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ABSTRACT

Samples of seed from the two closely related species with orthodox behaviour, Eucalyptus
urophylla and E. pellita, were subjected to a variety of seed conditioning and low temperature
storage regimes including several techniques using cryogenic methods (storage in liquid
nitrogen at -196°C) as well as storage in mechanical freezers at -25°C and -85°C. Following
storage the germination response was then examined using standard seed viability testing
procedures for eucalypts. The two species showed different germination responses to the
treatments. E. urophylla showed an increase in total germination (healthy and abnormal
germinants) over the control in all but one treatment while total germination of E. pellita
decreased from the control in all but one of the treatments. This result suggests that the
germination response of a species following low temperature storage cannot be predicted with
any certainty from the behaviour of closely related species. It appears that cryogenic storage
may increase the percentage of abnormal seedlings in both species, a response not evident in
the -25°C and -85°C temperature storage regimes.

1. INTRODUCTION

Long term storage of tree seed is becoming an important issue in world forestry today. Most
species with orthodox seeds (i.e. those with relatively low moisture contents at maturity) are
able to be stored for long periods at room temperature with minimal losses in seed viability.
However numerous species with orthodox seed have a reputation for losing viability over time
and can in some cases lose viability relatively quickly when stored under uncontrolled
conditions (Boland et al., 1980). The rate of decline in seed viability varies considerably and
is influenced by a range of factors including type of seed (orthodox or recalcitrant), moisture
content and storage methods. In the case of eucalypts, storage life is shortest in Eucalyptus
deglupta, 4 years at 23°C, (Doran et al., 1987) to over 30 years in the case of E. camaldulen-
sis. Whilst low temperature storage (e.g. 4°C or -18°C), can greatly extend the storage life
of orthodox seed, there is a need to extend this period further.
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Current research indicates that low temperature storage (approx. -200°C), otherwise known
as cryogenic storage, is one method which shows considerable potential for indefinite storage
of seed. For the purposes of this paper cryogenic storage refers to the storage of seed in liquid
nitrogen at -196°C. Storage in this way can be an important conservation tool for rare and
endangered species as well as enabling the long term maintenance of valuable germplasm
from natural populations of commercially important species. Long term storage of important
germplasm from tree improvement programs for reference and comparative testing is another
potential application.

While there have been many studies on the effects of cryogenic storage on seed of
agricultural crops (Chin and Roberts, 1980); (Roos and Stanwood, 1981), there has been little
corresponding work on cryogenic storage of forest tree seed. Agricultural seed tends to be
genetically uniform and shows little variation within a seedlot. In contrast, seed collected
from wild tree populations can show great genetic variation as most tree species are
outcrossing and highly heterozygous (Sedgley and Griffin, 1989). When tree seed is to be
stored for long term genetic conservation or preservation of improved seed it is desirable that
all genotypes represented in the original seed collection are maintained. Previous studies have
indicated that sub-zero temperatures can markedly increase the storage life of orthodox crop
seeds, however little is known on the effects of cryogenic storage on forest tree seeds.

One of the most commercially important genera in world forestry today is Eucalyptus and
species from this genus represent the world’s most widely planted hardwood trees (Eldridge
et al., 1993). Seed from this genus is generally easy to store and most species can maintain
viability for many years when stored under low humidity at around 23°C (Boland et al,,
1980). Some species, however, lose viability after only a few years at 23°C. Cryogenic
storage may extend the storage life of such species, and will also be useful for long term
storage of rare and endangered species. However it is important to examine the effects of
cryogenic storage before the process can be successfully implemented. This pilot study
examined the effects of various low temperature storage regimes on two closely related and
commercially important species, Eucalyptus urophylla and E. pellita.

E. urophylla is a tall forest tree occurring naturally in eastern Indonesia on a number of
islands in the Timor Sea including Timor, Wetar, Alor and Flores. It is one of only two
species of Eucalyptus not occurring in Australia and is of considerable importance in tropical
forestry. It forms the basis of important forestry plantations in numerous tropical countries
particularly in humid and sub-humid tropical climates with several months of drought
(Eldridge et al., 1993). It is also widely used as a parent tree for producing interspecific
hybrids such as E. urophylla x grandis, which is commonly planted in Brazil.

E. pellita occurs in warm humid areas of north Queensland, Australia, the Western Province
of Papua New Guinea and adjacent areas of Irian Jaya. It is becoming increasingly important
in tropical forestry being planted in areas of high summer rainfall and a long dry period. It
has also been used as a parent in important interspecific hybrids with E. grandis and E.
urophylla (Eldridge et al., 1993).

Experience at the Australian Tree Seed Centre has shown that seed of E. urophylla loses
viability quickly at room temperature and must be kept at approximately 4°C for medium
term storage (10 - 20 years). E. pellita will store adequately for this length of time at room
temperature (approx. 23°C). This suggests that the seed physiology of these two closely
related species may be quite different and hence they will have different requirements for
longer term storage.
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A total of 12 provenances of E. urophylla and 6 provenances of E. pellita were examined (see
Table 1). This enabled a comparison to be made between two closely related species as well
as an examination of provenance variation within species. The results give an indication as
to whether it is possible to predict the response of one species from the behaviour of another
closely related species and whether the response is likely to be consistent throughout a range
of provenances within a species. A variety of seed ages were included to enable an
investigation into the effects of seed age in response to the various storage regimes.

Table 1. Provenance Origins of Seedlots Tested

CSIRO Location Latitude | Longitude | Altitude Year
Seedlot (°’S) (°’E) (m) Collected
Eucalyptus

urophylla

8238 Timor, IND 8 30 126 00 910 1963
8239 Timor, IND 8 30 126 00 1300 1963
10138 Mt Tatamailau, IND 8 55 125 30 2790 1971
10140 Hato Bulico, IND 853 125 32 2100 1971
13828 West Timor, IND 934 124 17 1200 1982
17831 Ilwaki, Wetar Is, IND 752 126 27 515 1990
17835 Carbubu, Wetar Is, IND 756 125 53 175 1990
17839 Apui, Alor Is, IND 817 124 40 1115 1990
17841 Piritumas, Alor Is, IND 8 19 124 31 355 1990
17843 Baubillatung, Pantar Is, IND 8 20 124 02 285 1990
18094 Mt Egon, Flores Is, IND 8 40 122 27 475 1990
18096 Lomblen, IND 823 123 32 515 1990
Eucalyptus

pellita

16615 Keru - Kumbalusi, PNG 835 141 45 35 1988
17854 Bupul - Muting, IND 721 140 36 40 1990
17861 NW Kuranda, QLD 16 41 145 32 440 1987
17874 Lankelly Creek, QLD 1353 143 16 500 1990
17875 Mt Tozer, QLD 12 44 143 12 100 1990
18314 Tully, QLD 17 50 146 03 50 1991

IND - Indonesia, PNG - Papua New Guinea, QLD - Queensland, Australia
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2. MATERIALS AND METHODS

Eucalypt ’seed’ sold commercially usually consists of a mixture of fertile seed and
unfertilized ovules known as chaff and these structures are similar in appearance (Boland et
al., 1980). In most species of Eucalyptus it is possible to separate fertile seed from chaff
although in many cases it is often difficult to identify all the fertile seeds in a given sample.
In practice however it is a time consuming and costly process and is generally not undertaken
except where automated sowing is a requirement. Therefore viability figures for Eucalyptus
seed are expressed as the number of viable seeds in a 10 gram sample rather than as a
percentage. The number of viable seeds per unit weight of seed can vary greatly within a
species depending on the success of fertilization (Eldridge et al., 1993). Thus this method of
expressing viability gives the seed user.a clearer picture of the quantity of seed needed for
his or her purpose.

Small representative samples of seed (including chaff) from each seedlot were subjected to
the various low temperature storage regimes shown in Table 2. The sample weight used for
the E. urophylla seedlots was 0.1 grams per dish and 0.2 grams per dish for E. pellita. The
seed was then tested for viability using standard Australian Tree Seed Centre seed testing
procedures. Samples of seed were sown on moist filter paper placed on a substrate of coarse
vermiculite in 9 cm petri dishes. Four replicates of each seedlot-by-treatment combination
were examined to provide an estimate of experimental error. The petri dishes were placed in
controlled conditions at 25°C and received approximately 16 hours of artificial light per day.

Germinants were counted after they reached a sufficient size to enable a complete assessment
of all their structures. Each time the seedlot was examined, fully developed germinants were
removed and the number of germinants was recorded along with the number of abnormal
seedlings. The seedlots were examined initially after approximately 7 days and then repeatedly
every 3-4 days. Tests were terminated after 3-4 weeks.

During germination tests of Eucalyptus seed it is not uncommon to record a small percentage
of abnormal germinants (Boland et al., 1980). These seedlings are generally excluded from
viability figures as most are likely to die before reaching the advanced seedling stage. A
Eucalyptus germinant consists of three basic structures, the radicle, the hypocotyl and the
cotyledons. Abnormalities can occur in one or more of these structures. Table 3 shows the
average number of germinants (including abnormals) for each treatment as well as the number
of germinants which were considered to be abnormal. The standard viability of the seed
(expressed as the number of normal germinants per 10 grams of seed) is also shown.
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Table 2. Treatments Used in the Low Temperature Storage Trial

1. Control

Samples were sown directly with no pre-treatment.
2. Rapid Cool / Rapid Warm

Samples were placed in 1 ml NUNC cryovials which were then stored in cryocanes and
dipped directly into liquid nitrogen. After three days the canes were removed and dipped
directly into a hot water bath at approximately 40°C.

3. Slow Cool / Slow Warm

Samples were placed in 1 ml NUNC cryovials which were then stored in cryocanes and
placed into a programmed freezer. The samples were cooled at 0.5°C per minute from 15°C
to 0°C and then at 0.1°C per minute from 0°C to -40°C. Samples were then transferred
directly to a freezer at -85°C for two hours prior to dipping in liquid nitrogen. After three
days in storage the samples were removed and re-warmed in the reverse order of the cooling
regime.

4. Slow Cool / Rapid Warm using Cryoprotectants

Samples were placed in 1 ml NUNC cryovials to which 1 ml of cryoprotectant was added.
The cryoprotectant used was a mixture containing a 15% solution of Dimethylsulfooxide
(DMSO) and a 10% solution of dextrose. The samples were allowed to soak in this solution
for approximately 24 hours before being placed into a programmed freezer. The samples were
then cooled at 0.5°C per minute from 15°C to -40°C and then transferred directly to a freezer
at -85°C for two hours prior to dipping into liquid nitrogen. After three days in storage the
samples were removed and re-warmed by dipping the samples into a hot water bath at
approximately 40°C.

5. Storage at -196°C for an extended period

Samples underwent the same treatment as in treatment 2 however the samples were stored in
the liquid nitrogen for 58 days before being re-warmed in a hot water bath at 40°C.

6. Storage at -25°C for an extended period

Samples were placed in 1 ml NUNC cryovials which were then placed directly into a freezer
at -25°C. Samples were stored for 58 days before removal and were allowed to re-warm to
room temperature on the laboratory bench.

7. Storage at -85°C for an extended period

Samples were placed in 1 ml NUNC cryovials which were then placed directly into a freezer

at -85°C. Samples were stored for 59 days before removal and were allowed to re-warm to
room temperature on the laboratory bench.
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3. RESULTS AND DISCUSSION

The results of the FEucalyptus storage trial are summarised in Table 3 and show that
E. urophylla and E. pellita did not respond in a similar fashion to the various long term seed
storage regimes. The average germination (including abnormal germinants) increased from
the control in all but one treatment in E. urophylla while the average germination decreased
from the control in all but one treatment in E. pellita. See also figures 1 and 2.

The increase in average germination in E. urophylla from the control seems to be primarily
due to an increase in the number of abnormal germinants. However there is also evidence to
suggest that in some seedlots of E. urophylla the freezing process may stimulate the
germination of normal as well as abnormal germinants. Some seeds apparently remain
dormant under standard germination conditions, and this dormancy may be broken following
the freezing process. This apparent dormancy may be the result of a hardening of the seedcoat
which is then weakened by the freezing process enabling the seed to imbibe. Alternatively it
could be a form of embryo dormancy which is broken by the freezing process. This
phenomenon was particularly evident following storage at -25°C and was encountered in most
seedlots. Further work will investigate if these germinants are likely to have reduced vigour
and thus be unlikely to survive to the seedling stage. Interestingly the two seedlots which
showed a marked increase in viability following treatment 2 (liquid nitrogen for three days)
were both from the island of Wetar, suggesting that there may be some provenance variation
in this breaking of dormancy. Subsequent to this study, trees from the island of Wetar have
been described as a separate species, E. wetarensis (Pryor et al., 1995). A similar increase in
germination following low temperature storage of orthodox seeds not normally requiring
treatments to break seed dormancy was encountered by Touchell and Dixon (1993).

The results from some seedlots suggest that some low temperature storage regimes may also
induce abnormalities in otherwise normal seeds of E. urophylla. This seemed to be more
evident in older seedlots and more pronounced in the rapid cooling regime (treatment 2) than
the slow cooling regime (treatment 3). This suggests that older seedlots have a decreased
ability to withstand cryogenic storage and that cooling rate is an important factor in freezing
orthodox seeds. Similar abnormalities following rapid cooling regimes, recorded in orthodox
crop seeds (Stanwood and Bass, 1981), were overcome by cooling at a slower rate.

For E. pellita there was a reduction in the total germinants from the control treatment in all
treatments except storage at -85°C, and this reduction was most pronounced in the treatments
using liquid nitrogen. There was an increase in the percentage of abnormal germinants in
these treatments, however it would seem that the reduction in viability resulted mainly from
the death of seed following storage in liquid nitrogen. The rapid cooling regime (treatment
2) lowered viability much more than did slow cooling in liquid nitrogen (treatment 3). While
the germination in treatment 3 was not as high as in the control treatment, the result indicates
that the rate of cooling is an important factor in the cryopreservation of E. pellita. Different
cooling regimes may result in a better response to storage in liquid nitrogen for this species.
The cooling rate may also be an important consideration when storing E. pellita in mechanical
freezers.
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FIGURE 2

Viability of Individual Seedlots - Selected Treatments
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The failure of the treatment using the cryoprotectants Dimethylsulphoxide (DMSO) and
dextrose was likely to have been a result of excessive soaking time allowing the seed to
imbibe rather than toxic effects of the chemicals. A number of previous studies using DMSO
have used soaking periods between 12 and 24 hours (Chin and Roberts, 1980) however most
were performed on recalcitrant seeds. Other studies on orthodox seeds have recommended
soaking times of as little as one hour (Grout and Crisp, 1985; Pence, 1991). The concentration
of 15% DMSO is also common in other tests so the failure is unlikely to be a result of
excessive concentration of DMSO. After soaking, the seed was washed thoroughly with
distilled water. However, the seed was washed following placement on the germination test
filter paper so it is possible there was some residual chemical in the filter paper. However it
is considered more likely that the damage occurred during the freezing process and was a
result of raising the moisture content of. the seed. If the use of cryoprotectants is deemed
necessary in the storage of Eucalyptus seed, different techniques will need to be investigated
including greatly reduced soaking times. This study did however serve to further highlight the
variation in response between E. urophylla and E. pellita as the effects were more severe in
E. urophylla than E. pellita.

A number of the long term storage regimes seemed to induce fungal growth on seed in both
species of Eucalyptus during germination tests. The fungal growth was more evident in
treatments involving storage in liquid nitrogen and was extremely severe in the treatment
using cryoprotectants, possibly as a result of the fungal spores present on the seed feeding
from the dextrose solution used in the cryoprotectant solution. It would therefore be wise to
consider treating the seed with fungicide prior to long term storage. Further work may be
needed to study the interaction of fungicide treatments and long term storage regimes.

4. CONCLUSIONS

Results from this pilot experiment show that the response of a species following a long term
storage regime cannot necessarily be predicted with any certainty from the behaviour of
related species. Even closely related species may have different seed physiology and hence
require different storage conditions. The results suggest that storage in mechanical freezers
at -25°C or -85°C may be more appropriate than cryogenic storage for long term storage of
some orthodox seeds although the longevity of seed in these treatments needs to be examined
further.

The study also highlighted the importance of cooling rate when freezing orthodox seeds and
this should be examined when designing a storage regime for a particular species. It also
indicated that the response of a species to a particular storage regime may depend on the age
of the seed and there may also be differing responses between provenances of the same
species. Thus it is likely that individual storage techniques may need to be investigated for
each individual seedlot to ensure maximum germination response to long term storage.
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ABSTRACT

Accurate, reproducible and standardised seed sampling and testing procedures are vital for
measuring seed quality, increasing efficiency in crop production and serving as the basis for
national and international laws to facilitate seed trading.

The primary aim of the International Seed Testing Association (ISTA) is to promote the use
of seed sampling and testing procedures embracing the above principles. International rules
for seed testing, plus numerous handbooks are published and regularly updated by ISTA to
fulfil this role, but the main emphasis has been on the seeds of agricultural and horticultural
crops, temperate trees and flowers. Nevertheless, the seed characteristics measured and the
principles used to achieve accuracy and reproducibility form an ideal basis for the testing of
other seeds such as tropical trees and shrubs. This paper will discuss the application of
international standards to tropical tree seed sampling and testing.

Keywords: Sampling, moisture content-, purity-, seed weight-, germination, viability-,
cut-, x-ray-, tetrazolium-, excised embryo- tests, dormancy, pretreatment.

1. INTRODUCTION

The history of seed testing has been comprehensively reviewed by Steiner (1994), MacKay
(1972) and Justice (1972). Baldwin (1942) gave the subject a tree seed perspective. The
milestones are as follows:-

The first laws regulating seed trade and requiring the quality of seed to be shown on a label
were passed in Switzerland in 1861. But it was not until 1869 that Frederich Nobbe
established the worlds first seed testing station in Tharandt, Saxony, Germany. Standardised
seed testing rules were first published in the USA in 1897, and in 1908 seed analysts from
the USA and Canada founded what was to become the Association of Official Seed Analysts
(AOSA). The International Seed Testing Association (ISTA) was formed in 1921 and adopted
its first set of seed testing rules in 1931.
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However, seed testing rules are never static. Seed analysts, scientists, technologists,
processors, merchants, growers and legislators are constantly working together to improve the
accuracy and reproducibility of existing seed sampling and testing methods and extend the
benefits of standardised methods to new species. Nowadays, emphasis is also being
increasingly placed on performing the same or modified tests more cheaply and without
compromising accuracy.

This paper will begin with a consideration of the importance of sampling as a prelude to seed
testing. And then present a brief summary of several types of seed test under the headings of
"Objective(s) and general principle(s) of test’” and ’Application of results and specific
considerations for tropical tree species’.

2. SAMPLING

The size of a sample taken for seed testing is often very small in comparison to the seed lot
from which it is drawn. It must therefore be as representative of the bulk as is humanly
possible. No matter how accurate the subsequent technical work at the seed testing laboratory,
the results can only show the quality of the submitted sample. The stock to be sampled must
therefore be mixed as uniformly as practical and the sample taken to accurately reflect the
composition of the bulk.

In practice, the various components of a seed bulk (pure seed, other seed and inert matter)
are rarely uniform throughout and it is therefore wise to subsample from different parts of the
bulk, combine the sub-samples and mix a so-called composite sample.

The size of sample submitted for testing can also depend on the size of individual seeds, the
number and type of test(s) required and the value of the seed.

In the case of moisture content samples 2 x 5g samples are almost universal.

As a’rule of thumb’ samples for purity and germination/viability testing should contain about
5000 pure seeds. However, in the case of very small seeded species (eg Eucalyptus spp.) 5000
seeds may weigh so little that a sample of this size is impractical - in these cases although
samples of 1-5g may contain tens of thousands of seeds, they are usually accepted as a
reasonable compromise. With very large seeded species, a sample containing 5000 seeds may
become impractically large. It is then common to adopt a sample size of 1kg, so long as it
contains between 500-5000 seeds. Where seeds are even bigger, it is unwise to reduce the
sample below 500 seeds, even if the sample weighs more than Ikg.

It is also important to prevent if possible, or at least minimise, changes in sample quality
between sampling and testing. Obvious things to ensure are that moisture content samples are
transported in moisture proof containers, and that purity and germination samples are neither
crushed nor overheated.
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3. TESTS OF PHYSICAL QUALITY
3.1 Moisture content test

Obijective(s) and general principle(s) of the moisture content test

The objective of this test is to determine the moisture content (mc) percentage (by weight)
of a seed sample, (and by inference the mc of the seedlot). This value is usually reported on
a fresh weight basis (f. wt) but can also be reported on a dry weight basis (d. wt) - beware
of the difference.

The general principle of moisture content determination is that most methods rely on the
assumption that heating seeds will drive off moisture. Therefore by drying seeds to constant
weight, any reduction in weight will reflect water loss. For seeds containing significant
amounts of volatile substances such as resins, fats, oils etc. this is slightly erroneous because
these substances are also driven off by heating. However, even for these species the error is
usually relatively small, and if the maximum temperature is kept to 105°C and heating
stopped at between 18-24 hours, then discrepancies are of little more than academic
importance.

Application of results and specific_considerations for tropical tree seeds

Seed moisture content is important for several reasons. Moisture content is critical in
determining storage potential and likely longevity - though care must be taken to ensure that
the differences between ’orthodox’ and ’recalcitrant’ seeds are taken into account. *Orthodox’
seeds (ie those that can be dried and stored) should possess a low moisture content, say 5 -
10 % (f.wt basis). Whereas the desirable moisture content of so-called ’recalcitrant’ seeds (ie
those where drying, and sometimes temperatures below 15°C, are likely to kill seeds) varies
between species. Some recalcitrant species begin to die as mc decreases from 60 %, others -
are not susceptible until mc’s decrease below 40%. In the case of orthodox seed a low
moisture content is a good sign because you are not paying for water, the seed is less likely
to have deteriorated before you receive it and it should be in a good condition for storage.
In the case of recalcitrant seeds a low moisture content is a bad sign, you are probably buying
dead seed.

The ISTA method for determining the mc of tree seeds is basically i) weigh seeds; ii)
incubate seeds at 103°C for 17 +/-1 hours; iii) re-weigh seeds; iv) calculate % mc.

In the case of large tree seeds or those with a very hard seed coat or fruit case, it is
recommended that the mc determination is applied to a minimum of 5 seeds cut into small
pieces and weighed as quickly as possible (to avoid drying) see for example Bonner (1991).

3.2 Purity test

Obijective(s) and general principles of the purity test

The objective of this test is to determine the percentages (by weight) of *pure seed’, ’other
seed’ and ’inert matter’ in a sample, (and by inference the composition of the seed lot). Also
to identify the other seeds and inert matter.
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The general principle of purity testing is to meticulously separate the sample, (often by hand),
into three fractions - pure seed, other seed and inert matter, and then weigh the separate
fractions. Each component is reported as a percentage of the total weight. Only the pure seed
fraction is used in subsequent tests.

Application of results and specific considerations for tropical tree seeds

Commercial transactions of seed are nearly always conducted by weight. Hence, it is essential
to know the percentage (by weight) of pure seed when comparing prices. The weight and
nature of any contaminants is also important for a variety of reasons. A high percentage of
other seed is clearly undesirable, but paying more for seed with a low other seed % may be
an unnecessary luxury. Firstly, *other seed’ can only ever produce a rogue plant if it is alive -
and this is not usually part of the seed test! Secondly, a 0.1% (by weight) contamination with
small seeds such as Eucalyptis could constitute a very large number of plants; but a similar
weight of larger seeds may be insignificant. The scale of the two problems is very different.
Similarly, the consequences of a high percentage of inert matter depend on the method of
plant propagation to be used. Large quantities of inert matter may be immaterial if seed is to
be broadcast sown. Providing that allowances are made in sowing density calculations and a
uniform distribution of pure seed : impurities is maintained throughout sowing operations,
then purity percentages are of little practical significance. However, this is in distinct contrast
to the plant propagator involved in container production. The substitution of inert matter for
pure seeds in this system will result in ’blanks’, much wasted space and a thoroughly
uneconomic product.

3.3 Seed weight test

Objective(s) and general principle(s) of the seed weight test

The objective of the test is to measure seed weight in a unit which enables meaningful
comparisons between seed lots and species. The standard unit adopted is the *thousand pure
seed weight’ (tpsw), usually reported in grams.

The general principle is that pure seed separated during the course of the purity analysis is
counted into replicates of e.g. 100 seeds and each replicate weighed.

The 100-seed samples prepared in the seed weight test also provide the replicates of counted
seed which can be used for any of the germination or viability tests described later.

Application of results and specific considerations for tropical tree seeds

Seed weight is a function of seed size and average density. Differences in tpsw can reflect
differences in seed filling caused by latitude and/or altitude and hence give an indication of
seed origin/provenance. In addition the density of seeds is often influenced by the proportion
of full : empty : insect damaged seed, and by seed moisture content. However, seed weight
is often considered to be of most use when combined with the purity percentage and
expressed as the 'number of pure seeds per kg’ when it enables meaningful comparlsons to
be made between different seed lots.
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4. TESTS OF PHYSIOLOGICAL PERFORMANCE

4.1 Germinability versus viability

Most forms of animals and plants which are visible to the naked eye are relatively easy to
recognise as living or dead. This is not true of seeds. Hence there is a need for specific tests
to assess their physiological status and likely performance.

There are broadly two types of seed test which do this. The ’germination’ test as the name
implies measures the proportion of seeds that are capable of germinating. The alternative is
one of a range of ’viability’ tests which permit seeds to be classified as either alive (=viable)
or dead. It is vital to appreciate that viability tests are not a direct measure of the number of
seeds capable of germinating and that ’viable’ and *germinable’ are therefore not synonymous.
Further discussion of the distinctions between these two types of test will appear later.

The choice between either a germination or viability test should ideally depend upon which
test gives the best information. However, although the germination test nearly always fulfils
this criterion (it is after all a direct measure of the characteristic which the nursery manager
wishes to recreate in the nursery!), there are a number of reasons why a germination test may
be impractical. For example, viability tests are usually much quicker than germination tests,
and if there is a tight deadline to be met, there may be no alternative but to use a viability
test. Other considerations include the following: Does the seed exhibit dormancy and need
pretreatment? Is it known how to pretreat the seed? How long does seed pretreatment take?
Are the optimal germination conditions known? How long does a germination test take? Do
any methods of viability test exist for the species under consideration? Are there adequate
indications that the viability tests described are reproducible? Have the results of germination
and viability tests ever been compared for the species? It is rarely a simple matter to decide
between these factors - but it is a choice frequently faced by seed testers. As a ’rule of
thumb’, germination tests are usually favoured and viability tests are generally applied for the
following three reasons:

1. when it is known that dormant or slow germinating seeds will take more than 6
weeks to reach germination capacity.
2. when recalcitrant seeds are known to have a very short storage life.

3. whenever an estimate of physiological performance is required more quickly than
the fastest germination test can be carried out.

4.2 Viability tests
Introduction

This section is structured differently to the preceding ones because there are several types of
’viability® test. It begins by describing the overall objectives and general principles of all
viability tests, then considers four specific viability tests suited to tropical tree seeds (cut-, x-
ray-, tetrazolium- and excised embryo- tests). The application of the results from the various
different types of viability test is discussed at the end of the germination test section.
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Overall objective(s) and general principle(s) of viability tests

The objective of this type of test is to determine the maximum percentage of viable seeds in
a sample, (and by inference the seedlot), - by whatever technique is selected.

The general principle is to use the pure seed counted into replicates during the seed weight
test and apply a single viability test to determine the percentage of live (=viable) and dead
seeds according to whatever criteria are used in that particular viability test. Sometimes more
than one viability test is used for comparative purposes.

Several types of viability test exist for tree species. Some of the most important include ’cut-’,
’x-ray-’, ’tetrazolium-" and ’excised embryo-’ tests. When selecting between them, it is always
necessary to consider at least four important features. Firstly, each viability test uses a
different seed characteristic to indicate whether seed tissues are dead or alive. Secondly, there
is often a degree of subjectivity in drawing a distinction between living and dead tissues.
Thirdly, there is further subjectivity in interpreting whether areas of dead tissue are in
important meristematic regions or are large enough to indicate an overall living or dead seed.
Finally, since viability tests are only an indirect indicator of whether a seed is dead or alive,
even seeds that are deemed to be alive, may not be capable of germinating because of
dormancy, unsatisfactory pretreatment, or unfavourable germination conditions. Hence a
percentage viability derived from one type of test may not be the same as a percentage
viability derived from a different test.

A viable seed is therefore one which is best considered as being alive according to whatever
criteria are used in a particular viability test.

4.2.1 CUT TEST

Obijective(s) and general principle(s) of the cut test

The objective of the cut test is to determine the percentage of viable seeds within a sample -
by cutting.

The general principle behind the cut test is that only full and physically undamaged seeds can
ever have the potential to germinate. Therefore when seeds are cut open, only those which
appear clean, firm and healthy may be viable. Those seeds which are entirely empty, or where
the embryo appears undeveloped, shrivelled, mouldy or insect damaged are not viable.

The cut test is probably the simplest, oldest and crudest method of assessing the potential
performance of seeds. It is not a method prescribed by the ISTA but is nevertheless so widely
employed that any discussion of viability testing would be incomplete without giving it a
mention.

Since the cut test is not described within the ISTA rules, but it is incorporated as a
preliminary phase of testing Aesculus hippocastanum, Castanea sativa and Quercus spp.
(three temperate recalcitrant species), it is worth mentioning that it is probably an especially
useful technique for tropical recalcitrant species for two reasons. Firstly, it gives a rapid
estimate of viability on seeds that are notoriously short lived. Secondly, cutting the fruits
often facilitates the removal of the outer seed/fruit case and the resultant partially dissected
fruits can be transferred to a suitable germination medium where germination is significantly
faster than it is for intact fruits - so cutting forms an extremely useful prelude to a full
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germination test on such species. Finally, since recalcitrant species have often sprouted before
sample receipt, it is common to report the cut test in the following categories:

Total % viable = clean, firm and healthy embryos (whether sprouted or not)
Sprouted % viable = sprouted fruits
Total % dead = undeveloped, shrivelled, mouldy and insect damaged.
Insect damaged % dead = insect damaged fruits

422 X-RAY TEST

Obijective(s) and general principle(s) of the x-ray test

The objective of the x-ray test is to determine the percentage of viable seeds within a sample
-by x-ray.

The general principle is to use x-rays to reveal the internal structure of seeds. In the simplest
case seeds are merely x-rayed without undergoing any preliminary treatment prior to x-raying
and the varying shades of light and dark on a photographic image enable filled, empty, insect-
and physically- damaged seed to be differentiated (see Figure 1).

Alternatively it is possible to use various contrast agents before x-raying. These permeate
living and dead seed tissues to different degrees and the pattern, and depth of shading is
interpreted in a similar fashion to TZ staining, as a means of distinguishing living from dead
tissues, and hence potentially viable versus non-viable seeds (see for example Simak, 1991).

Figure 1. X-ray photo of conifer seed showing (I-r) full, insect damaged and empty seed
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4.2.3 TETRAZOLIUM (TZ) TEST

Objective(s) and general principle(s) of tetrazolium test

The objective of the tetrazolium test is to determine the percentage of viable seeds within a
sample - by tetrazolium.

The general principle of the TZ test relies on the premise that only living cells have the
enzymes capable of converting a colourless, soluble compound (2,3,5 triphenyl tetrazolium
chloride [TZ]) into an insoluble red product (2,3,5 triphenyl formazan). Seeds are therefore
soaked in a colourless solution of TZ, the TZ enters both living and dead cells, but only the
living cells catalyse the formation of the insoluble red precipitate. The pattern of stained
versus unstained areas is then used to differentiate between living and dead tissues, and this
is further interpreted as indicative of live versus dead seeds. Finally, there are some seed
testers who claim to make an additional level of interpretation and relate certain staining
patterns to normal germinants. In my own view, for the majority of tree seeds, the percentage
of viable seeds in a TZ test is more likely to equate with the sum of ’normal germinants’,
plus *abnormal germinants’ plus ’fresh, ungerminated seed’ at the end of a germination test.
The TZ technique will take many years of refinement to differentiate between either normal’
and ’abnormal’ germinants; or 'non-dormant’ and 'dormant’ seeds of tropical trees.

4.2.4 EXCISED EMBRYO TEST

Objective(s) and general principle(s) of excised embryo test

The objective of the excised embryo test is to determine the percentage of viable seeds within
a sample - by incubating excised embryos under conditions favourable for growth.

The general principle is to excise embryos from seed and incubate them under conditions
favourable for growth. Embryos which either remain firm and fresh or show evidence of
growth (eg expansion, elongation or greening) or growth and differentiation (eg radicle and
lateral root formation; or epicotyl and first leaf formation) are considered viable. Embryos
which show signs of decay are not viable.

4.3 Germination test

Obijective(s) and general principle(s) of the germination test

The objective of this test is to determine the maximum germination potential of a sample (and
by inference the seed lot). The result is usually reported as a maximum germination
percentage (also known as a germination capacity; sometimes incorrectly referred to as a
germination rate, a term which should be used only to indicate speed of germination).

The general principle is to use the pure seeds counted into replicates during the seed weight
test and incubate them under a single, standard (preferably optimal) set of environmental
conditions, to achieve the quickest, most uniform and complete germination possible for the
majority of seed lots. At the end of the incubation period germinated seeds are classified as
either 'normal-’ or abnormal-’ germinants; and ungerminated seeds as either ’fresh’, *dead’
or ’empty’. Sometimes, in the case of so-called hard-seeded legume species, unswollen seeds
at the end of the germination test may be reported as ’hard’.
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When significant numbers of ’fresh’ and/or "hard’ seeds remain at the end of a germination
test, it is indicative that seed dormancy may be present. A full discussion of the dormancy
phenomenon is outside the scope of this article but useful reviews include Bewley and Black
(1994), Vegis (1964), Lang (1965). The most profound influence of seed dormancy on seed
germination testing is the need to identify and apply a suitable pre-(germination) treatment
(usually abbreviated to pretreatment), in order to stimulate complete and preferably prompt
germination. Table 1 lists a few pretreatment procedures but unfortunately none are
universally effective. Depending upon the likely presence or absence of dormancy there are
three potential options available for germination testing.

1. A single germination test - without pretreatment. This should be applied to seedlots of
species where there is virtual certainty that untreated seeds will germinate readily; i.e.
dormancy is absent and pretreatment will not stimulate either germination capacity or
rate.

2. A single germination test - with pretreatment. This should be applied to seedlots of
species where there is virtual certainty that untreated seeds will not germinate at all, a
successful pretreatment is available and has been proven essential to stimulate
germination; i.e. dormancy is present in virtually all seedlots.

3. A’double’ or 'paired’ germination test - one with, plus one without pretreatment. This
consists of a ’control’ or ’reference’ germination test on untreated seeds, plus a
germination test under exactly the same conditions after pretreatment, enabling
comparison to be made between the two. "Double’ tests should be applied in all instances
where there is doubt about whether the species or individual seedlot in question has
dormancy.

A further variation on the standard germination test is the so-called ’weighed replicate’
germination test. Germination tests are usually performed on a specified number of seeds,
however, in some genera e.g. Eucalyptus, the seeds may be so small that it is impossible to
distinguish pure seed from inert matter during the purity test. In other genera e.g. Betula it
may just be too time-consuming to identify and count specified numbers of pure seed. And
in yet other cases the effort of counting specified numbers of seeds may be unjustified
because of very high percentages of empty seed. It is then permissible to weigh out seed
samples that are likely to contain about 100 seeds and treat each as a germination test
replicate. In the case of such weighed replicate tests, results cannot be reported as a
germination capacity percentage but only as ’germinable seeds per kg’.
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Table 1. Pretreatment techniques to overcome seed dormancy.

1. Physical, chemical, or biological abrasion, degradation or puncturing of
the seed coat, e.g. burning, acid, boiling/hot water, chipping.

2. Treatment with plant growth regulators, e.g. gibberellic acid, ethylene,
cytokinins.

3. Chemical treatment, e.g. with KNO,, KCN, NaOCl, H,0,.

4. Prechilling of moist seed at 1-4°C.
5. Alternate warm (ca 15-20°C) then cold (ca 1-4°C) treatment of moist
seed.

Overall application of viability and germination test results and specific considerations for
tropical tree seeds

Germination or viability test results are usually presented as a single percentage figure -
germination capacity or viability percentage. Germination capacity is a direct measure of the
characteristic which the nursery manager wishes to recreate in the nursery (that is
germination), and is therefore likely to be most informative. A viability percentage is a less
direct measure of germination and will need more careful consideration.

Care should also be taken to note whether a germination capacity was obtained with, or
without a dormancy breakage pretreatment. Sometimes more than one value may be
presented. This depends on whether *double’ germination tests have been applied; or even
less commonly when more than one pretreatment has been used. The form of presentation
should act as the first guide to whether seed dormancy is likely to be present, whether
pretreatment is necessary and what sort of pretreatment may be desirable. Sometimes an
analysis may have been made comparing not just the final germination capacity between
pretreated and untreated seeds but also the respective rates of germination, this will give
added information about dormancy levels (Gosling and Peace, 1990).

A viability percentage or the highest germination capacity (from multiple germination test
results) is generally taken to reflect the maximum potential performance of the seedlot.
Either value can be used to compare the germination or viability quality of different seedlots
or assess the suitability of a seedlot for container, or precision sowing versus broadcast
sowing. Clearly, where the germination capacity or viability of a seed lot is only measured
at e.g. 50 %, sowing one seed per container is certain to be wasteful of space and containers!

Germination (and viability) percentages are also combined with purity and seed weight results
to give an indication of the overall quality of a seedlot in terms of ’germinable (or viable)
seeds per kg’. In common with germination capacity these are slightly different units which
are appropriate for comparing the quality of one seed lot with another and calculating seed
requirements. When seed prices are known, the relative value of different seedlots can also
be compared. Finally, germinable (and viable) seed per kg provides an ideal starting point for
calculating sowing densities for broadcast sowing programmes.
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Correlation of laboratory viability and germination test results with nursery emergence

It is a common misconception that the objective of laboratory germination and viability tests
is to predict nursery emergence! It has been shown above that this is not strictly so. A
laboratory germination test measures the maximum germination percentage attainable by a
seed lot under standard (often ideal) laboratory conditions. A laboratory viability test is an
indirect measure of whether a seed is dead or alive. Hence germination capacity in the
laboratory is often a significant overestimate of nursery seedling emergence and a viability
percentage is prone to be an even bigger overestimate. The explanation is that tree seeds are
notoriously sensitive to environmental conditions, nursery conditions are rarely as conducive
to germination as the laboratory and the pretreatment of large nursery seedlots is rarely as
effective as the pretreatment of smaller seedlots in a seed test.

5. CONCLUSIONS

The use of standardised procedures in sampling and testing seeds can ensure that results
obtained on a sample from a given seed lot in one laboratory should not be significantly
different from the results obtained on a similar sample, from the same seed lot, tested in any
other laboratory. The seed characteristics described in the ISTA rules and the principles used
for measuring them form an ideal basis for the testing of tropical trees and shrubs.
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ABSTRACT

The tip of a hot soldering iron (450°C) was found to be the easiest and most effective *small
scale’ pretreatment method for seeds of Acacia nilotica. The hot iron stimulated germination
from 40% to 84% and is therefore recommended for the laboratory testing of up to a few
hundred seeds.

A number of ’bulk’ pretreatment methods for larger quantities of seeds were tested. The A.
nilotica seed lot used was too hard-coated to respond to boiling/hot water. Relatively harsh
grinding, macerating or crushing equipment yielded rapid though unpredictable results, often
killing the seeds with the thinnest coats. Mechanical scarification in a rotating drum lined with
abrasive paper took much longer to accomplish, but was highly effective and offered two
further advantages - the progress of pretreatment could be monitored by following weight
losses and none of the viable seeds were killed.

Chipping individual seeds was found to be the easiest and most effective ’small scale’
pretreatment method for seeds of Leucaena leucocephala. The effectiveness of small scale
chipping was compared with 170 water temperature and soak durations as bulk pretreatment
methods. Seventeen combinations of boiling/hot water were shown to be as good as chipping,
and the use of such a systematic and comprehensive range of pretreatments revealed critical
boundaries between beneficial, ineffectual and harmful pretreatments.

Untreated, individually pretreated and bulk pretreated seeds of A. nilotica and L. leucocephala
were germinated at constant temperatures of 10, 15, 20, 25, 30, 35 and 40°C and an
alternating 20/30°C. The effects of pretreatment and germination temperature are discussed.

1. INTRODUCTION

In common with most legume species, the intact seeds of many tropical legume trees remain
fresh and firm but fail to germinate when incubated under moist conditions. The cause is
usually an impermeable seed coat which prevents, or at the very least significantly retards,
water uptake. These seeds are said to exhibit coat imposed dormancy or hardseededness
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(Barton, 1965). In order to stimulate germination, it is necessary to identify and apply a
suitable *dormancy breakage’ procedure. Such a technique is normally applied prior to any
germination attempt and is therefore called a pre-(germination) treatment or pretreatment. A
successful pretreatment for a hard-coated legume seed must either puncture or degrade the
seed coat; or disrupt or dissolve the chemical or cellular plugs which render apertures such
as the hilum, micropyle, lens and strophiole impermeable (Cavanagh, 1987). However,
pretreatment must not be so harsh as to damage or kill the embryo within.

There is considerable scientific, technical and anecdotal literature on the pretreatment and
germination of many hard-coated legume seed. Reviews which specifically relate to
multipurpose tropical legume trees include those of Willan (1985) for a number of tropical
species; Doran et al. (1983) and Cavariagh (1987) for Acacias; and Hughes (1993) for
Leucaena species. However, despite extensive source literature, excellent reviews and a lot
of empirical knowledge, there is no consensus of opinion about what constitutes the best
method of pretreatment for any species.

This paper reports the findings of two systematic and detailed studies on the pretreatment and
germination of one seed lot of Acacia nilotica and one seed lot of Leucaena leucocephala.

2. MATERIALS AND METHODS

Seeds of Leucaena leucocephala (Identity Number 44/88) were obtained from the Forest
Management Division of the British Forestry Commission, where they had been stored on
behalf of the Oxford Forestry Institute at +2°C and 8% moisture content (fresh weight basis).

Seeds of Acacia nilotica were obtained from the National Tree Seed Centre, Morogoro,
Tanzania. On arrival they were at 7% moisture content.

Seed pretreatments

Chipping was accomplished using a sharp scalpel to carefully remove approximately 1 mm?
of testa, at the cotyledon end of the seed to avoid damaging the radicle.

Burning a small hole in an individual seed was accomplished by placing the tip of a hot
(circa 450°C) soldering iron against the seed coat for a known period of time which varied
between species. In the case of A. nilotica seeds a quiet popping signified penetration of the
seed coat and determined the duration.

Bulk seed pretreatment at different water temperatures was achieved by immersing one
volume of seeds (secured in a nylon mesh bag) in 10 volumes of water in a thermostatically
controlled water bath. Ten water temperatures at 10°C intervals between 10-100°C were
combined with 17 pretreatment durations obtained by successively doubling exposure times
between 7.5 seconds and 5.6 days. After pretreatment at different temperatures for different
durations, the seeds were drained and surface dried in a controlled environment room at 30°C
for 30 minutes.

Bulk seed pretreatment by mechanical scarification was achieved by rotating a cylinder
(length x radius, 185 x 76 mm), lined with abrasive paper (Grade P60), around its long axis
at 100 rpm.
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Seed germination

Four replicates of 50 seeds were sown on moist filter paper (in some preliminary work, peat
and sand, 2:1, vol:vol) and incubated in the dark at a constant temperature of either 10, 15,
20, 25, 30, 35 or 40°C (Gosling, 1988). Germination was also tested at an alternating
20/30°C, the conditions most commonly used in seed testing stations employing International
Seed Testing Association (ISTA, 1993) or Association of Official Seed Analysts (AOSA)
rules.

Seed germination was assessed at regular intervals over a 42-day period. Seeds were
considered germinated when the emerged embryo showed normal development at three times
the length of the seed. The assessment of abnormal seedlings and ungerminated seeds as live
or dead was according to the ISTA rules (ISTA, 1993).

Mean germination time (MGT) is a common method for expressing germination rate as a
single figure. In this study it was calculated using a modification of the formula of Bewley
and Black (1994) according to Jones and Gosling (1994). MGT is equivalent to the average
time taken for an average seed to germinate.

Statistical analysis

Angular transformation was applied to all percentage data prior to analysis to homogenise
variances. The effects of different treatments on MGT and transformed germination capacity
were tested by analysis of variance (ANOVA).

A smoothed bivariate spline (SAS, 1990) was used to model the response surface of
germination capacities created by pretreating seeds over a range of temperatures for different
durations. Contour lines were constructed from the binomial distribution to give 95%
confidence that germination capacities in the highest germination zone were not significantly
lower than chipping. Surrounding areas correspond firstly to treatment combinations
significantly worse than chipping yet significantly better than untreated; secondly, those
treatments which were not significantly different from untreated; and finally, those in the
lowest germination zone which were significantly worse than untreated.

3. RESULTS AND DISCUSSION

Comparisons of seed, embryo and seed coat weight between A. nilotica and L. leucocephala
are shown in Table 1. These showed that the seed coat of A. nilotica formed a slightly larger
proportion of total seed weight than the seed coat of L. leucocephala and confirmed the
indication of most literature that hardseededness was more pronounced in mature seeds of A.
nilotica than of L. leucocephala. It was therefore considered necessary to carry out a few
preliminary pretreatment trials to compare the response of the two species to a limited number
of candidate pretreatments. The opportunity was also taken to compare filter paper with peat
and sand as two alternative germination media.
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Table 1.  Dry weight of different parts of Acacia nilotica and Leucaena leucocephala seeds

Seed weight (mg) Embryo weight (mg) Seed coat weight (mg) Average
. seed coat
Species R
min. |[max. fmean min. |max. |mean min. |max. [mean weight as
% of seed
A. nilotica 79.0 | 241.0 | 160.8 32.6 | 104.3 69.3 41.0 | 1343 90.5 56
L. leucocephala | 39.7 93.0 63.2 16.8 48.7 30.9 20.9 443 323 51

The conclusions from these preliminary trials were that:-

1. A hot soldering iron was the best method for pretreating small numbers of the harder,
slightly thicker seed coated A. nilotica seeds. A quiet *pop’ signified penetration of the
seed coat of this species and hence when to terminate pretreatment.

2. Chipping with a scalpel was the easiest, quickest and most effective method of
pretreating small numbers of L. leucocephala seeds. A hot soldering iron was equally
effective but controlling the pretreatment time was difficult since there was no audible
indication that the seed coat had been breached.

3. An electric coffee grinder used for 5, 15 or 30 seconds was relatively effective at
overcoming seed-coat dormancy of a significant proportion of seeds. However, it
completely macerated and therefore killed an increasing number of individuals with time.
The technique was therefore eliminated from later work.

4. Hot corn oil at 177°C for 7.5, 15 and 30 seconds was used to investigate the possibility
that a non-aqueous solvent at a temperature higher than boiling water may be beneficial
to seed germination. However, even the shortest exposure time to corn oil proved fatal
to all seeds and the technique was eliminated from later work.

5. Boiling/hot/tepid/cold water was chosen as the most promising method of bulk

pretreatment for L. leucocephala.

6. Mechanical scarification in a rotating tin lined with abrasive paper was chosen as the
most promising method of bulk pretreatment for A. nilotica.

7. Pretreated seeds of both species ultimately achieved the same maximum percentage
germination whether incubated on top of moist filter paper or in a peat and sand medium.
However, seed germination was quicker in peat and sand. Nevertheless, filter paper was
chosen as the preferred substrate for the main experiments because ungerminated seeds
could not be easily recovered or accurately identified as empty, dead or alive from peat
and sand - and this was considered of overriding importance to determine whether seed

dormancy had been overcome or not.
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Figure 1. Germination capacity at different temperatures of untreated and hot iron
pretreated Acacia nilotica seeds

A. nilotica - Pretreatment of small seed lots and identification of optimum germination
conditions

A hot soldering iron was used as the small-scale pretreatment method for individual seeds of
A. nilotica. The effect of incubation temperature on the germination of untreated and
pretreated seeds was investigated.

Figure 1 shows the germination capacity of untreated and pretreated seeds incubated over a
range of constant temperatures, and at an alternating 20/30°C, the conditions most commonly
used in seed testing stations employing ISTA and AOSA procedures. It is clear that neither
untreated nor pretreated A. nilotica seed was able to germinate at 10° or 40°C therefore these
temperatures were eliminated from the statistical analysis. Hot iron pretreatment generally
stimulated a 2% fold increase in germination capacity. Statistical analysis showed that the
maximal germination capacity was reached at all temperatures studied between 15-30°C
inclusive and also at an alternating 20/30°C. The only temperature at which pretreated seed
did not achieve maximal germination was 35°C.

Figure 2a-d provides a complete summary of the fate of all seeds at the end of the
germination tests. This is particularly useful for identifying whether any combinations of
treatment and germination conditions were simply not conducive to germination (and
ungerminated seeds remained alive and unharmed, Figure 2¢), or whether conditions were
positively harmful (and killed seeds, Figure 2d). Figure 2d shows that the decreased
germination capacity at 35°C and 40°C was due to a relatively high percentage of dead seeds.
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The fate of untreated and hot iron pretreated seeds of Acacia nilotica at the
end of a 42 day germination test at different temperatures

87



The above work established that A. nilotica seeds had a high germination capacity over a
wide range of temperatures and that the alternating germination temperature (20/30°C)
prescribed for most tree species by the International Seed Testing Association was appropriate
for using as a single set of conditions to evaluate other dormancy breakage pretreatments.

A. nilotica - Bulk pretreatment

Figure 3 shows the decrease in weight of different quantities of A. nilotica seeds during
mechanical scarification in a rotating cylinder. This clearly demonstrated the ability of the
technique to successfully abrade the seed coat and there were several significant advantages
of this technique above the harsher coffee-grinder method used for the preliminary trials
reported above. First - mechanically scarified seeds reached 92% germination capacity in
comparison to coffee ground seeds 78% germination capacity (not shown); second - seeds
with the thinnest coats were not killed; third - the progress of abrasion could be easily
followed; fourth - as Figure 4 illustrates, the germination of samples removed at different
times could be tested so that weight losses from the seed coat could be linked to subsequent
germination. In addition, it was found to be possible to repeat mechanical scarification on
separate lots, monitor weight loss and predict what the germination capacity of the treated
seeds would be. This ability to be able to monitor the progress of pretreatment and accurately
forecast subsequent germination is probably a unique achievement within the pretreatment of
not only legume species but also any other species.

Figure 5 shows the germination capacity (after a 42 day germination test at different
temperatures) of untreated, hot-iron pretreated seeds and seeds mechanically abraded to 85%
of the original weight. It is somewhat surprising to note from this graph that the A. nilotica
seeds responded better to the bulk pretreatment than the hot-iron individual seed pretreatment.
Not only was maximal germination capacity reached at all temperatures between 15-35°C
inclusive, but some seeds even germinated at 40°C.
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Figure 3. Decrease in seed weight of different quantities of Acacia nilotica seeds during
mechanical scarification
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Figure 6.
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L. leucocephala - Pretreatment and germination

Figure 6 shows that untreated and pretreated seeds of L. leucocephala were even more
tolerant of germination temperature than A. nilotica. Maximal germination capacity was
reached at all temperatures studied between 15-35°C inclusive, and at an alternating 20/30°C.

Figures 7-8 are reproduced from Gosling et al. (1995) where they have been more fully
discussed. They are included here for comparison with the properties of A. nilotica.

Figure 7 is specifically included to show the benefits of employing a comprehensive and
systematic array of pretreatment temperature and durations. The germination capacity data
resulting from 170 pretreatment temperature/time combinations enabled a smoothed bivariate
spline to be used to model the germination response surface shown in Figure 7. This model
could be used to not only identify the optimum pretreatment combinations but also to
visualise where the boundaries occur between, for example, beneficial and harmful zones. The
contour lines in Figure 7 separate four areas of differing germination capacity. The lightest
area encloses temperature and pretreatment durations where germination capacity is not
significantly different (p<0.5%) from the highest germination capacity stimulated (76-80%).
Surrounding darker areas correspond to less beneficial (31-76%), ineffectual (14-30%) and
harmful (<14%) treatments.

Clearly there are several combinations of pretreatment temperature and duration which are
capable of stimulating the maximum germination percentage possible. For example, at 70°C
any duration of treatment between 4 m - 1 h is optimal, at 80°C 30's - 16 m, at 90°C 7.5 s -
1 m, and at 100°C durations should not exceed 15 s.

Also clear from the lower portion of Figure 7 is that pretreatment temperatures below 35°C
never brought about a significant increase in germination capacity, even after more than 5
days soaking, and from the upper right-hand region of the graph any temperature of 50°C and
above was potentially harmful if exposed for too long.

Figure 8 shows the germination capacity at different temperatures of four of the best bulk
pretreatments (7 s at 100°C, 7 s at 90°C, 30 s at 80°C and 4 m at 70°C) in comparison to
untreated and chipped seeds. Although some bulk pretreatments stimulated as high a
germination capacity as chipping at several temperatures, bulk pretreated seeds did not
germinate as well as chipped seeds at higher germination temperatures and were significantly
worse than chipped seeds at 35°C (p<0.001). Clearly, even the best hot/boiling water ‘bulk’
pretreatments were not as good as chipping individual seeds at stimulating high germination
over the wide range of germination temperatures investigated. This was in contrast to A.
nilotica where the mechanical scarification *bulk’ pretreatment was best.
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4. CONCLUSIONS
Acacia nilotica

A hot soldering iron was the most appropriate method for pretreating individual seeds of A.
nilotica which had a tougher seed coat than L. leucocephala.

Mechanical scarification in a rotating cylinder lined with abrasive paper was an effective and
highly reproducible bulk pretreatment method, with the added advantages that the progress
of pretreatment could be monitored by following seed weight losses and none of the viable
seeds were killed. The disadvantage of the technique using the prototype machine was that
it took days to accomplish.

Leucaena leucocephala

Chipping individual seeds with a scalpel was shown to be the easiest and most effective
method of pretreating small quantities of L. leucocephala.

Several combinations of boiling/hot water temperatures and pretreatment times were as good
as chipping at stimulating germination capacity at 20/30°C. The critical boundaries between
pretreatments which were beneficial, ineffectual or harmful to seed germination were best
presented graphically as in Figure 7. Seed pretreatment methods should be selected from this
graph on the basis of time, whether a thermometer is available, and any other local
constraints. Consideration should also be given to the fact that even the best boiling/hot water
pretreatments did not stimulate such a high germination capacity over such a wide range of
conditions as chipping, nor such prompt or uniform germination under any conditions.
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ABSTRACT

Melia volkensii offers the people in dry areas a possibility of deriving a tangible benefit in
tree growing as the tree is fast growing yielding highly prized timber beside the fodder and
mulch potential. Prior to 1986, the biggest problem affecting propagation of Melia volkensii
remained the serious seed dormancy. A seed pretreatment procedure was developed around
this time based on scarification of extracted seeds. This has resulted in appreciable increase
in Melia volkensii planting in the dry areas but its planting programme still falls short of the
optimum hectarage. The forest department has expressed desire to grow plantation of Melia
volkensii and work done at Kenya Forestry Research Institute shows that there are particular
proven-ances that can be grown on fairly short rotations.

The main obstacle in the inability to intensify the planting of the tree is inter alia the
difficulty associated with seed extraction. Up to 1994, the best option remained in carefully
driving the blade of a pocket knife across the stony endocarp and extracting the seed. This
yields a few seeds but it is difficult to base large planting programmes on it. Moreover, the
subsequent seed pretreatment procedure itself is also tedious. With the development of an
extraction method for Melia volkensii in 1994 that eased the extraction of seed, mass
propagation was made even more possible.

The potential of exploiting this method for mass propagation could be improved if extracted
seeds could be stored and used as required. Kenya Forest Seed Centre, in collaboration with
ICRAF, engaged in a small-scale low-budget research to investigate the possibility of storing
seeds. This paper presents the preliminary findings, which unfortunately were disappointing.
However lessons have been learnt that there is still a need to construct a technology that
allows for mass propagation of Melia volkensii in the nursery. Only then will the seed
pretreatment work and now the new extraction method be used in full.
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1. INTRODUCTION
1.1 Summary profile of the tree and its potential

Melia volkensii is a fast growing and deep rooted deciduous tree that occurs naturally in semi
arid to arid zones of southern Somalia through Kenya and South to Tanzania (Dale and
Greenway, 1961). It grows up to 15 meters. The species is the most common tree found on
cleared and cultivated land in the drier parts of Embu, and throughout Kitui and Machakos
districts in Kenya (Bromley 1994). In these areas, Melia volkensii is planted for the
production of timber and fuelwood, and for soil reclamation and erosion control. Melia
volkensii is popular on farms where it is harmoniously intercropped with agricultural crops.

Melia volkensii is a prized species, offering most of the characteristics generally sought for
in trees for agroforestry systems. It coppices readily, is fast growing and sheds its leaves in
the dry season to provide mulch (Teel, 1985). Its large fruits, twigs and leaves make fodder
for goats, cattle and sheep (Milimo, 1986). The timber of the species is valuable, easy to
work, durable and strong (Dale and Greenway, 1961). The possibility of growing Melia
volkensii on a large scale and in plantation for commodity production like sawn timber is a
reality that is worth exploring. Provenance trials carried out by Kenya Forestry Research
Institute at the coast have indicated that the species can attain a sizeable dbh within ten years
(Unpublished KEFRI records).

1.2 Propagation

Although farmers use various methods for propagation of Melia, such as root suckers, the
most common method is the use of seeds (Bromley, 1994). Seeds of Melia volkensii are
dormant and this constitutes a problem for nursery personnel. Milimo (1986), Milimo and
Hellum (1990) conducted various germination studies under controlled condition and found
that scarified seed germinates within 3-4 days and germination was largely complete in 14
days with the optimum temperature for germination being between 25° and 37°C. In a
separate study at Kitui, Nyambati and Konishi (1993) found that the best treatment for
breaking seed dormancy is by nipping the caruncle followed by slitting the outer integuments.
Although the pretreatment is close to the one recommended by Milimo (1986), one big
difference is that the researchers at Kitui did not report on soaking the seeds either before or
after slitting as recommended.

Seeds that have gone through the digestive system of livestock are reported to have good
germination (Brokensha et al., 1980). The argument advanced is that the animals scarify the
seed as it goes through the digestive system. This should raise eyebrows with anyone familiar
with the fruit before and after it has gone through the digestive system of the livestock.
Although the acids and other corrosive substances found in the digestive system can to a
small extent erode the endocarp, it would be impossible for the substances to wear out this
heavily lignified endocarp. In fact, the animals regurgitate clean endocarps (which can save
the depulping process) but offers no particular basis to expect some pretreatment potential
from the digestive system. The good germination associated with animal droppings is most
likely from the concentration of the depulped stones as livestock eject the stones while
chewing cud in the bomas coupled with natural scarification.
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1.3 Conceptual Framework of the Study
The study was motivated by the following facts about the species:

The species is a favourite tree with farmers and highly rated for growing in the farm-
lands and has a good potential to be put under plantation in the semi arid areas of Kenya.

A recommended seed germination method has been available since 1986 (Milimo 1986).
Also see appendix 1.

A new seed extraction method is available. This was an improvement of the previous
method based on extraction using a pocket knife (Milimo, 1986, see appendix 1), which,
with enough practice, could extract seeds to cope with average seedling demand but
would not be suitable for large scale planting. With the new extraction equipment, the
possibility of extracting enough seeds to raise nursery stock for the expanded planting
scale was made largely feasible.

2. THE STUDY

The study restricted itself to storability of extracted Melia volkensii seeds in support to mass
propagation.

2.1 Objective of the study
The principle theme of the study is:

Investigation of the possibility for storing extracted seeds of Melia volkensii.

2.2 Justification

Currently, Melia volkensii is collected in fruit form that consists of a fleshy pulp enclosing
a hard endocarp. The recommended stage for fruit collection according to Milimo (1986) is
when the fruits have a yellowish green colour. Other people have the opinion that fruit
collected after falling yield equally good germination (Nyambati, 1994 pers. commun). The
recommended seed handling procedure is to depulp the fruit while it is still fresh, clean the
endocarps and extract the seed using a pocket knife (see appendix 1).

If seed is not being used for immediate planting, the current recommendation is that the stony
endocarps should be dried to a moisture content of around 8% and stored in the cold room
at a temperature of around +3 degrees centigrade (Albrecht, 1993).

Melia volkensii fruit is bulky. Even after extraction, the number of stony endocarp in a
kilogram is around 200 stones (KFSC 1992). Storing bulk seed is an expense while in store
and in seed distribution when the stones are issued to users. For example, a planting
programme requiring 1000 seedlings requires about 20 kilograms of stones that need a 30 1
storage container. This is based on one kilo of endocarps (stones) yielding after extraction 100
intact seeds which in turn yield 50 seedlings in the final nursery count. The benefit of issuing
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extracted seeds to farmers or/and forest department is then obvious as the same 20 kilos of
seed would yield 2000 seeds that can be stored and transported in a kilner jar. While mature
and properly dried stones can be stored in air tight containers for several seasons, it is not
known under which conditions and for how long extracted seeds can be kept.

Based on preceding argument and the development of the speedier extraction method, it was
found desirable to determine how long and under which conditions the extracted seed can be
stored. The work was planned to be modest, low budget and there was a lot of optimism that
the results would be of great practical value.

2.3 Material and Methods
The method followed the general protocol of storage experiment.
Fruit collection, handling and seed extraction

Fruit was collected from Kitui and Kibwezi in December 1994, following the recommendation
that the ripe seeds are recognised by the yellowish green exocarp (Milimo, 1986). Depulping
of the fruits was done soon after and the seeds extracted from the endocarps using the pocket
knife as detailed in appendix 1.

Seed pretreatment

The seed was divided into 2 lots for each provenance. One lot was used for immediate
germination and the other used for the storage process. The germination procedure followed
was the pretreatment as recommended by Milimo (1986), i.e nipping to expose the embryo
and radicle, soaking in water for 6 hours and then slitting longitudinally through the
integument, perisperm and endosperm. (see appendix 1).

Seed germination and storage

The experiment was carried out in the greenhouse, a compromise condition between the
controlled lab condition and the uncontrolled nursery conditions. The seeds were sown in 4
replicates of 25 seeds each.

One sample of lot 2 was stored in the cold store at +3°C in air tight containers and another

sample of lot 2 was stored on the shelf in air tight containers. The germination experiment
was repeated after one month.

3. RESULTS AND DISCUSSION

3.1 Results

Germination results, both before and after storage gave dismal germination rates. In the first
trial Kitui provenance yielded 2 seedlings while Kibwezi provenance had 3 seedlings. Only
one seedling germinated after storage from Kitui provenance stored in the cold room. Digging
up seeds showed that, in both cases, all the remaining seeds rotted.
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3.2 Lessons learnt

The experiment, though a failure seen from the practical output expected and the optimistic
approach envisaged, has taught a few lessons.

The biggest lesson is that the assumption that the species can tolerate less controlled
conditions found in an ordinary glass-house is wrong. It seems that the present conditions
need to adapt as much as possible to the controlled conditions that prevail in the laboratory
if a reasonable germination is to be achieved.

Even with controlled germination, the sensitivity of Melia to the time of collection should be
investigated. The fruit/seed develops in a period of slightly over one year. Over the whole
period, there is a length of time in which seed germination can be expected to be zero. This
is called the soft fruit stage (Milimo, 1986). At this stage the embryo parts are jelly-like
substances. After 8 months, there is a period where all seed parts are fairly well formed. After
maturity the fruit falls and the seed can last on the ground for several seasons. This offers a
wide range of possible times to collect Melia volkensii.

It is important to demonstrate how the germination varies across the various stages when
Melia exists as ripe fruit. Even on a branch the fruits do not mature at the same time and a
harvester is confronted with a dilemma. If this matter is resolved, then a prescription of
harvesting based on factual evaluation will be evolved. Other related problems are:

- Could there be provenance differences in the seed behaviour?

- Is the seed sensitive to the extraction procedure due to the forces at play during
extraction?

- Or did the experiment start right away with seeds having inherently low
germination?

The fact that laboratory procedure cannot be directly applied to nurseries is a major challenge.
The temperature fluctuation seems to be the drawback when Melia volkensii seed is sown or
plants are planted out in the open. Given that the optimum range is above 27°C, nurseries
might have to try to imitate the raising of tea seedlings which is done under a type of airtight
polythene ’non-mist propagator’ enclosure. Even under this condition, night temperatures
might still remain a drawback.

3.3 Recommendations

Considering the existing potential for Melia volkensii, and the existing technology to ease
availability of seeds coupled with a seed pretreatment recommendation, there is an urgent
need to define one standard technique for handling the seed from collection to the nursery
procedure. Although the study should address more factors than the present experiment
and with possibility of pushing the agenda out of strict practical research, given the
wealth of information and experience existing with different persons, a coordinated effort
stands a better chance of quickly finding a solution to the problems of propagating Melia
volkensii. The optimistic approach motivated by desire to carry out a research with
immediate practical value for all its desirability failed requiring academic backup.
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The original objective of addressing storability should be relegated to the second level
and tackled after the above problem has been addressed, otherwise the experimental
approach should concomitantly address both issues.
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Appendix 1.

Recommended seed handling protocol (Milimo 1986)

Fruit Collection

Collect mature ripe fruits (yellowish-green) for raising out-planting stock

Best germination results were obtained when seeds were placed at temperatures between
30°C and 37°C. Therefore seeds are to be sown in nurseries where mean ground
temperature are within this range

Seed extraction

1.

Place a dry stony endocarp horizontally on a large cross cut tree stump (about 30 cm in
diameter)

2. Place a sharp pocket knife blade midway across the endocarp and gently apply several
hammer blows until a crack develops. The knife-blade must not penetrate deeper than the
stony endocarp wall, otherwise the seeds will be damaged.

3. Carefully penetrate and open the crack with the sharp edge of the knife-blade by pushing
and twisting. The aim is to separate the two stony endocarp halves.

4. Pull out the seeds from their locules in the stony endocarp.

5. Inspect seeds visually and discard those that are mechanically damaged. Seeds without
seed coats or with partly removed seed coats will germinate well as long as embryos
have not been damaged.

Scarification

1. Break the caruncle off the seed to expose the endosperm at the micropylar end. This will
help in estimating the approximate position of the radicle and hence avoid cutting it.

2. Cut longitudinally through integuments, perisperm and endosperm from the centre of the
seed to the micropylar end.

3. Soak seeds in water at room temperature for six hours in order to soften the seed coats.

Sowing

1.

Place scarified seeds directly into containers filled with germination medium. Keep the
medium moist all the time. Visible germination should start by the fifth day after sowing.
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