This document has been scanned from hard-copy archives for research and study purposes. Please note
not all information may be current. We have tried, in preparing this copy, to make the content accessible to
the widest possible audience but in some cases we recognise that the automatic text recognition maybe
inadequate and we apologise in advance for any inconvenience this may cause.



Gilv

TECHNICAL PAPER NO. 39

SEED GERMINATION TEST METHODS
USED FOR AUSTRALIAN TREE SPECIES
AT COFFS HARBOUR RESEARCH CENTRE

BY

LESLEY BONNY

Q FORESTRY COMMISSION OF NEW SOUTH WALES




LB-B-01

SEED GERMINATION TEST METHODS USED FOR
AUSTRALIAN TREE SPECIES AT COFFS HARBOUR RESEARCH CENTRE

~ Lesley Bonny

Coffs Harbour Research Centre’
Forestry Commission of New South Wales

1987




-2 -

Technical Paper No. 39, July 1987

Published by Forestry Commission of New South Wales.
Wood Technology and Forest Research Division,
Oratava Avenue, West Pennant Hills, 2120;
P.0. Box 100 Beecroft 2119, Australia.

Copyright: Forestry Commission of New South Wales, 1987

opc  232.318
ISSN 0548-6807 .
ISBN 0 7305 1766 7 -



SUMMARY

This paper discusses the methods used for laboratory germination
testing of Australian tree and shrub seed at the Forestry Commission
of New South Wales, Coffs Harbour Research Centre. DNetails are given
of sampling techniques, pre-treatments used to overcome seed dormancy,
and equipment and methods used at each stage of germination testing.
The types of records kept, calculation of results and assessment of
seedlots are also -discussed.

Tables are appended and 1ist the results of germination tests and
methods used for testing seed of 116 Australian tree and shrub
species.
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1. INTRODUCTION

1.1 Overview

The object of seed germination testing i

s to determine the

germinability and viability of seedlots and hence their suitability

for sowing in nurseries or the field. In the Forestry Commission of
New South Wales, test results are used to calculate sowing rates, to
compare seedlots and to assess changes in seed viability during

storage.

Rules for testing some tree seed germination were standardised by

the International Seed Testing Association (

ISTA Rules and Annexes,

1976, 1981 and 1985), but they did not include most Australian

species.

Typical test methods used at Coffs Harbour until 1978 were

described by Floyd (1964). Floyd's methods
devised by Grose (1957) for Eucalyptus seed.

were based on those
Methods for other

Australian species were adapted from Floyd's recommendations.

Some changes in Floyd's methods were considered necessary to bring
them closer to ISTA testing procedures. The definition of germination

was changed to that accepted by seed technol

ogists (ISTA Rules, 1985).

Seedlings are now evaluated at a later stage in development.

Appended to this paper are three Tables
germination tests and methods used for testi

which 1ist results of
ng seed of 116 species of

Australian trees and shrubs. Most of the methods 1isted have not been
fully researched and were used on only a small number of seedlots.
References to authors who have more fully researched and recommended
test methods for some of the species are included. Eucalyptus species
are not inctuded in the Tables as the test conditions recommended by
ISTA (1985) and Boland et al. (1980) are used.

There is scope for more research on Australian tree and shrub

seed. Possible areas of research include:

- Determining seed germination requirements, including
pre-treatments needed to break dormancy

- Determining seed cleaning and storage requirements

- Studying seed viability and determining-longevity in

storage

- Setting standards for seed germinati

on testing.

1.2 History of Forestry Commission of New South Wales Seed Store

Management

Prior to 1978, the Commission's Amenity

Seed Store was located at

Pennant Hills nursery under ambient conditions. The North Coast

Eucalyptus plantation seed was held in cold
Germination testing was carried out on this
Research Centre.

In 1978 the seed from Pennant Hills was
with the plantation seed at Coffs Harbour.

storage at Coffs Harbour.
seed at the Coffs Harbour :

moved into cold storage
The Amenity Seed Store
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included seed of some 375 Australian tree and shrub species. There
were approximately 200 Eucalyptus species, 60 Acacia species, 55
non-eucalypt Myrtaceous species of Callistemon, Melaleuca,
Leptospermum, Calothamnus, Lophostemon and Syncarpia; as well as
species of Banksia, Allocasuarina, Casuarina, Callitris, Cassia,
Brachychiton, Grevillea, Hakea, and others. Most species were
represented by only a few seedlots, often in small quantities. Not
all species were tested. Seed was supplied to the Commission's
Amenity Nurseries and also sold to the public and other organisations.
Details of seed viability obtained from germination tests were given
if requested, but ISTA certificates were not issued as Coff Harbour
Research Centre was not an ISTA-accredited seed testing laboratory.

In 1985 the Commission ceased public sales and operating the
Amenity Seed Store. Seed testing was limited to the species needed
for the North Coast plantation nurseries.

2. DEFINITIONS

Seven important terms used in this manual are explained below.

2.1 Pure Seed

The ISTA Rules (1985) require that germination tests be carried
out on pure seed and they define pure seed for many species. The
Rules do not define pure seed for most of the Australian genera.
However, the definition principles for pure seed given in the ISTA
Rules and Annexes (1985) can be applied to many Australian species.

Problems arise when attempting to determine pure seed in some
genera of the family Myrtaceae, e.g. Eucalyptus, Callistemon,
Melaleuca, Leptospermum, Lophostemon, Syncarpia, Calothamnus, Seed of
these genera is usually a mixture of seed and "chaff". Boland et al.
(1980) defined Eucalyptus chaff as being "sterile particles derived
from infertile and non-fertilised ovules".

0Of all the Australian Myrtaceous genera, ISTA have only defined
pure seed for FEucalyptus (ISTA, 1985). The ISTA definition of
Eucalyptus pure seed is "Seed with or without testa. Piece of seed
more than one-half the original size, with or without testa". This
definition is not easily applied to many Eucalyptus species. The
sterile particles may be similar in size and appearance to seed and
are more numerous (Grose and Zimmer, 1958a). Separation of chaff
from seed is therefore difficult. ISTA Rules (1985) state that "in
many species of Eucalyptus it is impossible to differentiate with
certainty between seed and ovulodes (= unfertilised or inhibited
ovules that did not develop into mature seed)" and that "in some of
these species it is extremely difficult to separate pure seed from
inert matter composed of broken down fruit and inflorescence
material”. Similar problems occur with the other Myrtaceous genera
mentioned above.

Germination tests are not carried out on equal numbers of pure
seed of these genera, but using replicates of equal weight of the
mixture of seed, chaff and inert matter.




2.2 Seedlot
A Forestry Commission of New South Wales seedlot is defined as a

quantity of seed of a species contained, recorded and stored under one
seedlot number. -

2.3 Germination

Floyd (1964) used the criterion for germination as being the
emergence and elongation of the radicle to one-sixth of an inch (about
4mm). Seed technologists measure germination at a later stage of
development to attempt to assess the capacity of seed to give rise to
healthy plants (Pollock and Roos, 1972). The seed technologist's
definition of germination given in the ISTA Rules (1985) states that
"germination of a seed in a laboratory test is the emergence and
development of the seedling to a stage where the aspects of its
essential structures indicates whether or not it is able to develop
further into a satisfactory plant under favourable conditions in
soil". The definition of germination given in the ISTA Rules (1985)
is used at Coffs Harbour.

2.4 Normal Seedlings

During- the germination test, seedlings are assessed for normal
development. ISTA Rules (1985) define normal seedlings as those which
"show the potential for continued development into satisfactory plants
when grown in good quality soil under favourable conditions of
moisture, temperature.and light". They must be intact and have all
their essential structures well developed, complete, in proportion and
healthy. Some slight defects are acceptable if other structures are
well-developed. The ISTA Annexes (1985) give detailed descriptions of
normal seedlings ‘and their essential structures.

2.5 Abnormal Seedlings

The ISTA Rules and Annexes (1985) describe abnormalities in three
categories: damage, deformity and decay. Abnormal seedlings "do not
show the potential to develop into a normal plant" under favourable
environmental conditions. ' .-

Boland (1977) and Boland et al. {1980) discussed abnormalities of
Eucalyptus seedlings. Published reports of abnormal seedlings in
other Australian genera have not been found. Abnormalities which
usually cause seedling death in Eucalyptus are poor radicle
elongation, lack or paucity of root hairs, colourless and watery
hypocotyl, dry and flaky hypocotyl, albino or chlorophyll deficient
cotyledons, polyembryony (Boland et al., 1980). Abnormal number of
cotyledons does not always cause seedling death. However, such
seedlings are classed as abnormal because of the uncertain effect of
this condition.

Similar abnormalities are found to occur in other Myrtaceous
species. For other genera, the ISTA Rules (1985) relating to
abnormal seedlings (1985) are applied.

2.6 Germinability

A seedlot's germinability is the proportion of seeds in a sample
which germinate and produce normal seedlings in a test.



2.7 Viability

A seedlot's viability is the proportion of 1living seed in the
sample tested. Some of these seeds may be capable of germinating as
soon as they receive adequate moisture and appropriate temperatures,
but some may be dormant or hard (Peterson and Cook, 1981), and do not
germinate in a test. Viable seed therefore includes germinable seed,
plus ungerminated (dormant) and hard seed.

3. GENERAL TESTING PROCEDURE

In a germination test a sample of a seedlot is germinated under
controlled environmental conditions in the laboratory. The procedure
used for testing a seedlot is as follows:

1. A plan is made of the tests to be conducted.

2. The seedlots are sampled.

3. Each sample is reduced to replicates.

4. With seeds known to have some form of dormancy, the

replicates are pre-treated with a treatment suitable for

breaking the dormancy.

5. Replicates are given the appropriate temperature and light
conditions for the germination phase of the test.

6. Seedlings are evaluated during the test period for normal
development.

7. The test is completed.

8. Results are calculated and seedlots assessed for suitability
for sowing, or re-tested if necessary.

4. PLANNING TESTS

A plan of tests is made several weeks in advance to ensure
efficient use of limited staff, time and equipment. A pilot trial
using a computer was successful in simplifying planning. The computer
program searched Seed Store records and found those seedlots that
required tests. These seedlots were then sorted on the basis of the
environmental conditions required for the test. The factors that must
be considered when planning are:

1. Time required for pre-treatment of seed
2. Temperature and light requirements for the species

3. Day of the week when the first evaluation will be made (day
of first count)

4, Test duration.
Species having the same requirements are tested in batches of

approximately ten tests. A consecutive number is allotted to each
test.
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e decirible that men! les
It is desirable that new seed acquisitions be tested soon after !
they are put in store so that viability changes during storage can be
assessed. Subsequent tests are conducted when viability figures are
required for the Commission's plantation nurseries.

5. STORAGE AND SAMPLING

5.1 Storage of Seed Lots

Coffs Harbour has a warm, humid climate. Because these conditions
are not ideal for seed storage, all seed is kept in sealed containers
and stored in a refrigerated room maintained at 2-5°C. The relative
humidity of this room is not controlled and is approximately 70%.

The seed handling area is adjacent to the Seed Store. Access to
the seed handling area and Seed Store is through an air lock, which
helps to isolate the Store further from the outside environment.

A1l seed is stored in sealed containers. Small seedlots (less
than 5kg) are kept in glass or plastic screw-top jars. Seedlots over
5kg are stored in thick plastic bags inside tins or in sturdy plastic
drums.

Moisture content of seed is only measured if the seedlot is to be
used in plantation nurseries. The low constant temperature oven
method described in the ISTA Rules (Annexe to Chapter 9, 1985) is
used. If drying of the seed is necessary, it is put in a forced-air
drying oven at 40°C until the seed moisture content drops to 10 -
12%. Paper packets of silica gel can be added to small seedlots to
keep seed moisture content Tow.

No fungicides are used in storage of Australian tree and shrub
seed. If insect activity is noticed in a seedlot, paper packets of
naphthalene flakes .are placed in the container of seed.

Little is known of the storage requirements and viability of
Australian tree and shrub seed and this topic is outside the scope of
this paper. It is generally accepted that constant low temperature
and relative humidity is necessary for long-term storage of seed
(Arvier, 1983). At Coffs Harbour, the high relative humidity of the
seed storage room is partly compensated for by storage of seed in
sealed containers at low temperature. |

5.2 Sampling Equipment and Methods

It is only practicable to test the germination of a very small
proportion of any seedlot and the results are meaningless if the
sample tested is not representative of the seedlot (Justice, 1972).

The procedures and apparatus for sampling required in the ISTA
Rules (Annexe to Chapter 2, 1985) are followed except where indicated
below.

5.2.1 Sampling large seed lots. When sampling large seedlots over
5kg, small portions called primary samples are taken from different
positions in the seedlot. A sleeve trier is used for this. The

" primary samples are combined to form a composite sample. The
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composite sample is reduced to working sample size using a Gamet
centrifugal divider. Instructions for using the trier and divider are
given in the ISTA Rules (Annexe to Chapter 2, 1985).

The minimum working sample weights for some species are listed in
the ISTA Rules (Annexe to Chapter 2, 1985). For species not listed,
the minimum working sample size is 2500 seeds. For those species
tested by weighed replicates, the minimum working sample size is ten
times the recommended replicate weight. Replicate weights for 415
Eucalyptus species can be found in Boland et al. (Appendix 3, 1980).
The Tables appended to this paper contain recommended replicate
weights for other species tested by weighed replicates.

5.2.2 Sampling small seedlots. Seedlots less than 5kg are sampled
by reducing the entire seedlot in the Gamet divider to a working
sample size of approximately 500 seeds or five times the recommended
replicate weight.

5.2.3 Hand sampling. Sampling of non-free flowing seeds is done by
hand as directed in the ISTA Rules (Annexe to Chapter 2, 1985). The
composite sample is reduced to working size by repeated mixing and
dividing using the hand-halving method described in the ISTA Rules
(Annexe to Chapter to 2, 1985) or the quartering method described by
Grose and Zimmer (1958b). In the quartering method, the sample is
placed onto a smooth surface, thoroughly mixed with a spatula, then
quartered. Two opposite quarters are selected. Mixing and quartering
are repeated until a working sample size of 500 seeds or five times
the replicate weight is reached.

5.3 Sample Storage

Working samples are placed in an envelope labelled with the species
name and seedlot number.

It is desirable to keep the time between sampling and testing to a
minimum. If possible, tests are begun the same day as samples are
taken. Justice (1972) recommended that seed samples awaiting tests be
stored under conditions that will maintain their original quality. 'If -
samples must be stored, they should be sealed and placed in a
refrigerator.

6. THE GERMINATION TEST

The ultimate object 'of making a germination test is to gain
information about the field planting value of the seed and to provide
results which can be used to compare the value of different seedlots
(ISTA Rules, 1985).

The test conditions must supply adequate moisture, a suitable
temperature, and a suitable growing medium or substrate for the seed
(Mackay, 1972). 1ISTA aims to develop methods which control some or
all external. conditions to give "the most regular, rapid and complete
germination for the majority of samples of a particular species" (ISTA,
1985). It is important to remember the object of germination testing
when developing test methods that maximise germination. The
evaluation of normal and abnormal seedlings is an attempt to move the
germination test results closer to the field planting value of
seedlots (Justice, 1972).
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The germ%nafion test conditions used for testing Australian species
are describeq below.

6.1 Substrates

Most seeds are germinated in 10 cm or 12 cm glass petri dishes
using substrates of filter paper and vermiculite (Larsen, 1965)."
Glass dishes are easily labelled, cleaned and sterilised.

Germinating small seeds on top of filter paper allows them to be
easily seen and does not hinder root development of small seedlings.
Vermiculite is usually used as a porous base under filter paper to
provide adequate moisture during the test.

Larger seeds can be germinated on vermiculite alone, so that root
development is not hindered and seeds are in better contact with
water.

Larger trays are used for seeds such as some banksias, to allow
sufficient space for seedling development. The trays used are
commercial meat trays that have a clear plastic 1id and dimensions of
30 cm x 20 cm x 4 cm (manufactured by Aladdin).

The substrates are set up as follows:-

6.1.1 TPV: Top of paper and vermiculite. This is the most commonly
used method. A measured quantity of agricultural grade vermiculite is
put in the base of the petri dish. The vermiculite is levelled and
moistened with water. A piece of Whatman No. 1 filter paper is then
placed on top of the moist vermiculite. Table 1. lists the quantities
" of vermiculite and water used for the two sizes of petri dish.

6.1.2 TP: Top of Paper. Five pieces of Whatman No. 1 filter paper
are placed in the base of a petri dish and moistened with water (for
guantities, see Table 1. Petri dishes that seal well are used because
this method is only suitable for species with small seeds that are not
likely to dry excessively during the test, e.g. most Myrtaceous
species that have seed/chaff mixtures.

6.1.3 TV: Top of Vermiculite. A measured quantity of vermiculite is
put in the base of the petri dish. It is labelled and moistened with
water (for quantities, see Table 1). If a tray is used for a
large-seeded species, a layer of vermiculite about 5 mm deep is put in
the bottom of the tray and moistened until damp and all free water has
been absorbed by the vermiculite.

Some species of Eucalyptus contain inhibitors in the chaff or seeds
that Teach out during germination and interfere with normal seedling
development (Boland et al., 1980). A substrate of vermiculite alone
allows these leachates to drain away from direct contact with
seedlings. However, only the larger-seeded species of Eucalyptus are
tested using this method e.qg. E. citriodora, E. maculata. Smaller
seeds are not easy to see on top of vermiculite only. They may fall
between the grains of vermiculite and so stay in contact with the
leachates. These seeds are tested using the TPW method.
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Table 1. Quantities of filter paper, vermiculite, and water
TPV*, TP, and TV substrates

used for

Germination TPV B . TP TV
Substrate
Petri dish 10 12 10 12 10 12
size (cm)
Filter paper:
Number of 1 x 1 x 5 x 5 x - -
pieces x
diameter (cm) 9 11 9 11
Vermiculite 4 8- - - 4 8
(g)
Water (ml) 25 50 5 10 20 40
* TPy = top of paper and vermiculite; TP = top of paper; IV = top of

vermiculite
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6.1.4 TPW: Top of Paper and Watchglass. This method is adapted from
Grose and Zimmer (1958b) and is illustrated in Figure 1. A 10 cm’
petri dish is inverted and a cotton wick placed around the inside
perimeter of the base. Two pieces of 11 cm Whatman No. 1 filter paper
are cut radially (Fig. 1b) and placed on the convex face

of a 9 cm waterglass. The paper is moistened and smoothed and the
edges folded under the watchglass. The watchglass is placed convex
side up in the dish so that i%s perimeter rests on the wick (Fig. 1a).
15 mL of water is added to the reservoir around the wick.

The TPW method was used for most tests before 1978. It is rarely
used now as it is more time consuming to set up and evaporation is
greater than with the preferable TPV method. However, it is useful
for testing the smaller Eucalyptus seeds which have inhibitory
leachates, e.q. E. calycogona, E. cloeziana, E. haemastoma, E.
intertexta, E. kruseana, E. melliodora, E. microtheca, E.
reginifera, On the paper covered watchglass, the seeds are easily
seen and leachates can drain away.

Figure la. Petri dish with filter paper Figure 1b. Radial cuts on
over watchglass and wick, and filter paper
section through dish.

Figure 1., TPW Substrate

6.2 Replicates

Once the appropriate substrates have been prepared, the working
sample is reduced to replicates.

6.2.1 Replicates by seed number. For species tested using replicates
of equal number of seeds, 400 seeds are taken at random from the
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working sample. They are divided into replicates of 4 x 100 seeds, 8
X 50 seeds or 16 x 25 seeds, depending on seed size.

Each rep1icate'is weighed to the nearest mg and the average weight
per replicate s calculated.

6.2.2 Replicates by seed weight. Seedlots of Myrtaceous species

that have seed/chaff mixtures are tested using replicates of equal
weight (see Section 2.1). The aim is to test a weight of seed mixture
containing approximately 100 seeds per replicate. The recommended
weights in the appended Tables have been calculated from data obtained
from germination tests of each species. This data includes the
average number of germinable, ungerminated, abnormal and dead seeds,
but does not include "empty" seeds, for reasons discussed in Section
2.1.

Four replicates of the recommended weight (to the nearest mg) are
taken from the working sample.

6.3 Seed Pre-treatments

Seed of some species tested will not germinate when exposed to
conditions favourable for germination without some type of
pre-treatment. These seeds are dormant. Villiers (1972) described
dormancy as being the state of arrested development whereby seeds
possess some mechanism preventing their germination.

Villiers (1975) classified seed dormancy into two types:

{a) Dormancy imposed by the seed coat, e.g. hard seed of the
Leguminosae. This type of dormancy is broken by treatments
which scratch or crack the seed coat, allowing water and
gases to enter.

(b) Embryo dormancy, which is due to a metabolic block within the
embryo itself. This can be broken by conditions which bring
about physiological changes in the embryo, such as light,
chilling or dry storage.

Some eucalypts require pre-chilling or light to germinate, but it
has not yet been determined what type of dormancy these have (Boland
et al., 1980).

The test results will be more representative of the nursery
situation if similar pre-treatments are used for the test as in the
nursery. Some pre-treatments that give maximal germination in a test
are not practical for use in the nursery.

The methods 1isted below (Sections 6.3.1 to 6.3.5) are used to
break and induce germination in a test. Each treatment has a code
letter which is-also used in the Pre-treatment column of Tables 1, 2
and 3 in the Appendix.

After seed has been pre-treated for a test, each. seed replicate is
placed on the moist substrate and the seeds uniformly spaced. The 1id
of the petri dish is labelled with test and replicate numbers and
placed over the seeds. ‘ ‘
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6.3.1 Acid Secarification (A). This is oné of two methods recomménded
by ISTA (1985) for treatment of hard seeds of acacias. ISTA ‘
(Amendments, 1981) recommends the other method, hand scarification, as
being more reliable. There is evidence that acid is not an effective
pre-treatment for acacias (pers. comm., D. Boland, Tree Seed Centre,
Division of Forest Research, C.S.I.R.0., Canberra). However, it may
be useful for species not yet tested.

Each replicate, after weighing, is put in a separate test tube or
beaker. Concentrated sulphuric acid is then carefully poured over the
seed to cover it. The seed is then left to soak until the testa is
pitted. Seeds are examined every 10 minutes until this occurs. The
acid is then drained off and the seed put in a wire mesh strainer
(each replicate being kept separate) and rinsed thoroughly under
running cold water. Care must be taken at all stages during the
pre-treatment because of the danger of chemical burns to the operator.
A problem with soaking in acid is that seeds may be unevenly treated
and some could be damaged.

6.3.2 Hand Scarification (S). This term covers several techniques,
each of which can be used to treat hard seeds. They are either filed
with a flat-blade file, pierced with a needle or the testa is chipped
with a scalpel.

After weighing the replicates, a fragment of the testa of each seed
is chipped off or filed, or the seed is pierced, at the cotyledon end.
The ISTA Rules (Annexe to Chapter 5, 1985) note that the best site for
scarification, to avoid damaging the embryo and resulting seedling, is
that part of the seed coat immediately above the tips of the
cotyledons. Piercing usually gives the highest germination with
fewe; abnormals than chipping or filing (ISTA Rules, Amendments,

1981).

» A quicker method of hand scarification is to rub each replicate
between two pieces of sandpaper. However, this may not evenly treat
all seeds. Lo

Seeds are soaked after hand scarificaiion, usually for three hours,
in cold water. o

6.3.3 Hot water (HW); Boiling water (BWw). This method is also used
to treat hard seeds. The high water temperature causes the seed coat
to crack, allowing the seeds to imbibe water. After weighing, each
replicate is put in a beaker and 100 mL of hot water (80°C) or boiling
water as recommended, is poured over the seed. The seed is allowed to
soak in the cooling water for three hours. It is then rinsed
thoroughly in cold water as some species exude mucilagenous material
when soaked.

It should be noted that scarification treatments are probably more
reliable and may allow higher and more rapid germination of a seed
sample than does treatment with hot or boiling water. But this is not
always the case. Clemens et al. (1977) found that two species of
Acacia gave lower germination responses with scarification than with
hot water treatments. The disadvantage of the hot or boiling water
treatment is that it may not affect all seeds in the sample. Careful
hand scarification should allow entry of water/gases into all the
seeds treated. Seeds subjected to the water treatment may require
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different temperatures and length of treatment. Clemens et al. (1977)
found differing responses to hot water temperature and length of
treatment in five Acacia species. Germination increased with
severity of treatment up to a point where seed mortality was reached.
Buszewicz (1978) reported that length of optimum treatment varied
with species and seedlot when the boiling water treatment was used.
The ISTA Rules {Annexe to Chapter 5, 1985) recommend hand or acid
scarification for acacia seed but also state that hardseededness in
acacias may be treated by plunging the seeds in about three times
their volume of nearly boiling water and leaving them to soak until
the water cools.

In Forestry nurseries, it is impractical to hand scarify hard
seed. The simpler hot or boiling water treatment is used, and the
seeds are left to soak up to 24 hours in the cooling water before
sowing. Therefore, when testing acacias, it is considered appropriate
to use the hot or boiling water treatment, because the test results
are used to calculate nursery sowing rates.

6.3.4 Pre-chilling (PC). Pre-chilling, also known as cold-moist
stratification, can be used to break embryo dormancy in some eucalypts
(Boland et al., 1980). This treatment subjects seeds to a cold moist
environment. Seed replicates are weighed and put on the moist
substrate. The 1ids of the dishes are labelled with test and
replicate numbers and are placed over the seeds. Before being placed
in the germination cabinet, the replicates are put in a refrigerator
(5°C) for the recommended time.

The replicates are regularly checked for moisture as seeds imbibe
water during stratification. Water is added as needed. When the
pre-chilling period is over, the replicates are removed from the
refrigerator to the germination cabinet.

6.3.5 Cold Water Soak (CW). Seeds of some species such as Atriplex
contain chemical inhibitors which must be leached out before
germination can occur. Beadle (1952) recommended soaking the fruits
in water for 24 hours, provided all excess water was subsequently
removed from the fruits to prevent waterlogging the seed. This was
done by squeezing the fruits between pieces of blotting paper.

Other species which may respond to cold water soaking are some
species of Grevillea and Hakea, For these species, each replicate is
weighed and soaked in 100 mL of cold water for 24 hours or longer when
indicated. The water is then drained off.

6.4 Temperature, Light and Humidity

Seed is germinated in a cabinet which provides controlled
environmental conditions of temperature, 1ight and humidity. The
internal dimensions of the cabinet are 54 cm x 102 cm x 58 cm.

Temperature can be adjusted from 0-50°C, and also alternated to
simulate low night/high day temperatures. The only alternating
temperature cycle used is 20°C for 16 hours, followed by 30°C for 8
hours {(20/30°C).

Light is provided by a bank of cool white fluorescent 1ights at the
back of the cabinet. A daily cycle of 8 hours light and 16 hours dark
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is used unless a special 1ight regime is required. Lights can be set '
to coincide with the high day temperatures on an alternating
temperature cycle.

Humidity in the cabinet is maintained automética]]y at about 90%.

The cabinet was specially constructed and is annually serviced by
the New South Wales Department of Public Works Electrical Services
Workshop, Glebe, New South Wales.

The cabinet controls are set to provide the recommended conditions
at least one hour before the commencement of a test to allow time for
the temperature and humidity to reach the required level.

When the replicates have been prepared and if necessary pre-treated,
they are put in the germination cabinet.

6.5 Testing New Species

Many species in the Seed Store were represented by only one or two
seedlots. It was therefore difficult to determine the optimum
conditions required for germination of the species.

Time usually does not permit testing of a new species over the full
temperature range in the germination cabinet. At this Research Centre
there is no thermo-gradient apparatus (Fox and Thompson, 1971) which
allows a species to be tested over a range of temperatures from 0-50°C
at the one time.

Therefore, when a new species is to be tested, the first test is
conducted at 25°C or 20/30°C. Lights are set for 8 hours. If the
alternating temperature cycle 20/30°C is used, Tights are set to
coincide with the 8 hour 30°C part of the cycle. The TPV substrate is
used if the species has small seeds, TV if the seeds are larger and
easily visible on vermiculite, e.g. Acacia, Albizia.

If germination is satisfactory using these conditions, subsequent
tests are carried out using the same. If germination appears to be
slow or irregular, other temperatures are then tested.

When dormancy is suspected, a test is made using the pre-treatment
considered appropriate and an untreated test used as a control. These
germination tests are run concurrently.

When testing a new species which requires weighed replicates, the
first test is carried out using 0.10 g seed per replicate. If the
number of seeds is significantly less than 100 per replicate, the
seed lot is re-tested using a larger weight per replicate.

6.6 Moisture

De-ionised water is used for testing seed. During the test, water
is added to the substrate as needed. A syringe is used to trickle
small amounts of water down the side of the petri dish so there is
minimal disturbance to seeds and seedlings.

ISTA Rules (Annexe to Chapter 5, 1985) require that at all times the
substrate must contain sufficient but not excessive moisture for
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germination.: ISTA Rules (1976) recommend for tests on paper, that the
paper should not be so wet that when pressed, a film of water forms
around the finger. This "film of water" test was investigated by :
Peterson and Cooper (1979) who found it unsuitable and suggested that
moisture potentials be pre-determined for each species. They also
found great variation in individual analysts' interpretations of the
amount of water needed in a test. However, the film of water test is
the present method used for estimating water needs of a test. It is
considered better to err on the side of too little moisture than too
much. For tests on vermiculite, water is added until the substrate is
moist and all free water is absorbed by the vermiculite.

6.7 Germination Test Records

For each test, a germination test sheet is prepared to record
details of the species and seedlot under test, the test number, the
pre-treatment, temperature, substrate and 1ight conditions used and
the date of test commencement. Germination and test results are
recorded on this sheet (see Fig. 2a and 2b).

Comments are recorded concerning unusual features of the test or
germination, such as types of abnormalities, poor seedling growth,
delayed germination, replicates drying out, etc.

6.8 Seedling Evaluation

The day of commencement of the test is treated as Day 0. The
first count of germinated seedlings is made on the day recommended for
each species concerned. 0Occasionally it is made a few days earlier or
Tater to allow for accurate evaluation of seedlings. Further counts
are made every few days at the analyst's discretion. At each count
seedlings which are sufficiently developed are evaluated as normal or
abnormal according to the definitions in Section 2.4 and 2.5. Once
classed, normal seedlings are removed with forceps from the dish, and
the number per replicate recorded.

Abnormal seedlings which are not decayed are usually left on the
substrate until the final count. Seeds or seediings which die and
decay during the test are removed so they are not a source of
contamination to healthy seedlings. At each count the number of dead
seeds and abnormal seedlings removed per replicate is recorded on the
germination test sheet, in the appropriate box at the lower part of
the table.
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Figure 2a. Seed germination test sheet. ' - oo

Forestry Commission of N.S.W., Coffs Harbour.

SEED GERMINATION TEST Test No.: 124.&

Species: Callisteman (meo\,‘nqnsis Pre-Treatment: None

Seed Lot No.: 1250bL Conditions: T 2S° L 8hrs

Source: Nic\\10n Fals ) First/Final Count: [ / 2l days
Test Down: R0-S.% 4y Rep. Wt.: o~07_3 No. Reps.: Y

Date Test Period 1 2 3 4 Total Mean CMG
o8y |7l daus 1S 22 21 14y 712 lig oo 1% 00
L) -

-8y |94 * 1 1\& 20 24 13 %0 |20-00]|3%- DO
20k Byl 21 1o 11 1 o So | 1250|5090

Germ./Rep. H ua [va [S6 |ug || 202 [so=0

[ Ei) W ™
Abnormal o s R (% e L= OO0
: Ungerm. \ 2 | 1 3 7] s
Squash oy W Y Ty
Co;‘ Dead k3 7 o h 2 00
u - "
Hard NL.A. N " —a—
Empty wn.A. . M —
Totals ST LI | Lb u;z] 49 |LL2S
No. germinable seeds/kg: 506 “°°'° Germination: B | %
0-03
b Abrnormals: s %
=2,5235 000
. ' Ungerm. seeds: 28 %
No. viable seeds/kg:B@StH0 ., op .
- o . Dead seeds: A %
21725, 000
=L123,080 Hard seeds:Not Agplicabdle. %
Re-Test: No write orr: No Empty seeds: Not Agokicable %

Comments: A Results sent/ent}r\fd:
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Figure 2b. Seed germination test sheet.

Forestry Commission.of N.S.W., Coffs Harbour,

SEED GERMINATION TEST Test No.: \2%¥2.
, Species: Acacia ba'\\e\lou'\()\ Pre-Treatment: MW
Seed Lot No.: ULBS® Conditions: TV 25" L V|hrs
Source: Armidale First/Final Count: | / 2% days
Test Down: B -1 B4 Rep. Wt.:.lOO Seesls uc.:S\-\ \-q1q3 No. Reps.: Ly
Date Test Period r 1 -2 3 4 Total Mean CMG

O o O o o O

\S- W By 1 doms
‘ ' = ! o) | ©25]1 ©-25
12 ) Y4 27 LS| 7100
30 3y 3y 12 |31So | 38:So

2008y | V2 "

22-0-Bi | W

27-.8¢y. | a4 *

3123y | 2 28 39 Yo Ist 2108 ] e 28

L-12-8y | 28 s =S 2 s | By.-o0

Eleilololo
J

Germ./Rep. B} 236 | By 00

w LY l I

Abnormal q Q| 2 | - 36 .00
Squash Jngern. ““0 a - ° - o) qQ 225
O | Dead w | o | 3 2| a | 225
Hard 2 5 o 2 10 250l
Empty o = o K= =) o
Totals‘ OO OO | 100 | 10O Hoo 100-0Q
No. germinable seeds/kg: 31»0 » 1000 Germination: 8w O %
a9 Abnormals: q-© %
T 2 e Ur;germ. seeds: 2:25 %
No. viable seeds/kg:_g::-_’%qgmw“ Dead secds: 225 h%
=43,583 Hard seeds: 250 %
Re-Test: Wo write orf: No Empty seeds: o %

Comments: - Results sent/enN‘ed:
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6.9 Test Duration and Completion

The duration of the test period does not include the period of
time taken to pre-treat the seed. The recommended duration of the
germination test for a species is called the "day of final count". It
is preferable not to extend tests beyond one week of the recommended
day of final count, except For hardseeded species (see Section 6.9.2
(d)). Extension of the test may give higher germination but these
slower germinating seedlings are often poor or abnormal. Verhey
(1960) noted that seedlings kept for too long in an environment of
high relative humidity can become weak and watery and that, in such an
environment, fungi may be too virulent and seedlings too susceptible
to infection.

On the day of final count after any germinated seedlings have been
classed and removed, any remaining seeds are evaluated by cutting or
squashing. Soft seeds are squashed with a spatula, harder seeds are
cut with a scalpel. These seeds are classed according to the
definitions given below (and in the ISTA Rules, 1985), as being either
‘hard, fresh ungerminated (presumed dormant), empty or dead.

6.9.1 Hard seeds. Seed of some legumes may at the end of the test
remain hard. Although pre-treated, some of these seeds may not have
imbibed water, indicating that the pre-treatment was not effective on
these seeds. If the number of hard seeds is greater than 25%, the
seedlot is re-tested, except in the case of Acacia species (see
Section 7.3).

6.9.2 Ungerminated seeds. Seeds, other than hard seeds, that remain
firm, and apparently viable but have not germinated by the end of the
test period are classed as ungerminated ("fresh ungerminated", ISTA,
1985). Included in this class are seeds which are late germinating
but the seedlings have not yet reached the stage of development at
which they can be readily evaluated as normal or abnormal. If it is
apparent, without squashing or cutting the seeds, that more than 20%
of seeds are still ungerminated (not obviously dead) at the end of the
test period, the test is extended one week. Delayed germination can
be caused by several factors:

(a) Some form of dormancy may be present. This is only suspected
in a species which has not been previously tested. A re-test
may be necessary using an appropriate pre-treatment (see
Section 7.3).

(b) Deterioration of the seedlot. Often many abnormal seedlings
or dead seeds are also present (see Section 7.4).

(c) Small differences in germination conditions required e.gq.
the particular seedlot may not respond to the recommended
temperature which is suitable for most seedlots of that
species. This may occur with a seedlot from a different :
provenance not previously tested. A re-test can be done
using a different temperature.

(d) Some hardseeded species germinate over long periods, even
after pre-treatment. This sometimes occurs when the hot or
boiling water treatment is used. If germination of these
species is still occurring after the recommended test period
has elapsed, the test is extended up to three weeks.
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6.9.3 Empty seeds. Seeds which are less than half-filled with live,
dead or decayed embryonic and endosperm tissue at the end of the test
are classed as "empty seeds". The empty seeds class is not applied
to those species of the Myrtaceae family which are tested by weighed
replicates. In these species, there are problems in differentiating
between empty seeds and chaff (see Section 2.1).

6.9.4 Dead seeds. Seeds which at the end of the test period are not
hard, ungerminated or empty are classed as 'dead seeds'. When
squashed or cut, these seeds are usually decayed and discoloured.

The number of dead seeds removed during the test is added to the
number of dead seeds squashed at the end of the test when calculating
results.

6.10 Hygiene

It is important that a high standard of hygiene is maintained in
germination testing. After tests are completed the dishes are washed
thoroughly. Glass petri dishes are steam sterilised for 10-15
minutes. Plastic trays are soaked in 0.0125% Milton solution (active
ingredients sodium hypochlorite 1% and sodium chloride 16.5%) for a
minimum of one hour. The inside of the germ1nat1on cabinets are
cleaned once per month with this solution.

7. RESULTS AND ASSESSMENT

7.1 Caleculation of Results

The number of normal seedlings that germinate in a test is
expressed as a percentage of the total number of seeds tested. This
figure is called "germination per cent". The number of abnormal
seedlings, ungerminated seeds, dead seeds, empty seeds and hard seeds
where applicable, are also each expressed as a percentage. Where
replicates of seed weight are tested, the total number of seeds is
variable but germination is still expressed as a percentage of the
number of seeds tested, excluding empty seeds (see Section 6.9.3).

When more than four replicates are used (i.e. 8 x 50 seeds or 16 x
25 seeds), results for 4 x 100 seed replicates are formed by combining
results from those replicates which were closest together in the
germination cabinet (Miles, 1963).

A calculation is made of the number of germinable seeds per unit
weight of seed. This figure is based on the mean weight of the
replicates and the mean number of normal germinations per replicate,
and is used for determining sowing rates. The number of viable seeds
per unit weight, which includes ungerminated seeds and normal
germinations, and hard seeds where applicable, is also calculated.
This figure is used to determine sowing rates for hardseeded species
which may germinate over long periods. Tables 1, 2 and 3 of the
Appendix list viablilty figures for the species tested. Figures 2a
and 2b are examples of the germination test sheets used, and show the
calculation of results.

An index of germination rate called the "Germination Energy Index"
(G.E.I.)(Grose and Zimmer, 1958a and 1958b) was used for some
Eucalyptus seed lots (Floyd, 1964). The concept of "energy" for
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measuring the speed of germination was based on the idea that the
quicker seeds germinate, the better their quality (Verhey, 1960).
Delay in the full expression of germination is usually the earliest
detectable sign of quality loss in a seed 1ot (Abdul-Baki and
Anderson, 1972). Seed which germinates quickly in the nursery
provides an obvious advantage. However, the G.E.I. is no longer used
because it cannot be accurately calculated when germination is
measured at the later stage nf seedling development. Pollock and Roos
(1972) noted that there was no point in seedling development beyond
radicle emergence which could be precisely timed. Tests at this
Research Centre have shown that when germination was counted at later
stages in seedling development, G.E.I. was not a useful test index as
it did not sufficiently reflect the nursery performance of seedlots.

The Kilogram Effective Factor (KEF) described by Carter (1979) and
Seward (1980), may be a more practical alternative index to the G.E.I.
for use in plantation nurseries. The KEF index predicts the nursery
yield of plantable seedlings from sowing a known quantity of a given
seedlot (Carter, 1979). The usefulness of KEF has not been evaluated
at Coffs Harbour.

7.2 Tolerances

Some variation is generally found in germination test results
between replicates in a test and between tests of the same seedlot.
There are many reasons for this variation, including: chance, poor
method, poor technique, inconsistency in distinguishing between normal
and abnormal seedlings, fungi or bacteria, chemicals on the seed,
inaccurate counting or recording, non-random sampling, actual change
in percent germination between tests (Miles, 1963).

Tolerance tables have been published by ISTA (Miles, 1963; ISTA
Rules and Annexes, 1985) which 1ist the maximum acceptable variation
(called tolerance or tolerated range) between results. These tables’
are used for percent germination, percent ungerminated seeds, percent
dead seeds, percent abnormal seedlings, percent hard seeds or the sum
of any of these attributes.

There are different tables for different situations and the main
tables used are Miles (Table Gl, 1963) for comparing replicates
within tests, and Miles (Table G2, 1963) for comparing tests of the
same seedlot.

The average percent of the four replicates is calculated
(combining 8 x 50 or 16 x 25 seed replicates to form 4 x 100 seed
replicates as described in Section 7.1) and the corresponding maximum
tolerated range is read from the table. When the results are outside
the tolerated range, they are significantly different, and the seedlot
is re-tested. However, if one replicate is out of tolerance for
obvious reasons (e.g. drying out, fungal infection) the results of
that replicate are omitted and the percent germination calculated on
the remaining three replicates.

Tolerance tables for tests using weighed replicates were published
by ISTA (Rules and Annexes, Appendix C, 1985).
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7.3 Re-Testing

As discussed in Sections 6.9.1. and 6.9.2 (a) when more than 25%
hard seeds or 20% ungerminated seeds remain at the end of the test and
dormancy is suspected, the seedlot is re-tested using a different
temperature or a pre- -treatment considered appropr1ate. The exception
is for Acacia species which were tested us1ng the HW or BW
pre-treatment. These are not re-tested using other pre- treatments

fona Candklaw £ 92 2\ TL Aben m.b .. . A8 A Wl v
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APPENDIX

The following Tables 1ist germination test methods used or tried
at Coffs Harbour since 1975, and the results obtained from the tests.
Table 1 lists the results of germination tests and the methods used
for 97 species. This data is taken only from tests which resulted in
over 50% viability. Table 2 Tists results and germination test
methods for 9 species which may have a large proportion of empty seed.
Table 3 T1ists results and germination test methods considered to be
unreliable, for 10 species that have not been successfully tested
using the methods listed.

The methods 1isted in the Tables have not been fully researched
and were used on a small number of seedlots of each species. The
Tables include references to authors who have recommended test methods
for some of the species tested. These methods are used if they have
been well researched. Although most of the tests at Coffs Harbour are
on Eucalyptus species, none are listed in the Tables. The ISTA Rules
(Annexe to Chapter 5, 1985) list test conditions (temperature,
substrate, replicate weight and test duration) for 47 Eucalyptus
species. Boland et al. (Appendix 3, 1980) recommend test conditions
for 415 Eucalyptus species. These test conditions are used for the
Eucalyptus species tested at Coffs Harbour.

An explanation of the column headings in the Tables follows:

Number of seeds/g - range. Lists for each species, the range of number
of seeds per gram found for the seed lots tested for the Coffs Harbour
Seed Store. The letter "a" appears in this column for the Myrtaceous
species. As discussed in Sections 2.1 and 6.9.3, it is difficult to
differentiate empty seed from chaff in many of these species, and the
proportion of viable seed to chaff may vary greatly.

Number of germinable seeds/g - mean. Lists for each species, the
average number of seeds which germinated per gram, in the seedlots
tested (see Section 2.6).

Number of viable seceds/g - mean. Lists for each species, the average
number of viable seeds per gram in the seedlots tested (i.e.
germinable seeds plus ungerminated seeds, plus hard seeds where
applicable - see Section 2.7).

Number of viable seeds/g - highest recorded. Lists the highest number
of viable seeds per gram recorded for the species. Where only one
seedlot of a species has been tested, only the figure for the mean
number of viable seeds per gram is given.

Replicates (see Section 6.2). Replicates are either by number of
seeds i.e. 4 x 100 seeds, 8 x 50 seeds or 16 x 25 seeds, or by a
weighed quantity of seed {grams). For species tested by weight, the
.-recommended replicate weight has been calculated from the average
number of germinable seeds plus ungerminated, abnormal and dead seeds
for the seedlots tested, to give approximately 100 of these
seeds/replicate.

Temperature (see Section 6.4). Temperatures listed (in °C) are those
that were found satisfactory. A full range of temperatures was not
tested for any of the species listed, except for some tested by other
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authors as indicated. Most seed has only been tested at 25°C. Whére -

two temperatures are listed, both have been found satisfactory. Light
is used for 8 hours per day for all species.

Substrates (see Section 6.1). The abbreviations used are:

TPV - Top of Paper and Vermiculite
TP - Top of Paper
TV - Top of Vermiculite

Where two substrates are listed, both have been found satisfactory.

Where "12cm dishes" or "trays" is noted, the seed of the species were
too large to be germinated in 10cm petri dishes and the larger dishes
or plastic trays were used.

Pre-Treatment (see Section 6.3), Abbreviations used are:

A - Acid scarification
S - Hand scarification
HW - Hot water (100mL, 80°C), soak for three hours in the cooling

water.
BW - Boiling water (100mL), soak for three hours in the cooling

water.
CW - Cold water (100mL at ambient temperature), soak for 24
hours, unless indicated otherwise.

Day of first count (see Section 6.8). Day on which the first count of
germinated seedlings is recommended.

Day of final count (see Section 6.9). Day on which the final count of
germinated seedlings is recommended.

Number of seedlots tested; number of tests. This is the number of
seed Tots of that species tested since 1975; followed by the total
number of tests carried out on the species. In some cases, the
results of more than one test on a seedlot have been included.

v
1
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TV 12
gishes

W {2ca
dishes

W {2ea
dishes

™ t2ce
dishes

TV {2ce
dishes

T {2ew
dishes

TV 12¢ce
dishes

CRE-

TREATHMENT

BNt

St

BK

B

B

b

BN

BN

By

BN

BN

DAY OF DAY OF

FIRET
CouNTY

~3

L]

~-3

FINAL
COUNT

5t
2

35

35

[
o

<4
o

“UMBEF OF COMmENTE
SEED LOTS

TESTED:

NUMBER OF

TESTS

tUsed at Coffs Hartour.
$1STA  (1985) recomsends
A or S pre-treatsent and

20 or 20/20%C temperature.
21 davs. ISTA (1981)

recoasends S treataent followed by I hour soak in
cold water as being the most reliable,

111 $Wet seed weight,

131

13

131

{51  tet seed weight

12 et seed weight,

| J

e -




SEEDS/C

RANGE
;;;;:a ;;:ur:atz -;;l104
Acacis olaciidoreis 43
Acacia hoaalophylla 24-113
Acaciz isplexa 'Y
Rcacia intertexta 7
Acacia iteaphylla 28
Acacia leiocalyx 101
Acaciz ligulata 11
fAcacia linearifolia 49
Rcacia linifolia 2
Acacia lingphylla ) 13
Acacia longifolia var. longifolia 85
Acacia longifelia var, scphorae 39-57
Acacia selsncuylon g1
Acacia sicrocarpa 193
fcacia ceweldid 11

i

51

4%

37

83

19

o4

a¢

¢

az

at

REPLICATE
{ NUMBEF
SEEDS OF
1 WETGHT
lq)

x 100

x 100

100

100

100

50

100

50

100

50

x50

100

x 100

. 100

TEMPEFATUFE
oo

ne

W

v

g

3

v

ac
ravl

HUSATAH

W 1len
disheg

™ {2k
diches

¢ 12¢ex
dishes

W 12¢ce
dishes

WV {2ca
dishes

™ 12 c&
dishes

W i2ce
dishes

Wi2en
dishes

™12 ¢
dishes

W12
dishes

W 12¢e
diches

T 12cs
dishes

W 12ce
dishes

TV 12ca
dishes

™V {dee

gisnes

thre-treatsent used in tests not recorded. recomaend Bi

tPre-treataent used in test nov recorded, recossend BN

- 38 -~

tet seed weight

tPre-treataent used in test not recorded, recomsend BN

used i1n test not recorded, recomsend BN

tPre-treataent used :n test not reccrdec. recoasenc BN "



SPECIES NUMKEF OF  NUMBER OF MUMBER OF  NUMBER OF FEPLICATE TEMPERATURE  CLRCTEATC
SEEDS/G  GERMINABLE  VIABLE YIABLE Y NUMBEF ¢
RANGE SEEDS/6 SEEDS/6  SEEDS/G SEEDS OF
MEAN NEAN HIBHEST ¥ WEIBHT
RECORDED (g}
Acacia osycedrus 18 36 ks 4% 100 28 W 12
to dishes
Acacia podalyriaefolia -1 13 25 2 890 25 T 12c
dishes
fcacia prominens 52 7 3 4x 100 28 TV 128
dishes
Acacia richii 3 2% 2 42100 25 TV 12¢e
dishes
Acacia salicina 15 9 14 ’ 8x50 25 W 12
dishes
Acacia saligna (A, cyanophylla) 48-58 12 ° 82 4 x 100 25 TV 12
dishes
fcacia suavedlens 81 iz 4 4100 25 ¢ 12cs
dishes
Acacia subulata 28 [ 19 830 ko] TV 12ca
gishes
Acacia ulicifolia (A, juniperina) 20-82 48 49 78 4% 100 25 TV 12ca
dishes
Acacia uncinata (A, undulifelia) 3 4 17 8= 50 28 W 12cx
) ‘dishes
ficacia vestita 15 7 27 4z 100 2% TV {2cx
dishes
fcacia victoriae 18 i1 13 g x50 e TV 12
dishes
fgonie flaxuosa F £75 745 45 0,150 2% ™
Albizia lcphantha 9-1% 11 i3 4 4 10C 251207308 TV L2ee
diches
; Allocasuarina distyla {Casuvarina 1000 380 £00 4z 100 25 1%
i distyla)
Allocasuaring littoralis 200-578 23 07 (35} 4 2 100 268308 TRV
(Casuarina littoralis)

PFE-
TREATHEN"

BNt
BN
Bus
But
BN
BN
BNt
Bﬂt-
Bt
BN
BN
BH
None
B
None

None

FIRST
COUNT

~

~d4

~

DAY OF DAY OF

FINAL
COUNY

35

35

35

35

ol

NUMBEF Cf
SEED LOTS
TESTEN:

NUMBER OF

TESTS

11

D
ra

131

131

131

o

-

131

10:10

COMMENTS

tPre-treataent usec 1o test not

used 1n test not

tPre-treatsent

tPre-treatsent used 1n test not

tPre-treataent used in test not

tPre-treataent used 1n test not

tPre-treatsent used in tect not

recorded,

recorded,

recorded.,

recorded.,

recorded.,

recorded,

12:% gives cuickest gersitatize.

recoasend BN

recossend BN

recossend BN

recomsend BW

recossend BN

recoesend BN

tUsed at Cofés Harbour, #Turnbull ang Martens: (1980,

i'IIIl-.............___________________________________________;__________________________________________________________________________________________________________________________________________________________
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SPECIES HUHBEF 2F

SEEDS/E

RANGE
Aliccacsuarina torulesa l 157-475
(Casuar:na torulosa!
Angophora cestata §3-7¢
Banksis aesula (B, serratifolia) $0-13
Banksia integrifolia var. :ntegrifolia %
Banksia marginata 12§
Banksia serrata 16-22
Callistescn acuminatus a
Callistemon angustifolius H
Callisteaon citrinus 3
Cillistemon comboynensis H
Callistemor linearifclius a
Callictemon linearis H
Callisteson macropunctatus E
c !listenc; paludosus 3
Callistemon phoen:ceus &
Callistesor pinifelius 3
Call:stemor rig:dus a
Callistesc~ zalignus H
Calothamnus zhrvsantherus a
Calothamnus gilesii 2

NUREEF OF
VIAELE
SEEDS ¢
HEAN

M8
Teiw

8484

£330

LIk

4815

3204

r

~

3¢

¢

»

EY

£

¢

>z

3z

~e

3¢

REPLICATE
X NUMBER
SEEDS OF
¥ BEIGHT
{g)

1 100

® 100

% 100

100

100

SURSTEATE

\'E|‘l

TV

diches

TV trays

T
®
i
P

P

™
TP
1w
T
T
R L]

™

cEg-
TPEATMENT

None

Nene

None

Nene

None

None

None

None

None

Nehe

Nene

Rone

Hone

on

[

€

o

o

NUHEER OF
SEED LOTS
TESTED:

NUMBER OF

TEETE

COMMENTS

tUsec at Cofés Hartour, Turebul: and “artensy 11982},

fheeclehurst (1979} recoamence 28-12°C,

fHeslehurst {1979 recomsends 18-73°C,

tHeslehurst (1979) recossends 20-26°C.

High % ungersinated seeds, cther temperatures sav be
aore successful,

- g -



SPECIES

talothamnus quadrifidus
Calothamnue sanguineus
Calothasnus villosus
Casuarina decaisneina

Eucalyptus sop.

grevillea robusta
Hakea salicifolia

.. Leptosperaus {1avescens
Leptospersus ,uniperinus
Leptosperaua laevigatus
Leptospersus petersonsd
Leptosperauk scopariuk var. scoparium

Lophosteaon conferius {Tristania
conferta)

Melaleuca alternsfolia
Melaleuca arsillaris
Helaleuca bracteata
Melaleuca decussata
Melaleuca halsaturorue

Melaleuca hugelii

Melaleuca hypericifolia

NUMBER OF
SEEDS/6
RANGE

6

94-200

64-100

NUMBER OF
GERNINABLE
SEEDS/E

MEAN

b9

61

1413

211

NUMBER CF
VIABLE
SEEDS/E
NEAN

700

2t8

457

285

3L54

HUMBEF OF

VIABLE
SEEDS/O
HIGHEST
RECORDEL

80
100

2430

250

REPLICATE

TEMPERATURE
1 NUMBER (°c
SEEDS OF
Y WEIGHT
(g}
4 0,159 25
43 0,100 285
4y 0.20g 5
45100 54
301354

1 t
4z 100 o
43 100 25¢
4% 0,07g 25
4% 0,250 i
4 3 0,069 25
4 % 0.10g i
4y 0,109 25
4% 0,250 25
4% 0,029 25
4 x 0,040 2
42 0.01g €
45 0,020 25
4% 0,05 b
4% 0,3008 25
4% 0,02 %

SUBSTRATE

1®
lg

™

TPV 12
dishes

'

™ 128
dishes

T {2
dishes

1
T
1°
7P

H4

P

TF
P
TF
T
T°

®

ki

PRE-

TREATHENT

None

None

None

None

L

CH 4Bhr

None

None

None

None

None

None

None

None

None

None

Nene

None

None

None

DAY OF DAY OF
FINAL
COUNT

FIRST
COUNT

8 4]
8 1
] ]
St 144
t t
H 21
16 35
7 2t
7 2
H 21
7 2
7 21
< a
7 28
? 28
7 28
7 28
7 28
? 28
? 8

NUMBER OF COMMENTS
SEED LOTS

TESTED:

NUMBER OF

TESTE

;1  High % ungerainatec seeds. other tesperatures aay be
sore successful,

{11 High ¥ ungermnated seeds, other tesperatures aay be
sore successtul,

132 Light for acre than 8 hours per dav reculted in higher
gersination %,

111 tUsed at Coffs Harbour. #Turnbull and Martensz (1982).

$ISTA {1985): Boland, Brooker anc Turnbull (1980).

4:4  120/30°C resulted in 10% lower geraination and less than
504 viability in one test.

151 tThis replicate weight 18 high coapared tc that for
other Melaleuca species. 1t sav not be suitable for
ather seed lots of this species.

n?

[
W
c’1.

1




SPECIES NURBER OF  NUMEER OF  NUMBER OF  NUMBER OF FEPLICATE  TEMFESATURE CUBSTRATE PRE- DAY OF DAY CF NUMBER CF COMMENTE

SEEDS/E BEPMINABLE  VIABLE VIABLE ¥ NUMBEF 10 TREATMENT  FIRS™  FINAL  SEED LOTS
RANGE SEEDS/E SEEDS.E SEEDS/E SEEDS Ok COUNT  COUNT  TESTED:
MEAN NMEAN HIGKES™ 1 WEIGHT NUMRER OF
RECORDEL {g) TESTE
Melaleuta incana | 720 Hd 7% 4x 0,130 2 e None ? 28 %2
Melaleuca lancesolata i 1437 1448 1785 ¢ 0,079 b i1 None H ] AN
Melaleuca laterita ] §407 6687 45 0.01p 25 18 None 7 28 H
Helaleuca laxiflora a 2145 3340 4% 0,03 28 M4 None 7 28 13t
Nelaleuca linariifolia i 5874 4038 11640 4x 0,019 23 1P None 7 28 LH
Helaleuca parvifolia H 785 o5 4 % 0.08g 2 i None 7 28 1l
Helaleuca quinquinervia i Jne 3305 4945 4500 - X TP None 7 28 44
Melaleuca radula 2 1705 1810 4 % 0.05¢ 28 TP None 7 28 11
Nelaleuca styphelioides 3 1710 1740 4 x 0.06g 25 P None 7 28 131 -
Nelaleuca viminalis (Callisteson visinalis) a 1320 1334 1945 430,070 2 TP None b 2 T4
Svncarpia glosulifera a 113 118 - 158 4 % 0,809 285 i3 None [ 21 547
fantharrhoea johnsonii 77-89 ) 48 &9 7% 43 100 2 W 12 None i1 28 LH
dishes

_98 -
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SPECIES NUMBER OF  NUMBER OF  NUMBER OF  NUMBER OF

REPLICATE TEMPERATURE  SUBSTRATE PRE- DAY OF DAY OF NUMBER OF COMMENTS

Harbour,

SEEDS/E  GERMINABLE  VIABLE VIABLE 1 NUMBER g TREATMENT  FIRST  FINAL  SEED LOTS
RANGE SEEDS/6 SEEDS/6 SEEDS/6 SEEDS OR COUNT  COUNT  TESTED:

| MEAN MEAN HIGHEST ¥ NEIGHT NUMBER OF
‘ ! RECORDED {g) TESTS
| IO [ —

Allocasuarina verticillata U3 72 140 4 x 100 25:308 PV None 7t 28¢ 111 tTurnbull and Martensz (1987): 25°C used at Coffs

{Casuarina stricta) Harbour,
; Atriplex nuamulariaz 109-224 9 36 169 42 100 2% 1PV cut 7 2 4:6  tBeadle (1952) reconmends that after soaking, all
’ excess water be resoved by sgqueezing fruits between
‘ pieces of blotting paper.
1. Callitrif.colulellaris (C. glauca, 51-96 ¢ 7 8 - 20 4% 100 202 ™ None 17 38 b:6  t5cott (1970}, There are often many eapty seeds in

J C. hugelii) Callitris sop. Scott (1970) resorts S-40%
’ ' viability in even freshly collected seed.

’ Callitris endlicheri 119-166 0 ! 1 4% 100 208 v None 147 ) 242 t5cott (1970), c;'
| Callitris rhoaboidea 158 45 4% 4 x 100 25 v None 4 38 f:1 ~
‘ ’ [
‘ Casuarina cristata 178-311 24 25 92 4 x 100 i) d Y None n pad! 4:4  tTurnbull and Martens: (1982),
| : .
‘ Casuarina cunninghamiana 1508-2140 83 260 1240 4 x 100 25:30:358 TRV None 4 21t 834 fTurnbull and Martensz (1982): 259C used at Cotis
‘ Harbour,
‘ lasuarina ecuisetifolia var, incana 489- 208 209 42100 20:25:308 TPV None i Ut 11 tTurnbull and Martens: (1982): 25%C &sed at Coffs )
i Harbour,
{ Casuaring glauca 1064-2178 194 23 720 4 100 203258 TPV None It 244 8:7  $Turnbull and Martens: (1982): 25°C used ai Cofts
|




SPETIES HUMBER DF  NURBER CF  NUMPEF 0F  NUMBEF OF PEPLICATE TEMPEFATURE SUBSTRATE PRE- DAY 05 DAY OF NUMBEF OF CdHHENFE

SEEDS/E GERMINAELE 1483 viapLe ¥ ONUMBES r o TEEATMENT  FIPST  FIRST  SEED LOTS
RANGE SEEDE/G SEECE ¢ CEEDS/C SEEDS OF count  COUNT  TESTED:
SEAN FEAN HIBREST ¥ WEIGHT NUMEER OF -
RECOFDEL (g} TESTS -
Brachychiton acerifolius -4 0 H 3 41100 3 Y trave  Nonet 1en 28 1S tHK, BW and S pre-treatsentc all uncuctesséul

S resulted :n many dead seegs, Low geramaticr’
ceculted when no pre-treateent waz used. -

Brachychiton populneus 7-10 1 2 @ 4% 100 25 T trave  Nonet e 8 435 35 pre-treatment resulted in manv dead seeds., N1}
permination and high % ungersinated seeds -esultec
when ne pre-treateent wac used,

Cassia artemesioides £1-100 2 2 4 4% 100 28 w Hig 7 2 2:2  $HW and BW pre-treatsents both resulted in high ¥ dead
seeds, HW resulted in lower, Other pre-treataents such
as CW or a warm w7 cer soak (say, 40-50 C) could be
tried.

Cassia barclayana var. barclayana 63-78 5 3 8 45100 25 W Hig 7 3 2:2  t5ee note for C, artesesioides.

(C. sophora) S

Cassia ereaophila 33-67 4 ° 2 4% 100 25 i Hit 7 2 5:5  $See note for C, artesesipides.

Cassia notabilis 37 17 M 4 x 100 28 o His 7 2 f:1  See note for [, artemesicides.

Cassia odorata (C. australis) 6! 0 41 4 x 100 25 i Hils 7 2 {:1  See note for L, artesesicides.

Cassia sturtii 109 & . [ 4% 100 28 ™ Hit 7 21 11 tSee note for C, artemesioides.

Yakea laurina I7-43 0 a 28 4: 100 25 W 12ca Cint " ? %2 tBoth tests resulted in over 503 ungersinatec seed

gishes with no pre-treatsent, Cold water soak suggestec.

Hakea petiolaris 13 [ 9 4w 100 o8 T ek Lt 2 42 431 tOver 25% ungersinated seed and clow germination with no

¢ishes pre-treatnent. Cold water soak suggested,

b
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