
limitations on seed supply and increase the
probability that practitioners will use fresh
seed to meet project deadlines. This study
suggests that where rapid and more-or-less
synchronous seedling emergence is needed
from multispecies seed mixes, the use of
freshly harvested seed will be problematic.
To increase the chances of on-ground success,
funding bodies should be encouraged to
take a more supportive stance with projects
that seek to collect and store seed in advance
of its use in restoration. This, in turn, may
encourage the development of more
sophisticated approaches to the collection,
production and storage of regional seed
resources (Gibson-Roy & Delpratt 2005). In
particular, refinements to seed production
systems, which increase our capacity to
produce and store seed in advance of its
use and lessen our reliance on wild collec-
tions, warrant further investigation.

Regardless of how seed is sourced,
practitioners should seek to understand the
viability, germination and dormancy charac-
teristic of seed used in restoration projects.
Such information will increase our capacity
to make sound predictive assumptions
about seed behaviour in the field and
improve our capacity to interpret field
results, thereby increasing the confidence
and competence with which we undertake
restoration activities.

Acknowledgements
The authors wish to thank Roger Cousens,
John Morgan and two anonymous referees
for their helpful comments on early versions
of the manuscript.

References
Baskin C. and Baskin J. (1998) Seed Ecology, Bio-

geography, and Evolution of Dormancy and
Germination. Academic Press, New York.

Bell D. T. (1999) Turner Review No.1: The process
of germination in Australian species. Australian
Journal of Botany 47, 475–517.

Berkeley S. and Cross R. (1986) The Establishment
of Native Herbaceous Plants via Direct Seed-
ing. Horticultural Project, Horticultural Project,
Burnley College, Melbourne, Vic.

Clarke P. J. and Davison E. A. (2004) Emergence
and survival of herbaceous seedlings in temperate
grassy woodlands: Recruitment limitations and
regeneration niche. Austral Ecology 29, 320–331.

Clarke P. J., Davison E., A. and Fulloon L. (2000)
Germination and dormancy of grassy woodland
and forest species: Effects of smoke, heat,
darkness and cold. Australian Journal of Bot-
any 48, 687–700.

Cochrane A., Kelly A., Brown K. and Cunneen S.
(2002) Relationships between seed germina-
tion requirements and ecophysiological charac-
teristics aid the recovery of threatened native
plant species in Western Australia. Ecological
Management & Restoration 3, 47–60.

Dawson I. and Winder S. (1999) Native grass
restoration in the Australian Capital Territory
water catchment: Maximising seed germination.
Australian National Botanical Gardens, online.
[Cited 30 June 2005] http://www.anbg.gov.au/
hort.research/grass-project/

Delpratt C. J. (1996) Seed orchard systems for
herbaceous indigenous wildflowers. In: IPPS
Australian National Conference, pp. 68–72.
International Plant Propagators Society,
Melbourne, Vic.

Ellis R. H., Hong T. D. and Roberts E. H. (1985)
Handbook of Seed Technology for Genebanks:
Principles and Methodology. International
Board For Plant Genetic Resources, Rome, Italy.

Fenner M. (1993) Seed Ecology. Chapman & Hall,
London.

Fenner M. and Thompson K. (2005) The Ecology
of Seeds. Cambridge University Press, Cam-
bridge, UK.

Gibson Roy P. G. (2000) An investigation of the
germination and establishment potential of
selected species from the basalt plains grass-
land community as indigenous seed mixtures.
Honours Thesis, The University of Melbourne,
Melbourne, Vic.

Gibson-Roy P. G. (2005) The grassy groundcover
research project. Ecological Management &
Restoration 6, 74.

Gibson-Roy P. G. and Delpratt C. J. (2006) Seed
resources for grassland restoration. Australian
Plant Conservation 15, 2–3.

Gibson-Roy P., Delpratt J. and Moore G. (2007)
Restoring Western (Basalt) Plains grassland.
2. Field emergence, establishment and recruit-
ment following direct seeding. Ecologiocal
Management & Restoration 8, 123–132.

Gravina A. J. and Bellairs S. B. (1999) Viability
testing of Australian native species using
tetrazolium. In: Native Seed Biology for
Restoration (eds C. J. Asher and L. C. Bell),
pp. 85–89. Australian Centre for Mining Environ-
mental Research, Perth, WA.

Hall M., Delpratt J. and Gibson-Roy P. (2006)
Viability testing of Victorian Western Plains
grasses. Australian Plant Conservation 15,
23–25.

Hume Freeway Review Panel (2000) Hume Free-
way F2 Link: Craigieburn To Metropolitan Ring
Road – Review of Route Options and Environ-
mental Measures. State Government Victoria,
Melbourne, Vic.

International Seed Testing Association (1999) Inter-
national rules for seed testing: rules 1999.
Seed Science and Technology 27, 26–172.

Jurado E. and Westoby M. (1992) Germination
biology of selected central Australian plants.
Australian Journal of Ecology 17, 341–348.

emr_348.fm  Page 121  Friday, June 29, 2007  1:14 PM



122 ECOLOGICAL MANAGEMENT & RESTORATION VOL 8 NO  2 AUGUST 2007 © 2007 Ecological Society of Australia

R E S E A R C H  R E P O R T

Lodge G. and Whalley R. (1981) Establishment of
warm- and cool-season native perennial grasses
on the north-west slopes of New South Wales. I.
Dormancy and Germination. Australian Journal
of Botany 29, 111–119.

Lunt I. D. (1990) The soil seed bank of a long-grazed
Themeda Triandra grassland in Victoria. In:
Proceedings of The Royal Society of Victoria,
Vol. 102, pp. 53–57. Royal Society of Victoria,
Melbourne, Vic.

Lunt I. D. (1995) Seed longevity of six native
forbs in a closed Themeda triandra grassland.
Australian Journal of Botany 43, 439–449.

Lunt I. D. (2003) A protocol for integrated manage-
ment, monitoring, and enhancement of degraded
Themeda triandra grasslands based on plant-
ings of indicator species. Restoration Ecology
11, 223–230.

Mayer A. M. and Poljakoff-Mayber A. (1989) The
Germination of Seeds. Pergamon Press,
Oxford, UK.

Maze K. M., Koen T. B. and Watt L. A. (1993)
Factors influencing the germination of six
perennial grasses of central New South Wales.
Australian Journal of Botany 41, 79–90.

McIntyre S. (1990) Germination in eight native
species of herbaceous dicot and implications
for their use in revegetation. The Victorian
Naturalist 107, 154–158.

McIntyre S., Lavorel S. and Tremont R. M. (1995)
Plant life-history attributes: their relationship to

disturbance response in herbaceous vegeta-
tion. Journal of Ecology 83, 31–44.

Morgan J. (1998) Comparative germination
responses of 28 temperate grassland species.
Australian Journal of Botany 46, 209–219.

Morgan J. W. and Lunt I. D. (1994) Germination
characteristics of eight common grassland and
woodland Forbs. Victorian Naturalist 111, 10–
17.

Mortlock W. (2000) Local seed for revegetation:
Where will all that seed come from? Ecological
Management & Restoration 1, 93–101.

Murdoch A. J. and Ellis R. H. (1992) Longevity,
viability and dormancy. In: Seeds: the Ecology
of Regeneration in Plant Communities (ed.
M. Fenner), pp. 193–230. CAB International,
Wallingford, UK.

Naeem S. (1998) Species redundancy and eco-
system reliability. Conservation Biology 12,
39–45.

Peishi Z., Plummer J. A., Turner D. W., Choengsaat D.
and Bell D. T. (1999) Low- and high-temperature
storage effects on viability and germinability
of seeds of three Australian Asteraceae.
Australian Journal of Botany 47, 265–275.

Probert R. J. (1992) The role of temperature in
germination ecophysiology. In: Seeds: the
Ecology of Regeneration in Plant Commu-
nities (ed. M. Fenner). CAB International,
London.

Raunkier C. (1934) The Life Form of Plants and

Statistical Geography. Oxford University Press,
Oxford, UK.

Ross J. H. and Walsh N. G. eds. (2003) A Census
of the Vascular Plants of Victoria, 7th edn.
National Herbarium of Victoria, Melbourne, Vic.

Shears I. (1998) Establishment of native forbs in
natural and contrived grasslands. Masters
Thesis, Masters Thesis, The University of
Melbourne, Melbourne, Vic.

Steiner A. M., Kruse M. and Fuchs H. (1999) A re-
assessment of the comparison of tetrazolium
viability testing and germination testing. Seed
Science and Technology 27, 59–65.

Tremont R. M. and McIntyre S. (1994) Natural
grassy vegetation and native forbs in temperate
Australia: Structure, dynamics and life histories.
Australian Journal of Botany 42, 641–658.

Vankus V. (1997) The tetrazolium estimated viabil-
ity test for seeds of native plants. In: National
Proceedings, Forest and Conservation
Nursery Associations (eds T. D. Landis and
J. R. Thompson). USDA Forest Service, National
Tree Seed Laboratory, Portland, Oregon.

Willis A. J. and Groves R. H. (1991) Temperature
and light effects on the germination of seven
native forbs. Australian Journal of Botany 39,
219–228.

Willis A. J., Groves R. H. and Ash J. E. (1997)
Seed ecology of Hypericum gramineum, an
Australian forb. Australian Journal of Botany
45, 1009–1022.

emr_348.fm  Page 122  Friday, June 29, 2007  1:14 PM


