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Disclaimer

Please be advised that the recommendations presented in this document do not necessarily 

represent the views of the agencies / organisations in which the authors are employed. 

These guidelines are subject to change. No responsibility will be taken for any actions that 
occur as a result of information provided in these guidelines. 

Copyright

The copyright for this publication belongs to the Florabank Consortium. Information in this 

publication may be reproduced provided that any extracts are acknowledged.

The update of the Florabank Guidelines was funded by the New South Wales Government 
through its Environmental Trust, as part of the Healthy Seeds Project, and administered by 
the Australian Network for Plant Conservation (ANPC). It was overseen by the Healthy Seeds 

Consortium consisting of representatives from the ANPC, Australian Association of Bush 
Regenerators, Australian Seed Bank Partnership, Centre for Australian National Biodiversity 
Research, Greening Australia (GA), NSW Department of Planning Industry and Environment, 
Royal Botanic Gardens and Domain Trust, and the Society for Ecological Restoration Australasia.
The Florabank Consortium which will oversee implementation of the Guidelines consists of the 

Australian National Botanic Gardens, ANPC, CSIRO and GA.
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Key points

Ex situ treatments to stimulate germination and alleviate 

dormancy include smoke, scarification, stratification, after-

ripening and chemicals such as Gibberellic Acid.

Understanding the requirements for seed germination, and the 

germination potential of the seed lot, can improve the success of 

seed-based propagation or restoration.

Germination testing determines the germination potential of 

a seed lot.

Seeds require appropriate moisture, temperature, oxygen and 

light conditions for germination.

Test germination of fresh seeds prior to storage to provide 

baseline information on germination potential and viability, and 

determine if dormancy is present. 

Reasons why seeds do not germinate: the seeds are dead, 

not filled, dormant, or the test conditions provided were 

not appropriate. 

A dormant seed does not have the capacity to germinate in a 

specified period of time under physical environmental factors 

that otherwise are favourable for its germination.

Identifying the class of dormancy provides direction to best 

select an approach to alleviate that class of dormancy. 

Clues for conditions that overcome dormancy can be sourced 

from the seed’s natural environment. 
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Introduction

The initial success of ecological restoration projects utilising seeds hinges on the ability of seeds 

to germinate and emerge – whether they are directly sown into a restoration site (and germinate 

immediately or form a soil seedbank), or used to propagate seedlings that are later planted out as 

tubestock. Knowledge of the conditions required for seed germination can also help understand 

the dynamics of natural soil seedbanks, which can inform conservation management decisions 

and natural regeneration practices. 

Filled seeds may not germinate, or have a low germination percentage, for one of three reasons: 

they are dead (non-viable; also includes empty and seeds eaten by predators) (see Module 10 – 

Seed Quality Testing); the conditions provided were not appropriate for germination; or they are 

dormant. Understanding the conditions that alleviate dormancy and the requirements needed 

for seeds to germinate are thus essential and can be tested by applying experimental treatments 

during seed germination tests. Considering the temperature and light conditions that the seeds 

experience in their natural environment following dispersal, and/or when seedling emergence 

occurs in situ, can provide vital clues for germination requirements and/or dormancy alleviating 

treatments. This approach can not only improve the success of experimental treatments, but 

also lead to a greater understanding of a species’ ecology (i.e. germination conditions that favour 

emergence and successful establishment in situ).

This module outlines methods to identify optimal conditions for seed germination, and, if seeds 

don’t germinate because they are dormant, how to classify dormancy and select appropriate 

treatments to alleviate dormancy. First, we step through a general protocol for undertaking seed 

germination testing - from sampling and design to implementation, monitoring and data analysis. 

We then provide a brief overview of the different types of seed dormancy mechanisms. Lastly, we 
provide guidance on selecting treatments to overcome dormancy under ex situ conditions.

Seed germination testing

Germination testing determines the germination potential of a seed lot (ISTA 2020). Seeds require 

appropriate moisture, temperature, oxygen and light conditions for germination. Conditions are 

often, but not always, species-specific and variation can even exist among populations within a 

species (Beardsell and Mullett 1984; Close and Wilson 2002) due to genetic or paternal/maternal 
environment differences (Hoyle et al. 2008a; Rix et al. 2012; Satyanti et al. 2019). 

Germination testing may be undertaken by the organisation to whom the seeds belong 

(e.g. seed collector, seed store, native nursery, restoration practitioner), or outsourced to an 
external organisation. Even if seed germination testing is outsourced to an external laboratory or 

consultant, the person requesting the tests will still need to understand which tests to request, 

and how to interpret the results. It is useful to know what level and rate of germination may occur 

under nursery or field conditions, especially if seeds are to be used for propagation of seedlings, 
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or in direct seeding. In these cases, germination testing should ideally be done by mimicking 

natural conditions (e.g. using fluctuating diurnal temperatures similar to the germinating season) 

or choosing the appropriate season for germination under natural conditions, if temperature 

controlled facilities are not available.

Some practical guidance on germinating particular species can be sourced as follows:

•• Scientific journals and papers published online, such as within:

-- Australian Journal of Botany

-- Australasian Plant Conservation

-- Seed Science Research

-- Seed Science and Technology

•• Review papers, such as

-- The process of germination in Australian species (Bell 1999)

-- Seed dormancy and germination stimulation syndromes for Australian temperate species 

(Merritt et al. 2007)

-- The ecology, dormancy and germination of Australian native seeds (Commander et al. 

in prep.) 

•• Books, such as 

-- Growing Australian Native Plants from Seed (Ralph 2003)

-- Seed Collection of Australian Native Plants (Ralph 1993)

-- Australian Seeds (Sweedman & Merritt 2006)

-- Plant Germplasm Conservation in Australia (Offord & Meagher 2009, Martyn Yenson 
et al. 2021)

-- Pilbara Seed Atlas and Field Guide (Erickson et al. 2016)

-- Banksia Woodlands: A restoration guide for the Swan Coastal Plain (Stevens et al. 2016)

-- Australian Rainforest Seeds: A Guide to Collecting, Processing and Propagation 

(Chapman et al. 2020)

•• Online databases, such as 

-- Royal Botanic Gardens, Kew – Seed Information Database (SID) 

-- The Australian Seed Bank 

-- Seeds of South Australia 

-- Royal Tasmanian Botanic Gardens, germination database 

•• Botanic Gardens (through Botanic Gardens Australia and New Zealand), Research Institutions, 

The Australian Seed Bank Partnership, and ‘Friends of’ groups (e.g. Friends of Kings Park)

•• Native seed suppliers and native plant nurseries (e.g. see RIAWA, ANPSA)

•• Native Plant Societies

•• And see also publications in the references and further reading section

Information to assist with determining suitable conditions for germination can also be sourced 

from climate information, for instance using data from the Bureau of Meteorology, Worldclim, 

or installing a weather station or data loggers in the species’ habitat. 

https://data.kew.org/sid/
https://asbp.ala.org.au/
https://spapps.environment.sa.gov.au/seedsofsa/
https://www.bganz.org.au/
https://www.seedpartnership.org.au/
https://www.bgpa.wa.gov.au/contact-us/16-kings-park-volunteer-master-gardeners
https://www.riawa.com.au/accreditation/purity
http://www.anpsa.org.au/seedsupp.html
http://www.bom.gov.au/
https://worldclim.org/
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When to test germination

Germination tests should initially be undertaken on fresh seeds prior to storage to provide 

baseline information on germination potential and viability. Germination testing of fresh seeds 

can help determine whether or not dormancy is present. 

Seed age and storage conditions influence germination, which means that over time, the 

germination percentage can change. Germination may decrease due to viability loss, or increase 

due to dormancy loss. Viability loss during storage depends on the species and dormancy type, 

storage conditions and seed longevity (see also Module 10 – Seed Quality Testing). If storage 

conditions are sub-optimal, germination may decline rapidly during storage due to viability loss. 

Under some storage conditions (generally warm and dry), seed germination of some species may 

initially increase over a short period of time (weeks or months) as dormancy is lost (see after-

ripening in the section below on physiological dormancy).

Given the changes in germination that may happen during storage, seeds should be tested for 

germination prior to storage, and again when they are taken out of storage, prior to sale or use in 

propagation or restoration. 

For seeds in storage, the frequency of re-testing during storage depends on the expected 

longevity of the collection, and the end-use of the collections. In general, seeds in long-term 

storage should be tested every 10 years (Davies et al. 2015). Australian species have very 

diverse longevity in storage. Australian alpine and temperate seeds from cool, wet environments 

are shorter-lived than their relatives from other habitats (Merritt et al. 2014, Satyanti et al. 
2018), so they need to have shorter testing intervals. For further discussion of seed longevity 
and re‑testing intervals, see Merritt et al. (2021). For seeds in conditions suitable for short 

(<5 years) and medium (5-10 years) term storage, we recommend that viability, and possibly 
also germination, is tested at the end of the recommended storage period and/or prior to sale 

(see Modules 9 – Seed Drying and Storage and 10 – Seed Quality Testing). More frequent testing 
during short and medium-term storage, and analysis of viability changes over time, may be useful 

to refine re-test intervals and better understand the lifespan key restoration species.

Potential changes to germination following storage means it is essential that the seed lot is 

properly labelled and records about the storage history and germination test dates are kept. 

Germination can then be tracked alongside storage history and be compared to previous test 

results. Potential issues in seed quality or storage conditions can be flagged if multiple tests are 

carried out over time.

If optimum conditions for germination or dormancy alleviating treatments are unknown, test as 

soon as possible, because (i) it is important to test fresh seed, and (ii) suitable conditions and 

treatments can take considerable time to identify. If seeds are to be propagated in a nursery 

to produce seedlings, it may be prudent to determine the optimal conditions for germination 

through germination testing under controlled conditions prior to sowing the seeds in the nursery. 
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What to test

In general, the intact diaspore (or dispersal unit) should be used in germination testing, and 

throughout this module we have used the word seed to mean diaspore. In some species, such 

as those of Acacia and Eucalyptus, this will be the seed, as these genera mostly have dehiscent 

fruits (i.e. fruits that open to release the seeds). In other cases, such as for species of Eremophila 

and Poaceae (grasses) the diaspore is a fruit. If seeds within indehiscent fruits do not germinate 

because they are dormant, then extracting seeds from fruits may increase germination. However, 

keep in mind that extracting seeds from indehiscent fruits may not be a practical pre‑treatment on 

a large scale, so understanding how to germinate the diaspore is useful. Seeds may be extracted 

from fleshy fruits, especially if fruits contain multiple seeds (e.g. Solanum). (See also Module 8 – 
Seed Processing). Seed fill for some species is often low (e.g. Rutaceae (Martyn et al. 2009)), hence, 
low germination should be expected, and seed fill should be examined (see also Module 10 – 

Seed Quality Testing). Seed appendages (such as arils) should not need to be removed. 

Representative sampling

Taking a representative sample is the first step in any seed test and a vital one for ensuring 

that the test results are not biased. Any test must be performed on a sample that is large 

enough to meet testing requirements (see section ‘Sample size and replication’) and that is also 

representative of the whole seed lot. 

To take a representative sample, first uniformly mix the seed lot. This can be done by:

•• shaking up the seed lot in its container

•• emptying the seed lot from one container to another

•• mixing by hand

•• mixing by mechanical means

Large quantities of seeds may have to be mixed in batches. 

The next step is to take a primary sample of seeds from the seed lot, then randomly extract seeds 

for the test. See also Module 10 – Seed Quality Testing, for detailed instructions of sampling 

techniques, as well as ISTA (2020) and ISTA (International Seed Testing Association) videos on 

hand halving and the spoon method. The amount of seeds required is determined by the number 

of tests to be conducted and the number of seeds per replicate for each test (see section ‘Sample 

size and replication’). 

Ensure that the objective of the germination test is clear before mixing any seed lots – for 

example, if seed lots are separated into different populations, keep these seed lots separated if 

you wish to determine inter-population differences. 

Although dormancy class (see section ‘Seed dormancy classification and alleviation’) is likely to 

be constant within a species, other germination traits may not be. For instance, the degree of 

dormancy, germination percentage, optimal germination temperature, and germination rate 

(how fast seeds germinate), may differ between populations and collection years, due to maternal 

environment and/or genetic differences (Rix et al. 2012; Rix et al. 2015) as well as storage 

environment and duration. 

https://www.youtube.com/watch?v=OMevCxMp9FM
https://www.youtube.com/watch?v=90kkVhdBUko
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Designing germination tests

Ex situ germination test conditions

To provide adequate moisture, seeds may be incubated on moistened paper (such as filter paper, 

glass fibre filter paper or germination test paper), irrigated growing media (e.g. seed raising mix) 

or sterilised sand, or solidified water-agar (generally between 0.7% – 1% w/v is used) (Figure 1). 

Seeds of most species should not be submerged in water, as they will not receive sufficient 

oxygen. Various containers can be used, but the Petri dish (either plastic or glass) is one of the 

most useful containers for small numbers of seeds. Glass Petri dishes may be sterilised (for 

instance under high temperature and pressure in an autoclave) before use to help prevent the 

spread of contamination, if it occurs, and can be re-used. Parafilm or clingwrap wrapped tightly 

around the circumference of the container may help reduce the rate of moisture change and loss 

in the germination environment. Alternatively, Petri dishes can be carefully placed into snap-lock 

plastic bags. Other, low-cost containers include plastic food containers, pots or punnets (Figure 2). 

Remember to label the containers with the species name, accession number or seed lot number, 

test start date, replicate number, pre-treatments prior to incubation, and incubation conditions 

or treatments used during incubation (e.g. temperature, light). Petri dishes and plastic containers 

can be labelled with permanent marker, whilst pots and punnets can be labelled with tags or 

nursery markers. Record all of the information separately too, such as on a record sheet or in 

a spreadsheet. 

Conditions required for germination vary considerably across genera and species, and 

practitioners should research appropriate literature and consult experts to determine the 

best conditions for particular taxa. In practical situations, there are many variables which will 

influence germination, some of which are temperature, light, smoke and the age of seeds. Clues 

for conditions required for germination can be sourced from the seed’s natural environment. 

For instance, check which season seeds naturally germinate and what the soil temperatures are 

during that season. If the season of germination is not known, then the season(s) with reliable 

rainfall may indicate when seeds germinate. Other clues to investigate include understanding 

where seeds germinate in the soil profile, or whether they germinate immediately after fire.

Figure 1. Testing seed germination on water agar (left) and on filter 

paper (right) in Petri dishes. (Photos: L. Commander)
Figure 2. Testing seed germination 

in punnets of soil / sand in a 

glasshouse. (Photo: L. Commander)
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Temperature

Seeds germinate over a range of temperatures. 

While this range may be wide or narrow, 
the appropriate temperature conditions 

depend on the species and the climate from 

which the seeds were sourced. The optimum 

temperature is the temperature at which there 

is the highest proportion of germinated seeds, 

and the germination is the fastest (Figure 3). 

Optimal germination temperature usually 
corresponds with the temperature during the 

season that seeds usually germinate in their 

natural habitat. If seeds are incubated above 

or below their optimum temperature, then the 

maximum germination potential may be underestimated. As a general guide, seeds are able to 

germinate to some degree from 10°C to 35°C, with examples of optimal temperatures of tropical 
and temperate species ranging from around 25 to 35°C and 10 to 25°C respectively. Seed testing 
can be undertaken at constant temperature, or at alternating temperatures to mimic natural 

diurnal temperature ranges. Alternating temperatures use a higher day temperature and lower 

night temperature. Alternating and constant temperatures may result in different amounts of 

germination. Some species may have greater total germination at an alternating temperature 

regime compared with a constant temperature regime, whereas others have higher germination 

at constant temperatures compared with alternating temperatures. These differences may 

be species-specific and depend on factors including seed size, growth form and altitude 

(Liu et al. 2013).

Seed germination testing can be done in incubators, which, like refrigerators, can be 

set to specific temperatures, and can also be set to alternating temperatures (Figure 4). 

However, if incubators are not available, germination testing can be done at room temperature, 
if room temperature is fairly constant (i.e. there is temperature control), and the temperature 
within the range that is optimal for seed germination (e.g. room temperature of 25°C may be too 

warm for optimal germination of some species). Record the temperature of the room (during the 

day and at night) and report it with the results (Figure 5). 

Germination testing can also be done in a nursery, such as a cool room, shadehouse or 

glasshouse – again, if the temperature is suitable, or if the facility is in the same climatic zone 

as the seed source and seeds are sown during the season in which they naturally germinate. 

Ensure that the seeds are kept moist and that there are no seed predators. Germination testing 
in nursery facilities without temperature control may be restricted to certain times of the year. 

Using dataloggers to record temperatures during testing can be useful both to keep track of 

day and night temperatures if seeds are not tested under controlled temperatures, but also to 

keep track of the temperature within facilities, in case of equipment or power failures (Figure 5). 

Recording the temperatures during testing can ensure that the test is repeatable, or help explain 

any unexpected germination failures. 

Figure 3. Temperature affects germination rate and 

final germination percentage. (Photo: L. Commander)
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Light 

Seeds of some species require light in order to germinate, while 

others require darkness, and some are not sensitive to light 

conditions (Baskin and Baskin 2014). If the light requirement of a 
species is unknown, then a sample can be incubated in darkness 

and another in light. Seeds in the Asteraceae commonly require light 

for germination (Merritt et al. 2006), and Asterolasia (Rutaceae) has 

recently been identified to require light (Collette & Ooi, 2017). 

To keep seeds in the dark, Petri dishes can be wrapped in aluminium 

foil, or placed in lined boxes. If the sensitivity of a species to light is 

unknown, seeds tested in the dark should not be exposed to any 

light until the end of the testing period (Luna et al. 2004).

For further information on how to check germination while seeds 

are incubated in the dark, and which wavelengths of light typically 

promote germination, see Martyn Yenson et al. (2021), Luna et al. 

(2004) and Baskin and Baskin (2014). 

Figure 4. Various incubators used to control temperature for germination testing. (Photo: L. Commander)

Figure 5. A small datalogger 

can be used to record 

temperatures during 

incubation of germination 

tests, either within a 

cabinet or within a room. 

(Photo: L. Commander)

Smoke

Smoke from fires stimulates seed germination of many Australian 

species. A number of compounds within smoke have been found 

to be responsible for this effect (Flematti et al. 2010). To increase 

germination of smoke-responsive species, seeds can be treated with 

aerosol smoke, imbibed for a short period of time (e.g. 24 h) in an 
aqueous smoke solution (smoke water), or treated with a compound 

isolated from smoke, such as karrikinolide or glyceronitrile. Smoke 

water (Figure 6) contains toxic compounds, so it is not generally 

recommended as an additive to Petri dishes – instead seeds 

can be imbibed in smoke water then transferred to Petri dishes. 

Undiluted smoke water can also have an adverse effect, so ensure Figure 6. Smoke water. 

(Photo: N. Emery)
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that the dilution (~1 to 10% v/v) is correct. Different techniques of making smoke water may 

produce different concentrations, so it may be prudent to test each batch with a range of 

dilutions on a species with a known smoke response (e.g. see Tieu 1999). Smoke water is also 
available for purchase, in which case it is wise to test each batch you receive using seed of 

known smoke responsive species. Other smoke products include smoked vermiculite and smoke 

primers. When testing seeds of a species for the first time, or testing a new product or treatment, 
always test a control batch of untreated seeds so that the treatment can be assessed. 

Instructions for treating seeds with aerosol smoke, or making smoke water can be found online. 

To expose seeds to aerosol smoke, the following equipment is required: a non-flammable 

receptacle for the burning plant material (e.g. a metal bin), an air inlet fan to allow air into the 

receptacle, and a cooling pipe to carry smoke from the receptacle to a tent or small shed which 

contains the seeds (Figure 7). To make smoke water the set-up is similar, except the cooling 

pipe leads to a receptacle of water, through which the smoke is bubbled, with a vacuum to 

assist in drawing the smoke through. Any plant material can be used to create smoke, not 

just native plants, for instance, hay can be used. Ensure that permissions are sought, a risk 

assessment is undertaken, fires are only lit when and where they are legally allowed, and 

authorities are informed in case members of the public call the fire service if they notice smoke. 

Wear appropriate protective equipment to offer protection from heat and smoke. 

Many plant families have seeds that respond to smoke 

or smoke compounds. Families and key genera include: 

•• Apiaceae e.g. Actinotus (Baker et al. 2005).

•• Asteraceae e.g. Schoenia (Plummer et al. 2001).

•• Dilleniaceae e.g. Hibbertia (Hidayati et al. 2012).

•• Goodeniaceae e.g. Goodenia (Commander et al. 

2017), Scaevola (Guja et al. 2010).

•• Gyrostemonaceae e.g. Codonocarpus, Gyrostemon, 

Tersonia (Baker et al. 2005).

•• Haemodoraceae e.g. Anigozanthos (Downs et al. 

2014), Conostylis (Turner et al. 2009).

•• Myrtaceae e.g. Baeckea (Thomas et al. 2003).

•• Poaceae e.g. Austrostipa, Eragrostis, Panicum (Clarke 

et al. 2005), Triodia (Commander et al. 2017).

•• Proteaceae e.g. Grevillea (Commander et al. 2017).

•• Rutaceae e.g. Asterolasia (Collette and Ooi 2017), 

Boronia (Mackenzie et al. 2016), Diplolaena 

(Commander et al. 2009), Philotheca (Collette and 

Ooi 2020).

•• Solanaceae e.g. Anthocercis (Commander et al. 2009), 
Solanum (Commander et al. 2008).

•• Stylidiaceae e.g. Stylidium (Norman et al. 2006).

A longer list of additional genera can be found online. 

Figure 7. To create smoke, hay can be placed 

in a metal bin and ignited, and the smoke 

then fed through a pipe either into an 

enclosed space to treat seeds with aerosol 

smoke, or bubble through water to create 

smoke water. (Photos: L. Commander)

https://www.bgpa.wa.gov.au/kings-park/events/research/seed-conservation/smoke-to-sow-and-grow
https://www.bgpa.wa.gov.au/kings-park/events/research/seed-conservation/smoke-to-sow-and-grow?highlight=WyJzbW9rZSIsInNtb2tpbmciLCJzbW9rZWQiXQ==
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Seeds of some species are not initially smoke responsive following dispersal, but may first require 

exposure to other environmental conditions (Merritt et al. 2007). For instance, some species 

exhibit an interaction between heat and smoke, or soil burial and smoke. 

If a germination test is performed after seeds have been treated with smoke or smoke products, 

ensure that these treatments are stated alongside the results of the germination test. 

In situ (field) test conditions

Testing germination responses in situ could be sufficient if you are certain the seeds have the 

potential to germinate. However, keep in mind that results achieved in situ may vary from those 

under ex situ conditions. Ex situ laboratory or nursery test conditions are designed to optimise 

germination to see the maximum potential germination, and that is likely to be higher than in situ 

germination and emergence. Under in situ conditions, temperature may fluctuate widely, soil may 

dry out rapidly, and seeds may be either surface sown or buried, meaning they will be exposed 

to different levels of light. In spite of the challenges, in situ germination and/or emergence testing 

can be useful, particularly for informing seeding rates for direct seeding.

It is important to note that if seeds are sown, it is seedling 

emergence that is assessed rather than germination potential 

itself (Figure 8). It may also be useful to use the information 

from both approaches. For example, results from ex situ 

germination testing, especially when based on temperature 

conditions that occur in the field, can inform germination 

potential, and be followed by an in situ seedling emergence trial, 

the results of which may inform seeding rates for restoration.

Figure 8. Measuring seedling 

emergence of sown seed in situ. 

(Photo: L. Commander)

Sample size and replication 

When testing germination, it is necessary to decide on the 
number of seeds in the test (sample size). These seed lots may 

be split into replicates with equal numbers of seeds. Replication 

allows the estimation of variability of results, and means that 

if something happens to one replicate (e.g. contamination), 

then results can still be obtained from the other replicates. 

The replicates then can be randomly allocated to treatments 
(e.g. light or dark). If seeds are subjected to a treatment 

(e.g. smoke), there should also be a control (e.g. no smoke) 
which is left untreated. 

There is no standard sample size for germination testing of wild seed. For many seed lots of 

internationally traded agricultural, forestry and horticultural species, a 400 seed test is a statutory 
country requirement or mandated by the seed sales contracts (see ISTA 2020). However, even 

for ISTA, when testing expensive seeds or small seed lots, fewer than 400 seeds can be used. 
Assuming a high level of seed fill, we recommend that at least four replicates of 25 to 50 seeds 

be used where possible (see Davis et al. 2015), ensuring no more than 10% of the collection is 

used overall. Also ensure that seeds are taken from a random sample (see section Representative 
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Sampling). This number of seeds per replicate is important to ensure that the results can be 

clearly interpreted statistically. If the collection is smaller than 1000 seeds, use fewer replicates 

but where possible do not use fewer than 10 seeds per replicate. Table 1 provides a guideline 

for sample size. Replicates may be assigned to individual containers (Petri dishes, punnets, pots, 

trays) (Figure 9). Note that some seeds are so large that only a few fit into a container, meaning 
higher numbers of replicates across multiple containers may be necessary. 

If seed fill is very low, then remove empty 

seeds prior to the test if it is possible 

to do so. For instance, using x-ray 

analysis, it is often possible to select 

only filled seeds. Likewise, a vacuum 

separator could be used to separate 

heavy (filled) from light (unfilled) seeds 

(see other methods in Module 8 – Seed 
Processing). If removing empty seeds 

is not possible, then increase the 

number of seeds per replicate. To adjust 
sample size to account for seed fill, 
see Davies et al. (2015). 

Figure 9. Replicates can be assigned to petri dishes. 

(Photo: L. Commander) 

Table 1. Selecting the number of seeds per replicate and the number of replicates for each treatment or 

germination test, based on the collection size (from Davies et al. 2015).

Collection size Seeds per replicate Number of replicates
Total number of 

seeds per sample

≥ 1000 25 – 50 4 – 10 100 – 500

≥ 500 25 2 – 4 50 – 100 

≥ 250 10 2 – 4 20 – 40 

< 250 No test 0 0

Contamination of germination tests

Sometimes, germination tests can become contaminated with bacteria or fungi (Figure 10). 

Fungal contamination sometimes indicates that a seed may be non-viable, and this may be more 

frequent when the germination unit is a fruit, or if the species is collected from a warm, wet 

environment such as a rainforest. Changing the germination medium can sometimes reduce 

contamination issues, for instance by switching from agar or filter paper to sand. Sterilising 

the germination medium may help – soil or potting mix can be steam sterilised or sterilised by 

heating in an oven, while sand, filter paper and agar can be autoclaved. Also, try increasing the 

distance between the seeds on the medium. That way, if one seed becomes contaminated, the 

contamination is less likely to spread to the others. When using Petri dishes, placing the seeds on 
the dishes within a laminar flow cabinet and/or not opening the lids of the dishes as frequently 

when checking germination may be beneficial for minimising contamination by microorganisms 

(Figure 11). 
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If there is contamination of seeds in the germination test, then consider using a fungicide, or 

surface sterilising the seeds prior to the next test to limit contaminants. A common method of 

surface sterilisation is to place seeds in a 0.5% solution of bleach (sodium hypochlorite; NaOCl) for 
10 minutes and then rinse with running water for 1 minute (Davies et al. 2015). Household bleach 

can be used, but take care to ensure it is sufficiently diluted and be aware that in solution, sodium 

hypochlorite easily decomposes, so its strength decreases with age. However, this method of 

sterilisation may positively or negatively impact the germination, so it may be wise to investigate 

any effects using a control (untreated seeds). Also, ensure that seeds are not too dry (i.e. 5% 

moisture content) when soaked in bleach, otherwise they may be subject to imbibition shock, 

i.e. it is preferable equilibrate seeds at ambient relative humidity prior to soaking, if they have 
been dried in a drying room at 15% RH. Surface sterilisation may be less effective for seeds with 

hairy seed/fruit coats, in which case a couple of drops of detergent or 1% Tween® (a surfactant) 
may increase effectiveness. Previcur® may be used as a fungicide. When using bleach or 
fungicide, ensure that the directions on the label are followed, a material safety data sheet is 

obtained, a risk assessment is performed, appropriate personal protective equipment is worn, 

and precautions are made in case of an incident (e.g. eyewash station nearby). 

Figure 10. Petri dishes can become contaminated with 

bacteria and/or fungi. (Photo: L. Commander)
Figure 11. A laminar flow cabinet for sterile work. 

(Photo: L. Commander)

Recording germination and test duration

Germination is the process that starts with water uptake and finishes with the elongation of the 

embryonic axis (Bewley & Black 1994). Once germination is complete, the radicle (root) will have 
penetrated its covering structures (e.g. seed coat). When testing germination, record the number 
of germinated seeds per replicate at regular intervals and at the conclusion of the test. 

Seeds may be fast or slow to germinate, depending on intrinsic factors, test conditions and 

presence of dormancy. Some species may germinate within a week, others may take one month, 

some more. Since the length of the incubation period depends on the germination rate (speed) 

of the seeds, and can be between one and four weeks (Baskin and Baskin 2014; ISTA 2020), plan 
to allow at least four weeks for germination testing, longer if expected for the test species or if 

germination time is unknown. It may be useful to incubate the seeds until no further germination 
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has been observed for two weeks, to see how many seeds germinate in total, and how long this 

takes. Note that for seeds firstly exposed to a treatment, the incubation period is additional to the 
treatment time. 

If nursery facilities are available, the germinants from the test can be grown on in pots. 

Observations of seedling development can determine if a germinant develops into a normal 

seedling. Observing the growth and morphology of the seedlings can assist in field identification 

at a later date, or to confirm the identity of the species. Seedlings can be harvested and pressed 

or photographed at regular intervals to compile a seedling identification guide. Plants can 

be grown on to contribute to a living collection or seed production area, or be planted out in 

restored areas.

Reporting and interpreting results

The germination percentage can be calculated using the formula below (Equation 1). 

The percentage can be averaged across the replicates. 

Equation 1. Germination percentage.

When the germination percentage is reported, it is also useful to report the total number of seeds 
tested (e.g. 42 out of 50 seeds germinated), the number of replicates used for each test condition, 
incubation conditions, including the temperature and light conditions, and also the duration of 

the germination test. 

Another response variable is the time to x% germination, e.g. time to 50% of maximum/final 

germination (t
50

) (McNair et al. 2012), which describes the germination rate.

Data can be presented using column or bar charts of mean and standard error of final 

germination %; line or scatter plots showing cumulative germination; or box and whisker plots. 

To statistically analyse seed germination tests, a two-sample binomial test or a chi-squared 

test ( 2) can compare the total number of germinated seeds between two samples against 

the expected, as long as the total number of incubated seeds is known. If comparing multiple 

treatments (i.e. a factorial experiment), use a generalised linear model (GLM) or a generalised 

linear mixed model (GLMM) with a logit link function (for binomial data). Survival analysis can 

characterise the pace and distribution (shape) of germination. If germination is assessed 

repeatedly, a time-to-event model fitting could be used to analyse the germination curve. Probit 

analysis (GLM or GLMM with a probit link function) can be performed if independent samples are 

used, i.e. scored once only. 

For further information on data analysis, summary and presentation, see Chapter 7 in Plant 

Germplasm Conservation in Australia (Martyn Yenson et al. 2021), McNair et al. (2012), Hay et al. 

(2014), Carvalho et al. (2018), and Gianinetti (2020).
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Why didn’t the seeds germinate?

In some cases, seed lots do not germinate, or have a low germination percentage. The possible 

reasons why seeds do not germinate are: 

•• the seeds are dead (non-viable); 

•• the seeds were not filled because they were empty, immature, or eaten by insects;

•• the test conditions provided were not appropriate; 

•• the seeds are dormant; or

•• the seeds were removed or eaten by fauna (in nursery trials).

If seeds have been incubated in Petri dishes or similar, and not in soil, then seeds can be 

removed from the test conditions to examine which of these reasons may be responsible for the 

lack of germination. 

Firstly, perform a cut test or tetrazolium test on ungerminated seeds at the conclusion of the 

germination test (see Module 10 – Seed Quality Testing). The cut/tetrazolium test will reveal if 

any of the ungerminated seeds are alive (with the potential to germinate), or if any are dead, 

empty, under-developed or predated (which cannot germinate). A limitation of this method is 

that cut tests only give an indication of viability. Also, seeds may lose viability during incubation. 

Following a cut/tetrazolium test, the “Germination % of Viable seeds” or “Viability adjusted 
Germination (VaG)” can be calculated using Equation 2. 

Equation 2. Viability adjusted germination percentage

Performing a cut test prior to a germination test may quickly assess seed fill without needing to 

wait for the results of a germination test, and also prevent wasted resources if seed lots with 

low seed quality are used for germination testing. See also Module 10 – Seed Quality Testing, for 

advantages and disadvantages of these two tests.

If any of the ungerminated seeds are viable, try setting up a new germination test and incubate 

a new sample of seeds under different conditions, such as a higher or lower temperature, or 

in light, unless seeds have already been incubated under conditions previously determined to 

be suitable. 

Viable seeds that haven’t germinated under environmental conditions usually suitable for 

germination, within a specified time period (about four weeks, although up to 6 weeks may 

be more appropriate in some instances), are considered dormant (Baskin and Baskin 2004; 
Baskin and Baskin 2014). 
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Seed dormancy classification 
and alleviation

What is seed dormancy?

Seed dormancy is ‘a seed characteristic, the degree of which defines what conditions should be 

met to make the seed germinate’ (Vleeshouwers, 1995). A dormant seed therefore, is one that 
does not have the capacity to germinate in a specified period of time under any combination 

of normal physical environmental factors (temperature, light/dark, etc.) that otherwise are 

favourable for its germination, i.e. after a seed becomes non-dormant (Basin and Baskin 2004). 
The function of seed dormancy is to prevent germination when conditions might be conducive 

for germination but are unfavourable for seedling establishment. For instance, seeds of some 

species require a period of warm dry conditions to break dormancy, an advantageous mechanism 

in environments where rainfall is rare in summer but reliable in winter. This would prevent 

germination in response to summer storms, after which seedlings would die due to lack of 

ongoing soil moisture, for example, and ensure emergence occurs with consistent rainfall in 

the winter. 

Why do we need to classify dormancy?

Identifying the class of dormancy is helpful, as it provides direction to best select an approach to 

alleviate that class of dormancy. Dormancy class is generally consistent within a species, however 

the degree of dormancy may differ between seed lots.

To classify dormancy, the following information must be known: whether or not the seeds 

are permeable to water, whether or not the seeds germinate within about 4 weeks, and 
whether the seeds have developed or under-developed embryos (Baskin and Baskin 2014). 
Then, a dichotomous key can be used to determine the class of dormancy (Figure 12). Under 

this approach, dormancy is classified into five classes: physical, physiological, morphological, 

combinational (physical + physiological), and morphophysiological (physiological + morphological). 

For classifying dormancy, it is best to use fresh seeds. Generally, if seeds are dormant, firstly 

determine whether or not the seeds imbibe water. Seeds that do not imbibe may exhibit physical 

or combinational dormancy (although it should be noted that combinational dormancy is 

extremely rare in Australian native species). If the seeds can imbibe water (i.e. are permeable), the 

next step is to examine the embryo. If the seed contains a fully developed embryo, then the seed 

may possess physiological dormancy. If the seed contains an underdeveloped embryo, then the 

seed may possess morphological or morphophysiological dormancy (Figure 13). 
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Figure 12. Process and decision tree for determining the type of dormancy present in viable seeds. To assess 

whether or not the embryo is fully developed, seeds should be cut open prior to incubation. To assess whether or 

not the embryo grows within the seed prior to germination, seeds can be dissected periodically during incubation, 

and the embryo measured. PD=Physiological dormancy; PY=Physical dormancy; MD=Morphological dormancy; 

PY+PD=Combinational dormancy; MPD=Morphophysiological dormancy.

Figure 13. Embryo types (modified from Martin 1946 and Commander 2008). Martin’s seed types are hand 

written and modifications to these seed types by Baskin and Baskin (2007) are typed in brackets. Embryo types 

are organised according to whether they are underdeveloped or developed. Note that the dwarf type defined by 

Martin (1946) has been removed by Baskin and Baskin (2007). 
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Box 1. Formerly used dormancy classes

In the previous edition of these guidelines, the following classes of dormancy were used: 

•• seed-coat dormancy, in which a physical, chemical or mechanical condition prevents 

uptake of moisture by the embryo (for example, Acacia), or the physical structure of 

the seed coat or fruit is too strong, preventing the swelling of the embryo (for example, 

Owenia vernicosa); and

•• embryo dormancy, in which inhibiting substances, usually within the embryo or 

surrounding tissue, prevent germination. If removal of the seed coat does not result 

in germination, this is an indication that at least one dormancy mechanism may be 

located in the embryo itself (provided the germination conditions are met) (Adkins and 

Bellairs 1997).

One of the difficulties with classifying seeds into either seed-coat or embryo dormancy is 

that these classes don’t necessarily inform the practitioner of what treatments may be used 

to overcome dormancy. In both classes, removal of the seed coat is recommended, but for 

different reasons. Also, ‘inhibiting substances’ are difficult to detect.

Over the last 20 years, much research into seed dormancy has been done both in Australia 

and internationally. Most seed scientists now use the classification system first developed 

by M. Nikolaeva, and modified by Baskin and Baskin (Baskin & Baskin, 2004). The benefits 
of this system are: (i) dormancy is relatively easily classified, with the use of an imbibition 

(water uptake) test, a germination test, and inspection of the internal morphology of the 

seed (i.e. cut the seed open, and take a look at the size and shape of the embryo); and (ii) 

that once dormancy is classified, pre-treatments known to be successful for that class of 

dormancy can be used. 

Seeds formerly classified as having seed-coat dormancy, may either be those classified 

as physically dormant (PY) (e.g. Acacia spp.) or physiologically dormant (PD) (e.g. Owenia 

vernicosa) under the classification system developed by Baskin and Baskin. These require 
very different dormancy-breaking treatments - breaking the water-impermeable seed coat 

for PY species, or alleviating PD by stratification or after-ripening – highlighting the benefit of 
the Baskins’ system. Seeds formerly classified as having embryo dormancy may either have 
physiological, morphological or morphophysiological dormancy. Removal of the seed coat 

may or may not enable germination of seeds with physiological dormancy, and is unlikely to 

enable germination of those with morphological or morphophysiological dormancy.
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Treatments which alleviate dormancy 

Clues for conditions that overcome dormancy can be sourced from the seed’s natural 

environment. Determine the season of seed dispersal, and the season of seed germination, and 

examine the environmental conditions that occur in between. For instance, are seeds exposed to 

hot dry soil over summer, or brief periods of moist soil during summer showers? Do seeds sit in 

very cold and moist soil over winter before germinating in spring? What are the soil temperatures 
during germination? Is the region prone to fires or floods? The temperature and moisture 

conditions in the soil seed bank should lead to protocols for dormancy breaking treatments and 

incubation conditions. When in doubt, there is an option to place seed in trays of soil and leave 
at ambient conditions (in the local environment from which seeds are sourced), and observe the 

germination phenology, i.e. when seeds germinate. Alternatively, place seeds in permeable mesh 

bags and bury in soil in their local habitat, retrieving periodically to check for in situ germination, 

and/or incubate ex situ to assess germination (e.g. see Commander et al. 2019, Hoyle et al. 
2008b, Martyn Yenson et al. 2021).

Each species may require a slightly different treatment, so consult reports and papers to find 

out what others have tried. Ensure that treatments are trialled on a small number of seeds 

first, before treating the whole seed lot. Many treatments potentially risk damaging the seeds, 

or rendering them non-viable. Thus, it is important to perform a germination test on treated 

and untreated seeds of each species, to ensure that the treatment is both effective and doesn’t 

negatively impact the seeds. 

Physical dormancy – a water impermeable seed or fruit coat

Seeds with physical dormancy are known in 18 families globally, of which 12 are found in 
Australia, and include Fabaceae, Malvaceae and Sapindaceae. They are characterised by having 

a thin, water-impermeable layer in their seed or fruit coat. This layer prevents the imbibition 

of water into the embryo. The seeds (or fruits) have a specialised structure which functions as 

a water gap that is disrupted or dislodged to allow water entry. The water gap has a different 

structure in different families – in Fabaceae it is a lens, while Malvaceae has a chalazal plug 

(Baskin et al. 2000). Water can also enter through cracks in the seed coat (Baskin & Baskin 2014). 
This class of dormancy has been previously referred to as ‘hard seededness’ (see Box 1), however 
the term is misleading since many seeds have ‘hard’ but permeable seed/fruit coats, e.g. Santalum 

(sandalwood) and Persoonia (geebung or snottygobble). 

To check to see whether or not seeds imbibe water, do an imbibition test. The test is relatively 

simple to do, provided you have an accurate balance. In the absence of a balance, it may be 

possible to visually inspect the seeds to determine if they have increased in size due to water 

uptake. The steps are as follows (see also Turner et al. 2005, Martyn Yenson et al. 2021):

1.	 Take three or four (or more) subsamples of your seed lot, with a roughly similar weight. 

2.	 Weigh the subsamples and record the weights. 

3.	 Place the seeds on a moist medium, e.g. moist filter paper within a Petri dish. It may be easier 

to put a small piece of fine mesh on top of the filter paper so that you can lift the seeds in and 

out of the Petri dish. Label the dishes with the subsample number.
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4.	 Weigh the seeds again after 24 or 48 hours, or at regular intervals, to determine if the weight 
of the seeds has increased. Remember to blot the seeds dry before weighing, so that the 

weight of water adhering to the seeds’ surface isn’t being recorded. Sometimes, seeds can be 

visually inspected, and those seeds which have imbibed appear to have swelled.

To overcome physical dormancy, the water gap or water impermeable layer can be disrupted 

using physical scarification, hot water, or acid. The choice of treatment may depend on which 

treatment is most effective, the number of seeds requiring treatment and the end use of the 

seeds. It is also useful to perform an imbibition test on both treated and untreated seed to 

determine if the treatment is effective, and then a germination test on treated and untreated 

seeds to ensure that the treatment has not adversely affected germination. If optimal treatments 

are not known, perhaps start with physical scarification, as hot water and acid have potential 

detrimental effects.

Seeds can be scarified using sandpaper, by making a small cut through the seed coat with a 

scalpel (also known as nicking or chipping), using a mechanical scarifier (often a rotating drum 

lined with sandpaper) (Figure 14), or using a vice, hammer or nutcracker to crack the coat. 

The type of scarification chosen may reflect the scale and also end use of seeds, e.g. for small 
seed lots, nicking with a scalpel may be selected, but for large seed lots, mechanical scarification 

may be more time efficient. If cutting the seed coat with a scalpel, firstly dissect a seed to 

observe the internal morphology, to determine the location of the radicle, then when cutting the 

seeds, ensure the cut is away from the radicle tip and be careful not to damage other parts of 

the embryo.

Heat treatments may mimic conditions experienced by seeds in the soil seedbank during fire. 

A hot water treatment involves seeds being dipped in near-boiling water for a brief period of 

time. This treatment is relatively inexpensive and easy to employ, and just requires a kettle/urn/

hot water bath, cloth or other heat resistant permeable bags, buckets or other containers, and 

absorbent paper. A hot water bath can be used to ensure that the temperature stays constant, 

rather than using boiling water from a kettle, which may be too hot when just boiled, and may 

cool down during the treatment time (Figure 15). 

Hot water treatment method:

1.	 Boil enough water to allow the seeds to be submerged and so the water temperature doesn’t 
drop significantly when the room temperature seeds are added. Allow the water to cool 

to 90‑95°C. 

2.	 Place a quantity of seed to be treated in a porous cloth bag or fine mesh container. 

Ensure that the seeds can move freely in the bag, and are not packed in tightly, otherwise the 
water may not reach the seeds in the centre of the bag. 

3.	 Before treating with hot water, prepare somewhere close by to place the seeds when they are 
taken out of the water. 

4.	 Immerse seed in hot water for time appropriate for the species. If the appropriate time is not 

known, perform an imbibition and/or germination test on a subsample as described above. 

5.	 When taking the seeds out of the hot water, use appropriate equipment such as metal tongs, 
and wear heat proof gloves such as oven mitts. If seeds are not contained within a bag, pour 

them into a sieve over another container. 
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6.	 Drain seed and dry on paper towel or other absorbent material, turning often until dry. 

Seeds may dry faster if they are placed in a single layer. Do not use heat to dry seed as this 
may damage the seed.

There is a large difference in the response to hot water between physically dormant species, 

some species may require 30 seconds, others several minutes. Be aware that if the hot 
water treatment is too long, it may kill the seeds. Also, species differ in their tolerance of high 

temperatures, and seeds of some species can be damaged by water temperatures of 90‑95°C, 
so lower temperatures should be used. If the treatment is being undertaken for the first time, 

perform imbibition and germination tests following a variety of treatment times, and possibly 

also water temperatures, using a small subsample of the seed. 

This way, the imbibition test will determine which treatment 
times allow water uptake, and the germination test will 

ensure that seeds that have imbibed are still viable and can 

germinate. Ensure that the results of the test are recorded 

for future reference. 

Treating seeds with acid, such as sulphuric acid (H
2
SO4) is also 

possible (Turner et al. 2009). For instance, Adansonia gregorii 

(boab) has <25% germination when treated with hot water for 

1-5 minutes, but 100% germination when treated with acid for 

24 hours (Turner et al. 2009). However, it is strongly advised to 
be a last resort method as it presents numerous risks to the 

operator and the environment. Read the Material Safety Data 

Sheet, undertake a risk analysis, develop a safe procedure, use 

the appropriate personal protective equipment, and dispose of 

any waste appropriately. Figure 14. A seed scarifier. 

(Photo: L. Commander)

Figure 15. A hot water bath used for treating seeds with physical dormancy. (Photo: L. Commander)
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Physiological dormancy – a physiologically inhibiting mechanism in the 
embryo preventing radicle emergence

Seeds with physiological dormancy are unable to germinate due to an inhibiting mechanism in 

the embryo, which prevents radicle emergence through the covering structures. Unlike seeds 

with physical dormancy, they can imbibe water and unlike seeds with morphological dormancy, 

they have fully developed embryos. 

Physiological dormancy is often observed in these and many other families:

•• Amaranthaceae (Commander et al. 2009b).

•• Asteraceae (Hoyle et al. 2008d).

•• Goodeniaceae (Hoyle et al. 2008d).

•• Gyrostemonaceae (Baker et al. 2005).

•• Lamiaceae (Ainsley & Jones 2010).

•• Myrtaceae (Commander et al. 2009b; 2017). 

•• Poaceae (Commander et al. 2017).

•• Proteaceae (Baker et al. 2005).

•• Rutaceae (Collette and Ooi 2017)

•• Solanaceae (Commander et al. 2008).

It is the most common class of dormancy globally (Baskin and Baskin, 2020) including in Australia 
(Commander et al. in prep), however, in certain ecosystems, other types of dormancy may be 

more prevalent (Collette and Ooi 2021). 

Various treatments to enable germination include:

•• after-ripening (warm, dry storage) (Commander et al. 2009a) 

•• stratification (warm or cold, wet storage, moist storage) (Sommerville et al. 2013; 
Turner et al. 2006) 

•• wet/dry cycles (cycling between after-ripening and stratification) (Hoyle et al. 2008a; 
Chia et al. 2016) 

•• move-along (similar to stratification, in which seeds placed on a moist substrate and are moved 

between temperatures corresponding to the seasons which they would experience in the soil 

seed bank) (Baskin and Baskin 2003; Martyn Yenson et al. 2021)

•• ‘heat shock’, (high temperatures of 50-120°C for a short period of time, e.g. 5 minutes to 

3 hours) (Thomas et al. 2003; Tieu et al. 2001) 

•• Gibberellic Acid (GA3) (Bell et al. 1995)

•• precision nicking (removing the covering structures surrounding the radicle tip, or weakening 

the seed coat in a specific location, so the embryo does not need to overcome the restraint of 

the covering structures) (Commander et al. 2008; Liyanage et al. 2020)

To after-ripen seeds, dry them to reduce the seed moisture content (for instance, in a drying 

room), then store at ambient or warm temperatures, e.g. 20-30°C (Commander et al. 2009; 
Merritt et al. 2007). If optimum after-ripening conditions are not known, a starting point may 
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be to store seeds at 50% relative humidity and room temperature, with regular testing used to 

determine if germination is increasing, and when it is maximised (Baskin and Baskin 2020). As well 
as increasing the germination percentage, after-ripening can also increase germination rate, and 

widen the conditions over which seeds can germinate, that is, they may germinate at increased 

water stress (i.e. lower water potential) and/or warmer temperatures (Baskin and Baskin 2020). 
Dormancy loss during after-ripening is likely to occur faster at warmer temperatures, but if the 

combination of seed moisture content and temperature is too high, then viability loss can occur 

(Figure 16) (Commander et al. 2009). 
The time taken dormancy to be alleviated 
can range from six weeks to 2 years 

(Merritt et al. 2007). However, ensure that 

seeds are not stored in after-ripening 

conditions for too long, as seed viability 

may decline. Therefore, germination and 

viability testing during the period of storage 

is important to monitor both dormancy 

and viability loss (Baskin and Baskin 2020). 
Once dormancy is alleviated, seeds may be 

stored prior to use at low temperatures, 

to prevent viability loss, but the storage 

of after-ripened seeds requires further 

research (Baskin and Baskin 2020).

For stratification, seeds are placed 

in moist conditions (e.g. water agar 
or irrigated sand) at cold temperatures (2-10°C for example, in a refrigerator) or warm 

temperatures (25-35°C) for between a few weeks to several months prior to germination 
(e.g. see Merritt et al. 2007). Temperature and time of stratification depends on the species, 

and treatments may be developed based on conditions in their natural environment. Once the 

stratification period is complete, the seeds are then incubated under conditions appropriate 

for germination. Stratification increases germination of species such as Acanthocarpus preissii 

(Asparagaceae) (Turner et al. 2006), Dianella revoluta (Hemerocallidaceae) (Hodges et al. 2019), 
Goodenia fascicularis (Goodeniaceae) (Hoyle et al. 2008c) and Viola betonicifolia (Violaceae) 

(Sommerville et al. 2013).

Wet/dry cycling involves moving seeds from stratification (wet) conditions to after-ripening (dry) 
conditions. Wet/dry cycling increases germination of seeds of Actinobole uliginosum (Asteraceae), 

Goodenia cycloptera and Velleia glabrata (Goodeniaceae) (Hoyle 2008a).

If after-ripening, stratification or wet dry cycles increases germination, the optimum temperature, 

moisture and time may need to be experimentally determined for each species or seed lot. 

In some cases, following dormancy alleviation, a specific set of germination conditions may also 

be required, such as after-ripening followed by smoke treatment (Turner et al. 2009) or warm 
stratification followed by fire cues (e.g. Dianella revoluta; Hodges et al. 2019). As such, sequential 
application of multiple treatments may be required.

Figure 16. Various combinations of temperature 

and relative humidity can either alleviate dormancy 

or lead to viability loss (Commander et al. 2009). 

(Photo L. Commander)



	 Seed Germination and Dormancy	 25

Manually nicking the seed coat at the distal end (i.e. cotyledon end, so as not to damage 

the radicle), or side of the seed, with a scalpel, razor blade or nail clippers can also enable 

germination (Figure 17). Precision nicking involves very carefully removing the part of the seed 

coat and possibly also the endosperm which covers the radicle to remove the mechanical 

restriction to the embryo growth potential (Figure 18). Nicking increases germination of Solanum 

spp. (Commander et al. 2008), Grevillea spp. and Drosophyllum lusitanicum (Cross et al. 2017). 

Removing seeds from an indehiscent fruit (e.g. a woody endocarp) using a scalpel, cracking with 

a vice or drilling with a small rotary tool (e.g. Dremel) such as for Persoonia (Chia et al. 2016) may 

be effective. These treatments may not be practical on a large scale, but can be useful for small 

seed lots.

Figure 17. Equipment such as scalpels, razor blades and microscopes are useful to perform precision nicking. 

(Photos: L. Commander)

Figure 18. Precision nicking of Goodenia sp. (left) and germination of nicked Goodenia seed (right). In some cases, 

the radicle (root) will protrude out of the seed due to water uptake, but the seed will not actually germinate. In the 

photo on the right, the seed is considered germinated because not only has the radicle protruded, it has elongated 

and produced root hairs. (Photos: L. Commander)
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Combinational dormancy – a combination of physical and 
physiological dormancy

For seeds with combinational dormancy, firstly physical dormancy must be overcome to allow 

water into the seed, then physiological dormancy must be alleviated, before seeds can germinate. 

Diplopeltis huegelii (Sapindaceae) has been described to exhibit combinational dormancy 

(Turner et al. 2006).

Morphological dormancy – an underdeveloped or undifferentiated embryo

Seeds with morphological dormancy have embryos that are undifferentiated – that is, the cells 

are not differentiated into a radicle and cotyledons, or underdeveloped – the embryo is small 

in relation to the seed (Baskin and Baskin 2014). The embryos grow within these seeds prior to 
germination. Seeds will in fact germinate within around 4 weeks if provided with appropriate 
moisture and temperature conditions. One genus with morphological dormancy is Burchardia 

(Colchicaceae), (Kildisheva et al. 2020).

Morphophysiological dormancy – a combination of morphological and 
physiological dormancy 

Some seeds with morphological dormancy also exhibit physiological dormancy, termed 

morphophysiological dormancy. In this case, embryos need to grow inside the seed, 

and physiological dormancy needs to be overcome. These processes may require warm 

or cold stratification (or both), wet/dry cycles or dry after-ripening. Species/genera with 

morphophysiological dormancy include Hibbertia (Dilleniaceae) (Hidayati et al. 2012), Aciphylla 

(Apiaceae) (Hoyle et al. 2014; Sommerville et al. 2013), Anigozanthos (Haemodoraceae) 

(Downes et al. 2014) and Leucopogon (Ericaceae) (Ooi et al. 2006). 

Final note

Seeds and seed dormancy types are diverse as are the applications of seed germination testing. 

Applying a systematic approach to seed germination testing as presented in this chapter will 

support ecological restoration outcomes and contribute to our understanding of seed ecology, 

biology and variability.
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Glossary

Agar: a jelly-like substance obtained from algae. Agar is sold as a powder, and when made up with 

water, is termed water-agar.

Diaspore: the unit of seed dispersal in plants (may be a fruit, mature floret, mericarp, seedling or 

seed).

Dormancy: a dormant seed (or other germination unit) is one that does not have the capacity 

to germinate in a specified period of time under any combination of normal physical 

environmental factors (temperature, light/dark, etc.) that otherwise are favourable for 

germination, i.e. after the seed becomes non-dormant.

Dormancy class: the classification system developed by Baskin and Baskin (2004) categorises 
seeds into five classes based on their morphological and physiological properties.

Embryo: develops from the egg cell in the embryo sac after fertilisation, generally consisting of a 

hypocotyl-root-axis, the radicle, one or two cotyledons and the plumule (shoot apex). 

Endosperm: nutritive tissue in developing and mature seeds. 

Filled seed: seed that contains an embryo (and endosperm if applicable).

Germination: begins with water uptake by the seed and ends with the start of elongation by the 

embryonic axis, usually the radicle. Germination is considered complete when the radicle 

protrudes through its covering structures.

Germination percentage: the percentage of seeds in the test that germinate.

Germination rate (germination speed): the speed at which germination occurs, and can 

be described in numerous ways, such as time to 50% germination (days), or mean time 

to germination.
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Laminar flow cabinet: a semi-enclosed cabinet designed to prevent contamination. Air is drawn 

through a filter and expelled towards the user in a laminar flow, that is, a smooth path, to 

prevent contaminants from being blown into the cabinet. 

Non-viable seed: a seed which is dead, and therefore will not germinate even under optimal 

conditions or following treatments for alleviating dormancy.

Population: a group of individuals that belong to the same species occupying a particular area.

Seed lot / seed batch: an identifiable consignment of seeds of known weight and source of the 

same collection of a single species and/or variety, harvested together from a field or stored 

together in the same storage facility.

Tubestock: plant grown in a pot from seed, or from vegetative propagation. Commonly used term 

for plants grown in forestry tubes or small containers.

Unfilled seed: seed that is empty and does not contain an embryo (and endosperm, if 

applicable).

Viable seed: living seed that can potentially germinate if sown under suitable conditions. 

Viable seeds include dormant seeds, in which case the dormancy must be alleviated before 

germination. Thus, a non-viable seed is dead, and therefore will not germinate even under 

optimal conditions, including following treatments for breaking dormancy. 

VAG: Viability Adjusted Germination

Water gap: anatomical structure in the impermeable layer of a seed/fruit coat of a seed with 

physical dormancy. 

Online resources

ANPSA, list of seed suppliers  
http://www.anpsa.org.au/seedsupp.html)

Botanic Gardens Australia and New Zealand (BGANZ) 
https://www.bganz.org.au/ 

Bureau of Meterology 

http://www.bom.gov.au/ 

Friends of Kings Park  

https://www.bgpa.wa.gov.au/contact-us/16-kings-park-volunteer-master-gardeners

ISTA hand halving  

https://www.youtube.com/watch?v=OMevCxMp9FM

http://www.anpsa.org.au/seedsupp.html
https://www.bganz.org.au/
http://www.bom.gov.au/
https://www.bgpa.wa.gov.au/contact-us/16-kings-park-volunteer-master-gardeners
https://www.youtube.com/watch?v=OMevCxMp9FM
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ISTA spoon method  

https://www.youtube.com/watch?v=90kkVhdBUko

Revegetation Industry Association of Western Australia 

https://www.riawa.com.au/

Royal Botanic Gardens, Kew,Seed Information Database (SID)  
https://data.kew.org/sid/ 

Royal Tasmanian Botanic Gardens, germination database  
https://gardens.rtbg.tas.gov.au/conservation/tsccgerminationdatabase/

Seeds of South Australia  

https://spapps.environment.sa.gov.au/seedsofsa/ 

Smoke responsive families and genera; instructions for making aerosol smoke and smoke water 	

Botanic Gardens and Parks Authority - Smoke to sow and grow (bgpa.wa.gov.au)

The Australian Seed Bank  
https://asbp.ala.org.au/search#tab_simpleSearch 

The Australian Seed Bank Partnership  
https://www.seedpartnership.org.au/ 

Worldclim  
https://worldclim.org/ 
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