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ABSTRACT  
 
Ex situ seed conservation is a top priority activity for the foreseeable future to 
enable the sustainable preservation and utilization of threatened species. 
Temperature and water availability are two important drivers for plant 
regeneration as they influence seed germination. The present study assesses the 
effects of these two key environmental factors on seed germination of six ex situ 
conserved threatened species of Myrtaceae from Queensland, Australia (namely: 
Eucalyptus argophloia Blalakely, E. conglomerata Maiden and Blakely, E. hallii 
Brooker, Leptospermum luehmannii F. M. Bailey, L. oreophilum Joy Thomps, 
Melaleuca sylvana Craven and A. J. Ford). The treatments included three 
temperature regimes (35:25, 30:20 and 25:15°C, respectively; each with a 14:10 h 
day: night photoperiod) and six water availability treatments (0.0, -0.1, -0.2, -0.4, -
0.5, -0.7 and -1.0 MPa), respectively in a Completely Randomized Block Design 
(CRBD). Of the six species, E. argophloia exhibited higher germination values 
(GV=45.60, 38.13 and 41.98) across all temperature regimes tested. Similarly, E. 
argophloia exhibited the highest GV (25.86 at -0.1 MPa) followed by E. hallii (25.44 
at 0.0 MPa). The study indicates that of all the species tested, E. argophloia 
displayed the widest range of temperature and water availability tolerances for its 
germination. Low seed germination percentages and GV observed for the other 
species necessitates further research to enhance their germination percentages in 
order to establish them in new habitats and release them from their threatened 
status. 
 
Keywords: Bronze-barked tea tree, eucalypts, good wood gum, Queensland White 
gum, Swamp Stringybark, tea tree. 

 
 
INTRODUCTION 
 
Family, Myrtaceae is a highly economically important 
family comprising c.155 genera and 3,600 species globally 
of which 1,646 species in 70 genera are native to Australia 
and has more species than any other family (ANBG, 2003 - 
13). Many members of this family provide highly valuable 
industrial products such as essential oils (for example, 
some Eucalyptus, Melaleuca and Darwinia species) (Brophy 
et al., 2013), wood products (for example, some Eucalyptus 
and Syncarpia species), honey (Chippendale, 1988) and 
edible fruits (for example, some Acmena and Syzygium 
species) (Boland et al., 2006). The dominance of Myrtaceae 

in vegetation across most of the Australian continent 
highlights the ecological importance of this family 
particularly, in the sclerophyllous vegetation types such as 
those dominated by Eucalyptus species (Williams and 
Woinarski, 1997). As such they are often essential 
components to land restoration work.  

Despite their very high economic and environmental 
importance, many species of Australian Myrtaceae have 
become threatened. Of the 744 species (including 
undescribed taxa with provisional names) of Myrtaceae 
native to the state of Queensland, 99  of  these  are  listed  as 
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endangered, vulnerable or near threatened under the 
Nature Conservation Act (1992) (Bean et al., 2015), with 
none recorded as extinct yet. Various anthropogenic 
activities are known to contribute to species decline, 
including land clearing for agriculture and urbanization, 
altered fire and grazing patterns, changed drought and 
flood patterns, invasion by weeds and fungal diseases 
including the recent threat of Myrtle Rust (Carnegie et al., 
2016) and prevailing climate change (Anonymous, 2011). 
Of all these anthropogenic activities, climate warming and 
precipitation have emerged as important determinants of 
plant distribution and survival (Cochrane et al., 2011; 
Walck et al., 2011). Many studies have asserted the role of 
these two environmental factors on plant phenology, which 
ultimately shape species distribution (Chuine, 2010; Walck 
et al., 2011). Scientific interventions in such cases can 
rescue rare and endangered species from extinction 
(Ranieri et al., 2012). Reintroduction of rare and threatened 
flora to suitable habitats in the wild is one of the most 
important steps to prevent them from extinction (Cochrane 
et al., 2002). 

This present study aims to identify the optimal 
germination niche (temperature and moisture) of some 
threatened species of Myrtaceae. We selected six 
threatened Myrtaceae species of Queensland, Australia with 
a view in mind that populations of these species can be 
multiplied in suitable habitats that in turn may help reduce 
their vulnerability to climate change. Our main research 
question was: does an increase or decrease in temperature 
and moisture availability affect the percentage and rate of 
germination of these species? The optimal germination 
niche information thus generated from this study would be 
a useful guide  for reestablishment of  these threatened 
species, as part of their on-going reintroduction to the wild.  
 
 
MATERIALS AND METHODS 
 
Study species 
 
The seed samples of six threatened species of Myrtaceae 
were considered for this study (Table 1). Seed samples 
were collected from between July, 2005 and August, 2010 
and conserved ex situ at the Seed Bank, Brisbane Botanical 
Garden, Mt. Cootha, Brisbane. 
 
 
Effect of temperature on germination (Experiment 1) 
 
The required number of seeds (120) were removed from 
the seed bank and placed in a seed drying room (at 15°C 
and 15% RH) for ten days at the School of Agriculture and 
Food Sciences, the University of Queensland, Brisbane, 
Australia. Seeds of all six species were surface sterilized 
using 2% (v/v) sodium hypochlorite solution for 10 min 
and rinsed 3 to 4 times with sterile distilled water.  

 
 
 

Thereafter, four replicate seed lots (25 seeds) of similar 
morphology were placed into sterile plastic Petri dishes (9 
cm diameter) each containing a double layer of sterile filter 
paper saturated with 5 ml distilled water. The Petri dishes 
were then placed inside incubators set at 35/25, 30/20  
and 25/15± 1°C day/night temperature regimes using a 
photoperiod of 14/10 h (c. 80 umol m-2 s-1) in each of these 
refrigerated incubators (Thermoline, Australia). The 
experiment was conducted in a Completely Randomized 
Block Design (CRBD). Germination count data was recorded 
every alternate day for 21 days.  

 
 
Effect of osmotic stress on germination (Experiment 2)  

 
Seed of each of all species were removed from the seed 
bank and placed in a seed drying room for ten days. The 
required number of seeds (120) was then surface sterilized 
as earlier described. From these, four replicate seed lots (25 
seeds) of similar morphology were placed in plastic Petri 
dishes onto two filter papers saturated with solutions of 
different water potentials (namely: 0, -0.1, -0.2, -0.4, -0.5, -
0.7, and -1.1 MPa). Water availability was adjusted by using 
PEG 8000 and prepared as described by Michel (1983). 
After imbibition, Petri dishes were placed inside a 
germination incubator set at  25°C with a photoperiod of 14 
/10 h, day/night. The experiment was conducted in a 
completely randomized block design. Germination count 
data was recorded every alternate day for 37 days. 

 
 
Germination metrics and Statistical analyses 

 
Germination percentages recorded from both experiments 
were expressed as 1) a final germination percentage (FG), 
2) a daily germination speed index (DGS) and 3) a 
germination value (GV) determined using Microsoft Excel. 
The DGS index was computed by dividing the FG by the 
number of days from the start of the test. The GV was 
determined using the Diavanshir and Pourbeik (1976) 
formula given as: 

 
GV=DGS/N × FG × 10 

 
Where FG = Germination percent obtained by dividing a 
cumulative germination percentage recorded every 
alternate day by 100. Numerical value 10 is the constant 
used to increase objectivity of the formula (Diavanshir and 
Pourbeik, 1976). 

Further germination data analyses were performed in 
Statistical Package for Social Sciences (SPSS version 17) 
using Analysis of Variance (ANOVA) and Tukey’s test. These 
analyses were performed to determine whether significant 
difference (P≤0.05) occurred among the species 
germination response. 
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Table 1: Descriptions of the six species of Myrtaceae used in this study showing collection data and meteorological details. (-) represents data not available. 
 

Species name/ Habit 
Locality details/ Habitat and 
Land form/ No. of plants per 
population 

Conservation 
status 

Accession 
Number/ Date 
of collection 

Natural 
distribution 
in Australia   

Altitude (m) 

Longitude/ 
Latitude 

 
 
 
 
 
 
 
 
 

 

Coldest month 

 

Hottest month 

Mean 
temperature 
(C) 

Mean 
rainfall 
(mm) 

Mean 
temperature (C) 

Mean rainfall 
(mm) 

Eucalyptus argophloia 

Medium to tall tree (40 m) 

Kingarov St Kingarov, QLD 
(cultivated)/ Open Sclerophyll 
Plateau/ 15 

Vulnerable 
BGQLD0191/ 7-
11-2005 

QLD-DD  

300-340 / 

26 33’ 23’’/ 

151 50’ 17’’ 

July 

10.2-21.4 
40.0 

December 

18.2-29.0 
149.4 

Eucalyptus conglomerata 
Mallee/small tree (12 m) 

Eumundi/ Coorov Rd Doonan/ 
Wet heath of coastal plain/ 8 

Endangered 
BGQLD0323/ 
24-10-2006 

QLD-MO, WB  
3 / 2625’17’’ 

153 01.36’’ 

July 

10.9 - 21.1 
84.6 

January 

21.9 - 28.4 
134.8 

Eucalyptus hallii 

Med.- small tree 

Heidke Rd Woodgate/ Wallum 
woodland of coastal plain/ 100+ 

Vulnerable 
BGQLD0416/ 
14-02-2007 

QLD-WB   
10 / 2508’33’’ 

15228’47’’ 

- 

 
- - - 

Leptospermum luehmannii 

Mallee/small tree(12 m) 

Mt. Beerwah Rd Beerburrum, 
QLD/ Open Sclerophyll foothills 
of Granite monolith/ 50 

Vulnerable 
BGQLD0131/ 
29-07-2005 

QLD-MO  
100 / 2658’47’’ 

15252’57’’ 

July 

10.6 - 20.6 
49.7 

January 

21.9 - 29.0 
112.6 

Leptospermum oreophilum 

Shrub (1-2.5 m) 

Mt. Beerwah Rd Beerburrum, 
QLD/ 30 

Vulnerable 
BGQLD0130/ 
29-07-2005 

QLD-MO   
100 / 2658’47’’ 

15252’57’’ 

July 

10.6 - 20.6 
49.7 

January 

21.9 -  29.0 
112.6 

Melaleuca sylvana 

Shrub -small tree(5 m) 

Toys Creek, Herberton Hills, 
Irvinebank Rd, QLD/ Top of 
bare hill on Mt. Range/ 9 

Endangered 
BGQLD0769/ 
24-08-2010 

QLD-CO, NK  

1046  / 
1722’21’’ 

14521’09’’ 

- 

 
- 

- 

 
- 

 

Source: Collection data from Seeds For Life (SFL) project data forms; Conservation status based on the Queensland Nature Conservation Act 1991; Species distribution derived from Bean et al., (2015) based on presence 
within Pastoral Districts; QLD=Queensland, CO = Cook, DD = Darling Downs, MO = Moreton, NK = North Kennedy, WB = Wide Bay.  

 
 
RESULTS AND DISCUSSION 
 
Temperature effect on seed germination  
 
Temperature had a significant effect on both the FG 
and GV (P≤0.0001). E. argophloia exhibited highest 
germination percentage across all the temperature 
regimes compared to all the other speciess (Table 2). 
E. argophloia and E. conglomerata exhibited highest 
(96%) and lowest (7%) FG at 25/15°C. Eucalyptus 
argophloia exhibited highest GV (45.60) under the 
temperature regime of 35/25°C.   

In this study, higher GV exhibited by E. argophloia 
suggests that germination and seedling survival 
potential of this species is greater than those for other 
five studied species. According to Diavanshir and 

Pourbeik (1976), higher value of GV denotes more 
seedling survival success. This result therefore, 
suggests that although E. argophloia is a threatened 
species, chances of higher regeneration and survival 
potentiality exhibited by its GV, limits this species 
extinction threat as compared to the other five 
species studied. In many seed germination 
experiments concerned with seed treatments, not just 
final germination percentage attained is important 
but speed and distribution of germination are equally 
important to judge the agronomic relevance of 
treatments (Al-Mudaris, 1998). For the remaining five 
species, further research aiming at enhancing FG 
should be carried out. 

A number of environmental conditions must be 
suitable for various species to germinate and 

establish in particular times of the year and at 
different habitat locations. Germination niche was 
hypothesized to be responsible for species 
distribution range as it is crucial for colonization and 
population  survival (Cochrane et al., 2011).  

Climate has a large influence on plant 
regeneration and recruitment as it affects 
temperature and water supply that are critical 
drivers of plant regeneration, recruitment and 
distribution (Walck et al., 2011). Of the various 
environmental factors, temperature, moisture and 
light (Bell et al., 1995; Auld and Ooi, 2009; Rawal et 
al., 2015a, b) are the three most important factors 
that govern seed germination and the timing and 
intensity of flowering which are important for 
reproductive success, maintenace of genetic 
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Table 2: Final Germination Percentage (FG%) and Germination Value (GV) of six species under three different 
temperature regimes (35/25°C, 30/20°C, 25/15°C). 

 

Species E. argophloia E. conglomerata E. hallii M. sylvana L. luehmannii L. oreophilum 

FG%1a2b3b4b5b6b       

35/25°C 81 13 23 33 9 19 

30/20°C 64 22 18 18 14 16 

25/15°C 96 7 33 9 16 16 

 

GV 1a2b3b4b5b6b       

35/25°C 45.60 7.68 12.01 16.83 6.59 13.29 

30/20°C 38.13 9.42 7.73 10.68 9.63 9.84 

25/15°C 41.98 2.24 13.21 3.47 6.83 7.09 
 

a and b are sub-sets of Tukey test showing significant difference (P≤0.05) in species temperature response to FG and GV; 1= E. 
argophloia, 2= E. conglomerata, 3= E. hallii, 4= M. sylvana, 5= L. luehmannii, 6=L. Oreophilum. 

 
 

Table 3: Final Germination Percentage (FG%) and Germination Value (GV) of six species under different water potential  
(0.0, -0.1, -0.2, -0.4, -0.7, -1.1 MPa). 

 

Species E. argophloia E. conglomerata E. hallii M. sylvana L. luehmannii L. oreophilum 

FG%1a2b3a4b5b6b       

0.0 93 17 100 18 14 12 

-0.1 94 12 80 14 13 16 

-0.2 83 25 89 06 13 17 

-0.4 72 02 66 06 14 14 

-0.5 28 0 12 01 06 11 

-0.7 06 0 0 0 07 08 

 

GV1a2b3a4b5b6b       

0.0 25.44 4.25 25.44 3.76 4.01 3.14 

-0.1 25.86 2.10 18.03 3.27 3.57 3.88 

-0.2 21.63 4.58 19.25 0.86 3.50 3.74 

-0.4 16.88 0.23 9.61 0.97 3.65 2.95 

-0.5 4.83 0 1.34 0.09 0.96 1.86 

-0.7 0.49 0 0 0 1.13 0.65 
 

a and b are sub-sets of Tukey test showing significant difference (P≤0.05) in species response to FG and GV; 1= E. argophloia, 2= E. 
conglomerata, 3= E. hallii, 4= M. sylvana, 5= L. luehmannii, 6=L. oreophilum 

 
 
diversity and ultimately the fitness and survival of plant 
species.  

Temperature is the most important climatic variable as it 
synchronizes germination to environmental conditions that 
are most suitable for seedling establishment (Bell, 1994; 
Fenner and Thompson, 2005). Life history traits hence, are 
very important as they are linked with reproductive 
success and recruitment in particular environments (Alsos 
et al., 2012) and for this study the germination trait 
exhibited by E. argophloia may aid regeneration and 
distribution of this species under predicted climatic 
warming. Although all six species germinated across all 
temperature regimes tested, our study demonstrated that 
none other than E. argophloia exhibited higher temperature 
germination   optima   and   heat    tolerance   characteristics 

 for germination.  
 
 
Water potential effect on seed gemination  
 
ANOVA results indicated that FG and GV (P≤0.001) of all the 
species were significantly affected by water potential 
(Table 3). Across all the species no germination occured 
under the water potential regime of -1.1 MPa and this 
treatment response was not included in the analysis. Across 
the six species, E. hallii  exhibited highest FG value (100%) 
at 0.0 MPa followd by E. argophloia (94%) at -0.1 MPa 
regime; however, highest GV value was observed for E. 
argophloia (25.44 and 25.86, respectively) at 0.0 and 0.1 
MPa     regime     followed     by     E. hallii    (25.44 and 19.25, 
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respectively) at 0.0 and -0.2 MPa. (Table 3). 

Some studies indicate that moisture availability has been 
shown to be an equally important factor as temperature for 
seed germination (Rawal et al., 2015a). Different species, 
sub-species and provenances within a species may exhibit 
differences in seed germination and growth responses to 
environmental factors such as water stress (Gibson and 
Bachlard, 1989). Within Myrtaceae variability in moisture 
requirements for germination exists between and within 
various Eucalyptus species (Gibson and Bachelard, 1989). 
Species in this current study that have displayed wider 
water potential niches (E. argophloia and E. hallii) may have 
the greater potential for drought tolerance, one of the key 
characters that many plant species should bear in order to 
cope with prevailing climate change effects. However, 
besides drought tolerance, plant species should also exhibit 
adaptive fitness related traits such as survival, growth, 
phenology of growth and flowering and resistance to 
diseases and pests (Savolainen et al., 2007; Neale and 
Kremer, 2011; IPCC, 2014) for their persistence and long 
term survival. Although E. argophloia and E. hallii of this 
study were shown to be most drought tolerant and their 
performance in the field may vary under combined and 
interactive effects of other environmental factors (such as 
temperature, salinity and light) prevailing in different 
microsites.  

Poor seed germination may be due to different causes 
such as 1) low percentage of seed fill, 2) low seed viability 
in filled seeds and/ or 3) seed dormancy (Farley et al., 
2013). Generally, low germination percentage of all species 
with the exception of E. argophloia in this study may 
indicate the loss of viability of ex situ conserved seeds with 
time. We considered 100 or near 100% seed viability of all 
these species based on previous report (JC Timbs, Griffith 
University, Brisbane, Queensland, Australia, 2011, 
unpublished report). Loss of viability may have played an 
important role behind lower germinaiton displayed by 
most of the the species. However, only E. argophloia was 
successful in demonstrating consistently higher 
germination throughout the experiment. Seed longevity of 
ex situ conserved seeds are expected to vary not only 
among species but also among populations of the same 
species (Kochanek et al., 2009). Hence, loss of seed viability 
with time should be considered as a key issue and 
periodical viability test is crucial to determine loss of 
viability with time for ex situ conserved seeds. 
 
 

CONCLUSION 
 

The restricted geographical distribution of some of the 
species may be associated with environmental limitations 
such as soil type, topography, altitude and climate. 
Temperature and water potentials are important factors in 
seed germination and the information on the range of 
temperatures and water potential gradients at which seeds 
of particular species can germinate may be good indicators 

 
 
 
for their reintroduction and expansion in wider areas.  

Our study has highlighted the seed germination 
behaviour of six ex situ conserved threatened species of 
Myrtaceae of QLD at different temperature and water 
potential gradients. The information thus generated would 
be useful for their conservation and sustainable utilization 
purposes. Research in many other endeavors may be 
undertaken on these species in order to understand their 
threatened status and reintroduction for their in situ and ex 
situ conservation and their subsequent utilization for 
economic benefits. It is also anticipated that germination 
data furnished from this study will be useful to assess 
vulnerability of these species under predicted climate 
change and enabling selection of climate resilient species 
for future restoration programs.  
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