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Context. Seed dormancy is one issue hindering implementation of conservation actions for
rainforest species. Aims. We studied dormancy and germination in Tasmannia sp. Mt Bellenden
Ker and Tasmannia membranea, two tropical montane rainforest species threatened by
climate change, to develop a better understanding of dormancy in the species and the genus.
Methods. Dormancy was classified for T. sp. Mt Bellenden Ker on the basis of an imbibition
test, analysis of embryo to seed length (E:S) ratios and germination in response to the following
four dormancy-breaking treatments: (1) scarification of the seedcoat near the micropylar end;
(2) removal of the seedcoat; (3) application of 100 mg L−1 or (4) 500 mg L−1 gibberellic acid.
The most effective treatment was then tested on T. membranea. The requirement for light for
germination was also assessed. Key results. Both scarified and intact seeds imbibed water.
Initial E:S ratios were <0.22 for both species and increased up to 0.74 after 40 days, just before
radicle emergence, for T. sp. Mt Bellenden Ker. Germination proportions were significantly
higher in Treatments 1 and 2 than the remaining treatments for T. sp. Mt Bellenden Ker;
T. membranea responded similarly well to Treatment 1. Germination under alternating light/dark
conditions was slightly, but not significantly, greater than germination in the dark alone.
Conclusions. Both species have morphophysiological dormancy and treatments that remove
seedcoat resistance to embryo growth facilitate germination. These treatments may improve
germination in other species from the genus Tasmannia. Implications. This knowledge will aid
the germination of seeds to implement conservation strategies for Tasmannia spp.
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OPEN ACCESS

Rapid loss of rainforests is causing ongoing environmental, social and economic problems 
that have drawn attention to the need for integrated ex situ and in situ conservation 
strategies to safeguard plant species for the future (Eaton 1996; Sommerville et al. 
2018). Seed-banking can play a key role in reducing the loss of rainforest diversity by 
conserving species outside their natural habitats (Sommerville et al. 2018). This is a 
cost-effective and efficient ex situ conservation method for seeds that tolerate drying 
and storage at subzero temperatures (Martyn Yenson et al. 2021). Testing the suitability 
of seeds for storage usually entails a series of tests comparing the germination of seeds 
when fresh, after drying to low moisture content, and after freezing at subzero 
temperatures (Hong and Ellis 1996; Pritchard et al. 2004). A major impediment to 
performing these germination tests is seed dormancy. For example, Sommerville et al. 
(2021) reported that, of 313 Australian rainforest species tested for storage behaviour, 
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48% showed low germination (and so could not be assigned 
to a storage response) owing to dormancy or unknown 
germination requirements. Difficulty propagating plants 
from seed because of dormancy is also a critical problem in 
restoration and reintroduction of plant species (Cochrane 
et al. 2002). For seed-banking purposes, the issue of poor 
germination can now be avoided by applying a key to 
storage behaviour that is based on seed characteristics rather 
than germination (Sommerville et al. 2021). However, the 
ultimate use of banked seeds usually involves germination, 
whether the seeds are used for propagation, research, 
or long-term monitoring. Moreover, when time is critical, 
as is often the case for grant-funded restoration projects, 
knowledge of how to break seed dormancy is essential to 
being able to produce plants in a reasonable time-frame. In 
these cases, knowledge of how to overcome dormancy and 
germinate the seed efficiently is essential (Jaganathan 2020). 

Seed dormancy is an innate trait preventing germination in 
environments that are unsuitable for seedling establishment 
(Cohen 1966; Philippi 1993; Baskin and Baskin 2004; 
Fenner and Thompson 2005). Baskin and Baskin (2004) 
described the following five broad classes of seed dormancy 
on the basis of seed characteristics and the environmental 
conditions required to initiate germination: (1) physical 
dormancy (PY), in which an impermeable seedcoat prevents 
the influx of water and gases needed for germination; 
(2) physiological dormancy (PD), in which one of a variety 
of mechanisms inhibits embryo growth and emergence of 
the radicle; (3) morphological dormancy (MD), in which 
the embryo is underdeveloped and must grow to a certain 
size before the radicle can emerge; (4) morphophysiological 
dormancy (MPD), in which the seed has both physiological 
dormancy and an underdeveloped embryo; and (5) combina-
tional dormancy (CD), in which the seed has both physical and 
physiological dormancy. The small, underdeveloped embryo 
of seeds with MD or MPD is considered to be an ancestral 
angiosperm characteristic that is present in most basal 
angiosperm groups including Amborella trichopoda (Forbis 
et al. 2002; Willis et al. 2014; Fogliani et al. 2017). 
Categorisation as either MD or MPD depends on the time 
required for radicle protrusion after embryo growth; seeds 
that take fewer than 30 days for the radicle to protrude are 
categorised as MD; seeds that take more than 30 days are 
categorised as MPD (Baskin and Baskin 2004). 

Understanding the class of dormancy a seed possesses is 
helpful for determining the treatments that can relieve it. 
For example, PY can be relieved by creating an opening in 
the seedcoat with a scalpel or by rubbing the seed on 
sandpaper to render the seedcoat water permeable (Baskin 
and Baskin 1998). In rainforests, this type of dormancy can be 
relieved when direct sunlight penetrates through a canopy 
gap to the forest floor, increasing the soil temperature and 
leading to rupture of the seedcoat (Vázquez-Yanes and 
Smith 1982). Techniques to relieve PD or MPD depend on 
the mechanism inhibiting embryo growth but can include a 

period of dry after-ripening, mimicking conditions that 
occur (for example) during the dry season in monsoon 
rainforest, or a period of stratification (holding seeds at 
warm/cool temperatures in moist conditions), mimicking 
conditions that can occur (for example) in wet tropical 
rainforest in summer or winter (Singh Ramesh et al. 2022). 

Although dormancy and germination of seeds with 
underdeveloped embryos have been studied for a few 
basal plant families (Hydatellaceae, Tuckett et al. 2010; 
Magnoliaceae, Baskin and Baskin 1998; Amborellaceae, 
Fogliani et al. 2017; Nymphaeaceae, Dalziell et al. 2016), 
very limited work on seed dormancy has been published for 
Winteraceae, one of the most basal plant families in the 
early diverging clade, Magnoliidae (Van der Ham and van 
Heuven 2002; Offord et al. 2004; Campbell et al. 2012). This 
family is commonly represented in tropical and southern 
temperate rainforests (Massoni et al. 2014; APG IV 
(Angiosperm Phylogeny Group IV) 2016) and has been a 
focus of palynological, phylogenetic and physiological studies 
(e.g. Doyle 2000; Van der Ham and van Heuven 2002; Brea 
et al. 2021). However, few seed dormancy and germina-
tion studies, which are critical to establishing conservation 
strategies as well as to understanding population dynamics, 
have been published for genera in this family. 

Globally, the Winteraceae family contains five genera and 
93 accepted species (POWO 2021). Only two genera, namely 
Tasmannia R.Br. ex DC. and Bubbia Tiegh. (considered a 
synonym of Zygogynum Baill. in POWO 2021), occur in 
Australia and the majority of species in those two genera 
are restricted to mesic habitats such as rainforest (Guymer 
2007). Of nine Australian species in the genus Tasmannia, 
two are endemic to tropical rainforests in far-northern 
Queensland; Tasmannia sp. Mt Bellenden Ker (J.R.Clarkson 
6571) Qld Herbarium is known only from cloud forest at 
elevations of 1500–1600 m on Mount Bellenden Ker; 
Tasmannia membranea (F.Muell.) A.C.Sm. has a wider 
distribution, typically occurring at elevations from 300 to 
1550 m (Zich et al. 2020). Both species are components of 
rainforest understorey but appear to favour disturbance 
and are common along tracks or around infrastructure. The 
mountain habitat of T. sp. Mt Bellenden Ker receives a 
mean annual rainfall of 8072 mm, with 50% falling in the 
summer monsoon months of December–March (Bureau of 
Meteorology 2022a). Cloud interception adds significantly 
to the rainfall total (McJannet et al. 2008). Under the 
closed forest canopy, soil-surface temperatures range from 
5.25°C to 28.5°C (Singh Ramesh et al. 2022). In contrast, 
T. membranea occurs in a wider range of habitats, from 
lowland rainforest to high mountain ridges. It often occurs 
in areas with lower rainfall and more marked wet/dry 
seasonality; populations near the Millaa Millaa weather 
station, for example, receive a mean annual rainfall of 
2226 mm, 59% of which falls in summer (Bureau of 
Meteorology 2022b). Neither of these species has previously 
been studied to determine dormancy class or the conditions 
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required to break dormancy. The ability to germinate seed of 
T. sp. Mt Bellenden Ker is particularly important because the 
habitat of this species is considered at great risk from climate 
change (Costion et al. 2015); this species is now an important 
target of a multi-organisation project to conserve at-risk flora 
endemic to tropical montane cloud forest habitat. 

Related studies of other species in the genus Tasmannia, 
including laboratory studies of Tasmannia purpurascens 
(Vickery) A.C.Sm. (Offord et al. 2004) and Tasmannia 
lanceolata (Poir.) A.C.Sm. (RTBG 2021), and in situ burial 
studies of Tasmannia stipitata (Vickery) A.C.Sm. (Campbell 
et al. 2012), have demonstrated that Tasmannia species 
produce dormant seeds that can be difficult to germinate. 
However, none of those studies was able to identify effective 
dormancy-breaking cues or techniques for the genus. Studies 
at the Australian PlantBank on dried-seed collections of 
T. purpurascens (collected from two locations in New South 
Wales, Australia) showed germination ranging from 0 to 
48% when incubated at 20°C with gibberellic acid (Royal 
Botanic Gardens and Domain Trust, unpubl. data). These 
results suggest that there may be a physiological compo-
nent contributing to dormancy in Tasmannia spp; however, 
the use of dried seeds in those experiments limits the 
ability to draw firm conclusions about dormancy class. 
Baskin and Baskin (2014) inferred from Offord et al. (2004) 
that dormancy in T. purpurascens may be classed as MPD 
but this classification has not yet been confirmed by experi-
mental work. In this study, therefore, we explored dormancy 
class and the conditions required to break dormancy for 
T. sp. Mt Bellenden Ker and T. membranea, with a view to 
developing a better understanding of dormancy in these 
and other species in the genus. Specifically, we addressed 
the following questions: (1) are Tasmannia seeds permeable 
to water; (2) do Tasmannia seeds have underdeveloped 
embryos that need to grow before radicle emergence; 
(3) do Tasmannia species exhibit morphophysiological 
dormancy; and (4) which dormancy-breaking techniques 
and germination conditions are suitable for germinating 
Tasmannia seeds? 

Materials and methods

Fresh mature fruits of T. sp. Mt Bellenden Ker were collected 
in June 2019 from Mount Bellenden Ker, in far-northern 
Queensland, Australia. Fruits of T. membranea were 
collected in December 2019 from Mount Windsor National 
Park in the same region. Fruits of both species were held at 
ambient temperatures for less than 1 week during transport 
to the Australian PlantBank, followed by temporary storage 
at 15°C for up to 1 week. Seeds were then extracted by 
gently crushing the fruit in a sieve and washing the flesh 
off under running water. The extracted seeds were blotted 
dry with paper towelling before use in the experiments 

described below. The quantity of seeds available for use 
was limited because of the difficulties associated with 
collecting seeds in tropical montane cloud forests, and the 
need to balance seed use with long-term conservation by 
seed banking. The number of seeds per treatment was 
therefore carefully determined to facilitate statistical 
analysis while minimising seed use. 

Seed weight and dimensions

Fresh seed weight for T. sp Mt Bellenden Ker was determined 
by weighing 20 seeds individually on a digital balance 
(±0.0001 g) and calculating the mean. Seed length and 
width (at the widest part of the seed) were measured on the 
same seeds by using a stereo microscope (M60; Leica 
Microsystems, Macquarie Park, NSW, Australia) and associated 
image-processing software (Leica Application Suite v4.3). 
Seed weight and dimensions were not determined for 
T. membranea. 

Imbibition test

An imbibition test was performed to investigate the 
permeability of the seedcoat and determine whether there 
is a physical component to dormancy in T. sp. Mt Bellenden 
Ker. Twenty fresh and healthy-appearing seeds were 
selected for this test; 10 seeds were left intact and 10 were 
scarified by removing a portion of the seedcoat opposite the 
micropylar end with a scalpel. Intact and scarified seeds 
were weighed individually before placing them on two 
separate Petri dishes containing 0.8% (w/v) water agar. 
The Petri dishes were sealed using cling wrap to minimise 
water loss and incubated at 25°C/10°C in 12 h light 
(9.05 μmol m−2 s−1)/12 h dark; these conditions had 
previously been used successfully to germinate several 
other rainforest species from the same habitat. The seeds 
were reweighed at intervals of 24 h until no further weight 
increments were observed for scarified seeds. Seeds were 
blotted dry before each measurement to avoid apparent 
increases in weight owing to moisture adhering to the 
seedcoat. 

Embryo to seed length (E:S) ratio

The embryo to seed length ratio of fresh T. sp. Mt Bellenden 
Ker seeds was measured at five time points to study embryo 
growth during germination. Twenty-four intact seeds were 
placed on Petri dishes containing 0.8% (w/v) water agar and 
incubated as described above. Four seeds were extracted at 
intervals of 1, 4, 14, 29 and 43 days until splitting of the 
seedcoat for radicle protrusion was observed. Extracted 
seeds were dissected longitudinally and embryo and seed 
lengths were measured using a stereo microscope (M60; Leica 
Microsystems) and associated image-processing software 
(Leica Application Suite v4.3). The initial E:S ratio was also 

401

www.publish.csiro.au/bt


G. S. Liyanage et al. Australian Journal of Botany

measured for T. membranea seeds after 24 h of incubation 
on agar. 

Determination of effective dormancy-breaking
technique for Tasmannia spp.

Germination of intact seeds of T. sp. Mt Bellenden Ker 
was compared to germination in response to the following 
four different dormancy-breaking treatments: (1) manual 
scarification of the seedcoat near the micropylar end 
(precision nicking); (2) full removal of the seedcoat; 
(3) incubation of seeds with 100 mg L−1 gibberellic acid 
(GA3); and (4) incubation of seeds with 500 mg L−1 GA3. 
Three replicates of 15–20 seeds were used for each 
treatment and seeds were incubated on 0.8% (w/v) water 
agar in glass Petri dishes. For Treatments 3 and 4, ~1 mL 
of GA3 solution was added as a thin layer to cover the 
whole surface of the agar just before placing intact seeds on 
the surface. Prior to the seeds being placed in agar dishes in 
Treatments 1 and 2, a scalpel was used to scarify or remove the 
seedcoat. These procedures were performed under a stereo 
microscope (A60; Leica Microsystems) to avoid damaging 
the internal tissues of the seeds. All Petri dishes were sealed 
and incubated as described in section ‘Imbibition test’. 
Germination was recorded every second day for 3 months 
and terminated when no further germination was detected 
during two consecutive inspections. At the end of the 
experiment, seeds that did not germinate were gently 
pressed using forceps to check whether they were empty or 
filled. Firm seeds were cut in half and observed under the 
microscope; the presence of firm white endosperm and 
embryo was considered an indication that the seed 
remained viable. Empty seeds were subtracted from the 
initial number of viable seeds sown. Because the viability of 
seeds from control replicates was ~100% (98 ± 2.1% and 
97 ± 3.3% for T. sp. Mt Bellenden Ker and T. membranea 
respectively), mushy seeds found in dormancy-breaking 
treatments at end of the experiment were considered to 
have been viable at the beginning of the experiment and may 
have deteriorated because of the effect of the treatment. 
The number of germinated, viable but not germinated, and 
mushy seeds were combined to get the total initial viable 
seed number per replicate. 

Tasmannia membranea was used as  an example  to  
investigate the germination response of other species 
from the genus Tasmannia to the dormancy-breaking treat-
ment that was most effective on T. sp. Mt Bellenden Ker. 
Three replicates of 15–20 seeds of T. membranea were 
scarified near the micropylar end and incubated as 
described above, along with three control replicates 
containing intact seeds. Germination was recorded for 
almost 3 months as for T. sp. Mt Bellenden Ker and 
finalised with a cut test. 

Effect of light on germination of T. sp. Mt
Bellenden Ker

The requirement of light for germination was determined 
for T. sp. Mt Bellenden Ker by comparing germination 
under alternating light/dark conditions with germination 
in the dark. Two sets of three replicates of 15–20 seeds 
were scarified near the micropylar end and placed on 
Petri dishes filled with 0.8% (w/v) water agar. One set of 
Petri dishes was completely covered with aluminium foil 
to exclude light, whereas the other set was left uncovered. 
Both sets of Petri dishes were incubated in the same 
cabinet at 25°C/10°C and 12 h/12 h light/dark. Replicates 
subjected to the dark treatment were observed after 
35 days in a dark room and then again after 56 days. Both 
dark and light/dark treatments were finalised by perform-
ing a cut test to determine the total number of viable seeds. 

Data analysis

Data from the imbibition test were analysed using Welch’s 
t-test. Mean seed weights of intact and manually scarified 
seeds were compared to determine seedcoat permeability. 
One-factor generalised linear models (GLMs) were used to 
compare the effects of (1) dormancy-breaking treatments, 
and (2) light/dark treatments, on germination. A binomial 
error structure and logit link function were used for each 
model where final germination and treatment were consid-
ered as the response and predictor variables respectively. 
GLMs with binomial data distribution provide a better fit for 
germination data than analyses based on the normal distri-
bution (Carvalho et al 2018). When the final germination 
proportions were significantly different among dormancy-
breaking treatments, Tukey’s test was used for multiple 
comparisons (Hothorn et al. 2008). Germination data 
were analysed after 1 month and again after 2 months for 
T. sp. Mt Bellenden Ker and after 2 and 3 months for 
T. membranea. The time taken to initiate germination and 
achieve maximum germination was analysed using GLM 
with Gamma data distribution. All analyses were performed 
using R statistical software ver. 3.5.0 (R Core Team 2018). 

Results

Initial mean seed weight, length and width of T. sp. Mt 
Bellenden Ker seeds were 7.4 ± 0.6 mg, 3.9 ± 0.1 mm and 
1.9 ± 0.1 mm respectively (Fig. 1a). Both intact and 
scarified seeds of T. sp. Mt Bellenden Ker imbibed water 
readily over the first 6 days, with no considerable increase 
in weight observed after that point. Mean seed weight 
increments were significantly higher in scarified than in 
non-scarified seeds (Welch’s t-test, d.f. = 117.15, t = 2.5, 
P = 0.01); however, overall weight increments were less 
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Fig. 1. Images of Tasmannia sp. Mt Bellenden Ker (a) intact seed, (b) embryo after 14 days of imbibition and (c) embryo after 43 days of
imbibition, just prior to radicle emergence. Sc, seedcoat; En, endosperm; Em, embryo.

than 27% of the initial seed weights for both scarified and 
intact seeds. 

After 24 h of imbibition, both T. sp. Mt Bellenden Ker and 
T. membranea had small undifferentiated, globular embryos 
(Fig. 1b). The E:S ratio of T. sp. Mt Bellenden Ker increased 
from 0.14 ± 0.03 after 24 h to 0.74 ± 0.05 after 40 days at 
the point of radicle emergence (Figs 1c, 2). Embryo growth 
was evident by Day 29 and germination commenced after 
Day 43 (Fig. 2). Mean embryo length increased by about 
390%, compared with the initial embryo size, prior to 
radicle emergence. The initial E:S ratio of T. membranea 
was 0.21 ± 0.07 after 24 h of imbibition. 

Removal or scarification of the seedcoat significantly 
decreased the time to initiate germination of T. sp. Mt 
Bellenden Ker seeds compared with intact and GA3-treated 
seeds (GLM, d.f.=4, χ2 = 0.2, P < 0.01). After 1 month of 
incubation, the number of germinated seeds also differed 
significantly in response to different dormancy-breaking 
treatments (GLM, d.f. = 4, χ2 = 48.2, P < 0.01; Table 1). 
Full seedcoat removal and scarification resulted in a germina-
tion proportion of 0.25–0.50 within 1 month, whereas the 
germination proportions of the remaining treatments were 
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Fig. 2. Embryo:seed length ratio (±s.e.) of Tasmannia sp. Mt
Bellenden Ker seeds incubated on 0.8% (w/v) agar at 25°C/10°C for
up to 43 days.

less than 0.03. However, after 2 months of incubation, 
germination proportions increased significantly to more than 
0.75 in all treatments except 500 mg L−1 GA3, which showed 
a germination proportion of 0.69 ± 0.02 (GLM, d.f. = 4, 
χ2 = 5.0, P < 0.01). The germination proportion of seeds 
treated with 500 mg L−1 GA3 was significantly lower than 
the 0.94 ± 0.04 and 0.96 ± 0.03 germination proportion of 
seeds in the control (Tukey’s test, d.f. = 4, Z = 2.74, 
P = 0.04) and scarified (Tukey’s test, d.f. = 4, Z = 3.76, 
P < 0.01) treatments respectively. 

Scarified seeds took longer to initiate germination in T. 
membranea (38.7 ± 2.3 days) than in T. sp. Mt Bellenden 
Ker (23.3 ± 2.3 days; Table 1). Therefore, the germination 
proportions of T. membranea seeds in response to treat-
ments were compared after 2 and 3 months. As with T. sp. 
Mt Bellenden Ker, germination of T. membranea seeds 
commenced significantly earlier in scarified than in intact 
seeds (GLM, d.f. = 1, χ2 = 0.03, P < 0.01) and the 
germination proportion of scarified seeds of T. membranea 
(0.81 ± 0.07) was significantly higher than that of the 
intact seeds of control replicates (0.27 ± 0.02) after 
2 months (GLM, d.f. = 1, χ2 = 4.12, P < 0.01; Table 1). 
However, the germination proportions were not significantly 
different after 3 months (0.85 ± 0.01 and 0.79 ± 0.05 for 
scarified and control replicates respectively; GLM, d.f. = 1, 
χ2 = 0.3, P = 0.56). 

The seeds of T. sp. Mt Bellenden Ker germinated in 
both alternating light/dark and dark conditions with an 
enhanced germination (~25% greater) under alternating 
light/dark treatment (Fig. 3). However, the germination 
proportion was not significantly higher in the light/dark 
treatment (0.76 ± 0.04) than in the dark-only treat-
ment (0.51 ± 0.11) after 56 days (GLM, d.f. = 1, χ2 = 1.5, 
P = 0.06). 

Discussion

The primary aims of this study were to explore dormancy 
type, and conditions required for dormancy break and 
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Table 1. Initial viability, (V), initial dormancy (D), germination after 1 month of incubation (G1 month), germination after 2 months of incubation
(G2 months), maximum germination (Gmax), time taken to initiate germination (Ti) and time taken to achieve maximum germination (Tmax) in response
to dormancy-breaking treatments for Tasmannia sp. Mt Bellenden Ker and T. membranea.

Species V (%) D (%) Treatment G1 month Gmax Ti (days) Tmax (days)

Tasmannia sp.
Mt Bellenden Ker

91.7 ± 6.0 100 ± 0.0 Intact

GA3 100

0.0 ± 0.0a

0.02 ± 0.02a

0.94 ± 0.04a

0.90 ± 0.05a

43.0 ± 2.0a

37.7 ± 3.8a

78.3 ± 2.3a

70.7 ± 6.2 ac

GA3 500 0.02 ± 0.02a 0.69 ± 0.02a 35.7 ± 2.3a 79.7 ± 10.6a

Full seedcoat removal 0.49 ± 0.02b 0.82 ± 0.02a 26.3 ± 2.3b 46.7 ± 2.7b

Scarification near the micropylar end 0.29 ± 0.12c 0.96 ± 0.03a 23.3 ± 2.3b 53.7 ± 2.3bc

V (%) D (%) Treatment G2 months Gmax Ti (days) Tmax (days)

T. membranea 96.7 ± 3.3 100 ± 0.0 Intact 0.27 ± 0.03a 0.79 ± 0.05a 51.7 ± 2.3a 80.3 ± 2.7a

Scarification near the micropylar end 0.81 ± 0.07b 0.85 ± 0.01a 38.7 ± 2.3b 57.3 ± 2.3b

Different letters between treatments within each species indicate significant differences between the means.
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germination, for species in the mesic forest genus Tasmannia. 
Two endemic Australian rainforest species, namely T. sp. Mt 
Bellenden Ker and T. membranea, were used as represen-
tatives of the genus. Information on dormancy and germina-
tion requirements is critical when implementing ex situ 
conservation protocols because seed germination plays 
an integral part in long-term monitoring of seeds conserved 
in conventional seedbanks (Hong and Ellis 1996; Pritchard 
et al. 2004). Such information also helps overcome difficulties 
associated with germination in situ for reintroduction 
and restoration (Cochrane et al. 2002). Developing an 

Fig. 3. Effect of alternating light/dark for 12 h/12 h on mean germination proportion (±s.e.) of
Tasmannia sp. Mt Bellenden Ker seeds incubated at 25°C/10°C on 0.8% (w/v) water agar.

understanding of the dormancy and germination require-
ments of individual species can therefore be very valuable 
to efforts to conserve highly threatened ecosystems such as 
tropical montane cloud forests. 

A first step to understanding dormancy in a species is to 
check the permeability of the seedcoat. An impermeable 
seed or fruitcoat prevents the uptake of water necessary for 
germination in seeds with a physical dormancy component 
(PY and CD). Water uptake (imbibition) and germination 
following scarification therefore confirms the presence of 
PY. Imbibition following scarification has been shown to 
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increase seed weight by more than 140% of initial seed weight 
in the physically dormant species Prosopis juliflora (Sw.) DC. 
(Sanjeewani et al. 2010) and by more than 175% in Cuscuta 
australis R.Br. (Jayasuriya et al. 2008). The increase in weight 
of both intact and scarified seeds of T. sp. Mt Bellenden Ker 
indicated the seedcoat is permeable without scarification. 
This result confirmed seedcoat permeability and therefore 
ruled out physical and combinational dormancy in 
Tasmannia spp. The slight but significantly greater weight 
increment in scarified seeds (+25%) was likely to be due to 
the creation of an opening larger than the naturally 
occurring water passages in the seedcoat, enabling water to 
be absorbed more quickly. 

A second step to understanding seed dormancy is 
to investigate embryo morphology. Seeds possessing an 
embryo that is (1) differentiated (i.e. has a clearly defined 
radicle and cotyledon) but small, and needs to grow inside 
the seed before germination, or (2) undifferentiated 
(i.e. has no clearly defined structure), at the dispersal stage 
are considered to be underdeveloped and morphologically 
dormant (Baskin and Baskin 2014). There have been some 
studies on embryology of the plant family Winteraceae and 
the embryos of genus Tasmannia have been defined as 
globular and undifferentiated at the time of dispersal 
(Doyle 2000; Tobe and Sampson 2000; Brea et al. 2021). 
However, embryo differentiation or growth during germina-
tion has not previously been addressed and such information 
is important to defining dormancy class (Baskin and Baskin 
2014). Studies on post-dispersal embryo growth have 
shown that the increase in embryo size before radicle 
emergence can be highly variable among species. Erickson 
et al. (2016), for example, reported that the final embryo 
size increase can be as little as 27.5% in comparison to the 
initial embryo size in Wahlenbergia tumidifructa P.J.Sm., 
whereas Chien et al. (2011) reported that it can be as great 
as 360% in Schisandra arisanensis Hayata. Both Tasmannia 
species in this study had embryos that occupied less than 
25% of their seed length at dispersal and the embryo of 
T. sp. Mt Bellenden Ker grew to ~75% of its seed length 
before radicle emergence, an increase in embryo size of 
390% of its initial size. These observations indicated the 
presence of a morphological component to dormancy in 
seeds of Tasmannia species. 

According to the dormancy classification system of Baskin 
and Baskin (2004), seeds with underdeveloped embryos that 
need more than 30 days for embryo growth and germination 
may be classified as morphophysiologically dormant (MPD). 
Because germination was not observed for control replicates 
for more than 30 days of incubation, and because the embryo 
size increased significantly before radicle emergence, we can 
confirm the presence of MPD in both T. sp. Mt Bellenden Ker 
and T. membranea. Both test species showed considerable 
germination within 30 days in response to treatments that 
cleared the radicle emergence point (seedcoat removal and 
scarification near the micropylar end). Such treatments may 

be effective techniques for overcoming MPD in other 
species from the genus Tasmannia. 

Both full seedcoat removal and scarification near 
the micropylar end led to greater than 50% germination 
within 30 and 50 days in T. sp. Mt Bellenden Ker 
and T. membranea respectively. Although the initiation of 
germination took longer in T. membranea seeds than in 
T. sp. Mt Bellenden Ker seeds, scarified seeds achieved 
high germination faster than did intact seeds in both 
species. Faster germination indicated faster growth in the 
underdeveloped embryo, once the seedcoat was removed 
from the micropylar end, which may have been due to the 
removal of physical resistance to embryo expansion, faster 
uptake of water through the enlarged seedcoat opening, or 
a combination of both. By using seeds of Chaerophyllum 
tainturieri Hook. & Arn., Baskin and Baskin (1990) demon-
strated that, once seeds have lost physiological dormancy 
(PD) and are placed under favourable germination conditions, 
underdeveloped embryos can grow rapidly, in that case 
doubling their length within 6 days. The improvement 
in germination following scarification near the micropylar 
end or seedcoat removal confirmed the presence of a 
PD component in the dormancy of seeds of Tasmannia 
spp. Precision nicking or seedcoat clearance around the 
micropylar end is a technique that removes the resistance 
of the seedcoat against radicle protrusion and has been 
used to overcome PD in species such as Acronychia 
imperforata F.Muell., A. laevis J.R.Forst. & G.Forst., 
A. oblongifolia (A.Cunn. ex Hook.) Endl. ex Heynh. (Liyanage 
et al. 2020) and Grevillea juniperina R.Br. (Briggs et al. 2016). 
Scarification to clear the micropylar end and remove 
resistance to radicle emergence can therefore be suggested 
as an effective laboratory technique to achieve faster and 
more consistent germination for species with MPD. 
Moreover, this precision nicking technique helps achieve 
consistent germination within a shorter time period than 
for the irregular pattern of germination observed in control 
replicates. This is helpful in performing consecutive germina-
tion tests on fresh, dried and frozen seeds to assess seed 
storage behaviour, and monitoring viability in storage over 
long time periods. The decreased time to final germination 
helps complete storage behaviour tests more quickly, 
enabling rapid identification of suitable storage conditions 
and ensuring that important collections are banked under 
those conditions as soon as possible to achieve maximum 
longevity in storage. 

Seed germination was also observed in intact seeds (i.e. 
control replicates) of both tested species after 43 days, 
which raises the question as to how PD was broken in those 
seeds. High temperatures in summer (such as 25°C/15°C, 
30°C/15°C and 35°C/20°C) have been shown to break 
PD in the natural environment (Baskin and Baskin 2014); 
therefore, the relatively high day-time temperature (25°C) used 
in this study may have helped overcome PD in the species 
tested. In rainforest environments, habitat disturbance can 
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lead to greater sunlight penetration and increased soil 
temperatures, which may explain the tendency of both 
species to grow in disturbed habitats. For the more widely 
distributed T. membranea, the change from relatively cool, 
dry conditions during winter to wet warm conditions 
during summer may also play a role in relieving PD. 

A light requirement for germination has been associated 
with two ecological roles, namely (1) as a mechanism to 
prevent the germination of buried seeds until the soil 
surface is detected, and (2) to prevent germination in seeds 
that are dispersed to shade until a gap in the canopy is 
formed (Vázquez-Yanes and Orozco-Segovia 1993). In this 
study, germination of T. sp. Mt Bellenden Ker did not differ 
significantly between alternating light/dark and dark 
treatments, although germination was slightly enhanced 
(~25% greater) by exposure to alternating light/dark. This 
result contrasted with several earlier studies that showed 
light-dependent germination for a number of rainforest 
species (e.g. Orozco-Segovia and Vázquez-Yanes 1989; Raich 
and Khoon 1990; Vázquez-Yanes et al. 1990; Goulding 2001). 
The response of rainforest seeds to light can be an indication 
of successional stage, with seeds of climax species able to 
germinate and establish in the dim light of the rainforest 
floor, whereas pioneer species require high light levels for 
germination and establishment (Baskin and Baskin 2014). 
However, Pons et al. (2005) found that many rainforest 
species fall somewhere between the two extremes of climax 
and pioneer. Tasmannia sp. Mt Bellenden Ker grows in 
relatively high-light environments in cloud forest on 
exposed mountain ridges, suggesting that light should not 
be a factor limiting germination. However, the seeds of this 
species are quite small and likely to be quickly buried in 
thick leaf litter on dispersal. The observed capacity to 
germinate in the dark would allow seeds of this species to 
germinate under litter; however, whether seedling growth 
and establishment would occur in the same environment 
remains to be tested. 

Gibberellic acid has been widely used to overcome non-
deep physiological dormancy in many species under 
laboratory conditions (Baskin and Baskin 2014). However, in 
this study, the use of gibberellic acid at a concentration of 
100 mg L−1 did not have a significant effect on germination, 
whereas a high concentration of GA3 (500 mg L−1) signifi-
cantly reduced the germination of T. sp. Mt Bellenden Ker. 
High concentrations of GA3 have been shown to reduce 
germination in Australian daisies when the concentra-
tion was greater than 500 mg L–1 and in Rhodanthe 
humboldtiana (Gaudich.) Paul G.Wilson germination was 
inhibited even by concentrations as low as 100 mg L–1 

(Plummer and Bell 1995). All together, these results may 
indicate that the level of MPD present in the Tasmannia 
species tested is non-deep; however, stratification with and 
without GA3 would be needed to confirm this. Future 
studies on Tasmannia species could also include a range of 

incubation temperatures to identify the exact cues needed 
to break dormancy in their natural habitat. 

The results of this study clearly confirmed the presence 
of morphophysiological dormancy in T. sp. Mt Bellenden 
Ker and T. membranea because of the presence of 
underdeveloped embryos that take more than 30 days to 
germinate. Treatments that removed seedcoat resistance 
against embryo growth allowed germination within 30 days 
by allowing the underdeveloped embryo to grow. In natural 
environments, increased soil temperatures or a change from 
cool to warm temperatures after disturbance may provide a 
suitable environment for overcoming PD, favouring the 
regeneration of Tasmannia species following disturbance. 
The suitability of precision nicking as an effective dormancy-
breaking technique for both T. sp. Mt Bellenden Ker and 
T. membranea suggests that these treatments may help 
improve germination in other species from the same genus. 
To our knowledge, no studies have identified dormancy 
class and a suitable dormancy-breaking technique for 
Tasmannia spp. apart from the inference of MPD based on 
embryo size and observations of germination difficulty 
(Baskin and Baskin 2014). This knowledge will greatly aid 
the germination of seeds to implement ex situ and in situ 
conservation strategies. Further studies on stratification 
conditions, and incubation in different combinations of 
light levels and temperature regimes may improve our 
understanding of dormancy-breaking cues in the species’ 
natural habitat. 
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